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Abstract 6 

Aim of the study: Waterborne diseases are global burden with increase in number of cases more 7 
especially in rural areas of developing countries. We investigated the epidemiological distribution of 8 
waterborne diseases and bacteriological quality of water in Bodinga Sokoto Nigeria.  9 

Research design:  10 
The study used a retrospective design and determined the prevalence of some selected waterborne 11 
diseases and sanitary inspection. An experimental design was used for determination of bacterial 12 
pollution in some water sources.  13 
Place and duration: The study was conducted at the General Hospital Bodinga and Department of 14 
Microbiology Sokoto state University within the period of one year. 15 

Methods: A retrospective data of health records were collected from out-patient register in Bodinga 16 
General Hospital, covered a period of three years from January to December (2015 -2017). A number 17 
of samples of water were collected from different sources in Bodinga, Danchadi and Takatuku and 18 
were analyzed using standard method.  19 

Results: We found the most common waterborne diseases in the area are dysentery, 517(40.7%) 20 
typhoid 375(29.5%), gastroenteritis 202(15.9%) and diarrhea 105(8.3%), while skin infection and 21 
cholera account for 36(2.8%) each. We observed that the diseases are widely distributed in rainy 22 
season with high occurrence of 732(57.59%) cases than dry season having 539(42.41%) cases. Male 23 
are more prone to diseases with 706 cases than female having 565 cases and 25-above years as well 24 
as Children below the age of 5 are more vulnerable to diseases with occurrence of 481 and 331 25 
respectively.  26 

Conclusion: This study suggests a possible strong relationship between waterborne diseases and 27 
poor water quality which contributed to the spread of diseases in the study area. 28 

Key words: Epidemiological studies; E. coli; Typhoid; Gastroenteritis; Skin infections; Borehole, 29 
Shallow well; Water; quality; Bodinga 30 
 31 

1.0 INTRODUCTION 32 
 33 
Water is an important means of sustenance that are needed by all forms of life. Diseases 34 
associated with water have mostly occurred as a result of ingestion of water contaminated 35 
with feacal matters. Globally, at least 2 billion people use a drinking water source contaminated with 36 
human or animal faeces [1]. Most of the population in developing countries particularly in rural live in 37 
extreme conditions of poverty and poor sanitation services in public places as well as inadequate 38 
water supply and poor hygiene including hospitals, health centers and schools [1]. Statistically, at 39 
least 884 million people do not have access to basic drinking water and almost 159 million people 40 
are dependent on rivers and lakes with almost 423 million people taking water from unprotected 41 
springs and wells [2].  42 
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 43 
Waterborne disease outbreaks are mainly occurred due to technical failures or failure to treat the 44 
water properly [3]. Waterborne diseases can be transmitted through faecal oral route and direct 45 
contact. Some parasites are capable of penetrating intact skin and cause severe infection such as 46 
skin infection. In developed countries, waterborne disease is no longer considered a constant threat 47 
[4]. 48 

In context to developing countries like Nigeria microbial quality of water is a downside due to lack of 49 
essential state of art facilities for treatment of water and financial allocations. However access to safe 50 
water, particularly to dwellers in rural, settlement and villages in remote areas, is difficult within a 51 
brief distance.  52 

In addition, people consuming unfit drinking water become infected with pathogens if a proper 53 
measure to eliminate the pollutant in the water is not taken. In this work, we found that most of the 54 
people live in rural areas of Bodinga observe open laxation which can result in the contamination of 55 
sources as the fecal matters washed away during the rainy season. Lack of knowledge, sanitary 56 
healthful facilities, and sensible hygienic practice contribute meaningfully to the spread of waterborne 57 
diseases (WBD) within the area.  58 

 59 

It has been reported the grazing of an animal nearby water sources significantly affects the quality 60 
water [5][6][7] and may lead to the entry of pathogens into the water bodies. Contaminations of 61 
drinking water with pathogens have additionally been reported in several towns in Nigeria [8] [9] [10]. 62 

Gastroenteritis is an abdominal infection associated with some similar symptoms as diarrhea which 63 
has heterogeneous causative agents.  64 

 65 

The outbreaks of enteric disease due to water have occurred both when public drinking water 66 
supplies were contaminated with surface water and when surface waters contaminated with enteric 67 
pathogens have been used for the recreational purpose [11]. According to the UN Environment 68 
Programme (UNEP), 300 million people in Africa still do not have reasonable access to safe drinking 69 
water and nearly 230 million people defecate in the open [12].   70 

Drinking water quality can be assessed by detecting indicator organisms which their presence indicate 71 
contamination with the biological origin and thus, present potential health impact and risk associated 72 
with the consumption of unfit water. E coli is the most reliable indicator organisms of water pollution 73 
which are considered as the organisms of choice to indicate recent faecal contamination in drinking 74 
water [13] [14] [15] [16].  75 

 76 

Some strains of E. coli are non-pathogenic while other strains are found to be pathogenic which 77 
provide a clue on the presences of the enteric pathogen in water [15] but at present, E. coli appears to 78 
provide the best bacterial indicators of fecal contamination in drinking water [17].  79 

 80 

The pathogen load in the water body from several contamination sources varies strongly with time, 81 
often due to the prevalence and incidence of the disease in the community. Under epidemic 82 
conditions, pathogens are excreted from many more human or animal hosts than under endemic 83 
conditions. An increased pathogen load, which enters the water source with wastewater discharges or 84 
surface runoff, implies an increased risk for waterborne infections [18].  85 
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 86 

Furthermore, the current study aimed at investigating the epidemiological distribution of 87 
waterborne diseases in relation to the bacteriological quality of water in Bodinga town. Here, we shed 88 
a light on bacterial waterborne diseases that are prevalent in the study area. These cases had not 89 
been reported or documented properly within the study area in spite of studies conducted by [19] in 90 
two alternative areas of Sokoto, however, the researchers do not capture Bodinga. The number of 91 
cases discovered throughout our preliminary survey necessitates the investigation of the 92 
occurrence of waterborne diseases within the crony villages of Bodinga in order to create awareness 93 
and set an alarm to responsible authorities.  94 

2.0 METHODOLOGY 95 
2.1 Study Area 96 
The area of study is Bodinga Local government in Sokoto State, Nigeria. Its headquarters are in the 97 
town of Bodinga. It has an area of 564 km² and a population of 175,406 at the 2006 census. The 98 
postal code of the area is 852. Bodinga town is11 km away from Sokoto town and it has limited 99 
rainfall from mid-May to October. It is also subjected to Sahara's harmattan from November to March. 100 
2.2 Research Design 101 
The study used a retrospective design and determined the prevalence of some selected waterborne 102 
diseases and sanitary inspection. An experimental design was used for determination of bacterial 103 
pollution in some water sources.  104 
2.3 Determining Prevalence of Water Borne Diseases  105 
The method described by [20] was employed and determined the type and frequency of distribution of 106 
water-borne diseases in Bodinga town. Retrospective data of medical records from outpatient record 107 
register in Bodinga general hospital for complete three years (36 months) from January to December 108 
(2017, 2016 and 2015) were reviewed to identify common waterborne diseases in the study area in 109 
respect to the year, month, age, gender and season. About 1271 cases were reviewed. 110 

2.4 Bacteriological analysis of water/Collection of water sample 111 
The samples were collected in the morning from three (3) different villages within the Bodinga local 112 
government. The village includes Takatuku, Danchadi, and Bodinga. In each of the mentioned 113 
villages, we consider two water sources for samplings, from each villages making a total of six 114 
different sources because they are frequently used by the inhabitant of the areas. Additionally, the 115 
method described by [7] with some modifications was adopted for collection of water samples. In brief, 116 
the water samples for bacteriological analysis were collected in sterile bottles from protected 117 
boreholes and shallow wells under sterile condition using labeled sterile glass bottles (250ml) and 118 
transported to the microbiology laboratory of Sokoto State University in a cool box at 4

o
C for analysis.  119 

At water sources, the cap of a 250 ml sterile bottle was removed aseptically.  The bottles were filled 120 
from the water outflow pipe at boreholes. At the shallow well the cap of 250 ml sterile bottle was 121 
removed and tight with a clean rope, it was inserted inside the shallow well filled with water and pulled 122 
out. About one inch of space was left at the top of full bottles. The cap was replaced aseptically. The 123 
procedure was repeated throughout the period of sample collection. The bacteriological indicator of 124 
water quality analyzed was Escherichia coli using multiple tube fermentation techniques and 125 
estimation through most probable number (MPN) using the standard method described by [21] [22]. 126 
Detail description of the method was presented in supplementary 1. 127 

2.5 Data Analysis 128 
The data generated during the course of study were subjected to analysis using SPSS (version 20). 129 
And Microsoft excel 2010. Descriptive statistics using mean and standard error were used for the 130 
analysis of data. A simple graph and bar charts were also used for the presentation of data 131 
concerning the prevalence and distribution of waterborne diseases. Inferential statistics of t-test and 132 
analysis of variance was used to test significant differences between the variables 133 

3.0 RESULTS  134 
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3.1 Prevalence and distribution of waterborne diseases in Bodinga Local government  135 
The prevalence and distribution of waterborne diseases in Bodinga town was conducted by reviewing 136 
the out patients records from General Hospital Bodinga which covered a period of 2015 to 2017.  137 
About 1271 cases of waterborne diseases were investigated. The results for distributions of 138 
waterborne diseases in Bodinga town in general are shown in (figure 1) and details data of are also 139 
given in table 1 of supplementary sheet (S2). 140 
 141 

 142 
 143 
Figure 1: Distributions of waterborne diseases in Bodinga Local government area 144 
Figure 1 shows how the diseases are distributed within the different months of the year in Bodinga 145 
town. Generally, the month of August has observed with the highest variety of diseases (214) June 146 
(189), September (127), and July (113) with the month of January recording the lowest number of 147 
cases. The fashion of the diseases is cyclic in nature, with the first cycle moving to the right direction 148 
by increasing from January and peaking in June, which falls down in July and the next cycle begins. 149 
The second cycle increases from July to October. The average number of the second cycle is 117±52 150 
cases which are higher than 98.14±39.40 cases as in the first one. Although an independent t-test 151 
shows a significant difference (2.571 at p = 0.05), this pattern is extremely vital for planning in the 152 
health center in terms of budgeting and allocation of human resources. Even though most of these 153 
diseases are preventable, awareness and prevention programs can be planned during January – 154 
June as well as July –November window.   155 

Dysentery 517(40.7%) typhoid 375(29.5%), and gastroenteritis 202 (15.9%) (Supplementary 3) are 156 
the highest most contributors of waterborne diseases in Bodinga local government area. The 157 
distributions of these diseases with time are shown in figure 2 below. 158 

 159 
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 162 
 163 

Figure 2: Distribution of typhoid, dysentery and gastroenteritis in Bodinga Local government 164 
area 165 

Diarrhoea 105(8.3%), cholera and skin infections 36(2.8%) (Supplementary 3) are most contagious 166 
diseases that fortuitously contribute least to the overall number of waterborne diseases in Bodinga 167 
local government area. These diseases can affect a number of the population causing inflicting vital 168 
impacts within a short time. It is therefore important to understand how these three occur within the 169 
year. The distributions of diarrhoea, cholera and skin infection with time are shown in figure 3. 170 

 171 

Figure 3: Distribution of Diarrhoea, cholera and Skin infection in Bodinga Local government 172 
area 173 

 174 
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3.2 Seasonality Distribution of Waterborne diseases 176 

Table 1: Seasonal distribution of water borne diseases 177 

 

                      

Season 

Waterborne diseases Total 

Typhoid Dysentery Diarrhoea Cholera Gastroenteritis Skin 

infection 

 

Dry 

season 
157 213 42 8 105 14 539 

Wet 

season 
218 304 63 28 97 22 732 

Total 375 517 105 36 202 36 1271 

 178 
Seasonal patterns of waterborne diseases event suggests the hypotheses about how transmission of 179 
diseases occurs. Water serves as a vehicle for the transmission of diseases. The results represent 180 
seasonal characteristic pattern and variation in these diseases that might be because of flooding, 181 
washed away of soil and other alternative contaminants into the water sources. 182 

3.3 Gender classification of WBD  183 

The distribution pattern of WBD in respect to gender answered the research question how can 184 

variations of diseases occurred across the gender of the patients. Statistically, an independent t- test 185 

show a significant difference between the gender of the patients and waterborne diseases. 186 

 187 

Table 2: Gender of the patient  

 Waterborne diseases Total 

Typhoid Dysentery Diarrhoea Cholera Gastroenteritis Skin 

infection 

Gender of the 

patient 

Male 215 290 61 17 106 17 706 

Female 160 227 44 19 96 19 565 

Total 375 517 105 36 202 36 1271 

 188 
 189 
3.4 Secular Trends of WBD 190 
A secular trend in the occurrence of the diseases indicates that there is a steady increase of diseases 191 
for the long-term in the near future. The year 2017 accounting highest prevalence of some diseases 192 
compared to others. The possible explanation could be due to increase in population and open 193 
defecation within the area which contaminate water sources during rainfall.  194 

 195 

 196 

 197 
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 198 

 199 

 200 

3.5 Age group distributions of WBD 201 

The results of the prevalence of waterborne diseases according to different age groups showed that, 202 

25-above group has the highest prevalence in each disease with 481 (37.8%), groups followed by 0-4 203 

with 331(26.0%), cases and 10-14 has 152(12.0%), while 5-9, 15-19 have the same prevalence with 204 

99(7.8%) each, and the last group 20-24 has 109 (8.6%),  as shown above in  Table 3. The level of 205 

vulnerability of the patient i.e.  Age and specific waterborne disease is also shown in table 3. It is 206 

evident that generally in all age groups, dysentery and typhoid were the foremost common disease. 207 

The age groups 0-4years and > 25 years were additionally prone to all diseases with the exception 208 

seen in cholera where 0-4 recorded the highest case. Further analyses of mean ± SE have 209 

subsequent values. The results of the different age groups of waterborne diseases disclosed the 210 

statistical significant differences between the age groups in table 3 211 

 212 
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Table 3: Age groups classification of waterborne diseases 223 

 

                  

Age 

groups 

Waterborne diseases Total Average ± 

Std. Error Typhoid Dysentery Diarrhoea Cholera Gastroenteritis Skin 

infection 

 

0-4 73 151 34 14 58 1 331 2.50±.075 

5-9 25 40 13 0 15 6 99 2.58±.156 

10-14 51 57 13 2 25 4 152 2.30±.122 

15-19 28 37 9 7 15 3 99 2.53±.151 

20-24 34 41 10 4 19 1 109 2.41±.139 

25-

above 
164 191 26 9 70 21 481 2.36±.070 

Total 375 517 105 36 202 36 1271  

 224 

3.6 Bacteriological Analysis of water 225 

The analysis based on the bacteriological quality of water, suggested the level of contamination of the 226 

most reliable sources of drinking water in these communities revealed by the presence of indicator 227 

organism. Thus, their presence in the drinking water generally indicates the presence of pathogenic 228 

microorganisms in the water. The data presented in figure 5 is the mean values of routinely samples 229 

analyzed from each sampling points. Table (S4) summarizes the results of faecal contamination of 230 

drinking water sources analyzed in three villages of Bodinga town (Bodinga Danchadi and Takatuku).  231 

The number of E.coli detected in all samples were found outside the limit recommended by WHO and 232 

NCWR. The average number of indicator organisms in boreholes was 54.1 and shallow well was 233 

171.2 across all the three villages. Briefly, the average mean of faecal contamination in Bodinga 234 

borehole was 35.1 and shallow well 160.7, as well as the average highest contamination of boreholes 235 

and wells, were recorded in Takatuku 210.4, 73.2 and least in Danchadi 53.9, 142.5 (supplementary 236 

S4) showing an increased in feacal contaminations of water sources in the areas. The analysis of 237 

variance revealed a significance difference for the concentration of E.coli in water (2.477 at p = 238 

0.005). 239 
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 240 
 241 
 242 
Figure 5: Bacteriological analysis of water in Bodinga Town. All the water samples analyzed were 243 
in triplicate for each sampling point. The result is the average of the amount of E. coli detected in the 244 
different water sources covered by the sampling points and each bar is representing the sampling 245 
point (TW = Takatuku well, TB = Takatuku borehole, BB =  Bodinga borehole, BW = Bodinga well, DB 246 
= Danchadi borehole and DW = Danchadi well).  247 

 248 

4.0 DISCUSSION 249 

Generally, the results of the present study for the distribution and variation of waterborne diseases in 250 

Bodinga Local Government indicated that almost all of the waterborne diseases are high in June and 251 

August. Presumably, could be as a result of high intensity of rainfall in these months which 252 

increases water percolation and runoff that may be carrying pollutants. Ejaz [23], reported 253 

waterborne diseases were most prevalent during the wet seasons.  254 

The poor environmental conditions around the drinking water sources contribute to the high 255 

incidence of cases. The findings conjointly indicated the month of August recording the highest 256 

quantity of cases followed by June while the months of January and November have the lowest 257 

quantity of cases. The month of June and August have a high occurrence of cases suffering from 258 

waterborne diseases within the study area. 259 

The most frequent contributors of waterborne diseases in Bodinga local government are dysentery, 260 

typhoid, and gastroenteritis. Similarly, the study of [24] indicated typhoid fever, dysentery, cholera, 261 

and diarrhoea, are the foremost reportable waterborne disease in Ammassoma, Niger Delta, Nigeria. 262 
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Figure 5: Bacteriological analysis of water in Bodinga Town  
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This is in line with the findings of [25] who found that there is a significant relationship between 263 

hygiene and waterborne disease.   264 

The patterns for diarrhoea, skin infection and cholera diseases are similar to that in figure 3 showing a 265 

dual cyclic pattern. This implies the intervention period suggested earlier still works for interference 266 

and management of these diseases. Estimated cases of waterborne diseases are 4.1% of the global 267 

burden with almost 1.8 million human deaths annually during which 88% is attributed to unfit water 268 

supply, sanitation and poor personal hygiene [2]. 269 

The results of these studies seem to point out that the highest cases of the waterborne diseases in 270 

Bodinga town occur during the wet season e.g. June – October.  The results for Diarrhoea, cholera 271 

and Skin infection are not exceptional of this observation with the pattern quite different from others 272 

(Figure 3).  These could be due to contamination of water sources.   The use of pit latrine by 273 

most of the community live in Bodinga town is seemingly to be an important factor that faecal 274 

matters find its way into sources especially groundwater. Harper [26] reported that runoff is 275 

capable of transporting pathogens into water sources, increasing the risk of human exposure and 276 

infection.  277 

The seasonal event of WBD increases over the years as the rate of flooding increases. The rainy 278 

season greatly contributes to the spread of WBD in the area due to some factors that increase the risk 279 

of diseases that embody agricultural runoff, washing away of fecal materials into open and surface 280 

water sources. In our previous study, we reported some factors that increase the rate of diseases in 281 

rainy season these includes blocked drains, increase in precipitation, flooding sewer and 282 

compromised the system. Curriero [27] reported floods can increase human susceptibility to 283 

pathogens due to the spread of contaminants by floodwaters. 284 

The high risk of WBD as a result of rainfall is an index of water pollution. Shallow well water is 285 

contaminated as a result of sinking faecal matter which is carried by flood during a heavy rainfall [7].  286 

Infection with waterborne pathogens has been shown to be higher during the wet season. Thus, the 287 

high risk of water-borne diseases during the period of heavy rains is key to higher water pollution. 288 

Going by the finding of [28] cholera cases in Ibadan were more common during the rainy season.  289 
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Distribution of WBD according to age classification is important as a result of most of the health-290 

related events varies with age. We found that 25-above age groups (especially old people) are more 291 

susceptible to waterborne diseases, probably, due to weakened immune systems not competent 292 

enough to fight against many infectious agents. The group has inadequate awareness and 293 

educational background in reference to diseases in relation to water contamination from direct or 294 

indirect sources. Crump [29] support the argument, ignorance on waterborne diseases may 295 

additionally play an important role in health awareness in a household.  296 

Children of 0-5 age group are more vulnerable to some waterborne disease due to the weak immune 297 

system. Richard [30] reported a number of factors that vary with age behind association with health 298 

events such as susceptibility, the opportunity for exposure, the latency of diseases and physiological 299 

response which affect the development of diseases. 300 

Gender of the patient is one of the most critical parameters in epidemiological studies and analysis of 301 

diseases distribution. We analyzed diseases distribution according to gender specification in which 302 

men are at greatest risk of experiencing WBD in Bodinga than women as shown in table (4). Based 303 

on our finding, men are prone in almost all diseases with the exception of cholera and skin infection in 304 

which women account high cases. This is disagreement with [7] women are more prone to WBD due 305 

to their role in water collection, clothes washing and other domestic activities. Men are spending more 306 

time in farms which make them at great risk of acquiring the infection as they are exploited surface 307 

water for farming activities. An inherent characteristic of people, acquired characteristics, activities 308 

and conditions in which they live determine to a large degree who is at risk of becoming more prone 309 

to or infected with a particular diseases organisms [30]. 310 

The most probable number techniques for estimation of bacteria in water showed that there is a 311 

greater concentration of Escherichia coli in MPN/100ml compared to the standard of WHO and 312 

National council on water resources [31]. This means water from these sources are unfit for 313 

consumption and therefore, the residence of those areas are at risk of being infected with water 314 

pathogens. The high occurrence of waterborne diseases in the town is linked to water contamination 315 

that might be attributed due to the proximity of households to water sources. During the course of 316 

study, the luxuriant grasses have been observed within the premises of water sources attract the 317 

domestic animals to visit the area for grazing, which in turn leave excretes that could be the likely 318 
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main contaminant for the drinking water available in the study area. This is more likely to be 319 

rampant in the rural areas since they do not have access to central waste disposal systems and 320 

effective monitoring is lacking since the study area is remote. 321 

5.0 CONCLUSION 322 

The finding of the current studies suggests a relationship between waterborne diseases and poor 323 

water quality which contributed to the spread of diseases as well as potential causes of microbial 324 

pollution to evaluate rural drinking water supply projects in Bodinga town which is possibly due to poor 325 

sanitation and hygienic conditions that include contamination of sources and open defection in the 326 

area.  327 

The study discovered some common waterborne diseases that communities within the study area are 328 

suffering, some of these diseases are contagious causing drastic impact to the human within a short 329 

time interval after being contacted with the agent of the disease. Children and male are observed to 330 

be more prone to the diseases than their counterpart female and other age categories. A number of 331 

factors contributed to spreading of diseases in the area had been mentioned which includes 332 

presences of animals, the proximity of households to groundwater sources and agricultural activities 333 

which in turn contributed to contamination of waters sources. The data of water quality seemingly 334 

suggested the concentration of Escherichia coli in MPN/100ml which is above the average 335 

recommended by both national and international standard for thermotolerant fecal coliform bacteria. 336 

The maximum fecal contamination was found in shallow well waters and the lowest concentration in 337 

boreholes.    338 

COMPETING OF INTEREST 339 

Authors declared that there is no competing of interest exist. 340 

 341 
 342 
REFERENCES 343 
 344 

1. World Health Organization. Drinking water. Fact sheets. 2018. Available at 345 
www.who.int/news-room/facts-heets/detail/drinking-water.   Visited 27/12/2018. 346 

2. World Health Organization. Drinking water Fact Sheets. 2017. Available at 347 
www.who.int/mediacentre/factsheets/fs391/en/   visited July, 2018.  348 

3. Craun, G., Calderon, R., 2006. Workshop summary: Estimating Waterborne Disease Risks in 349 
the United States. J Water Health. 4(2):241-253. 350 

4. Moreira B.M, Leobons M.B, Pellegrino F.L, Santos M, Teixeira L.M, de Andrade M.E., 2005. 351 
Ralstonia pickettii and Burkholderia cepacia complex bloodstream infections related to 352 
Infusion of contaminated water for injection. J  Hosp. Infec. 60:51-5.  353 

http://www.who.int/news-room/facts-heets/detail/drinking-water
http://www.who.int/mediacentre/factsheets/fs391/en/


 

13 
 

5. Hubbard R. K., Newton G. L., Hill G. M., 2004. Water Quality and Grazing Animal. J. Anim. 354 
Sci. 82(E. Suppl.):E255–E263 355 

6. Yang H, Vinopal R. T., Grasso D., Smets B. F., 2004. High diversity among environmental 356 
Escherichia coli isolates from a bovine feedlot.  Appl. Env Microb. 70(3): 1528–1536. 357 
doi: 10.1128/AEM.70.3.1528-1536.2004 358 

7. Nafi’u A, and Anandapandian. K. T. K., 2016. The Occurrence of Waterborne Diseases in 359 
Drinking Water in Nakaloke Sub-County, Mbale District, Uganda. Inter J Sci and Res. 5(10): 360 
1416-1421. DOI: 10.21275/ART2016878. 361 

8. Ibrahim M, Odoemena DI, Ibrahim M.T., 2000. Intestinal Helminthic infestations among 362 
primary school children in Sokoto. Sahel Med. J. 3(2): 65-68. 363 

9. Adekunle IM, Adetunji MT, Gbadebo AM, Banjoko O.B., 2007. Assessment of ground water 364 
quality in a typical rural settlement in southwest Nigeria. Inter J Env Res Pub Health. 4(4): 365 
307-318. 366 

10. Biu A. A, Kolo H. B, Agbadu E.T., 2009. Prevalence of Schistosoma haematobium infection in 367 
school aged children of Konduga Local Government Area, Northeastern Nigeria. International 368 
J Biomed Health Sci. 5(4): 181-184. 369 

11. Johnson J. Y. M, Thomas J. E, Graham T. A, Townshends I, Byrne J, Selinger L. B, Gannon 370 
V.P.J., 2003. Prevalence of Escherichia coli 0157:H7 and Salmonella spp. in surface waters 371 
of Southern Alberts and its relation to manure source. Canadian J Micro. 49:326 335. 372 

12. Vidal, J. Water and Sanitation Still not Top Priorities for African Governments. 2012 Retrieved 373 
from: http://www.guardian.co.uk/global-development/2012/aug/30/water-sanitation-374 
prioritiesafricangovernments.  375 

13. Leclerc, H., Mossel, D. A. A., Edberg, S. C. & Struijk, C. B., 2001. Advances in the 376 
bacteriology of the coliform group: their suitability as markers of microbial water safety. 377 
Annual Rev Microb. 55 (1):201–234. 378 

14. Payment, P., Waite, M. & Dufour, A., 2003. Introducing parameters for the assessment of 379 
drinking water quality. In: Assessing Microbial Safety of Drinking Water. Improving 380 
Approaches and Method. WHO & OECD, IWA Publishing, London, UK. 47–77. 381 

15. Tallon, P., Magajna, B., Lofranco, C. & Leung, K. T., 2005. Microbial indicators of faecal 382 
contamination in water: a current perspective. Water Air Soil Polt. 166:139–166. 383 

16. Verhille, S., 2013. Understanding microbial indicators for drinking water assessment: 384 
interpretation of test results and public health significance. National collaborating Centre for 385 
environmental health. 1–12. Available from: 386 
www.ncceh.ca/sites/default/files/Microbial_Indicators_Jan_electroniclink2013_0.pdf . 387 

17. World Health Organization. Drinking water Fact Sheets. Reviewed November, 2016 388 
https://reliefweb.int/report/worl/drinking-water-fact-sheet-reviewed-november-2016. Accessed 389 
on 27/12/18 390 

18. Field, K.  G. & Samadpour, M., 2007. Faecal source tracking, the indicator paradigm, and 391 
managing water quality. J Water Res. 41(16):3517-3538. 392 

19. Raji M. I. O. And Ibrahim Y. K. E., 2011. Prevalence of Waterborne Infections in Northwest 393 
Nigeria: A Retrospective Study. J Pub Health and Epd. 3(8): 382-385 394 

20. Nafi’u A, H. M. Usman and Mustapha G., 2018. Prevalence of waterborne diseases in relation 395 
to age and gender in Nakaloke sub county Mbale. J. Adv. In Med and life sci. 612:1-4. 396 
Doi:10.5281/zenodo.1162962. 397 

21. Cheesbrough M., 2006. District Laboratory practice in tropical countries. Part 2. Cambridge 398 
University press U.K. 149-154.  399 

22. American Public Health Association (APHA) 2005. Standard Methods for the Examination 400 
of Water and Waste Water. American Workers Association Water Environment Federation 401 
Edited by Arnold E. Greenberg, Lenore S. Clesceri, and Andrew D. E., 1992. APHA 1015 402 
Fifteenth Street, NW Washington, Office of Ground Water and Drinking Water 200 403 
Pennsylvania Avenue, NW Washington, DC 20460 EPA 816-K-02- 003. 9-53.  404 

https://dx.doi.org/10.1128%2FAEM.70.3.1528-1536.2004
http://www.guardian.co.uk/global-development/2012/aug/30/water-sanitation-prioritiesafricangovernments
http://www.guardian.co.uk/global-development/2012/aug/30/water-sanitation-prioritiesafricangovernments
http://www.ncceh.ca/sites/default/files/Microbial_Indicators_Jan_electroniclink2013_0.pdf
https://reliefweb.int/report/worl/drinking-water-fact-sheet-reviewed-november-2016


 

14 
 

23. Ejaz M. A. Q., Amin U. K., Seemal V., 2011. An Investigation into the Prevalence of 405 
Waterborne and Microbial estimation of portable water in the community residing near River 406 
Ravi, Lahore, Pakistan. Afr J. Env. Sci. and tech. 5(8):595-607 407 

24. Nwidu L. L, Oveh B, Okoriye T., and Vaikosen N. A., 2008. Assessment of the water quality 408 
and prevalence of waterborne diseases in Amassoma, Niger Delta, Nigeria. Afri J Biotech. 409 
7(17):2993-2997. Available online at http://www.academicjournals.org/AJB.  410 

25. Muhammad S. S, Mubashar A., Memuna A., Moazam A., Sikander K. S., Muhammad W. M.,  411 
Muhammad H., 2012.  Association of socioeconomic features, Hygienic status, age group and 412 
gender with Prevalence of waterborne diseases in Rawalpindi and Islamabad, Sci, Tech and 413 
Dev.  31 (3): 219-226. 414 

26. Harper L. S., 2009. Weather, Water, and Infectious Gastrointestinal Illness in the Context of 415 
Climate Change in Nunatsiavut, Canada. The Faculty of Graduate Studies of the University of 416 
Guelph. Master’s Thesis: 8 417 

27. Curriero F., Patz J., Rose J. B. & Lele S., 2001. The Association between Extreme 418 
Precipitation and Waterborne Disease Outbreaks in the United States, 1948-1994. Am J 419 
Public Health: 91(81):172-1174 http://www.ncbi.nlm.nih.gov/m/pubmed/11499103/#fft 420 
(Accessed on 12/12/2018). 421 

28. Oguntoke O. A, O. J. and Bankole, A. M., 2009. Association of waterborne Diseases 422 
Morbidity and Water Quality in Parts of Ibadan Nigeria. Tanzania J Health Res. 11 (4) 189-423 
195. 424 

29. Crump, J.A., Otieno P. O., Slutsker, L., Keswick, B. H., Rosen, D. H., Hoekstra, R. M, Vulule, 425 
J. M. and Luby, S P., 2005. Household based treatment of drinking water with flocculant-426 
disinfectant for preventing diarrhoea in areas with turbid source water in rural western Kenya: 427 
cluster randomised controlled trial. British Med J. 331(7515):478 428 

30. Richard C. Di. 2005. Principle of epidemiology: self-study course 3030-G. Developed by 429 
Centers for Diseases Control. Am Pub Health Ass. Washington DC. 16-26. 430 

31. Nigerian industrial standard (NIS), 2007. Nigerian standard for drinking water quality 431 
approved by standard organization of Nigeria (SON) ICS 13.060.20. 19. 432 
 433 
 434 
 435 

 436 

 437 
 438 
 439 
 440 
 441 
 442 
 443 
 444 
 445 
 446 
 447 
 448 
 449 

 450 

 451 

 452 

 453 

http://www.academicjournals.org/AJB
http://www.ncbi.nlm.nih.gov/m/pubmed/11499103/#fft


 

15 
 

 454 

Supporting information  455 

Supporting information 456 

Bacteriological analysis  S1 457 

Number of pages   4 458 

Number of table   3 (S3-4). 459 

 460 

S1 Bacteriological analysis of water 461 

1   Multiple Tube Test  462 

The test comprised of three different steps 463 

Step 1:   Presumptive Test 464 

Nine tubes were set up and Label each tube with the amount of water that is to be dispensed into it 465 

i.e. (10ml in the first three test tubes, second three test tubes1.0ml, and 0.1ml in remaining 3 test 466 

tubes). Shake water sample very well to obtain a homogeneous solution. Using pipette, transfer 10ml 467 

of sample to each first three tubes, 1.0ml of water to each of the middle set of a test tube, and 0.1ml 468 

to each of the last three tubes. Incubate all the tubes at 35oC for 24 hours. Examine the tubes and 469 

record the number of tubes in each set that has gas present. Determine the MPN by referring to MPN 470 

Determination Table. 471 

Step 2: Confirmed test 472 

The positive for gas then it's probable that the sample contains coliforms and therefore the confirmed 473 

take a look at is completed by vaccinating EMB from a gas positive tube. Inoculate associate EMB 474 

plate along with your original sample of water. Incubate at 35
o
C for 24 hours. Observe plate for 475 

coliforms (appear purple colonies with dark centers), E. coli appear green sheen. 476 

Step  477 

Step 3:   Completed test 478 

Coliform colonies from EMB were inoculated again into Lactose Broth with a Durham tube and 479 

checked for gas, and inoculated on NA and checked through Gram stain for Gram-negative reaction. 480 

If these tests are positive it shows that coliforms (not another gas producer) are present and indicates 481 

that the water sample was contaminated. 482 
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 499 

Table S2: Monthly distribution of waterborne diseases  500 

The result of waterborne distributions in Bodinga in relation to the months and presenting total 501 

number of cases account to each particular diseases identified in the area. These were counted from 502 

the outpatient register in the health and record department of hospitals in Bodinga town.  503 

 Waterborne diseases Total 

Typhoid Dysenter

y 

Diarrhoea

e 

Cholera Gastroenterit

is 

Skin 

infection 

 

January 20 35 4 0 11 0 70 

February 17 30 7 1 28 3 86 

March 18 31 2 1 23 0 75 

April 18 20 6 3 27 0 74 

May 32 33 4 1 10 0 80 

June 74 78 19 6 7 5 189 

July 31 38 4 20 13 7 113 

August 60 86 17 1 44 6 214 
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Septembe

r 
34 59 7 0 25 2 127 

October 19 43 16 1 7 2 88 

November 29 33 7 2 2 4 77 

December 23 31 12 0 5 7 78 

Total 375 517 105 36 202 36 1271 

 504 

Table S3: Different mean and SE, Frequencies and percentages of some selected waterborne 505 

diseases  506 

The values of frequency, percentages and mean average and standard error difference of waterborne 507 

diseases. 508 

 509 

 510 

 511 

 512 

 513 

Waterborne diseases Frequency Percent Mean ± Std. Error 
a
 

Typhoid 375 29.5 6.86± .151 

Dysentery 517 40.7 6.87± .136 

Diarrhoea 105 8.3 7.52± .304 

Cholera 36 2.8 6.61± .302 

Gastroenteritis 202 15.9 5.72± .210 

Skin infection 36 2.8 8.31± .479 

Total 1271 100.0 6.77± .085 

a- The average mean value and standard error of waterborne diseases 514 

 515 
 Table S4. The average value of feacal contamination of drinking water 516 
 517 
Villages Source Name n Ave Stdv Permissible limit WHO

a
 /NCWR

b
/100ml 

Bodinga Borehole 10 210.4 322.14 0 

 S. well
c
 10 73.2 61.73 0 
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Danchadi Borehole 10 160.7 158.08 0 

 S. well 10 35.1 39.90 0 

Takatuku Borehole 10 142.5 127.60 0 

 S. well 10 53.9 44.37 0 

      

S. well = Shallow well, Ave. = average, Stdv = standard deviation; WHO = World health organization, 518 
NCWR = National council on water resources. 519 

 520 


