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INTRODUCTION

The water of the lake Dayet Er Roumi con-
stitutes a natural biotope for the survival of vari-
ous organisms which plays an essential role in the 
trophic chain of the site. However, the quality of 
these waters could be degraded under the effect 
of several pollutants of domestic, industrial and 
agricultural origin which can cause an imbalance 
of the natural ecosystem and consequently impact 
the human and animal health [Afri-Mehennaoui 
et al., 2009]. 

Dayet Er Roumi is an area of biological and 
ecological interest [AEFCS, 1996]. The lake has 

a considerable natural water potential classifying 
it as the most important lake in the province of 
Khemisset [El Abidi et al., 2014]. This body of 
water is the essence of the existence of this natu-
ral and environmental space. 

Therefore, the knowledge of the bacterio-
logical properties of water resources dedicated 
to agricultural or tourist purposes is to appre-
ciate its quality and identify its state of pollu-
tion. Indeed, the bacteriological analysis con-
cerns the research and the enumeration of the 
germs indicators of bacteriological pollution at 
the level of the sample stations: namely the to-
tal aerobic mesophilic flora (TAMF) at 22 °C  
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and 37 °C, the total coliforms (CT) and fecal 
(CF), fecal streptococci (SF) and the anaerobic 
sulfi to-reducers (ASR), Staphylococcus aureus
(STA) and Pseudomonas aeruginosa (PSA)

The samples were taken during a hydrobiolog-
ical cycle from October 2020 to September 2021 
at four sampling stations, three surface sampling 
stations ST1, ST2 and ST3 (0 m) and a single sta-
tion allowing sampling at 6m depth ST3 (6 m). 
The explanatory analysis of the data is based on 
descriptive, inferential and multivariate statistics.

MATERIALS ET METHODS

Study area and sampling stations

Lake Dayet Er Roumi (33° 45’N – 06° 12’W) 
is a zone of biological and ecological interest 
(SIBE) that extends over 2 km in length and from 
400 to 700 m in width, the surface area of the wa-
ter body is about 90 ha, with a maximum depth 
of about 14 m. It is the only natural permanent 
lowland lake in Morocco [AEFCS, 1996, 1996]. 
It is located at a distance of 15 km from the city 
of Khemisset, where it is administratively located 
(Figure 1).

To better understand the hydrobiological 
functioning of the lake system, the evolution of 

the bacteriological parameters of the waters lake 
Dayet Er Roumi was studied, at the level of four 
selected stations sampling and during an annual 
cycle, of the period going from October 2020 
to September 2021, the choice stations was de-
termined on the basis of the sources of pollution 
waters (Figure 1): 
• Station 1 (ST1) – This station is located at the 

NE end of the lake where a drainage channel 
emerges from a marshy depression located 1–2 
km to the NE of the lake called: the Daya of 
the frogs (a platform regularly fl ooded in win-
ter and corresponding to the outlet of the lake).

• Station 2 (ST2) – located in the southwest of 
the lake next to the new Dar Eddaya hotel.

• Station 3 (ST3) – located in the centre of the 
lake and allows sampling at diff erent depths:
− ST3 (0 m) – located on the surface;
− ST3 (6 m) – located at a depth of 6m.

Sampling, germs sought and methods 
of microbiological analysis

The sampling period was between October 
2020 and September 2021. The water samples 
were collected monthly in 500 ml bottles that 
have been sterilised beforehand.

The transport to the laboratory of the sampling 
bottles was done in a cooler at low temperature (+ 

Figure 1. Map of sampling stations locations at Dayet Er Roumi lake
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4 °C) to stop the metabolic activities of the organ-
isms in the water. The analyses were carried out 
on the same day of sampling according to the ap-
propriate Moroccan Standards (NM).

Total aerobic mesophilic flora

The total aerobic mesophilic flora is used as 
an indicator of overall pollution. It includes all 
microorganisms capable of multiplying in air 
and at a temperature of 37 °C for 48 hours or 
22 °C for 72 hours. The enumeration of TAMF 
is carried out by incorporation in agar medium; 
this method is based on the incorporation of 1ml 
of sample in a sterile petri dish and then run the 
PCA medium, incubation at 37 °C for 48 hours 
and at 22 °C for 72 hours, all the colonies were 
counted [AFNOR, 1986].

Total coliforms

Coliforms are important fecal indicators be-
cause they are abundant in the feces of warm-
blooded animals [Rodier et al., 2009]. The enu-
meration of total coliforms is performed by mem-
brane filtration (porosity 0.45 µm). The analysis 
of water samples was performed by filtration of 
a volume of 100 ml. The membranes were de-
posited on Tergitol 7 and Triphenyl Tetrazolium 
Chloride (TTC) agar. After incubation at 37 °C 
for 24 hours, yellow colonies were counted [AF-
NOR, 1986].

Fecal coliforms

Fecal coliforms are also called thermotolerant 
coliforms, classified in the subgroup of total co-
liforms, and are capable of fermenting lactose at 
a temperature of 44 °C. The enumeration of fecal 
coliforms is done by the same method used for 
total coliforms, except that the incubation is done 
at 44 °C. In fact, the reading of the plates allows 
recognising the presence of coliforms by the fol-
lowing characteristics:
	• Yellow, orange coloration of the colonies, re-

sulting from the absence of reduction of TTC 
by the coliforms; in general, Escherichia coli 
cause a clearly orange coloration.

	• Yellow halo, in the medium itself, under the 
membrane, around the previous colonies, cor-
responding to a fermentation of lactose by 
these colonies [AFNOR, 1986].

Fecal Streptococci

Fecal streptococci are often more responsive 
in the environment. Their survival rate in aquatic 
ecosystems is sometimes higher than that of fecal 
coliforms [Krumperman, 1983]. The analysis of 
water samples is done by filtration of a 100 ml 
volume. Fecal streptococci are counted on Slan-
etz and Bartley medium, after incubation at 44 °C  
for 48 hours, by counting all red, purple or pink 
colonies visible on the plate (TTC reduction) 
[AFNOR, 1986].

Sulphite-reducing anaerobes (Clostridium)

The enumeration of Clostridium is carried out 
on the SPS medium (Sodium Sulphite-Cysteine 
PolymixineSulphite). The method consists in plac-
ing a test tube of 12 mm diameter inside a tube of 25 
mm diameter in order to have a thin crown favoring 
anaerobia. The stock solution is activated by a heat 
treatment at 80 °C for 10 min. The heat treatment 
destroys the vegetative forms and activates the Clos-
tridium spores. The tubes are incubated at 37 °C for 
24 to 48 hours. Only the colonies surrounded by a 
black halo of important size, due to the reduction of 
Sulphite with production of a black deposit of iron 
sulphide, will be counted [AFNOR, 1986].

Staphylocoque aureus (STA)

Staphylococcus aureus (STA) are gram-pos-
itive cocci bacteria, possessing catalase and giv-
ing a strong positive reaction to coagulase. The 
method used for this analysis is the membrane 
filtration method. After filtration of the water to 
be analyzed, the membrane is deposited on Chap-
man selective agar medium. This allows the colo-
nies of Staphylococcus aureus to grow on the me-
dium after incubation at 37 °C for 24 to 48 hours.

Pseudomonas aeruginosa (PSA)

Pseudomonas aeruginosa (PSA) are gram-
negative, oxidase-positive bacteria. For their re-
search, the NF T90-421 technique was applied. 
The method used for this analysis is the mem-
brane filtration method. After filtration of the 
water to be analyzed, the membrane is deposited 
on the selective medium Cetrimide. This allows 
Pseudomonas aeruginosa colonies to grow on the 
medium after incubation at 42 °C for 24 to 48 
hours. The media used and the culture conditions 
for the different germs are shown in Table 1.
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Data analysis

In order to appreciate the relationships between 
the different bacteriological variables on the one 
hand, and to study the typology of Dayet Er Roumi 
waters on the other hand, we used a combination 
of statistical methods. The first statistical approach 
was based on descriptive statistics, the second on 
using analysis of variance (ANOVA) and the last 
one was represented by the analysis in principal 
components (PCA). Thus, the analysis of the data 
recommended for this work is based on descrip-
tive, inferential and multidimensional statistics.

The statistical processing is carried out by the 
software SPSS 25.0 and the graphic representa-
tions are designed under Excel 2016.

RESULTS AND DISCUSSION

Descriptive and inferential analysis

According to the test of homogeneity of 
variances, the spatial statistical analysis of the 
results showed that the contents of the bacterio-
logical parameters surveyed, are significantly ho-
mogeneous, having p>α=0.05. In relation to the 

Table 1. Germs sought in water with their culture media used and their incubation conditions

Germs sought in water Culture media
Incubation condition

Temperature (°C) Time (H)

Total aerobic mesophilic flora at 22 °C PCA 22 72

Total aerobic mesophilic flora at 37 °C PCA 37 48

Total coliforms Tergitol + TTC 37 24

Fecal coliforms Tergitol + TTC 44 24

Fecal Streptococci Slanetz et Bartly 37 48

Sulfite-reducing anaerobes TSC 37 48

Staphylocoque aureus Chapman 37 48

Pseudomonas aeruginosa Cetrimide 42 48

Table 2. Test of homogeneity of variances at α = 0.05 of spatiotemporal variability of bacteriological parameters

Bacteriological 
parameters

Spatial Temporal

All stations Monthly

Levene’s 
statistics ddl1 ddl2 Signification Levene’s 

statistics ddl1 ddl2 Signification

TAMF 22 .666 3 44 .578 4.290 11 36 .000

TAMF 37 .490 3 44 .691 4.802 11 36 .000

TC 2.501 3 44 .072 16.949 11 36 .000

FC .296 3 44 .828 6.141 11 36 .000

FS .556 3 44 .647 1.667 11 36 .122

SRA .501 3 44 .684 5.345 11 36 .000

STA .357 3 44 .785 8.495 11 36 .000

PSA 1.263 3 44 .299 14.468 11 36 .000

Bacteriological 
parameters

Type of sampling Seasonal

Levene’s 
statistics ddl1 ddl2 Signification Levene’s 

statistics ddl1 ddl2 Signification

TAMF 22 .028 1 46 .867 17.361 3 44 .000

TAMF 37 .340 1 46 .563 2.970 3 44 .042

TC .518 1 46 .475 3.212 3 44 .032

FC .512 1 46 .478 2.039 3 44 .122

FS .021 1 46 .885 2.182 3 44 .104

SRA .580 1 46 .450 .834 3 44 .483

STA .340 1 46 .563 .341 3 44 .796

PSA 1.328 1 46 .255 3.377 3 44 .027
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temporal analysis (monthly), the variability of the 
bacteriological parameters is significantly hetero-
geneous p<α=0.05, except for the FS. As for the 
temporal analysis (seasonal), the variability of 
bacteriological parameters is significantly hetero-
geneous, having p<α=0.05, with regard to TAMF 
22, TAMF 37, TC and PSA and significantly ho-
mogeneous (p>α=0.05), for FC, FS, SRA and 
STA (Table 2). 

Total aerobic mesophilic flora

The results showed that the average annual 
TAMF levels at 22 °C, at the different stations 
of Dayet Er Roumi waters, are high compared to 
those of TAMF at 37 °C (Table 3). This finding 
implies that bacterial contamination of human or 
animal intestinal origin is more important than 
environmental or other sources of pollution.

Spatially, Levene’s homogeneity of vari-
ance test (p> 0.05), ANOVA, and Tukey’s post-
hoc test stipulate that the variability in TAMF 
content at 22 °C and 37 °C is statistically insig-
nificant, expressing that the water resources are 
homogeneous. 

As for the temporal analysis, the variability 
of TAMF levels at 22 °C and TAMF at 37 °C was 
statistically significant at p<0.05. The Tukey’s 
post-hoc test for multiple comparison, was able 

to shade the wet season (winter and spring) and 
dry season (summer and autumn) having a sig-
nificant difference. Moreover, Figure 2 perfectly 
illustrates that the values recorded in dry season 
are significantly higher than those in wet season. 
This could be explained by the increase in tem-
perature, the decrease in the amount of water re-
ceived by the Dayat and the intensity of human 
and animal activity in the dry season.

The values recorded at the level of the study 
area are more significant than those recorded at 
the level of the waters of the Hassan Addakhil 
dam of Errachidia [Ouhmidou, 2015] and cor-
roborate those reported by Khayri for the waters 
of the same study area [Khayri, 2015].

Total coliforms (TC)

The results showed that the total coliform 
contents vary between a maximum of 62 005 
CFU/100 ml recorded at station ST2 in the month 
of May and a minimum of 15 CFU/100 ml re-
corded at station ST3 (0 m) in the month of March 
(Figure 3 and Table 4).

Spatially, Levene’s homogeneity of variance 
test (p> 0.05), ANOVA and Tukey’s post-hoc test 
explain that the variability of the total coliform 
content is statistically insignificant, which ex-
presses that the water resources are homogeneous. 

Table 3. Variation of TAMF 37 °C and TAMF 22 °C of the waters of the lake Dayet Er Roumi during the period 
from October 2020 to September 2021

Station
TAMF 22 (CFU/1 ml) (A) TAMF 37 (CFU/1 ml) (B)

Amean / Bmean
Max Min Mean±SD Max Min Mean±SD

ST1 134.103 220 12 615±38 303 7.103 28 2 413±2 401 5.23

ST2 282.103 228 29 640±80 368 31.103 33 4 448±8 659 6.66

ST3 (0 m) 260.103 50 27 941±74 875 25.103 6 3 532±7 110 7.91

ST3 (6 m) 346.103 170 33 772±99 023 72.103 8 7 343±20 511 4.60

Figure 2. Spatial and temporal variation of TAMF at 22 °C (A) and TAMF at 37 °C (B) of 
Dayet Er Roumi lake waters during the period from October 2020 to September 2021
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As for the temporal analysis, the variabil-
ity of the total coliform content is statistically 
insignifi cant at p>0.05, which means that there 
is no signifi cant diff erence between the water 
contamination.

Compared to the Moroccan quality standards 
for surface water that could be used for drinking 
water production, the overall quality of Dayet Er 
Roumi water is average to poor [Water quality 
standards, 2002ab].

Fecal coliforms (FC)

According to the obtained results, it can 
be said that the distribution of fecal coliforms 

is almost uniform throughout the year with a 
maximum of 4350 CFU/100 ml recorded at 
station ST1 in the month of April and a mini-
mum of 0 CFU/100 ml recorded at station ST3 
(6 m) in the month of January (Figure 4 and 
Table 5).

Spatially and temporally, the variability of 
total coliform levels is statistically insignifi-
cant at p>0.05 which expresses that the water 
resources are homogeneous. 

Fecal Streptococci (FS)

The distribution of fecal Streptococci is almost 
irregular throughout the year with a maximum of 

Table 4. Variation of total coliforms in Dayet Er Roumi lake water during the period from October 2020 to 
September 2021

Index (CFU/100ml)
Stations

ST1 ST2 ST3 (0 m) ST3 (6 m)

Max 25 420 62 005 26 660 26 535

Min 995 1 020 15 45

Mean 10 240.08 15 474.17 10 281.58 8 922.92

Standard deviation 8 118.20 17 389.78 9 561.18 9 063.67

Figure 3. Spatial and temporal variation of total coliforms in Dayet Er Roumi 
lake during the period from October 2020 to September 2021

Table 5. Variation of fecal coliforms in the waters of Lake Dayet Er Roumi during the period from October 2020 
to September 2021

Index (CFU/100 ml)
Station

ST1 ST2 ST3 (0 m) ST3 (6 m)

Max 4 350 3 510 2 553 3 576

Min 1 14 2 0

Mean 449.75 770.50 509.00 699.75

Standard deviation 1 231.58 1 256.59 844.48 1 265.11
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16 350 CFU/100 ml recorded at station ST2 in Oc-
tober and a minimum of 0 CFU/100 ml recorded at 
all stations ST1, ST2, ST3 (0 m) and ST3 (6 m), 
respectively during the months of August, Febru-
ary/June, November/February and October/No-
vember (Figure 5 and Table 6).

Spatially and temporally, the variability of 
fecal Streptococcus levels is statistically insig-
nifi cant at p>0.05 which expresses that the waters 
of Dayet Er Roumi are subject to contamination 
of fecal origin throughout the year, including in-
tense human activity (swimming and tourism) 

Figure 4. Spatial and temporal variation of faecal coliforms in the waters of Lake 
Dayet Er Roumi during the period from October 2020 to September 2021

Table 6. Variation of fecal Streptococci in the waters of Lake Dayet Er Roumi during the period from October 
2020 to September 2021

Index (CFU/100ml)
Station

ST1 ST2 ST3 (0m) ST3 (6m)

Max 2 168 16 350 3 580 2 500

Min 0 0 0 0

Mean 373.75 1 874.08 908.83 499.50

Standard deviation 755.66 4 769.37 1 118.52 750.73

Figure 5. Spatial and temporal variation of fecal Streptococci in the waters of Lake 
Dayet Er Roumi during the period from October 2020 to September 2021
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and animal excrement (grazing and migration of 
birds). These results obtained may indicate, by 
their presence, the existence of dangerous patho-
gens [Cabane, 2007], also viruses [Bitton, 2005a].

According to the Moroccan Water Quality 
Standard [Water quality standards, 2002ab], the 
quantity of FS exceeds 10 000 CFU/100 ml, it 
varies between 0 and 16 350 CFU/100 ml which 
gives it a very poor quality.

Sulphite-reducing anaerobes (SRA)

Sulphite-reducing anaerobes can survive 
longer in water than other indicator organisms 
of fecal pollution (coliforms and streptococci) 
[Regnault, 1990; Aulicino et al., 2005; Rodier 
et al., 2009]. Therefore, they are considered 
as indicators of past fecal contamination [AF-
NOR, 1986].

Temporally (Figure 6), the average content 
of Sulphite-reducing anaerobes ranged from 1 
CFU/20 ml, recorded at station ST3 (0 m) dur-
ing the month of November, to 13·103 CFU/20 
ml, recorded at station ST3 (6 m), during the 
month of April. The increase of clostridium 

with depth, is in perfect agreement with its an-
aerobic life style.

According to the spatial plan, the results of 
bacteriological analysis show that the variability 
of the annual average content of SRA is not sig-
nifi cant (Table 7).

Staphylocoque aurueus (STA)

The temporal evolution of Staphylococ-
cus aureus is approximately regular during all 
months. In addition, Levene’s homogeneity of 
variance test (p<0.05) states that the variabil-
ity of STA content in Dayet Er Roumi water 
is statistically significant. In a second round, 
Turkey’s post-hoc test does not indicate any 
significant correlation of the variability of the 
STA content of the waters according to the 
seasons.

Indeed, the average STA content oscillates 
between 871 CFU/100 ml, recorded at station 
ST1, and 2 428 CFU/100 ml, recorded at station 
ST3 (0 m), with a maximum content of 22680 
CFU/100 ml recorded in June (Figure 7).

According to the spatial plan, the results of 
bacteriological analysis show that the variability 

Table 7. Variation of sulphite-reducing anaerobes in Dayet Er Roumi lake waters during the period from October 
2020 to September 2021

Index (CFU/20 ml)
Station

ST1 ST2 ST3 (0 m) ST3 (6 m)

Max 520 490 950 13 000

Min 8 15 1 2

Mean 142.83 158.75 167.17 1 180.17

Standard deviation 179.34 177.27 275.63 3 723.77

Figure 6. Spatial and temporal variation of Sulphite-reducing anaerobes in Dayet Er 
Roumi lake waters during the period from October 2020 to September 2021
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of the annual average STA content is not signifi -
cant (Table 8).

Pseudomonas aeruginosa (PSA)

Pseudomonas aeruginosa (PSA) is one of a 
large group of free-living bacteria that are ubiq-
uitous in the environment mainly in wastewater, 
surface water, water intended for human con-
sumption (public distribution system water and 
packaged water), recreational water, inadequately 
treated whirlpool and spa water, or distilled water 
[Mena and Gerba, 2009]. It is an indicator bacte-
rium for water pollution.

Levene’s test of homogeneity of variance 
(p<0.05) states that the variability of PSA con-
tent in Dayet Er Roumi water is statistically sig-
nifi cant. Indeed, the average content of PSA os-
cillates between 14 321 CFU/100 ml, recorded 
at station ST3 (6 m), and 16 091 CFU/100 ml, 
recorded at station ST2, with a maximum con-
tent of 33 600 CFU/100 ml recorded in October 
(Figure 8).

According to the spatial plan, the results of 
bacteriological analysis show that the variability 
of the annual average content of PSA is not sig-
nifi cant (Table 9).

Table 8. Variation of Staphylococcus aureus in the waters of Lake Dayet Er Roumi during the period from October 
2020 to September 2021

Index (CFU/100 ml)
Station

ST1 ST2 ST3 (0 m) ST3 (6 m)

Max 1 710 7 380 22 680 5 010

Min 155 165 130 38

Mean 871.42 1 397.92 2 428.17 1 292.83

Standard deviation 513.28 1 955.72 6 387.71 1 742.01

Figure 7. Spatiotemporal variation of Staphylococcus aureus in the waters of Lake 
Dayet Er Roumi during the period from October 2020 to September 2021

Table 9. Variation of Pseudomonas aeruginosa in Dayet Er Roumi lake waters during the period from October 
2020 to September 2021

Index (CFU/100 ml)
Station

ST1 ST2 ST3 (0 m) ST3 (6 m)

Max 32 123 29 760 30 521 33 600

Min 2 050 3 725 308 160

Mean 14 351.92 16 091.25 15 328.00 14 321.67

Standard deviation 9 406.80 7 817.55 9 345.36 9 469.42
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Multidimensional and typological analysis

The multidimensional analysis of the data ma-
trix of the bacteriological parameters thus mea-
sured made it possible to visualise the spatiotem-
poral covariation, to know the global links between 
the various parameters and to establish a spatio-
temporal typological structure (or structures).

Correlation matrix

Examination of the multiple correlation ma-
trix for all stations (Table 10) illustrates that (i) 
TAMF 22 correlates with TAMF 37 (ii) TC cor-
relates with TAMF 37 and PSA (iii) FC correlates 
with FS and STA (iv) SRA correlates poorly with 
all bacteriological parameters.

Figure 8. Spatial and temporal variation of Pseudomonas aeruginosa in Dayet Er 
Roumi lake waters during the period from October 2020 to September 2021

Table 10. Multiple correlation of bacteriological parameters for all stations
Bacteriological 

parameters TAMF 22 TAMF 37 TC FC FS SRA STA PSA

TAMF 22 1

TAMF 37 .380** 1

TC .056 .557** 1

FC -.223 -.028 .246 1

FS -.092 .089 .110 .390** 1

SRA -.151 -.296* -.035 .145 .212 1

STA .021 .204 .151 .227 .446** .010 1

PSA .013 .540** .567** .205 .290* .172 .380** 1

Note: **. The correlation is signifi cant at the 0.01 level (bilateral); *. The correlation is signifi cant at the 0.05 level 
(bilateral).

Table 11. KMO index and Bartlett’s test of the matrix of bacteriological parameters
KMO and Bartlett’s test

Kaiser-Meyer-Olkin measure of  sampling adequacy .595

Bartlett’s test of sphericity

Approx.Chi-square 93.729

Df 28

Bartlett’s signifi cation .000
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KMO index and Bartlett’s test

Table 11 expresses the value of the KMO in-
dex, which makes it possible to evaluate the ratio 
of correlations between the parameters on the one 
hand, and partial correlations on the other. It thus 
refl ects the uniqueness of the contribution of each 
parameter. In the case of the selected iteration, 
data matrix (8 parameters × 48 individuals), the 
value of the KMO index is good (Table 11).

As for Bartlett’s test of sphericity, it tests the 
null hypothesis that all correlations are equal to 
zero. For the test to be sensitive, its value must be 

less than 0.05, thus allowing the null hypothesis 
to be rejected. In the considered case, the test is 
very signifi cant (Table 11).

Principal component analysis

The principal component analysis of the 
bacteriological results of the eight parame-
ters observed in the waters of Dayet Er Rou-
mi has highlighted two factorial axes with the 
initial eigenvalue >1 that can explain 53.92 
of the total variance of the parameters stud-
ied (Table 12).

Table 12. Total explained variance of bacteriological results of Dayet Er Roumi lake waters

Component
Initial eigen values Extraction sums of squared loadings

Total % of variance % cumulative Total % of variance % cumulative

1 2.521 31.514 31.514 2.521 31.514 31.514

2 1.792 22.405 53.919 1.792 22.405 53.919

3 1.004 12.555

4 .907 11.343

5 .698 8.730

6 .494 6.174

7 .347 4.342

8 .235 2.936

Table 13. Correlation matrix of the PCA without rotation of the bacteriological parameters of Dayet Er Roumi 
lake waters

Component PSA TC TAMF 37 STA FS TAMF 22 SRA FC

PC1 0.828 0.728 0.681 0.594 0.536 0.111 0.053 0.431

PC2 -0.027 -0.234 -0.61 0.224 0.517 -0.63 0.594 0.546

Figure 9. Graphical representation of the bacteriological parameters of 
Dayet Er Roumi lake water in relation to the factorial axes
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The PCA matrix without rotation was able 
to show that 31.51% of the total variance is ex-
plained by the PC1 factorial axis and 22.40% 
is explained by the PC2 factorial axis with an 
absolute value inertia >0.3 (Hair et al., 2014). 
Thus, PSA, TC, TAMF 37, STA, and FS are 
positively correlated with the PC1 factor axis, 
TAMF 22 is negatively correlated with the PC2 
factor axis, and SRA and FC are positively cor-
related with the PC2 factor axis (Figure 9 and 
Table 13).

The analysis of the dispersion of the param-
eters and individuals (observation) represented
by the two-dimensional PCA made it possible to 
distinguish two groups (Figure 10):

Group I – consisting mainly of stations ST1 
and ST2 (positively correlated with the factorial 
axis PC1). This component shows variables that 
are mostly dependent on anthropic activity, es-
pecially human [Elhatip et al,. 2008; Liu et al,. 
2003; Omo-Irabor et al,. 2008], and testifi es to a 
recent fecal contamination [Cabane, 2007].

Group II – indicates that bacteriological con-
tamination is very low during the winter period 
at all sampling stations, particularly at stations 
ST3(0 m) and ST3(6 m). The decrease of the bac-
terial load is favoured mainly by the absence of 
anthropic activity in winter. 

CONCLUSIONS

The examination and the qualitative and 
quantitative follow-up of the bacteriological pa-
rameters allowed confi rming that the waters of 
Dayet Er Roumi are subjected to a strong pres-
sure generated by the discharges of domestic 
waters of the neighbouring agglomerations and 
also of the activities of natural, agricultural and 
tourist origin.

Indeed, the correlation matrix of the studied 
variables showed: (i) a correlation between PSA, 
CT, FMAT 37, STA and SF. This correlation is 
one of the essential characteristics of eutrophic 
environments characterised by the abundance of 
nutrients [CEAEQ, 2000]. (ii) Stations ST1 and 
ST2 have the same bacteriological characteris-
tics, and they are experiencing a recent contami-
nation of fecal origin due to the marked presence 
of total germs, total coliforms and fecal coliforms 
[Cabane, 2007]. 

In addition, the microbiological content of 
Dayet Er Roumi waters is higher than the Mo-
roccan Water Quality Standard [Water quality 
standards, 2002ab], and that the decrease of the 
bacterial load is mainly favored by the absence of 
anthropic activity in winter.

Figure 10. Spatio-temporal graphical representation of individuals (observations) in relation to the factorial axes



217

Journal of Ecological Engineering 2023, 24(1), 205–217

REFERENCES

1.	 A.F.N.O.R. 1986. French Association for Standard-
ization. Water: Test methods. Paris : Ed. Afnor, 624.

2.	 A.E.F.C.S. 1996. Administration of Water and For-
ests and Soil Conservation. Master Plan for Protec-
ted Areas in Morocco. Unpublished report. Rabat: 
AEFCS;  BCEOM-SECA; Inst.Sci; EPHE, Sd, 1–5.

3.	 Afri-Mehennaoui F.Z., Sahli L., Mehennaoui S. 
2009. Evaluation of the contamination by cadmi-
um, lead and zinc of the water, the sediments of the 
Rhumel Wadi and its affluent the Boumerzoug, and 
their transfer towards a semi-aquatic plant : Rorippa 
nasturtium-aquaticum (l.). Sciences & Technologie 
C, No. 29, 45–55.

4.	 Aulicino F.A. et al. 2005. La contamina-
zione delle acque superficiali e gli indicatori 
microbiologici’, Annali dell’Istituto Superiore di 
Sanita, 41(3), 359–370.

5.	 Bitton G. 2005a. Microbial indicators of fecal con-
tamination: application to microbial source track-
ing. Florida stormwater association.

6.	 C.E.A.E.Q. 2000. Center d’expertise en analyse en-
vironnementale, Government of Quebec. Research 
and enumeration of fecal coliforms; membrane fil-
tration method, 24.

7.	 Cabane F. 2007. Glossary of Ecology, Environ-
ment and Coastal Management, Documentation sur 
l’Environnement et de l’Aménagement du Littoral, 
version 13, 248. 

8.	 El abidi K., Amraoui F., Amar M., Bensalmia A. 
2015. Contribution of bathymetry to the hydrogeo-
logical study of Dayet Roumi. 5thème edition of 
the international congress Eaux, Déchets et Envi-
ronnement Un défit millénaire (EDE5). Faculty of 
Science and Technology Settat - University Hassan 
I Morocco November 24–26, 2015.

9.	 Elhatip H., Hinis M. A., Gülbahar N. 2008. 

Evaluation of the water quality at Tahtali dam 
watershed in Izmir-Turkey by means of statistical 
methodology. Stochastic Environmental Research 
and Risk Assessment, 22, 391–400.

10.	Hair J.F. et al. 2014. Multivariate Data Analysis, 
Seventh Edition. Pearson new International Edition. 
London, 739. DOI: 10.1038/259433b0

11.	Khayri M. 2015. Hydrobiological study of the Dayet 
Er-Roumi lake ecosystem (Khémisset, Morocco), 
PhD thesis. Moulay Ismail University.

12.	Krumperman P.H. 1983. Multiple antibiotic resis-
tance indexing of Escherichia coli to identify high-
risk sources of faecal contamination of water’, 
Applied and Environmental Microbiology, 46(1), 
165–170

13.	Mena K.D., Gerba C.P. 2009. Risk assessment of 
PSAudomonas aeruginosa in water, Reviews of En-
vironmental Contamination and Toxicology. DOI: 
10.1007/978-1-4419-0032-6_3

14.	Ouhmidou M. 2015. Hydrobiological and ecologi-
cal study of the waters of the dam Hassan Addakhil 
(Errachidia-Morocco), PhD thesis. Moulay Ismail 
University

15.	Regnault J.P. 1990. General microbiology. Microor-
ganisms in water. Edited by E. Vigot. Paris.

16.	Rodier J. et al,. 2009. Water analysis. 9th edition, 
Dunod. Edited by DUNOD.

17.	Water quality standards. 2002a. Decree n° 1277-
01 of 10 chaabane 1423 (17 October 2002) fixing 
the quality standards of surface waters used for the 
production of drinking water’, Official Bulletin 
n°5062 of 30 ramadan 1423 (5 December 2002), 
5062(0851-1217), 1523–1525.

18.	Water quality standards. 2002b. Decree n° 1275-01 
of 10 chaabane 1423 (17 October 2002) defining 
the quality grid of surface waters’, Official Bulletin 
n°5062 of 30 ramadan 1423 (5 December 2002), 
5062(0851-1217), 1518–1519.


