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ABSTRACT

In order to evaluate the impact of potential pollutions on the water quality in the watershed of
the upstream of wadi Boussellem (North-east of Algeria), the evolution of the chemical
composition of waters of the Ain Zada dam was studied over a period of ten years. Using a
linear model of trends and a principal components analysis (PCA) methods, have been
detected and quantified for the substances that are connected with the fertilizers and domestic
effluents. An increasing concentration is observed for most of these substances. The increase
of 88% in COD, 66% in BODs and the decrease of 4.3% in pH, suggests a degradation of
O.M 85% by microorganisms. This degradation was accompanied by a decrease of 2% of
O,4is content. The large increases of E.C 76%, NHy 290% and NO, 100%, are related to a
marked increase in fertilizers applications and the denitrification of NO; where latters
declined by 77%. These increases are related also to the large amount of human and animal
organic materials and industrial waste dumped.
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1. INTRODUCTION

In Algeria, several reservoirs and dams are experiencing in recent years problems of
degradation of water quality due mainly to the different sources of pollution [1-5], due to
population growth, the expansion of the industrial fabric and agricultural development.
Discharges from urban areas as well as plants often discharged directly in streams without any
treatment. This is especially observed in developing countries where the cost of prior treatment
of waste is prohibitive. Several studies have reported the effects of industrial and urban
emanations on the evolution of the surface waters quality [6-9].

In the high plateaus region of Sétif, a large industrial, agricultural and urban activity develops
throughout the entire OuedBoussellem watershed. The main river receives daily hundreds of
cubic meters of waste that generate a total deterioration of the quality of surface waters in the
region. This is why the aim of our study isto highlights the pollution of the dam Ain Zada by

nutriments.

2. GENERAL OVERVIEW

With an area of 1800 km?, the watershed of wadi Boussellem is located in the north-east of
Algeria (Fig.1.a). The dam of Ain Zada controls this basin, which is located some 25 km west of
Setif city. The basin is characterized by ridges with peaks rising between 1050 m and 1737 m.
The zone between 1050 m in the north, 870 m in the central and the southern plains, presents a
slope of about 3%.

Of a geological stand point, this plain is largely covered with heterogeneous terrains formed by
clays, silts, alluvium, and limestone crust. The age of these formations lasts from Miocene to
Quaternary. Such recovery may reach a thickness of 500 m in some places. North and south
boundaries are formed by carbonate terrains respectively belonging to the Tellian layers and the
whole south Sétifian allochthonous [10]. The bulk of the watershed area (80%) is occupied by
land with low to medium permeability represented by very few sandy, clay, limestone and
limestones lacustrine. The remaining (20%) is occupied by impermeable formations
represented by clays and marls (Fig.1.b). A stratigraphic column (Fig.1.c) of the study area;

clarify the relationship between the different formations of the study area [11].
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Fig.1. a: Geographical location of the study area; b: lithological map of the Boussellem

sub-watershed, c: stratigraphic column of the study area.

Map Caption: 1-Recent alluvium, 2-slope Unconsolidated formations;, Topsoil-3, 4-Slopes Screes,
5-Limestone with flints, 6-Blackish marl, 7-Brown and yellow limestone marl, 8-Bandy clays, 9-Yellowish
marl, 10-Redhead sandstone and conglomerates, 11-Sandstones, 12 Sandy loam, 13-Marly and limestone
tiles, 14 Yellow-marl, 15-Dolostone, 16-Black marl, 17-Marl and limestone sub lithographic, 18-Dolostone
and limestone with flints, 19-Gray marl and limestone; 20-Marl and limestone; 21-Limestone; 22-Clay and
sandstone benches; 23-Marly limestone tiles, 24-phosphatic white limestone, 25-dolostones, 26-Black marl,

27-Varicoloured clays and ground gypsum, 28-Fine limestone with Saccocommides.

In regards to the climate, the region is characterized by a semi-arid climate with a relatively

temperate and cold winter and hot and dry summer, influenced by the humid air currents from

the Mediterranean Sea in winter and hot from the Sahara in summer. The annual average

temperature is 15 °C, with an average annual precipitation of about 359 mm. The effective

evaporation takes nearly 94% of precipitation, runoff and infiltration totalling the remaining 6%

of the precipitated water.

The annual excess is of 20 mm. This allows a steady flow of OuedBoussellem especially during
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periods of high water (January and February) with an average flow of 1.14m’/s [8]. For the rest
of the year, the region is subject to an irregular hydrological regime for the leaching of soluble
chemicals, especially fertilizers and sewage from cities and urban centres with a mean annual
flow of 0.42 m’/s measured at Farmatou station. This enables the reservoir to receive a large
share of annual liquid flow in few weeks and then it becomes finally stagnant water where
evaporation is the dominant factor.

The dam of Ain Zada is a rock fill dam with a capacity of 125 Mm’; the withholding has an area
of 1.140 hectares and a maximum depth of 26 m. The vegetation of the watershed is very low,
allowing thus during heavy rainfall to mobilize huge amounts of suspended material in addition

to other basin soluble elements.

3. MATERIALS AND METHODS

3.1. Sampling and Analytical Methods

The main tasks of the National Water resources agency are to ensure the qualitative and
quantitative conservation of water resources of Algerian dams. In this perspective and since
1980s, a program of physical and chemical analysis was undertaken in order to create a
database. In addition, many hydrochemical data were acquired on surface water from the
Boussellem watershed [12] and in the dam of Ain Zada. Our contribution focused solely on the
characterization for the eventual organic pollution of urban and agricultural origin. In this
context, we conducted a series of samples in order to monitor the quality of discharges into the
receiving environment and to study the temporal variation of nutrients from these waters with
the purpose of understanding the mechanisms of pollution. The sampling rate adopted during an
observation period of ten years (January 2003 - December 2012) was 01 levy per month; 120
samples were thus collected. According to the sampling protocol, these samples are collected in
polyethylene bottles, stored at 4 °C and transported to the laboratory within a period not
exceeding 4 hours. Electrical conductivity, pH, temperature and dissolved oxygen were
measured in situ by means of a field multi-parameter WTW (ProfiLine Multi 3320).

The determination of nitrates, nitrites and phosphates concentrations is carried out by molecular

absorption spectrometry, while the Ammonium is done by the spectrophotometric method with
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Nessler reagent. To measure the BODs, is carried out a first measurement of the oxygen
concentration in the water sample. This measurement is repeated 5 days later. The BODs
represents the difference between the two concentrations. BODs and COD were analysed using
an automated analyser the SP2000. All these analyses (Table1) were carried out by the technical

staff of the laboratory of national agency of water resources (ANRH).

3.2. Trends Method

We can detect the water quality trends by averaging systematic monotonic changes in
concentrations over a long period. Many studies have been achieved for such methods [13-15]
but the methodologies for determining trends have not been developed in their works. Amongst
the latter can be mentioned the work by Regnie (1965) [16-18].

The Regnie model based on the equations of the least squares linear trend, adjusts a
chronological series (Yt) with the function Ct = at + b. The straight (trend) least squares
(y=at+b) cloud point (t, Yt) which minimizes the distance is determined (Yt - (at + b)) This
method allows a better adjustment of the trend line and can compensate for the effects of floor
noise produced by the short-term variations and distinguish the effects of runoff, seasonal
changes and thus bringing out the possible effects of pollution from Original anthropogenic
long term.

For the Ain Zada dam waters, the long-term trends have been quantified during the period
2003-2012 using linear regressions between monthly instantaneous concentrations and time.

This treatment was performed using the model included in Microsoft Excel 2010, (Tablel).
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Table 1. Statistical characteristics of physico-chemical data of Ain Zada dam water from 2003

to 2012.
Trends
Parameters Relation:C/t Cow Cy o Min Max Mean Median SD WHO.N AN CV
(\]
P (mm) P=-0.004t+215.9 43 263  -38 0 137,90 34.81 27,05 27,64 / / 0.03
Vr(Mm®)  Vr=-0.012t+578.4 123 79 -35 6597 1256 100.88 94,79 1642 / /061
air T °C T=0.001t+1.857 143 155 +84 2 29 15 14,50 7.77 /0.002

Water T °C Tw=0.001t+6.304 16.7 17.7 +6 55 30 17.23 17 69 <25 25 0.001

E.C(uS/cm) E.C=0.171t-5612 800 1410 +76 600 1900 1158.58 1180 239.89 1500 2800 0.57

Rs Rs=0.1t-3199 576.5 938  +62 400 1020 755.82 793 146.62 2000 2000 0.52
pH pH=-1E-04t+11.69 8.06 7.71 -43 6.97 8.5 7.88 790 03 6,5-8 6.5-9 0.12
NO; (mg/l) C=-0.001t+39.65 4.4 1 =77 0.1 16 2.78 2 2.99 50 50 0.11

NO; (mg/l) C=2E-05t-0.546 0.06 0.12 +100 0.001 0.95 0.091 0.042 0.157 0.01-0.1 0.1 0.01
NH," (mg/l) C=8E-05t-2.905 0.1 039 +290 0.01 2.04 0.246 0.06 0377 0.5 0.5 0.1

PO, (mg/l) C=-4E-05t+1.748 0.235 0.09 -61 0.01 0.89 0.162 0.11 0.157 0.1-0.5 0.5 0.07

O.M (mg/l) C=0.001t-60.71 7.7 143 485 1.6 18 11.01 11 3.22 / 5 036
O,4is (mg/l) C=-0.001t+33.63 9.13 89 -2 5 14.1 9.1 9.15 1.75 5 7 0.04
COD (mg/l) C=0.008t-295.9 36 68 +88 10 109 52.44 53 20.82 20-25 30 0.20
BOD; (mg/l) C=0.0001t-20.51 345 575 +66 1 14 4.60 4 247 35 7 0.07
COD/BODs C=0.001t-45.1 11.9 173 +45 1.71 63 1444 12,92 10.56 / / 0.02
N/P C=-0.002t+128.4 241 335 -61 1 102.1 28.9 20,98 25.77 / / 0.01

Cy and Cyinitial and final values calculated using the regression at time t0 (January 2003) and tf
(December 2012), Trends (%) =[(Ci -Cy)/Ci]X100; Relation C/t: Relation: Concentration/time y=
at+b, Min: Minimal; Max: Maximum; SD:Standard Deviation, WHQO.N: World Health Organization

Norm; A.N: Algerian Norm; CV: Coefficient of variation;
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3.3. Principal Component Analysis

The principal component analysis (PCA) was also applied to the treatment of these chemical
data._Although PCA is an exploratory and descriptive method the aim of the treatment is to
identify the main factors that control the chemistry of the surface water [19]. This multivariate
statistical method has been widely applied to investigate the phenomena of the environment
across the world [20-22] and in Algeria [23-25]. These tools multivariate statistics were used
successfully to study the hydrogeochemical processes [26]. This work deals with the force of

multivariate techniques to characterize hydrochemical variations in the area.

4. RESULTS AND DISCUSSION

4.1. Characteristics of dam waters

Ain Zada Dam is initially meant for irrigation, but quickly turned solely to the drinking water
supply of highlands large cities such as: Setif, Bordj Bou-Arreridj, El Eulma and Bougaa with a
flow of 80 000 m*/day. It is therefore an important source of drinking water for all cities in this
region with more than 2 million inhabitants, which requires managers to monitor and evaluate
the impact of anthropogenic pollution on the dam’s physical and chemical quality of water. This
characterization will be made with consideration of the trends of pollution parameters. These
linear trends were determined using the instantaneous concentrations and time. The average
initial and final values for the period were used to calculate these values variations (Table 1).
The statistical analysis of the data shows that the mean and median are very close which
indicates the representativeness of the mean and a symmetric distribution that is indicator of the
regularity of the samples analysed.

The utilization of this method shows that for most parameters, slope differs significantly from
zero and is progressing in opposite direction relative to the volume of water stored in the dam,
with the exception of pH, dissolved O,, orthophosphates and nitrates where the slope is
respectively equal to -4.3%, -13%, -66% and-77%. All other parameters show positive slopes

that vary between 6% and 290%.
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The volume of water stored in the dam fell by 35% during the period of 2003-2012, which is

consistent with the precipitations decrease (38%) for the same period (Fig.2).
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Fig.2. Monthly evolution of the water’s volume and precipitation during 2003-2012
The analysis of the water temperature variation for the reservoir and the area, during this
period, shows positive trends, respectively 6% and 8%, (Fig.3). This is in association with the

global climate change of the region.
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2003 to 2012

The dissolved oxygen in water reservoir has recorded a negative trend of 2%, this is consistent
with the decrease in pH of 4% (Fig.4). This is set in association with the oxidation of the
organic materials according to the reaction (1) or to the increase of CO, pressure that led to a
decrease in pH by the formula of Kempe (2) [14]. The large surface of the water and the shallow

depth of the reservoir may compensate for the oxygen consumption during the oxidation of
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organic materials, which explains the low tendency of 2% of dissolved oxygen.
CH,0 + O, ——» CO, + H,O (1)
CO, + H,O+«— H,CO; «—H +HCO;  (2)
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The general trend of salinity represented by the electrical conductivity shows an increase of
76% (Fig.5). This increase is related to a decrease in the volume of water in the dam and the

concentration of the water by intense evaporation of the water retaining.
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Fig.5. Changes in salinity of the dam’s water in function of water volume (2003-2012)

4.2. Organic materials
The examination of the variation of the values of organic materials stored in the waters of the

reservoir during this period shows that there was appositive trend (85%), which is consistent
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with the positive trends of COD (88%) and the BODs (66%). The COD/BODs ratio of more
than 4 indicates the presence of organic materials readily biodegradable, (Fig. 6).

The values of COD (10 to109 mg/l) and BODs (1-14 mg/l) can be explained by the creation of
conditions of degradation of organic materials by microorganisms. This degradation is

accompanied by a decrease of 2% in the dissolved oxygen.
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Fig.6. Variation of COD (a), BODs (b), organic materials (c), in function of water volume and

COD/BODs report (d)

4.3. Nutrients

The nitrate (NO3") and nitrite (NO,") are ions naturally present in the environment. They are
the result of nitrification of the ammonium ion (NH,") in the water and soil which is oxidized
to nitrite by bacteria of the genus Nitrosomonas and then to nitrate by bacteria of the genus
Nitrobacter [27]. Nitrates also originate from the natural cycle of degradation of organic
nitrogen [28].

Pollution by nitrogen (NO3", NO,  and NH,") depends on the wastewater dischargeand supply

of farmland nutrient (spreading of livestock waste and fertilizer). Domestic wastes, industrial
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and manure are important sources of ammonia nitrogen. The most commonly used fertilizer in
the Watershed of Boussellem are urea, phosphorus, potassium nitrates, ammonium
superphosphate, potassium chloride, and to a lesser extent ammonium sulfate, sodium,
calcium nitrates and potassium sulphate [3]. This category of Nitrogen is the largest mass and
the most difficult to assess.
Trends of different forms of nitrogen show that the largest increases were recorded for 290%
with ammonium and nitrite with 100% (Fig.7). This increase in ammonium in water
retentionis due to (i) the quantity of organic animal and humanspilled material, (ii) the plant
material streams, (iii) industrial and agricultural discharges.
While the increase in the nitrite is either ammonium oxidation or the reduction of nitrate by
denitrification, according to the following reaction (3) [29].

NH,4" + 3/2 O, +H,0— NO, +2H;0" 3)
This is consistent with the reduction of nitrate, which recorded a negative trend of 77% (Fig.7).
This decrease is probably due to (i) largely to its consumption by the algae (ii) followed by
reduction of dissolved oxygen of 2% to turn into nitrites (NO;") and to finally reduce NH,". We
are witnessing a natural phenomenon of denitrification due to the consumption of dissolved O,
by microorganisms present in the waters of the dam according to the formula (4).

NO; +2H;0" +2¢ — NO, + 3H,0° (4)
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The relationship between the concentrations of nitrates, ammonium and nitrates in the waters of
the restraint during this period shows an opposite trend of NO3~, compared to NO,  and NH,".
(Fig.8). Nitrates are the oxidized form of nitrogen against the other two forms; the ammonium
and nitrite are reduced forms. This transformation is done by anaerobic bacteria, which promote
denitrification of nitrate according to the formula (4). This passage is characterized by the
reduction of nitrates in waters, indicating a change in shape. These reactions are accompanied
by a decrease in oxygen in the aquatic environment.

The decrease in NOs™ is accompanied by a decrease in the concentration of PO,>, which
registered an overall decline of 61%. This can be explained in two ways: (i) the phosphorus is
not very mobile and is readily adsorbed by soil colloids and thus removed by the mechanical
erosion process [30], (ii) phosphorus concentrations are regulated in water OuedBoussellam
by several biogeochemical processes such as precipitation in the form of apatite

[(PO4)3(F,CL,OH)Cas] [31] and consumption by aquatic plants [32-34].
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Fig.8. Evolution of the levels of nitrites, nitrates and ammonium waters of the dam

(2003-2012)

4.4. Eutrophication

Eutrophication is a natural phenomenon that can affect water bodies especially in ecosystems
whose waters renew slowly especially in shallow lakes. This action means the natural
enrichment of an aquatic ecosystem nutrient. The values of NT/PT ratio, an indicator of
eutrophication status of water [35] provide information on the likely presence of algae fixing
atmospheric nitrogen for values of the ratio lower than 29 [36]. The trend shows a decrease of
N/P ratios of 61% (Fig.9), with values ranging from 1 to 102 during the period of observation.
The majority of the values are below the value of 29, which allows the appearance of
Cyanophyceae in the dam Ain Zada.

Phosphorus acts as a limiting factor in the waters, which confirms the contribution of
phosphates in the late winter and spring leaching. Microorganisms develop quickly and can
lead to the appearance of foam on the surface. Many strains of Cyanophyceae have a capacity to

produce toxins that are dangerous for bothdrinking water or swimming [37].
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Fig. 9. Variation N1/Pt ratio in Ain Zada dam water over the period (2003/2012)

4.5. Statistical analysis by Principal Component Analysis (PCA)

The analysis is centered reduced that was performed on a table of 120 individuals and 13
variables (P, Vr, DO, TW, EC, pH, NO3, NO,, NH4, PO4, COD, BODs and OM). The first result
of this analysis is the correlation between the different variables. The correlation coefficient is
commonly used to estimate the relationship between two variables. It is a simple statistical tool
to show the degree of connection between the various variables. Note that for value pairs 120,
the theoretical correlation coefficient of Bravais-Pearson is 0.25 for ¢=0.01. Table 2. The
correlation matrix outcome of the PCA shows that P has a significant relationship (0.40 to 0.65)
with Vr, Tw, EC and OM. This reflects the participation of the precipitation in the acquisition of
saline load of surface water in the region and the impact of the temperature of precipitation in
the temperature of the water of dam. The precipitation has also the impact of the concentration
of the organic matter (OM) leaching .DO has a significant relationship (-0.27 to 0.26) with NOs,
NO,, NHy4, PO4 and BODs reflecting an oxidation and reduction of nutriment and the organic
matter. Tw influences EC (r =0.47) and the oxidation of organic matter (r=0.33). Oxidation of
OM frees (H+) according to equation (5) [38] which provides a good connection with the OM,

COD and pH (r = 0.28 and r = 0.55) respectively. Nitrogen elements are also well correlated
(-0.28 <r< 0.34).
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FeS, + 7/20, + H,O— Fe, + 280, +2H" (5)

Table 2. Pearson coefficients correlation for physicochemical parameters at the 0.01 level and n=120.

P Vr OD Tw EC pH NO; NO, NH, PO, COD BODs; OM
P 1,00
Vi 0,65 1,00
OD 022 033 1,00
Tw 040 052 022 1,00
EC 050 -0.87 0,13 047 100
pH 014 -0,77 014 010 015 1,00
NO;, 008 -027 -027 018 024 012 1,00
NO, 009 011 026 009 -0,02 014 -0,28 1,00
NH, -0,14 -039 025 018 013 011 030 034 1,00
PO, -0,12 -027 023 -0,14 -021 -022 -0,11 0,16 -0,11 1,00
COD 023 -045 020 027 0,17 028 0,18 -006 0,11 -0,05 1,00
BODs 020 -028 -024 024 0,18 023 0,13 -006 022 -0,10 021 1,00
OM 041 -0,60 0,05 033 0,14 055 004 006 023 -0, 032 016 1,00

The bold values indicate the correlated variables.

The second result of this analysis is liaison between the different variables and factors
because it used to examine the underlying patterns for a large number of variables and to
determine the possible contributing factors in the hydrochemistry of waters samples. The
Kaiser criterion [39] was applied to determine the total number of significant factors.
According to this criterion, only factors that eigenvalue greater than or equal to 1 have been
retained as a possible source of variance in the data. Table 3. Two factors (F1 and F2) were
selected and represent more than 65.52% of the total variance, which is quite good and can be
used to identify major changes in water chemistry. F1 represents 54.59% of the variance and
is positively determined by P, Vr, Tw, EC, pH, COD; BODsand OM. This factor is the factor
of contamination by organic matter, wastewater and industrial. F2, which represents 10.93%
of the total variance, is positively determined by DO, nitrogen and PO,. This is the factor of
agricultural pollution.

These two factors indicate that surface water in the region, following two pollutions, of

wastewater and industrial, and by irrigation water.
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Table 3.Variance explained and component matrixes

Components F-1 F-2

P -0,671814 -0,207112
Vr -0,932735 -0,059733
oD -0,430978 0,595784
Tw -0,629877 -0,035159
EC -0,843918 0,067898
pH -0,753281 -0,237152
NO; -0,305058 0,607400
NO, -0,678766 0,760920
NH4 -0,013145 0,5141997
PO, 0,307279 0,393568
COD -0,533702 0,159016
BOD; -0,412049 0,235953
oM -0,642515 -0,306680
Expl.Var 4,49 1,42
Prp.Totl (%) 54.59 10.93
Cumul - % 54.59 65.52

The bold values indicate the correlated variables.

5. CONCLUSION

The aim of our study was to determine the influence of urban, agricultural and industrial
discharges on Ain Zada’s dam waters. The chemical composition of these waters was
determined; the temporal evolution of some physico-chemical parameters was tracked for a
period of ten years. The statistical study by a Principal Components Analysis (PCA)
highlights the relationship between the chemical parameters responsible for the pollution. It
indicates that the dam surface waters are contaminated by industrial, irrigation and
waste-water.

The results show that all sources of pollution are present, whether natural, industrial,
agricultural or urban. Most chemical elements are connected with urban planning, fertilizers
and effluent increased in the dam during this period: E.C (76%), MO (85%), COD (88%),
BODs (66%), NO, (100%), NH4" (290%). This degradation of the quality of the water is due
to the decomposition of organic material that is accompanied by a decrease in pH of 4.3%, a
temperature increase of 8%, and a reduction of 38% precipitation followed by reducing the

volume of reservoir water by 35%. This has led to the concentration of chemical elements in



A.Mebarkia et al. J FundamAppl Sci. 2017, 9(3), 1358-1377 1374

the waters of the dam. The increase is due to ammonium significant amount of organic
material and industrial wastes. There has also been a reduction of nitrates and phosphates, but
an increase of nitrites is due to the ammonium oxidation, accompanied by a decrease of the
dissolved oxygen of 2%.

Water dam Ain Zada seems to become more and more polluted as most surface waters in
eastern Algeria. 93% of the samples exceed the content of 0.1mg/l NO,™ and 31% of samples

exceeded the level of 0.5 mg/l NH;" recommended by the Algerian standard.
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