
Advances in Environmental Biology, 9(18) August 2015, Pages: 63-71 

 

 

AENSI Journals 

 

Advances in Environmental Biology 
 

ISSN-1995-0756      EISSN-1998-1066 

 
Journal home page: http://www.aensiweb.com/AEB/ 

 

 

Corresponding Author: Pr. Houhamdi Moussa, Département SNV, Faculté SNV-STU, Université du 08 mai 1945,  

Guelma, BP. 401. 24 000 Guelma (Algérie).  

E-mail: houhamdimoussa@yahoo.fr. 

Evaluation of Physic-chemical Quality of Well Water in the Area of OUM el- 
Bouaghi (High Plains of Eastern Algeria) Characterization and Analysis in 
Principal Component 
 

1,3Noua Allaoua, 1Hinda Hafid, 1Djemoi Merzoug, 1Noureddine Ghouraf and 3Moussa Houhamdi 

 

1Departement of Ecology and Environmental Engineering , Faculté SNV-STU, Université 8 Mai 1945 de Guelma, Algérie. 
2Researche laboratory "Ressources Naturelles et Aménagement des Milieux Sensibles" Universiy of Oum El Bouaghi. 
3Laboratoire Biologie, Eau et Environnement (LBEE), Faculté SNV-STU, Université 8 Mai 1945 de Guelma, Algérie. 

 

A R T I C L E  I N F O   A B S T R A C T  

Article history: 

Received 5 August 2015 
Accepted 28 August 2015 

Available online 15 September 2015 
 

Keywords: 

Water quality; physical chemistry; 
mineralization; pollution; 

groundwater; Algeria 

 The objective of this study is the evaluation of the quality of groundwater in the region 

of Oum El Bouaghi located in the high plains of eastern Algeria. The waters of 22 wells 
were taken during the year 2013 / 2014 and analyzed. 13 parameters were determined in 

the water samples: pH, electrical conductivity, dissolved oxygen and the dosages of 
total hardness, calcium, chlorides, sulfates, bicarbonates of ammonium, of nitrates and 

nitrites. Then a principal component analysis (PCA) was performed from the mean 

values for each parameter. It was observed in this study a relatively strong spatial 
variation of these descriptors, showing three very uneven and well differentiated groups 

of stations. Waters in groups 1 and 2 are generally highly mineralized and chlorides, 

calcium and magnesium contribute more in this mineralization in the group 1 and 
sulfates and bicarbonates in the second. The origin of this mineralization is related to 

several factors such as geology limestone or sometimes saline lands, crossed by water 

or lack of rainfall and this does not present a real danger to the population. However in 
the third group there is the presence of some pollutants, taking their origins in 

agricultural activities and urban waste. 
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INTRODUCTION 

 

 Ground water accounted for about97% of liquid continental fresh water [4] and the presence of man and his 

possibilities of survival depend in many parts of the world to the existence and quality of this limited and fragile 

resource: 75 to 90%of the world population uses water of underground origin. This shows the importance of the 

study of ground water in all their components with a view to a better knowledge of these ecosystems and 

introducing new scientific concepts in management, planning, monitoring and finally protection and 

conservation of these waters [5].The chemistry of groundwater depends mainly on lithological composition of 

traversed layers and water residence time. This interaction affects the content of major elements (Ca 2+, Mg 
2+

, 

Cl
-
, SO4

2-,
HCO3

-
... ..). 

 The concentrations of these natural elements are conditioned by various factors such as climate parameters, 

human activities, exchanges between aquifers and surface waters. Algeria, mainly the high plains of East are in 

a poorer part of the world in terms of water availability, reduced rainfall and high evapotranspiration leads to 

this water scarcity. In the targeted region, groundwater has been always an important source of drinking water 

for local populations, for livestock watering and irrigations. The objectives of this study are the evaluation of the 

quality of groundwater in the region Oum El Bouaghi by performing a physicochemical control based on 

measurements of pH, electrical conductivity, dissolved oxygen and dosages of total hardness, calcium, 

chlorides, sulphates, bicarbonates, ammonium, nitrates and nitrites. 

 

MATERIAL AND METHODS 
Description du site: 
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 The studied area is a part of the high plains of Constantine in eastern Algeria (Figure 1).Its geographical 

coordinates are between35 °52'31'' North latitudeand07 °06'48''Eastlongitudetotalingan area of 

approximately7638.13km2.This raised area where the Neritic cover of Eocene and Cretaceous lands is less thick 

than in Tellian chains of the Saharan Atlas. It gradually narrows in the East to the Algerian-Tunisian border 

where Saharan Atlas and the Tell chain are in contact [7]. North of the region, there are the southern slopes of 

the Tell, in the center the high plain. the altitude varies from 700 meters to 900 meters and dotted with small 

isolated mountain ranges that rise above such as Jebel Sidi Rgheiss (1 635 meters), the Jebel Rherour (1273 

meters, Jebel Amama 1337 meters) which form part of the Aures. In the south it is marked by endorheic 

depressions (Garet) or Sebkha (salt Lake). TheTellian mountains in north of the province are limestone and so 

are the Horsts. On the foothills of the mountains, beautiful salmon-colored loam soils were formed through the 

contribution of erosion of the surrounding mountains and its application on the high plains. They degrade as we 

approach the salt lakes. The mountains are sometimes covered with Aleppo pine forests from plantations. 

Erosion is very strong in this region.The combination of bare soil and violent rainfalls in a short time rapidly 

erode soils that eventually form badlands (gullies). The mild Mediterranean influences in winter and cooling in 

summer are stopped by the Tell mountain barrier. Warm influences of the Sahara are blocked by the Saharan 

Atlas and the Aurès in the winter. That is why the winters are harsh. 

 However, summer is governed by an atmospheric stability generated by the increase of the tropical high 

pressure from the Sahara. The Continentality also helps to maintain the hot, dry weather. Rainfall is irregular 

and the rains result from the disturbances coming from the North-West or the Mediterranean depressions. They 

abut on the telliens links in the North. In contact with the mountain, the air mass rises and dries generating a 

foehn effect on the province of Oum el Bouaghi .The precipitation is no more than 350 to 400 mm / year. This is 

one of the wettest regions in July from all over Algeria with an average of 9 mm of precipitation for that month 

in Oum el Bouaghi. 

 

 

 
 

Fig. 1: Geographical situation of the area of study and localization of sampling sites. 
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Sampling: 

 Monthly water samples were collected from the wells to be characterized during the year 

2013/2014.Several factors were studied: a few were measured on the spot while others were assayed at 

Laboratory "Natural Resources and Management of sensitive environments," Larbi Ben M'hidi University, 

Oum-El-Bouaghi, Algeria. Conductivity, pH and oxygen saturation levels were measured in the field using 

portable Multi-parameter devicetypeCONSORTmodel535after calibration with buffer solutions. The water was 

taken and stored in plastic bottles, after adding a few drops of formalin 5%to block bacterial activities. The 

bottles were completely filled without air bubbles and are sealed and transported to the laboratory. Organic 

pollution indicators ions on the one hand-nitrates, nitrites, ammonia and orthophosphate-calcium and 

magnesium hardness, as well as the levels of sulfates and chlorides were measured within 24hours of collection, 

in accordance with the AFNOR standards(1983)and methods advocated by RODIER(2009).Principal 

component analyses (PCA) were performed on the physico-chemical data (average values of all monthly 

measurements) listed in Table 1.Thedata processing was performed using the software XLSTATSTART [17]. 

The PCA has been supplemented by 

 A hierarchical classification that allowed objectively to delimit groups of stations and thus to obtain a 

typology. 

 

RESULTS AND DISCUSSIONS 

 

Physical and chemical characteristics of water: 

 The whole of average values of the different physicochemical variables taken from 

the22wellsthroughoutthe study are represented byFigures2 to 4. Indeed seasonal variations in parameters 

measured on well water are very weak throughout the year so that it is relevant to characterize each station by 

averaging the values measured during the study, and this for each of the considered parameters. 

 The pH depends on the origin of water, the geological nature of the substrate and the crossed watershed [6]. 

In all stations the pH remains in average very close to a slight alkalinity values ranging from 6.6 in the well P22 

to 8.04 in the well P16and a small standard deviation of0.3459. Beside factors that very little from station to 

another other and can be considered as quite normal, other parameters, however, have remarkable average 

values, variables from one station to another, enabling, thus, to characterize certain stations or groups of 

stations. 

 Thus the mineralization of the water is everywhere important even excessive, both according to AFNOR 

standards and the criteria of NISBETandVERNEAUX (1970) .The recorded values of the EC show a wide 

variation in the chemical composition of water, they vary between a minimum of 621μS.cm-1 in the well 11and 

a maximum of7160μS.cm
-1

in the well12 (Figure 2b). The high values are recorded in areas located near sebkha 

Tarf. The high mineralization of these waters could be due to either limestone or saline soils. They are due to 

evaporate deposits from Djebel Tarf. Dissolved oxygen (O2) is very important by the fact it determines the 

status of several minerals, degradation of organic matter [8]. For all the samples, dissolved oxygen presents 

significant variations from one point to another. It varies from 3.99 to 8.47 during the study period. The results 

obtained show that the wells are slightly oxygenated. When the hardness has high variation (standard deviation 

= 1674.280) that would be linked to the lithology of the aquifer. Rodieret al (1984) reported that this parameter 

is directly related to the amount of calcium and magnesium in water.Ca + concentration is directly related to the 

geological nature of the land crossed by the waters [2]. Most wells (95%) have levels higher than the values 

previously reported in the high plains of eastern Algeria [12]. In all the studied wells calcium ion contents 

closely follow those of the total hardness (Figure 3a and 3b). They are highly variable from one well to another. 

the high values are recorded in the well P12 (1239 mg / l), while the lowest levels were recorded in the well P11 

(127.90 mg / l). The values of standard deviation are relatively large (which reflects a wide variation in levels, 

as the Ca
+2 

ion comes from two different natural origins which are: the dissolution of carbonate formations and 

dissolution of gypsum formations. 

 The Average values Mg 
+2

are very high in most water wells (Figure 2c) .They vary are from 32.08. mg / l in 

well 11 and 481 mg / l in the 12well. Remembering that the original magnesium is almost the same as the 

calcium, in this context RODEIR (2009) indicated the contents depends on the composition of sedimentary 

rocks encountered (limestone, dolomite .... 

 The presence of sulfates in water can be related to the dissolution of gypsum, to the leaching of pyrifères 

land; or oxidation of sulfides [3]. Sulfates are also present in relatively high quantity, largely above the 

maximum acceptable concentration. The lowest value is observed in the well 11(74mg/ l) and the 

highestvalue756mg /L in well P15. These high values reflect the natural appearance of these contributions by 

leaching of crossed field [13].The concentrations of bicarbonates are highly variable, ranging from42 mg/ l in 

the well 19and 833mg / l inthewellP22. The importance of interaction water/rock in groundwater conditions 

bicarbonates concentrations. Chlorides evolve in the same way of  all the measurement points. Chlorides could 
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come, from percolation through the salty lands [11]and the infiltration of irrigation water [10].In the study area 

the chlorides can have several origins(SD531.73: mg/l):-The Sandy clays gypsiferous Mio-Pliocene-Quaternary 

that cover the entire basin. The evaporate deposits from DjTarf; Present in nature state and soluble in soil, 

nitrates enter the soil and groundwater and flow into streams. But they are also brought synthetically by 

fertilizers. They are one of the causes of degradation of water. In our study with the exception of well 9 dug near 

accommodated houses, nitrate concentration reaches 68.22 mg / l indicating organic pollution. All contents are 

less than the standard 50 mg/l. 

 The same for nitrites which follow the same variations as nitrates and almost all concentrations are below 

the standard. Ammonium is present in the wells prospected with contents ranging from 0.008 mg / l (P14) to 1.4 

mg / l (well 11) .the concentrations are probably observed in the less oxygenated well. Our results are consistent 

with the work of MERZOUG KHALDOUN and al 2010, 2013) in the high plains of eastern Algeria. 

 

 

 

 
 

Fig. 2: Average values (and standard deviations) pH(2a) of the electric conductivity(2b)and dissolved  
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oxygen(2c)in the wells. 

 
 

Fig. 3: Average values (and standard deviations) of the total hardness (3a), calcium (3b)and magnesium(3c) in  

water wells. 
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Fig. 4: Average values (and standard deviations) of sulphates (4a), chlorides(4b) and bicarbonates(4c) in water 

wells. 
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Fig. 5: Average values (and standard deviations) of the nitrates (ä), ammonium (5b) and orthophosphates (5c) in  

the water of the wells. 

 

Statistical Treatment of data: 

 The study of linear correlations varied between studied parameters informs us about the force of any 

associations between them. The correlation matrixof13parameters measured during 

thestudyperiod2013/2014shownin Table 1revealsthat virtually all variables are correlated. There is a strong 

correlation between the electrical conductivity in one hand and calcium (R = 0.85), chloride (R = 0.79), sulfates 

(R =0.76)in the other hand other less significant correlations between the electrical conductivity on one hand 

and bicarbonates(R= 0.53) highlights that the salinity of the water is much more due to salt formations such as 

gypsum, anhydrite. 

 The relation between the sulfates and calcium confirms this trend. A significant correlation is worth 

mentioning between the chloride ions and calcium ions(R =0.92) and bicarbonate with ammonium ions(R 

=0.82). Sulphate ions also show a significant correlation ammonium ions(R= 0.76) while no correlation is 

observed between the nitrogen elements (nitrate ions and ammonium ions). It may be noted that the pH of water, 

which varies very little in all the stations as noted, shows almost no correlation with all other descriptors that 

they vary more significantly. 

 
Table 1: Correlation Matrix between the physicochemical variables of the wells. 

Variables pH CE O2 Ca+ Mg+ DT HCO3 Cl SO4 NO3 NO2 NH4 PO4 

pH 1             

CE -0.2855 1            

O2 0.05 0.30 1           

Ca+ -0.32 0.85 -

0.04 

1          

Mg+ -0.01 0.61 0.04 0.74 1         

DT -0.01 0.58 0.20 0.61 0.38 1        

HCO3 -0.25 0.53 0.21 0.35 0.02 0.19 1       

Cl -0.458 0.79 -

0.13 

0.92 0.66 0.44 0.31 1      

SO4 -0.36 0.76 0.21 0.56 0.31 0.38 0.71 0.53 1     

NO3 0.22 -0.11 -

0.66 

-0.18 -0.25 -

0.18 

-0.06 -

0.03 

-

0.12 

1    

NO2 -0.32 0.015 -
0.34 

0.005 -0.26 -
0.04 

-0.01 0.05 -
0.01 

0.017 1   

NH4 -0.16 0.47 0.26 0.19 -0.17 0.35 0.82 0.17 0.76 0.027 0.016 1  

PO4 -0.42 0.003 0.20 -0.05 -0.16 -

0.11 

-0.01 0.21 0.03 0.061 0.004 0.066 1 

 

 To realize a typology of stations depending on the water quality, we conducted a principal component 
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analysis. The data matrix consists of 22lines corresponding to the wells studied in the region of Oum El Bouaghi 

and 13columnscorrespondingto the physicochemical factors measured or analyzed. Thus, the first two axes 1 

and 2expressrespectively36.93 and15.63% of the total variance, or together52.56, %. 

From the standpoint of water quality, the axis1 opposes positive side of the natural variables related to the 

geology of the whole region (such as sulfates, hardness, chlorides, magnesium) with the highest contributions in 

the formation of this axis, to the variables indicating a degree of pollution and external inputs of organic matter 

(ammonium ions) projecting the negative side .Axis II is determined positively by the oxygenated waters and 

negatively by the waters polluted by ammonium ions (R = -0.66). 

 The hierarchical classification of stations can distinguish on the basis of physico-chemical descriptors of 

water, three groups of stations (Figure 6B) that differ significantly thegroup1: groups the wells, whose waters 

are characterized by high mineralization and relatively high conductivity of about 7.160ms /cm. it is the 

chlorides and calcium that contribute most to this strong mineralization. Group 2 is also characterized by high 

mineralization but these waters are rich in sulfates and bicarbonates,3 groups is characterized by low 

mineralization compared to others but is in fact, as mentioned above ,rich in organic pollution indicators ions, eg 

nitrates are present at a concentration more than 50 mg/ l. even the ammonium ions are detectable in this well 

exceeding the WHO standards. 

 

A 

B 
 

Fig. 6: Projections of physico-chemical variables of water from22 stations, in terms of the first two factorial  

axes of the ACP (axis1 horizontalandaxis2 vertical). B: Projection of the 3groups of stations (1-22)  

described by their physicochemical characteristics, in terms of the first two axes of the PCA (the  

horizontal axis andaxis2). 
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Conclusion: 

 From these results, it seems that in the entire region, ground waters are highly mineralized, with high values 

of total hardness and salinity. All these ions coming mainly from rocks, limestone or salt sometimes, crossed by 

water, certainly do not represent a real danger for users. Noneless, if some stations show a slight organic 

pollution, others however (all those of groupes3 and especially P9 and 11 wells), show a potential risk to the 

public health .Most studied sites are located far from the city in fields or in grazing areas. Also, the main causes 

of water pollution from these wells are very probably related to the discharge of raw sewage that flow in small 

channels very often used for irrigation, or simply to remove water waste away from homes. In all cases this 

wastewater can seep into the groundwater that is not very deep in general. A second cause of pollution 

sometimes seems to be related to the presence of accumulations of manure and sometimes of liquid manure, 

coming from the sheep-folds and cattle sheds. These manures are periodically washed by rainwater which also 

brings to groundwater bacteria and soluble substances. Finally the lack of protection of the majority of the wells 

also contributes to the enrichment of water with organic matter due to the contribution of wind leaves and other 

plant debris which will decompose on site, and various dusts. 
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