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Abstract: Mining production industry generates high quantities of mine tailings often placed on the surface.
They evoke sources of contamination generally mine drainage, to all environmental compartments according to
their physicochemical and geochemical characteristics that show their richness in residual metals and sulphide
mineral dust such as pyrite and galena. Bouaazza’s mine (NE Morocco) lead and sulfides exploitation generated
the exposure of large superficies of acid discharges in the surface. To evaluate the impact caused by acid mine
drainage in the area, samples were collected from the river sediments near the mine and from the embankments.
According to the physicochemical and geochemical analyzes, it was possible to discern a pollution by acid
mine drainage, with pH values of sediments reaching 5, and concentrations of Pb in some sediments samples
higher than 900 ppm extending the international standards. These results indicate the big negative influence

caused by the absence of environmental monitoring of the mining operations which threaten the environment.
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1 Introduction

The economy of countries is highly affected by the production of mining sector all over the world; it contributes
to its empowerment and wealthness, and offers many work chances for people [1-2]. Morocco is one of these
countries that rely on mining exploration on its economy; it is the second in the world to have the world’s total
phosphate assets with a percentage of 77, and 90% of the 10% of Morocco’s GDP that characterize the mining
sector in the Kingdom with copper and silver, which leads it to be one of the biggest phosphate exporter in the
world [3]. However, most of the mining districts in Morocco are placed in very poor small towns, where the
populations are exposed directly to environmental and health risks related to the activities of mining
exploitations [4]; the embankments left by these activities are rich of heavy metals such as lead and copper that
are toxic to human health, plants and soil, children are the most threatened by the long-term exposure to even
low levels of lead affecting their brain development, while very high lead levels may cause seizures,
unconsciousness and death for both children and adult. Long-term exposure to copper too has severe
consequences such as: Anemia, Dementia, Diarrhea (often bloody and may be blue in color) and Kidney failure

[5].

The Kingdom has become more alarmed and aware of the negative impacts caused by the discharges left by
mining activities, which is witnessed in the studies and articles done to highlight the hazards connected to
current or previous mining actions [6-10], that generate acid mine drainage AMD [11].

Bouaazza’s mine represents an artisanal scale mine found in the middle of Makhat’s stream that belongs to
Inaouen’s watershed [12-13]. The previous mining actions have led to the exposure of important hectares of
acidic spoil heaps. Which is witnessed by the results that have shown that the pollution of AMD resulted pH
values below 4 found in the surface water, and an unusual Pb concentrations bigger than national and
international standards (50pg/L) and more than 300 ppm in the agricultural soil[14].
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This study aims to assess how much acid mine drainage resulted by Bouaazza’s mine embankments has affected
the sediments of Makhat’s stream. In this approach, physicochemical factors were calculated to see the levels of
pH and electrical conductivity in the study area. Geochemical properties were also analyzed for sediments and
embankments samples to inform about the values of heavy metals and how much they respect international
standards to prove the pollution caused by acid mine drainage in Makhat’s river.

2. Material and Methods

2.1 Study area location:

The Dar Bouaazza’s lead deposit is located southwest of Taza’s city in the mountainous and forest area of
Tazekka in Morocco. The access to this deposit is by taking the main Taza-Fez road for a distance of 12 km, then
a 6 km track connecting Bab Merzoukka’s small town to the mine.

The deposit is located in the Paleozoic buttonhole of Tazekka with some outcrops of the granitic basement. The
borders of this buttonhole are formed by very old secondary formations [15-16]. Galena mineralization of the
mine is found in the shape of subvertical veins among shales generally accompanied by quartz, with
chalcopyrite, sphalerite and pyrite. The mine discharges left by the exploitation are found on the eastern slopes

of Makhat’s river.
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Fig. 1. Bouaazza’s mine geographical location and geological structure.

2.2 Sampling and analyses:

Representative units (5 sediments and 4 embankments) were selected in January 2023 to evaluate the state of
Makhat’s watershed affected by acid mine drainage. The distances separating each of the 5 sediments’ samples
were as follow: The distance between the first two units (S1-S2) was around 1090 m, and between S3-S4 around
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1800 m, as for the other samples the distances were around 200 m. The representative units were conserved
under a temperature of 4°C.

The following protocols of Physicochemical analyzes were carried out in the laboratory after drying the samples
in ambient air: The residual humidity [17]; The water pH [18]; The electrical conductivity (EC); The
determination of total organic matter by loss on ignition (LOI) [19]; The determination of the contents of
calcium carbonate (CaCO3) using Bernard calcimeter method and the granulometric analysis.

Regarding the geochemical analyzes; heavy metals (Cd, Pb, Sb, Zn and Cu) results for sediments were analyzed
at the University of Sidi Mohamed Ben Abdellah’s Laboratory of the Innovation City Fez, Morocco by the
inductively coupled plasma atomic emission spectroscopy (ICP-AES) after the digestion of solid’s samples using
the triacid attack [20]. As for the embankments, the samples were well grounded and sent to the Technical
Support Units for Scientific Research at the National Center for Scientific and Technical Research of Rabat,
Morocco to assess the levels of Pb, Zn, Sb and Cu by applying X-ray fluorescence.

3 Results
3.1 Sediments:

3.1.1 Physicochemical parameters:

Table 1. The sediments’ physicochemical characteristics

Samples Humidity (%) pH EC (us/cm) | CaCOj3 (%) LOI (%)
S1 3.35 7.16 250 1 2.068
S2 18.27 6.94 234 4 10
S3 19.76 6.85 152 3 18.99
S4 2.56 5.2 805 4 7.703
SS 5.82 5.6 750 5 1.82

Table 1 represents the physicochemical characteristics of the sediments of Makhat’s river going from the
downstream to the upstream:

-Moisture measurement was applied on sediments’ samples collected in the study area to estimate the content of
humidity by the weight loss method. The difference in weight before and after evaporation constitutes the mass
of water contained in the sample expressed in% [21]. Sediments’ humidity values ranges from 2.56 to 19.76 %,
with a mean value of 9.95%. This variation could be related to the different texture and granulometric
composition of the sediments throughout the stream.

-pH value is neutral (7.16) for the sample collected downstream represented by S1, this is generally due to the far
distance from the mine. Going on into the upstream, the values of pH started to decrease slightly to show a
slightly acidic environment in the study area, which is represented by S2 and S3 samples (6.94 and 6.85).
Reaching the mine area, pH results decreased significantly as the values measured reached 5.2 (S4) to indicate an
acidic character for the sediments near the mine.

-The estimation of the electrical conductivity has shown very low values in the majority of samples all along the
stream, which is the case for the samples going from S1 to S3, it was only until arriving to the samples S4 and S5
collected near the mine’s discharges that the results of the electrical conductivity were higher with values
reaching 805 ps/cm.

-Carbonates have a significant impact on the characteristics of sediments and embankments; the presence of high
concentrations of carbonates promotes the alkalinity of the environment and helps the fixation of metal cations
participating in the formation of secondary minerals [22]. All the samples have shown values of carbonate equal
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or less than 5% after the analyses, this is due to the fact that the sediments are present in an area rich of shales
which is indicated in figure 1.

-The rate of organic matter present in mining tailings has an impact on their ability to reduce variations in acidity
or alkalinity in their environment area, as it influences the mobilization and availability of heavy metals in the
soils that have the ability to form organometallic compounds following their interaction with organic matter [23].
The results of the samples have shown a mean value of 8.11 % of organic matter, with a high concentration
reaching 18.99% for S3 sample, which is explained by the presence of S3 sample in an area rich of plants and
trees near the stream compared to the other samples.
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Fig. 2. Sediments’ granulometry

-Granulometry is an essential factor that has the power to influence water content, porosity and even the
accumulation of heavy metals in sediments and soils [24], figure 2 shows the grain-size’s distribution of the
sediments’ samples in Makhat’s stream, the majority of samples have grain size higher than 2 mm with 60% of
the mass concentration which is the case for S1 to S4 samples and 20% of the grain size between 2 mm and 50
pum. As for S5 sample, the 52% of the granulometry are between 2 mm and 50 um unlike the other samples, and
only 40% of the mass concentration the grain size is higher than 2 mm.
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3.1.2 Geochemical parameters:
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Fig. 3. Sediments’ samples heavy metals concentrations

Figure 3 shows the results of ICP-AES for 5 heavy metals Cd, Cu, Sb, Zn and Pb, these result were compared
to the World Average Standards for each element [25-26]. The values of Pb from S2 to S5 sediments’ samples
are higher 1 to 4 times respectively than the standards (230.75 ppm), the concentrations started to increase
from the downstream reaching the upstream, and as approaching the mine area the values increased
significantly, which indicate the impact of the mine. The results for Zn were only bigger 1.6 and 2 times than
303 ppm for samples S4 and S5. As for Cd the values were 1 time higher than the standards (1.4 ppm) for S3
and S5 samples, and almost 4 times higher in S4 sample. However, Cu has lower concentrations from the
World Average Standards (122.9 ppm) in all the samples. Regarding Sb, no standards’ values were found to
compare it with.

3.2 Embankments:

3.2.1 Physico-chemical characteristics

Table 2. The embankments’ physicochemical characteristics

Samples pH EC (ns/cm) CaCOj; (%)
E1l 5.41 651 10
E2 5.63 580 9
E3 5.58 624 12
E4 5.49 597 8
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Table 2 represents the physicochemical characteristics of Bouaazza’s mine embankments. pH values in all the 4
samples taken is below 6 which indicates an acidic character of the embankments near the mine. The EC results
range from 580 to 651 ps/cm which shows a low conductivity character for the samples. The CaCOj; percentage
concentrations in the samples range from 8 to 12 % after the analyses, which is explained by the presence of
CaO compound with 1% concentration in the samples found after X-ray fluorescence analyses.

3.2.2 Geochemical characteristics:
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Fig. 4. Embankments’ heavy metals concentrations

The concentrations of heavy metals for 4 elements (Sb, Zn, Pb and Cu) calculated by X-ray fluorescence, are
shown in Figure 4. Pb values were very dominant with high concentrations that vary between 5000 and 49000
ppm which is explained by the fact that Bouaazza’s mine is a lead mine that generated mining discharges rich
with Pb. Cu also recorded remarkable values that went from 3330 till almost 20000 ppm found in all the
samples. As for Zn and Sb, the only high concentrations were found in E3 sample with values reaching 18000
and 10200 ppm respectively; the rest of the samples had values below 1000 ppm for both zinc and antimony.

4 Conclusion

Makhat’s stream surface sediments situation shows a harmful environmental effect of earlier mining activities
caused by the Dar Bouaazza’s mine. The physicochemical analyses indicated acidic pH values getting 5
particularly for samples sediments near Bouaazza’s mine.

The values of carbonate in all the sediments are equal or less than 5% after the analyses, which is explained by
the presence of the sediments in an area rich of shales. The mean value of organic matter in the sediments
samples is 8.11 %, S3 sample have bigger concentrations reaching 18.99% due to its location in an area rich of
plants and trees near the stream unlike the other samples. The majority of samples have granulometry higher
than 2 mm with 60%.

The ICP-AES results shown values greater than international standards for Pb (230.75 ppm) with values
attending 1000 ppm for S5 sediment sample. As for embankments, the pH in all the samples was acidic reaching
5.41, and X-ray fluorescence results for Pb in all the samples were higher than 5000 ppm. All these results
indicate the negative impact associated with acid mine drainage caused by Bouaazza’s mine spoil heaps.
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