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Phenotypic characterization of Salmonella and Escherichia coli strains isolated from untreated wastewater discharged into the Chari River, and assessment of the health risk associated with its reuse in market gardening in N'Djamena city.	Comment by IDC: Short Title, my recommandation as :
Prévalence of Salmonella and E. coli isolâtes from Untreated wastewater, Chari River, N’Djamena City


ABSTRACT
In N'Djamena; Chad, and many similar cities in Africa, urban agriculture routinely is based polluted wastewater to irrigate market garden crops. Some of microbes contained in this waste water, are able to survive during several days in the out of their source, in the soil and on the plants, presenting potential health risks for farmers, sellers and consumers. This untreated wastewater is discharged directly into the river Chari, thus constituting a factor in the recrudescence of water-borne and food-borne diseases, which are real public health problems. The aim of this study was to identify the Salmonella and Escherichia coli strains in the wastewater discharged into the river Chari in relation to the risks associated with the re-use of such water in market gardening. The wastewater and market garden products were sampled at the following study sites: Gassi slaughterhouse area, Channel of Ardepdjoumal, Channel of roundabout works  and Channel of Military Base Hospital. Salmonella and Escherichia coli were tested using standardized methods NF ISO 6579 and V08-053 respectively. E. coli strains were isolated from wastewater in 29.66% of cases, with loads ranging from 32 to 7.103 CFU/mL, and Salmonella sp. strains in 19.49% of cases. These results show that the Canal of Base Hospital was the site most contaminated with Salmonella sp. strains (28.57%). Analysis of the raw vegetables showed very high levels of E. coli contamination, with loads ranging from 2.102 to 16.102 CFU/g. The highest Salmonella contamination rate was observed in samples of rocket (61.53%) and lettuce (50%), mainly from the site near by the Channel of Military Base Hospital. The results from the wastewater were higher than the WHO standards values for market gardening, which are 103 CFU/mL of E. coli and no Salmonella. As a result, the re-use of this wastewater in market gardening is not recommended, and its discharge into the river Chari constitutes a violation of Chad's public health code. Consumption of these market garden products therefore increases the risk of transmitting water-borne and food-borne diseases if consumers do not comply with basic hygiene rules.	Comment by IDC: Start with water borne infection cause by E. coli and salmonella.	Comment by IDC: cut	Comment by IDC: isolate	Comment by IDC: samples	Comment by IDC: showed
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1. INTRODUCTION
[bookmark: _Hlk214365194]Wastewater, is water laden with pollutants, whether soluble or not, that are mainly the result of human activity. Human activities, whether domestic, agricultural or industrial, produce all kinds of waste and contaminants that are transported by liquid means. They are likely to cause various types of pollution and nuisance in the receiving environment. This combination of discharged water and waste constitutes what is known as wastewater (1, 2, 3). The term ‘wastewater’ therefore covers water from a wide variety of sources that has lost its purity, i.e. its natural properties, through the effect of pollutants after having been used in human activities (domestic, industrial or agricultural) (4).
There are three categories of wastewater. The first is named Domestic wastewater, and is came from residential uses such as laundry, dishwashing, cooking, toilets and showers. Domestic wastewater can be treated collectively (municipal wastewater) or individually (autonomous system such as a septic tank). The second category is Hospital wastewater which comes from the activities done from various hospital departments, and is made up of drug residues, chemical reagents, antiseptics, detergents, microorganisms from samples analyzed in laboratories, and patients' toilets and showers. The third category is the Rainwater which is water that comes from atmospheric precipitation and is assimilated to water from watering and washing public and private roads, gardens, building yards, and water from emptying swimming pools. It is therefore essentially surface run-off water (5, 6, 7, 8).	Comment by IDC: cut
These different types of water are generally polluted, and this pollution can come from microbial sources if the water is not treated.
Treating wastewater before it is discharged into the environment is a major problem for many countries around the world. This issue is more acute in developing countries, which not only lack infrastructure, but are also faced with urbanization and anarchic industrialization (9). In Africa, the problem of wastewater disposal and treatment is dramatic, even though numerous studies have already pointed to the negative consequences of poor sanitation in terms of health, the environment and the economy (10, 11).
In the absence of treatment, this wastewater poses a serious threat to human health and to the natural environment, due to its load of toxic chemicals and pathogenic microorganisms (bacteria, viruses, parasites, etc.). They are therefore a constant threat to both human, animal and environment health (12). According to the WHO, 80% of diseases affecting the world's population are linked to water pollution. As a result, 51% of African countries are experiencing severe environmental pollution that is likely to affect water resources (7, 8).
Because of its geographical location, Chad has a relative abundance of rivers and streams which constituted a potential source of agricultural development. These supply water for domestic, public and industrial use to homes and farms, and also ensure the maintenance of the water table and the survival of heterogeneous wildlife habitats. However, Chad is still one of those countries where watercourses, despite being rich in fish resources, are used as outlets for domestic, hospital and industrial wastewater (13). A low percentage of the population (36%) has access to drinking water in Chad according to Water sanitary Program (14), and the dubious quality of drinking water and food provides very favorable conditions for the emergence of water-borne and food-borne infectious diseases, prevention of which remains difficult because of the population's low level of education and the public authorities' capacity to respond. In terms of health, around 8% of the population is served by unhygienic food and water distribution systems. Around 19,000 Chadians die every year from diarrhea, including 15,900 children under the age of 5 years old. Almost 90% of these deaths are directly attributed to impure water and a lack of sanitation and hygiene (2, 15).
The river Chari which comes from central Africa Republic; joins the Logon river coming from Cameroon and both, flow along the city of Ndjamena boarding the Kousseri city located in northern Cameroon. Industrial, hospital and urban effluents are annually discharged untreated into this river. Most of the market gardeners in N’Djamena use this water to irrigate their crops. This wastewater is particularly dangerous for people's health, as most of the vegetables produced from it are consumed row without any prior treatment (15, 16).  	Comment by IDC: sligtly highlight the infection cause by bactérie in human
The aim of this study was to assess the microbial load of wastewater discharged into the River Chari and to estimate the health risk associated with its reuse in market gardening. Specifically, it consisted in researching and identifying E. coli and Salmonella sp. strains in wastewater and raw vegetables.
2. MATERIAL AND METHODS
2.1. Study setting and sampling site
Our study was conducted in N'Djamena city, the capital of Chad and most densely populated city in this country, with over 1.454.671 habitants (17). N'Djamena is located on the border with Cameroon, at the confluence of the river and Chari Rivers on the eastern and southern shores of Lake Chad. It has a dry tropical climate that has evolved from the Sudano-Sahelian type to the Sahelian type, with a rainy season lasting around four (04) months from July to October and a dry season from November to June.
The city of Ndjamena is crossed by the Chari River in the eastern – south and is boarding the Kousseri city (Cameroon) in west. The Chari River is one of the largest rivers in Central Africa, which accounts for 90% of the water flowing into Lake Chad. This watercourse receives numerous urban and industrial discharges from Chad's border with the Central African Republic to Lake Chad (18). The sewerage system in the city of N’djamena is virtually obsolete and there is no system for treating solid and liquid waste. The uncontrolled disposal of household waste and excreta into the River Chari has led to the proliferation of a number of disease-carrying agents. The samples of wastewater were collected from the channel of military Base hospital (boarding the Cameroon in the Western part), the overflow of Gassi slaughterhouse (East southern), the channel of Ardepdjoumal (South) and the various market-garden production sites using those wastewaters. 	Comment by IDC: how many number ???
The field trips enabled us to identify four (04) market gardening production sites, the immediate environment of the various water points used for market gardening, their proximity to the river Chari, the surrounding habitat or settlement and likely sources of pollution are:
· Overflow of Gassi Slaughterhouse Area (GSA);
· Channel of ArdepdjoumaL (CAD);
· Channel of Roundabout Works (CRW);
· Channel of Military Base Hospital (CMBH).
The Laboratory of Food Microbiology of the animal health division of the Livestock Research Institute for Development (IRED) was used to analyze the samples taken from the different sites. This is a prospective and descriptive study which took place from 20 October 2020 to 20 May 2021, corresponding to the period of intense use of wastewater for irrigating market garden crops.
[image: ]
Figure 1: Map showing the differents sites of sampling and analyzed in N’Djamena 
(Source: Chad database).

2.2 Biological material
The biological material required for the study consisted of wastewater and the following raw vegetables: lettuce (Lactuva sativa), rocket (Eruca sativa), carrot (Daucus carota), onion (Allium cepa), collected from various study sites.
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	Figure 2: Ardepdjoumal site (market gardening and wastewater for irrigation)
(Source: Photo D. tabo)



2.3 Sampling collection and transport
Our study included large effluents discharged into the River Chari without any prior treatment, as well as nearby market-garden production sites using this wastewater to irrigate vegetables.
Samples were collected twice a week under strict aseptic conditions, in order to avoid any additional contamination leading to an increase in the initial microbial load in the sample to be analyzed, with a view avoid bias and to obtain a reasonable and comparable result.
Our study was carried out in order to, on the one hand, to assess the microbiological pollution load arriving in the Chari River and, on the other hand, to find out the characteristics of the water used for market gardening in each study site. We took samples of wastewater at two (02) points: upstream and downstream, in sterile bottles. At each sampling point, the outside of the bottles were disinfected with bleach and then immersed in the wastewater. The wastewater samples were taken aseptically in autoclaved bottles and the raw vegetable samples in 200 ml sterile plastic bags.
As regards raw vegetables, the sample was taken after each morning watering, the sample was taken at random from plots using wastewater from the channel as a source of water for watering; two (02) to three (03) stalks of vegetables which has to be eaten raw were taken from a rectangular plot and immediately placed in sterile bags and then in the ice box. All were kept under ice in an isothermal container and transported to IRED. Sampling was random and systematic.
2.4 Bacteriological analyses 
Bacteriological analyses were carried out to detect Salmonella sp on XLD and Hektoën agar  and Escherichia coli on EMB agar as described in the Standard Operating Procedure (SOP) used at IRED. Three replicates were carried out on each sample.
Suspected colonies were also streaked onto Kligler agar and incubated for 24 h at 37°C. Using a pipette, well-isolated colonies were collected and streaked along the slope at the bottom of the pellet. After culture, Salmonella sp. strains are identified by their biochemical reaction in Kligler Hajna agar. The API gallery has been used as a confirmatory test for several types of tests: study of the fermentation of various carbohydrates, direct search for an enzyme . Each tubule contains a different substrate on which the micro-organism itself will react. They are filled with a calibrated bacterial suspension. Identification is then completed by plating on an API 20E gallery. The gallery is inoculated according to the method recommended in the technical manual. The reactions produced during the incubation period (24 to 48 hours at a temperature of 37˚C) result in spontaneous color changes or are revealed by the addition of reagents. The reactions are read and interpreted using the API analytical catalogue and API identification software (19, 20, 21).
3. RESULTS
3.1 Distribution of different samples by site
A total of 118 wastewater samples and 110 raw vegetables were collected (Table 1).
Table 1: total breakdown of wastewater and raw vegetable samples by site.
	Sites
	Wastewater
	Raw vegetables

	G.S.A
	28
	25

	C.A.D
	30
	25

	C.R.W
	32
	35

	C.M.H.B
	28
	25

	TOTAL
	118
	110



The raw vegetables were composed by, lettuce (lactuva sativa), rocket (	), carrot (Daucus carota), onion (Allium cepa) from various sites. A total of 228 samples were taken and analyzed according to type and sampling site.
The distribution of wastewater samples by site is not identical in terms of numbers and varies from one site to another. The site with the highest number of samples taken was the ‘roundabout works canal.  The results of the tests for E. coli and Salmonella sp. in the wastewater from the various sites are presented in Table 2. 
Table 2: E. coli charge in raw vegetables and wastewater observed from different sites.
	Sites
	E. coli load (CFU/g)

	
	raw vegetables
	wastewater 

	
	Minimum
	Maximum
	Minimum
	Maximum

	G.S.A
	2.102
	11.102
	678
	12.102

	C.A.D
	243
	11.102
	508
	17.102

	C.R.W
	414
	16.102
	204
	7.103

	C.M.H.B
	614
	9.102
	32
	712



E. coli concentration in raw vegetables ranged from 2.102 to 16.102 CFU/m, whilst E. coli concentration in wastewater ranged from 32 to 7.103 CFU/g
Table 3: Number of positive samples in the wastewater by site
	
Nature
	
Number of samples
	Salmonella sp
	Escherichia  coli

	
	
	Samples  (+)
	
	(%)
	Samples  (+)         (%)

	D.A.G
	28
	2
	
	7.14 %
	7
	25%

	C.A.D
	30
	8
	
	26.66 %
	11
	36.66%

	C.R.P.T
	32
	5
	
	15.62 %
	12
	37.5%

	C.H.B
	28
	8
	
	 28.57 %
	15
	53.57%

	Total
	118
	23
	
	19.49 %
	45
	38.13%



All upstream and downstream points were contaminated with E. coli, but the highest frequency was observed in the “Roundabout works canal”. Of the 32 samples taken, 12 were positive, giving a total of 37.5 %. The same applies to the channel in the Ardepdjoumal sites, where 11 samples recorded showed positive results out of a total of 30 samples collected (36.66 %). The trend is not the same for the isolation of Salmonella sp., with a high frequency observed in the Channel Base Military Hospital of the 28 samples taken, 8 were positive (28,57 %). 
Coming to samples of raw vegetables; the results for E. coli and Salmonella according to the nature of the sample and the site are presented also in Table 4.
Table 4: Number of positive samples in the raw vegetables from different sites.
	
Vegetable
	
Number of samples
	Salmonella sp
	Escherichia  coli
	

	
	
	Samples  (+)
	(%)
	Samples (+)
	   (%)

	Site 1: Gassi slaughterhouse area
	

	Carrot
	8
	3
	37,5 %
	1
	12,5%

	Lettuce
	11
	4
	36,36 %
	5
	45,45%

	Radish
	6
	0
	0
	4
	66,66%

	Total
	25
	7
	32 %
	10
	40%

	Site 2: Ardepdjoumal 

	Rocket
	21
	6
	28,57 %
	10
	47,61%

	Radish
	4
	0
	0
	2
	50 %

	Total
	25
	6
	24 %
	12
	48%

	Site 3: Roundabout works
	

	lettuce
	12
	3
	25 %
	6
	50%

	Onion
	13
	1
	7,69 %
	4
	30,76%

	Rocket
	10
	4
	40 %
	4
	40%

	Total
	35
	8
	22,85 %
	14
	40%

	Site 4: Military Base Hospital 

	lettuce
	12
	6
	50 %
	11
	91,66%

	rocket
	13
	8
	61,53 %
	10
	76,92%

	Total
	25
	14
	22,85 %
	21
	84%



In the site 1, the highest contamination of E. coli was observed in the radish culture, with 4 positive cases out of 6 samples taken, and in the lettuce culture, with 5 positive cases out of 11 samples. Salmonella sp. strains were observed positive in 4 samples out of the 11 lettuce samples taken.
Of the 21 rocket samples taken, 10 were positive, and 2 positives in the 4 radish samples for E. coli. Salmonella sp. were positive in 6 rocket samples out of the 21 taken in the site 2.
In the site 3, the highest frequency of E. coli was observed in lettuce, with 6 positive cases out of 12 samples taken. The same was true for rocket, with 4 positive samples out of the 10 taken. For Salmonella sp. the trend is not the same here, with 4 positive rocket samples out of the 10 taken.
In the site 4, the high frequency of Salmonella sp. strains was observed in the rocket and lettuce crops: 8 and 6 cases were positive respectively out of the 13 and 12 collected samples. A total of 11 positive cases were observed in the 12 lettuce and 10 in rocket samples analyzed.
The figures below show the overall frequency of E. coli and Salmonella sp. according to the nature of the samples and the sites.
  
Figure 3: E. coli and Salmonella sp. isolates from wastewater of 4 different sites.

Figure 4: E. coli et Salmonella sp. isolates from crudities of different sites.


4. DISCUSSION
Concomitant research into the 2 concerned pathogenic germs provided data on the level of microbiological pollution of wastewater reaching the Chari River, as well as the possible bacterial load of market garden produce irrigated with such waste water. The results of the wastewater analyses showed that of the 118 samples analyzed, 35 were positive for E. coli, i.e. a rate of 29.66%. Broken down by site; the results were presented as follows: Roundabout works Channel (37.5%), Channel d'Ardepdjoumal (36.66%), Gassi slaughterhouse overflow (25%), Channel of hospital Base (17.85%). This result (29.66%) is higher than that obtained by Nadia et al. in Morocco, 25.69% on raw wastewater (22), but very close to that of Rose et al. who obtained 38.19% on their work on the origin of faecal contamination and prevalence of enterobacteria in vegetable irrigation water in the peri-urban area of Abidjan in Côte d'Ivoire (23).
The E. coli bacterial load of the wastewater samples ranged from 32 to 7.103 UFC/mL, a much higher variation than that results of Yéli in 2009, which was 0 to 103 UFC /mL, obtained in Ouagadougou, Burkina Faso, on wastewater used for irrigation (10), as well as the results of Agossou et al., who reported the presence of E. coli ranging from 10 to 2.103 UFC /mL in slaughterhouse wastewater from Parakou in Benin. The latter reported the presence of E. coli ranging from 10 to 2.103 UFC /mL in slaughterhouse wastewater from the same town (16).
The search results concerning Salmonella sp. in wastewater also showed a total frequency of 19.49%.. The Channel from Hôpital Base accounted for 28.57%, compared with 26.66% for the Channel d'Ardepdjoumal, 15.62% for the Roundabout works Channel, and 7.14% for the Gassi slaughterhouse drainage. This rate (19.49%) is lower than the one obtained by Ndiaye (35%) on irrigation wastewater for urban agriculture in  Dakar (24), but almost half that obtained by Rose et al. in 2012 (43.33%) in their work on the origin of faecal contamination controls in irrigation water for lettuce (lactuca sativa) grown in the peri-urban area of Abidjan (23). However, our results are very similar to those of El Ouali Lalami et al., who determined a contamination rate of 22.22% for domestic and industrial wastewater from the city of Fez in Morocco (25). Our results are different from those of Jamal et al. (2009), who reported that they had not detected any Salmonella germs in wastewater from the Meknès region in Morocco (6), although the presence of Salmonella sp. in wastewater had been reported in several previous studies (15, 16, 26). 
The results obtained from the evolution of bacteriological pollution in wastewater from the various sites show significant pollution, reflected by the frequent presence of strains of E. coli and Salmonella sp., distributed as follows: Roundabout works Channel 37.5% and 15.62%; Channel of Ardepdjoumal with 36.66% and 26.66%; then followed by Channel of hospital Base 17.85% and 28.57% and Gassi slaughterhouse drainage 25% and 7.14% for E. coli and Salmonella sp. respectively. According to our results, the frequent presence of E. coli and the Salmonella load between 32 to 7.103 UFC/mL in the wastewater are well below the WHO standard (103 CFU/mL of E. coli and absence of Salmonella sp.), so its reuse in the market garden products consumed raw is not recommended (2, 3, 27).
In addition, this wastewater, which comes mainly from the Channel of Army Hospital Base, the Mess officers and the Hotel of WOU, the Aire slaughterhouse of Gassi, and the large Channel of Ardepdjoumal, are discharged directly into the River Chari without treatment. This constitutes a violation of the texts of Ordinance 11-014 relating to the public hygiene code in the Republic of Chad (28). These discharges of wastewater into the River Chari, without any prior treatment, are highly detrimental to the quality of surface water and this could constitute a permanent risk for the riverside population of contracting water-borne and food-borne diseases, as well as those who bathe in the River Chari. With this in mind, Baumont et al. in 2004 reported that the number of germs present in wastewater can be multiplied by 1.000 in river water after urban discharge (4, 29).
[bookmark: _Hlk191716795]Microbiological analysis of the raw vegetables showed very high levels of E. coli contamination. The bacterial load of the various samples varied between 2.102 and 16.102 UFC /g. This load is slightly higher than that obtained by Ndiaye, on lettuce (13.102 to 15.102 UFC/g) in Dakar (23). Our result is comparable with that of Agossou et al. (15), who obtained a load of over 2.000 UFC/g in raw vegetables irrigated with slaughterhouse wastewater from the town of Parakou in Benin. According to our result a high contamination by E. coli is observed in the samples of radish 66.66%, lettuce 45.45%, carrot 12.5% of the site of Gassi, and 50.00% of lettuce of the site of Roundabout Works are E. coli positive. These rates are comparable to those of Maïwore et al., who obtained a rate of 33.33% from lettuce samples irrigated with wastewater in Maroua, Cameroon (30). In addition, studies carried out by Traoré et al, 2015, in Ouagadougou, Burkina Faso, the wastewater used to irrigate raw vegetables showed a contamination rate of 25% for lettuce and 10% for radishes, while all carrot analyses were negative (31).
With regard to the detection of Salmonella sp. in raw vegetable samples, the highest contamination was observed from the Channel Hospital Army Base with a rate of 61.53% for rocket and 50% for lettuce, and at the Gassi slaughterhouse site, with lettuce a rate of 36.36% and carrot a rate of 37.5%. These rates are much higher than those obtained by Ndiaye (23) for lettuce grown (8%) with clean water in Dakar and Agossou et al., (15), 15% for lettuce irrigated with slaughterhouse wastewater in the town of Parakou in Benin. However, our results are very close to those obtained by Traore et al., (31) who obtained 50% on lettuce in Ouagadougou. The presence of Salmonella sp in market garden produce had been reported by several authors, who detected Salmonella in all plants from all the sites studied in the urban and peri-urban area (21, 30, 32, 33).
5. CONCLUSION
In this study, conventional diagnostic methods were used to determine the presence of Salmonella sp. and E. coli in samples taken from wastewater in the various sites studied and raw vegetables from nearby market gardening sites. The work undertaken provided a quantified assessment of the contamination at the four sites.  
In the frame of this study, we also found that water used for irrigation in the four market-garden areas investigated was likely to contaminate raw vegetables, which explains the high presence of E. coli and Salmonella species found both in the wastewater samples and in the raw vegetables from these study sites. This wastewater is unsuitable for irrigating raw vegetables, as it far exceeds the standards set by the WHO in 2012.
The health risks associated with crops irrigated with wastewater are undoubtedly the major drawback of this practice. Despite the risks of water-borne diseases, this activity contributes considerably to improving the living conditions of the various categories of people involved. Actions that are economically viable, socially acceptable and ecologically sustainable need to be implemented by local authorities, the State and non-governmental organizations (NGOs) in order to reduce the negative health aspects and consolidate the positive aspects of this multidimensional activity.
Finally, the results of this study highlight the important level of E. coli and Salmonella strains contamination in raw vegetables and could be incriminated as reservoirs of numerous food-borne illnesses commonly observed in the city of Ndjamena. Irrigating vegetables eaten raw with wastewater increases the risk of transmitting benign or serious water-borne diseases such as diarrhea, typhoid fever, gastroenteritis, collective food poisoning, if consumers do not follow basic hygiene rules. All these diseases can be prevented by observing basic healthy lifestyle.
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