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Abstract   

Background:  World-wide drinking water is considered the most important source of gastro-
enteric disease, mainly through the faecally contaminated raw water. Failure in water treatment 
processes represents two-thirds of the total drinking water consumed all over the globe. 
Contamination of water is derived from various surface water sources and may easily be 
contaminated by sewage discharges or faecal waste of domestic and wild animals.                                                                                                                                                            
Objective: To assess the bacteriological standards of treated drinking water in Khartoum State, 
to examine randomly different treated water supplies at different localities in Khartoum State, 
and to detect presence of coliforms and E.coli in the treated water.                                                                                                                                                                                              
Materials and methods: The study was carried out in Khartoum State (Khartoum, 
Khartoum North, and Omdurman). Treated water specimens were collected from ground water 
and network. 100 samples were collected and examined bacteriologically to detect total coliform, 
faecal coliform and E.coli by the qualitative presumptive method, using different media (lauryl 
tryptose lactose broth, brilliant green bile broth, and eosin methylene blue medium).                                                                                                                                                                                              
Results: 28 specimens were analyzed in Khartoum from which 8 specimens (28.6 %) showed     
E. coli growth. In Khartoum North also 28 specimens were analyzed from which 15 specimens 
(53.6 %) showed E. coli growth. In Omdurman 44 specimens were analyzed from which 17 
specimens (38.6 %) showed E. coli growth. Contamination of water by coliforms was 21.4 % in 
Khartoum, 7.1 % in Khartoum North, and 15.9 % in Omdurman.                                                                                                                                                                                    
Conclusion: Treated drinking water in Khartoum State is non-hygienic and does not comply 
with WHO standards.  
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Introduction 

Treated or untreated surface water is one of the main sources of drinking water in  the field and 
in emergency conditions. A minimum of two liters of safe drinking water should be available per 
person daily to compensate for the water lost in urine, faeces or perspiration. During physical 
exercise compensation for lost fluid is essential to maintain physical and mental activity. Unsafe 
or contaminated drinking water may affect and incapacitate not only individual persons but also 
large groups of people; thus prohibiting them from fulfilling their tasks. The term 'drinking water 
safety' refers to drinking water hygiene, microbiological hazards, microbial risk assessment, and 
management of risks. Whereas 'drinking water security' refers to preventive measures for 
minimizing the risks for which drinking water supplies may become tampered or become targets 
for bioterrorism. All these activities combined under the concepts of drinking water safety and 
security may help to ensure the microbial safety of drinking water. The term 'microbial 
pathogens' refers to waterborne organisms, enteropathogenic bacteria, viruses, and toxins 
produced by them; in addition to assessment of the microbial safety against these hazardous 
agents entering drinking water supplies. Water-borne gastrointestinal infection remains one of 
the major causes of morbidity and mortality worldwide. The most important microbes causing 
infections or epidemics through drinking water include: Campylobacter spp., Escherichia coli , 
Salmonella spp., Shigella spp., Vibrio cholerae, Yesinia enterocolitica, adenoviruses, hepatitis A, 
hepatitis E, and rotaviruses and the protozoa (Cryptosporidium parvum, Dracunculus 
medinensis, Cyclospora cayetanensis, Entamoeba histolytica, Giardia duodenalis and 
Toxoplasma gondii)1.                                                                                                                                                
To maintain good health, not only water supply must be safe to drink, but also water must be 
sufficient for cooking, hand washing, personal bathing, cleaning, and laundering of clothes. 
Water contamination is more serious and it is difficult to detect and control. Water pollution is a 
known cause of water-borne diseases such as cholera and enteric fever. Khartoum State is a 
rapidly growing state, both vertically and horizontally. The rapid growth in size and population is 
not associated with parallel improvement in public services such as sufficient, treated water 
supply. Also there is no good sewage treatment system and sewage may get mixed with ground 
surface water and this may lead to outbreaks of water borne diseases2.                                                                     
Hence the object of this paper is directed to assess the bacteriological standards of drinking water 
in Khartoum State.                                                                                                                                                 

Materials and methods  

The qualitative approach of this study was to assess the bacteriological standards of drinking 
water in Khartoum State (Sudan). It was a descriptive and laboratory-base study. It was 
conducted during the period from May to July 2010. The sampling technique was convenience, 
and the sample size was 100 specimens. All reagents, media, and equipment were pre-tested to 
check its validity. Approval to conduct this research was taken from the Ethical Committee of 
the Faculty of Medical Laboratory Science, Al Neelain University, Khartoum, Sudan. 
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Water specimens were collected in sterile bottles. Firstly, the outside of the tap was sterilized by 
flaming, and then water was allowed to run for 5 minutes to wash out any contaminants in the pipe. 
The specimen bottle was then filled with water and closed immediately. Specimens were clearly 
labeled with date, time of collection, nature of the specimen, and the site of collection. Then the 
specimens were transported to the Public Health Laboratory (Khartoum) for analysis. Culture media 
used were Lauryl tryptose lactose broth, brilliant green bile broth, and eosin methylene blue. Bacterial 
examination was carried out by the following tests:                                                                                                             
1. Total coliform test: This is a qualitative test to detect the presence or absence of coliforms. It helps 
in determining the degree of contamination of water. The specimen was mixed thoroughly by 
inverting the specimen bottle several times. 100 ml of the specimen was added to the dilution bottle 
and incubated at 35ºC and examined after 24 and 48 hours. A positive result was shown by a distinct 
yellow colour in the medium. The bottle was shaken gently and examined for foaming which indicates 
the production of gas. A test in which gas and or acid was produced was regarded as positive.                                   
2. Confirmation test: The total coliform test was confirmed by inoculating a tube of brilliant-green 
lactose bile broth with cultures showing gas production and incubated at 35ºC. Growth and production 
of gas in the brilliant-green lactose bile broth within 48 hours would confirm the presence of coliform 
bacteria. 

 Results       

This study was conducted on treated drinking water to detect faecal coliform organisms. 100 specimens 
of water were collected for bacteriological analysis in Khartoum North, Khartoum, and Omdurman. As 
shown in Table (1), 28 specimens were analyzed in Khartoum from which 14 specimens (50 %) were 
found negative, and 8 specimens (28.6 %) showed E. coli growth. In Khartoum North also 28 
specimens were analyzed from which 11 specimens (39.3 %) were found negative, and 15 specimens 
(53.6 %) showed E. coli growth. In Omdurman 44 specimens were analyzed from which 20 specimens 
(45.5 %) were found negative, and 17 specimens (38.6 %) showed E. coli growth. Coliforms were 
detected in a total of 15 specimens (15 %) and E. coli was detected in a total of 40 specimens (40 %). 
Contamination of water by coliforms was 21.4 % in Khartoum, 7.1 % in Khartoum North, and 15.9 % 
in Omdurman (Table 1).  

Table (1):  E.coli and coliforms contaminating treated water in Khartoum State 
 

Total 

 

Negative 

 

Coliforms 

 

E. coli 

 

Area 

28 14 6 8 Khartoum 

28 11 2 15 Khartoum North 

44 20 7 17 Omdurman 

100 45 15 40 Total 
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Discussion 

According to WHO criteria treated drinking water should not contain any pathogenic 
microorganisms capable of causing disease or any bacteria indicative of faecal pollution2.  This 
study investigated treated drinking water in Khartoum State to detect presence of coliforms and 
E.coli organisms. The study detected 15 specimens (53.6 %) contaminated by E. coli and two 
specimens (7.1 %) contaminated by coliforms in Khartoum North. Also 8 specimens (28.6 %) 
were found polluted by     E. coli and six specimens (21.4 %) were found polluted by coliforms 
in Khartoum.  Furthermore, the study detected 17 specimens (38.6 %) contaminated by E. coli 
and seven specimens (15.9 %) contaminated by coliforms in Omdurman.                                                                                                                                          
Othman and his co-workers3 found similar results when they assessed drinking water quality at 
West Omdurman area. They found extremely polluted drinking water in the area studied. El-
Fadhil Omer and Samia Jahn (1983)4 studied the bacteriology of raw water in rural Khartoum. 
They collected raw water samples from the Blue Nile, White Nile, and Gezira Canal near 
villages at Soba West, Kalakla and Soba Station. They reported detection of coliform bacilli and 
typical Escherichia coli in most specimens investigated all the year round. El Rufai (2000)5 also 
studied the microbial quality of water supplied to the displaced people around Khartoum. He 
found that the density of coliforms to be greater than that of other faecal pollution indicators and 
that the highest pollution was in zeers' water especially in summer. Al Agab (1999)6 reported 
that, there was contamination of drinking water by coliform bacteria in specimens collected from 
Thawra, Lamab Nasir, Kalakla Gubba, and Jebel Awlya districts. Furthermore, Musa and his 
colleagues (1999)7 investigated the microbiological quality of drinking water in communities in 
northern Sudan. Their results showed that contamination by faecal coliforms was grossly 
overwhelming the WHO standards. Zohour and Dirar (1981)8 performed a microbiological 
examination of sebeel’ water located in homes and at public watering stands at streets, mosques, 
and schools. They detected fecal coliforms, and fecal streptococci in 70 – 92 % of the samples 
investigated. The predominant bacterial genera isolated were Staphylococcus, Aerococcus, 
Micrococcus, Streptococcus, Bacillus, Listeria, and Lactobacillus. Hence this study showed 
clearly that treated water in Khartoum State is really contaminated. The results obtained 
conformed to other data reported by Sudanese workers9. The serious danger associated with 
drinking water is direct or indirect pollution by human sewage, animal excreta and other waste. 
Drinking water so contaminated may result in many cases of infection. This is because faecal 
pollution may introduce a variety of bacterial, viral, and parasitic intestinal pathogens. The WHO 
(1984) had reported serious cases of gastroenteritis, dysentery, cholera, and typhoid fever.                                                                                               
Conclusion: Treated drinking water in Khartoum State is non-hygienic and does not comply with 
WHO standards. Lauryl tryptose lactose broth, brilliant green bile broth, and eosin methylene 
blue media were found to be sensitive and specific for the study of water quality.                                  
Recommendation: Public health laboratories are advised to simplify the methods of water 
examination as much as possible without affecting the desired results.                                                      
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A complete system for the bacteriological examination of water should be selected in such a way 
that it will not only prove simple and time saving but that the atypical or borderline bacterial 
strains will be highly reduced. Routine monthly water examination is recommended specially 
main water reservoirs.        
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