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Abstract

One-fourth of the global population is without basic drinking water and half of the global population lacks sanitation facilities.
The attainment of water and sanitation targets is difficult due to administrative, operational, political, transborder, technical,
and policy challenges. Conducted after 5 years from the adoption of sustainable development goals by the United Nations
reviews the initiatives for improving access, quality, and affordability of water and sanitation. The bibliometric and thematic
analyses are conducted to consolidate the outcomes of scientific papers on sustainable development goal 6 (SDG 6). Africa is
struggling in relation with water and sanitation goals, having 17 countries with less than 40% basic drinking water facilities
and 16 countries with less than 40% basic sanitation facilities. Globally, the attainment of water and sanitation goals will
be depended on economic development, the development of revolutionary measures for wastewater treatment, and creating
awareness related to water usage, water recycling, water harvesting, hygiene, and sanitation. Behavioral changes are also

required for a new water culture and the attainment of water and sanitation goals by 2030.
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Introduction

The world is rapidly moving towards a global water cri-
sis (United Nations Department of Economic and Social
Affairs, 2014). In this background, the “Water Action Dec-
ade” (2018-2028) has been initiated by UN General Assem-
bly (United Nations Organisation-Sustainable Development
Goals, 2021). Sustainable Development Goal (SDG) 6 aims
at ensuring clean water and sanitation for all. According
to the United Nations Department of Economic and Social
Affairs (UN DESA), 2 billion people are struggling for safe
drinking water; 4 billion people for sanitation requirements,
and 3 billion people are facing challenges for basic hand
wash facilities (United Nations Department of Economic and
Social Affairs, 2021). Six billion people are in the practice
of open defecation (UN-Regional Information Centre for
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Western Europe, 2021). A study on Global water status by
UN-Water (2020-21) points out that 26% of the world popu-
lation are struggling for drinking water, 46% for sanitation,
and 44% of households are without proper wastewater treat-
ment (United Nations, 2021). Anthropogenic wastewater
can create serious concern on life on land and water bodies
(Lopez-Pacheco et al., 2019). The threat of anthropogenic
wastewater and lagging performance in this respect is a seri-
ous threat to humanity.

The SDG 6 involves 8 targets and 11 indicators, focusing
on clean and safe drinking water, reducing the open def-
ecation practices, integrated water resource management
by improvement of water quality; enhancing wastewater
treatment, promoting water recycling, and eliminating all
types of water wastages. The other targets of SDG 6 involve
transboundary water co-operations; protection and restora-
tion of water-related ecosystems; local community participa-
tion and building networks for the attainment of water and
sanitation goals.

A country-wise analysis into the attainment of SDG 6
by Sustainable Development Report 2021 of the Cambridge
University Press (Sachs et al., 2021) indicates a serious
water crisis among African countries. Eight African coun-
tries are with less than 50% of basic drinking water facilities
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and 15 countries are in the categories below 60% attainment
(SDG Index. Org 2021). The report exhibits that the aver-
age per capita GDP of poorly performing African countries
is 762 dollars and the average share of agriculture in GDP
is 28.46%. This points out the need for reducing excessive
dependence on agriculture, improving economic activi-
ties, per capita GDP, and investments in African regions.
Sanitation is another challenge in achieving the targets of
SDG 6. Both Asian and European countries are on the way
to attain sanitation goals. Twelve Asian countries and four
South American countries are lagging in their performance
related to sanitation goals. The African region is facing
severe challenge in providing basic sanitation facilities to
its citizen, especially 12 African countries are with below
20% attainment of basic sanitation facilities. Twenty-two
countries are successful in providing basic sanitation to the
entire population of the country. The average per capita GDP
of these countries is 46460 dollars and the percentage of
agriculture GDP in gross GDP is 3.19% (United Nations
Organisation- Sustainable Development Goals, 2021). Seven
European countries and Singapore have attained reasonable
progress in creating proper facilities for the treatment of
anthropogenic wastewater. The average per capita GDP of
these countries is 64,560 dollars and the share of agriculture
in gross GDP is 2.42%. Fifty countries are without any facil-
ities for proper treatment for anthropogenic wastewater. Six-
teen leading countries (countries providing basic sanitation,
drinking water, and treatment for anthropogenic wastewater
to at least 90% of the population) represent 3.71% of the
global population. These countries has an average per capita
GDP of 58,209 dollars; average per capita exports of 19,020
dollars; share of exports on GDP stood at 32.76% and share
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of agriculture in GDP is 2.98% (United Nations Organisa-
tion- Sustainable Development Goals, 2021). The leading
economies like the United States of America, India, China,
Japan, Brazil, France, Italy, and Canada are lagging in per-
formance related to sanitation and treatment for anthropo-
genic wastewater. Urgent actions are needed for ensuring
the provision for the treatment of anthropogenic wastewater.
Any delay in performance of ensuring treatment for anthro-
pogenic wastewater can negatively affect the access and
quality of drinking water and can be a costly and dangerous
choice for the goals of safe drinking water and sanitation of
future generations (Bondur and Grebenuk, 2001; Gelsomino
et al., 2006; Abdesselem et al., 2012). The comparison of
ten countries, leading in GDP and performance of SDG 6 is
shown in Fig. 1.

Forty-six countries are outside the 80-100 bracket of
achievement of ensuring basic drinking water provisions.
Out of the 46 poorly performing countries, 28 countries
are in the 60—80 bracket of achievement; 17 countries on
the 40-60 bracket; and Chad is in the range of 20-40%
achievement. 71 countries are outside the 80—100 bracket
of achievement of ensuring basic sanitation provisions. 20
countries are in the 60-80 bracket; 16 countries are in the
40-60 bracket; 22 countries are in the 20—40 bracket and 13
countries are in 0—20 bracket of achievement.

These inequalities in the attainment of basic services
of water and sanitation are alarming and smart initiatives
towards sanitation goals are essential. The underdevelop-
ment of economic activities, poor per capita GDP, poor per
capita exports, and over dependencies in agriculture can
be the major causes for the difference in the achievement
of water and sanitation goals. The difference in culture,
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Fig. 1 Comparative performance of top 10 economies. Source: Sustainable Development Report 2021
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education, and skills, traditions, and habits may also be
influential factors for the same.

The existing literature mainly concentrated on efforts
to improve access, quality, and affordability of water. Sev-
eral articles focused on challenges for achieving water and
sanitation goals. The findings of this paper can be useful for
academicians and scholars for researching SDG 6.

Future empirical studies are essential for concrete proof
of the influence of the above factors on the attainment of
water and sanitation goals. The analysis and discussion on
SDG 6 are very important for the timely achievement of
water and sanitation goals by 2030.

Research objectives

1. To understand the global status of achieving targets of
SDG 6.

2. To consolidate the literature related to SDG 6 from the
database of Web of Science.

3. To develop research themes for future research.

Research questions

1. What are the challenges for achieving the targets of SDG
6?

2. What are the initiatives for achieving the targets of SDG
6?

3. What is the indicator-wise performance of countries on
achieving SDG 67?

This paper recommends research on the water and sani-
tation crisis faced by African countries. Further research
can also be on measures for improving quality, access, and
affordability for water and sanitation. Research can also be
on solutions for problems and challenges faced in ensuring
basic drinking water and sanitation for people across the
world. The successful models and implementation strategies
of leading nations can provide valuable insights for better
implementation of policies and schemes. The policymak-
ers and administrators can develop strategies for meeting
various challenges associated with SDG 6, especially the
challenges associated with the treatment of anthropogenic
wastewater. Reforms of the industrial environment, invest-
ments, innovative technologies, strong political will, and
leadership are essential for achieving the goals of anthropo-
genic wastewater treatment.

This paper has been divided into six chapters. The intro-
duction of SDG 6 and performance at the global level is
included in the first section. The review methodology and
the major themes and sub-themes are discussed in the sec-
ond section. Bibliometric results are discussed in the third
section and a thematic analysis by rapid review is the fourth
section of this paper. The future agenda for research is the

fifth section and the conclusion of the paper is presented in
the sixth section.

Review methodology

This review on SDG 6 is based on a single-source, Web of
Science. Web of Science provides access to multiple data-
bases, covering about 79 million records and 171 million
platforms. Moreover, it covers over 256 disciplines. This
single-source was used as it is one of the biggest databases
of scientific papers and journals on sustainability and SDGs.
The single-source-based model is successfully used in the
review related to “Variations of the Kanban system” (Lage
Junior and Godinho Filho, 2010); “review on environmental
training in organisations” (Jabbour, 2013); and “systematic
review on sustainable investments” (Talan and Sharma,
2019). The review frameworks and structure of this paper
are adopted from the above three inspirational reviews,
based on a single data source. Moreover, the review struc-
ture, and model adopted in the rapid review on “COVID-19
and Environmental Concerns” (Gagan Deep Sharma et al.,
2020) is another motivation behind design and structure of
this review. The keywords "Sustainable Development Goal
6" and "SDG 6" are used on 01/07/2021 for drawing papers.
234 papers are obtained on the first query and used for the
review. Thematic analysis was conducted after reading the
title, abstract, and details. The details of paper selection are
highlighted in Fig. 2. This paper has followed PRISMA
guidelines for paper selection. The criteria for paper and
journal selection are that, it should be dealing with water
and sanitation-related SDGs and the paper should be writ-
ten after the introduction of sustainable development goals.
This paper has conducted a bibliometric review and rigorous
and rapid thematic analysis. Relevant papers of any country
are included in this study, and there are no inclusion and

Papers from Web of
Science-> 234

L Removed 78
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don’t have full
text availability

156 Abstracts, Titles and
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Selected 97 papers for
the thematic discussion

Removed 59
papers as they are
irrelevant to
themes discussed

Fig. 2 Paper identification and screening process
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exclusion criteria for selecting papers on the basis of country
but done on the basis of relevance with the topic.

Results

Bibliometric analysis was conducted on selected papers. The
details of the bibliometric analysis are described in the fol-
lowing paragraphs.

Journal analysis

The source analysis of the leading nine journals is shown
in Fig. 3. The journals are analyzed by h-index, g-index,
and m-index, highlighting the source impact. “Science of
the Total Environment” published articles related to water
quality monitoring using citizen science, global water
scarcity, microbial contamination in drinking water, water
governance, seasonal drinking water quality, potential
solutions for water security, inequality in access of water,
water stress indicators, water crisis, and SDG 6 targets in
Africa. “Water” focuses on water access, water supply net-
works, surface water extraction, groundwater vulnerability,
integrated water resource management, water governance,
water collecting systems, sanitation, fog water collection,
remote-sensing technologies, water footprints, and domes-
tic demand and supply of water. The themes published in
“Sustainability” are related to water supply networks, use
of citizen science monitoring for water-related goals, access
to sanitation, citizen and educational initiatives, water sup-
ply tariffs, water service sustainability, cross country water
co-operations, and water quality governance. The “Journal
of Environmental Management” took interest in publishing
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Environment
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Fig.3 Top journals and source impact
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M Total publications

topics related to fecal sludge management, sanitation, citizen
science in sanitation, and water treatment systems. “Journal
of Cleaner Production” published on industrial wastewater,
groundwater quality, rainwater harvesting, smart waste man-
agement systems, and impact of urbanization on water infra-
structure. The major themes published in “Journal of Water,
Sanitation and Hygiene for Development” are hygiene in
healthcare facilities, application of decision support system
for attaining water and sanitation targets, urban sanitation,
water quality, shared sanitation, toilet waste management,
access and affordability of water, and need for behavioral
changes for attaining water and sanitation targets. The top-
ics published in “International Journal of Environmental
Research and Public Health” are related to drinking water
and health; sanitation and solid waste management. Fecal
pathogen flow and health risks, and innovative sources for
clean water are the topics published on the “International
Journal of Hygiene and Environmental Health”. The major
works on water and sanitation goals in the journal “Applied
Sciences-Basal” are related to soil aquifer treatments, rural
water supply, groundwater salinity, and fluoride content in
groundwater.

Analysis of authors

Kalin Robert M (University of Strathclyde, Scotland) is
the leading researcher on topics related to SDG 6. Twelve
documents (all 12 documents are open access) have been
written by this author on topics related to SDG 6, with a
total of 50 citations and an average citation of 4.17. These
12 documents are published in the years 2021 (2 articles),
2020 (7 articles), and 2019 (2 articles). The h-index of
these articles is four. The other influential author of this
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research domain is Rivett Michael O (University of Strath-
clyde, Scotland). The author has written nine articles (all 9
documents are open access) with a total citation of 41 and
an average of 4.6 citations per article. These nine articles
are published in 2021 (2 articles), 2020 (4 articles), and
2019 (3 articles). The h-index of these articles is four.
Both the authors had co-authored nine articles. Four
articles had been published in the journal “Water” and
obtained 18 citations. The articles in “Water” dealt with
groundwater vulnerability (Addison et al., 2020a, b), inte-
grated water resource management (Banda et al., 2019;
Banda et al., 2020), and stranded asset-based investment
strategies for SDG 6 (Kalin et al., 2019); three articles
are on Applied Science-Basel and got six citations. The
articles in this journal focused on focusing on sustainable
rural water supply (Leborgne et al., 2021), groundwater
salinity and rural water supply challenges (Rivett et al.,
2020), and Human and health implications of Fluoride
content in groundwater (Addison et al., 2020a, b), one arti-
cle on Sustainability are without any citations. The articles
focused on the cost of sustainable water supply through
network kiosks (Coulson et al., 2021) and the article pub-
lished on Science of the Total Environment (17 citations).

574

.68 35 33 27 .44 21 23 21

291

This article is related to salinity in aquifers and technolo-
gies beyond hand-pumps (Rivett et al., 2019).

The individual publications of Kalin Robert M include an
article on rural water supply tariffs, published in the journal
“Sustainability” with six citations (Truslove et al., 2020);
one article each on Environmental Science Water Research
Technology (1 citation) dealt with barriers to hand pump
serviceability in Malawi (Truslove et al., 2020); and Journal
of Hydrology Regional Studies (2 citations), article related
to transboundary aquifers (Fraser et al., 2020).

Analysis of countries

The existing literature mainly focused on countries strug-
gling with water and sanitation goals, especially African
countries. The contribution of the top five countries has been
evaluated on the parameters of several documents, funded
documents, total citations, average citations, co-authorship
links, and h-index in Fig. 4. The research collaborations of
countries are shown in Fig. 5. The country collaboration map
also shows the most prominent countries. The most promi-
nent countries are in dark blue, and by this, the most influen-
tial countries are the United States of America and England.
The United States of America is the most influential country

Documents Funded documents

m United States of America England

Total citations

551
204
119
59 63 55 14 12 11 10 8
s
Co-authorship links H-index
Netherlands Germany Australia

Fig.4 Summary of contributions of top five countries on research related to SDG 6
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Fig.5 Country collaboration

map Country Collaboration Map

Longitude

Table 1 Strongest collaborations shown in Fig. 5

From To Frequency of
collaboration

United Kingdom United States of America 17

United Kingdom Malawi 15

United Kingdom Australia 07

United States of America  Australia 06

United States of America Canada 06

United States of America Germany 05

United Kingdom Germany 05

United Kingdom Ireland 05

United Kingdom The Netherlands 05

Netherlands Germany 05

in terms of document publications, citations, funded docu-
ments, co-authorship links, and h-index (Table 1).

Keyword analysis

The keyword analysis was shown in the conceptual structure
map, as shown in Fig. 6. The most prominent keywords are
shown in sanitation (5 occurrences), water (3 occurrences),
sustainable development goals (20 occurrences), SDG 6 (15
occurrences), water quality (5 occurrences), groundwater
(7 occurrences), and drinking water (3 occurrences). The
details of articles details and keywords are provided in the
supplementary files.

@ Springer
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Scholarships

The leading funding agencies, offering sponsorship for
research related to SDG 6 targets for basic drinking water,
sanitation, and wastewater treatments are the UK Research
Innovation (UKRI) of the United Kingdom, Bill Melinda
Gates Foundation of the United States of America, and
European Commission. UK Research Innovation (UKRI)
of the United Kingdom funded projects on water quality,
remote monitoring of water systems in rural areas, gov-
ernance issues, seasonal drinking water quality, and water
resources. Bill Melinda Gates Foundation of the United
States of America funded projects on the fecal sludge man-
agement system, water quality, and sanitation. The funded
projects of the European Union are related to industrial
wastewater, ecosystem services, drinking water, sanitation,
and crop-water productivity.

Thematic discussion

The major themes and sub-themes as shown in Fig. 7 have
been described in this section. The major themes of research
in SDG 6 are initiatives and challenges. The major niches for
research on initiatives are the efforts for improving access,
quality, and affordability. Similarly, the major sub-themes
of research regarding challenges of SDG 6 are pollutants,
transboundary contracts, politics, climate factors, open def-
ecation, administrative challenges, operational challenges,
and technical challenges.
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Fig.6 Conceptual structure Conceptual Structure Map - method: MCA
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Initiatives in favor of SDG 6 goals

Several initiatives has been researched and documented,
towards the attainment goals of SDG 6. The initiative can
be for improving access, quality, and affordability of clean
water. These three concepts are taken as sub-themes under
the initiatives in favor of SDG 6. There is positive news
related to access to water, but the quality and affordabil-
ity of water and sanitation remain a serious challenge and
it defeats the objective of access to clean water (Coulson
et al., 2021) (Mitlin and Walnycki, 2020). All these three
factors are interlinked and should be existing for the success-
ful attainment of SDG 6 (Diaz-Alcaide et al., 2021). Water
and sanitation taxes, the density of population, revenue of
the local government, and income of local people can also
be crucial factors for the attainment of SDG 6 (Martinez-
Cordoba et al., 2020). Similarly, active forums can play a
significant role in the attainment of SDG 6 (Paerli and Fis-
cher, 2020).

The SDG 6 should be achieved across all cross-sections
of society including involuntarily displaced sections of
society (Behnke et al., 2018). SDG 6 is heavily linked with
health-related goals. The initiatives for quality health are
related to the availability of clean water and sanitation goals
(SDG 6). The prime focus should be on ensuring sanitation,
cleanliness, and hygiene in healthcare facilities and proper
waste management for prevention and control of infections
(Torres-Slimming et al., 2019; Abu and Elliott, 2020; Abu
et al., 2021). The improvement in the access and quality of
water and sanitation services includes the development of
an integrated water database, measuring the cost and afford-
ability (Bressler and Hennessy, 2018).

Efforts for improving access

There are several challenges to ensuring access to clean
water (Marshall and Kaminsky, 2016). One such challenge
is the problems associated with fecal sludge management
systems. Fecal sludge management is posing a severe threat
to the goals of clean water and sanitation, which directly
hinders the efforts for access to clean water and sanitation
(Devaraj et al., 2021; Yesaya and Tilley, 2021). The major
factors affecting access to clean water are collection time,
distance from the household, water quality, affordability, and
reliability of water sources, etc. (Diaz-Alcaide et al., 2021).
The supply of water in the majority of places is intermittent
water supply and has several challenges to provide complete
access to clean water and achieving SDG 6. This points out
the need for migration to a continuous supply of clean water
and a hybrid hydraulic model in this regard was developed
(El Achi and Rouse 2020).

The model of distribution is a challenge in the case of
drinking water and the conflict on the model of distribution

@ Springer

of water between formal and informal suppliers should be
addressed with innovative hybrid models (Agbemor and
Smiley, 2021). Alternative policies and partnership mod-
els would be the key to enhancing access to clean water.
Replacement of public distribution models by community-
based water supply models together with increased local
monitoring of policies and implementations is recommended
as a solution for improving access to clean water in Sub-
Saharan Africa (Adams et al., 2019). A similar shift from
the government-regulated water supply chain to unregulated
systems is visible in the research outcomes (Fischer et al.,
2020). The application of the decision support system for
the selection of best water and sanitation technology can
improve the access of clean water facilities and sanitation
(Bouabid and Louis, 2021); similarly, the Earth observa-
tion and cloud computing for the attainment of SDG 6 tar-
gets (Li et al., 2020). The promotion of public standpipes,
community boreholes, and household water treatments can
be some measures towards access to clean and safe water
(Abubakar, 2019). Rainwater harvesting can be a suitable
and economical alternative for improving access to clean
water (Dao et al., 2017; Alim et al., 2020; Bui et al., 2021).

The key water management strategies recommended for
improving access to water are importing virtual water; water
reallocation; strengthening of law and integrated basin man-
agement, creation of water market and wastewater network
and treatment facilities, and reusing wastewater (Banihabib
et al., 2020). The other suggestions for improving access
for water are water foot prints (Berger et al., 2021); inte-
grated water resource management and fresh water health
index (Bezerra et al., 2021); shared sanitation (Foggitt et al.,
2019); aquifer recharge and treatment measures (Gronwall
and Oduro-Kwarteng, 2018); asset audit and using stranded
assets for ensuring access of water (Kalin et al., 2019); fog
water collections is an alternative strategy for improving
the access for clean water (Lucier and Qadir, 2018; Qadir
et al., 2018); however, the main challenges in fog water
harvesting are lack of expertise, support, affordability, and
inequalities (Qadir et al., 2018); water service franchising
and distribution of bottled water (Walter et al., 2017; Lyne,
2020); rain water harvesting, water treatment, better distribu-
tion and water recharging (Udmale et al., 2016); desalina-
tion and wastewater reuse (Van Vliet et al., 2021); use of
smart pumps can enhance the usage and monitoring of water
sources and thereby move close towards the goal of improv-
ing access for clean water (Swan et al., 2018).

Efforts for improving quality and affordability

A framework for water quality and usage monitoring is
developed (Charles et al., 2020). Similarly, water quality
indices can be used for improving the quality of water by
restricting the pollutants in water (Bouhezila et al., 2020); a
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scorecard is developed for monitoring the major dimensions
of access, availability, quality, acceptability, and affordabil-
ity of clean water sources (Ezbakhe et al., 2019).

A study covering 63% of green star hotels in Egypt had
claimed that green hotel practices like energy saving, opti-
mized water consumption, waste management, and waste
reduction can positively contribute to the attainment of SDG
6. This can significantly improve the quality of drinking
water (Abdou et al., 2020). Water quality monitoring is a
major challenge (Cronin et al., 2017). Appropriate measures
for reduced discharge of untreated pharmaceutical contents
in wastewater and better treatment of the same can be some
measures towards improving the quality of water and waste
management (Acuna et al., 2020). The use of citizen science
can be a strong alternative for efficient monitoring of SDG
6 and thereby quality improvement economically and con-
veniently (Bishop et al., 2020; Capdevila et al., 2020; Fraisl
et al., 2020; Freihardt, 2020; Hegarty et al., 2021).

The other measures for improving water quality include
monitoring sanitation progress through total service gap
(Kempster and Hueso, 2018); rural-urban water link, waste-
water treatment, and reuse, efficient water quality monitor-
ing, innovative ways of fecal management, and change in
community behaviors (Kookana et al., 2020); local ground-
water balance model for groundwater monitoring (Lopez-
Maldonado et al., 2017); chlorination of drinking water at
the point of the collection can be some measures towards
the quality improvement of water (Pickering et al., 2019);
policy implementation, proper monitoring, and data manage-
ment are key to improvement of quality (Roy and Pramanick,
2019); monitoring, treatment, and education and training of
water-related technology (Sogbanmu et al., 2020).

The issue of affordability of clean water is closely con-
nected with water-related emotional distress. Research has
found that emotional challenges can be developed due to
poor affordability to water, despite the access and quality
(Thomas and Godfrey, 2018).

Challenges for the attainment of SDG 6

Several studies across the globe have identified the chal-
lenges for access to safe and clean water; clean water, sani-
tation, and hygiene are in heavily associated with health-
related goals (Anthonj et al., 2018).

Challenges associated with pollutants, transboundary
contracts, climate, open defecation, and politics

The major challenge for the attainment of SDG 6 can be
untreated pharmaceutical contents in wastewater (Acuna
et al., 2020). The discharge of untreated pollutants to
water can be a serious threat to access and quality of water
(Bouhezila et al., 2020). The other challenges associated

with pollutants can be a high concentration of fluoride con-
tent in weathered basement aquifers, which increases the risk
of dental fluorosis (Addison et al., 2020a, b; Banda, et al.,
2020); increased levels of Cadmium and Chromium in water
sources can also pollute the water sources and increase the
risk of non-communicable disease like cancer (Ahmed and
Bin Mokhtar, 2020); nitrate and phosphate levels can pollute
the water (Hegarty et al., 2021). The salinity of the water is
a major challenge for clean water (Rivett et al., 2019; Riv-
ett et al., 2020); contamination of water resources through
human and animal fecal matter (Buckerfield et al., 2020);
E. coli contamination (Usman et al., 2018; Charles et al.,
2020) chlorine content, usage of latrine waste as fertilizer
and wastewater discharge (Mraz et al., 2021); nitrogen and
phosphorous content (Van Puijenbroek et al., 2019). The
fecal contamination, poor sanitation services, and the pres-
ence of no fecal matter in fecal sludge (Hurd et al., 2017,
Quarshie et al., 2021).

Politics is an important determinant in ensuring access
to clean water, especially in tension-laden areas. The rela-
tions of Palestine and Israel can be crucial in the attain-
ment of SDG 6 goals in Palestine (Al-Shalalfeh et al., 2018).
Hydro-political risks are another issue affecting the SDG
6 and strong transboundary co-operations are essential for
the peaceful access of water in the future (Farinosi et al.,
2018; Hussein et al., 2018; Wright-Contreras, 2019; Fraser
et al., 2020; Jimenez et al., 2020; Strokal, 2021; Yalew et al.,
2021). Unfavorable climatic factors are major challenges to
water and sanitation-related goals (Hurd et al., 2017; Flem-
ing et al., 2019; Darwish et al., 2021). Negative environmen-
tal impacts and population pressures are serious threats for
SDG 6 (Salmoral et al., 2020). Open defecation is a serious
challenge for SDG 6, and the major factors promoting open
defecation are found to be the poor promotion of programs
at the field level, intimidation of adults, and lack of support
in families (Akov and Satwah, 2019).

Administrative, technical, and operational challenges

Integrated water resource management is the key to the suc-
cessful attainment of SDG 6. Despite best efforts for improv-
ing access and quality of water, ensuring an integrated water
management system is still a challenge (Al-Noaimi, 2020).
The other administrative challenges can be poor water man-
agement and investments, corruption (Adams et al., 2019);
poor institutional capabilities and fear of failure in monitor-
ing (Rayasam et al., 2020) infrastructure-related challenges,
and funding and policy challenges (Nhamo et al., 2019;
Romano and Akhmouch, 2019).

The major technical and operational challenges can
be the unprotected sources of water and poor coverage of
piped water connections (Usman et al., 2018; Abubakar,
2019). Scarcity of water, rapidly growing populations,
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unsustainable development, poor management in the usage
of water, lack of technical, financial, and institutional per-
formances (Al-Noaimi, 2020). Another serious issue to
be addressed is the inequality in access to drinking water
(Anthonj et al., 2020). The issues of capacity shortages and
poor law enforcement (Darwish et al., 2021); poor account-
ability and complex governance structure (Gronwall, 2016);
administration challenges, conflicting goals of other indi-
cators, challenges in local implementation of global goals
(Herrera, 2019).

The other technical issues include the unaffordability of
water and poor coordination of responsibilities (Jama and
Mourad, 2019); poor latrine constructions and seasonal
flooding (Jewitt et al., 2018); political will, poor economic
background, poor environmental and manpower develop-
ment, attitude and lack of will of administrative and legisla-
tive systems; and poor technological tools are challenges
proper water governance (Mycoo, 2018); technical, scale
and operational efficiencies of water utilities are a serious
challenge for goals of clean water (Ngobeni and Breiten-
bach, 2021); installation failures, damages, poor main-
tenance, non-availability of spare parts and affordability
issues and financial constrains (Truslove et al., 2020; Coul-
son, et al., 2021); issues associated with poor infrastructure
(Udmale et al., 2016); affordability, markets, and behavior
are the strongest barriers for attainment of SDG 6 (Wight
et al., 2021) The poor human development, capacity chal-
lenges for monitoring sanitation and lack of sufficient data
for monitoring and wrong conclusions are creating chal-
lenges for SDG 6 (Rahaman et al., 2021; Komakech et al.,
2019; Kirschke et al., 2020); behavioral issues, barriers, and
habits are posing severe threat to attainment of SDG 6 goals
(Mathew et al., 2020).

Research suggestions

By reviewing the existing literature, future research can be
on improving access, affordability, and quality of drinking
water provisions and sanitation. The research on waste-
water treatment is an unexplored area. More, specifically,
the future research can be in drinking water provisions of
African countries; sanitation provisions of African and low-
income countries, and the research can be in the wastewater
treatment provisions of any countries except a few, those had
attained the targets. The detailed agenda for future research
has been included in the following section.

Future research agenda
The existing literature points out the various ways of water

wastage and pitfalls in water distribution. This badly affects
the access to clean drinking water provisions. Future
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research can be for various methods for improving access to
clean water by controlling wastage of water and improving
water supply chains. Several studies had been country-based
and the wider acceptance of those concepts and theory vali-
dation can be done by extending those country-based studies
to similar countries facing challenges on clean water. Future
research can be on reducing discharge pollutants, innovative
solutions for facilitating treatment for anthropogenic waste-
water. Future research can also be on measures for reducing
these pollutants and initiating policy measures, the scope for
technology changes to control the water pollution.

Research on behavioral changes, affordability, and aware-
ness can be conducted to stop the open defecation practices.
Future research can be on developing awareness programs,
hygiene and sanitation camps. Empirical studies on the role
of education and economic development in solving water
and sanitation goals can throw light on the connection
between literacy, exports, income, and other related vari-
ables on the achievement of water and sanitation goals.

Research can be on international politics and transbound-
ary contracts for improving accessibility to water. The policy
initiatives for peaceful contracts, improving the proportion
of transboundary contracts can be the future actions for the
sustainability of water sources.

The water and sanitary goals are at the mercy of climate
in many places. This condition should be changed and future
research can be developing climate-resistant initiatives and
policies for water security and sanitation. Proper policy ini-
tiatives and reform models can be developed in the future
to tackle several administrative, technical, and operational
challenges. Future research can be for solutions for chal-
lenges and constraints related to funding, technology, and
skill management associated with water and sanitation goals.

Several technological solutions and innovative strate-
gies for water and sanitation improvement has been docu-
mented in the existing literature and future research can be
on techno-economic feasibility and practicality in solving
the challenges associated with SDG 6. Researches can also
be on industrial adaptability to these technological changes.
The highlights of the future agenda for research are shown
in Fig. 8.

Conclusions

Access to clean and safe drinking water, sanitation, and
proper hygiene are very essential for sustainable living.
However, a significant section of the global population is
outside the basic facilities for drinking water, sanitation, and
hygiene. SDG 6 focuses on the targets of ensuring basic
drinking facilities, sanitation, and treatment facilities for
wastewater for all. This paper has been tailored to under-
stand the status of water and sanitation-related targets of
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Fig.8 Future research agenda

Thematic
propositions

1. Efficiency in water distribution and reducing wastage of water
2. Challenges for providing clean water and sanitation

3. Factors deteriorating quality of water

4. Wastewater treatment and industrial issues

Methodological
propositions

1. Techno-economic studies on the feasibility of technological changes

2. Surveys for assessing adaptability of industries on technological change
3.Opinion surveys among experts for resolving issues of water and sanitation
4. Evaluation of water supply chains

Policy
propositions -<

L S

1. Camps for improving habits, attitudes, and practices on water usage and
sanitation

.Measures for improving education, skills and employability

.Encouraging scientific inventions for water recycling and water harvesting
. Developing industrial policies for the scientific treatment of wastewater

. Development of affordable schemes for migration to modern technology
6. Policies on transboundary water sharing contracts

SDG 6 by consolidating the literature from Web of science
and other external sources. Both thematic analysis and bib-
liometric analysis of existing literature on SDG 6 have been
conducted and the future scope for research is discussed.
This research on the status of water and sanitation-related
goals has found that the provision for drinking water had
been reached to the majority of the global population except
in few countries of the African region. The poor achieve-
ment of targets related to the treatment of wastewater and
sanitation is also a global concern.

Even though the implementations are at the country level,
this paper invites the need for global attention for solving
the challenges of poorly performing regions, especially the
African continent, which struggles for provisions of water,
sanitation, and wastewater treatment. Out of 54 countries
in the continent, 45 countries are lagging to provide basic
drinking water solutions. In the case of sanitation, there
are 13 countries where more than 70% of the population
are outside the provisions for basic sanitation facilities.
Similarly, there are 16 African countries with provision of
wastewater treatment below 2%. The Asian countries are
relatively better performing in respect of providing provi-
sions for drinking water, except Afghanistan and Yemen.
Thirteen Asian countries are struggling for providing basic
sanitation facilities for the population. All Asian countries
except Israel, Bahrain, and Singapore are well behind in the
achievement of providing proper facilities for the treatment
of anthropogenic wastewater. All the European countries are
in above 75% achievement brackets in respect of provisions
for basic drinking water facilities and basic sanitation facili-
ties. The 18 European countries are in the 80—100 achieve-
ment bracket and the remaining 26 countries are lagging
in respect of providing basic provisions for the treatment

of anthropogenic wastewater. All the North American and
Latin American countries are in 80—100 brackets in provid-
ing provisions for basic drinking water and in respect of
sanitation, except Bolivia (60.7% achievement) and Nica-
ragua (74.4% achievement). However, the performance of
North American and Latin American countries in provid-
ing provisions for wastewater treatment is not robust except
Chile (71.9%) and Canada (67.4).

The underachievement of targets related to wastewater
treatment is still a global concern except for a few coun-
tries. What are the challenges and reasons for this undera-
chievement of water and sanitation goals? This review of
scientific papers from the Web of Science database points
out the major challenges as water and sanitation taxes, high
density of population, resource constraints of local govern-
ment, poor fecal sludge management practices, long wait for
collecting water, pollutants and poor wastewater treatment,
transboundary contracts and politics, climatic factors, open
defecation, and administrative, technical, and operational
challenges.

The literature provides several solutions to water and
sanitation targets by engagement of active forums; use of
integrated water database; recharging and treatment of;; deci-
sion support systems; rainwater harvesting; desalination
and wastewater reuse; smart pumping; water reallocation;
strengthening of law and integrated basin management, crea-
tion of water market and wastewater network; asset audit;
fog water collections; and chlorination of drinking water.

The outcomes of this paper can be a strong motivation
for developing policies for the improvement of skill sets and
education of the local population, which can economically
empower the poor and enhance their affordability to water
and sanitation solutions. Similarly, the awareness related to
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sanitation, hygiene, water recycling, need for reducing water
consumption, and preservation are inevitable in inculcating
a new culture among people. Moreover, this paper recom-
mends strengthening the water and sanitation supply chain
by streamlining water distribution, reducing wastages, and
scientifically treating the wastewater. The performance of
global economies towards the treatment of anthropological
wastewater is discouraging. Strong policy actions based on
research should be initiated to improve the provisions for
the treatment of anthropological wastewater. Academicians
and scholars can use the outcomes of this paper for enhanc-
ing their research networks and developing new themes for
research. This paper had recommended several thematic,
methodological, and policy propositions for the attainment
of sustainable development goal 6-related targets by 2030.
The future themes specified in this paper can be used for
taking scholarships and funded projects related to water,
sanitation, hygiene, and sustainability of water resources.
Scholarships and funded projects can be targeted in the
research related to providing solutions for anthropological
wastewater treatment, technologies, implementation plans,
and associated policy reforms. Future research should con-
sider the avoidable challenges and develop inclusive reforms
by taking care of all stakeholders. Scholars can focus on
the African continent and some pockets of Asia and Latin
America, the regions faced by acute shortage for drinking
water and sanitation. Future projects can be on the solutions
for improving access, affordability, and improving quality
of basic provisions for water and sanitation. Minor projects
can also be on the achievement strategies on drinking water
and sanitation by European and North American countries.
The research outcomes of this paper should be read along
with the limitations of using secondary sources. Similarly,
the scope for future research and scholarships are not offers
but the outcomes of thematic and bibliometric analysis.
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