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Abstract
Ethiopia is one of the developing countries where only 52% of its population have access to safe drinking water. To determine 
the level of faecal contamination in drinking water, the E. coli has been found to be the most specific indicator. The purpose of 
this study was to determine household bacteriological drinking water quality and its associated factors in rural North Gondar 
Zone Ethiopia. A community-based cross-sectional study was conducted in rural parts of North Gondar Zone from April to 
June, 2016. Water samples from water storage at household level were taken using standardized water sampling techniques 
to determine the level of faecal contamination. Face-to-face interview using structured questionnaires and checklist were 
used to identify the associated factors. A total of 736 households participated in this study. The prevalence of positive faecal 
coliform in the households is found to be 72.6% (95%C.I; 69.4–75.8). In multivariate analysis; occupational status [AOR; 
0.35, 95%; CI (0.16,0.77)], income [(AOR);0.45, 95%; CI (0.3, 0.68)], type of solid waste disposal habit [AOR; 0.16, 95%; 
CI (0.36, 0.66)], source of water [AOR; 0.42, 95%; CI (0.28, 0.65)], shortage of water [AOR; 2.8, 95%; CI (1.88, 4)] were 
variables identified as predictors for faecal coliform contamination of water in the household. There is high level of faecal 
contamination of household drinking water in North Gondar Zone. Occupational status, income, solid waste disposal habit, 
sources of drinking water, and shortage of water were predictor for presence of faecal coliform contamination in household 
drinking water.
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Background

Water is the essential material that occupies the largest por-
tion of living things. Approximately 70% of the earth’s sur-
face is water, but just 3% of this is suitable for human use 
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(Jarrett 1995). In the absence of clean drinking water, mil-
lions of people worldwide will be infected by water-borne 
diseases. In reality, more people die each year as a result 
of poor water quality compared with all forms of violence 
including war (Hoffman 2004). It is also estimated that 
around 2 billion people worldwide use faecal-contaminated 
water sources and that 502,000 people die as a resulted of 
diarrheal diseases caused by contaminated water (WHO 
2017).

Safe drinking water is defined by WHO as water hav-
ing acceptable quality in terms of its physical, chemical and 
bacteriological parameters (Edition 2011). According to the 
WHO 2003 survey, about 1 billion people worldwide do not 
have access to safe drinking water globally (WHO 2004). 
Furthermore, most of the people in developing countries 
lack safe drinking water. As a result, the majority of the 
water-related health problems (diseases) are distributed 
across developing countries (Parsons and Jefferson 2006). 
As a consequence, the lack of access to safe drinking water 
has been described by the WHO as the most critical factor 
that adversely affects the general health and well-being of 
communities in developing countries (Saana et al. 2016).

Ethiopia is one of the developing countries where only 
66.5% of its population has access to safe drinking water 
(Awulachew et al. 2007). The majority of Ethiopians live 
in rural areas, but 43.5% of this population does not have 
access to clean water (UNDP Ethiopia 2018; Douine et al. 
2016). As a result, 60–80% of the population suffers from 
water-borne and water-related diseases (Beyene et al. 2015). 
This causes a significant financial and social burden on the 
country.

In rural parts of Ethiopia, water for human consump-
tion mainly comes from unprotected water sources (UNDP 
Ethiopia 2018; Abera et al. 2011; Amenu et al. 2014). Even 
if the water sources in rural settings are protected, a study 
done in North Gondar, Ethiopia shows that most protected 
sources of water for human consumptions are non-functional 
or liable for contamination (Admassu et al. 2003).

Studies conducted on bacteriological quality of drinking 
water in Ethiopian cities such as Addis Ababa, Ziway, Bahir 
Dar and Adama have shown contamination of the drink-
ing water samples with indicator bacteria, faecal coliform 
(DESTA 2009). Bacteriological surveys of water sources in 
rural Gondar Zone found that 33.7% of protected springs, 
28.6% of protected wells, and 50% of unprotected wells indi-
cated that faecal coliforms were present in water (Mengesha 
et al. 2004).

Thermophlic E.coli bacteria have been identified as the 
most specific indicator of faecal contamination in drink-
ing water (Boschi-Pinto et al. 2008; Gwimbi 2011). WHO 
guideline stated that none of the indicator bacteria (total 
and faecal coliform) should be detected in a 100 ml drink-
ing water sample (WHO 2004). There is little research on 

the quality of household drinking water. The purpose of this 
study was therefore to determine the bacteriological quality 
of household drinking water and its associated factors in 
rural North Gondar Zone Ethiopia.

Methods

Study design and area

A community-based cross-sectional study was conducted in 
North Gondar Zone from April to June, 2016. North Gondar 
is one of the eleven zones in Amhara Regional State. It has 
22 administrative woredas (districts). Data from North 
Gondar Zonal Health Department indicate that the total pro-
jected population in 2015/16 was 3,704,740 in which 78.8% 
population resides in rural areas.

Sample size and sampling technique

Epi Info version 7.1 was used to calculate the sample size 
based on an assumption that 30% of households have fae-
cally contaminated drinking water (Tsega et al. 2013), with 
marginal error of 5%, 95% confidence interval, design effect 
of 2, accounted for two-stage sampling and non-response 
rate of 10%. Accordingly, the total sample size calculated 
for this study was 736 households. The calculated sample 
size was taken from four districts (Dembia, Gondar Zuriya, 
Chilga and Sanja) which were randomly selected from a total 
of 22 districts in North Gondar Zone. Then, 25% of total 
kebeles (sub-districts) were included from each selected dis-
tricts by simple random sampling technique. The number of 
households from each selected kebeles was calculated using 
probability proportional to size (PPS). Finally, systematic 
random sampling technique was used to identify specific 
households from the selected kebeles.

Data collection tools

Face-to-face interview was conducted from structured 
questionnaires in order to collect socio-economic and 
behavioural characteristics. Observations using structured 
checklist were conducted by trained professionals to iden-
tify environmental characteristics that can be the possible 
sources of bacteriological contamination of drinking water.

Water samples for bacteriological analysis were collected 
from the household’s drinking water storage. The method of 
water sample collection from each household was accord-
ing to the American Public Health Association (APHA) 
guidelines for drinking water quality assessment (APHA-
AWWA-WPCF 1981). Water samples from each household 
were collected in sterilized glass bottles which were rinsed 
thoroughly with distilled water. The collected water samples 
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were labelled and kept in icebox during transportation till 
analysis in the laboratory. Water samples were analysed 
using standardized bacteriological methods for water qual-
ity analysis as used by Cheesbrough to determine bacterio-
logical contamination (Cheesbrough 1981) in University of 
Gondar, Environmental and Occupational health and safety 
laboratory.

All samples were analysed for faecal coliform count 
within 4 h of sample collection using the membrane filter 
technique. Faecal coliforms (FC) enumeration was carried 
out using membrane filtration techniques in which 100 ml 
of water sample was filtered through the membrane filter 
(millipore 45 µm). Membrane lauryl sulphate medium that 
was dispensed on to the absorbent pad was used for bacterial 
growth medium. Then, the membrane filter with millipore 
45 µm through which water sample filtered was placed on 
membrane lauryl sulphate medium in aluminium Petri dish 
was incubated at 44 ± 0.5 °C for 18–24 h. The yellow colo-
nies were counted as coliforms under microscope.

Data quality control

Training was given for data collectors and supervisors for 
three days on procedures, techniques and ways of data col-
lection. Prior to the commencement of the actual data col-
lection process, the data collection tools were pretested 
on unselected nearby district. In addition, continuous and 
strict supervision was carried out during the data collection 
process.

Water samples from each household were collected in 
sterilized glass bottles. All water samples were collected 
by trained laboratory technicians. All sampling bottles were 
appropriately labelled before the collection of sample. The 
samples were collected using standardized drinking water 
sampling techniques. All collected water samples were kept 
at 4 °C before analysis. All water samples were analysed in 
laboratory within 4 h of sample collection. Before analysis, 
sterilization of required laboratorial equipment’s and culture 
medium was carried out. All analytical procedures were car-
ried out meticulously and high-grade agar medium was used. 
Moreover, to assure validity of the analysis, 1 blank per 20 
samples were analysed following the same procedure.

Ethical consideration

Before data collection, ethical approval and ethical clearance 
letter were obtained from Institutional Review Board (IRB) 
of University Of Gondar, College of Medicine and Health 
Sciences. Written consent was sought from each respond-
ent after explaining the purpose and objectives of the study. 
Confidentiality was assured for information collected from 

study participants, and privacy was also ensured during the 
interview.

Data processing and analysis

Data were entered using Epi Info version 7.1 and analysed 
using SPSS version 20.0 for description of data and analysis 
of binary logistic regression. A P value of less than 5% was 
used to declare association between factors and the depend-
ent variable.

Results and discussion

Socio‑demographic characteristics of respondents

A total of 736 households participated in this study. 
Respondent had an average age of 30 ± 7 years and the 
majority of respondent (93.8%) were orthodox by religion. 

Table 1  Distribution of socio-demographic characteristics of 
respondents in North Gondar Zone, 2016 (n = 736)

Variables Number Per cent (%)

Age
 < 15
15–24
25–34
 > 35

3
149
362
222

0.4
20.2
49.2
30.2

Religion of parents
Orthodox
Protestant
Muslim

690
6
40

93.8
0.8
5.4

Educational level
Illiterate
Read and write
1–8
9–12

431
62
135
108

58.6
8.4
18.3
14.7

Occupation of the mother
Government employee
Housewife
Merchant
Farmer

24
632
35
45

3.3
85.9
4.8
6.1

Marital Status
Married
Single
Divorced
Widowed

693
2
35
6

94.1
0.3
4.8
0.8

Family size
 ≤ 5
 > 5

463
273

62.9
37.1

Income
 < 1000 Birr
1000–2000 Birr
 > 2000 Birr

423
284
29

57.5
38.6
3.9
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Most of the respondents were married (94.2%) and house-
wives (85.9%) by occupation (Table 1).

Environmental characteristics of respondents

The majority (53.8%) of respondents use piped water as 
source of potable water and more than half of respondents 
(62.6%) experience shortage of water in the past. Only 
53.3% of respondents had hand washing facility and 37.6% 
of respondents use open field as way of disposing solid 
waste. More than one third of respondents (39.3%) had only 
1 room per household and 23.5% of occupants’ lives with 
animals in the household (Table 2).

Behavioural characteristics of respondents

The majority of respondent (88.6%) does not use any type 
of household water treatment techniques, and less than 1% 
of respondents wash their hands after visiting toilet, as well 
as cleaning child bottom (Table 3).

Status of faecal contamination of drinking water

Water samples were taken from 736 households. The preva-
lence of positive faecal coliform from the water sample taken 
from households is found to be 72.6% (95%C.I; 69.4–75.8). 
After the bacteriological analysis, the faecal coliform load 
was quantitatively and qualitatively categorized to determine 
the risk level based on WHO classification (WHO 2004). 
In this study, only 27.4% of the households’ drinking water 
was free from faecal coliform contamination. Moreover, 
more than 30.2% of the households’ drinking water was at 
high-risk level of faecal coliform contamination (Table 4). 
According to WHO guidelines, drinking water should not 
be tested positive for faecal coliform. However, this find-
ing is consistent with a research done on the achievements 
of drinking water millennium development goals from five 
countries (Ethiopia is included) (Bain et al. 2012) and a stud-
ies done on microbial quality of drinking water in Lesotho, 
Costal Gana, and Gaza Stip (Palestine) (McGarvey et al. 

Table 2  Distribution of household environmental characteristics of 
respondents, North Gondar Zone, 2016 (n = 736)

Variables Number Per cent (%)

Source of potable water
Piped
Open well
Protected well
Open spring
Protected spring
River

396
61
184
72
6
17

53.8
8.3
25
9.8
0.8
2.3

Water shortage experience
Yes
No

461
275

62.6
37.4

Hand washing facility
Yes
No

392
344

53.3
46.7

Place of solid waste disposal
Pit
Open field
Burning

168
556
12

22.8
75.6
1.6

Animals live in the same house
Yes
No

173
563

23.5
76.5

Type of roof material
Wood
Thatched
Corrugated iron sheet

10
59
667

1.4
8
90.6

Type of floor material
Mud
Wood
Cement

725
3
8

98.5
0.4
1.1

Table 3  Distribution of behavioural characteristics of respondents in 
North Gondar Zone, 2016 (n = 736)

Variables Number Per cent (%)

Type of household water treatment
Boiling
Filtering
Use of chemicals
Allowing water to settle
No treatment

13
19
40
12
652

1.8
2.6
5.4
1.6
88.6

Hand washing facility
Yes
No

736
0

100
0

Time of hand washing
Before food preparation/eating
After eating
After visiting latrine
After cleaning of child bottom
Wash at all conditions

461
25
5
5
240

62.6
3.4
0.7
0.7
32.6

Materials to wash hands
Soap and water
Ash and water
Only water

425
72
239

57.7
9.8
32.5

Presence of faeces around the house
Yes
No

112
624

15.2
84.8

Risk contaminations at household storage
Low
Medium
High
Very high

206
314
198
18

28
42.7
26.9
2.4

Risk contaminations at source
Low
Medium
High
Very high

320
36
315
65

43.5
4.9
42.8
8.8
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2008; Gwimbi 2011; Aish 2013). However, this finding is 
lower when compared to a finding in Jimma zone, Northwest 
Ethiopia (Yasin et al. 2015) but high when compared with 
other studies done in Ethiopia such as Debrezet (Bishoftu), 
Hawassa, and some towns in Amhara region (Mengesha 
et al. 2004; DESTA 2009), as well as a finding from Ghana 
(Saana et al. 2016). The reason for this finding might be 
unsafe water storage system, poor sanitation practice, poor 
level of knowledge towards protection of drinking water 
from contaminants, lack of proper infrastructure towards 
water protection, lack of or uneven water quality assess-
ment for non-compliance with local and national standards, 
uneven monitoring and reporting, and inadequate regulatory 
protection (VanDerslice 2011; Balazs et al. 2012; Balazs and 
Ray 2014). In general, the above factors will be influenced 
by natural environment like soil type and climatic condi-
tions, built environment such as water infrastructure and land 
use and management, as well as sociopolitical environment 
such as policies, governance and community demographics 
(Balazs and Ray 2014). As a result, these respondents are at 
risk of developing various diseases because unsafe water is 
consistently correlated with the occurrence of water-borne 
disease (Esrey et al. 1991; McGarvey et al. 2008).

Multivariate analysis of predictors of presence 
of faecal coliform

In multivariate analysis; occupational status, income, type 
of solid waste disposal habit, source of water, and short-
age of water are variables identified as predictors for faecal 
coliform contamination of water in the household (Table 5).

Income and occupational status were significantly associ-
ated with presence of faecal coliform in the drinking water. 
Respondent who earns 1000–2000 Birr per month has 45% 
less odd of having contaminated drinking water than those 
who earn less than 1000 Birr per month. This finding is con-
sistent with other findings suggesting that people with higher 
socio-economic status have a better quality of drinking water 
for consumption (Manun’ebo et al. 1994; Nyati 2004; Bal-
azs et al. 2011; VanDerslice 2011). It is also evident that 
countries with low-income level are highly related with low 
bacteriological quality of water sources (Bain et al. 2014; 

Shields et al. 2015). The possible reason for this finding 
might be related to the fact that people with higher income 
status might provide safe drinking water storage, might have 
a great understanding of water quality, a better infrastruc-
ture with respect to water and sanitation, a better personal 
hygiene and sanitary habit, and can afford to buy water in 
case of poor water quality and unavailability of water (Brick 
et al. 2004; Nyati 2004). Even though the illustrated factors 
indicate environmental injustice towards the poor people 
(Esrey et al. 1991), these factors protect the drinking water 
from various environmental contaminant.

In this study, mothers who were merchants were 75% less 
likely to have drinking water with faecal coliform than moth-
ers who were housewife. Researchers suggest that occupa-
tional status might be associated with a great understand-
ing of water quality and purchasing power of quality water 
(McGarvey et al. 2008; Balazs and Ray 2014). This may 
be because of high predisposition of merchants to health-
related information than that of housewives which intern has 
positive effects on household and environmental hygiene. 
Another reason for this finding might be merchants have 
more economical power than housewife’s which suggest the 
ability to provide clean water storage, better personal and 
environmental hygiene, and the ability of access safe qual-
ity of water. Furthermore, the relationship of water access, 
water quality, and sanitation with public health is well docu-
mented in the developing world (Gundry et al 2004; Fewtrell 
et al. 2005).

Solid waste disposal habit was associated with the pres-
ence of faecal coliform in drinking water of occupants. 
Households who burn their solid waste had 84% less chance 
of having contaminated drinking water than who use open 
field as a way of disposing their waste. Similar findings were 
reported with other researches indicating the close rela-
tionship of the quality of water with waste disposal habits 
(Wright et al. 2004; Cronin et al. 2006). This is expected 
because waste disposal pattern is related to personal as well 
as environmental hygiene. Ineffective solid waste disposal 
techniques such as open dumping can be a source of environ-
mental contamination for water sources, as well as storage of 
water at household level. This exposure makes the drinking 
water unsafe for human consumption. There are established 
evidence indicating household hygiene, and domestic activi-
ties are closely related to water and environmental sanita-
tion (Baig et al. 2012; Amenu et al. 2014; Bain et al. 2014; 
Shields et al. 2015).

Water source and shortage of drinking water were signifi-
cantly associated environmental factors with faecal contami-
nation of drinking water. It was evident that respondents who 
get their drinking water from protected water sources have 
58% less chance of having faecal-contaminated water than 
those who get their water from unprotected source of water. 
This finding is consistent with most studies in this area of 

Table 4  Level of faecal contamination of household drinking water in 
North Gondar zone, Ethiopia, 2016 (n = 736)

Risk (FC counts (cfu/100 ml)) Frequency Percentage

No risk (0) 202 27.4
Low (1–10) 54 7.3
Intermediate (11–100) 242 32.9
High (101–1000) 222 30.2
Very high (1000 +) 16 2.2
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study which correlate unprotected water source with faecal 
contamination of drinking water (Gwimbi 2011; Bain et al. 
2014; Shields et al. 2015; Yasin et al. 2015). Water sources 
are known to exert direct influences on the safety, as well 
as quality of water (Cronin et al. 2006; Clasen et al. 2010). 
Furthermore, there are a volume of evidence that indicates 
unprotected water sources such as wells and surface water 
are associated with lower quality of water when compared 

to protected water sources such as tap water and protected 
well water (Cronin et al. 2006; Clasen et al. 2010). The pos-
sible reason for having unprotected water source might be 
lack of infrastructure for protection, lack of maintenance by 
local government and low economic status of occupants to 
protect their water sources. This finding has public health 
importance in Ethiopia because 43% of rural residents in 
Ethiopia get their drinking water from unprotected water 

Table 5  Multivariable analysis 
of predictors for presence of 
faecal coliform in drinking 
water in North Gondar Zone, 
2016 (n = 736)

1.00 = Reference, *Significant at P value < 0.05, **Significant at P value < 0.01

Variables Presence of coliform at house-
hold level

Crude OR (95%CI) Adjusted OR (95%CI)

Yes No

Occupation
Government employee 22 (91.7%) 2 (8.3%) 3.9 (0.91, 17.1) 2 (0.37, 10.1)
Housewife 464 (73.4%) 168 (26.6%) 1.00
Merchant 22 (62.9%) 13 (37.1%) 0.12 (0.02, 0.6)* 0.35 (0.16, 0.77)*
Farmer 25 (58.1%) 18 (41.9%) 0.15 (0.31, 0.76)* 0.61 (2.88, 1.28)
Income
 < 1000 Birr 325 (76.8%) 98 (23.2%) 1.00
1000–1999 Birr 181 (63.7%) 103 (36.3%) 0.53 (0.38, 0.73)** 0.45 (0.3, 0.68)**
 > 2000 Birr 28 (96.5%) 1 (3.5%) 8.4 (0.79, 4.1)** 3.7 (0.44, 3.2)
Animals live in the same house
Yes 138 (79.8%) 35 (20.2%) 1.66 (1.1, 2.5)** 1.47 (0.29, 0.68)
No 396 (70.3%) 167 (29.7%) 1.00
Hand washing facility
Yes 272 (69.4%) 120 (30.6%) 0.71 (0.51, 0.98)* 0.73 (0.46, 1.15)
No 262 (76.2%) 82 (23.8%) 1.00
Latrine facility
Yes 359 (74.5%) 123 (25.5%) 1.32 (0.9, 1.84) 1.41 (0.9, 2.2)
No 175 (68.9%) 79 (31.1%) 1.00
Presence of faeces
Yes 88 (78.6%) 24 (21.4%) 1.46 (0.9, 2.3) 1.02 (0.57, 1.83)
No 446 (71.5%) 178 (28.5%) 1.00
Type of solid waste disposal
Pit 136 (81.0%) 32 (19.0%) 1.74 (1.14, 2.67* 1.68 (1, 2.8)
Open field 394 (70.9%) 162 (29.1%) 1.00
Burning 4 (33.3%) 8 (66.7%) 0.21 (0.06, 069)* 0.16 (0.36, 0.66)*
Treatment at household level
Not treatment 463 (71%) 189 (29%) 1.00
Treatment 71 (84.5%) 13(15.5%) 2.22 (1.2, 4.1)* 1.47 (0.68, 3.11)
Source of water
Unprotected 136 (90.7%) 14(9.3%) 1.00
Protected 398 (67.9%) 188(32.1%) 0.21(0.22, 0.38)** 0.42 (0.28, 0.65)**
Shortage of water
Yes 377 (81.8%) 84 (18.2%) 3.4 (2.4, 4.71)** 2.8 (1.88, 4)**
No 157 (57.1%) 118 (42.9%) 1.00
Materials to wash hands
Soap and water 288 (67.8%) 137 (32.2%) 0.6 (0.41, 0.86)* 0.68 (0.41, 1.12)
Ash and water 60 (83.3%) 12 (16.7%) 1.42 (0.71, 2.84) 1.12 (0.5, 2.5)
Only water 186 (77.8%) 53 (22.2%) 1.00
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sources (UNDP Ethiopia 2018). However, there are some 
studies which suggest that even protected water sources can 
be contaminated with human waste (Bain et al. 2014) and 
there is high chance of being contaminated at household 
storage even if it were safe at the source (Pickering et al. 
2010; Shields et al. 2015). This is true because of the rela-
tionship of water quality, hygiene and sanitation (Esrey et al. 
1991; Shaheed et al. 2014). Water from unprotected sources 
is affected by indiscriminate waste disposal habits which 
pollute the environment, in turn, contaminants from the 
environment find their way to the unprotected water sources.

With respect to shortage of water, respondents that expe-
rienced water shortage are 2.8 times more likely to have 
faecally contaminated drinking water than those who does 
not. This finding is in line with a research done in Tanzania 
reporting mothers who experience shortage of water were 
associated with higher count of faecal coliform (Pickering 
et al. 2010). This finding is also consistent with similar stud-
ies stating faecal contamination of drinking water is related 
to intermittent water supply (Shaheed et al. 2014). The rea-
son for finding is that occupants with the necessary knowl-
edge about protection of water, personal hygiene and sanita-
tion will not adhere to best public health practices because 
of lack of water. In most cases, occupants with shortage of 
water will be forced to use unprotected water sources such 
as river and lakes which further endanger themselves for 
health problem related to unprotected water sources (Daley 
et al. 2014). Shortage of water known to expose for various 
health problems including water wash diseases like trachoma 
and scabies; in which the quantity of water has protective 
effect from infections (Howard and Bartram 2003). The pub-
lic health problem further worsen for families with children, 
over crowdedness and family member who has pre-existing 
communicable infection because water has undeniable role 
of preventing communicable diseases through personal and 
environmental hygiene (Berhane et al. 2015). It is estimated 
that shortage of water could become major challenge for 
public health and development (Tarrass and Benjelloun 
2012).

Conclusion

In conclusion, there is high level of faecal contamination of 
household drinking water in North Gondar Zone. Occupa-
tional status, income, sources of water, shortage of water, 
and solid waste disposal technique are factors for presence 
of faecal coliform contamination in houshold drinking water.
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