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ABSTRACT

M’nasra region is well known for increasing levels of heavy metal pollution in the environment, mainly due to
waste discharge of Ouled Berjal, the irrational use of fertilizers, and the discharge of waste from several
industries. The objective of this study was to access the seasonal variations in the groundwater and soil quality
with respect to heavy metal pollution. Water samples from wells and samples from soil near them were taken
during wet (January - March 2017) and dry (July 2017) seasons and concentrations of Cd, Cu, Cr, Mn, Ni, Pb,
and Zn were determined using an Atomic Absorption Spectrophotometer (AAS). Contamination factor for
each heavy metal and Nemerow pollution index was calculated. Results of the study revealed a decrease in
pollution degree from wet to dry for soil and an increase in the case of groundwater. Cu had the lowest and Ni
had the highest concentration in irrigation water whereas, for soil, Cd had the lowest and Zn had the highest
concentration. During the wet season, all the concentrations of heavy metals decreased compared to the dry
season, this can be explained by the dilution of these concentrations by precipitation water and therefore to
lower absorption of these heavy metals in the water of irrigations and/or soil. Vertical transfer of pollutants
from topsoil to groundwater was assessed using Hierarchical Cluster Analysis to identify associations between
heavy metals and soil texture. In the case of Ni and Cr, the variables corresponding to the concentrations from
soil and groundwater were part of the same cluster, in both seasons, the distribution maps of concentrations
confirmed the pattern of transfer. This study can be considered as a baseline for the seasonal variation of heavy
metal pollution of groundwater and soil. This study can be used not only for monitoring the study area but also
as a tool for the implementation of environmental protection policies.
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Seasonal Variation of Heavy Metal Pollution of Groundwater and Soil in the M’nasra region (Gharb, Morocco)

1 Introduction

To provide clean and potable water for human and agricultural
purposes in order to prevent environmental and human health risks
is one of the greatest challenges of Agenda 2030 for Sustainable
Development. This includes aspects of water quality (degree of
contamination), accessibility (“located on-premises”), and
availability (“available when needed”) to further address the
normative criteria of the human right to water (WHO/UNICEF,
2017; UN-Water SDG 6 Synthesis Report, 2018). In developing
countries, heavy metal contamination of farmland is occurring,
which is a severe environmental problem due to the toxicity of
heavy metals (Agca & Ozdel, 2014). In recent decades, the
concentrations of heavy metals and metalloids in irrigation water,
and soil, have been greatly increasing on farmland due to
anthropogenic  activities  including the  expansion  of
industrialization and urbanization (Islam et al., 2017). Increased
heavy metal concentrations are particularly harmful because heavy
metals are toxic, persistent, and non-biodegradable (Yan et al.,
2018). Cadmium (Cd) is toxic to humans because it can mimic the
metabolic functions of zinc (an essential element), thus modifying
the activity of enzymes in the body. Cd exposure may cause kidney
problems and deterioration of bones and prolonged exposures
(occupational) can cause lung, stomach, or prostate cancer
(Navarro Silvera & Rohan, 2007; Jarup & Akesson, 2009). Lead
(Pb) can mimic the metabolic functions of calcium (Ca) and
inhibits the activity of most enzymes. Also, it can affect the
functioning of the intestinal tract and can cause anemia and renal
dysfunction. In the case of children, even in small amounts, it may
cause adverse effects on the central nervous system as well as on
the renal function (Hellstrom et al.,, 2004). Copper (Cu),
Manganese (Mn), and Zinc (Zn) are essential elements for all
living organisms, but excess of these have adverse effects on
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human health (Aaseth & Norseth,1986; De Bie et al., 2005).
Intensive agriculture is mainly based on the excessive use of
agrochemicals which favors the enrichment of agricultural soil
with heavy metals as Cd, Cu, Pb, Ni, and Zn from manure,
pesticides, and fertilizers (Wuana & Okieimen, 2011). Heavy
metals do not undergo microbial or chemical degradation due to
their characteristics, the soil is acting as a sink, the transfer of
heavy metals in case of agricultural soils being mostly through
plant uptake, air transfer, or vertical transfer during rainfall
(Rajmohan et al., 2014), to deeper layers of soil and groundwater.

Many studies have been conducted on the seasonal variation of
heavy metal pollution in water and soil in different parts of the
world (Ben Salem et al., 2014; Banerjee et al., 2016; Sophia et al.,
2019; Nyantakyi et al., 2019; Minhaz et al., 2019). However, in
Morocco, very little work has been done regarding seasonal
variation in heavy metals pollution in water and soil.
Nshimiyimana et al. (2014) have been carried out a similar study in
Aarjaat village, Morocco.

In the M’nasra zone, Morocco, groundwater is used by the
population without any treatment for both drinking and irrigation
purposes, while the use of chemical products in agriculture is a
common practice for most farmers. Also, in the same study zone,
we noticed the irrational use of pesticides and fertilizers by
farmers. At the same time, contamination with heavy metals has
never been assessed in the zone.

The objective of this current research was to assess the
concentrations of heavy metals from the groundwater and
agricultural soil of the M’nasra zone, Morocco, to identify their
seasonal variation and to identify locations where the risk of
contamination is manifesting and to which extent.
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2 Materials and Methods
2.1 Study Area

M'nasra zone is located in the Rabat-Salé-Kénitra Region, at 13 km
from the city of Kenitra. The study area is dominated by sandy and
clayey soils. The climate is the Mediterranean with annual
precipitations ranging between 480 and 600 mm, and the average
temperature is 28.7°C in summer and 20.5°C in winter
(ORMVAG, 2017: internal report). Water samples were collected
from 18 wells (less than 50 m depth) installed in 18 sites located
on the coastal zone of M’nasra in the Gharb region, Northwest of
Morocco (Figure 1). The sample collection has been carried out in
two seasons i.e. wet (winter) and Dry (summer) during 2017.
Water samples were collected in 11 clean plastic bottles and stored
in the freezer (-10°C) until their analysis.

Soil samples were collected from the depth of 0-20cm with the
help of an auger. Then, these samples were air-dried, crushed, and
sieved. Soil texture component (clay, silt, and sand) percentages
were calculated using the Robinson pipette method (Pétard, 1993)
at the laboratories of the National Institute of Agricultural
Research (INRA), Rabat. The analysis of heavy metals (Cd, Cu,
Cr, Mn, Pb, Ni, and Zn) contents was carried out by using an
Atomic Absorption Spectrophotometer (AAS) (Pinta, 1976). The
dried sample is extracted with the help of a hydrochloric/nitric acid
mixture by standing for 16h at room temperature, followed by
boiling under reflux for 2h. The extract is then clarified and made
up to volume with nitric acid. The heavy metal content of the
extract was determined by the International Organization for
Standardization: 1SO 11466/1995 protocol.

2.2 Pollution indices

2.2.1 Contamination factor (CF)

Pollution caused by each heavy metal was evaluated separately by
using Contamination Factors (Cs) as an individual pollution index
(Eq.1).

Ce=CIC, (Eq.1)

Where Cs represents the Contamination Factor for a specific heavy
metal, C is the determined concentration of the heavy metal, and C,
represents the reference level.

According to Hakanson (1980), this C; index is a sedimentological
risk index which used to describe the contamination of a given
toxic substance in a lake or a sub-basin, and it was also
successfully used for soil assessment (Qingjie et al.,2008; Likuku
et al.,2013).

Further, As per Hakanson (1980), four classes have been used to
describe the contamination factor, and these are: Ci< 1: “low
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contamination”; 1 < Ci< 3: “moderate contamination”; 3 < C< 6:
contamination”; and Cf > 6: “very high
contamination”. Since in Morocco no national thresholds
considering the contamination of agricultural soils are established,
the limits proposed by the World Health Organization (WHO)
were used as a reference level for Cr.

“considerable

2.2.2 Nemerow pollution index

The Nemerow pollution index (NI) is defined as (Nemerow, 1991):

1T iy2 i 2
NI - (E%:Cf) +(C i) (Ea.2)

2

Where NI represents the Nemerow pollution index; m is the
number of heavy metals taken into account; Cy is the individual
pollution index calculated for the heavy metal i; Ciimax is the
maximum value of individual indices Cy.

The Nemerow pollution index is, probably, the most used multi-
element pollution index and frequently used in previously conducted
researches in China (Ma et al., 2015), India (Giri, et al., 2017),
Algeria (Ramdani et al., 2018), and Poland (Wieczorek & Baran,
2021). Giri et al. (2017) distinguished five NI categories and these
are NI<0.7: “safety domain”; 0.7<NI<1.0: “precaution domain”;
1.0=NI<2.0: “slightly polluted domain”; 2.0<NI<3.0: “moderately
polluted domain”; and NI>3.0: “seriously polluted domain”.

2.3 Statistical analysis

Descriptive statistics, paired t-test and hierarchical cluster analysis
(HCA) were conducted using the IBM SPSS Statistics statistical
software, version 25. For comparison analysis limits from World
Health Organization (WHO) were used because in Morocco there
are no national standards or threshold established for metal
concentrations. Raw values were standardized before HCA. For the
latter, the Ward method with squared Euclidean distance was
applied to the variables to assess the similarity degree between
them (Field, 2006). The distribution maps were generated in the
ArcMap application from ArcGIS 10 software using the Inverse
Distance Weighting (IDW) spatial interpolation approach (El
Khodrani et al., 2019; Wojciech, 2020; Ghorbani et al., 2020).

3 Results and Discussion

3.1Seasonal variation

Range and mean values of the concentrations of heavy metals
determined in topsoil and groundwater are summarized in Table 1.
The percent exceeding was calculated for all elements that have
percentage values exceeding the WHO/CCME limits (CCME,
2007). Results of the study suggested that for groundwater heavy
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Table 1 Range, average, and percentage of samples exceeding the WHO/CCME thresholds for the heavy metal concentrations from
groundwater and topsoil in M’nasra zone, Morocco

Groundwater (mg/l) Soil (mg/kg)
Winter Summer Summer
Range 0.000-0.004 0.001-0.005 0.00-1.10 0.40-1.60
Cd Mean 0.002 0.002 0.38 0.97
%exceeding® 16.7% 27.8% 0.0% 16.7%
Range 0.000-0.040 0.000-0.010 9-357 21-131
Cu Mean 0.016 0.001 54.67 59.85
%exceeding® 0% 0% 11.1% 11.1%
Range 0.002-0.047 0.013-0.058 50-2993 51-222
Cr Mean 0.025 0.037 466.50 93.23
%exceeding® 0% 11.1% 72.2% 66.7%
Range 0.000-0.010 0.000-0.010 310-1030 450-1530
Mn Mean 0.001 0.004 585.28 859.14
%exceeding® 0% 0% 0% 0%
Range 0.000-0.060 0.000-0.050 0-50 2-146
Pb Mean 0.011 0.019 16.5 32.26
%exceeding® 22.2% 55.6% 0% 5.6%
Range 0.010-0.090 0.030-0.070 22-1489 35-813
Ni Mean 0.049 0.048 199.08 135.22
%exceedingb 77.8% 100% 83.3% 77.8%
Range 0.000-0.004 0.000-0.010 0-2800 27-290
Zn Mean 0.012 0.002 1615.28 131.97
%exceeding” 0% 0% 94.5% 11.1%

n°= number of sampling locations per season; %exceeding® = percentage of locations where WHO/CCME thresholds are exceeded

metal values and percentages increased from wet to dry seasons and
the highest values were reported from the water sample collected in
the dry season. While in the case of soil samples, the value and
percentage of all heavy metals except for Cd and Pb were found to
decrease in dry seasons. Also, the values over the thresholds were
registered for Cd, Pb, Ni (both seasons), and Cr (only dry season) in
groundwater, while there were registered for Cu, Cr, Ni, Zn (both
seasons), Cd, and Pb (only dry season) for soil.

The order of magnitude of the heavy metal concentrations in the
soil followed similar trends to that in the irrigation water, except
for Cu and Zn. Namely, the Ni concentration was highest, and the
concentrations of Cd and Pb were low, suggesting that the soil
contamination was caused by the contaminated irrigation water.
Concerning the order of the concentrations, the soil Cu and Zn
concentrations were different from the concentrations in irrigation
water. Therefore, some factors might be differentially affecting the
contamination levels.

3.2 Heavy Metal Concentrations of Irrigation Water and
Seasonal Differences

The mean heavy metal concentrations (mg/L) of irrigation
water for both wet and dry seasons are given in Table 2, with
CV values shown in parentheses. Among the studied heavy
metals, Ni had the highest and Cu had the lowest
concentrations. The order of the heavy metal concentration
(according to mean values of all areas) was reported as Ni > Cr
> Cu > Zn > Pb > Cd in the wet season while it was reported as
Ni > Cr > Cu > Zn > Cd > Pb in the dry season. In order of
heavy metals concentration, there is a permutation between Cd
and Pb in both seasons. The concentrations of Cr, Cu and Zn
were significantly different between the two seasons according
to paired t-test (tc,= 2.85, tey= -4.91, tzo= -4.12, p < 0.05).
These differences are illustrated in Figure 2, even though we
have median values instead of mean values that were compared
in the paired t-test.
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Table 2 Mean (mg/L) and coefficient of variation (%, in parentheses) of heavy metal concentration of irrigation water in wet and dry seasons

Omrania et al.

Seasons Cd Cu Cr Pb Ni Zn
Wet (N=18) 0.0019 0.0161 0.0248 0.0111 0.0494 0.0117
- (65.1%) (74.2%) (56.8%) (171.6%) (51.7%) (79.1%)
Dry (N=18) 0.0017 0.0194 0.0375 0.0011 0.0478 0.0027
Y= (84.2%) (16.6%) (31.6%) (1363.6%) (26.4%) (141.0%)
Permissible level® 0.003 2 0.05 0.01 0.02 3
N: number of samples; *World Health Organization (WHO) standard (Martin & Griswold, 2009)
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Figure 2 Box and whisker plots for groundwater heavy metals in dry and wet seasons

The CV of heavy metal concentrations mostly ranged from 51.7 to
171.6% in the wet season, and from 16.6 to 1363.6% in the dry
season (Table 2). Based on the paired t-test, there was no
significant difference between the two seasons for any heavy
metal. The heavy metal concentrations exceeded the World Health
Organization (Martin & Griswold, 2009) permissible levels case of
Pb and Ni (in both seasons) (Table 2). Therefore, the water has
been identified to be inappropriate to use for irrigation purposes.

3.3 Heavy Metal
Differences

Concentrations of Soil and Seasonal

Mean values and CV (%, in parentheses) of soil heavy metal
concentration (mg/kg) for both seasons are summarized in Table 3.
Among the tested heavy metals, Zn had the highest and Cd the
lowest concentration. The order of concentration (according to
mean values of all zones) was Zn>Cr > Ni> Cu>Pb> Cd in wet
season and Ni > Zn>Cr > Cu>Pb> Cd in the dry season. In this
order, there is a permutation between Zn, Cr, and Ni in both

seasons. As mentioned in figure 3, the Cd and Zn concentrations
were significantly different between the two seasons based on the
paired t-test (tcq=4.25, tz»= -9.53, p < 0.05).

For soil, Zn, Cr, and Ni mean values differed significantly between
the two seasons while for the groundwater, Cu, Zn, and Pb mean
values were different between the two seasons, which may be due
to the difference between absorption ability of heavy metals in soil
which is somewhat different among species and is affecting the
concentration.

Heavy metal concentrations were highly variable as their CV
ranged from 40.13 to 186.52% in the wet season and from 44.73to
129.47% in the dry season. The mean concentration in the dry
season was not significantly different from that the wet season
(paired t-test). The Ni and Cr concentrations were greater than the
permissible CCEM level (CCEM, 2007) in both seasons, and Zn in
the wet season (Table 3). Therefore, the soil has been considered to
be inappropriate for planting purposes.
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Table 3 Mean values of soil heavy metal concentration (mg/Kg) and coefficient of variation (%, in parentheses) in wet and dry seasons
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Seasons Cd Cu Cr Pb Ni Zn
Wet (N=18) 0.3778 54.6667 466.5028 16.5000 199.0833 1615.2778
- (84.96) (147.78) (162.70) (76.70) (186.52) (40.13)
Drv (N=18 0.9717 59.8517 93.2094 32.2594 135.2161 131.9722
ry (N=18) (44.73) (49.19) (44.73) (102.46) (129.47) (46.89)
Permissible level® 14 100 64 70 50 200
N: number of samples; *CCME (Canadian Council of Ministers of Environmental).
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Figure 3 Box and whisker plots with the soil heavy metals concentrations in dry and wet seasons

3.4 Vertical transfer

The data in table 1 are highlighting a possible vertical transfer of
pollutants from topsoil to groundwater, favored by the large
quantities of rain during the wet season. Vertical transfer of heavy
metals from topsoil to groundwater is depending on the soil
composition. Soils with high content of clay and slit favored the
accumulation of heavy metals, while, the water from the sandy soil
easily passed during the rainfalls, thus this soil favoring the
transport of heavy metals to the deeper and sometimes these heavy
metals reached to the groundwater (Rajmohan et al., 2014).

The dry season dendrogram (Figure 4) was confirmed by the
results of the Kouchou et al. (2020) and Lencha et al. (2021).
Among the tested heavy metals, Cr and Ni showed the shortest
cluster distance (less than < 5) which suggested that the soil
correlating with high silt (Z silt) concentrations. The results
correlated with the increase of the values of Ni and Cr than the
WHO limits in groundwater highlight the possibility of vertical
transfer of these two metals from upper soil layers. The
contamination of heavy metals in soil is higher in the wet season,

and this might be due to the excess use of pesticides and fertilizers
in crop production season (Minhaz et al., 2018).

The distribution map for Ni in soil shows a location of maximum
values in the North-East part of the M’nasra zone (Figure 5a). The
pattern of Ni concentrations distribution in groundwater (Figure
5b) follows the slope of the terrain from the high accumulation
zone in the North-East to the lower grounds near the Sebou River.
The increased value of Ni in the soil during winter can be
explained by the addition of contaminants during farming activities
and the chemical behavior of Ni in water. (Tablel).

The distribution map for Cr in soil showed the maximum values of
Cr from the South-East part of the M nasra zone (Figure 6a), while
in the case of groundwater, maximum values of Cr was reported
from the South and northwest parts of the study zone (Figure 6b).
The increase of values of Cr in soil (Table 1) during the wet season
could be explained by the addition of contaminants during the
season-specific activities (Andrea et al., 2019). To determine the
sources of contamination, further extensions of this study are needed
for monitoring the quality of agricultural soil and well water.
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| Spatiale repartition of Ni content in the agricultural soils (a) and in groundwater (b) of the Mnasra zone in the winter season |

Figure 5 Distribution maps of Ni concentrations determined from topsoil (a) and groundwater (b) during winter (wet season) in
M’nasra zone, Morocco
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Figure 6 Distribution maps of Cr concentrations determined from topsoil (a) and groundwater (b) during winter (wet season) in
M’nasra zone, Morocco
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3.5 Degree of soil contamination

the “considerable
contamination” category was reported, among the tested samples,
22.23% of Cr samples and 44.5 % of Ni samples were reported in
the wet season, and it was found similar to the dry season Ni
(22.2% of samples), whereas the “very high contamination” was
found for Zn (100 % of samples), Cr (77.8% of samples) and Ni

(33.3%) all in the wet season.

Based on the soil contamination factor,

Considering the total pollution based on the Nemerow index, the
majority of the locations can be classified in the “seriously polluted
domain” (50% of samples in wet and 16.7% in dry), while 50% of
samples in both dry and wet seasons were found in the “safety
domain” category. In contrast, only 16.7% of samples in summer
were found for each of “precaution domain™ and “slightly polluted
domain” categories.

For groundwater, Cu, Cr, Cd, and Zn have values that come under
the “low contamination” category in both seasons, while 100% of
Ni samples and 77.8% of Pb samples can be classified as
“moderate contamination” in the dry season. In the wet season, the
percentages of samples in higher contaminated categories were
decreased and it was reported 33.3% for Ni, 44.5% for Pb.

Considering the total pollution based on Nemerow index, 62.5% of
samples in dry and 75 % in wet can be kept in the “safety domain”,
while 12.5% of samples of the dry season comes in “precaution
domain”, and 12.5% of samples of the wet season comes in
“slightly polluted domain”. In the “moderately polluted domain”
25% of dry and 12.5% of wet season samples were kept.

Conclusion

Locations, where the concentrations of heavy metals in
groundwater and soil are exceeding the WHO/CCME threshold
limits, were identified in the current study. The degree of
contamination calculated using pollution indices is rising to
“seriously polluted domain” for soil and “moderately polluted
domain” for groundwater in both seasons. In the wet season, heavy
metal concentrations in irrigation water, and soil were lower than
in the dry season. Further, during the study seasonal variation was
identified, and concentrations, as well as the percentage of heavy
metals contamination exceeding the WHO limits, are decreasing in
groundwater from dry to wet season while this is increasing in soil
(except Cd and Pb).

Results of Hierarchical Cluster Analysis showed an association
between the heavy metals concentrations and soil texture (clay,
silt, and sand components in soil) and soil texture and heavy metal
concentrations in groundwater in both seasons, this association
highlighting the possibility of vertical transfer of pollutants from
topsoil to groundwater. Further, in the case of Ni and Cr, the
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vertical transfer is confirmed by the correlation between variables
and by the spatial pattern of concentrations distribution in
groundwater. This study can be considered as a baseline for the
seasonal variation of heavy metal pollution of groundwater and
soil in North-West Morocco.
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