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Introduction
Background
Microorganism contamination of drinking water has 
been caused serious illnesses and associated mortali-
ty worldwide [1]. It serves as a mechanism to transmit 
communicable diseases such as diarrhea, cholera, dys-
entery, typhoid and guinea worm infection [2]. In the de-
veloping world, diseases associated with poor water and 
sanitation still have imposed economic development 
in addition to threaten million lives [3]. World Health 
Organization estimated that in 2008 diarrheal disease 
claimed the lives of 2.5 million people [2]. In 2013, there 
were nearly 1.8 million deaths mainly with diarrhea and 
cholera caused by unsafe water supply in conjunction 
with inadequate sanitation and hygiene [4]. In Africa, 
roughly 40% of the population does not have access to 
improved water supply and sanitation [5]. The safety of 
drinking water is challenged due to contaminants from 
natural and man-made situations at global scale [6]. The 
quality and safety of the drinking water continues to be 
an important public health issue. It is a pillar of primary 
prevention and control of pathogenic microorganisms 
such as bacteria, viruses, protozoa and helminthes [2]. 
Therefore, a microbiological aspect is one of the specific 

standards to provide a basis for determining the quality 
of drinking water [7] which is free from any microor-
ganisms known to be pathogenic and free from bacteria 
indicative of pollution with excreta [8].
Statement of the problem
Availability of safe and wholesome drinking water for 
all is one of the most significant challenges faced by the 
municipal authorities worldwide. A clean and treated 
water supply to each house may be the norm in Europe 
and North America, but in developing countries, access 
to both clean water and sanitation are not the rule, and 
waterborne infections are common [9]. Lack of safe 
drinking water is associated with high morbidity and 
mortality from excreta related diseases [10]. 
Significance of the study
This study improves the scientific basis of drinking wa-
ter quality and safety monitoring in Addis Ababa, an 
evidence for the AAWSA and the related stake holders 
to evaluate the quality and safety of public municipal 
drinking water of the city, in regular basis. It helps to 
evaluate how drinking water of the city is safely treated, 
handled and free from burden of microbiological con-
taminants and can be base-line information for further 
studies concerning the municipal drinking water of the 
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ABSTRACT
Objective: Water of poor quality can cause water borne diseases by microorganisms. 
It has been frequently described responsible for millions morbidity and mortality 
worldwide. Therefore, determining the quality and safety status of municipal drinking 
water sources is very important task. Generally, the aim of the study was to assess the 
microbiological quality and safety status of municipal drinking water sources in Addis 
Ababa city administration.
Methodology: A cross-sectional study was conducted on drinking water sources 
(public taps, reservoirs, springs and wells). All water sources were analyzed for bacteria 
by Presence-Absence (P-A) method and samples filtered through a membrane filters 
by vacuum pump and tested by saline wet mount for parasites.
Results: The study revealed that there were 10% of all samples were positive for 
bacteria (7% total coliforms and 3% faecal coli forms). On the other hand, there were 
no parasites findings.
Conclusion: Most Addis Ababa city drinking water sources had acceptable quality and 
were safe to drink.
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city. It can also be helpful for planning and policy develop-
ment for water quality and safety.
Objective
To assess public health microbiological quality and safety 
of drinking water sources in Addis Ababa City, Ethiopia.

Materials and Methods
Study setting
The study was carried out in Addis Ababa Water and Sew-
erage Authority water quality and drainage administra-
tion microbiology laboratory from October 2015 to June 
2016. A total of two thousand nine hundred seventy six 
samples: two thousand nine hundred fifty one water sam-
ples for bacteria and twenty five water samples for para-
sites were collected and tested from all service sources of 
public municipal drinking water. 
Study area
In Addis Ababa city administration all sub-cities and all 
districts.
Study design
A cross-sectional study design was conducted to assess 
the microbiological quality and safety of public municipal 
drinking water samples from all public municipal drink-
ing water sources in Addis Ababa city administration.
Study period: The study had been conducting from Octo-
ber 2015 to June2016.
Laboratory testing 
Bacteria quality testing: Principle of Presence-Absence 
(P-A) coliform test: The Presence-Absence (P-A) test for 
the total coliform group is a simple modification of the 
multiple-tube procedure. Use of one large test portion 
(100 ml) in a single culture bottle to obtain qualitative in-
formation on the presence or absence of coliforms, is jus-
tified on the theory that no coliforms should be present in 
100ml of drinking water sample [11,12].

Parasites quality testing: Principle- 10-50 liters of water 
samples are filtered through a 47 mm diameter, 0.450 μm 
pore size membrane filters by vacuum pump. The sedi-
ment is then prepared for wet smear and using a 0.9% 
saline for parasite cysts, and helminthes ova/eggs [13,14]. 
Quality assurance
Distilled water was taken to all sample collection sites and 
carried along with the water sample back to the labora-
tory and tested. Tests were run with positive and nega-
tive controls for the whole quality of the study under the 
whole supervision of culture media, reagents and sam-
ples were run with positive and negative controls for the 
whole quality of the study under the whole supervision of 
Environmentalist, water quality case team and Biologists 
of AAWSA. 
Statistical analysis
The frequencies and percentages were calculated to eval-
uate statistical significance of the microorganisms. The 
data were analyzed by Statistical Package for Social Sci-
ence (SPSS) statistical software version 20.0.

Results
Distribution of faecal coli forms and total coli forms 
in water sources
This study showed that drinking water sources of the 
municipal drinking water were contaminated with faecal 
coliforms and total coliforms (Figure 1). Microorganisms 
were detected in four sources of municipal drinking wa-
ter sources of Addis Ababa. The overall bacterial result 
showed that the least results were shown in public taps 
and reservoirs while the highest results were shown in 
springs and wells. Finally, 106 (6%) samples of all public 
taps, 26 (6%) samples of reservoirs, 34 (24%) samples of 
springs and 115 (21%) samples of wells were contami-
nated with bacterial contamination (Table 1). 

Figure 1. Distribution of faecal coli forms and total coli forms in water sources. 
Note: ( ) Faecal Coliforms, ( ) Total Coliforms, ( ) Total
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Parasitological test results
The twenty five selected reservoirs were negative for par-
asites by conventional microscopic examination.

Discussion
This study revealed that about 10% of all bacteriolog-
ical samples were positive for total coliforms and faecal 
coliforms (Table 1). This finding confirms previous simi-
lar studies conducted in different parts of the world that 
drinking water samples had been contaminated with mi-
croorganisms such as total coli forms with the percentag-
es of 100%, 90%, 70%, more than 51%, 33.33%, 23% and 
12% [4,15-19], faecal coli forms with the percentages of 
100%,73.94%, 70%, 61.1% and 40% [16,17,20-23], both 
total and faecal coliforms together with the percentages 
of more than 50%, 50%,33.33%and 31.2% [24-27] and 
Escherichia coli with the percentages of 80%, 78.1%, 70%, 
27.1%, 20% and significant number [5,16,17,28-30]. This 
study revealed that 7% of the municipal drinking water 
samples were contaminated with total coliforms during 
the study period (Table 1). Coliform bacteria were detect-
ed in the sample tested. Sample is considered unsatisfac-
tory for drinking water purposes. Similar studies were 
conducted in Peshawar, Pakistan by Ahmad et al. in 2013, 
by Bhatnagar et al. in 2012 in Jaipur, by Metgaud et al. in 
2011 in Karnataka and by Rana et al. in 2014 in Bhilai 
and El badawy et al. in 2013 in Tabuk, India had showed 
that 70%, 66.67%, 33.33%, 23% and 12% of drinking 
water samples were positive for total coliform bacterial 
contamination respectively [15,17,18,25]. This study also 
revealed that 3% of the municipal drinking water sam-
ples were contaminated with faecal coliforms during the 
study period (Table 1). Faecal coliform bacteria were also 
detected in the samples tested. Sample is considered un-
satisfactory for drinking water purposes. Presence of fae-
cal coliform bacteria indicates fecal contamination of the 
water supply has occurred. Similar studies conducted by 
Misra et al. in Assam, India in 2010, by Ahmad et al. in Pe-
shawar, Pakistan in 2013, and by Stenger et al. in 2012 in 
Bo, Sierra Leone had showed that 78.1%, 70% and 61% 
of drinking water samples were contaminated with Esch-
erichia coli and faecal coliforms bacterial contamination 

respectively [17,21,29]. In developing countries particu-
larly in Ethiopia, drinking water is obtained from different 
sources. Such as taps, reservoirs, springs and wells. This 
study revealed that samples collected from the municipal 
drinking water sources of this study area were contami-
nated with microorganisms during the study period. Ac-
cordingly, 6% of drinking water samples collected from 
public taps was positive for bacterial groups; and 6% of 
drinking water samples collected from service reservoirs 
was positive for bacterial groups (Table 1). Similar studies 
conducted by Bhatnagar et al. in 2012 in Jaipur, in Lahore, 
Pakistan by Siddiqi et al. in 2010, by Traistaruin Cyprus in 
2011, by El badawy et al. in 2013 in Tabuk of Saudi Arabia 
had showed that 66.67%, 37.2%, 14%, 12% of bacterio-
logical samples were contaminated with total coliforms 
[15,25,31-33]. Other similar studies had showed that 
most samples collected from reservoirs were both total 
and faecal coliforms positives whereas; in some reservoirs 
the contaminations were with similar bacterial groups 
[16,24]. This study also revealed that all samples collect-
ed for parasitological quality and safety assessment were 
negative for parasites species. Similar study by El badawy 
et al. in 2013 in Tabuk, Saudi Arabia had showed that par-
asitological examination revealed that giardia cysts were 
detected in 25% of water samples and C. parvi oocysts 
were detected in 16.6 % of water samples by both mi-
croscopy and ELISA methods [15]. This was may be due 
to the water sources differences where wells and surface 
water samples were used and/ or ELISA method while 
our sample sources were from treated service reservoirs 
and direct microscopy respectively. Similar study had 
showed by Rostami et al., 2015 in Shush, Iran 40% sam-
ples were infected with at least one of the active stages of 
parasitic organisms; out of these, 28.7% the protozoa and 
18 11.2% were infected with the worm process of living 
organisms. According to the study 6.3% were related to 
the parasite Entamoeba histolytica. Therefore, prevalence 
of Entamoeba histolytica was 6.3% of drinking water in 
the city of Shush [34]. Even though, our study was similar 
methodology to the report from Shush, Iran, the differ-
ences were sample sources. According to Gobena et al. in 
2015 water analysis demonstrated that all water sources 

Table 1. Post-operative wound complications (N=402).

Sample Source Total Negative Total Positive Total Coli forms Faecal coli 
forms Positives

Total Samples

Public Taps 1727 (59%) 106 (6%) 78 (4%) 28 (2%) 1833

Reservoirs 403 (94%) 26 (6%) 22 (5%) 4 (1%) 429

Springs 109 (76%) 34 (24%) 21 (15%) 13 (9%) 143

Wells 431 (79%) 115 (21%) 83 (15%) 32 (6%) 546

Total 2670 (90%) 281(10%) 204 (7%) 77 (3%) 2951
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from Dire Dawa were contaminated by pathogenic par-
asites. From the recapitulate results, above (83.34%) of 
unprotected wells water sources, (50%-100%) from un-
protected springs and protected wells, (33.34%-66.67%) 
from protected springs and (50%) from tap water were 
positive both for the presences of Cryptosporidium oo-
cysts and Girdia lamblia cysts [35-46].

Conclusion
This research strengthens the scientific foundation for 
monitoring drinking water quality and safety in Addis 
Ababa, providing evidence for the AAWSA and other 
stakeholders to assess the quality and safety of the city’s 
public drinking purposes on a regular basis. It aids in de-
termining how the city’s drinking water was safely treat-
ed, handled, and free of microbiological contaminants, 
and it can serve as a starting point for future research 
into the city’s municipal drinking water. It’s also useful for 
water quality and safety planning and policy formulation. 
The study concluded that most Addis Ababa city drinking 
water sources had acceptable quality and were safe for 
microbiological to drink.

Recommendation
Protecting springs and wells of the drinking water sourc-
es by building safe them from human, animal, heavy rain 
and flood contact. Regular monitoring of drinking water 
quality is essential as it is an important factor that has a 
direct effect on human health. Operational research need 
to be conducted to evaluate the trends of water quality 
and safety practices.

Limitation
The significant limitation of the study was missing acid 
fast staining for dried smear for parasites detection. The 
sample size for parasites was small and limited to reser-
voirs.

Ethics Approval and Consent to the Study
Written consent was obtained from AAU College of Health 
Sciences Ethical and research review committee. The 
confidentiality of all sample sources was maintained by 
unique identification code.

Consent for Publication
Not applicable

Availability of Data and Materials
The data for this study was made available with me.

Competing Interests
I declare that this study is my original work so that there 
is no competing interest.

Funding
The fund was obtained from AAU and AAWSA.

Author’s Contributions
I (the author) performed all activities of the study.

Acknowledgements
I express my gratitude to advisors, AAU, AAWSA and Ad-
dis Ababa city dwellers water owners.

References
[1] Edberg SC. Microbial Health Risks of Regulated 

Drinking Waters in the United States. Drink Water 
Res Found. 2013. 

[2] WHO. Guidelines for drinking-water Quality. 2011. 
[3] FMoH.  National Drinking Water Quality Monitor-

ing and Surveillance Strategy. 2011.
[4] Almas H, Ghazala Y, Zubi S, Amra T, Noor A. Inten-

sive report on total analysis of drinking water qual-
ity in Lahore. Int J Environ Sci. 2013; 3:2161-2171. 

[5] Omer E, Sallam T. Bacteriological Investigation of 
Drinking Water in Shendi Locality, River Nile State, 
Sudan. Open Acc Sci Rep. 2012; 1: 1-3. 

[6] Borrego JJ and Figueras MJ. New Perspectives in 
monitoring drinking water Microbial Quality.  Int J 
Environ Res Pub Heal. 2010; 7:4179-4202. 

[7] Pavendan P, Anbu SS, Sebastian RC. Physico-Chem-
ical and Microbial Assessment of drinking water 
from different water sources of Tiruchirappalli Dis-
trict, South India. Euro J Exp Bio. 2011; 1:183-189. 

[8] Saxena N, Misra SN, Shukla RN. Physicochemical 
and Bacteriological Analysis of Water Quality un-
der different Environmental condition. J Chem Phar 
Res. 2011; 3:162-167. 

[9] Cabral JPS. Water Microbiology-Bacterial Patho-
gens and Water. Int J Environ Res Pub Heal. 2010; 
7:3657-3703. 

[10] Dunn G, Harris L, Cook C, Prystajecky N. A com-
parative analysis of current microbial water quality 
risk assessment and management practices in Brit-
ish Columbia and Ontario, Canada. Sci Total Envi-
ron. 2014; 544-552. 

[11] USEPA. Method 1623: Cryptosporidium and 
Giardia in Water by Filtration/IMS/FA. 2005. 

[12] Amenu D, Menkir S, Gobena T. Bacteriological 
Quality of drinking water sources in Rural Commu-
nities of Dire Dawa Administrative Council. Int J Res 
Dev Pharm L Sci. 2013; 3:775-780. 

[13] EPA-United States Environmental Protection 
Agency. Method. 2012. 

https://aquadoc.typepad.com/files/csa_final_09302013protected.pdf
https://aquadoc.typepad.com/files/csa_final_09302013protected.pdf
https://www.omicsonline.org/scientific-reports/2161-1165-SR-329.pdf
https://www.omicsonline.org/scientific-reports/2161-1165-SR-329.pdf
https://www.omicsonline.org/scientific-reports/2161-1165-SR-329.pdf
https://www.mdpi.com/1660-4601/7/12/4179
https://www.mdpi.com/1660-4601/7/12/4179
https://www.primescholars.com/articles/physico-chemical-and-microbial-assessment-of-drinking-water-from-different-water-sources-of-tiruchirappalli-district-sou-90673.html
https://www.primescholars.com/articles/physico-chemical-and-microbial-assessment-of-drinking-water-from-different-water-sources-of-tiruchirappalli-district-sou-90673.html
https://www.primescholars.com/articles/physico-chemical-and-microbial-assessment-of-drinking-water-from-different-water-sources-of-tiruchirappalli-district-sou-90673.html
https://www.primescholars.com/articles/physico-chemical-and-microbial-assessment-of-drinking-water-from-different-water-sources-of-tiruchirappalli-district-sou-90673.html
http://cgcri.csircentral.net/1889/
http://cgcri.csircentral.net/1889/
http://cgcri.csircentral.net/1889/
https://www.mdpi.com/1660-4601/7/10/3657
https://www.mdpi.com/1660-4601/7/10/3657
https://www.sciencedirect.com/science/article/pii/S0048969713009182
https://www.sciencedirect.com/science/article/pii/S0048969713009182
https://www.sciencedirect.com/science/article/pii/S0048969713009182
https://www.sciencedirect.com/science/article/pii/S0048969713009182
https://www.researchgate.net/profile/Desalegn-Amenu/publication/315822688_Bacteriological_quality_of_drinking_water_sources_in_rural_communities_of_Dire_Dawa_administrative_council/links/5d46b0c7299bf1995b63ed6b/Bacteriological-quality-of-drinking-water-sources-in-rural-communities-of-Dire-Dawa-administrative-council.pdf
https://www.researchgate.net/profile/Desalegn-Amenu/publication/315822688_Bacteriological_quality_of_drinking_water_sources_in_rural_communities_of_Dire_Dawa_administrative_council/links/5d46b0c7299bf1995b63ed6b/Bacteriological-quality-of-drinking-water-sources-in-rural-communities-of-Dire-Dawa-administrative-council.pdf
https://www.researchgate.net/profile/Desalegn-Amenu/publication/315822688_Bacteriological_quality_of_drinking_water_sources_in_rural_communities_of_Dire_Dawa_administrative_council/links/5d46b0c7299bf1995b63ed6b/Bacteriological-quality-of-drinking-water-sources-in-rural-communities-of-Dire-Dawa-administrative-council.pdf


Public Health Microbiological Quality and Safety Assessment of Addis Ababa City Drinking Water Sources, Addis Ababa, Ethiopia

www.jenvoh.com 5

[14] CDC. Microbiological Indicator testing in De-
veloping Countries: A fact sheet for the field prac-
titioner. 2010.

[15] Aly N, Ali RM, Elbadawy HA. Assessment of 
drinking Water Quality. Life Sci J. 2013; 10:1795-
1803. 

[16] Amin-R, Ali SS, Anwar Z, Khattak JZK. Microbial 
Analysis of drinking Water and water distribution 
system in New Urban Peshawar. Cur Res J Biol Sci. 
2012; 4:731-737. 

[17] Ali J, Ullah N, Khan FA, Rahman Z, Ahmad I, 
Hassan S, et al. Bacteriological Quality Analysis 
of drinking Water of Rural areas of Peshawar, Pa-
kistan. Am-Euras J Agric & Environ Sci. 2013; 
13:1202-1206.

[18] Singh S, Sangeeta B, Rana SN. Microbial Exam-
ination of Municipal Water Supplies from Selected 
area of Durg District. Indian J Sci Res. 2014; 4:207-
209.

[19] Soni VK, Visavadia M, Gosai C, Hussain MD, Me-
wada MS, Gor S, et al. Evaluation of physico-chem-
ical and microbial parameters on water quality 
of Narmada River, India. Afr J Environ SciTechnol. 
2013; 7:496-503. 

[20] Chigor VN, Umoh VJ, Okuofu CA, Ameh JB, Egbi-
nosa EO, Okoh AI. Water quality Assessment: Sur-
face water sources used for drinking and irrigation 
in Zaria, Nigeria are a public health hazard. Environ 
Monit Assess. 2012; 184:3389-3400. 

[21] Jimmy DH, Sundufu AJ, Malanoski AP, Jacobsen 
KH, Ansumana R, Leski TA, et al. Water quality As-
sociated Public Health risk in Bo, Sierra Leone. En-
viron Monit Assess. 2013; 185:241-251.

[22] Al-Otaibi ELS. Bacteriological assessment of 
urban water sources in Khamis Mushait Governor-
ate, Southwestern Saudi Arabia. Int J Health Geog. 
2009;  8:1-9. 

[23] Tsega N, Sahile S, Kibret M, Abera B. Bacterio-
logical and physico-chemical quality of drinking 
water sources in a rural community of Ethiopia. 
Afri Health Sci. 2013; 13:1156-1161. 

[24] Pindi PK, Yadav PR, Kodaparthi A. Bacteriologi-
cal and Physico-Chemical Quality of Main Drinking 
Water Sources. Pol J Environ Stud. 2013; 22:825-
830. 

[25] Metgaud S, Preeti, Karadesai SG and Vagara-
li MA. Bacteriological Analysis of drinking Water 
Samples.  J Biosci Tech 2011; 2:220-222. 

[26] John V, Jain P, Rahate M, Labhasetwar P. Assess-
ment of deterioration in water quality from source 
to household storage in semi-urban settings of de-
veloping countries. Environ Monit Assess. 2014; 
186:725-734. 

[27] Siyum D, Woyessa D. Assessment of Bacterio-
logical Quality and Traditional Treatment Methods 
of water-borne diseases Among Well Water users 
in Jimma Town, Southwest Ethiopia. ARPN J Agri 
Bio Sci. 2013; 8. 

[28] Anju G, Pratap CR, Vysakhi MV, Anu AS. Physical 
and Bacteriological Quality of Well Water Samples 
from Kanakkary Panchayath, Kottayam District, 
Kerala State, India. Int J Plan Anim Environ Sci. 
2012; 2:133-138. 

[29] Borah M, Dutta J, Misra AK. The Bacteriological 
quality of drinking water in Golaghat Sub-division 
of Golaghat District, Assam, India. Int J Chem Tech 
Res 2010; 2(3):1843-1851. 

[30] Baig SA, Xu X, Khan R. Microbial water quality 
risks to public health: potable water assessment for 
a flood-affected town in northern Pakistan. Rural 
Remote Health. 2012; 2196:1-6. 

[31] Anwar MS, Lateef S, Siddiqi GM. Bacteriologi-
cal Quality of Drinking Water In Lahore. Biomedica 
2010; 26:66-69.

[32] Traistaru E. Comparative Study on the Micro-
biological Quality of water Cooler Dispensers and 
Tap Water.  Acta Univer Cibinien Series E: Food 
Tech. 2011; 15:3-10.

[33] Ghasemi E, Rahdar M, Rostami M. Prevalence of 
Entamoeba histolytica/ dispar in drinking water in 
the city of Shush, Khuzestan Province in 2011. Int J 
Curr Microbiol App Sci. 2015; 4:582-588.

[34] Gobena T, Menkir S, Amenu DGT, Menkir S, 
Amenu D. Occurrence of Cryptosporidium oocyst 
and Giardia cyst in drinking water sources of the 
rural communities of Dire Dawa Administrative 
Council, Eastern Ethiopia. W J Pharm L Sci. 2015; 
1:146-159.

[35] Ell-Amin AM, Sulieman AME, El-Khalifa EA. Mi-
crobiological Assessment of drinking Water Quali-
ty in Wad-Medani& Khartoum States. Sixteenth Int 
Water Tech Conf. 2012.

[36] Dogba BI, Jande JA and Mile II. Bacteriological 
Contamination of Well Water in Makurdi town, 
Benue state, Nigeria. Pak J BiolSci. 2012; 15:1048-
1051. 

[37] Jotwani J, Jain B, Malik S. Assessment of Pota-
bility of different water sources at Bhopal city. Int J 
Environ Sci. 2014; 4: 890-898. 

[38] Kifle S, Gadisa T.  Microbial quality of Jimma wa-
ter supply. Ethiop J EducSci. 2006; 2:21-36. 

[39] Abera S, Zeyinudin A, Kebede B, Deribew A, Ali 
S, Zemene E. Bacteriological Analysis of drinking 
Water sources. Afri J Microbiol Res. 2011; 5:2638-
2641.

https://www.researchgate.net/publication/273459001_Assessment_of_Drinking_Water_Quality_Life_Sci_J_20131011795-1803
https://www.researchgate.net/publication/273459001_Assessment_of_Drinking_Water_Quality_Life_Sci_J_20131011795-1803
https://www.airitilibrary.com/Publication/alDetailedMesh?docid=20410778-201211-201508180050-201508180050-731-737
https://www.airitilibrary.com/Publication/alDetailedMesh?docid=20410778-201211-201508180050-201508180050-731-737
https://www.airitilibrary.com/Publication/alDetailedMesh?docid=20410778-201211-201508180050-201508180050-731-737
https://d1wqtxts1xzle7.cloudfront.net/46973257/Corresponding_Author_Bacteriological_Qua20160703-8417-k4cr9i-with-cover-page-v2.pdf?Expires=1656492736&Signature=ZV~B1aaajYp431jJPjVznCOaBi4CzQyZY~0DM6130Q86wM1yrX57dsB1vSi3cfoTYSLLIciqpyLhKDzTn72xB3MQWV7eLwJIjZ8LhG6-t1HSFMEllSixm76AbGtUTsBxoP2rrGMLxuuSAmjve0ef5YaE48oV~5PsJxeZG5FzYVMMWhUPr9sk562iig8VWr-JMbt1qLPLbAmPT2oikP1Lnu7zScTiNpAFeh6P7UWzFYZbefMWdbwIoBwOoiIDzt8rFqeDFI1LyZdT0cW6TndmNseGXVqPnyfdRXPNqmh1xsd~emV7jtRYKT~m9mB3KCJoZBv5Niedcj4Np2mKMvzlRQ__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/46973257/Corresponding_Author_Bacteriological_Qua20160703-8417-k4cr9i-with-cover-page-v2.pdf?Expires=1656492736&Signature=ZV~B1aaajYp431jJPjVznCOaBi4CzQyZY~0DM6130Q86wM1yrX57dsB1vSi3cfoTYSLLIciqpyLhKDzTn72xB3MQWV7eLwJIjZ8LhG6-t1HSFMEllSixm76AbGtUTsBxoP2rrGMLxuuSAmjve0ef5YaE48oV~5PsJxeZG5FzYVMMWhUPr9sk562iig8VWr-JMbt1qLPLbAmPT2oikP1Lnu7zScTiNpAFeh6P7UWzFYZbefMWdbwIoBwOoiIDzt8rFqeDFI1LyZdT0cW6TndmNseGXVqPnyfdRXPNqmh1xsd~emV7jtRYKT~m9mB3KCJoZBv5Niedcj4Np2mKMvzlRQ__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/46973257/Corresponding_Author_Bacteriological_Qua20160703-8417-k4cr9i-with-cover-page-v2.pdf?Expires=1656492736&Signature=ZV~B1aaajYp431jJPjVznCOaBi4CzQyZY~0DM6130Q86wM1yrX57dsB1vSi3cfoTYSLLIciqpyLhKDzTn72xB3MQWV7eLwJIjZ8LhG6-t1HSFMEllSixm76AbGtUTsBxoP2rrGMLxuuSAmjve0ef5YaE48oV~5PsJxeZG5FzYVMMWhUPr9sk562iig8VWr-JMbt1qLPLbAmPT2oikP1Lnu7zScTiNpAFeh6P7UWzFYZbefMWdbwIoBwOoiIDzt8rFqeDFI1LyZdT0cW6TndmNseGXVqPnyfdRXPNqmh1xsd~emV7jtRYKT~m9mB3KCJoZBv5Niedcj4Np2mKMvzlRQ__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
http://citeseerx.ist.psu.edu/viewdoc/summary?doi=10.1.1.1050.8127
http://citeseerx.ist.psu.edu/viewdoc/summary?doi=10.1.1.1050.8127
http://citeseerx.ist.psu.edu/viewdoc/summary?doi=10.1.1.1050.8127
https://www.ajol.info/index.php/ajest/article/view/93885
https://www.ajol.info/index.php/ajest/article/view/93885
https://www.ajol.info/index.php/ajest/article/view/93885
https://link.springer.com/article/10.1007/s10661-011-2396-9
https://link.springer.com/article/10.1007/s10661-011-2396-9
https://link.springer.com/article/10.1007/s10661-011-2396-9
https://link.springer.com/article/10.1007/s10661-012-2548-6
https://link.springer.com/article/10.1007/s10661-012-2548-6
https://link.springer.com/article/10.1186/1476-072X-8-16
https://link.springer.com/article/10.1186/1476-072X-8-16
https://link.springer.com/article/10.1186/1476-072X-8-16
https://www.ajol.info/index.php/ahs/article/view/100465
https://www.ajol.info/index.php/ahs/article/view/100465
https://www.ajol.info/index.php/ahs/article/view/100465
http://www.pjoes.com/Bacteriological-and-Physico-Chemical-Quality-r-nof-Main-Drinking-Water-Sources,89037,0,2.html
http://www.pjoes.com/Bacteriological-and-Physico-Chemical-Quality-r-nof-Main-Drinking-Water-Sources,89037,0,2.html
http://www.pjoes.com/Bacteriological-and-Physico-Chemical-Quality-r-nof-Main-Drinking-Water-Sources,89037,0,2.html
https://link.springer.com/article/10.1007/s10661-013-3412-z
https://link.springer.com/article/10.1007/s10661-013-3412-z
https://link.springer.com/article/10.1007/s10661-013-3412-z
https://link.springer.com/article/10.1007/s10661-013-3412-z
https://www.researchgate.net/publication/236592468_Physical_and_bacteriological_quality_of_well_water_samples_from_Kanakkary_Panchayath_Kottayam_District_Kerala_State_India
https://www.researchgate.net/publication/236592468_Physical_and_bacteriological_quality_of_well_water_samples_from_Kanakkary_Panchayath_Kottayam_District_Kerala_State_India
https://www.researchgate.net/publication/236592468_Physical_and_bacteriological_quality_of_well_water_samples_from_Kanakkary_Panchayath_Kottayam_District_Kerala_State_India
https://www.researchgate.net/publication/236592468_Physical_and_bacteriological_quality_of_well_water_samples_from_Kanakkary_Panchayath_Kottayam_District_Kerala_State_India
https://www.cabdirect.org/cabdirect/abstract/20103248462
https://www.cabdirect.org/cabdirect/abstract/20103248462
https://www.cabdirect.org/cabdirect/abstract/20103248462
https://search.informit.org/doi/abs/10.3316/informit.626310081528329
https://search.informit.org/doi/abs/10.3316/informit.626310081528329
https://search.informit.org/doi/abs/10.3316/informit.626310081528329
http://www.thebiomedicapk.com/articles/206.pdf
http://www.thebiomedicapk.com/articles/206.pdf
https://saiapm.ulbsibiu.ro/cercetare/ACTA_E/AUCFT_2011_II_3_10.pdf
https://saiapm.ulbsibiu.ro/cercetare/ACTA_E/AUCFT_2011_II_3_10.pdf
https://saiapm.ulbsibiu.ro/cercetare/ACTA_E/AUCFT_2011_II_3_10.pdf
https://www.researchgate.net/profile/Ezatollah-Ghasemi/publication/320452269_Prevalence_of_Entamoeba_histolyticadispar_in_drinking_water_in_the_city_of_Shush_Khuzestan_Province_in_2011/links/59ee4c904585154350e80be4/Prevalence-of-Entamoeba-histolytica-dispar-in-drinking-water-in-the-city-of-Shush-Khuzestan-Province-in-2011.pdf
https://www.researchgate.net/profile/Ezatollah-Ghasemi/publication/320452269_Prevalence_of_Entamoeba_histolyticadispar_in_drinking_water_in_the_city_of_Shush_Khuzestan_Province_in_2011/links/59ee4c904585154350e80be4/Prevalence-of-Entamoeba-histolytica-dispar-in-drinking-water-in-the-city-of-Shush-Khuzestan-Province-in-2011.pdf
https://www.researchgate.net/profile/Ezatollah-Ghasemi/publication/320452269_Prevalence_of_Entamoeba_histolyticadispar_in_drinking_water_in_the_city_of_Shush_Khuzestan_Province_in_2011/links/59ee4c904585154350e80be4/Prevalence-of-Entamoeba-histolytica-dispar-in-drinking-water-in-the-city-of-Shush-Khuzestan-Province-in-2011.pdf
https://d1wqtxts1xzle7.cloudfront.net/46892088/MICROBIOLOGICAL_ASSESSMENT_OF_DRINKING_W20160629-31034-1xogi7f-libre.pdf?1467223002=&response-content-disposition=inline%3B+filename%3DMicrobiological_Assessment_of_Drinking_W.pdf&Expires=1656498988&Signature=ZAZr0TqLguAqOBBExEAiZGiVX84TfAePccDNEfKo8aOCdCrHdaOOEDnnqKxpe5FgkCaHUhOtqubBEiWpgODVjysOsrni0CWyUc9U09eEj-MIU5Gppps0G6m21OWE6GE8d6tU6os7FFEnkT3WIJvrLtWfi-RtpQQ2h8ybUaGb7u~3gW7hhQ3qvXIR1kRLgX28fh0Q5QY1vV--ELAfSxbaG5XKWqZv7YSYR-Za0kkGudS0jytFb6hMFvWHSzz7QAmd~Oq-C7Z~H8-mLOmpDAfbakED8-DEQgcAFVtrEvVraZpdsT0EljnQhdSFVdU4oZZbpsKTkxw5xdZj8iNMVm-Xyg__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/46892088/MICROBIOLOGICAL_ASSESSMENT_OF_DRINKING_W20160629-31034-1xogi7f-libre.pdf?1467223002=&response-content-disposition=inline%3B+filename%3DMicrobiological_Assessment_of_Drinking_W.pdf&Expires=1656498988&Signature=ZAZr0TqLguAqOBBExEAiZGiVX84TfAePccDNEfKo8aOCdCrHdaOOEDnnqKxpe5FgkCaHUhOtqubBEiWpgODVjysOsrni0CWyUc9U09eEj-MIU5Gppps0G6m21OWE6GE8d6tU6os7FFEnkT3WIJvrLtWfi-RtpQQ2h8ybUaGb7u~3gW7hhQ3qvXIR1kRLgX28fh0Q5QY1vV--ELAfSxbaG5XKWqZv7YSYR-Za0kkGudS0jytFb6hMFvWHSzz7QAmd~Oq-C7Z~H8-mLOmpDAfbakED8-DEQgcAFVtrEvVraZpdsT0EljnQhdSFVdU4oZZbpsKTkxw5xdZj8iNMVm-Xyg__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/46892088/MICROBIOLOGICAL_ASSESSMENT_OF_DRINKING_W20160629-31034-1xogi7f-libre.pdf?1467223002=&response-content-disposition=inline%3B+filename%3DMicrobiological_Assessment_of_Drinking_W.pdf&Expires=1656498988&Signature=ZAZr0TqLguAqOBBExEAiZGiVX84TfAePccDNEfKo8aOCdCrHdaOOEDnnqKxpe5FgkCaHUhOtqubBEiWpgODVjysOsrni0CWyUc9U09eEj-MIU5Gppps0G6m21OWE6GE8d6tU6os7FFEnkT3WIJvrLtWfi-RtpQQ2h8ybUaGb7u~3gW7hhQ3qvXIR1kRLgX28fh0Q5QY1vV--ELAfSxbaG5XKWqZv7YSYR-Za0kkGudS0jytFb6hMFvWHSzz7QAmd~Oq-C7Z~H8-mLOmpDAfbakED8-DEQgcAFVtrEvVraZpdsT0EljnQhdSFVdU4oZZbpsKTkxw5xdZj8iNMVm-Xyg__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://scialert.net/fulltext/?doi=pjbs.2012.1048.1051&org=11
https://scialert.net/fulltext/?doi=pjbs.2012.1048.1051&org=11
https://scialert.net/fulltext/?doi=pjbs.2012.1048.1051&org=11
https://pubag.nal.usda.gov/catalog/7061794
https://pubag.nal.usda.gov/catalog/7061794
https://www.ajol.info/index.php/ejesc/article/view/41974
https://www.ajol.info/index.php/ejesc/article/view/41974
https://academicjournals.org/journal/AJMR/article-full-text-pdf/17535DA12621.pdf
https://academicjournals.org/journal/AJMR/article-full-text-pdf/17535DA12621.pdf


Amsalu Mekonnen Wolde

Journal of Environmental and Occupational Health • 2022 • Vol 12 • Issue 66

[40] Bartram J, Ballance R. Water Quality monitor-
ing - A Practical Guide to the Design and Implemen-
tation of Freshwater. UNEP/WHO. 1996. 

[41] UNICEF. Unicef Handbook on Water Quality. 
New York. 2008.

[42] APHA, AWWA, WEF. Standard Methods for the 
examination of Water and Waste Water. Part 9000; 
Microbiol Exam. 2000.

[43] Smith BA, Ruthman T, Sparling, Comer N, Auld 
H, Sparling E, et al. Risk modeling framework to 
evaluate the impacts of climate change and adapta-
tion on Food and Water safety. Food Res Int. 2015; 
68:78-85. 

[44] Bartram J, LoBuglio J and Onda K. Global Access 
to safe water: Accounting for water Quality and the 
resulting impact on MDG Progress. Int J Environ 
Res Public Health 2012; 9:880-894.

[45] OECD and WHO. Assessing Microbial Safety of 
Drinking Water. IWA, 2003. 

[46] Tadesse D, Desta A, Geyid A, Girma W, Fisseha 
S, Schmoll O. Rapid Assessment of drinking-water 
Quality in the Federal Democratic Republic of Ethi-
opia: Country report of the pilot project implemen-
tation in 2004-2005. WHO and UNiCeF. 2010.

https://books.google.co.in/books?hl=en&lr=&id=wFijb1IOvCIC&oi=fnd&pg=IA3&dq=Water+Quality+monitoring+-+A+Practical+Guide+to+the+Design+and+Implementation+of+Freshwater.&ots=5pCNPkMJi6&sig=H-iWB2AYfcKCkKLfxw4eglYRmlo&redir_esc=y#v=onepage&q=Water%20Quality%20monitoring%20-%20A%20Practical%20Guide%20to%20the%20Design%20and%20Implementation%20of%20Freshwater.&f=false
https://books.google.co.in/books?hl=en&lr=&id=wFijb1IOvCIC&oi=fnd&pg=IA3&dq=Water+Quality+monitoring+-+A+Practical+Guide+to+the+Design+and+Implementation+of+Freshwater.&ots=5pCNPkMJi6&sig=H-iWB2AYfcKCkKLfxw4eglYRmlo&redir_esc=y#v=onepage&q=Water%20Quality%20monitoring%20-%20A%20Practical%20Guide%20to%20the%20Design%20and%20Implementation%20of%20Freshwater.&f=false
https://books.google.co.in/books?hl=en&lr=&id=wFijb1IOvCIC&oi=fnd&pg=IA3&dq=Water+Quality+monitoring+-+A+Practical+Guide+to+the+Design+and+Implementation+of+Freshwater.&ots=5pCNPkMJi6&sig=H-iWB2AYfcKCkKLfxw4eglYRmlo&redir_esc=y#v=onepage&q=Water%20Quality%20monitoring%20-%20A%20Practical%20Guide%20to%20the%20Design%20and%20Implementation%20of%20Freshwater.&f=false
https://www.sciencedirect.com/science/article/pii/S0963996914004724#!
https://www.sciencedirect.com/science/article/pii/S0963996914004724#!
https://www.sciencedirect.com/science/article/pii/S0963996914004724#!
https://www.mdpi.com/1660-4601/9/3/880?start=1047
https://www.mdpi.com/1660-4601/9/3/880?start=1047
https://www.mdpi.com/1660-4601/9/3/880?start=1047
https://www.ircwash.org/resources/rapid-assessment-drinkingwater-quality-federal-democratic-republic-ethiopia-country-report
https://www.ircwash.org/resources/rapid-assessment-drinkingwater-quality-federal-democratic-republic-ethiopia-country-report
https://www.ircwash.org/resources/rapid-assessment-drinkingwater-quality-federal-democratic-republic-ethiopia-country-report
https://www.ircwash.org/resources/rapid-assessment-drinkingwater-quality-federal-democratic-republic-ethiopia-country-report

