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Abstract:  
The quality of water is of vital concern for mankind since it is directly linked with 

human welfare. The most common risk to human health associated with water 

systems is the presence of disease causing microorganisms. This study evaluates 

Bacteriological Variables in Community Water Bodies in New Juaben Municipality 

in the Eastern Region of Ghana. Ten (10) drinking water sources sampling sites were 

purposively sampled and assessed over a period of six months. Bacteriological 

analysis for the study was done at the Microbiology Laboratory, Council for 

Scientific and Industrial Research (CSIR) Water Research Institute, Accra. The study 

revealed that bacterial pollution of the waters was high above the WHO World 

Health Organisation (WHO) recommended standard for drinking water quality of 

zero bacteria in 100ml of drinking water. Mean values were between 26.8 and 4850.5 

for Total Coliform (TC); 6.3 and 2799.2 for Faecal coliform (FC); 11.3 and 1243.0 

for Escherichia coli (E. coli); 33.2 and 6641.0 for Total Heterotrophic Bacteria (THB) 

in coliform forming units (cfu) respectively. The study recommended that, there 

should be regular monitoring, treatment and testing of the water quality of the 

sources of drinking water as well the maintenance of the existing boreholes, pipes 

and wells in the study communities by GWCL and WATSAN officials to minimize 

the level of microbial and chemical contamination so that water related diseases 

could be prevented in this area. Also, source of pipe-borne water is lacking and so 

should be improved or the coverage should be increased.  
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1. Introduction 

Water is one of the most important constituents of life support system. The quality 

of water is of vital concern for mankind since it is directly linked with human welfare. 

However, now, the availability and quality of drinking water are questionable. One of 

the important reasons of decline of quality of drinking water may be attributed to the 

growth of microbes, sub-lethally recognized as pathogenic to humans. Hence, an 

understanding of microbiological quality and safety of drinking water has been 

become important. [1]. 

Drinking water being transported through distribution networks will be subjected to 

both chemical and microbial quality changes [2]. The task of efficiently monitoring 

the hygienic drinking water quality is large but not impossible. By gaining a better 

understanding of the cause-effect relationships controlling microbial deterioration of 

the water quality and by describing the process mathematically, be able to construct 

predictive model to help prevent and solve hygienic problems [3]. The most 

commonly and deadly pollutant in the drinking water in developing countries are of 

biological origin. WHO stated that the “Infectious disease caused by pathogenic 

bacteria, viruses and protozoan or by parasites are the most common and widespread 

health risk associated with drinking water [3].  

The most common risk to human health associated with water systems is the 

presence of disease causing microorganisms [4]. Contamination of water bodies by 

animals or human excreta introduces the risk of infection to those who use water for 

domestic purposes and even for recreation. Many of these microorganisms originate 

from water polluted with human excreta. Human faeces can contain a variety of 

intestinal pathogens which cause diseases ranging from mild gastro-enteritis to the 

serious and possibly fatal dysentery, cholera and typhoid. Typical municipal raw 

sewage can contain between 10 and 100 million coliform bacteria per 100 mL. Count 

of bacteria of faecal origin in rivers and lakes around the world which suffer little 

impact vary from less than 1-3000 organisms per 100 mL. However, water bodies in 

areas of high population density can have counts up to 10 million organisms per 100 

mL.  

Pathogens including coliform bacteria found in human excreta, whether urine or 

faecal material comes from persons who carriers the disease are causing organisms [5]. 

The use of intestinal organisms as indicators of faecal pollution of water has now 

become universally accepted for monitoring and assessing microbial safety of water 

supplies. The use of bacteria indicators in the determination of microbiological 

parameters of water do not only determine the quality of the raw water but also give 

an indication of the level of pollution so as to choose the best form of treatment. The 

presence of faecal indicators in water therefore indicates beyond doubts that the water 

has been contaminated with faecal material and possibly with excreted pathogens [6]. 

Among the intestinal microorganisms that satisfy the above characteristics include 

Escherichia coli, Thermotolerant (Faecal) coliform bacteria, Coliform bacteria (Total 

coliforms), Faecal streptococci, sulpide reducing clostridia, bacteriophages etcetera 

[6].  

Potable water exists in the form of pipe-borne, boreholes and hand-dug wells with 

the rest of the people depending on rivers, ponds, springs and streams traversing the 

communities in the New Juaben municipality. During the dry season, most of the 

rivers and streams dry up and water supply becomes a problem. Thus, the coverage of 

potable water supply drops drastically with perennial water crisis occurring in most 
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communities. These water bodies sometimes get polluted since, some households in 

the study communities lack suitable and adequate toilet facilities. Toilet facilities used 

by people in the communities among others include pit latrines, KVIPs, with few 

WCs which are sometimes located closer to the sources of water. Other households 

which do not have any of these toilet facilities resort to the public toilets if any or to 

the bush [7].  

Waste management systems in these communities are also very poor since domestic 

wastes are dumped, spilled, spread, or stored on the land surface with others buried 

sometimes in pits. The unhygienic and improper disposal of waste, poor waste, and 

sanitation management including that of faecal matter can lead to extensive soil 

contamination, and high levels of ground water and surface water pollution via 

runoffs and soil erosion. There have been interventions from the Community Water 

and Sanitation Agency (CWSA), private organizations and the Ghana Water 

Company Limited (GWCL) through provision of wells, boreholes, public pipes and 

creating of awareness on Water and Sanitation issues [7]. Although, a lot of the 

inhabitants in the communities depend heavily on water from boreholes, hand dug 

wells, pipe borne water and stream water, for drinking and other domestic activities 

especially in in the New Juaben Municipality in the Eastern Region of Ghana. The 

purpose of this study was to evaluate the Bacteriological Variables in Community 

Water Bodies in New Juaben Municipality in the Eastern Region of Ghana 

2. Materials and Methods 

The materials used for collection and storage of samples for laboratory analyses 

were sterilized glass bottles with stoppers for the analysis of bacteriological 

parameters, medium sized plastic bucket, an auger (to take samples of soil at the 

various sites), a grab sampler (for the collection of sediment samples), small 

polyethylene bags for storage of sediment and soil samples. A multimeter (model Hi 

98129), hand gloves, large size ice box for the storage of water samples at a 

temperature below 4oC to the laboratory.  The bottles and polyethylene bags were 

clearly labelled with sites, dates, time and other relevant information. The selection of 

the materials was guided by the standard methods and procedure of water quality 

sampling and analysis [8].  

Research design for the study was a survey. Purposive sampling technique was used 

to select communities in the municipality for the study. Selection of the sampling 

points were influenced by factors such as ease of accessibility and proximity (for the 

entire study period) to obvious sources of pollution, such as dumpsites, latrines, septic 

tanks, farms and drainages. 

Two streams, a pipe- borne, three bore holes and four wells that supply the 

communities with water, were selected. Among these, four sites (2 wells, a pipe borne, 

and a borehole) were selected in the Korle communities - Korle Nkwanta and Korle 

Abansoro communities.  In Agavenya, three sampling points consisting of two wells, 

a stream and a bore hole were selected. Two sampling points were selected at 

Akyekyeso which includes a bore hole and a well. For Wawase, the sample was taken 

from a steam which is the only source of drinking water in the community.  

Data collected for the study were designed to analysis bacteriological variables in 

water.  The sample of water collected for the study was analysed at the Microbiology 

Laboratory of the Water Research Institute, Council for Scientific and Industrial 

Research (CSIR). Water Division, Accra. The level of bacteria pollution was analyzed 
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using the membrane filtration technique [9,10]. Sterilized pads were placed into 

sterilized aluminium plates and about 2ml of Lauryl Sulphate broth pipetted unto it 

and covered. 100mls of water sample was filtered through a sterilized membrane filter 

and by the help of sterilized forceps removed unto the soaked pad. It was then covered 

and duplicate done for each sample. Incubation was done for both sample and 

duplicate at 37 
o
C for samples meant for total coliform analysis and 44 

o
C for faecal 

coliform for a period of 18 hours. After the incubation period, bacterial colonies were 

counted using a colony counter in Coliform Forming Units (CFU).  

3. Results and Discussion  

This section present results and discussions on total coliform, faecal coliform, 

sediment and soil to establish the extent of bacteriological variables in community 

water bodies in New Juaben Municipality in the Eastern Region of Ghana. 

3.1. Total Coliform  

Total coliform gives a clear indication of the general sanitary quality of water since 

this group includes bacteria of faecal origin. However, many of the bacteria in this 

group may originate from growth in the aquatic environment. This is used to evaluate 

the general sanitary quality of drinking water and related water [11]. Total coliform 

counts /100 ml ranged from a minimum of 10 at KNP in May, to a maximum of 5,980 

at ASW in January (Figure 1). Mean values for the sites ranged from a minimum of 

27 at KNP to a maximum of 12,816 at ABW. Mean values for the months ranged 

from a minimum of 1332 in May to a maximum of 2146 in February (Table 1). The 

large numbers of coliforms suggest there is a chance of recent pollution by warm 

blooded animals, and the water may contain pathogenic organisms [12].  The high 

coliform numbers may also be attributed to sewage, land and urban run-off, including 

domestic waste waters in settlement areas [4]. Run-off in urban communities carries 

coliform laden materials such as sediment into surface and ground waters as well as 

possible infiltration or seepage of sewage effluent from nearby toilet facilities (pit 

latrines, KVIPs, Septic tanks etc) into some of the wells since, they are constructed 

closer to these toilet facilities. The highest mean TC recorded at ASW and WSW is 

attributed to poor sanitation practices near the sites. These include indiscriminate 

defecating and dumping of refuse in the surrounding bushes closer to the streams, 

washing and bathing near the sampling sites.  

The range for which there is negligible risk of microbial infection from domestic 

water use is 0-5 counts/100ml. From values >100 counts onwards, there is significant 

and increasing risk of infectious disease transmission. All the sampling sites except 

for KNP and KAB fall far in excess of this range [11]. Comparison of TC counts in 

the various sampled sites with the natural background, GSB and WHO concentration 

limits of 0 counts/100ml indicate gross contamination with bacteria in all the 

sampling sites making the sources of water in the communities unsafe for drinking. 

This requires that the water be treated (boiled and filtered) before drinking as an 

immediate solution. Water is found to contain faecal indicator bacteria; it is 

considered unsafe for human consumption. High number of TC will lead to increased 

water-related diseases in the study area [13].  

Table 1. Monthly mean total coliform values recorded in cfu at the sampling sites. 

Months December January February March April May 

Mean 1543 2007 2146 1605 1453 1332 
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Figure 1. Monthly Variations in Total Coliforms at the Various Sites in the Study Area. 

 3.2. Faecal Coliform  
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and the degree of contamination with wastes [8]. Faecal coliform are bacteria that live 

in the digestive tract of warm-blooded animals. They are excreted in the solid wastes 

of human and other mammals. Where faecal coliforms are present disease-causing 

bacteria are usually also present. Untreated faecal material that contains faecal 

coliforms adds excess organic material to the water. The decay of this material 

depletes the water of oxygen, which may kill fishes and other aquatic life [14].   

Faecal coliform counts /100 ml ranged from a minimum of 5 at KNP and KAB in 

December, January and April, to a maximum of 9,888 at ASW in May (Figure 2). 

Mean values for the sites ranged from a minimum of 6 at KAB to a maximum of 2799 

at ASW, followed by AWW with 2430. Mean values for the months ranged from a 

minimum of 480 in December to a maximum of 1,461 in May (Table 2).  

 

Figure 2. Monthly Variations in Faecal Coliforms at the Various Sites in the Study Area. 
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Table 2. Monthly mean faecal coliform conductivity values recorded in cfu at the sampling sites. 

Months December January February March April May 

Mean 480.1 572.6 510.8 678.6 597.2 1461.0 

The high counts of faecal coliform may be due to run-off and leachates from urban 

solid waste disposal sites which contain domestic animal and human faecal material 

[4]. The range of faecal coliform for which there is no risk of microbial infection from 

domestic use is 0. Values >20 indicate significant and increasing risk of infectious 

disease transmission. All the sampling sites excluding KNP, KAB and AB falls far in 

excess of this range.   

3.3. Sediment Analysis 

Lead readings ranged from a minimum of 0.0404mg/Kg at S-AS in March to a 

maximum of 0.0428 mg/Kg at S-WS in May, which also recorded the highest mean 

value of 0.0426 (Figure 3).  The presence of lead in the sediments could be due to 

surface runoff from battery processing, and the decomposition of organic materials.  

Lead deposits in the sediments also reflect the geology of the base rock [15].  

Table 3. Sediment monthly mean lead values recorded in (mg/kg) at the sampling sites. 

Months January March May 

Mean 0.0424 0.0414 0.0425 

 

Figure 3. Monthly Variations in Sediment Lead at the Various Sites in the Study Area. 

Iron in sediment values ranged from a minimum of 4039.0 mg/Kg at S-AS in March 

to a maximum of 6815.0 mg/Kg at S-AD in January (Figure 4). Mean values ranged 

from a minimum of 4040.0 mg/Kg at S-AS to a maximum of 6804.3 mg/Kg at S-AD. 

January had the highest mean of 5316.8 mg/Kg probably due to dilution by the rains, 

while May had the lowest mean of 5270.3 mg/Kg (Table 4).  The high amounts of 

Iron present in the sediments reflect the geology of the base rock and could be due to 

weathering processes. At low pH values < 5.5, phosphates combine with iron and 

aluminium to form compounds which are not readily available. However, all 

micronutrients with the exception of molybdenum become more available with 

increasing acidity.  

 

 

      

0.039       

0.0395       

0.04       

0.0405       

0.041       

0.0415       

0.042       

0.0425       

0.043       

January       March       May       
Months       

S   -   KN       S   -   KA       S   -   AW       S   -   AS       S   -   AD       S   -   WS       



Volume 2, 2019  ISSN: 2664-0848 

DOI: 10.31058/j.water.2019.11005 

Submitted to Waters, page 73-80                                                                                                                       www.itspoa.com/journal/water 

Table 4. Sediment monthly mean iron values recorded in (mg/kg) at the sampling sites.  

Months January March May 

Mean 5316.8 5312.3 5270.3 

 

Figure 4. Monthly Variations in Sediment Iron at the Various Sites in the Study Area. 
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Figure 5. Monthly Variations in Sediment Copper at the Various Sites in the Study Area. 
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Table 6. Sediment monthly mean zinc values recorded in (mg/kg) at the sampling sites. 

Months January March May 

Mean 109.93 109.88 109.98 

 

Figure 6. Monthly Variations in Sediment Zinc at the Various Sites in the Study Area. 
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Figure 7. Monthly Variations in Sediment Arsenic at the Various Sites in the Study Area. 
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mg/Kg (Table 8). The high levels of manganese could be due to surface runoff and the 

washing of organic matter by the rains.  

Table 8. Sediment monthly mean manganese values recorded in (mg/kg) at the sampling sites. 

Months January March May 

Mean 335.0 333.0 335.8 

 

Figure 8. Monthly Variations in Sediment Manganese at the Various Sites in the Study Area.   
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Figure 9. Monthly Variations in Soil Arsenic at the Various Sites in the Study Area.  

Table 9 presents Zinc values of soil samples collected from the various water 

sampling sites of the studied communities. Monitored Zinc levels in soil samples from 

the water sampling sites ranged between a minimum of 100.0 mg/Kg at KPS in 

January to a maximum of 240.0 mg/Kg at KAS in March. (Figure 10). KAS also 

registered the highest mean Zinc value of 238.7 mg/Kg while KPS again recorded the 

lowest mean Zinc value of 109.0 mg/Kg. The highest zinc values recorded at AWW 

and ADW were partly attributed to storm runoffs which carry and deposits organic 

 
  

0   

50   

100   

150   

200   

250   

300   

350   

400   

450   

500   

January   March   May   

Months   

S - KN   S - KA   S - AW   S - AS   S - AD   S - WS   

   

0   

0.02   

0.04   

0.06   

0.08   

0.1   

0.12   

0.14   

January   March   May   

Months   

KPS   KNS   KAS   KBS   AWS   ABS   ASS   ABSS   ADS   WS   



Volume 2, 2019  ISSN: 2664-0848 

DOI: 10.31058/j.water.2019.11005 

Submitted to Waters, page 76-80                                                                                                                       www.itspoa.com/journal/water 

and inorganic substances near the sources of drinking water. The monthly mean 

values can be seen from Table 9.  

Table 9. Soil monthly mean zinc values recorded in (mg/Kg) at the sampling sites. 

Months  January  March  May  

Mean   157.0  161.0  158.2  

 

Figure 10. Monthly Variations in Soil Zinc at the Various Sites in the Study Area.   
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Figure 11. Monthly Variations in Soil Copper at the Various Sites in the Study Area. 
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Table 11. Soil monthly mean iron values recorded in mg/Kg at the sampling sites.  

Months January March May 

Mean 3846.2 4269.7 4262.2 

 

Figure 12. Monthly Variations in Soil Iron at the Various Sites in the Study Area.   
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Figure 13. Monthly Variations in Soil Lead at the Various Sites in the Study Area.  
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Table 12. Soil monthly mean manganese values recorded in mg/kg at the sampling sites. 

Months January March May 

Mean 406.3 405.5 406.2 

 

Figure 14. Monthly Variations in Soil Manganese at the Various Sites in the Study Area. 
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counts/100 ml indicate gross contamination with bacteria in all the sampling sites 

making the sources of water in the communities unsafe for drinking. This has been 

due to the discharge of organic waste including human excrement, domestic and 

animal waste through runoff.  

The metals which were identified to be extremely high or prevalent in all the 

sediments and soils analyzed from the communities, were levels in manganese, iron 

and zinc. Arsenic, copper and lead was in lower quantities. These was attributed to 

geological reasons, organic waste, the use of pipes made from metals, the use of 

detergents and fertilizers, the absence of mining activities, surface runoff in the area 

among others. The sediment load in the streams and wells without physical barriers 

were also found to be high. This was the result of surface runoff and activities such as 

farming along the banks as seen along the Agavenya and the Wawase streams and at 

Akyekyeso.  

There should be regular monitoring, treatment and testing of the water quality as 

well the maintenance of the existing boreholes, pipes and wells in the study 

communities by GWCL and WATSAN officials to minimize the level of microbial 

and chemical contamination so that water related diseases could be prevented in this 

area. Also, source of pipe-borne water is lacking and so should be improved or the 

coverage should be increased.  

The creation of awareness on water and sanitation issues through public education 

and the inclusion and enforcement of environmental education in the basic school’s 

curriculum should be considered and enforced in the New Juaben Municipality.  
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The CWSA and WSU of the NJMA should monitor and issue permit for the 

construction of wells, toilet facilities and the drilling of boreholes to ensure that the 

specifications set out in the Water and Sanitation handbook for the Municipal 

Assemblies are strictly followed. Also, an effective collaboration between well 

diggers and borehole drillers with the EPA and the NJMA will enhance their skills 

and on issues about environmental quality.  

There is the need for future research to establish the relationship between soil type, 

rate of water movement in soil (percolation of water), and the level of contamination. 

This will aid the selection of appropriate distance between onsite facility and the 

sources of drinking water for a particular soil type to contribute to the reduction of 

negative impact on on-site sanitation of drinking water sources. 
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