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 The faecal contamination problem of Algerian coastal waters has not been deeply 

studied and associated health risks are not negligible in light of the increasing use of 
coastal waters in the last years (bathing, recreational beaches, shellfish consumption, 

shellfish productions sites). The aim of this work is to study the influence of 

temperature, salinity, dissolved oxygen, pH and suspended solids on the bacteriological 
water quality of the Northeast Algerian coastline. For this purpose, we processed a 

monthly analysis of water withdrawals and environmental parameters mentioned above 

from 5 sites chosen for their location, in relation to different sources of pollution and 
hydrodynamics that prevails. The detection and enumeration of faecal germs were 

carried out using the colimetric method. The results of the bacteriological water 

analysis showed that frequency of total coliforms and "thermo" faecal coliforms is less 
in the S1 site, S4 and S5 compared to S2 and S3 sites. Streptococci are present 

throughout the year due to their resistance to harsh environmental conditions and their 

persistence in the water compared to coliforms. The highest levels of bacteria are found 
in the S3 site. The obtained results demonstrate the involvement of human activity in 

the microbial contamination of waters of the North East coast of Algeria. The results of 

the statistical analysis (ACP) showed that the presence of faecal indicator is strongly 
influenced by the T° and SS and to a lesser extent by salinity and pH. The hierarchical 

cluster analysis allowed to identify the existence of dissimilarities between 5 sites in 

relation to the variation of the measured environmental parameters. This study showed 
that high water contamination is related to anthropogenic activities; We, however, note 

that loads of faecal contamination of water indicators are not very alarming, nonetheless 

pretreatment of wastewater is ideal if we want to avoid health problems associated with 
the use of these waters. 
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INTRODUCTION 

 

 Mediterranean coastal areas suffer from a negative influence of a continuously increasing anthropogenic 

pressure which is generated by the large crowds of people on the coastal fringe. Coastal waters used by 

aquaculture and maritime activities are exposed to a growing sanitary problem originating from the waste water 

discharges related to the development of human activities [1, 2, 3, 4,5,6].  

 Some enteric bacteria from faecal flora, can be used as faecal pollution indicators to assess the state of fresh 

and marine waters bacterial contamination [7]. The high concentration of these indicators in the coastal strip is 

mostly due to the influence of urban waste water and agricultural discharges, conveyed by stormwater drainage 

networks, sanitary discharges and watershed [8]. Faecal coliform flora can grow in water distribution systems 

(biofilms), in soil and in plants [9, 10]. Although Faecal coliform (FC) is considered as a poor indicators of 

faecal contamination, it is still used for water quality monitoring studies [11, 7, 12, 13, 14, 15]. Conversely, 

faecal enterococci (FE) are better indicators because of their better survival in both fresh and salt water [16, 7, 

17, 13, 18, 19, 20]. Based on the work of the US Agency for Environmental Protection, FE are also considered 

as gastrointestinal disease indicators [16, 7, 21].  

 According to Bonilla et al. [22] when loads of bacteria indicating faecal contamination are high, faecal 

contamination can lead to an increased risk of encountering pathogens. 
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 Some studies have shown that the dynamics of these bacteria indicating faecal contamination is related to 

the load by bacteria found in streams and rivers that flow into the sea [23, 24, 25, 15, 26].  

 Many authors have reported that the removal rate of contaminating indicator bacteria  from the water 

column depends on many parameters such as dispersion, dilution, nutrient availability, temperature, salinity, 

turbidity, solar radiation, predation, competition, transport and bacterial losses due to death or sedimentation 

[27, 28, 29, 13, 30, 31, 32, 9, 33, 34, 35, 20, 36, 37]. 

 The faecal contamination problem of Algerian coastal waters has not been deeply studied and associated 

health risks are not negligible in light of the increasing use of coastal waters in the last years (bathing, 

recreational beaches, shellfish consumption, shellfish productions sites).  

 The aim of this study is firstly, to assess the bacteriological water quality of the Algerian North East coast 

by determining levels of total and faecal coliform in addition to levels of total and faecal streptococci, secondly 

to identify the influence of some environmental factors on the abundance of bacteria mentioned above. 

 

MATERIALS AND METHODS 

 

2.1 Sampling area: 

 The area that is studied is the northeast Algerian coast located between Cap de Garde to the West and Cap 

Segleb to the East (Figure 1). Sampling was conducted at sites in suburban areas (S1 "Cap de Garde" (36 ° 

57'59.94''N-7 ° 47'38.30 '' E), S2 "Saint Cloud" (36 ° 55 '2.68''N-7 ° 46'4.83''E), S3 "Sidi Salem" (36 ° 7 ° 

52'18.13''N- 46'8.32''E)) and rural areas (S4 "Lahnaya" (36 ° 8 ° 53'6.59''N 4'8.70''E), S5 “Laouinet”(36 ° 

54'26.89''N-8 ° 30'30.68''E)) 

 

 
Fig. 1: Location of sampling area. 

 

2.2 Samples treatment: 

 For this study, a monthly water sampling was conducted at each site (over 12 months) using sterile glass 

bottles with a capacity of 250 ml. The bottles were immersed to a depth of - 50 cm from the surface of water and 

then they were opened against the current until filling then were resealed under water to avoid the formation of 

air bubbles or any risk of contamination during transport. Samples were carried to the laboratory in a cooler kept 

at low temperature. 

 Bacteriological analyzes consisted in searching for coliforms by colimetry liquid medium from 3 sets of 3 

tubes (standard V 08-020 (1994) / ISO 7251 and 08-021 V (1993) / ISO 7402) and then count germs according 

to the requirements of Mac Grady table (in Rodier, [38]) to obtain the 95% confidence intervals for each value 

of the most probable number (MPN). 

 After each sampling, temperature, pH, salinity and dissolved oxygen were measured "in situ", using a 

multiparameter (Consort 535). Determination of water suspended solids was conducted by applying the 

differential weighting method according to Aminot and Chaussepied [39]. 

 

 

2.3 Statistical Analysis: 

 The lack of normal distributions of our variables has previously been determined by the Shapiro-Wilk; 

Given the asymmetry of the distributions, we selected nonparametric alternatives for our statistical analysis [40, 

41]. First, we applied a principal components analysis (PCA), using a specialized package called FactoMineR 

[42], to characterize the structure of our five sampling sites and to highlight the contribution of environmental 

parameters measured on the abundance of dosed germs. Thereafter, a hierarchical clustering was performed to 

visualize by dendrograms dissimilarities between the five sites. The spatio-temporal variations of germs 

contents were presented by histograms made in Microsoft Excel. Comparisons between sites were performed 

using the Kruskal-Wallis test by applying the package MASS [43]. Statistical analysis were performed using the 

software (R Development Core Team, 2014 Version 3.1.2) developed by Ihaka and Gentleman [44]. All 

packages used were downloaded from the official website of CRAN (The Comprehensive R Archive Network) : 

http://cran.r-project.org/web/packages/.  
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Results: 

3.1 Environmental parameters: 

 Water temperatures at the five sites varies between 14°C and 28°C (in January and August, respectively). 

Lowest rate of dissolved oxygen levels is in summer when the salinity reaches its maximum values; the lowest 

values being detected at S3. The pH is alkaline, however, it is slightly higher in summer and autumn. Levels of 

suspended solids reach their maximum value in autumnal period (fig.2). 
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Fig. 2: spatial-temporal variations of Physical-chemical water parameters. 

 Kruskal-Wallis test shows the existence of significative differences from one month to another for all 

measured environmental parameters (p<0,05): T (χ²=57,31, ddl=11), O2 (χ²=37, ddl=11), SS (χ²=34,8, ddl=11), 

pH (χ²=23,4, ddl=11) et S (χ² =49, ddl=11). 

 

3.2 Spatial-Temporal variations of faecal bacteria: 

3.2.1 Total coliform (TC):  

 Appearance frequency of total coliforms is lower in site S1, sites S4 and S5 (less than 5 months) compared 

to the ones found in S2 and S3 sites (9 and 12 months, respectively). The highest TC contents are detected at the 

S4 site (1 peak of 1100 and three peaks 2400 TC / 100ml) and S3 site (1100 TC / 100ml in October 2400 TC / 

100ml in September to May) (fig.3). 

 

 
 

Fig. 3: Spatial-temporal variation of TC contents detected in water column. 

 

3.2.2 Escherichia coli:   

 E. coli was detected only once in the S1 and S5 sites, 3 times in the S2 site, five times in the S4 and up to 7 

times in the site S3 (fig. 4); in the latest site, E. coli presence is dominated by two peaks (May and September) 

and 3 measurements close to the accepted guideline value (100 EC / 100ml). 

 

 
 

Fig. 4: Spatial-temporal variation of E.coli contents detected in water column. 

 

3.2.3 Total Streptococci:  

 Total streptococci are present all over the year. However, their presence increases in September and 

October. Additionally, the highest levels of total streptococci levels are noted in S3 site (fig. 5). 

 

 
 

Fig. 5: Spatial-temporal variations of total streptococci contents detected in water column. 

 

3.2.4 Faecal Streptococci:  
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 Although present almost all over the year, faecal streptococci levels only reaches 14 FS/100ml at S1 site, 

but their levels are high in the S2, S3 and S4 sites. In S5 site, these germs are present over 6 months/12 (fig.6). 

 
 

Fig. 6: Spatial-temporal variations of faecal streptococci contents detected in water column.  

 

3.3 Principal components analysis: 

 Principal components analysis (PCA) clearly showed that the three first factorial axes can explain together 

91.88% of the total variation. The two first main components (plan 1-2, fig. 7 and 8) of the PCA based on the 

five environmental variables provided approximately 71% of the information (inter-sites variability). Different 

types of germs counts were used as additional quantitative variables.  

 Axis 1 explains 38.46% of the total variability; this axis is negatively correlated with the temperature 

variable (T) which strongly contribute to its construction (r= -0.97; cos²= 0.95) and positively correlated with 

SS (r = 0.81, cos²= 0.65). Axis 2, which explains 32.36% of the total variability, is essentially built by the 

salinity variable (S) and at a lesser extent by the pH variable (r=0.83; cos²= 0.68 and r= 0.74; cos²= 0.54, 

respectively).  

  Figures 9 and 10 show the factorial plan (2-3) of the PCA; we note that the variable dissolved O2 

contributes to axis 3 construction (cos²= 0.61) which is positively correlated (r= 0.78). 
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Fig. 7: Sites projection on the two first main axis of the standard PCA. 

 

-1.0 -0.5 0.0 0.5 1.0

-1
.0

-0
.5

0
.0

0
.5

1
.0

Variables factor map (PCA)

Dim 1 (38.46%)

D
im

 2
 (

3
2

.3
6

%
)

T

O2

SS

pH
S

CT

CF
ST

SF

T

O2

SS

pH
S

CT

CF
ST

SF

T

O2

SS

pH
S

CT

CF
ST

SF

T

O2

SS

pH
S

CT

CF
ST

SF

T

O2

SS

pH
S

CT

CF
ST

SF

T

O2

SS

pH
S

CT

CF
ST

SF

T

O2

SS

pH
S

CT

CF
ST

SF

T

O2

SS

pH
S

CT

CF
ST

SF

T

O2

SS

pH
S

CT

CF
ST

SF

 
 

Fig. 8: Correlation circles of the environmental variables with the two first axis of the standard PCA. 

 

 Analysis of the variation in measured environmental parameters shows existence of dissimilarities between 

the five sites. Depending on the Euclidian distance matrix, we can distinguish a first group including sites S4 

and S5, a second group including sites S2 and S1 and finally a third group represented by site S3 (Figure 11 ). 
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Discussion: 

 Our study show that the presence of faecal indicator varies from one site to another, and from one month to 

another depending on the contributions and the intrinsic quality of the environment. The results of this study 

show that the frequency of total coliforms and "thermotolerant" faecal coliforms is less in the S1 site, S4 and S5 

compared to that found in S2 and S3 sites. Presence of E. coli proves that the contamination is from a faecal 

origin and that this contamination is recent [45], since E. coli is considered the best indicator of recent 

contamination of the aquatic environment with human feces or warm-blooded animals. Streptococci are present 

throughout the year due to their resistance to harsh environmental conditions and persist longer in water than 

Coliforms [46, 47].  
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Fig. 9: Sites projection on the second and third axis of the standard PCA. 
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Fig. 10: Correlation circle of environmental variables with the second and third axis of the standard PCA.  
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Fig. 11: Sites hierarchical classification.  

 

 According to Bordalo et al. [48], this characteristic of FS would make better health indicators than FC for 

the evaluation of faecal pollution and thus of the pathogenic potential of the water. According to many authors, 

Group D Streptococci that contaminate waters are typical of animal waste (Streptococcus bovis and 

Streptococcus equinus) [49, 50, 51]; These species colonize cattle, horses and poultry although they may 

sometimes be present in humans [52, 53].  

 This strong presence of faecal contamination germs indicators in the site S3 is explained by significant one-

off “ponctuel”contributions (wadi Bedjima, wadi Seybouse, effluent from the fertilizer manufacturing plant 

FERTIAL) in addition to diffuse inputs from nearby towns and major seabird colonies [54]. The relative low 

faecal contamination of the S4 site would originate a diffuse source in connection with attendance at this place 

by fishermen and vacationers who defecate in the water and water runoff in the watershed as domestic and wild 
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animals frequent. In the S2 site, although located in suburban areas, faecal contamination is less compared to 

that noted in the S3 site. The lowest levels of faecal pollution indicators are recorded in the S1 and S5 sites 

where the only likely source of contamination is diffuse; these sites are subject to a particular hydrodynamics 

causing the dispersion of the microorganisms in the water column. 

 PCA results show that the first axis clearly demonstrats a significant effect of the variable T on the TS 

germs in sites 1 and 2, and an effect of the variable SS on the FC germs in Sites 5 and 4. In other words, high 

temperatures favor the occurrence of high loads of TS and to a lesser degree of FS. The influence of temperature 

on these germs is shown in this study by their strong presence in all the sites in October and November.  

 The negative correlation of temperature with FC is reported by many authors who report the inactivation of 

faecal contaminants following the increase of temperature [1, 55, 33, 32, 56, 57, 35, 19, 36]. Vasconcelos and 

Swartz [58] and Craig et al. [59] showed that E. coli survival decreases with increasing T° in water as well as in 

the sediment. Other studies show that the disappearance of this germ is faster in water than in sediment and that 

small particles and large organic matter content in the coastal sediment will increase the survival of E. coli. [60, 

61]. 

 Menon et al. [62] show that the decrease in bacterial load is under the effects of predation caused by 

increased water temperature which causes the proliferation of protozoa. The waters rich in SS contain high loads 

of FC, and it is reported that the SS plays a protective role of faecal indicator bacteria against UV and predators 

[63, 64]. According to Yükselen et al. [65], Chedad et Assobhei, [30] and Boukef-Ben Omrane et al, [36] UV is 

the factor that most affects the survival of coliforms. Many authors consider predation as an environmental 

factor that contributes to the removal of non-native environment bacteria [66, 67, 68, 69, 30, 37]. 

 Axis 2 shows the negative effect of salinity and pH on loads TC in Site 1 and to a lesser degree in sites 2 

and 5. The relative low salinity found in sites 3 and 4 explain the abundance of total coliform at their level; Our 

results are in agreement with the observations by Bordalo et al. [48] who note that, in low salinity water, they 

observe a higher survival of indicators of faecal contamination. According to Mill et al. [13] salinity would be 

as influential as the temperature on the levels of faecal indicator in shallow marine waters. Other authors 

reported that the increase in T° and salinity are more damaging to the survival of FC in the presence of sunlight 

[70, 71, 13, 30, 72, 36]. Bennani et al. [35], Chigbu et al. [29] and Garrido-Perrez al. [73] report that levels of 

faecal streptococci are slightly influenced by variations in pH and salinity. These results are in agreement with 

those of Mayo [74] and Chedad et Assobhei, [30] which show that pH increase affects the abundance of faecal 

coliform, the basic pH leads to a net decrease in survival of faecal coliforms. According to Bordallo et al. [48] 

faecal streptococci would have a high tolerance to high salinity of the sea; This would go in the sense of their 

use as indicator of faecal pollution in the marine environment. 

 Hierarchical cluster analysis results show the existence of dissimilarities between 5 sites in relation to the 

variation of the measured environmental parameters. Group 1 includes sites 4 and 5 located in rural areas; these 

sites are more or less homogeneous in factorial PCA (1, 2); their source of contamination is diffuse because it is 

generated by water runoff in watersheds that are an integral part of the National Park of El Kala that hosts forest, 

pastoral fields and wildlife. 

 Sites 1 and 2 form group 2, and they are located in suburban areas and receive domestic discharges from 

homes nearby. The third group is comprised of site 3, located in a suburban area but it is distinguished by the 

fact that it serves as a receptacle for 3 large point sources represented by the effluent from the fertilizer 

manufacturing plant (FERTIAL), by wadi Bedjima that collects urban waste without prior treatment from a 

large part of the city of Annaba and the river Seybouse that drains an important watershed that hosts urban 

areas, industries and agriculture. This site is also contaminated by diffuse sources represented by domestic 

discharges from agglomerations of "Joannonville" and "Sidi Salem" and the important seabird colony present on 

the surrounding beaches [54].  

 

Conclusion: 

 This study showed that the presence of faecal indicator is strongly influenced by the T° and SS and to a 

lesser extent by salinity and pH. The obtained results demonstrate the involvement of human activity in the 

microbial contamination of waters of the North East coast of Algeria. We, however, note that loads of faecal 

contamination of water indicators are not very alarming, nonetheless pretreatment of wastewater is ideal if we 

want to avoid health problems associated with the use of these waters.  

 Moreover, it would be interesting to look for indicators of faecal contamination and pathogens in bivalves 

and sediments of these sites, in order to get more information about the current situation of our coastline, and 

especially conduct a sustainable integrated management of coastal areas. 
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