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ABSTRACT

The surface waters near Megtaa Lazreg area, close to Hammam Melouane (a touristic area
in Algeria), is well known for its good water quality. However, just downstream, the water
flow of El Harrach channel takes a yellowish color appearance that is potentially related to
the gravel and sand extracted from the quarry located in the vicinity. The main aim of this
study was the assessment of aggregates extraction impact on the surface water quality in
quarry site named SAMBA. Ten physical and chemical parameters were measured for each
of the six sampling points, in addition to the turbidity. All the water analysis results were
studied with multivariate statistics and Piper diagram in order to classify and determine
water quality. The pH varied between 7.8 and 8.3, which indicate the alkalinity of the site
water. The physicochemical analysis of all water samples collected upstream and down-
stream of the quarry showed that the concentration values of chemical components did not
change, while physical parameter values increased considerably. The electrical conductivity
values ranged between 510 and 2,570 μS/cm. The classification of chemical analysis results
using Piper diagram revealed two water groups. Furthermore, the hierarchical cluster analy-
sis indicated that three factors controlled the mineralization of the regional water. There are
residence time, through fall soil by surface water and the influence of human activities on
water pollution. Most of water physical and chemical components were not affected by
extractions and wash water discharges, except the dry residue levels, the conductivity and
the turbidity which increased downstream of the quarry.
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1. Introduction

The impact of aggregates exploitation along stream
channel on surface water quality has become severe in
recent years in northern Algeria. Algeria has actually
782 units of aggregates extraction for an effective pro-
duction capacity of 32 million tons/year across 46

states [1,2]. The uncontrolled extraction of large quan-
tities of sand from ephemeral stream channel, rivers,
or the sea may causes serious damage to the environ-
ment and in particular to surface waters quality [3].
These stream channel changes would affect the water
flow system, the deterioration of channel banks,
reduction of light transmission in soil depth, and
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clogging the channel bed. Most physicochemical com-
ponents of water are not affected by the extraction
and the washing water discharge. Only the rates of
dry residue and water turbidity increase downstream.
Many authors through different studies have quanti-
fied the impact [4,5].

Moreover, if the pit quarry communicates with the
groundwater reservoir, it may be polluted by extrac-
tions due to the suspension of fine particles, and
mainly by accidental release of oil and petroleum
products by machinery. A study of 22 gravel pits of
the Eure Valley showed the presence of chloroform
extractable in seven of them [6]. Control and monitor-
ing of the quality of surface water and groundwater
should be a particular interest to managers. They must
have as main objectives the preservation of the health
of the population and investigating for all types of
pollution that may harm human health [7]. Therefore,
it is essential to identify the sources of water pollution
for better understanding their ecological impacts.
Many authors have opted in recent years the analysis
of the sediment partition for assessing pollution from
non-degradable chemical contaminants in time [8–10].
Thus, the results of the application of this method per-
mitted the assessment of the state of pollution by
heavy metals and their origins.

This present study is an attempt to assess the
impact of aggregate extraction on the physicochemical
quality of surface water resources site at the quarry
“SAMBA”.

SAMBA quarry is located on the upstream portion
of El Harrach stream channel, and about 1-km

downstream of the village, Hammam Melouane. This
quarry exploits beige and gray limestone at a daily
average rate of 1,500 tons. Ten physical and chemical
parameters were measured for each of the six
sampling points, in addition to the turbidity. All the
water analysis results were studied with multivariate
statistics and Piper diagram in order to classify and
determine water quality.

2. Materials and methods

2.1. Presentation of the study area

The study site is 7 km long and belongs to
Hammam Melouane region and it is encompassed
between Magtaa Lazreg and the quarry “SAMBA”
about 2-km downstream (Fig. 1). The region is located
southeast of the town of Blida, in the prolongation of
the mountains of Chréa. It is characterized by a moun-
tainous territory (85% of the area). The region is well
known for tourism and agricultural. Agricultural land
is estimated about 2,000 hectares and forests cover an
area of 12,000 hectares. Geologically, the region has
Cretaceous formations in the South (marl and lime-
stone), and land Miocene in the North (limestone,
marl, sandstone, and conglomerate). The hydro-cli-
mate-region is subject to a Mediterranean climate,
with an average annual rainfall of about 800 mm.
Before the drought that affected the region during the
eighties, the channel water flow was permanent with
an average flow of 4.25 m3/s. Presently, the water
flow is ephemeral and does not exceed ten liters per

Fig. 1. Geographical location of the study area (Source: Remini et al. [22]; modified by the authors).
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second during the dry season and about ten cubic
meters per second on wet period.

2.2. Sampling and analysis

To assess the impact of aggregate extraction on the
physicochemical quality of surface waters, five field
campaigns were carried out between 2010 and 2012.
Monitoring the evolution of water quality through a
sampling network of six sampling points was selected
to acquire representative data on the spatial and tem-
poral variability of the surface waters quality (Fig. 2).
The physicochemical analyses were carried on pH
measurement, conductivity, turbidity, and concentra-
tion of the major elements.

Along the steam channel section, water samples
are collected in sterile bottles, washed previously with
distilled water and rinsed with withdrawn stream
water. Water bottles were kept in a cooler at 4˚C, and
transported to the laboratory for analysis.

Each collected sample was labeled with the exact
coordinates identified on the topographic map
1:50,000, the water pH and conductivity values were
also recorded. Chemical analysis for major elements
and turbidity were performed at the ANRH (national
agency of water resources) Laboratory. The collected
data were processed using a combination of multivari-
ate statistical and hydrochemical methods. A first
approach by the principal component analysis (ACP)
using the XLSTAT software on reduced centered vari-
ables was considered. Statistical analysis (ACP) was
used to highlight the similarities and graphical posi-
tion that would have two or more chemical variables

during their evolution. This analysis is intended to fol-
low the chemical evolution of the water. Indeed, the
ACP is a descriptive multivariate statistical method
used as a support to the interpretation of data matrix
[11]. The second approach is based on the use of the
analysis by the Hierarchical Ascendant Classification
(CHA) for studying phenomena that may be at the
origin of water mineralization. The CHA is a powerful
tool for analyzing water chemistry data and the for-
mulation of geochemical models [12].

3. Results and discussions

3.1. Physicochemical characterization

3.1.1. Temperature

Water temperatures in the sites vary from 9.8˚C in
winter to 29˚C in summer with an average of 17.5˚C.
This temperature is influenced by that of the air—it
depends on seasonal variations.

3.1.2. Turbidity

Turbidity is defined by the standard EN ISO 7027
as the reduction in the transparency of a liquid due to
undissolved materials [13]. This parameter indicates
the amount of colloidal compounds. It is due to the
presence of suspended solids of organic and inorganic
origin, metal oxides and hydroxides, clays, silica, and
planktonic micro-organisms [14,15]. Sediment trans-
port is a natural phenomenon caused by water erosion,
which can be accentuated by human action. The large

Fig. 2. Location of sampling points from the SAMBA quarry (Source: National Institute of Cartography; modified by
the authors).
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volume of aggregates quantities extracted from adja-
cent rocks on the rivers banks generates high sediment
content affecting the water turbidity. Fig. 3 shows
clearly the color differences between the upstream and
downstream water flow. The yellow color indicates
high water turbidity downstream for about 01 km from
the quarry (Fig. 4), the resulting suspension of fine clay
particles in water can cause channel bottom clogging
and limiting the water exchanges with aquifer. The
intensification of clogging implies a rise in the height
of water level in the river causing an overflow down-
stream. Besides that, the possibility of silt deposition
and degradation of water quality may occur.

3.1.3. The pH

pH measurements show that all the points are in
the potable water standard interval; this is due to
direct contact of surface with air. Natural water pH is
a function of the concentrations of dissolved carbon
dioxide and hydrogen carbonates [16,17].

Between the periods of high and low water flow
in the upstream of the exploitation system, Fig. 5
shows a maximum increase of almost 0.3 units near
the sampling point P5 (located at about 2,000 m
from point of origin). On the other hand, in the
downstream area there was a rise of about 0.6 units.
Near the extraction and washing pit quarry, fluctua-
tions in the pH seem insignificant. This slight
increase in pH indicates a low chemical change in
the composition of surface waters that might be
attributed to the temporary exposition of the exuvi-
ated quarry aggregates to the open air. During year
2010, the water pH was particularly alkaline. The
slight pH variation throughout the study period
illustrates the water buffering effect. This phe-
nomenon can be explained by the combination of a
significant photosynthetic activity (as evidenced by
the growth of algae in the bed of the stream), the
lithology of land crossed by water and by ionic
reactions occurring in the contributions of discharges
at the residential areas.

Fig. 3. Variation between water color upstream and downstream of the SAMBA quarry.

Fig. 4. Evolution of turbidity during the five campaigns. Fig. 5. Evolution of pH during the five campaigns.
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3.1.4. Calcium

Calcium is present in all natural waters. Through
the six sampling points, the calcium concentrations
evolution shows an almost constant distribution near
the quarry (Fig. 6), except during the last two cam-
paigns in October 2012 and November 2012 where the
sampling points P5 (100 and 117 mg/l) and P6 (100
and 109 mg/l) show concentrations above the thresh-
old value of 80 mg/l. This significant increase in cal-
cium levels indicates a runoff of fine particles
associated with the dissolution of the surrounding
limestone following rainfall events preceding sampling
periods.

The calcium can also come from gypsiferous for-
mations (CaSO4·2H2O) that are easily soluble in water
[18], the contents of Ca2+ are lower upstream because
of the dilution of the ions by the contributions of
steam channel flow or probably the water is beginning
its mineralization.

3.1.5. Magnesium

During the 4th campaign, there was an increase in
magnesium concentrations between P1 and P6 sam-
pling points (Fig. 7). The last campaign shows a clear
increase in the concentration value over the entire sec-
tion. This variation is due to the influence of carbonate
formations such as limestone and to clay and marl
formations rich in Mg2+.

3.1.6. Sodium

Note that the low concentrations are located
upstream of the site, where the first 4 sampling points
show a similar distribution of sodium during the five
campaigns (Fig. 8). At P5 and P6 point (encompassing
quarry), concentrations are increased by three for the
five campaigns.

Sodium ions in high concentrations are due to phe-
nomena of leaching, and basic exchanges. Indepen-
dently of leaching geological formations containing
sodium chloride, the salt can also result from the
decomposition of mineral salts such as sodium sili-
cates and aluminum. The presence of sodium ions is
mainly due to the dissolution of evaporitic formations
rich in halite. The correlation between the sodium and
chloride is due to natural weathering of the natural
rock.

3.1.7. Chloride

The chloride contents are comparable to those of
sodium. The minimum values are observed in the
upstream portion of the river, and the maximum val-
ues are observed in the points P5 and P6, respectively,
located downstream. Chlorides goes from 50 mg/l
between P1 and P4 points for all campaigns to
400 mg/l in points P5 and P6 in October 2012. The
homogeneity of concentrations for the first 4 points
during the five campaigns and the sudden increase of
these values (Fig. 9) near the quarry may indicate a
direct influence of the quarry on the water quality.
This trend indicates the contribution of anthropogenic
input can be from urban and from the dissolution ofFig. 6. Calcium evolution during the five campaigns.

Fig. 7. Magnesium evolution during the five campaigns.

Fig. 8. Sodium evolution during the five campaigns.
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evaporitic formations. Therefore, chloride ion consid-
ered as a natural tracer, highly mobile, and is rela-
tively inert chemically. It does not participate in the
precipitation reactions and is not adsorbed by the
geological formations.

3.1.8. Potassium

Potassium presence in natural water usually does
not exceed 10–15 mg/l. Net increase is potassium was
observed between the points P1 and P6 in the last
campaign except for the point P2 (Fig. 10). This
increase is very noticeable from point P3.

In fact, although soluble potassium salts are mainly
adsorbed in soils. Potassium comes from the weather-
ing of silicate formations (Gneiss, Schiste), potassium
clays and dissolution of chemical fertilizers [18]. The
presence of this element may be also related to the
discharge of domestic sewage in the area.

3.1.9. Sulfates

The distribution of sulfates (Fig. 11) shows an
increase from April 2011 between P2 and P6 point and
negligible concentration at point P6 in February 2011.

The highest values are recorded during the period of
low water flow, following the phenomenon of water
evaporation, and may also be due to agricultural activ-
ities.

The presence of sulfates in water is related to the
dissolution of gypsum content in blackish slate marl
from the Upper Cretaceous. Sulfates come from runoff
or infiltration into the gypsum soils. They can also
result from the activity of certain bacteria (chloroth-
iobactéries, rhodothiobactéries, etc.). This activity can
oxidize hydrogen sulfide (H2S) toxic sulfate [19].

3.1.10. Bicarbonates

The distribution of bicarbonates (Fig. 12) remains
approximately uniform across the first 4 points and
for the 5 campaigns. However, there was an increase
in concentration values for this element (300 mg/l).
For points P5 and P6, the presence of bicarbonate in
the waters is due to the dissolution of carbonate for-
mations (limestone) by water containing carbon diox-
ide. According to Faillat and Drogue [20], the
presence of CO2 in the water from soils facilitates the
hydrolysis of silicate minerals and the formation of
HCO3− ions, and gives the water a much higher disso-
lution force by converting calcium carbonate into

Fig. 9. Evolution of chlorides in the five campaigns.

Fig. 10. Evolution of potassium in the five campaigns.

Fig. 11. Evolution of sulfates in the five campaigns.

Fig. 12. Evolution of bicarbonates in the five campaigns.
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calcium bicarbonate, that are more soluble in water
according to the following reaction:

CaCO3 þ CO2 ! Ca HCO3ð Þ2! Ca2þ þ 2HCO�
3

3.1.11. Dry residues

The evolution of dry residues (Fig. 13) during the
5 campaigns reveals a relative steadiness, while the
maximum was recorded at points P5 (1,696 mg/l) and
P6 (1,650 mg/l), encompassing quarry. It clearly
appears as a change in the concentrations of dry
residues. Near the quarry, the concentrations of dry
residues went from simple to double, reflecting the
impact of the quarry on the water quality.

3.1.12. Conductivity

The trend of conductivity values (Fig. 14) is similar
to that of dry residues through all sampling points.
The conductivity is still above 500 μS/cm fluctuating
between 1,542 and 2,570 μS/cm.

These measured conductivity values exceed the rec-
ommended standard for drinking water (AEP) which
is 400 μS/cm. This is due to the significant effect of
evaporitic in increasing the conductivity by its quick
dissolution in water. The conductivity is related to the
presence of ionic species in solution [21], it depends on
the loads of endogenous and exogenous organic mate-
rial, generating salts after decomposition and mineral-
ization and with the evaporation phenomenon that
concentrates these salts in water, and it also varies
through the geological substrate.

3.2. Hydrochemical classification of surface water

The chemical facies of surface waters in the study
area is given by the Piper diagram (Fig. 15). According

to the Piper diagram, it appears that the surface
waters in the study area are mainly calcium, magne-
sium, chloride and sulfate. This facies is the most
dominant in the study area with 73.4% of the analyses.
However, we observe a calcium and magnesium bicar-
bonate facies at sampling points 1, 2, and 6.

3.3. Multivariates statistical methods

3.3.1. Normed principal component analysis (ACPN)

The analyses were performed using XLSTAT soft-
ware. The eigenvalues of the factors are shown in
Table 1. The correlation matrix between the 11 param-
eters is shown in Table 2.

The first two factors (F1–F2) represent 72.03% of
the variance expressed. Thereby, only the first two
axes will complete analysis of the ACP results. The
correlation coefficients between the physicochemical
parameters are reported in Table 2.

Bold values are significantly different from zero at
a confidence level of 95%. Data review on the correla-
tion matrix between the variables reveal except for pH
and turbidity, the existence of a strong significantly
high correlation between the variables, which means
that all these parameters fluctuate on average in the
same direction. There are strong correlations between
dry residues, conductivity, chloride, and sodium; all
other elements are correlated at least moderately to
weakly. Noting that potassium is correlated with bicar-
bonates, sodium, and calcium, and the turbidity is cor-
related only with bicarbonates. The low correlation
between bicarbonate and cations show that the incon-
gruent dissolution of silicate minerals is not the only
process leading to the dissolution of these cations.
Other sources and processes are involved in the miner-
alization of these waters as showed by the different
observed correlations. The relationship between bicar-
bonate and electrical conductivity is not significant

Fig. 13. Evolution of dry residues in the five campaigns.

Fig. 14. Evolution of the conductivity in the five cam-
paigns.
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indicating that the bicarbonates are not involved in
salinity. Analysis of the variables in the factorial design
ACPN F1–F2 is shown in Fig. 16.

3.3.1.1. Factor 1. The conductivity, dry residues, cal-
cium, chloride, sodium, magnesium, and sulfates
define factor 1 expressing 54.39% of the total variance.
In the negative part of the factor 2, chloride, sodium,
sulfate, magnesium, dry residues, and conductivity
are clustered. This grouping can express mineraliza-
tion related to domestic activities. The conductivity
reflects the overall mineral content of water. F1 factor
defines a mineralization gradient from left to right of
the axis, indicating the pole evaporitic by the positive
relationship between the elements SO2�

4 , Ca2+, Mg2+,
Na+, Cl−, and electrical conductivity. Calcium and
magnesium come from rock weathering and acid
hydrolysis of the silicate minerals. This grouping then
translates mineralization of waters due to contact
water–rock (mineralization residence time). The F1

factor is therefore considered an axis original
mineralization of both natural (contact water–rock)
and anthropogenic origin.

3.3.1.2. Factor 2. Bicarbonates, potassium are close to
the axis 2 factorial this means that these elements are
brought into solution by the same phenomenon. Their
closeness to this factor axis 2 the bicarbonate, potassium
means that these elements are brought into solution by
the same phenomenon. It is therefore considered as
being the axis of mineralization expressing the phe-
nomenon of soil runoff by the acid hydrolysis mecha-
nism, indicating urban pollution. The contamination
process is the cause of the union between bicarbonate
and potassium. Indeed, the presence of bicarbonate
would be related to the increase of CO2 from the
decomposition of organic matter. On the other hand,
the inverse relationship between changes in bicarbon-
ates and pH indicates the pole carbonates. The origin of
these two elements in the waters is natural.

Fig. 15. Hydrochemical classification of surface waters in the study area.

Table 1
Eigenvalues and percentage of variance expressed

F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11

Valeur propre 5.983 1.941 0.964 0.797 0.604 0.330 0.222 0.116 0.025 0.010 0.008
% Variance 54.389 17.642 8.767 7.244 5.489 3.004 2.016 1.054 0.232 0.095 0.069
% Cumulé 54.389 72.031 80.798 88.042 93.531 96.535 98.550 99.604 99.836 99.931 100.000
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3.3.2. Analysis ascending hierarchical classification
(CHA)

Fig. 17 shows the dendrogram resulting from the
classification of the region’s surface water based on

their mineralization. This dendrogram highlights four
groups (high dissimilarity) and sub-groups (low
dissimilarity).

The analysis of individuals in the factorial F1–F2
has enabled us to distinguish four main groups
(Fig. 18):

3.3.2.1. Group I. It includes points upstream of the
study site, characterized by low conductivity in con-
nection with a low mineralization. These waters have
relatively low levels of sulfates.

3.3.2.2. Group II. This group is characterized by an
intermediate mineralization influenced by anthro-
pogenic activities. Relatively high sulfate contents are
observed.

3.3.2.3. Group III and IV. The points P5 and P6
(Fig. 18) forms them, points encompassing quarry.
These groups are characterized by high contents of
major elements, which results in a significant conduc-
tivity, turbidity, and dry residues. They are therefore
highly mineralized stations. Group IV is characterized
by higher levels of bicarbonate and potassium; how-
ever, group III is characterized by the highest levels of
dry residue. It was a demonstration of the impact of
the quarry on the modification of the physicochemical
quality of surface waters.

Fig. 16. ACP of the physicochemical parameters. Map fac-
torial variables in terms F1–F2.

Fig. 17. Dendrogram of the classification of the area of surface water.
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4. Conclusion

This study allowed us to evaluate the degree of
impact generated by the operation of the SAMBA
quarry. The study of hydrogeochemical characteristics
of water resources in the study site was made from
the combination of hydrochemical methods, and mul-
tivariate statistical analysis. From the physical point of
view, the temperature of the waters of the study area
ranges from 9.8˚C in winter to 29˚C in summer with
an average of 17.5˚C. The water pH ranges between
7.8 and 8.3, indicating that the site waters are basic;
this confirms the presence of limestone formations on
the watershed. The electrical conductivity of the
waters is high and varies between 510 and 2,570 μS/
cm. The study notes that the site surface water is hard.
The classification of chemical analysis results obtained
from Piper triangular diagram identifies two water
groups. Calcium and magnesium bicarbonate waters
that are less important 26.67% of the studied waters,
calcium chloride and sulfate waters are the most
important Mg (73.33%). Over the entire study area,
the water is characterized by a predominance of bicar-
bonate ions HCO3− on Cl− chloride ions and sulfate
ions SO2�

4 . Calcium is the most important cation, fol-
lowed by the sodium Na+ and potassium K+. The
ACP and analysis ascending hierarchical classification
(CHA) indicate that the mineralization of water in the
region is controlled by three major phenomena. These
are the mineralization residence time, soil runoff by

surface water, and the influence of human activities in
the pollution of surface waters. Most physicochemical
components of the water are not affected by the
extraction and the washing water discharge. Only the
dry residue levels and turbidity of the water aug-
mented downstream. The results of this study are
interesting but certainly deserve to be enhanced by
further investigations including a detailed analysis of
heavy metals, nitrogen cycle, total phosphorus, and its
relationship with suspended solids that justify
pollution by organic matters or not.
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de la zone sahélienne d’Afrique de l’Ouest (Method
for assessment and risk management nitrate in aqui-
fers of the base of the Sahelian zone of West Africa),
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bactériologique des eaux souterraines de la nappe
Plio-quaternaire dans la région de Meknès (Maroc)
(Quality physico chemical and bacteriological study of
groundwater in the quaternary Plio-web in the region
of Meknes (Morocco)), Larhyss J. 14 (2013) 21–36.

[17] J. Rodier, L’analyse de l’eau: Eaux naturelles, Eaux
résiduaires, Eau de mer. (Analysis of Water: Natural
water, Wastewater, Seawater), ninth ed., Dunod, Paris,
2009.

[18] T.H. Debieche, Evolution de la qualité des eaux
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