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Abstract

Background Fecal contamination of drinking water sources is the main cause of diarrhea with estimated
incidence of 4.6 billion episodes and 2.2 million deaths every year. Methods A total of 145 water samples
of different source type were collected from different areas in Tigray region from August 2018 to January
2019. The water samples from each site were selected purposively which involved sampling of water
sources with the highest number of users and functionality status during the study period. Most Probable
Number (MPN) protocol was used for the bacteriological analysis of the samples. Results A total of 145
water samples were collected from six zones in Tigray region, Ethiopia from August 2018 to January
2019. The study indicated that 63(43.5%) of the water samples were detected to have fecal coliform
which is E.coli. In Mekelle city, which is the capital city of Tigray region, three in five 34(60.7%) of the
collected samples were confirmed to have fecal coliform. Water samples from health facilities were 9.48
times [AOR=9.48, 95%Cl: (1.59, 56.18)] more likely to have fecal coliform. Water samples from wells were
10.23 times [AOR=10.23, 95%Cl: (2.74, 38.26)] more likely to have fecal coliform than water samples from
Tap/Pipe. Similarly, water samples from hand pumps were 22.28 times [AOR=22.28, 95%Cl: (1.26, 393.7)]
more likely to have fecal coliform than water samples from Tap/Pipe. Water samples reported to be not
chlorinated were 3.51 times [AOR=3.51, 95%ClI: (1.35, 9.13)] more likely to have fecal coliform than water
samples from chlorinated sources. Conclusion In this study all water source, including the chlorinated
drinking water sources, were found highly contaminated with fecal origin bacteria. This may be mainly
due to constructional defects, poor sanitation inspection, poor maintenance, intermittent water supply
and irregular chlorination.

Background

Human and animal feces, if not disposed properly, is the main source of microbial contamination of
drinking water, which is a great risk to public health [1,2], especially among young children, who have the
highest diarrhea rates worldwide [3]. Diarrhea, which is mainly water-related disease, has an estimated
annual incidence of 4.6 billion episodes and causes 2.2 million deaths every year [4]. The problem is
more serious in rural areas where the majorities of the people do not have access to potable water and
therefore, depend on well, stream and river water for domestic use [5].

Water, sanitation, and hygiene are essential for the development and health of human beings. Although
the World Health Organization/United Nations Children's Fund (WHO/UNICEF) declared that the world had
met the drinking water target in 2010, they cautioned that the number of people using safe water had
been overestimated [6]. In 2015, the WHO/UNICEF Joint Monitoring Program for water supply and
sanitation estimates that 663 million people lacked improved drinking water sources and 2.4 billion
lacked improved sanitation facilities [7]. In 2017, as of the WHO/UNICEF report, about 28 in 100 people
lack access to sufficient and quality drinking water globally [8]. Unsafe and insufficient quantity of
drinking water, inadequate sanitation, and unimproved hygiene account for 7% of the global burden of
disease and 19% of child mortality worldwide [9,10].
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The specific targets of improved access to drinking water supply and basic sanitation for the Millennium
Development Goals (MDGs) from 2000-2015 had a great achievement, except for the sanitation coverage
[7,9-10]. The lack of reliable access to safe and sustainable water, sanitation and hygiene infrastructure,
in conjunction with related hygiene and sanitation behaviors, remains a major public health problem,
particularly in low and middle income countries [11-14]. Ethiopia met the Millennium Development target
of providing drinking water from improved sources [7], but still the safe drinking water access is one of
the lowest among the sub-Saharan countries [15].

The group of coliforms which further subdivided into total and fecal coliforms while total includes both
soil intermediates and fecal forms, fecal coliforms confines to those from fecal origin, used as standard
microbial indicators of water quality since 1920 [16]. The fecal coliforms include Escherichia Coli,
Klebsiella, and Enterobacter inhabit the intestinal tract of warm blooded animals [17].

The aim of this study was to assess the fecal contamination of different drinking water sources from
different areas in Tigray region. This study will open the entry for further studies on the analysis of water,
sanitation, and hygiene (WASH) practice and behavior in the region as there is no published study yet.

Methods

A total of 145 water samples of different source type were collected from different areas in Tigray region
from August 2018 to January 2019. The samples were collected from six zones of Tigray Region.

The water samples from each site were selected purposively which involved sampling of water sources
with the highest number of users and functionality status during the study period.

Water samples were collected aseptically from each sampling site in sterile glass bottles and transported
to laboratory in ice box at 2-8 Oc and analyzed within 6 hours of sample collection. For the chlorinated
water samples, about 2.5 ml sodium thiosulphate was added into each sampling bottle to stop the
chlorination process during transportation. The microbial analysis of the water samples were done by
trained microbiologists.

Most Probable Number (MPN) protocol was used to analyze the Total Coli forms (TTCs) in the
presumptive test using Mac Conkey broth (Purple) which demonstrated by acid formation indicated by a
yellow coloration of the broth, and gas formation indicated by an amount of gas at least sufficient to fill
the concavity at the top of the Durham tube. Color change of the broth from purple to yellow is due to
fermentation of the lactose and lowering of the PH during lactose fermentation which is indicated by the
Bromocresol purple indicator.

Nine sets of test tubes containing Mac Conkey broth required for each sample, each test tube contained
10 ml broth and inoculated with the water sample in a sequential order of 10 ml in three of each 2x
fermentation broth, Tml in three of each 1x fermentation broth and lastly 0.1 ml in three of each 10 ml 1X
fermentation broth. All the test tubes were incorporated with Durham tubes for detection of gas formed
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by the coliform bacteria. Test tubes were incubated with half circled screw caps at 37 0C for 48 hours
[18]. This procedure was followed for all of the 145 samples individually. Positive samples with the
production of acid and gas in the Mac Conkey broth were selected for the confirmed test procedures to
detect the indicator bacteria of fecal origin Escherichia coli. The confirmed test for the fecal origin E. coli
is performed by transferring a loopful of each positive suspension from the Mac Conkey broth to a tube
of EC broth [19]. The inoculated EC broth is then incubated at 44.5°C for 24+ 2 hours to examine gas
production. Negative tubes reincubated and examined again at 48 + 2 hours. The results of this test were
used to calculate fecal coliform MPN.

To perform the completed test for E. coli, gently agitate each gassing EC tube, remove a loopful of broth
and streak for isolation on a Levine's eosin-methylene blue (L-EMB) agar plate and incubate for 18-24 h at
35-37°C . Examine plates for dark centered and flat, with or without green metallic sheen. The presence of
green metallic sheen in L-EMB confirms the presence of the fecal indicator bacteria E. coli [18].

Data Processing and Analysis

The collected data were entered and cleaned in Microsoft excel sheet, and was exported to STATA
software Version 14 for analysis. Descriptive analysis of the variables was conducted using frequencies
and percentages by making all variables categorical. The presence of an association between the fecal
contamination and the independent variables was tested using cross tabulation with chi-square test at P-
value <0.05 significance level, and variables which show statistically significant associations was
analyzed using binary logistic regression making fecal contamination No=0, Yes=1. Our primary outcome
of interest was the presence of fecal contamination which was coded “yes” if at least 1 CFU of E. coli was
detected in 100 mL water sample tested. This outcome was chosen as absence of E. coli in 100 mL of
drinking water, which is the indicator for bacteriological quality of safely managed water as targeted in
SDG. The independent variables of interest were the zone of sample, source of samples, type of source,
season of sample collection(rainy and non-rainy), the presence of chlorine, the presence of fecal coliform,
the presence of total coliform, Setting of the sample collected and amount of present total coliform
count. In the multivariable logistic regression analysis, stepwise regression method was used to develop
the model. The presence of significant interaction terms, influential outliers and multi-collinearity between
independent variables was checked. Ethical clearance was obtained from Tigrai health research institute
institutional review team. In addition, scientific honesty was made by citing all authors of books and
journals used, and acknowledging individuals and organizations contributed for the successful
completion of this work.

Results

A total of 145 water samples were collected from six zones in Tigray region, Ethiopia from August 2018
to January 2019. The contribution of the zones ranges from 9% in Southeastern to 38.6% in Mekelle. Two
in five 61(42.1%) of the water samples were collected from towns, and 55(37.9%) were tap water sources.
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The study indicated that 63(43.5%) of the water samples were detected to have fecal coliform, which is
E.coli (Table 1).

Table 1: General characteristics of the water sample sources collected from six zones in Tigray Region,
Ethiopia, from August 2018 to January 2019
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Characteristic

Zone of sample

Setting of the sample collected

Facility Type

Type of source

Season of sample collection

Presence of Chlorine

Presence of Total Coliform

Presence of Fecal Coliform

Total coliform count

Category

Central

Eastern

Mekele

North West

South

South East

Towns

Major City (Mekelle)
Rural

Public water source
Health Facility
Organizations

Tap/Pipe

Well
Reservoir
Spring
Hand Pump
Rainy
Non Rainy
Yes

No

Yes

No

Yes

No

0

1-200
>200
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N (%)
28(19.3%)
16(11.0%)
56(38.6%)
14(9.7%)

18(12.4%)
13(9.0%)

61(42.1%)
56(38.6%)
28(19.3%)
76(52.4%)
37(25.5%)
32(22.1%)
55(37.9%)

45(31.0%)
24(16.6)

15(10.3%)
6(4.1%)

56(38.6%)
89(61.4%)
91 (62.8%)
54(37.2%)
88(60.7%)
57(39.3%)
63(43.5%)
82(56.6%)
57(39.3%)
55(37.9%)
33(22.8%)



In Mekelle city, which is the capital of the region, three in five 34(60.7%) of the collected samples were
confirmed to have fecal coliform. Zone, setting/vicinity and facility of the water sample collected, type of
source, season of sample collection, reported water chlorination, and coliform count were the factors
significantly associated with the presence of fecal coliform in the water samples.

Table 2: Association of the drinking water sample characteristics with presence of Fecal Coliform for the
water sample sources collected from six zones in Tigray Region, Ethiopia, from August 2018 to January
2019
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Characteristic

Zone of sample

Setting of the sample
collected

Facility type

Type of source

Season of sample
collection

Presence of Chlorine

Presence of Total Coliform

Total coliform count

Category

Mekelle
Central
South
Eastern
North West
South East
Towns
Major City
(Mekelle)

Rural

Public source
Health Facility

Organizations

Tap/Pipe

Well
Reservoir

Spring

Hand Pump

Rainy

Non Rainy
Yes
No
Yes

No

1-200

Presence of Fecal

Coliform
Yes
34(60.7%)
15(53.6%)
3(16.7%)
3(18.8%)
5(35.7%)
3(23.1%)
18(29.5%)

34(60.7%)

11(39.3%)
43(56.6%)
15(40.5%)
5(15.6%)

13(23.6%)

31(68.9%)
6(25.0%)
8(53.3%)
5(83.3%)
35(62.5%)

28(31.5%)
31(34.1%)
32(59.3%)
62(70.4%)
1(1.8%)

1(1.7%)

32(58.2%)
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No
22(39.3%)
13(46.4%)
15(83.3%)
13(81.2%)
9(64.3%)
10(76.9%)
43(70.5%)

22(39.3%)

17(60.7%)
33(43.4%)
22(59.5%)
27(84.4%)
42(76.4%)

14(31.1%)
18(75.0%)
7(46.7%)
1(16.7%)
21(37.5%)

61(68.5%)
60(65.9%)
22(40.7%)
26(29.5%)
56(98.2%)
56(98.3%)
23(41.8%)

P-value

0.001*

0.003**

0.000**

0.000**

0.000**

0.003**

0.000**

0.000**



200 30(90.9%) 3(9.1%)

Factors associated with the presence of fecal coliforms were analyzed and water samples from the
central zone were 38 times [AOR=38, 95%Cl: (2.43, 595.54)] more likely to have fecal coliform than Water
samples from Mekelle controlling for the other confounders. Compared with water samples from public
sources, water samples from health facilities were 9.48 times [AOR=9.48, 95%Cl: (1.59, 56.18)] more likely
to have fecal coliform. Water samples from the towns were 98% [AOR=0.02, 95%ClI: (0.00, 0.35)] less
likely to have fecal coliform than water samples from major city or Mekelle. Water samples from wells
were 10.23 times [AOR=10.23, 95%Cl: (2.74, 38.26)] more likely to have fecal coliform than water samples
from Tap/Pipe. Similarly, water samples from hand pumps were 22.28 times [AOR=22.28, 95%Cl: (1.26,
393.7)] more likely to have fecal coliform than water samples from Tap/Pipe. Water samples reported to
be not chlorinated were 3.51 times [AOR=3.51, 95%Cl: (1.35, 9.13)] more likely to have fecal coliform than
water samples from chlorinated sources (Table 3).

Table 3: Factors associated with presence of fecal Coliform for the water sample sources collected from
six zones in Tigray Region, Ethiopia, from August 2018 to January 2019
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Characteristic Category Presence of Fecal
Coliform
COR (95% Cl) AOR (95% Cl)
Zone of sample Mekelle 1 1
Central 0.75(0.29,1.86) 38.02(2.43,595.54)*
South 0.13(0.03,0 .49)* 2.80(0.22,35.16)
Eastern 0.15(0.04,0.58)* 4.80(0.29,77.95)
North West 0.36(0.11,1.21) 2.18(0.15,31.01)
South East 0.19 (0.05,0.78)* -
Setting of the sample Maijor City 1 1
(Mekelle)
Towns 0.27(0.12,0.58)* 0.02(0.00,0.35)*
Rural 0.42(0.16,1.05) 1.00(0.16,6.24)

Facility type

Public source
Health Facility

Organizations

1
0.52(0.23,1.16)
0.14(0.05,0.41)*

1
9.48(1.59,56.18)*
1.86(0.28,12.22)

Type of water source Tap/Pipe 1 1
Reservoir 1.07(0.35,3.28) 0.71(0.16,3.03)
Spring 3.69(1.12,12.13)* 4.73(0.87,25.74)
Well 7.15(2.95,17.35)* 10.23(2.74,38.26)*
Hand Pump 16.15(1.73,151.0)* 22.28(1.26,393.66)*
Season of sample Non rainy 1 1
collection
Rainy 3.63(1.79,7.33)* 1.60(0.57,4.50)
Presence of Chlorine Yes 1 1
No 2.81(1.41,5.64)* 3.51(1.359.13)*

Discussion

In this study a total of 145 drinking water samples with different characteristics from all the zones of
Tigray region, including the capital city of the region, Mekelle were analyzed for fecal contamination. The
study indicated that 63(43.5%) of the water samples were detected to have fecal coliform.
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In Mekelle city, which is the capital of the region, three in five 34(60.7%) of the collected samples were
confirmed to have fecal coliform. Zone, setting/vicinity and facility of the water sample collected, type of
source, Season of sample collection, reported water chlorination, and coliform count were the factors
significantly associated with the presence of fecal coliform in the water samples.

Water samples from central zone were 38 times more likely to have fecal coliform than Water samples
from Mekelle controlling for the other confounders. Among the six zones, the central zone is more
populated and this may be the reason for the higher fecal contamination rates for drinking water sources
from this area [20].

Health care facilities need an improved water sources for infection control and hygiene and they have
higher demands for the activities like cleaning, laundry, and personal hygiene [21]. According a study by
WHO, among 54 low-income countries, 42% of health care facilities have not improved water sources
within 500 meter [22]. In our study the drinking water samples were from different facilities like public,
health facilities and different organizations or universities and colleges. Among the water samples, those
from health facilities were 9.48 times more likely to have fecal coliform than water samples from public
sources. This may be due to the fact that, in low-income countries, even though there is a connection to
piped water supply from an improved source, there is a high risk of contamination due to intermittent and
substandard infrastructure [23-25].

Water samples from Towns were 98% [AOR=0.02, 95%Cl: (0.00, 0.35)] less likely to have fecal coliform
than water samples from major city. This is in contrary with another study stating that water samples
from towns are constructed very near or down latrines and are more likely for fecal contamination [26].
The reason for the higher fecal contamination rate in the main city may be due to shortage of continuous
water supply and intermittent chlorination of drinking water in Mekelle city.

Water samples from wells were 10.23 times [AOR=10.23, 95%Cl: (2.74, 38.26)] more likely to have fecal
coliform than water samples from Tap/Pipe. Similarly, water samples from hand pumps were 22.28
times [AOR=22.28, 95%Cl: (1.26, 393.7)] more likely to have fecal coliform than water samples from
Tap/Pipe. This may be due to improper construction of casing, concrete covers, fences, diversion ditches
and lack of regular supervision, disinfection and proper maintenance of the water sources from wells and
hand pumbs [27, 28].

In our study, even though the water samples reported to be not chlorinated were 3.51 times [AOR=3.51,
95%Cl: (1.35, 9.13)] more likely to have fecal coliform than water samples from chlorinated sources
(Table 3), the water sources which are chlorinated are also highly contaminated with fecal coliforms
(31(34.1%)). This could be due to intermittent and inadequate chlorination of the water sources [29-31].

The rainy season favored more for fecal contamination of drinking water as open defecation contributes
to conversion of large areas into fecal fields which potentially put the village and water sources at risk of
flooding with fecal materials [7]. This is shown in our study, in which water samples collected during the
rainy season are more prone to fecal contamination than the counterpart.
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Conclusion

In this study all water sources, including the chlorinated drinking water sources, were found highly
contaminated with fecal origin bacteria. This may be mainly due to constructional defects, poor
sanitation inspection, poor maintenance, intermittent water supply and irregular chlorination.

Based on our findings, we recommend a proper sanitary inspection, infrastructure of water and sanitary
facilities, regular disinfection and maintenance of water sources, and regular bacteriological analysis of
drinking water sources and putting immediate interventions based on findings of the bacteriological
water analysis for all water sources intended for drinking and other domestic uses.
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