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This study reports the comparative studies and microbial risk assessment of different water samples 
used for processing frozen sea-foods in Ijora-olopa, Lagos State, Nigeria. Twelve different samples of 
well, tap, borne-hole, river water used for processing frozen sea-foods were collected from different 
processing shops in Ijora-olopa, Lagos. These water samples were microbiologically analyzed for the 
presence of microorganisms. Total plate counts and total coliform counts were enumerated using Plate 
Count Agar (PCA) and Eosin Methylene Blue (EMB) Agar, respectively. The total count of most the 
water samples ranges between 0.48 x 102 and 2.04 x 102 CFU/ml, exceeding the limit of 1.0 x 102 CFU/ml. 
The coliform counts per 100 ml of water samples ranged between 15 and 184 cells. Fifteen (15) isolates 
were characterized from the samples on PCA with percentage of occurrence of different 
microorganisms characterized as follows: Bacillus cereus (33.3%), Enterobacter aerogenes (33.3%), 
Flavobacterium sp. (13.3%), Micrococcus sp. (6.7%), Pseudomonas aerugionosa (6.7%) and 
Staphylococcus auerus (6.7%). Some of these organisms are of public health significance. Studies 
show the possibilities of survival of pathogenic microorganisms during water treatment/seafood 
processing. Therefore, stringent quality assurance measures should be put in order to safe guard the 
health of the consumers.     
 
Key words: Coliform count, microorganisms, microbiological quality, quality assurance, processing, seafood, 
total count. 

 
 
INTRODUCTION 
 
In many developing countries, availability of water has 
become a critical and urgent problem and it is a matter of 
great concern to families and communities depending on 
non-public water supply system (Okonko et al., 2008). 
Increase in human population has exerted an enormous 
pressure on the provision of safe drinking water especial- 
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ly in areas of developing countries (Umeh et al., 2005). 
Unsafe water is a global public health threat, placing 
persons at risk for a host of diarrheal and other diseases 
as well as chemical intoxication (Hughes and Koplan, 
2005). Unsanitary water has particularly devastating 
effects on young children in the developing world. Each 
year, >2 million persons, mostly children <5 years of age, 
die of diarrheal disease (Kosek et al., 2003; Parashar et 
al., 2003). For children in this age group, diarrheal 
disease accounted for 17% of all death from 2000 to 2003 



 
 
 
 
(WHO, 2005), ranking third among causes of death, after 
neonatal causes and acute respiratory infections.  

Nearly 90% of diarrheal-related deaths have been 
attributed to unsafe or inadequate water supplies and 
sanitation (WHO, 2004) conditions affecting a large part 
of the world’s population (Hughes and Koplan, 2005). An 
estimated 1.1 billion persons (one sixth of the world’s 
population) lack access to clean water and 2.6 billion to 
adequate sanitation (WHO, 2005; Hughes and Koplan, 
2005).   

The principal objectives of municipal water are the 
production and the distribution of safe water that is fit for 
human consumption (Lamikanra, 1999; Okonko et al., 
2008). Recently in Nigeria, drinking water is commercially 
available in easy-to-open 50 – 60 ml polyethylene sacks 
known as satchet/pure water (Umeh et al., 2005). 
Conformation with microbiological standard is of special 
interest because of the capacity of water to spread dis-
eases within a large population. Although the standards 
vary from place to place, the objective anywhere is to 
reduce the possibility of spreading water-borne disease in 
addition to being pleasant to drink, which implies that it 
must be wholesome and palatable in all respects (Edema 
et al., 2001; Okonko et al., 2008). 

A collaborative, interdisciplinary effort to ensure global 
access to safe water, basic sanitation, and improved 
hygiene is the foundation for ending cycle of poverty and 
diseases (Hughes and Koplan, 2005). At the end of 2000 
United Nations (UN) Millennium Summit, member states 
adopted a set of 8 goals and related targets and indi-
cators aimed at helping end human poverty and its 
ramifications (Sachs and McArthur, 2005).      

According to Hughes and Koplan (2005), among these 
millennium Development Goals is a call to halve by the 
year 2015 the proportion of persons without sustainable 
access to safe drinking water and basic sanitation. 
Towards the end of March 2005, the UN launched the 
“International Decade for Action: Water for Life 2005 - 
2015” (UN, 2005; Bartram et al., 2005). Success in 
reaching these targets will help achieve the other goals, 
increase work force productivity, and substantially reduce 
the amount of time that women and children spend 
collecting and storing water, which will free them to 
pursue other productive and educational activities 
(Hughes and Koplan, 2005).     

According to Bartram et al. (2005), the WHO-
sponsored International Network for the Promotion of 
Safe Household Water Treatment and Storage, a global 
collaboration of UN and bilateral agencies, non-
governmental organizations, research institutions, and 
the private sector, could serve as a model for improving 
coordination of international efforts in this area of global 
safe water, sanitation, and hygiene.  

Innovative approaches toward improving water, sanita-
tion, and hygiene must be implemented and evaluated. A 
number of studies conducted in a variety of geographic 
settings have shown that interventions such as point-of-
use  disinfection   of   water   and  educational   efforts  to  
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improve personal hygiene help reduce disease preva-
lence (Clasen and Cairncross, 2004). These studies also 
highlighted the importance of tailoring such interventions 
to local situations (Hughes and Koplan, 2005).  

A recent study in an area in rural western Kenya that 
had turbid source of water found that household use of 
flocculants disinfectant preparation helped to reduce the 
prevalence of diarrhea in children <2 years of age 
(Crump et al., 2005). Studies in refugee camps in Africa 
(Peterson et al., 1998) and urban slums in Asia (Luby et 
al., 2005) have reported that hand-washing with soap 
reduced the prevalence of diarrhea in all age groups 
(Peterson et al., 1998) and lowered the incidence of 
diarrhea and pneumonia in children <5 years of age 
(Luby et al., 2005).  

The reduced incidence of pneumonia reported by Luby 
et al. (2005) is noteworthy and warrants further study. 
Although interventions for improving sanitation have 
lagged behind those for water, promising advances have 
been reported, especially in the development of ecologic 
sanitation systems (Hughes and Koplan, 2005). A good 
knowledge of the bacteriological and chemical qualities of 
raw water is necessary so as to guide its suitability for 
use. Thus, regular physico-chemical and bacteriological 
analysis of water at source must be carried out to 
determine or check the effectiveness of treatment pro-
cess (Okonko et al., 2008). 

This current study reports on the comparative microbial 
risk assessment of different water samples used for 
processing frozen sea-foods in Ijora-olopa, Lagos State, 
Nigeria 
 
 
MATERIALS AND METHOD 
 
Samples of borne-hole tank, tap, well, and river water were collec-
ted at different locations in Ijora-olopa, Lagos state. Water 
representing different turbidities were collected in sterile two water 
plastic containers and were taken to the laboratory and analyzed 
within 6 h (maximum transit time – 4 h, maximum process time - 2 
h). NAFDAC approved Eva Table water (produced by Nigeria 
Bottling Company, Coca-Cola) was used as control. Samples A, B, 
C and E are water samples from a borehole water supply. Sample 
D is a NAFDAC approved sachet water. Samples F, G, H, and J are 
well water samples. Samples I and K are river water samples. 
Water samples were analyzed for physiochemical and bacterio-
logical quality and the chemical characteristics were determined by 
the methods of FAO (1997a); Fawole and Oso (2001) and Okonko 
et al. (2008). Temperature was measured at the point of collection 
using a digitron thermometer (model 275-K) as described by the 
methods of FAO (1997b) and Okonko et al. (2008) and standar-
dized mercury in glass centigrade thermometer as described by 
Edema et al. (2001) and Okonko et al. (2008).  

The media used for the bacteriological analysis of water include 
plate count agar (PCA), nutrient agar (NA), lactose broth (LB), and 
Eosin Methylene blue agar (EMB). All the media used were weigh-
ed out and prepared according to the manufacture’s specification, 
with respect to the given instructions and directions. A serial dilution 
method was used for total viable count and the presumptive test for 
coliforms. The water samples were then inoculated separately on 
different Plate Count Agar (PCA), Eosin Methylene Blue (EMB) 
Agar and Potato Dextrose Agar (PDA) plates  and  the  plates  were  
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Table 1. Physico-chemical properties of the water samples. 
 

Sample Colour Odour Taste Presence of particles pH Temp (°°°°C) 
A Colourless Odourless Tasteless None 6.6 27.5 
B Colourless Odourless Tasteless None 6.8 25.5 
C Colourless Odourless Tasteless None 7.2 26.0 
D Colourless Odourless Tasteless None 7.5 26.5 
E Colourless Odourless Tasteless None 7.4 25.0 
F Slightly turbid Odourless Offensive Suspended solids 6.8 25.2 
G Colourless Odourless Tasteless None 6.8 27.0 
H Colourless Odourless Tasteless None 6.7 26.3 
I Slightly turbid Odourless Offensive Few particles 6.7 25.2 
J Colourless Odourless Tasteless None 6.5 27.0 
K Slightly turbid Odourless Tasteless Few particles 7.5 26.4 

Standard limit Colourless Not offensive Not  offensive No visible  solids 6.5-8.5  
 

Samples A, B, C and E are water samples from a borehole water supply. Sample D is a NAFDAC approved sachet water. Samples F, 
G, H, and J are well water samples. Samples I and K are river water samples. 

 
 
 
Table 2. Total counts and most probable number (MPN) of coliform/100 
ml of water samples. 
 

Sample Total count (CFU/ml) MPN/100 ml 
A 2.04 x 102 184 
B 0.87 x 102 15 
C 1.96 x 102 27 
D Nil Nil 
E 0.97 x 102 64 
F Nil Nil 
G Nil Nil 
H Nil Nil 
I Nil Nil 
J Nil Nil 
K 0.48 x 102 15 

Standard limit 1.0 x 102 Nil 
 

Samples A, B, C and E are water samples from a borehole water 
supply. Sample D is a NAFDAC approved sachet water. Samples F, G, 
H, and J are well water samples. Samples I and K are river water 
samples. 
 
 
 
incubated at 37°C for 24 - 48 h for evidence of growth. Pure 
isolates of resulting growth were identified using morphological and 
biochemical methods as described by Jolt et al. (1994). The sterility 
of each batch of test medium was confirmed by incubating one or 
two uninoculated tubes or plates along with the inoculated tests. 
The uninoculated tubes or plates were always examined to show no 
evidence of bacterial growth.  
 
 
RESULTS  
 
The physico-chemical properties of the water samples 
are shown in Table 1. Some of the potable water 
samples, particularly the bore-hole tank, tap, well, and 
the river water samples did not comply with  the  standard  

limits for drinking water and waste discharges.  
All the water samples were colourless except a 

deviation sample F, I and K that are slightly turbid. All 
samples were odourless. All samples were tasteless 
except F and I that are offensive. The pH ranged of 6.5 to 
7.5 while temperature ranged from 25 to 27.5°C (Table 
1). The pH as recorded for the water samples and the pH 
for tap water and borehole water could be considered as 
being within acceptable range for natural waters. As far 
as the pH is concerned they vary from pH range of 6.5 – 
7.5 indicating that sample D and K had the highest pH 
value of 7.5.   

The microbiological analysis of the water and waste 
water samples is shown in Table 2. The total count of 
most the water samples ranges between 0.48 x 102 and 
2.04 x 102 CFU/ml, exceeding the limit of 1.0 x 102 
CFU/ml (Table 2). The total count for sample A and C 
were generally high exceeding the limit of 1.0 x 102 
CFU/ml (Table 2). The coliform counts per 100 ml of 
water samples ranged between 15 and 184 cells (Table 
2), also exceeding the standard limit. It indicates that 
water sample A stream had the highest coliform counts of 
184 cells followed by water sample E having 64 cells 
while water sample D, F, G, H, I, and J had no coliform 
growth.  

The bacteria isolated from the water samples are 
shown in Table 3. These identified isolates include 
Bacillus cereus [5 (33.3%)], Enterobacter aerogenes [5 
(33.3%)], Flavobacterium sp. [2 (13.3%)], Micrococcus 
sp. [1 (6.7%)], Pseudomonas aerugionosa [1 (6.7%)] and 
Staphylococcus auerus [1 (6.7%)] (Table 3). Bacillus sp., 
and E. aerogenes were most freguently isolated being 
present in most of the water samples while Flavo-
bacterium sp. was only isolated from water sample A and 
E. Micrococcus sp. and P. aerugionosa was only isolated 
from water sample C while S. aureus  was only isolated 
from water sample A. No organism was isolated  in  water 



Okonko et al.        2905 
 
 
 

Table 3. Bacterial isolates from water samples. 
 

Water samples  
Bacterial Isolates 

Frequency 
No. (%) A B C D E F G H I J K 

Bacillus cereus 5 (33.3) + + + - + - - - - - + 
Enterobacter aerogenes 5 (33.3) + + + - + - - - - - + 
Flavobacterium sp. 2 (13.3) + - - - + - - - - - - 
Micrococcus sp.  1 (6.7) - - + - - - - - - - - 
Pseudomonas aerugionosa 1 (6.7) - - + - - - - - - - - 
Staphylococcus auerus 1 (6.7) + - - - - - - - - - - 
Total 15 (100.0) 4 2 4 - 3 - - - - - 2 

 

Samples A, B, C and E are water samples from a borehole water supply. Sample D is a NAFDAC approved sachet water. 
Samples F, G, H, and J are well water samples. Samples I and K are river water samples. 

 
 
 
sample D, F, G, H, I and J. 
 
 
DISCUSSION 
 
The pH values of the water samples are within the 
acceptable range; this conforms to the pH range reported 
by most authors (Okonko et al., 2008). According to 
Medera et al. (1982), the pH of most natural waters range 
from 6.5 - 8.5 while deviation from the neutral 7.0 is as a 
result of the CO2/bicarbonate/carbonate equilibrium. The 
pH of brackish water bodies stated by Imevbore (1985) 
ranged from 6.5 - 7.4. The generally low pH values 
obtained in the lagoon water might be due to the high 
levels of free CO2 in the water samples, which may 
consequently affect the bacterial counts. This was also 
reported by Edema et al. (2001) and Okonko et al. (2008) 
in similar studies. The pH of water is extremely important. 
The fluctuations in optimum pH ranges may lead to an 
increase or decrease in the toxicity of poisons in water 
bodies (Ali, 1991; Okonko et al., 2008).  

This temperature range of 25 – 27.5°C reported in this 
study is comparable to the temperature ranges reported 
by other authors in a similar study. Alabaster and Lloyd 
(1980) reported a temperature ranges of 26 and 30°C in 
a similar study. This was attributed to the insulating effect 
of increased nutrient load resulting from industrial 
discharge. This temperature range of 25 – 27.5°C of 
water samples and the water body reported in this study 
is believed to have been influenced by the intensity of the 
sunlight as temperature rose from 28 - 30°C on relatively 
hot days (Mulusky, 1974; Banwo, 2006; Okonko et al., 
2008).  

The total counts for some of the water samples were 
generally high, exceeding the recommended standard 
limit for water (FAO, 1997; Okonko et al., 2008). Although 
the Lagoon is a flowing one, it is open to various objects 
uses and gross contamination as well as turbidity may 
result from the presence of high levels of organic waste 
matter. Recommended standard for water is nil (FAO, 
1997; Okonko et al., 2008). The presence of coliforms 

group in some of these water samples generally suggests 
that a certain selection of water may have been conta-
minated with faeces either of human or animal origin. 
Other more dangerous microorganisms could be present 
(Richman, 1997; Okonko et al., 2008).  

According to a study by Baxter-Potter and Gilliland 
(1988) on straight river water shed when precipitation and 
stream flows are high, the influence of continuous 
sources of pollution such as finding individual sewage 
treatment plants, industrial and institutional sources and 
waste water treatment facilities overshadows weather 
driven sources such as feed between run-off and urban 
storm water which leads to generation of faecal colliform 
concentrations. However, illegal dumping of domestic 
wastes, livestock management, faecal deposit and waste 
dumps also affect bacterial concentration in run-off 
(Okonko et al., 2008). 

The isolated bacteria species were identified to be 
same with those commonly encountered in water and 
aquatic environments as was also reported in a study on 
streams surface water in Wyoming in U.S.A. reported by 
Clark and Norris (1999) and reviewed by Banwo (2006). 
These identified isolates include B. cereus, E. aerogenes, 
Flavobacterium sp., Micrococcus sp., P. aerugionosa and 
S. aureus. 

The presence of enteric bacteria- Micrococcus sp. and 
E. aerogenes as reported in this study are indication of 
faecal contamination as a result of possible burst along 
pipe lines or unhygienic handling of the water right from 
the treatment plant for tap water and borehole water. 
Though the most frequently isolated index of water 
quality and indicators of faecal contamination such as 
Escherchia coli and Streptococcus feacalis, were not 
isolated in this present study, yet the presence of some 
indicator and other organisms examined is of special 
concern. The greatest danger associated with water used 
for food processing, drinking purposes and for human 
consumption is contamination by human excrement 
(Apantaku et al., 1998; Edema et al., 2001; Okonko et al., 
2008). The need for microbial assessment of water for 
production of drinks  should  also  be  emphasized  to  re- 
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duce possible contamination (Fagade et al., 2005). 

The presence of Micrococcus sp. and E. aerogenes 
reported in this study has also been reported by Umeh et 
al. (2005) in a study on the bacteriological quality and 
safety of pure water sold in Akwa, Nigeria using mem-
brane filtration method. Umeh et al. (2005) reported the 
presence of enteric bacteria associated with fecal 
contamination and this include S. faecalis, Citrobacter 
sp., Proteus mirabilis, Providencia sp., Micrococcus sp., 
E. coli, Shigella sp., E. aerogenes, Serratia sp. and 
Klebsiella sp. Bacterial growth in water may be unnoticed 
even in transparent packaged water and the presence of 
some of these microorganisms may pose a potential risk 
to consumers (Umeh et al., 2005).    

Most of the organisms found on these water samples 
used for processing frozen seafood products in different 
processing plants are those commonly found in soil and 
water. The presence of Micrococcus sp. and E. 
aerogenes from these water samples is an indication of 
faecal contamination of the water used for processing 
frozen seafood products and might have adverse effect 
on the health of the consumers (Adebolu and Ifesan, 
2001). Another organism found in these water samples is 
S. auerus, a pathogenic organism of public health 
concern and significance. The presence of this organism 
might have contaminated the water from source (Adebolu 
and Ifesan, 2001). This is also in accordance to the 
assertion of Dunn et al. (1995) and Omemu and Bankole 
(2005) that improper handling and improper hygiene 
might lead to the contamination of ready-to-eat food such 
as vegetable salad and this might eventually affects the 
health of the consumers.     

This current findings of the unsafe water used for 
processing frozen seafood products are grim reminders 
of the need to address water and sanitation urgently in 
these environment. It is therefore necessary to 
recommend that public awareness programmes should 
be employed to educate owners of seafood processing 
plants, food processors, food vendors and general 
populace on the need for food safety and the requirement 
for water used for human consumption. Tap water, borne-
hole water, and publicly sold sachet water should be 
adequately treated before use. Well, tap, borehole and 
river water to be used for processing food purposes 
should be boiled and filtered where necessary before use 
in processing read-to-eat foods products for human 
consumption.  
 
 
ACKNOWLEDGEMENT 
 
The authors sincerely express their gratitude to Kolawale, 
Olu’seun Olawale for his immense assistance in this work. 
 
 
REFERENCES 
 
Adebolu TT, Ifesan BO (2001). Bacteriological quality of vegetables 

used in salads. Niger. J. Microbiol. 15(1): 81-85. 
Alabaster JS, Llyod R (1980).  Water  Quality  for  fresh  fish.  1st  edition 

 
 
 
 

Butterworth, London, p. 283. 
Ali J (1991). An Assessment of the Water Quality of Ogunpa River 

Ibadan, Nigeria. M.Sc. Dissertation. University of Ibadan, Ibadan, 
Nigeria.  

Banwo K (2006). Nutrient Load and Pollution Study of Some Selected 
Stations along Ogunpa River in Ibadan, Nigeria.  M.Sc.  Dissertation. 
University of Ibadan, Ibadan, Nigeria, p. 107. 

Bartram J, Lewis K, Lenton R, Wright A (2005). Focusing on improved 
water and sanitation for health. Lancet 365: 810-812.      

Baxter-Potter W, Gilliland M (1988). Bacterial Pollution of Run-off from 
Agricultural Lands. J. Environ. Qual. 17(1): 27-34. 

Clasen TF, Cairncross S (2004). Household water management: refin-
ing the dominant paradigm. Trop. Med. Int. Health 9: 187-191. 

Crump JA, Otieno PO, Slutsker L, Keswick BH, Rosen DH, Hoekstra 
RM, Vulule JM, Luby SP (2005). Household based treatment of 
drinking water with flocculant-disinfectant for preventing diarrhea in 
areas with turbid source of water in rural western Kenya: cluster 
randomized controlled trial. BMJ online, published 26 July, 2005. 
Available from 
http://bmj.bmjjournals.com/cgi/rapidpdf/bmj.38512.618681.E0v1 

Edema MO, Omemu AM, Fapetu OM (2001). Microbiology and 
Physicochemical Analysis of different sources of drinking water in 
Abeokuta. Nigeria. Niger. J. Microbiol. 15(1): 57-61. 

Fawole MO, Oso BA (2001). Laboratory manual of Microbiology: 
Revised edition spectrum books Ltd, Ibadan, p. 127. 

Food and Agriculture Organization (FAO) (1997a). Chemical analysis 
manual for food and water, 5th Ed, FAO ROME 1: 20-26. 

Food and Agriculture Organization (FAO) (1997b). Annual Report on 
Food Qual. Contr. 1: 11-13.  

Hughes JM, Koplan JP (2005). Saving Lives through Global Safe 
Water. J. Emerg. Infect. Dis. 11(10): 1636-1637.  

Imevbore AMA (1985). The Investigation of Faecal Pollution in the 
Surface Waters of Niger Delta of Nigeria. Final Rep. N.D.D.A. 3: 4-
94. 

Kosek M, Bern C, Guerrant RL (2003). The global burden of diarrhoeal 
disease, as estimated from studies published between 1992 and 
2000. Bull. World Health Organ. 81: 197-204.  

Lamikanra A (1999). Essential Microbiology for students and 
practitioner of Pharmacy, Medicine and microbiology, 2nd edn. 
Amkra books, Lagos, p. 406. 

Luby SP, Agboatwalla M, Feikin DR, Painter J, Billhimer W, Altaf A, 
Hoekstra RM (2005). Effect of hand-washing on child health: a 
randomized controlled trial. Lancet. 366: 225-233.  

Mulusky DS (1974). Ecology of Estuaries. Heinemann Educational 
Books, London, pp. 5-103. 

Okonko IO, Adejoye OD, Ogunnusi TA, Fajobi, EA, Shittu OB (2008). 
Microbiological and physicochemical analysis of different water 
samples used for domestic purposes in Abeokuta and Ojota, Lagos 
State, Nigeria. Afr. J. Biotechnol. 7(3): 617-621. 

Omemu AM, Bankole MO (2005). Ready-to-eat (RTE) vegetable salad: 
effect of washing and storage temperature on the microbial quality 
and shel-life. In: the Book of Abstract of the 29th Annual Conference & 
General Meeting on Microbes As Agents of Sustainable Develop-
ment, organized by Nigerian Society for Microbiology (NSM), 
UNAAB,  p. 28. 

Parashar U, Bresee JS, Glass RI (2003). The global burden of 
diarrhoeal disease in children.  Bull. World Health Organ. 81: 236. 

Peterson EA, Roberts L, Toole MJ, Peterson DE (1998). The effect of 
soap distribution on diarrhea: Nyamithuthu Refugee Camp. Int. J.  
Epidemiol. 27: 520-524. 

Sachs JD, McArthur JW (2005). The Millennium Project: a plan for 
meeting the millennium development goals. Lancet, 365: 347-353.  

Umeh CN, Okorie OI, Emesiani GA (2005). Towards the provision of 
safe drinking water: The bacteriological quality and safety of sachet 
water in Awka, Anambra State. In: the Book of Abstract of the 29th 
Annual Conference & General Meeting on Microbes As Agents of 
Sustainable Development, organized by Nigerian Society for 
Microbiology (NSM), University of Agriculture, Abeokuta,  p. 22. 

UN Millennium Project (2005). Task force on water and sanitation. 
Health, dignity, and development: what will it take? New York: Stoc-
kholm International Water Institute and United Nations Millennium 
Project. 



 
 
 
 
World Health Organization (WHO) (2004). Water, sanitation and 

hygiene links to health: Facts and figures updated November 2004 
Available from http:// 
www.who.int/water_sanitation_health/publications/facts2004/en/print.
html 

World Health Organization (WHO) (2005). The WHO Report 2005-make 
every mother and child count. Geneva: The Organization; 2005. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Okonko et al.        2907 
 
 
 
 
 
 
 
 
 
 

View publication statsView publication stats

https://www.researchgate.net/publication/262188076

