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Abstract

Objectives/Methods: The effects of human and agricultural activities on waters of Messida canal link up Tonga Lake 
(RAMSAR site) with the Mediterranean Sea were assessed by determining the fluctuations of indicator of fecal pollu-
tion and physico-chemical parameters. The distribution of bacterial pathogens was also monitored. Findings: Most 
of hydrological parameters show large fluctuations between sampling sites and seasons (P<0.05). In spring and 
summer, chlorophyll-a, orthophosphate, BOD5 values were abundant compared to winter values. The nitrate and ni-
trite concentrations exceeded the guideline for protection of aquatic life. Ammonium, pH, suspended matter, total 
dissolved matter content does not exceed existing norms. All water samples also had detectable concentrations of five 
indicators and total viable and active bacteria (TVBC) with log mean ± standard deviation densities of 6.02 ± 0.4 total 
coliforms (TC), 5.8 ± 0.4 fecal coliforms (FC), 5.7 ± 0.4 Escherichia coli (EC), 4.6 ± 0.2 fecal streptococci (FS), 2.5 ± 1.4 
sulfito-reducing bacteria (RS), and 6.8 ± 0.3 TVBC per 100 ml. The results of the statistical analysis (PCA) showed that 
the presence of fecal indicator is strongly influenced by the oxygen, DBO5 and PO4 and to a lesser extent by salinity, 
T° and pH. A total of 40 species of potential pathogens bacteria were isolated: the most common strains isolated from 
all samples were Aeromonas hydrophila (70%). Application: These results demonstrated that the water quality in this 
region is critical and support a need for better land management practices to protect water quality and aquatic life. 

*Author for correspondence

1.  Introduction
Situated at the interface between fresh- and marine 
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waters, estuaries and coastal canals are among the most 
biologically productive ecosystems in the world and 
are of great ecological and economic importance1. The 
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Messida canal represents a rare Mediterranean coastal 
canal located in a Northeastern wetland of Algeria. The 
canal is a biological corridor allow exchanges Tonga Lake 
- Mediterranean Sea, it assure displacement of conger eel 
and other species of fish. However, the Messida canal is 
also highly anthropogenically impacted, due to the high 
activities and intensive agriculture. Seasonal variations in 
precipitation, surface run-off, animal fecal pollution, have 
a strong effect on the concentration of pollutants in canal 
waters. 

It is a growing concern that anthropogenic activities 
are continuously polluting the global water resources2. In 
aquatic environment, agriculture and animal fecal pollu-
tion poses significant risk to human and environmental 
health3,4. Today we can consider that the use of the waters 
of the canal Messida can pose a health risks, because it is 
used for recreational activities, fishing and irrigation. In 
addition, the environment of coastal sea may be strongly 
influenced by the input of pollutants from Messida canal.

The main objectives of this study were (1) to enumer-
ate the fecal indicators in coastal canal discharging to 
marine waters (2) investigate the influence of some envi-
ronmental parameters on the abundance of fecal bacteria 
(3) to understand the hydrologic cycle of Messida canal 
as a coastal wetland area (4) to investigate the occurrence 
of Salmonella, Vibrio cholerae, Pseudomonas aeruginosa, 
and Staphylococcus aureus, and (5) to provide informa-
tion that helps identify the main pollutants present in 
the system, and may help in the future to establish spe-
cific regulations in order to improve water quality in the  
area. 

2. � Materials and Methods

2.1 � Site Description and Sampling Sites 
The Messida canal is a coastal canal link up Tonga Lake 
with the Mediterranean (Figure1). This canal is located 

Figure 1.  Map of the Messida canal with location of the sampling stations (Map of El 
Kala National Park Wetlands ‘PNEK’ adapted from Algerian Ministry of Agriculture, 
Forestry Department, Braptia Park).
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between 36° 53’ 60 N and 8° 31’ 0E in the Northeast of 
Algeria, its length is approximately 1500 m; the depth of 
the water column varies between 1 and 2 m with a maxi-
mum of 2.5 m in the center. The land of the investigated 
area is agricultural, used for extensive livestock opera-
tions (horses, cows, sheep and goats), pasture and crops. 
During the flood events, the Messida canal play a signifi-
cant hydraulic and hydrological role, it assures the water 
level of Tonga Lake.

Four sampling points were used with the objective 
to cover different degrees of anthropogenic pollution in 
Messida canal: The first one (S1) was collected upstream 
canal water (near the Tonga Lake about 100 meters away, 
and horse stable). The second one (S2) was sampled in 
section used as an irrigation source point. The third 
sample (S3) was collected near a pasture area. The fourth 
station (S4), downstream canal water was sampled at an 
accessible location near the intersection of the canal and 
coastal Sea (Figure1).

2.2 � Collection of Samples 
All water samples were taken monthly during a one-year 
period from September 2010 to August 2011. Samples 
for nutrients analysis were collected in 1.5 L rinsed 10% 
HCl-washed plastic bottles. Samples for bacteriological 
analysis were collected in sterilized glass bottles from at 
least 50 cm away from the bank, from a depth of approxi-
mately 20 cm below the water surface. All water samples 
were stored and transported in a cold box kept below 4 °C 
and analyzed within 5–6 h of sampling5. 

2.3 Physico-chemical Analysis
Temperature (T), pH, Electrical Conductivity (EC), Total 
Dissolved Solids (TDS), salinity, saturation in dissolved 
Oxygen (O2), and Dissolved Oxygen (DO) of the collected 
samples were measured on site with an electric multi-
parameter (Model Multi 3420). Dissolved oxygen, 5-days 
Biochemical Oxygen Demand (BOD5) was determined 
using BOD meter WTW BSB Messgerät 602. Suspended 
Matter (SM), Chlorophyll-a (CLH-a), dissolved inorganic 
nutrients (nitrate NO3

-
, nitrite NO2, ammonium NH4

+, 

orthophosphate PO4
3-) were analyzed according to the 

methods described by 6. 

2.4 � Bacteriological Analysis
The bacteriological analysis for total viable and active 
bacterial (TVBC), fecal indicators (Total Coliforms 
(TC), Fecal Coliforms (FC), Fecal Streptococci bacte-
ria (FS), spore-forming anaerobic Sulphite-Reducing 
bacteria (SR)) and the presence/absence of Salmonella 
(SAL), Vibrio cholerae (VC), Aeromonas hydrophila (AH), 
Pseudomonas aeruginosa (PA), and Staphylococcus aureus 
(SA) were analyzed following the standard methods  
of 7,8. 

All analyses determinations were performed in tripli-
cate on the monthly samples.

2.5 � Statistical Analyses
Statistical analyses were carried out using the software 
(R Development Core Team, 2014 Version 3.1.2) devel-
oped by9. The normality condition of the distributions 
was checked beforehand by applying the Shapiro-Wilk. 
Distributions, being usually of asymmetric time, forced 
us to choose non-parametric alternatives for the statistical 
analysis. The correlations between the sets of param-
eters are evaluated by the non-parametric Spearman 
correlation coefficient (r) to analyze the intensity of 
relations between our parameters. The inter-station and 
inter-month comparisons were performed using the non-
parametric Kruskal-Wallis test. Thereafter, we applied a 
principal component analysis (PCA), using a specialized 
package called10, to characterize the structure of our five 
sampling sites and to highlight the contribution of envi-
ronmental parameters measured on the abundance of 
dosed germs.

3. � Results and Discussion 

3.1 � Physical-chemical Properties of Messida 
Canal

The environmental and chemical data obtained during
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Parameters sites Autumn Winter Spring Summer

T (°C)

S1 16.55±2.7 9.02±2.7 15.45±1;99 20.11±0.86

S2 17.64±3.58 9.94±3.58 15.5±2.14 20.65±1.17

S3 18.05±3.12 10.56±3.12 16.43±1.86 21.73±1.34

S4 18.74±4.02 10.36±4.02 16.5±2.10 22.06±1.33

pH

S1 8.22±0.11 7.84±0.13 8.21±0.15 8.41±0.32

S2 8.51±0.13 7.67±0.31 8.32±0.11 8.47±0.15

S3 8.42±0.09 7.38±0.21 8.18±0.15 8.38±0.13

S4 8.24±0.07 7.64±0.16 8.15±0.17 8.30±0.3

DO (mg/l)

S1 9.28±0.4 9.63±0.3 4.97±0.6 5.32±0.7

S2 9.34±0.4 9.29±0.4 5.19±0.5 5.57±0.5

S3 9.14±0.28 10.01±0.74 5.93±0.11 5.89±0.51

S4 9.74±0.33 10.27±0.23 5.97±0.12 6.66±0.51

O2 (%)

S1 106.19±7.8 89.81±1.47 43.89±13.2 59.5±10.03

S2 103.1±6.38 91.66±5.77 55.86±2.76 65.69±4.31

S3 104.16±8.95 95.68±7.02 65.12±5.84 68.77±3.36

S4 111.96±4.95 99.6±3.5 63.86±5 80.93±5.11

BOD5 (mg/l)

S1 2.15±0.07 1.76±0.73 5.21±0.16 4.58±0.54

S2 2.31±0.34 1.94±0.81 5.29±0.24 4.87±0.62

S3 2.03±0.18 1.47±0.48 5.15±0.06 4.87±0.7

S4 2.01±0.23 1.68±0.56 5.05±0.05 4.34±0.57

EC (µS/cm)

S1 368±115.51 264±10.16 455.11±48.55 512.33±5.81

S2 371.67±114.18 261.67±13.82 408.78±139.51 520±3.84

S3 370.44±122.59 236.33±4.15 463.22±44.28 527.67±1.94

S4 537.56±138.5 254.33±35.84 478.33±38.13 836.67±5.12

Table 1.  Geometric mean values of different physico-chemical parameters of the collected samples (Mean± 
Standard Deviation)
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the research period for each of the four sites, are summa-
rized in Tables 1 and 2.

The temperature data for water from the four sites were 
similar and ranged from 5.5°C to 24.5°C with the lower 
values found during the colder winter months (<6°C  : 
S1 in February) and the highest in the autumn months 
(>24°C: S4 in September), as indicated in Table 1. Water 
in Messida canal was alkaline, with pH ranging from 7.1 
to 8.8. The alkaline pH found in all sampling points was a 
situation representing that water was well buffered and in 
high trophic status11. The pH of most freshwater systems 
is dependent on the mineral content of the surrounding 
rocks, soils and other landforms, and often ranges from 
6 to 8, which is ideal for most fish and plant species sup-

ported by such ecosystems12. An important findings of the 
present study was that DO values were found lower than 
the standard (<6.5 mg/L) as described by13.

The higher rate of saturation in dissolved oxygen is 
recorded in autumn, while the lowest value was found 
during spring and summer season (Table 1). BOD5 con-
centration ranged from 1.1 ± 0.01 mg/l to 5.8 ± 0.01 mg/l 
in all sampling points. The DBO5 in all sites was within 
limits recommended by JORA and WHO14,15. Significant 
(P< 0.05) variations in DO, %O2 and DBO5 were found in 
all the four sampling time periods.

The higher EC and salinity values were mostly found 
at the S4 in summer (Table 1). Increasing EC and salinity 
during summer as a result of decreased dilution, increased 

Salinity

S1 0.13±0.05 0.1±0 0.1±0 0.2±0

S2 0.13±0.05 0.1±0 0.1±0 0.2±0

S3 0.13±0.05 0.1±0 0.16±0.05 0.2±0

S4 0.27±0.1 0.1±0 0.13±0.05 0.43±0.1

TDS

S1 369.67±117.05 264.67±9.46 455±48.65 514.89±4.54

S2 371.44±114.23 261.56±13.66 461±45.67 520.67±3.5

S3 370.33±122.61 236.22±4.1 462.56±45.02 527.67±1.94

S4 537.33±138.17 255.44±34.96 478.22±38.1 836.44±4.9

SM (mg/l)

S1 74.88±21.46 103.56±5.68 104.47±19.23 155.53±6.63

S2 73.88±23.19 102.17±5.78 96.44±23.03 152.33±7.61

S3 71.22±26.35 96.56±5.36 89.88±20.37 147.13±6.06

S4 60.81±18.38 92.3±8.12 73.81±12.54 84.41±2.53

CHLa (µg/l)

S1 17.1±13.53 2.11±0.19 40.19±24.94 47.56±16.33

S2 17.82±15.75 1.37±0.82 30.41±29.72 37.54±18.66

S3 13.64±10.03 0.95±0.67 28.62±24.88 21.3±9.71

S4 9.52±4.59 1.38±0.64 19.89±29.4 17.98±4.45

Table 1 Continued
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evaporation, and increased residence time16. The high-
est EC and Salinity at S4 as a result of marine intrusions. 
Classifying water quality in terms of EC, following irriga-
tion water quality classifications for this parameter, allows 
to allocate all of the sampled points to the class ‘Marginal’ 
in winter (EC= 90-270) and to the class ‘Unacceptable’ 
(EC> 270) in the rest of the year of study. Fluctuations 
were found in different seasons showing statistically 

significance at 95% confidence level, fluctuations from 
autumn to winter, winter to summer, from spring to sum-
mer and from autumn to summer were found significant 
(p< 0.05). 

The TDS values of canal Messida waters were below 
the WHO permissible limit 1000 mg/l. TDS and MS varied 
significantly between season samples (summer samples 
had higher TDS by 836.4±4.9 and MS by 155.53±6.63 

Parameters Sites Autumn Winter Spring Summer

NO2
-(mg/l)

S1 0.84±0.07 2.74±0.49 1.07±0.32 0.98±0.18

S2 0.84±0.06 2.95±0.71 1.1±0.28 1.01±0.17

S3 0.79±0.06 2.42±0.61 1.17±0.003 1.29±0.32

S4 0.78±0.06 1.32±0.51 1.14±0.05 1.45±0.5

NO3
-(mg/l)

S1 0.84±0.01 0.03±0.03 0.02±0.01 3.4±2.03

S2 0.84±0.01 0.04±0.02 0.07±0.1 0.11±0.08

S3 0.79±0.31 0.04±0.02 0.04±0.04 0.34±0.32

S4 0.78±0.14 0.01±0.004 0.04±0.05 0.02±0.02

NH4
+ (mg/l)

S1 0.19±0.03 2.36±1.57 4.41±2.23 4.75±2.83

S2 0.13±0.09 1.13±1.15 4.01±1.73 2.77±2.14

S3 0.09±0.06 0.65±0.4 1.27±0.2 1.44±0.54

S4 0.18±0.04 0.26±0.24 1.28±0.21 0.16±0.1

PO4
3- (mg/l)

S1 2.66±2.15 3.04±4.51 13.19±0.81 11.35±1.06

S2 2.23±0.74 1.54±2.24 13.42±0.96 10.65±0.43

S3 5.25±2.78 2.81±4.17 11.53±0.7 10.13±0.01

S4 5.36±2.57 3.2±4.76 8.5±1.27 10.5±0.16

Table 2.  Geometric mean values of different nutrients of the collected samples (Mean± Standard Deviation)
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mg/L, Kruskal-Wallis, p<0.05). These parameter MS var-
ied significantly between sampling points (χ² = 27.65, df= 
3, p = 0.00).

The chlorophyll-a concentration varied between 0.15 
and 91.67 μg/l and was highest at the station S2 in May. 
Mean PO4

3- exceeds the permissible limit of 0.3 mg/l 
for each of the four impacts sites (S1-S4) (Table 2), and 
hence, the risk of eutrophication is not excluded in this 
canal17. On the basis of chlorophyll-a and PO4

3- values 
obtained during the study year, the canal Messida can 
be considered oligotrophic (low nutrient levels and no 
quality problems) on winter, mesotrophic (intermediate 
nutrient levels with emerging signs of quality problems) 
on autumn, and eutrophic (high nutrient levels and fre-
quent quality problems) on spring and summer18. 

The NO-
2 amounts were not low and do not change 

a lot along the sampling sites, varying between 0.74-3.87 
mg/l. The nitrate concentrations at sites S1 and S2 (Table 
2) exceeded the guideline for nitrate-N for protection of 
aquatic life from December to January (>2.94 mg/L)19. 
The high concentration of nitrates in surface water is 
the result of intensive agricultural activity or a contami-
nation by human or animal wastes20. For the sites in the 
upstream (S1and S2), the canal Messida enrichment was 
also expressed by the highest values of NH+

4: 5.05-8.97 
mg/l during May and June. However, in the same peri-
ods, when continental influences decrease to the benefit 
of marine intrusions, NH4

+ concentrations are lower in 
the downstream sites (S3 and S4) (Table 2). Variation in 
nitrate and ammonium concentration along a canal assists 
in the identification of zones of intense pollution where 
detailed monitoring can be conducted. The relatively high 
nitrate and ammonium concentrations at sampling points 
located within horse stable (S1) and irrigation point (S2) 
indicated that these were the major sources of nitrate 
and ammonium pollution in the waters of canal Messida. 
High levels of nitrate contamination of waters in agricul-
tural areas have been reported by various scholars from 
different parts of country21–23. The contamination level 
for nitrite (Table 2) is generally exceed the concentrations 
guides for the aquatic life (0.01 mg / l) what classifies the 
waters of Messida canal in the bad quality.

3.2 � Indicators 
All data were transformed to Log10 values for better inter-
pretation.

TVBC, TC, FC, E. coli (EC), FS and R‏S were detected 
in all sampling sites (Figure 2). 

The TVBC data is generally taken as representative of 
the total microbial content including spoilage microor-
ganism24.

The TVBC results for the four sites are ranged from 
6.04 log10 micro-organisms /100 ml to 7.28 Log10 micro-
organisms /100ml of water. This higher value of TVBC 
has also been previously reported by 25–27.

All sampling sites had TC, FC, and EC counts that 
indicated a negligible risk of infection to users from fecal 
contamination (Figure 2). Seasonal fluctuations were 
significant for all indicators (P <0.001), with the highest 
count for the TVBC, FC and EC were found in winter 
months (6.89, 5.9, 7.63 Log10 MPN /100ml respectively) 
followed by summer, autumn and spring months. It could 
be that the higher flow rates associated with heavy rain-
fall during the winter months could have led to higher 
coliform counts because of increased run-off from the 
informal settlement or re-suspension of bacteria from the 
river sediments28. A high fecal contamination of water 
was reported by Kulshrestha and authors of 29–31.

FS was the only indicator that differed significantly 
between sampling sites (χ² = 21.70, df= 3, p = 0.00) with 
FS higher in summer by 4.9 Log10 MPN /100ml at S1 
and S3 (Figure 2). The increase in FS count at S1 and S3 
may be explained by the introduction of more bacteria 
by human activities, agricultural, and livestock. Sampling 
site S1 is located near the headwaters of the main stream 
of Lac Tonga and a stable. Sampling site S3 is surrounded 
by agricultural land and a zone of pasture. The mean of 
EC, FS, and FC obtained from all sampling sites, on aver-
age exceeded the acceptable limit (Figure 2). 

The count for the anaerobic spore formers ranged 
from 2.7 to > 2.8 Log10 CFU/100mℓ in spring and sum-
mer. It was concluded that anaerobic spore formers of the 
Clostridium genus were present in the water. Although 
not all end spore formers are human pathogens, but 
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Clostridium botulinum is important food borne patho-
gens32, and if irrigation water contained these it could lead 
to colonization and formation of biofilms on the surface 
of fresh produce33. 

3.3 � Pathogens 
The presence of at least one pathogen, including 
Salmonella (SAL), Shigella (SHIG), Vibrio cholerae (VC), 

Figure 2.  Log10 mean microbial counts at sampling sites of Messida canal during September 
2010 to August 2011. Horizontal lines represent maximum values of Escherichia coli (grey line 
with arrowhead), Fecal Streptococci (dark grey line with diamond head) of drinking water 
guidelines and maximum values of Fecal coliforms (grey line with rounded head) of irrigation 
water guidelines14.

Species P (%) Sampling site

Salmonellae S.typhimurium 2.5 S1

Shigellae Shigella spp. 2.5 S1

Vibrios V.cholerae 2.5 S1

Staphylococci
S.aureus

S.saprophyticus
S.epidermidis

5
2.5
5

S3/S4
S4
S4

Pseudomonads
P.aeruginosa
P.fluorescens

5
5

S2
S2

Aeromonads A.hydrophila 70 S1/S3/S4

Table 3.  Prevalence of Salmonella, Shigella, Vibrio, Staphylococcus, Pseudomonas and Aeromonas 
among waters of canal Messida.
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Aeromonas hydrophila (AH), Pseudomonas aeruginosa 
(PA) and/or Staphylococcus aureus (SA) was detected in 
all sampling sites of the Messida coastal canal (Table 3).

Contaminated surface water by bacterial pathogens 
is a major source of numerous waterborne disease out-
breaks in the developing world34. In this study, multiple 
isolations of pathogens or opportunistic pathogens in 
Messida canal were not frequent, but human diseases and 
infections are often associated with several opportunistic 
human pathogens detected at low abundance35.

The isolates were dominated by Aeromonas hydrophila 
(Table 3). It is a Gram-negative ubiquitous aquatic bacte-
rium, which has been isolated from a wide range of water 
sources, such as river water and drinking water36–38. Some 
strains of AH are capable of causing septicemial in fish 
and amphibians as well as extra-intestinal and wound 
infections in human39. An outbreak of AH wound infec-
tions associated with exposure to mud with river water 
has also been reported recently40. 

Salmonella Typhimurium, Shigella spp. and VC were 
present in the water of S1. This is a clear indication that 
the survival of pathogens is possible in Messida canal. SA 

and PA are two important non enteric pathogens isolated 
from several water sources in addition to the fecal indica-
tors that cause possible health risk41. 

3.4 � Correlation and Principal Components 
Analysis 

Results of Spearman’s product moment correlation analy-
sis showed significant and strong correlation among some 
microbiological indicators. It was found that FC was posi-
tively correlated with EC (r= 0.97), TC was correlated with 
FC (r= 0.82). In addition, TC was correlated with EC (r = 

0.80). On the other hand, negative correlation was also 
found between RS and TC, FC and EC respectively (r= 

-0.43, r= -0.35, r= -0.32). Positive correlation among differ-
ent fecal indicators in aquatic environment is a familiar 
scenario and the relationships among these indicators 
found in our study ultimately drew this known picture.

Principal components analysis (PCA) has been used 
as a tool for modeling linear relationships between biotic 
and abiotic variables to characterize the water quality of 
Messida canal. It is noteworthy that the different types of 

Figure 3.  Correlation circles of the environmental variables with the 
two first axis of the standard PCA.
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germs counts were used as additional quantitative vari-
ables to achieve the PCA by the FactoMineR package.

The PCA clearly showed an inter-station and inter-
month variation, where the two first factorial axes can 
explain together 68.03 % of the total variation (Figures 
3 and 4). 

The first axis explains 48.3 % of the total variation; it 
is positively correlated with DBO5 variable (r= 0.89; cos²= 
0.81), PO4 (r= 0.88; cos²= 0.77), SR (r= 0.84; cos²= 0.71), 
TDS (r= 0.78; cos²= 0.61), Cond (r= 0.78; cos²= 0.61), 
CHLa (r= 0.71; cos²= 0.51), and temperature (r= 0.71; 
cos²= 0.5). This first axis has allowed us to group sites 1, 2, 
and 3. Quality of this water is characterized by high lev-
els of nutrients, and fecal bacteria compared to station 4. 
This strong presence of nutrients and fecal contamination 
germs indicators in the upstream sites is explained by sig-
nificant one-off punctual contributions (horse stable (S1), 
agricultural activities (S2), and pasture area (S3) in addi-
tion to diffuse inputs from the Tonga Lake.

The additional variable RS seems to be positively cor-
related with DBO5 and PO4. Calculation of the Spearman 
non-parametric correlation coefficient shows that this 
variable is positively correlated with BOD5 (r= 0.79) and 

the PO4 (r= 0.77). An increased RS counts when BOD5 
and PO4 were higher is consistent with RS being sensitive 
to oxygenated conditions and having increased persis-
tence in eutrophic water. Members of proteobacteria 
respond rapidly to organic and inorganic nutrient enrich-
ment42 and have been isolated from various polluted and 
unpolluted freshwater bodies43,44.

PCA results show that the first axis clearly demon-
strates a significant effect of the variable DO on the TC 
(r =0.62), FC (r =0.50) and EC (r =0.47) in site 3 while 
the cold months. It is admitted that the DO is a physical 
parameter that determines the distribution of fecal indi-
cators in the water especially in wet period; besides, cold 
water contains a bigger quantity of dissolved oxygen than 
a hot water45.

 A light positive correlation exists between the nitrate 
and bacteriological contamination (TVBC: r = 0.25, FC: r 
= 0.33 and EC: r = 0.37). The weak but significant correla-
tion between nitrate and fecal bacteria may be indicative 
of recently generated surface water pollution from a 
rather local pollution source. Such an enrichment of the 
nutritional status of water may enhance the development 
of pathogenic bacteria. Nitrate contamination of surface 

Figure 4.  Sites and months projection on the two first main axis of the standard PCA.
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water originates often from organic waste, and may there-
fore also be indicative of fecal contamination. 

Axis 1 is of a clear difference between the group of 
the cold months (October, November, December, January 
and February) and the warmest months (March, April, 
May, June, July and August). This more or less seasonal 
structure could be explained by the strong positive cor-
relations with this axis of BDO5, PO4 and SR variables; 
and by the strong negative correlation with DO (r = -0.91; 
cos²= 0.82).

Axis 2, which explains 19.73 % of the total variability, 
is essentially built by the salinity variable (r= 0.76; cos²= 
0.58). This second axis divides station 4 from the rest of 
the stations. The coincidence of this l:

Axis 2 allowed us to identify the specificity of 
September (cos²= 0.78) compared to other months. 
Moreover, the additional variable FS on this axis seems to 
be positively correlated with pH (r= 0.4), salinity (r= 0.4) 
and temperature (r= 0.4).

In environmental waters, Streptococci resist to harsh 
environmental conditions and persist longer in water than 
Coliforms46,47,51 report that levels of fecal streptococci are 
slightly influenced by variations in pH and salinity. 

It is indicated that the high temperatures favor the 
survival of the fecal streptococci; on the other hand, they 
have a negative effect on CF52–55, fecal streptococci would 
have a high tolerance to high salinity of the sea; this would 
go in the sense of their use as indicator of fecal pollution 
in the marine environment.

Finally, the interpretation of the first two principal 
component axes enables the classification of the sites of 
Messida waters studied into tow hydrochemical groups 
(Figure 3 and 4):

Group 1: High bacterial and organic pollution waters 
(S1, S2, and S3);

Group 2: High mineralization waters (S4).

4. Conclusion 
The data from this study clearly shows that the four sites 
on the Messida canal were polluted. Nutrient concen-
trations during this study were significantly elevated, 
being mesotrophic to eutrophic; critical threshold val-

ues for nitrates, nitrite, PO4

3- and electrical conductivity 
are exceeded in several sampled waters. The high TVBC, 
total coliform, fecal coliform, E.coli and fecal streptococci 
counts for all sampling sites indicate a continuously high 
level of microbial contamination. The presence of the 
indicator E. coli in all of the water samples evaluated, and 
the presence of fecal streptococci, confirms the type of 
pollution as being fecal. Agricultural run-off from farms 
adjacent to the canal Messida, human activities along the 
canal (agricultural, livestock) and the provision of Tonga 
waters could also have contributed to increased contami-
nant levels within the canal at all sampling sites. 

The application of descriptive methods of Multivariate 
Data Analysis, such as PCA, has shown that this tech-
nique is an effective tool in the identification of the main 
structural interrelationships among the physico-chemical 
and bacteriological parameters of surface waters.

Statistical associations between microbes (i.e., TC, 
EC, RS, FS) and physico-chemical water quality variables 
(i.e., nitrate, CHL-a, PO4

3-, BOD, salinity) were observed 
in this study. While these results suggest that organism 
persistence is affected by canal water quality. 

The results of this study indicate that Messida coastal 
canal water can be a path for contamination of swimmers 
with bacterial pathogens. In order to determine potential 
risks, a quantitative microbial risk assessment (QMRA) 
must be performed; this requires knowledge of pathogen 
concentration.
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