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There is a lack of information on the seasonal and spatial variations of bacterial pollution and the drivers of these variations 
within and around the Yamoussoukro lakes. In order to explain the dynamic of bacterial pollution of these lakes and assess the 
health risks associated with the contamination of surrounding vegetable crops, Escherichia coli and thermotolerant coliforms 
were used as indicators of pollution. Sampling was conducted from the lakes and surrounding vegetables such as carrots, 
lettuce and cabbage. In total 31 water points during 4 dry seasons and 4 rainy seasons, for the years 2015-2016 and 2016-2017 
were sampled according to the Canadian sampling method. Water bacterial loads were high (710 CFU/mL and 791.8 CFU/mL) 
during the rainy seasons while the ones on the vegetables were high during the dry seasons (84.6 CFU/mL and 105.8 CFU/mL). 
The spatial location of the lakes from upstream to downstream and the rainy seasons strongly contributed to the evolution of 
bacterial loads from one lake to another. Moreover, it was shown that the dissolved organic carbon and the turbidity positively 
impacted the evolution of the bacterial loads throughout the two years. Overall no matter what season, the lake waters were 
not suitable for vegetable irrigation. 
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À ce jour au niveau des lacs de Yamoussoukro, il y a un déficit d'informations sur les variations saisonnières et spatiales de la 
pollution des eaux et des cultures maraichères environnantes et les facteurs qui les déterminent. Afin d'expliquer la dyna-
mique de la pollution bactérienne de ces lacs et d'évaluer les risques sanitaires liés à la contamination des cultures légumières, 
Escherichia coli et les coliformes thermotolérants ont été utilisés comme indicateurs de la pollution. L'échantillonnage a été 
effectué au niveau des lacs et des légumes environnants tels que les carottes, la laitue et le chou. Au total 31 points d'eau, au 
cours de 4 saisons sèches et 4 saisons des pluies, ont été échantillonnés pendant les années 2015-2016 et 2016-2017 selon la 
méthode d'échantillonnage canadienne. Les charges bactériennes dans l'eau étaient élevées (710 UFC/mL et 791,8 UFC/mL) 
pendant la saison des pluies, tandis que celles des légumes étaient élevées pendant la saison sèche (84,6 UFC/mL et 105,8 UF-
C/mL). La localisation spatiale des lacs d'amont en aval et les saisons des pluies ont largement contribué à l'évolution des 
charges bactériennes d'un lac à l'autre. De plus, il a été démontré que le carbone organique dissous et la turbidité avaient un 
impact positif sur l’évolution des charges bactériennes au cours des deux années. Quelle que soit la saison, les eaux des lacs de 
Yamoussoukro ne conviennent pas à l’irrigation des légumes. 
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Introduction 

The multiple uses of surface water resources re-
quire a good microbiological quality (Rochelle et 
al., 2015; Mathai et al., 2018). Yamoussoukro, the 
capital of Côte d'Ivoire is characterized by ten (10) 
lakes developed since 1970 for its beautification. 
These lakes constitute the receiving environments 
of seven (7) purification stations built on the wa-
tershed of the so called lakes. However, the mal-
functioning of wastewater treatment plants caus-
es a large discharge of liquid and solid waste that 
pollute the lake waters. The microbiological pollu-
tion of Yamoussoukro lakes has been established 
by various studies that showed that human activi-
ties near the lakes have allowed discharges of or-
ganic and inorganic matters that contain farmyard 
and human feces (Aw et al, 2011, Koffi et al., 2011; 
Tano et al., 2011, Kouakou et al., 2014). In Ya-
moussoukro, the benefits of the lakes are reflect-
ed by the diversity of activities that are practiced 
within and around (agriculture, fishing, commer-
cial activities, breeding, laundry, washing, ablu-
tions, and dishes) (N'guessan et al, 2014). In terms 
of agricultural practices, vegetable cropping is the 
most important economical activity developed 
around these lakes. Indeed the produced vegeta-
ble are used to supply local and surrounding mar-
kets and even those in Abidjan the economical 
capital city 214 km south Yamoussoukro (Abakou 
and Brou, 2003). These lake waters are the main 
source of vegetable crops watering. Unfortunately, 
it is well known that the use of wastewater for irri-
gation is common in Africa and represents a po-
tential risk for the population (Ferrer et al., 2012). 
Kouamé et al. (2017) have shown that in Yamous-
soukro the use of wastewater constitute a key 
driver for foodborne disease infections. Sprinkler 
irrigation, most often practiced in market garden-
ing in Yamoussoukro, presents the highest level of 
risk of bacterial contamination. Indeed, the type of 
irrigation can influence the risk of contamination 
of market garden products (WHO, 2012). The tim-
ing of watering, the quality of the water used and 
the fact that the water has been in direct contact 
with the edible part of the plant are all factors to 
consider. It means that the vegetable produced 
around the lakes in Yamoussoukro may constitute 

food threats since they are eaten raw and usually 
without proper decontamination practices (De 
Oliveira et al., 2011; Stephan et al., 2015). Such 
products are recognized as possible vehicles of 
foodborne diseases, which are highlighted by large 
and serious outbreaks epidemic (Castro-Rosas et 
al., 2012; Lokerse et al., 2016). Since the risk of 
contamination is global, several countries and in-
ternational organizations like the World Health 
Organization (WHO) and the Food and Agricultural 
Organization (FAO) have developed codes of prac-
tices, guidelines and regulations (Gil et al., 2015; 
USDA, 2014; WHO, 2012; FAO, 2012; FAO, 2008a; 
FAO, 2008b) with measures that can be used to 
prevent and control microbial hazards along the 
fresh vegetable supply chain. While these preven-
tive measures have been documented, the levels 
of implementation varies from region to region 
and country to country. Yet, in Côte d’Ivoire, such 
measures have to be implemented. It remains that 
the understanding of lake water pollution and re-
lated microbial hazards could help improve the 
microbiological quality of fresh fruits and vegeta-
bles from market gardening. Recent work to as-
sess the quality of Yamoussoukro lake waters in 
agricultural systems has shown the microbiological 
risk of these waters (Kouamé et al., 2017). Howe-
ver, the evolution of microbial loads over a long 
period and the impact of watering vegetable crops 
with lake waters have not been studied. Thermo-
tolerant coliforms correspond to a bacterial group 
used as indicators of feces contamination accor-
ding to the French Standard NF IN ISO 7027 
(AFNOR, 1999a). Their presence in aquatic envi-
ronment is an evidence of recent contamination of 
the environment by feces. Also, the number of co-
liforms is an indicator of the presence rate of pa-
thogenic bacteria (Mclellan et al., 2013; Zhang et 
al, 2018). Thus the aims of this study was to follow 
the dynamic of bacterial pollution within the Ya-
moussoukro lakes and its impact on the contami-
nation on the vegetable crops watered by the lake 
waters. Measures to preserve the health of popu-
lations could be considered. For this purpose, ther-
motolerant coliforms and Escherichia coli have 
been taken as indicators of pollution in the lakes. 
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Materials and Methods 

Study site 

The study was conducted using the Yamoussoukro 
lake system. It consists of ten lakes that cover an ar-
ea of 124.9 hectares (N Guessan et al., 2014) out of 
which five (5) were chosen for this study (Figure 1). 
These lakes were chosen because agricultural, ani-
mal husbandry, commercial activities and waste wa-
ter flow were noticeable. These were Lakes A and 
Lake B upstream at the entrances to the two branch-
es of the system. Lakes C and D in the center of the 
system and finally the downstream Lake E.  
 

Water and vegetable crop samplings 

Samplings were carried throughout 2015 from De-
cember to September 2016 and from November 
2016 to September 2017. Samplings were conducted 
all the four climatic seasons of each year. For each 
selected lake, 500 ml of water were collected at each 
sampling point according to the Canadian water sam-
pling method, in U at 50 cm depth (MDDEFP, 2013). 
A total of 31 points were sampled with respectively 
for Lake A, five (5) points, Lake B seven (7) points, 
Lake C seven (7) points, Lake D seven (7) points and 
Lake E five (5) points. The vegetables selected 
around the lakes were cabbage, carrot and lettuce. 
Around each lake, two fields of each vegetable were 
investigated for the presence of Escherichia Coli and 
thermotolerant coliforms. In each field, six (6) plants 
of each vegetable spaced 4 m apart (MDDEFP, 2013) 
were removed from the soil and carefully placed in a 
sterile bag hermetically closed. The collected water 
and vegetable samples were kept out of light and at 
a temperature of 4°C in a cooler. All samples were 
transferred to the laboratory within 6 hours for sub-
sequent analyzes. In total, for the years 2015-2016 
and 2016-2017, eight (8) climatic seasons were ex-
plored with three (3) sampling rounds each season, 
as described in Table 1. 
 

Physicochemical analyses 

Physicochemical analyses were carried out in the 
chemistry laboratory of the Department of Chemical 
and Agri-Food Engineering at the Institut National 
Polytechnique Félix Houphouet Boigny (INP-HB) in 
Yamoussoukro. Dissolved oxygen (DO) (AFNOR 5814, 
October 2012) was measured, using an HQ40d Porta-
ble Multi- Parameter Meter (Hach, USA). Turbidity 
(AFNOR 7027, March 2000) was measured using a 
430 IR/T portable turbidity meter. Dissolved Organic 

Carbon (DOC) (ISO 8245:1999) was measured by dos-
ing with Thermoreactor ECO 8 (Velp Scientifica, ITA-
LY) and DR/2010 Spectrophotometer (HACH, Colora-
do USA). Water temperature and pH (AFNOR 10523, 
May 2012) were measured in situ during the sam-
pling process by Standard Method. They were deter-
mined with a HI 991001 portable device (Hanna In-
struments Canada).  
 

Escherichia coli and thermotolerant coliforms enu-
meration  
Escherichia coli and other thermotolerant coliforms 
were isolated from waters and plant leaves using 
COMPASS ECC agar, a selective agar medium that 
allows simultaneous enumeration of E. coli and ther-
motolerant coliforms. The medium was autoclaved 
and poured into 90 mm Petri dishes. Water samples 
(1 mL) were serially diluted 1/10th and 1/100th ac-
cording to the French standard NF 9308-3 (AFNOR, 
1999b) and (100 µL) were cultured in triplicate. Con-
cerning the vegetable crops, thirty (30) g of leaves 
were kneaded in 5 mL of sterile distilled water. 1mL 
of this solution was serially diluted (1/10th and 
1/100th) and 100 µL were surface spread in triplicate 
on petri dishes. Petri dishes were incubated at 44°C 
overnight. E. coli were characterized by their blue to 
violet colonies and other thermotolerant coliforms 
by pink color. Petri dishes, with more than 15 and 
fewer than 150 colonies were considered. 
 

Statistical analyses 

The values of the evaluated parameters were sub-
jected to analysis of variance (ANOVA) using a Gen-
eral Linear Model. Significant Difference were carried 
out using Fisher's Least Significant Difference test at 
0.05 level of probability when the F-ratio was signifi-
cant. Principal Component Analysis (PCA) and Pear-
son correlations of bacterial samples and physico-

chemical parameters of the lakes were also conduct-
ed to determine the different possible relationships 
between bacterial loads and lake physico-chemical 
parameters. Statistical analyses were performed us-
ing the XLSTAT 2018 software. 
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Figure 1: Location of lakes defined 
for sampling and water flow direc-
tion of Yamoussoukro lacustrine 
system 

Table 1. Lake Sampling during 2015-2016 and 2016-2017 

Results 

Dynamics of the physicochemical characteristics 
within the lakes 

The water temperature (Figure 2) within the five 
lakes did not vary significantly during the differ-
ent climatic seasons over the years 2015/2016 
and 2016/2017. The values were on average 
around 27°C. However in general, during the 
rainy seasons, the temperatures decreased. For 
the 2015-2016 season during the Long Rainy 
Season (LRS), Lake A recorded the lowest tem-
perature values (25.6°C). For 2016-2017 during 
the Long Rainy Season (LRS), Lake D recorded 
the lowest temperature values (25.6°C). The tur-
bidity dynamic was related to lake locations and 
seemed to follow the direction of the water flow 
of the lake system (Figure 3). Lake A and Lake B 
upstream of the lake system exhibited the low-
est turbidities during all seasons, while down-
stream Lake E had the highest turbidities. Lake D  
 

 

and Lake C in the center of the lacustrine system 
exhibited intermediate turbidities. Unlike the 
turbidity, the pH of all lakes fluctuated during 
the seasons in the same range between 6.3 and 
7.09 (Figure 4) no matter the lake location. Dur-
ing the year 2016-17, the pH at Lake A in the 
Long Dry Season was the lowest (6.33), while the 
highest pH (7.09) was observed at Lake D in 
Heavy Rainy Season. Moreover, the dissolved 
Oxygen (O2) varied among lakes during seasons 
over the two years (Figure 5). Lake A had the 
highest dissolved oxygen content throughout the 
seasons. From 2015 to 2016 and from 2016 to 
2017, at each lake, dissolved carbon levels were 
constant (Figure 6) over the course of the cli-
mate seasons. However, the lowest values of 
dissolved organic carbon were observed with 
Lake A. The highest carbon content in Lake E de-
creases during the short rainy season (SRS) in 
2015/2016. Lake D on average had high carbon 
(C) content.  

CLIMATE SEASONS 2015-2016 Sampling periods (P) 2015-2016 Sampling periods (P) 

Long Dry Season (LDS) 
P1 December.28th P1 November 26th 

P2 January 12th P2 December 14th 

P3 February 01 rst P3 January 14th 

Long Rainy Season 
(LRS) 

P1  March 02nd P1 April 11th 

P2 May 19th P2 May 06th 

P3 June 06th P3 May 17th 

Small Dry Season (SDS) 
P1 July 01rst P1 June 22nd 

P2 July 19th P2 July 12th 

P3 August 01rst P3 July 29th 

Small Rainy Season 
(SRS) 

P1 August 28th P1 August 09th 

P2 September 12th P2 August 28th 

P3 September 30th P3 September 12th 
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Fig6 

 

Seasonal and spatial dynamics of bacterial 
loads in lake waters 

For each lake, E. coli and thermotolerant coli-
forms showed the same load values and their 
evolution curves during the climatic seasons 
were similar (Figure 7). The bacterial loads 
evolved according to the direction of the water 
flow of the lacustrine system. Lake A and then 
Lake B, upstream of the lacustrine system, had 
the lowest loads of E. coli and thermotolerant 
coliforms, Lakes C and D, in the intermediate 
position, showed intermediate loads, and Lake 

E, downstream of the lake lacustrine system pre-
sented the highest loads. During the two years, 
peaks of E. coli and thermotolerant coliforms 
loads were obtained during the Long Rainy Sea-
son (LRS). The lowest loads were obtained dur-
ing the period between the Short Rainy Season 
(SRS) and the Long Dry Season (LDS). E. coli loads 
varied from 69 CFU/mL to 984 CFU/mL, while 
the loads of all the thermotolerant coliforms 
ranged from 149 CFU/mL to 1364 CFU/mL.  

Figure 3. Turbidity of the five lakes in different climate sea-
sons of 2015-2016 and 2016-2017 

Figure 2. Temperature of the five lakes in different climate sea-
sons of 2015-2016 and 2016-2017  

Figure 4. pH of the five lakes in different climate seasons of 
2015-2016 and 2016-2017  

Figure 5. Dissolved Oxygen (O2) of the five lakes in diffe-
rent climate seasons of 2015-2016 and 2016-2017 

Figure 6. Dissolved organic carbon (DOC) of the five lakes in 
different climate seasons of 2015-2016 and 2016-2017 
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Dynamics of bacterial loads in vegetable crops 
grown near the lakes 

Bacterial loads for Escherichia coli (268 CFU/mL) 
and thermotolerant coliforms (447 CFU/mL) 
were highest in carrots surrounding Lake D 
(Figure 8). Carrots grown in the perimeters of 
Lake A showed the lowest bacterial loads. The 
most important loads were also noticed during 
the Short Dry Seasons (SDS) of the two years 
while in general, a drop in loads was noted dur-
ing the Long Rain Saison (LRS) and the Short 
Rain Season (SRS). Concerning the cabbages, 
bacterial loads for Escherichia coli (237 CFU/mL) 
and thermotolerant coliforms (386 CFU/mL) 
were higher in cabbages near Lake E than else-
where (Figure 9) Lake C had peaks in the Short 
Dry Seasons (SDS) for Escherichia coli (176 CFU/
mL) and thermotolerant coliforms (375 CFU/
mL). Lake A had the lowest bacterial loads. Con-
cerning the seasonal factor, the highest loads 
were observed in the Long Dry Season (LDS) of 
the year 2016-2017.  The bacterial loads on 
lettuce for Escherichia coli (196 CFU/mL) and for 
thermotolerant coliforms (297 CFU/mL) in Lake 
C were the highest, followed by Lac E (Figure 
10). Lake A had the lowest bacterial loads. Re-
garding the seasonal factor, the highest loads 
were observed in the Long Dry Seasons (LDS) 
and Short Dry Seasons (SDS) of the 2 years for 
Lake C. 
 

Links between bacterial pollution of lake wa-
ters and bacterial pollution of surrounding ve-
getable crops according to climatic seasons 

Bacterial loads of vegetable crops changed pro-
portionately to bacterial loads of lake water 
with a significant positive correlation (R2 = 
0.8990) (Figure 11A). Vegetable crops with high 
bacterial loads were found near lakes with 
higher bacterial loads. The bacterial loads of the 
water were greater during the rainy seasons 
and lower during the dry seasons while the op-
posite results were observed in the vegetables 
where the bacterial loads were greater during 
the dry seasons and lower during the rainy sea-
sons (Figure 11B). 

Impact of physicochemical parameters on the 
dynamics of E. coli and thermotolerant coli-
form communities 

A Principal Component Analysis and Pearson 
correlation were conducted to establish the 
links between lakes physicochemical parame-
ters and the bacterial loads obtained during the 
year 2015-2016. On the F1 axis whose contribu-
tion is 65.12 %, turbidity, dissolved organic car-
bon (DOC), dissolved oxygen (O2), E. coli and 
thermotolerant coliforms were well repre-
sented (Figure 12A). On this axis, turbidity, dis-
solved organic carbon (DOC), E. coli and ther-
motolerant coliforms moved in the same direc-
tion with significant positive correlations (Table 
2). There was a significant negative correlation 
between the Dissolved Oxygen (O2) with both 
E. coli and thermotolerant coliform loads (Table 
2). Moreover there were 4 classes of bacterial 
loads (E. coli and thermotolerant coliforms) ran-
ging from the smallest to the highest in time 
and space (Figure 12B). The first class consisted 
of all seasonal bacterial loads of Lake A. The se-
cond class included all seasonal bacterial loads 
of Lake B and the bacterial loads of Lake C at 
season-LDS. The third class consisted of the bac-
terial loads of Lake C (season-SDS, season-SRS, 
season-LRS) and all seasonal bacterial loads of 
Lake D. The fourth class consisted of all seaso-
nal bacterial loads of Lake E. Turbidity, dissolved 
organic carbon (DOC), E. coli loads and thermo-
tolerant coliforms loads were higher at Lake E, 
followed by Lake D, Lake C, Lake B, and Lake A, 
respectively (Figure 12C). These parameters 
evolved according to the direction of the water 
flow of the lacustrine system. In contrast, dissol-
ved oxygen (O2) was more abundant at Lake A 
and Lake E had the lowest levels of dissolved 
oxygen (O2).  
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Figure 7: Lake bacterial load dynamics during 2015-2016 and 2016-2017 sampling seasons. A: Escherichia coli. B: 
Thermotolerant coliforms 

LDS: Long dry season; LRS: Long rainy season; SDS: Short dry season; SRS: Short rainy season; Th. C. 
:Thermotolerant coliforms 

Figure 8: Dynamics of bacterial loads on the leaves of carrots surrounding different lakes at sampling seasons in 2015-2016 
and 2016-2017. A: Escherichia coli B: Thermotolerant coliforms 

LDS: Long dry season; LRS: Long rainy season; SDS: Short dry season; SRS: Short rainy season; Th. C.: Thermotolerant coliforms 

Figure 9: Dynamics of bacterial loads on cabbages at different sampling seasons in 2015-2016 and 2016-2017. A: Escherichia 
coli B: Thermotolerant coliforms 

LDS: Long dry season; LRS: Long rainy season; SDS: Short dry season; SRS: Short rainy season; Th. C.: Thermotolerant coliforms 
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Figure 10: Dynamics of bacterial loads on lettuce different sampling 2015-2016 and 2016-2017 seasons
 A:Escherichia coli  B: Thermotolerant coliforms 

 

Figure 11.  Evolution vegetable bacterial loads according to that of lake waters during years 2015-2016 and 2016-

2017climatic seasons  
Histogram with different letters are significantly different (Fischer LSD, p < 0.05) 

A Principal component analysis and Pearson cor-
relation were also conducted to determine the 
impact of lake physicochemical parameters on 
the bacterial loads obtained in 2016-2017. On 
the F1 axis whose contribution was 70.42 %, tur-
bidity, dissolved organic carbon (DOC), dissolved 
oxygen (O2), pH, E. coli and thermotolerant coli-
forms were well represented (Figure 13A). On 
this axis, turbidity, dissolved organic carbon 
(DOC), pH, E. coli and thermotolerant coliforms 

moved in the same direction with a significant 
positive correlation between these variables 
(Table 3). There was a significant negative corre-
lation between Dissolved Oxygen (O2) with both 
E. coli and thermotolerant coliform loads (Table 
3).  
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Variables 

Thermotolerant 

Coliforms 

E. coli F1 F2 

Thermotolerant 

Coliforms 

1 0.8995 -0.9491 0.0898 

E. coli 0.8995 1 -0.9063 0.0531 

pH 0.4095 0.3377 -0.5191 -0.6462 

Turb 0.7407 0.7718 -0.8482 -0.3133 

O2 -0.8720 -0.7792  0.9414 -0.1379 

 T°C 0.3273 0.2563 -0.2989 0.8712 

COD 0.8594 0.7834 -0.9339 0.0831 

Three (3) classes of bacterial loads (E. coli and 
thermotolerant coliforms) ranging from the 
smallest to the highest were found (Figure 13B). 
The first class consisted of all seasonal bacterial 
loads of Lake A.  

Second class included all bacterial loads of all 
the seasons of Lake B and the bacterial loads of 
all the seasons of Lake C. The third class con-
sisted of all seasonal bacterial loads of lake D 
and all seasonal bacterial loads of lake E. Turbi-
dity, dissolved organic carbon (DOC), pH, E. coli 
and thermotolerant coliforms were higher at 
Lake D and Lake E, and decreased at Lake C and 
Lake B and then at Lake A (Figure 13C). These 
parameters evolve according to the direction of 
the water flow of the lacustrine system. In con-
trast, dissolved oxygen (O2) is more abundant at 
Lake A while Lake D and Lake E have the lowest 
levels of dissolved oxygen (O2). 

 

Discussion 

This work was undertaken to understand the 
dynamic of bacterial pollution within Yamous-
soukro lakes and assess the risks related to the 
contamination of vegetable crops watered by 
lake waters. During all climatic seasons, very 
high bacterial loads were obtained in the lake 
waters and on vegetable crops compared to the 
recommended international standards of 100 
Escherichia coli per 1000 mL of water (AFNOR, 
1999b). They were similar to those generally 
found in most contaminated surfaces waters 
(Ishii et al., 2014; Mathai et al., 2018). Further-
more, it was found that the bacterial loads wi-
thin Yamoussoukro lake increased according to 
the flow gradient of the waters. At Lake A, lo-
cated further upstream of the system, pollution 
was the lowest followed by Lake B.  

Table 2. Pearson matrix (n) between coliforms and different lake characteristics during 2015-2016 
climate seasons  
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Figure 12: Principal 
component analysis of 
physicochemical pa-
rameters and bacteri-
al populations in 
different lakes during 
2015-2016 (F1 and F2 
axes: 83.86%), A: Fig-
ure: Variables, B: Fig-
ure: Observations, C: 
Figure: Biplot 

Figure 13: Principal 
component analysis of 
physicochemical pa-
rameters and bacteri-
al populations in 
different lakes during 
2016-2017. (F1 and F2 
axes: 85.76%), A: Fig-
ure: Variables, B: Fig-
ure: Observations, C: 
Figure: Biplot 
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At Lakes C and D in the center of the lacustrine 
system, bacterial loads were intermediate in all 
the waters and vegetables. Lake E downstream 
of the lacustrine system had the highest bacte-
rial loads. This was due to the location of Lake E 
downstream of the lake system. Indeed Lake E 
was the receptacle for others Lakes. Bacterial 
loads in lake waters were higher during rainy 
seasons while bacterial loads on vegetables 
were higher during dry seasons. Surface water 
pollution is usually more pronounced during the 
rainy season. Due to rainfall, runoff carries sus-
pended solids that promote surface water bac-
terial pollution (Naidoo and Olaniran, 2014, Tor-
nevi et al., 2014). During rainy seasons, the 
lakes were generally more loaded with bacteria 
and during dry seasons, vegetables were gene-
rally more loaded with bacteria. The reasons of 
this result could be in the cultural habits of gar-
deners (Callejon et al., 2015). In fact, lake wa-
ters were more used during dry seasons. This 
cultural practice is common in Africa. In Rwan-
da, about 60 % of farmers irrigated their vege-
tables during the dry season, while the rest enti-
rely relied on rainfall (Ssemanda et al. (2018). 
Consequently during seasons, polluted water 
used for watering contaminated the vegetable 
crops. Lakes turbidity and dissolved organic car-
bon (DOC) evolved in the same direction with 
microorganisms, while dissolved oxygen (O2) 
evolved in opposite sense. Indeed, it is known 

that one of the important factors in the survival 
and growth of bacteria is the source of carbon 
(Ishii and Sadowsky, 2008). 
 Dissolved organic carbon content can provide 
information on the quantity of nutrients avai-
lable in the environment and is as such a va-
riable that allows bacterial abundances when it 
is high (Abdo et al. 2010).  
This was also confirmed by our results. Bacterial 
loads from lake waters were also positively cor-
related with turbidity as previously obtained 
elsewhere (Smith et al., 2008; El-Amier et al., 
2015, Taylor et al. 2011). In this study, it can be 
noticed that turbidity and dissolved organic car-
bon levels evolved in the same direction. In Ya-
moussoukro lakes, turbidity is due to particles 
rich in organic carbon (Abril et al., 2004). In sur-
face water, turbidity is usually created by sus-
pended solids such as debris of organic matter, 
living microorganisms, inorganic particles such 
as silt and clay (Bilottaa and Brazier, 2008). If 
the percentage of dissolved organic carbon is 
important in suspended solids, then bacterial 
loads can be positively correlated with turbidity 
(Taylor et al. 2011). In this study, dissolved oxy-
gen was negatively correlated with the contents 
of DOC. Dissolved oxygen is proportional to the 
rate of degradation of organic matter which in-
cludes dissolved organic carbon according to 
Petitjean et al. (2004).  

Variables Thermotolerant E. coli F1 F2 

Thermotolerant 1 0.9305 0.9412 0.2083 

E. coli 0.9305 1 0.9458 0.0857 

pH 0.6723 0.7511 0.7693 -0.3178 

Turb 0.7309 0.7520 0.8900 -0.1031 

O2 -0.8477 -0.7501 -0.8690 -0.2721 

T°C -0.1167 -0.958 -0.3121 0.9083 

COD 0.9093 0.9219 0.9552 0.1111 

Table 3. Pearson matrix (n) between coliforms and different lake characteristics during the 2016-

2017 climate seasons 
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Thus dissolved oxygen is always negatively corre-
lated with the contents of DOC. High levels of 
dissolved oxygen have a negative influence on 
the bacterial load. It has been also noted that the 
physicochemical properties for each of the lakes 
evolved according to climatic seasons. Jang et al., 
(2017) showed that load evolution of E. coli is 
influenced by its environmental conditions of 
survival. The fluctuation of bacterial loads (E. coli 
and thermotolerant coliforms) in the lakes is 
linked to the turbidity, dissolved organic carbon 
(DOC), climatic seasons and lake spatial position. 
During the rainy seasons, erosion phenomena 
accumulate pollutants from lakeside areas in the 
lakes by the phenomena of runoff which trans-
ports pollutants from upstream to downstream 
(Menon et al. 2003; Baral et al., 2018). It is there-
fore important, according to these results, to car-
ry out sensitization campaigns among the popu-
lation (Havelaar et al., 2015) in order to avoid, in 
the future, the proliferation of infectious diseas-
es such as typhoid fever,  
bacillary dysentery and cholera (Painter et al., 
2013; Batz, 2014). 
 

 

Conclusion 

 

This study clearly showed that bacterial loads in 
Yamoussoukro lake waters evolved with seasons, 
lake spatial positions, turbidity and dissolved or-
ganic carbon (DOC). The bacterial loads in lake 
waters were higher during rainy seasons while 
the ones on vegetables were higher during dry 
seasons. At lakes upstream of the lake system, E. 
coli and thermotolerant coliforms pollution was 
the lowest. Lakes below the lake system had the 
highest bacterial loads. The lakes contained ther-
motolerant coliform strains of which Escherichia 
coli represented more than 85%, in waters and 
on the vegetables. The waters in Yamoussoukro 
lakes were not suitable for vegetable crop irriga-
tion  
 

 

 

Acknowledgement 

We would like to thank the market gardeners 
who allowed us to collect water and vegetables 
samples on their site. 
 

 

References 

Abakou J, Brou K (2003). Analyse des systèmes de produc-
tion et de commercialisation des cultures maraîchères dans 
la commune de Yamoussoukro. Mémoire du Diplôme 
d’Ingénieurs des Techniques Agricoles, Ecole de Formation 
Continue et Perfectionnement des Cadres (EFCPC) de Ya-
moussoukro, 71. 

Abdo MH, Sabae SZ, Haroon BM, Refaat BM, Mohammed 
AS (2010). Physico-chemical characteristics, microbial as-
sessment and antibiotic susceptibility of pathogenic bacte-
ria of Ismailia canal water, River Nile, Egypt. Journal of 
American Science 6(5):234-250. 

Abril G. Commarieu MV. Maro D. Fontugne M, Guerin F, 
Etcheber H, (2004). A massive dissolved inorganic carbon 
release at spring tide in a highlyturbid estuary. Geophysical 
research letters, 31, L09316, doi: 10.1029/2004GL019714. 

AFNOR. (1990a). Water quality -Determination of alkalinity 
- Part 1: determination of total and composite alkalinity. 
Standard NF IN ISO 9963-1. 

AFNOR. (1990b). Water quality - Determination of dis-
solved oxygen - Electrochemical probe method. Standard 
NF IN ISO 5814. 

AFNOR. (1995a.) Water tests - Evaluation in an aqueous 
medium of biodegradable dissolved organic carbon - Meth-
od with suspended bacteria. Standard XP T 90-318. 

AFNOR. (1995b). Determination of dissolved fluoride, chlo-
ride, nitrite, orthophosphate, bromide, nitrate and sulfate 
ions by liquid phase ion chromatography. Standard NF IN 
ISO 10304-1. 

AFNOR. (1999a). Water quality - Determination of turbidi-
ty. Standard NF IN ISO 7027. 

AFNOR. (1999b). Water Quality - Detection and enumera-
tion of Eschérichia coli and coliform bacteria in surface and 
wastewater. Standard NF EN ISO 9308-3.  

Aw S, Akaki KD. N’goran EBZ, Parinet B, Frére J (2011). Eval-
uation of Bacteriological Pollution of Yamoussoukro Lakes 
(Côte d’Ivoire). Current Research Journal of Biological Sci-
ences, 3(4), 318฀321. 

 



  Microbiol. Nat.  

41               ANOMAN et al 2019  

Baral D, Speicher A, Dvorak,B. Admiraal D, Li X (2018). 
Quantifying the relative contributions of environmental 
sources to the microbial community in an urban stream 
under dry and wet weather conditions. Applied and Envi-
ronmental Microbiology. 84, 1–13.https:// 
doi.org/10.1128/AEM.00896-18. 

Batz M, Hoffmann S, Morris JG (2014). Disease-Outcome 
Trees, EQ-5D Scores, and Estimated Annual Losses of 
Quality-Adjusted Life Years (QALYs) for 14 Foodborne 
Pathogens in the United States. Foodborne Pathogens 
and Disease 11(5), 19-35. https://doi.org/ 10.1089/
fpd.2013.1658.  

Bilottaa GS and Brazier RE (2008). Understanding the in-
fluence of suspended solids on water quality and aquatic 
biota. Water research. 42 2008) 2849–2861. doi:10.1016/
j.watres.2008.03.018. 

Callejon RM, Rodriguez-Naranjo MI, Ubeda C, Hornedo-

Ortega R, Garcia-Parrilla MC, Troncoso AM (2015). Report-
ed foodborne outbreaks due to fresh produce in the Unit-
ed States and European Union: Trends and causes. Food-
bourne Pathogens and Disease, 12(1), 32-38.https:// 
doi.org/ 10.1089/fpd.2014.1821. 

Castro-Rosas J, Cerna-Cort es JF, M endez-Reyes E, Lopez-

Hernandez D, Gomez- Aldapa CA. Estrada-Garcia T (2012). 
Presence of faecal coliforms, Escherichia coli and diarrhe-
agenic E. coli pathotypes in ready-to-eat salads, from an 
area where crops are irrigated with untreated sewage 
water. International Journal of Food Microbiology, 156(2), 
176-180. https:// doi.org/ 10.1016/
j.ijfoodmicro.2012.03.025. Epub 2012 Mar 30 

De Oliveira MA, De Souza VM, Bergamini AMM, De Marti-
nis ECP (2011). Microbiological quality of ready-to-eat 
minimally processed vegetables consumed in Brazil. Food 
Control, 22(8), 1400-1403. https:// doi.org/10.1016/
j.foodcont.2011.02.020 

El-Amier Y, Zahran M, Al-Mamory S (2015). Assessment 
the Physico-Chemical Characteristics of Water and Sedi-
ment in Rosetta Branch, Egypt. Journal of Water Resource 
and Protection, 7, 1075-1086. https:// doi.org/10.4236/
jwarp.2015.713088.  

FAO (2008a). Food and Agriculture Organisation (FAO) of 
the United Nations. Contributing to “One World, One 
Health”. A strategic framework for reducing risks of infec-
tious diseases at the animale humane ecosystems inter-
face. Available at: ftp://ftp.fao.org/docrep/fao/011/
aj137e/aj137e00.pdf . (Accessed 1 October 2016). 

FAO (2008b). Food and Agriculture Organization and the 
World Health Organization (WHO) of the United Nations. 
Microbiological hazards in fresh leafy vegetables and 
herbs. Meeting report. Available at: http://
www.fao.org/3/a-i0452e.pdf . (Accessed 15 November 

2015). 

FAO (2012). Food and Agriculture Organization of the 
United Nations. On-farm practices for the safe use of 
wastewater in urban and peri-urban horticulture. A train-
ing handbook for farmer field schools. Available at: http://
www.fao.org/ docrep/016/i3041e/i3041e.pdf.. (Accessed 
17 July 2013). 

Ferrer A, Nguyen VH, Zinsstag J (2012). Quantification of 
diarrhea risk related to wastewater contact in Thailand. 
EcoHealth. 2012;9:49–59. doi: 10.1007/s10393-012-0746-

x. 

Gil MI, Selma MV, Suslow T, Jacxsens, L, Uyttendaele M, 
Allende A (2015). Pre- and postharvest preventive 
measures and intervention strategies to control microbial 
food safety hazards of fresh leafy vegetables. Critical Re-
views in Food Science and Nutrition, 55(4), 453-468. 
https:// doi.org/ 10.1080/10408398.2012.657808 

Havelaar AH, Kirk MD, Torgerson PR, Gibb HJ, Hald T
(2015). World Health Organization global estimates and 
regional comparisons of the burden of foodborne disease 
in 2010. PLoS Medicine 2015 Dec 3; 12 (12):e1001923. 
https:// doi.org/ 10.1371/journal.pmed.1001923.  

Ishii S, Nakamura T, Ozawa S, Kobayashi A, Sano D, 
Okabe,S (2014). Water quality monitoring and risk as-
sessment by simultaneous multipathogen quantification. 
Environmental Science & Technology. 48, 4744–4749. 
https://doi.org/10.1021/es500578s.  

Ishii S. and Sadowsky MJ (2008). Escherichia coli in the 
environments: Implication for water quality and human 
health. Microbes and Environments. 23(2), 101-108. 
https://doi.org/10.1264/jsme2.23.101 

Jang J, Hur HG, Sadowsky MJ, Byappanahall MN, Yan T, 
Ishii S (2017). Environmental Eschérichia coli: ecology and 
public health implications—a review. Journal of Applied 
Microbiology. 123, 570–581. https://doi.org/10.1111/
jam.13468.  

Mathai PP, Dunn HM, Magnone P, Brown CM, Chun CL, 
Sadowsky MJ (2018). Spatial and temporal characteriza-
tion of epiphytic microbial communities associated with 
Eurasian water milfoil: a highly invasive macrophyte in 
North America. FEMS Microbiology Ecology. 94, 1–9. 
https://doi.org/10.1093/femsec/fiy178.  
 

McLellan SL, Boehm AB, Shanks OC (2013). Marine and 
freshwater fecal indicators and source identification. In: 
Kanki, P., Grimes, D.J. (Eds.), Infectious Diseases. Springer 
New York, pp. 199–235 https://doi.org/10.1007/978-1-

4614-5719-0_9.  

http://dx.doi.org/10.4236/jwarp.2015.713088
http://dx.doi.org/10.4236/jwarp.2015.713088
ftp://ftp.fao.org/docrep/fao/011/aj137e/aj137e00.pdf
ftp://ftp.fao.org/docrep/fao/011/aj137e/aj137e00.pdf
http://www.fao.org/3/a-i0452e.pdf
http://www.fao.org/3/a-i0452e.pdf
http://www.fao.org/%20docrep/016/i3041e/i3041e.pdf.
http://www.fao.org/%20docrep/016/i3041e/i3041e.pdf.


  Microbiol. Nat.  

42               ANOMAN et al 2019  

Ministère du Développement durable, de l’Environnement, 
de la Faune et des Parcs (MDDEFP) (2013). Guide pour 
l’évaluation de la qualité bactériologique de l’eau en lac, 
Québec. Direction du suivi de l’état de l’environnement, 
ISBN 978-2-550-67327-9 (PDF), 30 p. + 1 annexe.  
 

Menon P, Billen G, Servais P (2003). Mortality rates of au-
tochthonous and fecal bacteria in natural aquatic ecosys-
tems. Water Ressources 37 (17), 4151-4158. https:// 
doi.org/ 10.1016/S0043-1354(03)00349-X. 
 

Mieszkin S (2010). Diagnostic moléculaire de l’origine des 
contaminations fécales dans l’environnement littoral - Dé-
veloppement de marqueurs Bacteroidales spécifiques de 
l’hôte. Thèse de doctorat université de Bretagne occiden-
tale, 344pp. 

Naidoo N and Olaniran AO (2014). Treated wastewater 
effluent as a source of microbial pollution of surface water 
resources. International Journal of Environmental Research 
and Public Health. 11, 249-270; doi:10.3390/
ijerph110100249. 
 

N’Guessan AK, Kouassi MA, GNABOA R, TRAORE K, HOUE-
NOU P (2014). Analyse De Phénomènes Hydrologiques 
Dans Un Bassin Versant Urbanisé : Cas De La Ville De Ya-
moussoukro (Centre De La Cote D’Ivoire). Larhyss Journal, 
17, 135฀154.  
Petitjean P, Henin O, Gruau G (2004). Dosage du carbone 
organique dissous dans les eaux douces naturelles. Intérêt, 
Principe, Mise en Oeuvre et Précautions Opératoires. Ca-
hiers Techniques de Géosciences-Rennes, 2-914375-18-2. 
64 p. http://www.geosciences.univ-rennes1.fr/biblio/
edition/CTGR-3.htm. 

Painter JA, Hoekstra RM, Ayers T, Tauxe RV, Braden CR, 
Angulo FJ (2013). Attribution of foodborne illnesses, hospi-
talizations, and deaths to food commodities by using out-
break data, United States, 1998-2008. Emerging Infectious 
Diseases, 19(3), 407-415. https:// doi.org/ 10.3201/
eid1903.111866. 

Rochelle-Newall E, Nguyen TMH, Le TPQ, Sen-
gtaheuanghoung O, Ribolzi O (2015). A short review of fe-
cal indicator bacteria in tropical aquatic ecosystems: 
knowledge gaps and future directions. Frontiers in Microbi-
ology. https://doi.org/10.3389/ fmicb.2015.00308. 
Rodier (2009). Analyse de l’eau, 9ème édition. Rodier, Jean 
Dunod Paris, 1959p. 

Koffi-Nevry R, Assi-Clair BJ, Koussemon M, Wognin AS, Cou-
libaly N, (2011). Potential Enterobacteria risk factors asso-
ciated with contamination of lettuce (Lactuca sativa) grown 
in the peri urban area of Abidjan (Côte d’Ivoire). Internatio-
nal Journal of Biological and Chemical Sciences 5(1): 279-

90. 

Kouakou KA, Aw S, Adamou MM, Siaka S, Savane I (2014). 
Caractérisation des sédiments du système lacustre de Ya-
moussoukro (Côte d’Ivoire) et spéciation de leurs phos-
phores (Characterization of sediments of Yamoussoukro 
lake system (Côte d’Ivoire) and their phosphorus specia-
tion). Journal of Materials and Environmental Science, 5(4), 
1013฀1020. 

Kouamé PK, Nguyen-Viet H, Dongo K, Zurbrügg C, Biémi J, 
Bonfoh B (2017). Microbiological risk infection assessment 
using QMRA in agriculture systems in Côte d’Ivoire, West 
Africa. Environmental Monitoring and Assessment. 2017; 
189(11): 587. doi: 10.1007/s10661-017-6279-6 

Lokerse RFA, Maslowska-Corker KA, van de Wardt LC, 
Wijtzes T (2016). Growth capacity of Listeria monocyto-
genes in ingredients of ready-to-eat salads. Food Control, 
60, 338-345. https:// doi.org/10.1016/
j.foodcont.2015.07.041 

Smith RP, Paiba GA, Ellis-Iversen J (2008) Short Communi-
cation: Turbidity as an Indicator of Eschérichia coli Pre-
sence in Water Troughs on Cattle Farms. Journal of Dairy 
Science, 200891:2082–2085. https://doi:org/10.3168/
jds.2007-0597. 

Ssemanda JN, Reij MW, van Middendorp G, Bouw E, van 
der Plaats R, Franz E, Muvunyi CM, Bagabe MC, Zwietering 
MH, Joosten H (2018). Foodborne pathogens and their risk 
exposure factors associated with farm vegetable in Rwan-
da. Food Control. 89, 86-96. https://doi.org/10.1016/
j.foodcont.2017.12.034.  

Stephan R, Althaus D, Kiefer S, Lehner A, Hatz C, Schmutz C, 
Mausezahl-Feuz M (2015). Foodborne transmission of Lis-
teria monocytogenes via ready-toeat salad: A nationwide 
outbreak in Switzerland, 2013-2014. Food Control, 57, 14-

17. https://doi.org/10.1016/j.foodcont.2015.03.034. 

Tano BF, Abo K, Dembele A, Fondio L (2011). Systèmes de 
production et pratiques à risque en agriculture urbaine : 
cas du maraîchage dans la ville de Yamoussoukro en Côte 
d’Ivoire. International Journal of Biological and Chemical 
Sciences, 5(6), 2317-2329: http://dx.doi.org/10.4314/
ijbcs.v5i6.12  

Taylor RH (2006). Ecological responses to changes in the 
physical environment of the St Lucia Estuary. Ph. D. Thesis, 
Department of Plant and Environmental Sciences, 
Norwegian University of Life Sciences p89.  

Tornevi A, Bergstedt O, Forsberg B. (2014). Precipitation 
Effects on Microbial Pollution in a River: Lag Structures and 
Seasonal Effect Modification. PLoSONE 9(5): e98546. 
doi:10.1371/journal.pone.0098546. 

http://www.geosciences.univ-rennes1.fr/biblio/edition/CTGR-3.htm
http://www.geosciences.univ-rennes1.fr/biblio/edition/CTGR-3.htm
https://doi.org/10.3389/%20fmicb.2015.00308.


  Microbiol. Nat.  

43               ANOMAN et al 2019  

USDA (2014). United States department of agriculture. 
Good Agricultural Practices, Good Handling Practice audit 
verification checklist. Available at:  

https://www. ams.usda.gov/sites/default/files/media/
GAPGHP_Checklist_no_spell_Checklist_ Enabled%20%%
205B1%20%%205D.pdf.  

WHO (2012). World Health Organization of the United 
Nations. Five keys to growing safer fruits and vegetables. 
Promoting health by decreasing microbial contamination. 
Availableat:.mailto:http://apps.who.int//iris/
bitstream/10665/75196/1/9789241504003_ eng.pdfua¼1. 
(Accessed 15 November 2014) 

Zhang Q, Eichmiller JJ, Staley C, Sadowsk MJ, Ishii S (2016). 
Correlations between pathogen concentration and fecal 
indicator marker genes in beach environments. Science of 
the Total Environment. 573, 826–830.  

https://doi.org/10.1016/j.scitotenv.2016.08.122.  

Zhang Q, Ishii S (2018). Improved simultaneous quantifica-
tion of multiple waterborne pathogens and fecal indicator 
bacteria with the use of a sample process control. Water 
Research. 137 193–200.  
https://doi.org/10.1016/j.watres.2018.03.023.  

mailto:http://apps.who.int//iris/bitstream/10665/75196/1/9789241504003_%20eng.pdfua�1.
mailto:http://apps.who.int//iris/bitstream/10665/75196/1/9789241504003_%20eng.pdfua�1.
https://doi.org/10.1016/j.scitotenv.2016.08.122
https://doi.org/10.1016/j.watres.2018.03.023

