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Abstract

Introduction

Sustainable Development Goal (SDG) 6 aims to coordinate international efforts toward

“clean water and sanitation.” However, water contaminated with pathogenic bacteria or ther-

motolerant coliforms (TTC) will not achieve the SDG target of clean water in the lives of peo-

ple around the world. The aim of this study is to assess the water quality parameters of

basic water services in Amhara and Afar regions of Ethiopia as well as the role and impor-

tance of local managerial committees in ensuring basic water functionality.

Methods

This mixed methods research, conducted in January-June 2019, sampled 22 districts from

food-insecure areas in the Amhara and Afar regions of Ethiopia. From the 22 districts, which

represent nearly one third of all districts in each region, 111 water services classified as

“basic” were randomly selected. For each selected water service, research included: water

quality sample testing, visual observation of water services, interviews and focus group dis-

cussions with the associated water managerial committee members. Descriptive statistics

frequency, percent, mean, median, standard deviations, normal tables, cross-tables and

graphs are used to present the data.

Results

Although the international water standard for thermotolerant coliform (TTC) levels is 0 CFU/

100ml, in our sample of 111 water services, the maximum TTC counts were 71 CFU/100 ml

and the mean was 4 CFU/100 ml. Thermotolerant coliform counts were above the permissi-

ble standard values for nearly 40% (n = 111) of the basic water services. TTC was detected

in 44 (39.64%) (n = 111) basic water services. Of these, 38 (34.23%) were operationally

functional while 6 (5.41%) were not functional. Approximately one third of the basic water
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services sampled, deemed “functional” by international standards, do not provide potable

water due to thermotolerant coliform (TTC) levels.

Conclusion

Our findings from the Amhara and Afar regions of Ethiopia demonstrate that water quality

parameters are not currently considered in classifying basic water services. This suggests

that international efforts to address SDG 6 should incorporate water quality as a key param-

eter to better track international progress toward “clean water and sanitation” efforts. We

discuss two potential pathways for stronger inclusion of water quality parameters in interna-

tional definitions: (1) to mandate water quality within “functional” and “non-functional” defini-

tions or (2) to add a ladder rung titled “safe basic water services” to the international drinking

water ladder. Our findings from Ethiopia suggest that additional research should be under-

taken in development contexts to assess whether or not “functional” basic water services

provide safe drinking water to users.

Introduction

The Sustainable Development Goals (SDGs) coordinate international efforts toward improv-

ing the lives of people around the globe. SDG 6 broadly outlines “clean water and sanitation”

while target 6.1 specifies: “By 2030, achieve universal and equitable access to safe and afford-

able drinking water for all” [1]. Yet achieving safe drinking water in developing countries and

resource-poor environments requires sustained effort. In contribution, we demonstrate that

current international standards around improved water have not properly specified standards

around water quality. Without a stronger incorporation of water quality parameters, interna-

tional targets risk focusing in improved basic water services means water free from contamina-

tion that merely supply users with non-potable, and contaminated water that would end up

with non-functional. Water contaminated with thermotolerant coliforms (TTC) will not

achieve the SDGs in the lives of people around the world. Using the case of water in Ethiopia,

this paper documents the existence of diarrheal bacteria (TTC) in water services currently

deemed functional by international standards. We then utilize qualitative methods to contex-

tualize water service management by local citizen committees, called WASHCos (Water, Sani-

tation, and Hygiene Committees). While our data is specific to Ethiopia, we find 34% of basic

water services currently classified as functional, do not offer “safe drinking water” as SDG 6.1

states as a global goal. This is supported by other study conducted in Ethiopia that resulted the

key factors for improved water services functionality were improving water quality by 61% of

the respondents [2]. Further, study conducted in developing countries recommends to harmo-

nize and standardize water functionality monitoring, it is must to address water quality [3]. In

a study conducted in Malawi, the water in samples (32%) conformed not met to the drinking

water standard for the Malawi Government (50 CFU/100 ml) for TTC (Escherichia coli) and

most samples (87%) did not meet the WHO drinking water standard of zero CFU/100 ml) of

E. coli. Thus, the water services that are working well tend to have the lowest E. coli contamina-

tion levels [4]. This demonstrates the importance of including a water quality parameter, such

as the presence of TTC, to measures basic water functionality. Basic water services are the

main source of drinking water for communities around the globe, therefore understanding

water quality is an essential component to achieving universal access to safe and clean drinking

water [5].
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International standards measure and classify water services and water quality in various

ways. At the highest level basic, water services are deemed improved or unimproved and water

services are classified as functional or non-functional [5, 6]. The unimproved sources include

drinking from unprotected dug wells or springs or directly from the source, such as a river,

lake, pond or irrigation canal/channel. This article is focused on improved water services

which include: rural piped system (RPS) from a spring, borehole or shallow wells, hand-dug

wells with hand pumps (HDW), rainwater harvesting (RWH) structures, constructed on-spot

springs, reservoirs, river intakes (RI), and slow sand filters (SSF) [7]. Improved water services

are then understood as water services (accounting for both the source and water delivery sys-

tems), classified as safely managed, basic, or limited with set parameters for each (Table 1).

Improved water services are classified as functional (fully operational system at time of survey)

or partial or fully non-functional (fails to operate at time of survey) [6].

However, as is seen in Table 1, water quality (measures that assess contamination) is a man-

datory criterion for safely managed services yet becomes an optional criterion in the basic and

limited water services definitions. In other words, a basic water service may be classified as

“functional” even if the water is not, in practice, “safe drinking water”—the goal of SDG 6.1.

The flipside of this is that water services classified as “non-functional” do not incorporate

water quality. Water quality parameters include testing samples across three dimensions: bio-

logical (total coliforms (TC) and TTC in colony forming unit (CFU) per 100 ml of water sam-

ples), physical (turbidity in nephlometeric turbidity unit (NTU)) and chemical (‘pH’ and free

residual chlorine (FRC) in milligrams (mg) per liter (lit) of water samples). The SDGs classify

safe drinking water based upon the updated World Health Organization (WHO)/United

Nations Children’s Fund (UNICEF) joint monitoring programme (JMP) ladders of safe drink-

ing water [1]. This classification does not, we argue, properly account for “safe” drinking water

in basic water services. The inclusion of a fecal indicator bacteria (FIB) as part of water quality

in the commonly-accepted definition of basic water [1] is a gap that obscures the risk of diar-

rheal diseases from water services classified as both improved and functional. Given the mor-

bidity and mortality caused by diarrheal disease and the disproportionate burden placed onto

under-five children and women [8, 9], a stronger incorporate of water quality parameters is

essential to driving investment in water services that produces meaningful enhancements in

the lives of Ethiopians and developing country citizens more broadly.

Functioning water services are fundamental to social and economic development: improv-

ing the quality of health and educational achievement by reducing the morbidity and mortal-

ity, malnutrition, stunting rates of people in community and improving livelihoods [8, 9].

Global data on water services show that 844 million people still lack basic drinking water. Two

hundred sixty-three (263) million people spent over 30 minutes per round trip to collect water

from an improved sources due to scarce drinking water services [1]. One hundred fifty nine

(159) million people, of which 58% are in sub-Saharan Africa, continue to fetch drinking

water directly from unimproved sources such as unprotected wells and springs or surface

Table 1. SDG definitions for the classification of improved water services.

Safely managed

services

1. Source is accessible on premises and

2. Water is available on demand and

3. Water is free from contamination

Basic water services If source does not meet any one of the three criteria and a round trip to collect water takes

30 minutes or less including queuing.

Limited water

services

If source does not meet any one of the three criteria and a round trip to collect water

exceeds 30 minutes.

https://doi.org/10.1371/journal.pone.0248944.t001

PLOS ONE Ensuring water quality in basic water services

PLOS ONE | https://doi.org/10.1371/journal.pone.0248944 August 5, 2021 3 / 24

https://doi.org/10.1371/journal.pone.0248944.t001
https://doi.org/10.1371/journal.pone.0248944


water services [1]. Indeed, enhancing the existing basic water services to meet water quality

standards is a strategic development area for increased investment.

Despite efforts to increase the safe service of water with an ultimate outcome of improving

the health and nutritional status of the community [10, 11] in food insecure rural areas of Ethi-

opia, with special attention to Amhara and Afar regional states, malnutrition rates in these two

regions exceed the national average (40%) [12]. In Ethiopia, lack of access to water supply

causes around half of all health complications from undernutrition [8]. Since 1990, joint efforts

by the Ethiopian government and numerous non-governmental organizations (NGOs) have

expanded services to water, sanitation and hygiene (WASH) through the construction of water

infrastructure in Amhara and Afar of Ethiopia [1, 7]. While much focus has been given for the

construction of new water services, there is inadequate or no data on existing water services

that, after construction, require on-going maintenance. Once a water service is constructed

and therefore “improved,” it may then be considered as safely-managed, basic, or limited. The

negative impact of water quality apart from physical drying or low yielding as well as weak

operation and maintenance of water on the functionality of basic water services were reported

in studies [2, 3, 13]. In the case of rural Ethiopia, partial functionality and non-functionality of

basic water services were reported as prevalent challenges [13]. Ethiopia is not alone in its

developmental struggle for clean water accessible from improved sources.

In Ethiopia, the proportion of people using a safely managed water service (accessible on

premises, available when needed, and free from contamination) is only 11% (4% rural and

38% urban) [1]. This data indicates a significant gap between urban and rural areas residents,

while demonstrating that even urban living in Ethiopia does not equate access to clean water.

To understand this at a nation-wide scale, out of the sixteen small-to-medium towns in Ethio-

pia, only 2 towns provide water that meets the Ethiopian government’s Growth and Transfor-

mation Plan I standard [14] which requires water be free from contamination. Moreover,

basic water services meaning water from an improved source does not meet any one of acces-

sible on premises, available when needed and free from contamination, but a round trip to col-

lect water takes 30 minutes or less including queuing is the next category in the water ladder.

Therefore, where water quality may or may not meet the joint monitoring program (JMP) def-

inition of basic water services standards, in Ethiopia, the national drinking water coverage of

basic water services is 39% (30% rural and 77% urban) [1]. In Ethiopia, 12% of the national

population still relies on untreated surface water [15], and within the rural population 47.2%

use surface water and 28.1% use spring water services, meaning that nearly 75% of the rural

population uses water from unimproved sources [16].

Rural Ethiopian communities have struggled to first gain access to basic water services and

then maintain their functionality. In rural Ethiopia in 2013, a total of 92,588 water services

were inventoried by Ministry of Water, Irrigation and Electricity of Ethiopia. As can be seen in

the inventory data, the overwhelming majority, 78.4%of rural Ethiopians get water from basic

water services. The types of the basic water services include: hand dug wells with hand pumps,

springs without distribution networks, shallow wells with hand pumps and rope pumps [17].

As in many other countries, in addition to limited access to basic water services, non-function-

ality of newly built or existing basic water services is a major problem in Ethiopia [13]. One

study, based on 12 countries across African and Asian continents, found that 28.7% were non-

functional or partially functional [18]. In the same study, non-functionality of water systems in

Sub-Saharan African countries (focused on Ethiopia, Ghana, Kenya, Rwanda, Uganda, and

Zambia), were 24.8%, followed by 21.3% in Asia (India) and 7.3% in Latin America & the

Caribbean (El Salvador, Guatemala, Haiti, Mexico, Nicaragua) [18]. According to Ministry of

Water Irrigation and Electricity inventory report, the national non-functionality rate for Ethi-

opia is estimated to be 26% with the highest rate of non-functionality (34%) in the Afar region
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[17]. In Ethiopia, the non-functionality rate of water services was found to be 20–30% nation-

ally and up to 50% for rural Ethiopia [16]. Additionally, in a study across four Ethiopian

regional states that are considered to have stronger infrastructure than the remaining five

regions, 20% of water services were found to be non-functional [2].

Studies find different reasons for the non-functionality of water services in Ethiopia. One

study [19] attributed that 50.8% (n = 102) of users fail to pay water service fees, which allow for

consistent operation and minor maintenance as needed. Another study documented that 53%

of water services lack a budget source, 40% had no trained caretakers, and only 7% have lim-

ited access to spare parts [20]. Ethiopia utilizes similar water management structures as seen

elsewhere, such as Ghana and Uganda [21, 22]: basic water services in rural areas are managed

by volunteer citizen Water, Sanitation and Hygiene Committees, popularly called “WASH-

Cos.” Each WASHCo consists of 7 or more individuals, with government mandates to include

4 women and 3 men from the community. WASHCo members are trained across a variety of

dimensions by both governmental and non-governmental actors [23]. In general, their train-

ing aligns with international standards, which typically recognize 5 dimensions that contribute

to strong water service management by local citizens. These 5 dimensions include: technical

(e.g. water technicians, spare parts), institutional (e.g. meeting frequencies, capacities of mem-

bers, promotion to potential service users), social (e.g. gender composition, working relation-

ships), environmental (e.g. drought, flooding) and financial (e.g. ability to collect water fees,

cost of operation and maintenance). Poor performance across these 5 dimensions is thought

to contribute negatively to water service functionality. Despite the limitations of WASHCos,

the presence of a WASHCo improves the ongoing functionality and water services, and

WASHCos perform better than non-community managed types such as local government and

private entities [23]. Lastly, community perceptions of water quality enhance use of basic

water services, which further helps drive functionality through perceiving water quality [24],

timely paying of fees, and speeding up repair times [2].

Consequently, the aim of this assessment was to assess the status of basic water services

functionality with respect to water quality and WASHCo management in Amhara and Afar

regions of Ethiopia. The study takes into account water quality, as measured by the presence of

fecal indicator bacteria (FIB) as one factor of functionality in addition to water service manage-

rial factors such as technical, institutional, social, environmental and financial aspects. The

study also identifies potential gaps to be addressed for improvement. Our data demonstrate

that too many factors have been confounded into water services that are classified as “basic.”

In contribution we suggest that the JMP ladder either incorporate water quality into the crite-

ria for basic water services or add an additional rung to track and develop more nuanced tar-

geting around basic water services that provide “safe drinking water.” The study provides

evidence in support of the Ethiopian government’s commitment to reducing the non-func-

tionality rate (NFR) to 7% as stipulated in the One WASH National Program II (OWNP II),

which complements and contributes to the Growth and Transformation Plan II (GTP II) [25].

Our findings suggest that water quality is an important, yet currently under-researched

aspect of “safe drinking water.” By incorporating water quality parameters into basic water ser-

vices, investment could be better driven to making basic water services potable rather than

investing first in infrastructure development. Given the morbidity and mortality caused by

diarrheal disease [26, 27], international investments should invest in functionality and water

quality. Water quality as a metric should remain a consistent priority during the planning,

implementation, maintenance, and monitoring and evaluation of water services. The findings

of this study may be of use to water scholars, global development organizations, national pol-

icymakers, as well as grass-roots level implementers.
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Methods and analysis

In order to understand the functionality of basic water services, this mixed methods study col-

lected data from 22 food-insecure rural districts, known locally as woredas, selected from two

regions—Amhara and Afar. In the Ethiopian context, the country is divided into regions, then

zones, then woredas, and, finally the smallest unit named kebele. In the selected woredas/dis-

tricts, malnutrition rates exceed the national average of 40% [12, 28, 29]. The 111 basic water

services sampled were then tested for the required priority water quality parameters such as

biological: total coliforms (TC) and thermotolerant coliforms (TTC), physical: turbidity and

chemical: ’pH’ and free residual chlorine (FRC). Data collection was conducted from January

to June 2019: the driest peak season in the area. This season was selected for the reason that the

factors related to environment and climate change would be greatest. E. coli is higher in the

rainy season than the dry season in Ethiopia [30]. Therefore, by collecting data during the

peak dry season, we expect our results to provide the most conservative estimations regarding

the role of water quality in water service non-functionality.

Sample size

Amhara and Afar regions were purposively selected due to their high levels of malnutrition

and food-insecurity, and then within each region three zones were randomly selected. Within

the selected zones, using government lists of food insecure woredas/districts, a total of 22 wor-

edas/districts were selected (Fig 1 and Table 2).

Following the selection of targeted woredas/districts, a total of 111 (79 in Amhara and 32 in

Afar) basic water services and respective WASHCos were selected randomly from the water

services inventory lists of the Zone Water Offices. This represents approximately 13.1% of the

total number of basic water services of the water services found in the 22 woredas/districts and

their respective WASHCos (Table 2).

Fig 1. Sampling structure of selected basic water services and associated WASHCos.

https://doi.org/10.1371/journal.pone.0248944.g001
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Methods

This mixed methods research focused on basic water services as the unit of analysis. Assessing

each water service identified by the sampling technique described above, we then created an in-

depth understanding of each water service using mixed methods. This study includes five data

sources taken from each sampled water service and corresponding WASHCo: geocoded loca-

tion data for the water service, water samples taken, visual and physical inspection of water ser-

vice with an observation checklist, interviews of 2–3 WASHCo members using a structured

questionnaire, and focus group discussions (FGDs) with the remaining 4–5 WASHCo members

using a checklist (S1 File). In addition to the above primary data collection, the research team

analyzed individual WASHCo records such as meeting minutes, bank or microfinance books,

water fee collection receipts and water users lists that were kept about their basic water services.

First, geocoded data to geo-locate the water services were collected using instruments GPS-

garmin-62 with an accuracy to three meters (3m) precision. Second, water samples of 300 ml

were taken from all sites for lab analysis, irrespective of the functionality of the basic water ser-

vices (either from the sources or reservoirs or containers or public water points/tap stands).

Water quality was assessed from water samples across biological, physical, and chemical

parameter properties that include the following tests: bacteriological: total coliforms (TC) and

thermotolerant coliform (TTC) using membrane filter (MF) technique of International Stan-

dard Organization (ISO): 9308–1:2014 detection and enumeration of TC and TTC bacteria

[31–33] were tested. Membrane Lauryl Sulphate Broth (MLSB)-AVONCHEM-ACM-1820-O

media was used for the bacteriological- TC and TTC detection. Total Coliforms were detected

by culturing at 37 0C for 24 hours. Thermotolerant Coliforms were detected by culturing at 44
0C for 24 hours. The growths of yellow colonies in each plate on the filter papers were directly

counted in each quadrant. The results in numbers and in CFU/100 ml registered in a labora-

tory. Physical, turbidity (NTU), and chemical, ’pH’ and free residual chlorine (FRC) in mg/lit,

were tested using photometer 7100 of Palintest (manufactured by Wagtech in United King-

dom) with preprogrammed test calibrations. Water quality test protocol is found in this link:

https://dx.doi.org/10.17504/protocols.io.bpc7mizn. Third, direct visual observation of water

services was conducted. This included: functionality factors in terms of technical aspects; ser-

vice type, technology type, the status of water services, training, experience of operation and

management (O&M), access to spare parts, water treatment/chlorination collected.

Qualitative methods were used to collect data from WASHCo members. The WASHCo

members were randomly assigned to either interviews or FGDs, however women were

Table 2. Summary of sample in comparison to total basic water services population in study area.

Region Zone Total basic water services

in Zone n =

Total basic water services in selected Woredas n =

(n = selected Woredas)
Sampled basic water

services (n =)

Sample as a percent of

Woreda total

Amhara Waghimera 120 82 (3) 14 17.07

North

Wollo

920 327 (5) 33 10.09

South

Wollo

963 346 (6) 32 9.25

Sub-total 2003 755 (14) 79 10.46

Afar Zone-1 37 22 (2) 3 13.64

Zone-2 46 31 (4) 19 61.29

Zone-3 54 39 (2) 10 25.64

Sub-total 137 92 (8) 32 34.78

TOTAL 2140 847 (22) 111 13.11

https://doi.org/10.1371/journal.pone.0248944.t002
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purposively sampled for inclusion to ensure the presence of one woman in both the interview

and FGD. The questions in the interview and FGD questionnaire are nearly similar (S1 File).

In this manner, data was verified across observations, interviews, and FGDs. This triangulation

is important to improve data quality since many of the WASHCo members have low literacy

and numeracy and may struggle to recall particular details about the water service. Both inter-

views and focus group discussions were given by research assistants hired for each local area.

Interviews and focus group discussions were conducted by research assistants who hold a

bachelor’s degree and have a background in water and sanitation.

Data collection and analysis

The study data was gathered using the partially modified and piloted questionnaire from the

standard water functionality survey questionnaire, FGD checklist and lab analysis by obtaining

informed verbal consent from each of the participants of WASHCo members.

Depending on the nature of variables, an analysis tool was developed using IBM SPSS statis-

tics software version-20. Before the analysis, data were cleaned and validated. Descriptive sta-

tistics of frequency, percent, mean, standard deviations, normal tables, cross-tabulations and

graphs were used. A one tailed t-test at 95% CI was used to evaluate whether the mean for

microbial parameters (TC and TTC counts), physical parameter (turbidity) and chemical

parameters (‘pH’ and residual chlorine) in the water were significantly different from the

WHO and Ethiopian quality standards.

The protocol for this study was approved by the College of Natural and Computational Sci-

ence Institution (CNS-IRB), Addis Ababa University Review Board (CNSDO/729/10/2018)

dated July 24, 2018. Permission was obtained from the community members orally after

explaining the study objectives and how they were selected for this study because of lack of

reading and writing by included cases. Confidentiality of information was respected.

Results and discussions

Location and type of water services

A total of 111 (Afar: n = 32, 28.8% and Amhara: n = 79, 71.2%) basic water services and their

respective WASHCos found in six zonal administrations that cover 22 woredas/districts were

included in this study. In Amhara, the water services included were located in North Wollo 33

(10.09%), South Wollo 32 (9.25%) and Waghimera 14 (17.07%) of the total basic water services

found in the 14 woredas of Amhara. Likewise, the Afar samples were 19 constituting 61.29% in

Zone-2, followed by 10 (25.64%) in Zone-3 and 3 (13.64%) in Zone-1 of the total basic water

services found in 8 woredas of Afar see (Table 2) above.

The location map of the 111 basic water services included in this study was geo-referenced.

Global positioning system (GPS) reading; X (longitude), Y (latitude)-coordinates and Z (alti-

tude) data were taken. However, some information was difficult to include in the data from

Afar (shown in Fig 2). The water points were located at a minimum altitude of negative 91

meters below sea level (BSL) in Afar with arid climatic conditions and a maximum altitude of

3,402 meters above sea level (ASL) in Amhara characterized by cold fertile climatic conditions.

The mean altitude reading of the locations of the basic water services was 2,076.62 meters

above sea level and standard deviation of 953.338 meters (Fig 2). The type of the basic water

services in the Amhara highlands might vary from that of the lowlands in Afar. This would

have brought different factors that contribute to the functionality of water services and the

water contamination itself as functionality factor. In a review of case study conducted in

Malaysia using 68 studies, it was confirmed that factors such as soil erosion, landslides and

agricultural activities associated with land use change have significantly influenced the water
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quality in the highland areas [34] similar to the Amhara region. This might not be the case for

Afar region, with lowland areas where the life of the community was dependent on livestock in

pastoralist area.

Water services: Technical findings for functionality

The basic water service technology types included in this study were rural piped system (RPS)

using 42 spring sources (37.8%), 25 hand-dug wells with hand pumps (HDW) (22.5%), 22 RPS

from a motorized borehole or shallow wells sources (19.8%), 9 rainwater harvesting (RWH)

structures (8.1%) and others such as on-spot springs, reservoirs, river intake (RI) and slow

sand filters (SSF) jointly account for 13 basic water services (11.8%). It was found out that

treatment of water is largely done by WASHCos (n = 43, 38.7%) and Woreda Water Offices

(WWO) (n = 38, 34.2%) while very few sources (n = 2, 0.9%) were reported to be treated by

Zonal Water Offices (ZWO) and others such as tap attendant (one source by each). The time

interval of water chlorination is often quarterly (n = 46, 41.5%), several others yearly (n = 21,

18.9%), and every six months (n = 13, 11.7%) and the remaining few (n = 3, 2.7%) monthly.

Unfortunately, as to interviewed WASHCos, a quarter of the water services (n = 28, 25.2%)

sampled in this study were disinfected totally by any responsible body including the WASH-

Cos who are largely responsible for the disinfection of the water services (Table 3).

Fig 2. Location map of the study sites, Amhara and Afar, Ethiopia (Save the Children GIS center is used to develop this map).

https://doi.org/10.1371/journal.pone.0248944.g002
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From our sample of 111 water services, 24 sources (21.6%) were categorized as non-func-

tional from technical and management aspect by interviews and FGDs with WASHCos, and

water services visual observation. The reasons for non-functionality of basic water services

listed in decreasing order of importance, excluding water quality, were poor management

(n = 19, 17.1%), unavailability of spare parts (n = 17, 15.3%), lack of maintenance tools

(n = 12, 10.8%) and environmental reasons (n = 10, 9.0%). Indeed, lack of skilled technicians

and shortage of money were also barriers to functionality (Table 4).

Water services: Water quality

At present, water quality is not a parameter considered under the classification of “functional

improved basic water.” Water quality is a neglected topic in global debates and quality is not

given due attention as it should be [1, 35] as far as basic water services is concerned. Preserving

the quality of basic water services, which the majority of the people in developing countries

have access to, is important for better drinking-water supply use and decreasing morbidity.

Water quality lab analysis were conducted for all basic water services using lab protocol (S2

File). Water samples for lab analysis were taken from the sources for functional basic water

Table 3. Results of the technical variables.

Variables Size Percent

Water service types On spot springs 6 5.4

RPS-from gravity springs 42 37.8

Motorized shallow or bore wells 22 19.8

Hand-dug wells 25 22.5

Rainwater harvestings 9 8.1

Water reservoirs 4 3.6

River intake 1 0.9

Slow sand filtrations 2 1.8

Status of water services Functional 87 78.4

Not functional 24 21.6

Responsible body to treat water WASHCos 43 38.7

Woreda Water Office 38 34.2

Zone Water Office 1 0.9

Other-tap attendant 1 0.9

Time interval to treat water by WASHCos/others Monthly 3 2.7

Quarterly 46 41.5

Every six months 13 11.7

Yearly 21 18.9

Not disinfected 28 25.2

https://doi.org/10.1371/journal.pone.0248944.t003

Table 4. Reasons attributed to the non-functional water services other than water quality.

Reasons for non-functionality Response frequency (%)

Yes No

Poor management 19 (17.1) 5 (4.5)

Unavailability of spare parts 17 (15.3) 7 (6.3)

Lack of tools 12 (10.8) 12 (10.8

Environmental reasons 10 (9.0) 14 (12.6)

Shortage of money 7 (6.3) 17 (15.3)

Lack of skilled technicians 6 (5.4) 18 (16.2)

https://doi.org/10.1371/journal.pone.0248944.t004
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services and for the non-functional 24 (21.62%) of the water services, the samples for lab analy-

sis were taken from either at the sources or storages or in the pipelines. In the lab analysis,

measured in colony forming counts per 100 milliliters (ml) of water samples for bacteriologi-

cal tests of total coliforms (TC) were detected from 46 (41.44%) taken from basic water ser-

vices. Of which 40 (36.03%) of the basic water services are functional and the remaining 6

(5.41%) were not functional.

The other test conducted from the priority bacteriological tests is the thermotolerant coli-

forms (TTC). The presence of TTC serves as an indicator of water contamination by human or

animal fecal matters. TTC was detected in 44 basic water services of (39.64%) of which 38

(34.23%) are operationally “functional” and 6 (5.41%) are not functional (Table 5). Therefore,

TC for about 41% and TTC for nearly 40% of the water services were above the permissible

standard values, which is 0 CFU/100 ml.

To compare the dispersion of the result of the thermotolerant coliform counts detected in

functional and non-functional basic water services we used box plot. Thus, comparing the ther-

motolerant coliform in functional and non-functional basic water services, there is greater vari-

ability in detected thermotolerant coliform counts in functional basic water services than non-

functional basic water services as shown in the box plot (Fig 3). In other words, the data set is

highly dispersed in functional basic water services than non-functional basic water services.

The maximum total coliform (TC) counts was 111 CFU/100 ml and the mean was 11 CFU/

100 ml. The maximum TTC counts were 71 CFU/100 ml and the mean was 4 CFU/100 ml. As

to priority chemical tests, the ’pH’ of 47 basic water services (41.34%) were either below or

above the allowable limits which is in the range of 6.5–7.5. In addition, FRC result shows that

109 basic water services (98.20%) were below the allowable ranges– 0.2–0.5 mg/lit. The mean

of free residual chlorines and ’pH’ were 0.04 mg/lit and 7.4 respectively. The mean ’pH’ result

was within the range of permissible values of the standard, while the mean of FRC is below the

permissible values of the standard-0.2–0.5 mg/lit in basic water services. The low level of the

FRC could result in reduced killing of pathogenic microorganisms. This creates a higher risk

of contamination of the water services by human and or animal wastes. This high-level con-

tamination was confirmed by the detection of the TC and TTC in the water samples brought

from different water services. 107 of the basic water services (96.40%) showed turbidity values

Table 5. Water quality parameters versus services functionality in Amhara and Afar regions.

Parameters Classifications Water services

Functional Non-functional Total n (%)

Total Coliform Meets standard of 0 CFU/100mL 47 (42.34) 18 (16.22) 65 (58.56)

Above standard of 0 CFU/100mL 40 (36.03) 6 (5.41) 46 (41.44)

Thermotolerant Coliform Meets standard of 0 CFU/100mL 49 (44.14) 18 (16.22) 67 (60.36)

Above standard of 0 CFU/100mL 38 (34.23) 6 (5.41) 44 (39.64)

’pH’ Below the standard– 6.5 1 (0.90) 1 (0.90) 2 (1.80)

Meets standard of– 6.5–8.5� 47 (42.34) 17 (15.32) 64 (57.66)

Above the standard– 8.5 39 (35.13) 6 (5.41) 45 (40.54)

Turbidity Meets standards of less than 5 NTU 83 (74.78) 24 (21.62) 107 (96.40)

Above standard greater than 5 NTU 4 (3.60) 0 (0.0) 4 (3.60)

Residual Chlorine Below the standard– 0.2 mg/lit 86 (77.48) 23 (20.72) 109 (98.20)

Meets standard– 0.2–0.5 mg/lit� 1 (0.90) 0 (0.0) 1 (0.90)

Above the standard– 0.5 mg/lit 0 (0.0) 1 (0.90) 1 (0.90)

� WHO drinking water quality guideline recommended standard.

https://doi.org/10.1371/journal.pone.0248944.t005
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within the acceptable value of the drinking water quality guideline of World Health Organiza-

tion (WHO) (less than 5 NTU) (Table 6). Therefore, the lab test result of the five (TC, TTC,

‘pH’, turbidity and residual chlorine) primary water quality parameters minimum, mean, max-

imum detection level was computed with the WHO and Ethiopian standard (Table 6).

Fig 3. Water functionality status compared to the detection of TTC in CFU/100 ml.

https://doi.org/10.1371/journal.pone.0248944.g003

Table 6. Summary of water quality results of basic water services sample (n = 111) in comparison to WHO and Ethiopian standards.

Water Quality Parameters

TC Count CFU/100 ml TTC Count CFU/100 ml ‘pH’ Turbidity (NTU) Residual chlorine (mg/lit)

WHO & Ethiopian Standards� 0 0 6.5–8.5 < 5 0.2–0.5

Sample Minimum 0 0 6 0 0

Median 0 0 7.48 0.75 0

Mean 11 4 7.48 1.36 0.05

Maximum 111 71 8.81 31 5.3

Std. Deviation 23.14 11.60 0.42 3.33 0.50

�Ethiopian standard authority developed similar standard to the WHO.

https://doi.org/10.1371/journal.pone.0248944.t006
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By considering the TTC of which the significant public health concern in causing diarrheal

diseases and morbidity specially in children under-five in developing countries like Ethiopia,

this study points out the contribution of water quality for non-functionality. Accordingly, an

additional 38 functional water services (34.23%) were re-categorized as non-functional

because of water quality and 6 (5.41%) of already non-functional as a result of technical and

management factors were also unfit for consumption because of water quality, which ended

up to double non-functional.

The overall non-functionality rate of basic water services 44 (39.6%) was higher than the

findings of other studies. For example, in studies of a twelve-countries in Sub-Saharan African,

Latin America & Caribbean and Asian, including Ethiopia (with sample size (n = 120 for Ethi-

opia) in 2014, the non-functionality rate was 28.7% [18] with nearly similar socio-economic

representation. In Ethiopia, 35% of rural water supply systems [2] with almost similar socio-

economic condition of our study area and with lesser sample size (n = 74) than our study, the

water services were not working at the time of the survey. In other study in Ethiopia, 18% of

the hand pump borehole water services [36] that consider water sample size of (n = 200) were

not working at the time of the survey. These differences could be due to the consideration of

water quality parameter as part of functionality for water services in this study, which was not

the case in the previous studies.

Report showed that 20.6% of water services were not working at the time of the survey in

Grater Afram Plains region of Ghana [37] with different size of water service sample size

(n = 1509) and different socio-economic situation with our study. This variation in results come

up because of the percentage variations in water contamination. In fact, the difference in sample

size and socio-economic consideration between the study areas might have contributed. On the

other hand, the result 44 (39.6%) of non-functionality of our study was lower than the non-func-

tionality rate of other study in Ethiopia that shows 44.4% for shallow and boreholes [19]. This dif-

ference in non-functionality was attributed to differences in water service technology types (the

present study uses variety of water service technologies and the later study considers only shallow

or borehole water services) within similar socio-economic conditions and nearly the same sample

size (n = 102) as that of our study. This shows that if water quality indicators are included in the

later study, the non-functionality rate would be much higher than our finding.

In summary, the reasons contributed for non-functionality of water services based on the

laboratory analysis of water quality was water quality-thermotolerant Coliforms count 38

(34.23%) in operationally “functional” basic water services. Poor management 19 (17.1%),

absence of skilled technicians 16 (14.4%), lack of spare parts 17 (15.3%) are chronologically

identified reasons for non-functionality based on the interview and FGDs results. The findings

of our study are consistent with other study [20] which showed that high non-functionality of

water services was due to lack of spare parts and long distance to procure spare parts [38].

Lack of maintenance and operation tools 12 (10.8%), environmental factors 10 (9.0%) and

shortage of money 7 (6.3%) were also found limiting factors in both Afar and Amhara regions.

Data of the study, indeed, revealed that poor water quality brought about by contamination of

the water services as seen through thermotolerant coliforms mainly contributed to the non-

functionality in the study areas (Fig 4). Monitoring drinking-water supplies safety implies the

quality of the water needs substantial improvement like monitoring and recording of access to

functional water services [39].

The growths of yellow colonies at 44 0C for 24 hours cultured water samples using mem-

brane filter (MF) technique in laboratory were considered that the basic water services were

contaminated either with human or animal feces that prompt the water source’s status to be a

non-functional category of water services. The growths of the bacterial colonies were shown in

(Fig 5).
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Finally, including water quality as a parameter contributes to significant reductions of non-

functionality of basic water services due to poor water quality by 34.2%. Hence, improving

water microbiological water quality reduces the occurrence of morbidity and mortality due to

non continues flow of water and contamination of water by disease causing micro-organisms

such as TTC an indicator for diarrhea causing agents of Entrobactericeae.

Water services management: Institutional findings of WASHCos in

relation to water quality

Based on the responses of WASHCos’, a significant number, 81 (73%) fully understood that

the WASHCos are responsible and accountable to address water quality through water treat-

ment/chlorination of the local water service. Twenty-three (20.7%) had partial knowledge and

7 (6.3%) did not know their duty and accountability. The significant number of WASHCos

that understand their duty and accountability was also assured by the practice of WASHCos

by taking over treatment of the basic water services largely (n = 43, 38.7%) (Table 3). Absence

of clear role and responsibility of WASHCo membership might contribute to the loss of team

cohesive work hindering the continues functioning of the water services. Almost all 110 of the

WASHCos (99.1%) have reported obtaining capacity building trainings, which would contrib-

ute for those 60% of functional water services considering water quality. Overall, 108 (97.3%)

WASHCos had taken training on management-related topics, 107 (96.4%) on operation and

maintenance, 70 (63.1%) on sanitation and hygiene-water treatment/chlorination, 61 (55%)

on child safeguarding (CSG) and 46 (41.4%) on gender. The data shows that several of them

Fig 4. Factors resulting in basic water services non-functionality in Amhara and Afar regions, Ethiopia.

https://doi.org/10.1371/journal.pone.0248944.g004
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have taken two or more types of trainings (Table 7). Of the total water services and WASHCos,

20 (18.0%) were operating using tap attendants under the WASHCos structure that also con-

tributes to the sanitation and hygiene promotion to address water treatment/chlorination. The

Table 7. Results of institutional related factors in relation to water quality in Afar and Amhara regions of

Ethiopia.

Variables Count Percent

Knowledge on duty and accountability Yes 81 73.0

Partially 23 20.7

No 7 6.3

Capacity building training for WASHCos Yes 111 100.0

No 0 0.0

Capacity training on management Yes 109 98.2

No 2 1.8

Capacity training on operation & maintenance Yes 108 97.3

No 3 2.7

Capacity training on sanitation and hygiene-water quality Yes 71 64.0

No 40 36.0

Capacity training on gender Yes 47 42.3

No 64 57.7

Capacity training on CSG Yes 61 55.0

No 50 45.0

Capacity training on other topics Yes 29 26.1

No 82 73.9

Tap attendants for water point-hygiene promoters (water quality) Yes 20 18.0

No 91 82.0

https://doi.org/10.1371/journal.pone.0248944.t007

Fig 5. Growth of the thermotolerant microorganisms using membrane filter technique in water samples in

Amhara and Afar regions of Ethiopia.

https://doi.org/10.1371/journal.pone.0248944.g005
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roles of the tap attendants include among others: opening the water point on time, ensuring

proper queuing by users on the basis of first come first serve, collecting water fees on the spot

of the water point and handover to the cashier of the WASHCo members, cleaning the public

water point areas and promotion of sanitation and hygiene. In turn, tap attendants were paid

on monthly bases by the WASHCos for rendering such water services (Table 7).

Several of WASHCos 43 (38.7%) both in Afar and Amhara regions were found to access

spare parts from Woreda Water Offices (WWOs), a few 19 (17.1%) from Woreda markets and

some others 15 (13.5%) from Zonal markets. Even though, providing of spare parts for

WASHCos by private contractors and NGOs are not a common practice, it was interesting to

find out that 9 (8.1%) and 5 (4.5%) WASHCos used to get spare parts from international non-

governmental organizations (INGO)/NGOs and Contractors leftover spares, respectively.

Indeed, a non-negligible number 20 (18%) of WASHCos were not accessing spare part at all.

Of those WASHCos who accessed spare parts, 49 (44.1%) had established controlling mecha-

nisms on how the spare parts are being used as part of material management. Documentation

practice of WASHCos was also considered in this study using WASHCos interview, FGDs and

records review. As a result, beneficiaries’ lists by 86 (77.5%), saving accounts of bank by 67

(60.4%), administrative-bylaw of manuals by 57 (51.4%) and meeting minutes by 54 (48.6%) of

WASHCos were documented (Table 8).

Table 8. Results of institutional related factors for basic water functionality in Afar and Amhara regions of Ethiopia.

Variables Frequency Percent

WASHCos recorded minutes Yes 54 48.6

No 57 51.4

Rate of meeting interval Weekly 3 2.7

Every two weeks 6 5.4

Monthly 40 36.0

Quarterly 4 3.6

Other 1 0.9

WASHCos access to spare parts Contractors leftover spare parts 5 4.5

INGOs/NGOs 9 8.1

None 20 18.0

Woreda Market 19 17.1

Woreda Water Office 43 38.7

Zone Market 15 13.5

Trend for community gathering & discussion with WASHCos Yes 74 66.7

No 37 33.3

Accountability of WASHCos and reporting requirement Yes 52 46.8

No 59 53.2

Documentation of WASHCos -Financial/management manual Yes 25 22.5

No 86 77.5

Documentation of WASHCos- Administrative/bylaw manual Yes 57 51.4

No 54 48.6

Documentation of WASHCos-Minutes Yes 54 48.6

No 57 51.4

Documentation of WASHCos—Beneficiaries list Yes 86 77.5

No 25 22.5

Documentation of WASHCos-Savings account Yes 67 60.4

No 44 39.6

https://doi.org/10.1371/journal.pone.0248944.t008
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Overall, the degree of cooperation, teamwork and socialization 54 of the WASHCos

(48.6%) were categorized as low and fair (Table 9). These group dynamics deserve special

attention for the success of executing their roles, duties and accountabilities properly. On the

other hand, water user communities resulted in a deliberate damage of water structures

because of a disagreement between upper and downstream water users with respect to water

sharing for domestic, animal drinking and irrigation purposes. Further, the damage of water

structures for one or other reasons might contribute to water contamination due to runoff that

contains human or animal wastes.

Water services management: Environmental findings

Water services non-functionality was seen from environmental perspective as it is one of the

factors that could contribute to low performance of water services (Table 4). Accordingly, the

result shows that environmental factors that contributed to the non-functionality of water ser-

vices were indicated by 10 (9%) of the study participants. Environmental factors include cli-

mate change impacts such as flood, natural land slide, thunder, water yield reduction, high

windstorm and shorter rainy seasons. Flood and natural land slide might contribute for the

contamination of damaged or improperly constructed basic water services [40].

Rainfall variability as a result of climate change affects many spring water services in

Amhara region and rainwater dependent technology types in Afar region. This study finding

was reinforced by other study findings that more than 30% of water supplies [41] were non-

functional as a result of seasonal problems, which is noted also in a study conducted in urban

Ethiopia [42]. Moreover, environmental indicators had statistically significant relationship

with functionality in one of the most recent studies [19] conducted in rural Ethiopia. This vari-

ation could be due to inconsistent list of environmental factors considered by different

researchers. For instance, the later study focused on the awareness of the community on envi-

ronmental-related adaptation measures while our study emphasized the actually occurred

environmental related factors affecting functionality. Relatively, the RPS from motorized bore-

holes or shallow wells provide consistent water services apart from its dependency on the lift-

ing device; submersible pump and generator functionality as the buffer aquifer storage

capacity remain constant. Therefore, during water supply feasibility assessment and designing,

use of local climate information to reduce non-functionality of basic water services is very

important.

Water services management: Financial findings of WASHCos

The main sources of finance, water fee collection trend, mode of payments of the water fee,

practice of use of available finance for operation and maintenance of water services and the

overall financial management methods are variables included under the financial factors of

functionality of basic water services in our study. According to the large majority of respon-

dents (n = 97, 87.4%), the main source of finance for the WASHCos was water fees collected

Table 9. The levels of cooperation of WASHCo members in Amhara and Afar regions in Ethiopia.

Variables Response Yes Percent

Teamwork of WASHCos Low 23 20.7

Fair 31 27.9

Good 31 27.9

Very good 9 8.1

Excellent 17 15.3

https://doi.org/10.1371/journal.pone.0248944.t009
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from users. Our result is higher than the result of a study [19] where 49.2% (n = 102) water

users collect water fee in similar socio-economic status to our study area, rural areas of Ethio-

pia for day-to-day operation and minor maintenance. This high level of water fee payment

observed in this study might be explained by the variations in motivation and capacity build-

ing works provided for WASHCos. Based on our finding, the minimum and maximum

amount of money available in the bank or microfinance per WASHCos was nil and 370,000.00

ETB or (USD$0.00–11,200), respectively.

Overall, the total sum of the 111 WASHCo’s finance was 742,275.00 ETB or (USD

$22,490.00) with a mean value of 6,691.66 ETB or (USD$203.00). The mode of payment of

water fee was predominantly 61 (55%) by WASHCos on a monthly basis. The study reveals

that nearly one-third of WASHCos and water services (n = 35, 31.5%), didn’t start water fee

collections. This was however lower than data of another study that reported 53% (n = 357)

did not pay water fees [20]. In fact, the better fee collection attained by the participants of the

present study might be attributed to strong motivation and capacity building efforts of the

WASHCo’s. To overcome the ever-increasing basic water operation and maintenance costs,

there is a need to encourage water services that lack collections to commence fee payments.

Likewise, capacity building that included water quality-water treatment/chlorination, hygiene

promotion and other incentive should continue for an improved maintenance of those, which

are already practicing fee collection.

The study showed that among those who used to collect water fees, the maximum amount

is 50.00 ETB (USD$1.51) per household (HH) per month with a mean value of 4.70 ETB or

(USD$0.14) and standard deviation of 8.00 ETB or (USD$0.24). This finding is partly similar

to the result of a study [23] that reported 3.2 ETB (USD$0.10) per household per month with

standard deviation of 1.8 ETB (USD$0.06). Regarding the water fee collections within the cus-

tody of committee members 32 (28.8%) WASHCos were found to hold the allowable limits

(<2,000.00ETB) for day-to-day O&M as per the agreed bylaw. Some WASHCos has never

spent on O&M whereas, some other WASHCos had an expenditure of a maximum of

100,000.00 ETB or (USD$3,030.00) for O&M. The total sum of expenditure used for O&M by

WASHCos were 473,808.00 ETB or (USD$14,360.00) with a mean amount of 4,307.35 ETB or

(USD$130.00) and standard deviation of 13,977.75 ETB or (USD$425.00). Nine (8.1%) of

WASHCos were used cash amount up to 2,000.00 ETB or (USD$60.00).

Moreover, there were total of 17 WASHCos (15.3%), which used cash amounting to greater

than 2,000.00 ETB or (>USD$60.00) (Table 10). Effective mechanism of implementation of

the basic water services tariff, supported with live business plan depending on the nature and

technology types and the capital incurred during construction of the technologies, as well as

including water quality improving activities is fundamental for functional basic water services

and its benefit over time.

Discussion

This research suggests that if the goal of SDG 6.1 is to be achieved “universal access to safe

drinking water for all” water quality parameters must be mandatory, not optional, as the cur-

rent definitions state. This research suggests two potential pathways for monitoring global and

country-level progress toward SDG 6.1 and access to clean drinking water. Both pathways

emphasize the importance of water quality in understanding existing water services available

to people around the world. Since the presence of TC and TTC is associated with negative

health outcomes in the form of mortality and morbidity, it is essential that water quality is iso-

lated as a variable to be addressed through the application of chlorine by maintaining the ‘pH’

and turbidity of the basic water that provides operational and verification of monitoring water
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quality parameters. Currently, water services classified as “basic” may lack nearby accessibility,

potability, or availability. This means that multiple variables are collapsed through a classifica-

tion of water services as “basic.” While additional detail has been captured by defining basic

water services as functional or non-functional, this does little to provide actionable knowledge

about the potability of water providing through basic water services. Water quality provides

the strongest metric toward achieving SDG 6.1 goal of “safe drinking water” since achieving

accessibility and/or availability water of poor quality does little to address the mortality and

morbidity experienced by millions around the globe.

In the first suggested pathway, a water service must offer non-contaminated drinking water

to be classified as “functional.” In other words, this suggested revision places a water quality

parameter inside the definition of “functional” or “non-functional” water services. In current

definitions, classification as functional or non-functional is based upon whether or not the

water service operates to deliver water at the time of survey. See Table 11 for the suggested

revisions to the SDG definitions.

A second potential pathway for improvement would be to alter the Drinking Water Ladders

used in SDG Water Monitoring. In its current form, too many variables are collapsed into the

definition of “basic water” services—policymakers and interested stakeholders do not know if

the issue is water quality, availability, or accessibility. Adding a rung that specifies water quality

with nearby (not on premises) accessibility will allow for better clarity and data capture around

precisely how to target improvement programming, policies, and development schemes. See

Table 12 for the suggested additional “safe basic water service” rung to be placed below “safely

managed water service” but above “basic water service.”

This study does have limitations. As this study design was an observational cross-sectional,

it was possible to determine if there were association between variables but not causal effects

or inferences. Local government structures such as Zonal and Woreda Water Offices were not

included in the study, which could help to substantiate findings through the triangulation of

Table 10. Results of financial sources and its management in Amhara and Afar regions of Ethiopia.

Financial factors Count Percent

Sources of finance or budget Users 99 89.2

No sources 12 10.8

Mode of payment of water fee Per-Container 5 4.5

Daily 3 2.7

Monthly 61 55.0

Free 23 20.7

Other 19 17.1

Amount of water fee per HH per month Not set 36 32.4

0.10–5.00 56 50.5

>5–10.00 7 6.3

>10 12 10.8

Water fee at committee members hand None 76 68.5

1.00–2000.00 32 28.8

> 2000.00 3 2.7

Water fee not collected Fee collected 107 96.4

Not collected 4 3.6

Cash used for operation and maintenance None 85 76.6

Up to 2,000.00 9 8.1

> 2000.00 17 15.3

https://doi.org/10.1371/journal.pone.0248944.t010
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data from different sources. Future research could include these additions or expand this

research design to new regions and woredas that experience less food insecurity.

Conclusions

This research suggests that if the goal of SDG 6.1 is to be achieved “universal access to safe

drinking water” water quality parameters must be mandatory, not optional, as the current defi-

nitions state. The findings suggest two potential pathways for improving data collection

around water services, water quality, and determining the functionality of basic water services

—including water quality as a parameter of “functionality” of a water service or by adding a

rung titled “safe basic water service” on the Drinking Water Ladder for monitoring.

Our findings from Amhara and Afar regions of Ethiopia emphasize the importance of

water quality to be added to the definition of basic water services in global development

Table 12. Suggested revisions to drinking water ladder rungs: Adding “Safe Basic Water Service”.

Ladder Rungs Rung Definition

Safely managed water

service

Drinking water from a source that is (1) accessible on premises and (2) free from

contamination and (3) available on demand.

Safe basic water service Drinking water from an improved source that is (1) accessible nearby so that a round

trip to collect water takes 30 minutes or less including queuing and (2) free from

contamination.

If water is operationally available on demand, at time of survey, then it may be classified

as functional.

If water is not operationally available on demand, at time of survey, then it may be

classified as non-functional.

Basic water service If an improved source does not meet any one of the three criteria and a round trip to

collect water is less than 30 minutes.

If water is operationally available on demand, at time of survey, then it may be classified

as functional.

If water is not operationally available on demand, at time of survey, then it may be

classified as non-functional.

Limited water service If an improved source does not meet any one of the three criteria and a round trip to

collect water exceeds 30 minutes.

Unimproved water

service

Drinking water from an unprotected spring or dug well.

Surface water Drinking water taken directly from a river, lake, pond, canal, irrigation channel or other.

https://doi.org/10.1371/journal.pone.0248944.t012

Table 11. Suggested revisions to basic water services—Adding water quality parameters to functional and non-

functional classifications.

Functional Basic Water Service Non-functional Basic Water Service

SDG

Definition

If the water from improved source does not meet

any one of the three criteria (source is accessible

on premises, water is available on demand, water is

free from contamination and a round trip to

collect water takes 30 minutes or less including

queuing.

If the water service from improved source fails

to fully operate or only partially operates at

time of survey.

Water quality optional No water quality priority parameter considered
Suggested

Revision

If the water from improved source is free from

contamination of priority parameters (TC and

TTC/E. coli), and it is not on premise or available

on demand, and a round trip to collect water takes

30 minutes or less including queuing.

If water service is fails to fully operate or only

partially operates at time of survey or is not

free from priority contaminants (TC and TTC/

E. coli).

Priority water quality parameter mandatory Priority water quality parameter mandatory

https://doi.org/10.1371/journal.pone.0248944.t011
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indicators. 38 (34.23%) of “functional” water services are reclassified as “non-functional” water

services when we include water quality results—meaning this water is not “safe drinking

water.” Speaking more broadly, for water and development specialists focused on achieving

the Sustainable Development Goal 6 regarding global achievement of “clean water and sanita-

tion,” our findings from Ethiopia suggest that additional research in other developmental con-

texts should be undertaken to assess the percentage of basic water services that, when water

quality is taken into account, are found to be non-functional. Further, our findings around

WASHCos demonstrate that research and developmental programming in other countries

would do well to consider strengthening local management of water services and train local

managerial committees in the importance of water quality and methods for water quality

treatment.

Supporting information

S1 File. Survey questionnaire and FDG checklist.

(PDF)

S2 File. Laboratory protocol for bacteriological and physico-chemical technique in water

sample analysis.

(PDF)

S3 File. Data of functionality and water quality assessment for basic water.

(XLS)

Acknowledgments

This study was written during the lockdown period of state of emergency as a result of the

Novel Coronavirus Disease (COVID-19) pandemic occurred in more than 200 territories.

Therefore, we would like this study to be in memorial of those above 8.3 million morbidity

cases and above 450 thousand of mortalities or deaths caused by COVID-19 globally up to the

date of first submission.

Author Contributions

Conceptualization: Shibabaw Tadesse Gemeda.

Data curation: Shibabaw Tadesse Gemeda, Emily Springer, Sirak Robele Gari.

Formal analysis: Shibabaw Tadesse Gemeda, Emily Springer, Sirak Robele Gari, Solomon

Melake Birhan.

Funding acquisition: Shibabaw Tadesse Gemeda, Hailu Tolasa Bedane.

Investigation: Shibabaw Tadesse Gemeda, Emily Springer, Sirak Robele Gari.

Methodology: Shibabaw Tadesse Gemeda, Emily Springer, Sirak Robele Gari, Hailu Tolasa

Bedane.

Project administration: Shibabaw Tadesse Gemeda.

Software: Shibabaw Tadesse Gemeda.

Supervision: Shibabaw Tadesse Gemeda, Solomon Melake Birhan.

Validation: Emily Springer, Sirak Robele Gari, Hailu Tolasa Bedane.

Visualization: Emily Springer, Sirak Robele Gari.

PLOS ONE Ensuring water quality in basic water services

PLOS ONE | https://doi.org/10.1371/journal.pone.0248944 August 5, 2021 21 / 24

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0248944.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0248944.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0248944.s003
https://doi.org/10.1371/journal.pone.0248944


Writing – original draft: Shibabaw Tadesse Gemeda.

Writing – review & editing: Shibabaw Tadesse Gemeda, Emily Springer, Sirak Robele Gari,

Solomon Melake Birhan, Hailu Tolasa Bedane.

References
1. WHO/UNICEF. Progress on drinking water, sanitation and hygiene: 2017 update and SDG baselines.

Geneva: World Health Organization (WHO) and the United Nations Children’s Fund (UNICEF), 2017.

Licence: CC BY-NC-SA 3.0 IGO; 2017.

2. Anthonj C, Fleming L, Cronk R, Godfrey S, Ambelu A, Bevan J, et al. Improving monitoring and water

point functionality in rural Ethiopia. Water (Switzerland). 2018; 10:1591. https://doi.org/10.3390/

w10111591

3. Carter RC and, Ross I. Beyond “functionality” of handpumpsupplied rural water services in developing

countries. Waterlines, Pract Action Publ. 2016; 35:94–110. https://doi.org/10.3362/1756-3488.2016.

008

4. Holm R, Stroud R, Msilimba Gand, Gwayi S. Functionality and water quality of Elephant pumps: Implica-

tions for sustainable drinking water supplies in rural Malawi. Groundw Sustain Dev. 2015; 1:129–34.

https://doi.org/10.1016/j.gsd.2016.02.001

5. WHO. Safely managed drinking water—thematic report on drinking water 2017. Geneva, Switzerland;

Licence: CC BY-NC-SA 3.0 IGO.; 2017. 978 92 4 156542 4.

6. Bonsor H, MacDonald A, Casey V, Carter R and, Wilson P. The need for a standard approach to

assessing the functionality of rural community water supplies. Hydrogeol J. 2018; 26:367–70. https://

doi.org/10.1007/s10040-017-1711-0 PMID: 31983889

7. South-Wollo-Water-Office. South Wollo Zonal Water Scheme Inventary Report. Diese, Ethiopia; 2016.

8. UNICEF-Ethiopia. Water, sanitation and hygiene (WASH) Improving sanitation and hygiene to address

stunting, diarrhea and trachoma, leveraging resources for access to water and sanitation in schools and

health facilities, innovating to improve functioning of water supply. 2018;1:1–20. https://www.unicef.org/

ethiopia/water-sanitation-and-hygiene-wash.

9. Cumming Oand, Cairncross S. Can water, sanitation and hygiene help eliminate stunting? Current evi-

dence and policy implications. Matern Child Nutr. 2016; 12:91–105. https://doi.org/10.1111/mcn.12258

PMID: 27187910

10. Pahlenberg L and, Weimann-Koinzack C. Water, Sanitation & Hygiene (WASH) and Nutrition Rele-

vance of WASH interventions in reducing undernutrition Published Title. Dtsch Gesellschaft für Int

Zusammenarbeit GmbH. 2015; 1.

11. WHO. Improving nutrition outcomes with better water, sanitation and hygiene: Practical solutions for

policies and programmes. WHO Libr Cat Data. 2015; 1 978 92 4 156510 3:12. http://www.who.int/

water_sanitation_health/en/.

12. Federal Democratic Republic of Ethiopia. Federal Democratic Republic of Ethiopia National Nutrition

Program II 2016–2020. Addis Ababa; 2016.

13. Mason N, MacDonald A, Mtisi S, Haylamicheal IDand, Abebe H. Sustainability of water services in Ethi-

opia. In: Calow R, Ludi Eand, Josephine Tucker, editors. Practical Action Publishing LTD. Rugby, UK,:

Practical Action Publishing; 2013. p. 107–15. https://doi.org/10.13140/2.1.3767.0725

14. Adank M, Butterworth J, Godfrey Sand, Abera M. Looking beyond headline indicators: water and sanita-

tion services in small towns in Ethiopia. J Water, Sanit Hyg Dev. 2016; 6:435–46. https://doi.org/10.

2166/washdev.2016.034

15. WHO/UNICEF. Rapid assessment of drinking-water quality in the Federal Democratic Republic of Ethi-

opia: country report of the pilot project implementation in 2004–2005. Geneva, Switzerland: World

Health Organization and UNICEF; 2010.

16. DuChanois RM, Liddle ES, Fenner RA, Jeuland M, Evans B, Cumming O, et al. Factors Associated

with Water Service Continuity for the Rural Populations of Bangladesh, Pakistan, Ethiopia, and Mozam-

bique. Environ Sci Technol. 2019; 53:4355–63. https://doi.org/10.1021/acs.est.8b07173 PMID:

30917279

17. Butterworth J., Welle K., Hailu T., Boestoen K. and Schaeffer F. Monitoring access to rural water sup-

plies in Ethiopia: A background paper to the National WASH Inventory seminar, Addis Ababa, Ethiopia.

Backgr Pap IRC Symp Monit Sustain WASH Serv Deliv Addis Ababa. 2013; 1:9–11.

18. Wiles, J. and Mallonee N. Rural water system functionality and its determinants: a twelve-country study.

In Local action with international cooperation to improve and sustain water, sanitation and hygiene

(WASH) services: In: Proceedings of the 40th WEDC International Loughborough, UK. cc WEDC,

PLOS ONE Ensuring water quality in basic water services

PLOS ONE | https://doi.org/10.1371/journal.pone.0248944 August 5, 2021 22 / 24

https://doi.org/10.3390/w10111591
https://doi.org/10.3390/w10111591
https://doi.org/10.3362/1756-3488.2016.008
https://doi.org/10.3362/1756-3488.2016.008
https://doi.org/10.1016/j.gsd.2016.02.001
https://doi.org/10.1007/s10040-017-1711-0
https://doi.org/10.1007/s10040-017-1711-0
http://www.ncbi.nlm.nih.gov/pubmed/31983889
https://www.unicef.org/ethiopia/water-sanitation-and-hygiene-wash
https://www.unicef.org/ethiopia/water-sanitation-and-hygiene-wash
https://doi.org/10.1111/mcn.12258
http://www.ncbi.nlm.nih.gov/pubmed/27187910
http://www.who.int/water_sanitation_health/en/
http://www.who.int/water_sanitation_health/en/
https://doi.org/10.13140/2.1.3767.0725
https://doi.org/10.2166/washdev.2016.034
https://doi.org/10.2166/washdev.2016.034
https://doi.org/10.1021/acs.est.8b07173
http://www.ncbi.nlm.nih.gov/pubmed/30917279
https://doi.org/10.1371/journal.pone.0248944


Loughborough University. Loughborough, UK: Water, Engineering and Development Centre (WEDC),

Loughborough University; 2017. p. 24–8. https://dspace.lboro.ac.uk/2134/31562.

19. Shu Y and, Fekadu MS. Project Implementation Management Modalities and Their Implications on Sus-

tainability of Water Services in Rural Areas in Ethiopia: Are Community-Managed Projects More Effec-

tive? MDPI-Sustainability. 2019; 11:10–9.

20. Akale A. T., and Kebede A. Parts of the system: supply chains and operation and maintenance (O&M)

in Amhara, Ethiopia. In: Akale A. T. and Kebede A, editor. IRC-Paper for the WASH systems sympo-

sium. The Hague, The Netherlands: IRC; 2019. p. 1–9. https://doi.org/10.1186/s12913-019-4857-8

PMID: 31888618

21. WHO Regional-Office For Africa. Community management of rural water supply and sanitation systems

Points for practitioners. Brazzaville, Congo: WHO; 2013.

22. Whaley L, Cleaver Fand, Mwathunga E. Flesh and bones: Working with the grain to improve community

management of water. World Dev. 2020; 138:105286. https://doi.org/10.1016/j.worlddev.2020.105286

23. Behailu BM, Suominen A, Katko TS, Mattila Hand, Yayehyirad G. Comparison of community managed

projects and conventional approaches in rural water supply of Ethiopia. African J Environ Sci Technol.

2016;10( 9:293–306.

24. Anthonj C, Fleming L, Godfrey S, Ambelu A, Bevan J, Cronk R. A, et al. Health Risk Perceptions Are

Associated with Domestic Use of Basic Water and Sanitation Services—Evidence from Rural Ethiopia.

Internatioal J Environ Res Public Heal. 2018; 15:2112. https://doi.org/10.3390/ijerph15102112 PMID:

30261590

25. Federal Democratic Republic of Ethiopia: OWNP-II. Federal Democratic Republic Of Ethiopia, One

WASH National Programme—Phase II, A Multi-Sectoral SWAp. 2018;1:34–72.

26. WHO. WHO | Diarrhoeal disease, Fact Sheet. Geneva, Switzerland: World Health Organization; 2017.

http://www.who.int/mediacentre/factsheets/fs330/en/. Accessed 6 Oct 2017.

27. Majowicz SE, Scallan E, Jones-Bitton A, Sargeant JM, Stapleton J, Angulo FJ, et al. Global Incidence

of Human Shiga Toxin–Producing Escherichia coli Infections and Deaths: A Systematic Review and

Knowledge Synthesis. Foodborne Pathog Dis. 2014; 11:447–55. https://doi.org/10.1089/fpd.2013.1704

PMID: 24750096

28. Ethiopian Government and Humanitarian Partners. ETHIOPIA Humanitarian Requirements Document

2016 Joint Government and Humanitarian Partners’ Document. Addis Ababa, Ethiopia; 2016.

29. Ethiopia WASH Cluster. WASH Drought Response: Taking Stock, Ethiopian Humanitarian Response.

WASH Clust Bull. 2016; 1:1–5.

30. Akale AT, Dagnew DC, Giri S, Belete MA, Tilahun SA, Mekuria Wand, et al. Groundwater Quality in an

Upland Agricultural Watershed in the Sub-Humid Ethiopian Highlands. J Water Resour Prot. 2017;

9:1199–212. https://doi.org/10.4236/jwarp.2017.910078.

31. Grabow WO, du Preez M. Comparison of m-Endo LES, MacConkey, and Teepol media for membrane

filtration counting of total coliform bacteria in water. Appl Environ Microbiol. 1979; 38:351–8. http://www.

ncbi.nlm.nih.gov/pubmed/394678. Accessed 30 Dec 2016. https://doi.org/10.1128/aem.38.3.351-358.

1979 PMID: 394678

32. Rice EW, Fox KIMR, Nash HD, Read EJ, Smith AP. Comparison of Media for Recovery of Total Coli-

form Bacteria from Chemically Treated Water. 1987; 53:1571–3. https://doi.org/10.1128/aem.53.7.

1571-1573.1987 PMID: 3662507

33. WHO. Guidelines for drinking-water quality, fourth edition. 2011. http://www.who.int/water_sanitation_

health/publications/2011/dwq_guidelines/en/%5Cnhttp://www.who.int/water_sanitation_health/

publications/2011/dwq_chapters/en/#.VOAis9HLOE8.mendeley.

34. Ismail NSS, Razali A, Awang S, Praveena SMand, Abidin EZ. Land use change in highland area and its

impact on river water quality: a review of case studies in Malaysia. Ecol Process. 7:19. https://doi.org/

10.1186/s13717-018-0126-8.

35. Satterthwaite D. Missing the Millennium Development Goal targets for water and sanitation in urban

areas. Int Inst Environ Dev. 2016; 28:99–118.

36. Kebede S., MacDonald AM, Bonsor HC, Dessie N, Yehualaeshet T, Wolde G, et al. UPGro Hidden Cri-

sis Research Consortium, Survey 1 Country Report–Ethiopia. British Geological Survey (BGS) Open

Report,. Br Geol Surv Open Rep. 2017; OR/17/024:17.

37. Fisher MB, Shields KF, Chan TU, Christenson E, Cronk RD, Leker H, et al. Understanding handpump

sustainability: Determinants of rural water source functionality in the Greater Afram Plains region of

Ghana. Water Resour Res. 2015; 51:8431–8449. https://doi.org/10.1002/2014WR016770 PMID:

27667863

PLOS ONE Ensuring water quality in basic water services

PLOS ONE | https://doi.org/10.1371/journal.pone.0248944 August 5, 2021 23 / 24

https://dspace.lboro.ac.uk/2134/31562
https://doi.org/10.1186/s12913-019-4857-8
http://www.ncbi.nlm.nih.gov/pubmed/31888618
https://doi.org/10.1016/j.worlddev.2020.105286
https://doi.org/10.3390/ijerph15102112
http://www.ncbi.nlm.nih.gov/pubmed/30261590
http://www.who.int/mediacentre/factsheets/fs330/en/
https://doi.org/10.1089/fpd.2013.1704
http://www.ncbi.nlm.nih.gov/pubmed/24750096
https://doi.org/10.4236/jwarp.2017.910078
http://www.ncbi.nlm.nih.gov/pubmed/394678
http://www.ncbi.nlm.nih.gov/pubmed/394678
https://doi.org/10.1128/aem.38.3.351-358.1979
https://doi.org/10.1128/aem.38.3.351-358.1979
http://www.ncbi.nlm.nih.gov/pubmed/394678
https://doi.org/10.1128/aem.53.7.1571-1573.1987
https://doi.org/10.1128/aem.53.7.1571-1573.1987
http://www.ncbi.nlm.nih.gov/pubmed/3662507
http://www.who.int/water_sanitation_health/publications/2011/dwq_guidelines/en/%5Cnhttp://www.who.int/water_sanitation_health/publications/2011/dwq_chapters/en/#.VOAis9HLOE8.mendeley
http://www.who.int/water_sanitation_health/publications/2011/dwq_guidelines/en/%5Cnhttp://www.who.int/water_sanitation_health/publications/2011/dwq_chapters/en/#.VOAis9HLOE8.mendeley
http://www.who.int/water_sanitation_health/publications/2011/dwq_guidelines/en/%5Cnhttp://www.who.int/water_sanitation_health/publications/2011/dwq_chapters/en/#.VOAis9HLOE8.mendeley
https://doi.org/10.1186/s13717-018-0126-8
https://doi.org/10.1186/s13717-018-0126-8
https://doi.org/10.1002/2014WR016770
http://www.ncbi.nlm.nih.gov/pubmed/27667863
https://doi.org/10.1371/journal.pone.0248944


38. Foster T, Willetts J, Lane M, Thomson P, Katuva J, Hope R. Risk factors associated with rural water

supply failure: A 30-year retrospective study of handpumps on the south coast of Kenya. Sci Total Envi-

ron. 2018; 626:156–64. https://doi.org/10.1016/j.scitotenv.2017.12.302 PMID: 29335170

39. Bain R, Gundry S, Wright J, Yang H, Pedley S, Bartram J. Accounting for water quality in monitoring the

Millennium Development Goal on access to safe drinking-water: lessons from five countries. Bull World

Health Organ. 2012; 90:228–235A. https://doi.org/10.2471/BLT.11.094284 PMID: 22461718

40. Miller JD, Hutchins M. The impacts of urbanisation and climate change on urban flooding and urban

water quality: A review of the evidence concerning the United Kingdom. J Hydrol Reg Stud. 2017;

12:345–62.

41. Bonsor HC, Oates N, Chilton PJ, Carter RC, Casey V, MacDonald AM, et al. A hidden crisis: strengthen-

ing the evidence base on the current failures of rural groundwater supplies. 38th WEDC Int Conf

Loughbrgh Univ UK, 2015 WATER, Sanit Hyg Serv BEYOND 2015 Improv ACCESS Sustain. 2014;:1–

6.

42. Rickert B, van den Berg H, Bekure K, Girma S, de Roda Husman AM. Including aspects of climate

change into water safety planning: Literature review of global experience and case studies from Ethio-

pian urban supplies. Int J Hyg Environ Health. 2019; 222. https://doi.org/10.1016/j.ijheh.2019.05.007

PMID: 31129137

PLOS ONE Ensuring water quality in basic water services

PLOS ONE | https://doi.org/10.1371/journal.pone.0248944 August 5, 2021 24 / 24

https://doi.org/10.1016/j.scitotenv.2017.12.302
http://www.ncbi.nlm.nih.gov/pubmed/29335170
https://doi.org/10.2471/BLT.11.094284
http://www.ncbi.nlm.nih.gov/pubmed/22461718
https://doi.org/10.1016/j.ijheh.2019.05.007
http://www.ncbi.nlm.nih.gov/pubmed/31129137
https://doi.org/10.1371/journal.pone.0248944

