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• Urbanisation will be one of the 21st
century's most transformative trends.

• Worldwide several cities are on the
verge of water crisis.

• Over 80% of wastewater is poorly
treated and is used to irrigate 11% of all
croplands.

• About 60–90% of the urban population
in many emerging economies relies on
septic tanks.

• We offer several suggestions to mitigate
water and food insecurity in emerging
economies.
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Urbanisation will be one of the 21st century's most transformative trends. By 2050, it will increase from 55% to 68%,
more than doubling the urban population in South Asia and Sub-Saharan Africa. Urbanisation hasmultifarious (pos-
itive as well as negative) impacts on the wellbeing of humans and the environment. The 17 UN Sustainable Devel-
opment Goals (SDGs) form the blueprint to achieve a sustainable future for all. Clean Water and Sanitation is a
specific goal (SDG 6) within the suite of 17 interconnected goals. Here we provide an overview of some of the chal-
lenges that urbanisationposes in relation to SDG6, especially in developing economies.Worldwide, several cities are
on the verge ofwater crisis.Water distribution to informal settlements or slums inmegacities (e.g. N50% population
in themegacities of India) is essentially non-existent and limits access to adequate safewater supply. Besides due to
poor sewer connectivity in the emerging economies, there is a heavy reliance on septic tanks, and other on-site san-
itation (OSS) system and by 2030, 4.9 billion people are expected to rely on OSS. About 62–93% of the urban popu-
lation in Vietnam, Sri Lanka, the Philippines and Indonesia rely on septic tanks, where septage treatment is rare.
Globally, over 80% of wastewater is released to the environment without adequate treatment. About 11% of all irri-
gated croplands is irrigated with such untreated or poorly treated wastewater. In addition to acute and chronic
health effects, this also results in significant pollution of often-limited surface and groundwater resources in Sub-
Saharan Africa and Asia. Direct and indirect water reuse plays a key role in global water and food security. Here
we offer several suggestions to mitigate water and food insecurity in emerging economies.
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1. Introduction
Urbanisation is going to be one of the 21st century's most transfor-
mative trends (UN, 2017). Currently, about 4 billion people (55% of
the world's population) are living in urban areas. Urban centres will ab-
sorb significant rural to urban migration and the bulk of population
growth over the next decades. Hence, this proportion is expected to in-
crease to 68%, reaching to 6.3 billion people by 2050, adding 2.3 billion
more people to urban areas (UNDESA, 2018). Most of this increase
(about 90%) is likely to occur in the two poorest regions of the world,
South Asia and Sub-Saharan Africa, where the urban population is likely
to double in the next 20 years (UNDESA, 2018).

The fastest growing cities have fewerfinancial resources than the av-
erage city and their annual population growth rate has been found to be
negatively correlated with the per capita income (Macdonald et al.,
2014). The limited resources cannot keep pace with the need for
urban infrastructure development. Besides the fastest growing cities
are often located in areas with limited water availability. An analysis
by Macdonald et al. (2014) showed that 68% of large cities are in low-
to middle-income countries, especially in China, Central Asia and
Mexico.

Clean Water and Sanitation is a specific Sustainable Development
Goal (SDG 6) within the suite of 17 interconnected SDGs adopted in
2015 by the United Nations, to address water scarcity issues and im-
proving sanitation for all people. SDG 6 covers a range of aspects includ-
ing drinking water, sanitation and hygiene, treatment and reuse of
wastewater and ecosystem health. It is linked to other SDGs, such as
Sustainable Cities (SDG 8) and Health (SDG 3). All forms of develop-
ment (food security, health promotion and poverty reduction) and eco-
nomic growth in agriculture and industry aswell asmaintaininghealthy
ecosystems are linked to water resources (UN SDG-6 Report, 2018).

Urbanisation helps create economic prosperity, as according to the
World Bank N80% of global GDP is generated in cities (WB, 2019). How-
ever, it has multifarious (positive as well as negative) impacts on the
wellbeing of humans and the environment (Table 1). These span from
access to and quality of basic commodities, such as water and food, to
impacts on human and ecosystem health throughwastes (solid and liq-
uid) generated by urban centres and their management (or lack of it).
These also include the impacts on people's social, economic and cultural
wellbeing. Some specific examples of such impacts and the places
where these have already been felt strongly are presented in Table 1.
The nature of these impacts varies from region to region depending on
the social, cultural and environmental context. Due to its transformative
potential, urbanisation and its impacts on communities is high on the
agenda of international organisations such as the UN (New Urban
Agenda, UN Habitat III) and World Bank Group (WB, 2019).

While a comprehensive coverage of urbanisation and its impacts is
beyond the scope of this paper, here we provide an overview of some
of the challenges that urbanisation poses to water quantity, water qual-
ity, wastewater treatment and reuse as well as sanitation and hygiene.
We have done this in the context of low- to middle-income countries,
which are facing the dual problems of fast-paced urbanisation and lim-
ited financial resources for infrastructure development. Here, we not
only highlight the key issues in these sectors for these regions but also
suggest a way forward, noting that solutions from the developed
world may not be directly transferable from the perspective of socio-
economic and environmental conditions of such countries.

2. Key issues

2.1. Water scarcity

The most obvious impact of the centralisation of population in cities
or urban areas is on the demand for and access to water, sanitation and
rainwater drainage (flood management). The urban water demand is
expected to increase by 50–80% by 2050 and this is concentrated in
regions where irrigation development is also occurring (WB, 2019). Ac-
cording to a UN estimate (UNESCO, 2016) the number of megacities
(with population over 10 million) has grown from 3 in 1970 to 10 in
1990 and 28 in 2014. This number is projected to reach 41 by 2030,
many ofwhichwill be in theworld's least developed economies. Conse-
quently, urban water insecurity is considered as one of the unprece-
dented challenges facing cities (WB, 2019). Droughts and water
shortages in Rome (Italy), Cape Town (South Africa) and Chennai
(India) have been widely documented in recent years. Some major cit-
ies facing water crisis in recent years have been shown, along with the
map of overall global water scarcity, in Fig. 1.

Through an assessment of blue water scarcity, Mekonnen and
Hoekstra (2016) noted that two-thirds of the global population (4 bil-
lion people) is facing water scarcity at least one month of the year
(Fig. 1). Nearly half of these people are in India and China. According
to Macdonald et al. (2014), 11 of the largest cities which face water
stress are in India (5) and China (6). Indeed, the reservoirs supplying
drinking water to the southern Indian city of Chennai ran dry in mid-
2019 and drinking water had to be trucked in from regional areas
exploiting the regional aquifers, thus shifting the problem. Similarly,
other Indian cities such as Bengaluru and Delhi are currently facing se-
rious water scarcity with rapidly depleting groundwater reserves.
Worldwide several cities are at the verge of water crisis (Fig. 1).

Urban water insecurity in these cities is clearly due to the interplay
of several factors such as population growth rate, the existence of suit-
able water sources (in terms of their quantity and quality), infrastruc-
ture, use and supply efficiency, waste management and overall urban
planning, etc. Indeed, meeting the drinking water demand is a huge
challenge for megacities. For example, in Mumbai (India) and Lagos
(Nigeria), 56% and 66% of the city's populations respectively, live in
slums or informal settlements, where the drinking water distribution
is essentially non-existent and people draw supplies from other sources
(UNESCO, 2016), including private suppliers. Social, political and eco-
nomic dynamics can drastically change the urban water demand, as
shown by several case studies reported by theWorld Bank (WB, 2019).

2.2. Sanitation & hygiene

Asmentioned above, in terms of sewer connectivity, the contrast be-
tween the lower- (low and lower-middle) and high-income countries is
stark. In high-incomenations 90–100% of the population is connected to
sewers (e.g. Australia, USA, UK, Japan, South Korea) whereas a much
smaller fraction of the population in lower-income countries is con-
nected to sewerage systems. Rapid urbanisation has resulted in division
of the urban population between vastly wealthy areas in parts and large
impoverished quarters. About 1.5 billion urban people live in informal
settlements or slums, e.g. more than half the population in megacities
of India (Kolkata, Chennai, Mumbai and Delhi) live in informal settle-
ments (Box 1); Kotter, 2004). A large proportion of the population of
the Nigerian city Lagos (which grew 100-fold since 1960) lives in such
informal settlements, with the majority not connected to piped water
or a sanitation system (Vidal, 2018). Consequently, in the emerging
economies, there is a heavy reliance on the use of septic tanks, while
in Africa pit latrines dominate aside other on-site sanitation (OSS) sys-
tems (Fig. 2.). OSS currently serves N2.7 billion people globally and
this number is expected to reach 4.9 billion by 2030 (Cairns-Smith
et al., 2014). In the Asian context, the reliance on septic tanks is heavy
(Fig. 2). About a decade ago, about 77% of the urban population in
Vietnam, 89% in Sri Lanka, 93% in the Philippines and 62% in Indonesia
were relying on septic tanks (Willetts et al., 2008; USAID, 2010).
Under a recent nation-wide campaign against open defecation by the
Government of India (SwachhBharathAbhiyaan or Clean IndiaMission)
over onehundredmillion toilets have been constructed in India over the
last five years and a vast majority of these are based on septic tanks. In
fact, over recent years several countries have changed their sanitation
approach to value OSS as a sewer alternative which is better suited to



Table 1
Key impacts of urbanisation on water, food, ecosystem, human health and other aspects, with some prominent examples.

Nature and
sphere of impact

Example location
(country/cities)

Comments References

Water
Extreme scarcity of
potable and
non-potable
water (U/P/F)a

Globally, cities of the
world facing shortage to
a varying degree; ten
cities on the verge of
water crisis

Urban water demand will increase by 80% by 2050. Four billion people face severe
water scarcity for at least 1 month per year and 1.8 billion for at least six months
per year; nearly half of those live in India and China. Drinking water reservoir
(Mettur) ran dry in Chennai (India) earlier this year and drinking water had to be
trucked in. Cape Town (Africa) ran out of drinking water in 2018.

Mekonnen and Hoekstra,
2016; Vanham et al.,
2018; Sengupta, 2018;
Flörke et al., 2018

Surface and
groundwater
depletion (U/P/F)

Global overexploitation
of surface and
groundwaters in urban
centres; Bengaluru, Delhi
and other Indian cities

11 of the world's 20 largest cities under water stress are in India and China. 61
cities of 481 studied depend solely on groundwater, with 59 experiencing an
increasing groundwater footprint. In Bengaluru city of India, for example, the
water table depth increased from about 10 m to 90 m in the last 20 years.

Macdonald et al., 2014;
Flörke et al., 2018

Contamination of
surface water
bodies (streams,
lakes, rivers etc.)
(U/P/F)

Nairobi (Kenya); Accra
(Ghana); Bangalore
(India) Delhi (India); Sao
Paulo (Brazil); Bengal
Basin (Bangladesh);
Hanoi (Vietnam)

Cross-cutting through most developing countries: large volumes of untreated and
poorly treated wastewater discharged into urban and peri-urban streams. Waste
from cities contaminating river basins.

Corcoran et al., 2010;
McArthur et al., 2012;
Drechsel and Keraita,
2014; Jamwal and Lele,
2017; Thebo et al., 2017;
Sengupta, 2018

Groundwater
contamination
from septic
tanks/soak pits
etc. (U/P)

Puri (India); Bangalore
(India); Karachi
(Pakistan); Hanoi
(Vietnam); Jakarta
(Indonesia)

Soak pits and leaking septic tanks have caused significant groundwater
contamination in several cities of Asia, Africa and Latin America.

Vijay et al., 2010; Ramesh
et al., 2012; McArthur
et al., 2012; Sengupta,
2018

Groundwater
quality: seawater
intrusion (U/P/F)

Bangkok (Thailand);
Jakarta (Indonesia);
Buenos Aires
(Argentina); Istanbul
(Turkey)

Over-exploitation of groundwater in coastal cities leading to seawater intrusion. In
some cases, the over-exploitation of groundwater is leading to land subsidence,
e.g. Mexico City, Jakarta, Beijing.

Onodera et al., 2008;
Sengupta, 2018

Food
Increased
availability of
locally produced
crops (P)

The total area of irrigated
croplands within 20 km
of urban areas is 130 Mha
globally

Direct and indirect wastewater use assures year-round supply of irrigation water
to growers in urban and peri-urban areas in the global South, and thus increased
productivity.

Jiménez and Asano, 2008;
Qadir et al., 2010; Thebo
et al., 2014

Aquaculture Kolkata (India)
Kumasi (Ghana)
Bangladesh

East Kolkata Wetlands (EKW) are supporting the treatment of the city's
wastewater as well as the production of fish, vegetables and rice. The wetlands
produce 10,000 t of fish and 40–50% of the green vegetables available on the
Kolkata markets. Fish farming in constructed wastewater treatment ponds is also
reported e.g. in Ghana where precautionary measures such as fish cooking/grilling
prior to consumption is recommended. In Bangladesh, fish production was able to
cover all costs of the local wastewater treatment system.

Bunting et al., 2010;
Barkham, 2016; Otoo and
Drechsel, 2018;
Yeboah-Agyepong et al.,
2019;

Human and ecosystem health
Food contamination
(U/P/F)

30 Mha globally (China,
India, Mexico, Pakistan,
and several other
countries)

Contamination of food with pathogens and toxicants due to irrigation with
domestic and industrial wastewater

Drechsel et al., 2010;
Thebo et al. (2014)

Land contamination
and degradation
(P/F)

Melbourne (Australia):
Bangalore (India)

Chemical and microbial contamination of land receiving untreated or poorly
treated wastewater and septage with organic chemicals, metals, metalloids.
Accumulation of salts resulting is soil degradation (salinization, sodification)

Muyen et al., 2011;
Jamwal and Lele (2017)

Ecosystem services
and impacts
(U/P/F)

Kunshan (China); Kolkata
(India); Koh Chang
(Thailand); Chennai
(India)

Stormwater wetlands in the peri-urban areas can provide a range of ecosystem
services. For example, an ecological wetland in Forest Park in the north west of
Kunshan cityb not only improves water quality but supports wildlife by providing
habitat for N60 species and 10,000 migratory birds visiting the Park. Contamination
of coastal environment from wastewater discharge has been noted in Koh Chang
and Chennai, to give two examples.

Barkham, 2016;
Nitivattananon and
Srinonil, 2019

Livelihood
Improved livelihood
of peri-urban
farmers (P)

Accra (Ghana)
Cotonou (Benin)
Kolkata (India)

Assured year-round supply of irrigation water to growers in the peri-urban areas
and thus increased income. Some 30,000 people make a living from the East
Kolkata Wetlands.

Van Veenhuizen and
Danso, 2007; Barkham,
2016

Increased disease
burden and loss of
livelihood
opportunities (P)

Health impact of wastewater; loss of market due to perception of contamination Drechsel et al., 2010;
Keraita and Drechsel,
2015

Other (social, cultural, etc.)
Water reallocation
from rural to
urban (P,F)

North America, Asia, Latin
America, Middle East

Transferring water from rural areas to urban centres to meet the demand of urban
populations. Estimated to be 16 billion cubic meters of reallocated water per year.
Cross-basin water transfers support about 12% of the large cities globally.

Molle and Berkoff, 2006;
Macdonald et al., 2014;
Garrick et al., 2019

Import of food items
and ‘virtual water
trade’ (F)

USA, China, India, Brazil,
Argentina, Canada,
Australia, Indonesia,
France and Germany,
Ghana, etc.

These countries are major gross virtual water exporters and together they account
for more than half of the global virtual water export (2320 G cubic meter per year)

Hoekstra and Mekonnen,
2012

a U/P/F stand for urban, peri-urban and further afield, respectively.
b https://watersensitivecities.org.au/solutions/case-studies/forest-park-ecological-wetland/.
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Fig. 1. Global blue water (surface water + groundwater) scarcity and cities facing imminent water crisis. Adapted from Mekonnen and Hoekstra (2016), under a Creative Commons
license, and modified from Sengupta (2018), with permission from Down to Earth, India.
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the local conditions due to their lower cost (Table 2) andwater require-
ment. The Philippines, Malaysia, Senegal, Burkina Faso, and South Africa
are a few examples of such countries (Cairns-Smith et al., 2014; Fig. 2).
However, leakage from and overflow of septic tanks can result in
groundwater and surface water contamination (Table 1). Management
of septage from the septic tanks is also an issue, as discussed below.
Box 1
India case study.

India, the second-largest economy in Asia and the fifth largest in the wo
become a USD 5 trillion-dollar economy by 2023. Opening the Indian ec
creased rate of people migrating from rural areas to the cities and town
of India resides in urban areas, which is projected to increase to about 50
Unplanned and rapid urbanisation has led to the creation of urban slums
includingwater andwaste disposal. As per the census of 2011, 65.5mill
across 2613 towns/cities. These slums generally lack basic water and s
cause of various diseases. Both communicable and non-communicable d
clean water, low education and physical (in)activity (Ganguly, 2019; Lum
According to the2011Census of India, 68.8%of India's population lived
toilets (GOI, 2011). The Government of India launched a nation-wide mis
open defecation. As a result, 102million toilets were constructed, and ru
sanitation, 5.9 million individual household, community, and public toilets
towns/cities were declared as open defecation free (ODF). Despite this,
12.6%of the urban poor living in slums. In addition to this, only 87%of th
toilets. The data on the wastewater collection and disposal system show
population of 377million. Sewerage systems being old and faulty often c
several incidences of waterborne diseases are reported in the metro citie
Recent initiatives such asODF villages/towns/cities, however, have starte
the year 2018, the total ADD outbreaks in several states of India were 4
breaks in the peak season (Dandabathula et al., 2019). While millions o
now needed to link these toilets with a functional sanitation service chai
2.3. Septage management

As urban areas rapidly expand, new settlements at the periphery of
an urban area often lack water supply and wastewater treatment infra-
structure. These habitations either depend on groundwater or informal
water vendors using tankers to meet their daily water demand. For
rld has witnessed rapid growth around its urban centres and plans to
onomy to the larger global market has led to rapid growth and an in-
s for availing opportunities. At present, 37% of the total population
% by 2030 (MoUD, 2017).
and shanties to house the urban poor that are devoid of necessities,
ion or 22.5% of the population lives in such slums that are distributed
anitation facilities leading to unhygienic conditions that often are the
iseases within the population living in slums are the result of scarce
agbas et al., 2018).

in villages; among those, only 32.7%of the households had access to
sion, Swachh Bharat Mission (SBM), in 2014 to address the issue of
ral sanitation coverage increased to 98.8%. Simultaneously for urban
were constructed. Based on this, some rural 699 districts and 3461

a part of the urban population still practices open defecation, e.g. by
e total urban population has access to either household or community
s that the sewerage system connects about 32% of the total urban
ause contamination of both groundwater and piped water. Every year
s (Satapathy, 2014).
d to show a significant reduction inAcute Diarrheal Disease (ADD). In
6% which is significantly lower than that of the regular range of out-
f new toilets have been built in recent years, more investments are
n.



Fig. 2. Population served by different sanitation systems (Source: Rao et al. (2016) after Cairns-Smith et al., 2014). FSM stands for faecal sludgemanagement – a term used for collection,
transport and treatment of such sludge from pit laterines, septic tanks and other on-site systems.

5R.S. Kookana et al. / Science of the Total Environment 732 (2020) 139057
blackwater disposal, OSS using soak pits or septic tanks is most com-
mon,while greywater is directly disposed of into opendrains. For exam-
ple, in the city of Bengaluru (India), 55% of households depend on
groundwater through deep borewells to meet their drinking water de-
mand and have OSS to dispose of blackwater (CGWB, 2013; Grönwall
et al., 2010). The frequencyof septic tankmanagement varies largely be-
tween theory and practice. In many cases, desludging services are only
orderedwhen tanks are full and overflow, rather than at regular time in-
tervals to prevent such overflows. In a recent survey in Bhutan, Dorji
et al. (2019) found that N80% of Bhutan's urban population relies on
OSS and these are often without a soak-pit for disposal of wastewater.
The lack of soak-pit resulting in overflow issues was flagged by the larg-
est number of respondents (40–48%) as the key issuewithOSS. Facilities
for septage removal, such as a vacuum truck, were available only in
about half of the 35 towns surveyed. While such studies are not com-
monly available, the scenarios are expected to be widely applicable to
other low- to middle-income countries. For example, it is a common
site in India to see privately operated vacuum trucks cleaning out septic
tanks without any accepted way of treating septage. However, it is un-
certain where the septage goes, but evidence from Bengaluru suggests
some application to fertilize agricultural lands, if not discarded into na-
ture. A similar situation is likely to exist in other low-income countries
Table 2
Comparison of capital and operational costs of different sanitation systems (Cairns-Smith et al

Type of sanitation option Capital costs ($/person)

Project costs assuming all
targeted customers connect

Centralized conventional sewer-based system 130–330
Decentralized simplified sewer-based system 105–155
On-site septic tank-based system 70–360
and emerging economies of Asia and Africa as dedicated septage treat-
ment plants remain an exception (Rao et al., 2016).

USAID (2010) found that in South and South-East Asia only a small
fraction of the septage collected from septic tanks was treated (0–5%)
with the exceptions ofMalaysia,where 100% of the septagewas treated,
and Thailand (30% treatment). In India there was no treatment of the
septage from N160 million septic-tank based OSS (USAID, 2010). Poor
septage management results in significant contamination of urban
water resources, receiving environments such as rivers and groundwa-
ter and poses a risk to public health (Prakash and Somashekar, 2006;
Ramesh et al., 2012; Shi and Kone, 2010; Vijay et al., 2010).

It is noteworthy, however, that several countries (e.g. India, Vietnam
and the Philippines) have been increasingly recognising the importance
of septage management. To close the sanitation loop and to reduce risk
to human health, the Government of India has now formulated the pol-
icy for Faecal Sludge and Septage Management (FSSM). The Govern-
ment of India has adopted the Service Level Benchmarking (SLB)
framework to assess the performance of citywide sanitation capturing
data on against standard performance indicators, such as the coverage
of toilets and wastewater collection efficiency (Jaladhi et al., 2016).
The overall objective is to reduce the incidence of disease through safe
and sustainable FSSM service.
., 2014).

Annual operating costs
($/person/yr)

Actual costs based on annual
connections to network

220–940 12–28
105–155 4–10
70–360 4–12
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For sustainable solutions, infrastructure development and main-
tenance should go hand in hand. The latter requires training and ca-
pability development, in the absence of which the developmental
initiatives fail. For example, in the 1990s some 150 septage treat-
ment plants were built by the government in Indonesia and 90% of
these were non-functional at the time of the USAID study (USAID,
2010). In a similar assessment across Ghana (Murray and Drechsel,
2011), b10% of the 70 identified sewage and septage treatment
plants were operating effectively. The situation looked relatively
better in India, where out of the total 816 municipal sewage treat-
ment plants listed across India, 522 were operational (but only 64%
functioning), 79 non-operational, 145 under construction, and 70
new STPs in construction (CPCB, 2015).

2.4. Wastewater treatment and disposal

Globally, over 80% of wastewater is released to the environment
without adequate treatment (WWAP, 2017). However, there is signifi-
cant variability across regions. For example, while 71% of municipal
and industrial wastewater receives treatment in Europe, it is estimated
that in Middle East and North Africa 51% and Latin America only 20% of
such waters are treated (WWAP, 2017). Once discharged into water
bodies, wastewater is either diluted, transported downstream or infil-
trates into aquifers, where it can affect the quality (and therefore the
availability) of freshwater supplies (Corcoran et al., 2010; WWAP,
2017). In 32 out of 48 countries in Sub-Saharan Africa, there is no data
available on wastewater generation or treatment (Sato et al., 2013).
The overall lack of infrastructure for wastewater collection and treat-
ment in Sub-Saharan Africa results in significant pollution of often-
limited surface and groundwater resources. The treatment situation is
better in urban India, where out of the total 62 million cubic meters
per day (MLD) wastewater generated, 37% receives secondary treat-
ment. However, more wastewater gets generated than collected and
more collected than eventually treated. Amerasinghe et al. (2013) esti-
mated for 900 Class-I cities and Class-II towns in India that wastewater
generation is 60–70% greater than the existing treatment capacity.

In peri-urban towns and rural areas, blackwater is disposed of in
soak pits/septic tanks whereas the greywater from kitchens, laundry
and bathrooms is directly discharged into stormwater drains. Suchprac-
tice of wastewater disposal has led to the contamination and eutrophi-
cation of local water sources. Data from a global water quality
monitoring program indicates that about one-third of all river stretches
in Africa, Asia and Latin America are affected by severe pathogen pollu-
tion (WWAP, 2017). Several studies have reported the presence of fae-
cal coliforms and nitrates in groundwater of peri-urban towns in India
(Ahada and Suthar, 2018; Elangovan et al., 2018). Similar studies have
reported the presence of high Chemical Oxygen Demand (COD) and
phosphorus in surface water bodies in Sub-Saharan Africa (Silva et al.,
2017). The disposal of untreated wastewater and septage to surface
water bodies has led to the loss of aquatic flora and fauna in river
stretches across urban areas (Sinha and Khan, 2001). Some recent epi-
sodes of fire and foam in one of the largest lakes of Bengaluru (India)
highlights the need for wastewater treatment both at the local and the
regional scale (Abraham, 2018).

2.5. Food security

2.5.1. Peri-urban agriculture
Significant population growth is expected in urban and peri-urban

areas of developing countries, thus exacerbating both the competition
for scarce water resources and the production and management of
urban wastes (WHO, 2006). The role of urban agriculture in global
food security is a topic of increasing discussion. On one hand, there is
an increasing call for ‘local food’. On the other hand, food safety can be
a significant issuewhere this food is exposed to contaminants via irriga-
tion with untreated or poorly treated wastewater. In countries where
wastewater treatment is insufficient, the use of polluted irrigation sup-
ply is common.

Developed countries treat the majority of wastewater produced, re-
gardless of the motivation for reuse for irrigation or for environmental
protection during waste disposal (Sato et al., 2013). In contrast, in de-
veloping countries where b10% of wastewater is treated, the lack of
cold transport supports the widespread growth of urban and peri-
urban farming to produce easily perishable vegetables. This need for
all-year water supply is as important as the need for water where
water is generally scarce, i.e. wastewater irrigation is not limited to
arid to semi-arid areas (WWAP, 2017).While the year-round vegetable
supply is of benefit for many urban areas, the same population is at risk
of pathogenic exposure. In the case of Ghana, these are about 700,000
urban dwellers daily (Drechsel and Seidu, 2011).

Developed countries facingwater supply solutions, such asAustralia,
provide guidance on safe and sustainable wastewater irrigation
(NRMMC-EPHC-AHMC, 2006). Wastewater from South Australia's
major wastewater treatment plant is treated to provide ‘Class A’
recycled water for irrigation of over 5400 ha horticulture on the North-
ern Adelaide Plainswhich produces around 204,000 tomes of fresh pro-
duce per annumwhich is valued at over AUD$313million (Vanderzalm
et al., 2019).

2.5.2. Impact of irrigation with untreated or poorly treated wastewater
The primary human health risk associated with wastewater use is

from microbial pathogens that can result in disease outbreak, but
there are also concerns regarding the chronic health effects associated
with toxic chemicals that may be present in wastewater (WHO, 2006)
(Table 3). In addition to humanhealth risks it is also necessary to protect
against environmental risks associated with wastewater irrigation such
as groundwater and soil contamination, by adopting strategies to opti-
mise water reuse and maintain soil productivity (Valipour and Singh,
2016). Salinity, boron, chloride, sodium and chlorine disinfection resid-
uals (for treated wastewater) are all key risks to crop production and
soil health (NRMMC-EPHC-AHMC, 2006; NRMMC-EPHC-NHMRC,
2009). Also, the increase in water salinity in sun-exposed treatment
ponds can drive farmers, e.g. in Faisalabad, Pakistan, back to the use of
untreated wastewater (Ensink et al., 2007). Increased chloride concen-
trations due to wastewater irrigation can make native cadmium in
soilsmore readily available to plants and result in plant toxicity impacts.
Nitrogen and phosphorus in raw and undiluted wastewater can reduce
the need to use fertilizer, but nutrient imbalance in plants and eutrophi-
cation of soils are environmental risks to be considered (Qadir et al.,
2010).

The above issues associated with food and water security in emerg-
ing economies deserve urgent attention. There are a variety of potential
solutions that could be considered to address these, as described below.

3. Potential solutions

3.1. Rural-urban water link and the role of wastewater

To address urban water deficits, cities compete with crop irrigation
in rural areas. With increasing population growth, demands for higher
protein diets and biofuels will require a significant increase in agricul-
tural output, which can only be met through greater water use in farm-
ing. This will accelerate the over-exploitation of our freshwater
resources, including a 66% increase in non-renewable groundwater
withdrawals which is likely to affectmillions of people by 2030, and bil-
lions by the end of the century (GWI, 2014).

Direct and indirect water reuse can play a key role in meeting the
water and food needs of people around the world and demonstrates
the need to invest in wastewater treatment to protect public health
and livelihoods (Thebo et al., 2017). The global area of urban irrigated
croplands was estimated at about 24 Mha, or about 11% of all irrigated
croplands. The total area of irrigated peri-urban croplands within ten



Table 3
Potential impacts of constituents in untreated or poorly treated wastewater to human health and the environment (after NRMMC-EPHC-AHMC, 2006; Drechsel et al., 2010).

Constituent Potential impact Geographical relevance

Positive Negative

Pathogens (bacteria, viruses, protozoa,
helminths)

None Communicable diseases through
ingestion of wastewater or
consumption of food product

Particularly in low-income countries where sanitation is
poor

Salinity and major ions (TDS, Na, Ca, Mg,
Cl, B)

Ca in wastewater can improve
soil structure and mitigate
impacts of wastewater
irrigation

Deterioration of soil structure and
reduction in soil hydraulic
conductivity and infiltration rate
Reduction in crop yield
Contamination of receiving
environment

Particularly in arid and semi-arid areas with high primary
salinity and large-scale wastewater irrigation occurs and
drainage is poor or where saline drainage water is reused in
irrigation

Macronutrients (N, P, K) Reduce need for chemical
fertilizers

Nutrient imbalance in plants
Pest and disease in plants
Contamination of receiving
environment – resulting in
eutrophication or high nitrate in
drinking water
Biological growth and clogging of
irrigation equipment or soil

Particularly in low-income countries where wastewater is
untreated or poorly treated

Organic matter Can improve soil structure
Can bind metal ions rendering
them less available for plant
uptake

Biological growth and clogging of
irrigation equipment or soil
Stimulate redox reactions (i.e.
leading to hypoxic conditions in
surface waters)

Particularly in low-income countries where wastewater is
untreated or poorly treated

Metals and metalloids Reduce need for micronutrient
fertilizers

Reduction in crop yield
Possibly toxicity in humans and
animals
Contamination of receiving
environment

Particularly in low-income countries where wastewater is
untreated or poorly treated

Emerging contaminants of concern (e.g.
endocrine disruptors, pharmaceutical,
personal care products and complex
mixtures)

None Contamination of receiving
environment (i.e. groundwater)
Potential human health risk

Greater concern in developed countries where use of
pharmaceuticals and personal care products is higher
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and 20 km range of urban areas is 87 and 130Mha, respectively (Thebo
et al., 2014). About 29 Mha of downstream irrigated croplands are in
catchments with high levels of dependence on urban wastewater
flows and low levels of wastewater treatment, home to 885 million
urban residents.

Estimates for India show, for example, that treated urban wastewa-
ter could safely irrigate between 1 and 3 million hectares (ha), depend-
ing on the type of crop cultivated and its irrigation requirement. This
wastewater irrigation potential is nearly three times the surface
water-based minor irrigation potential created in India's 10th five-
year plan (WSP and IWMI, 2016; Amerasinghe et al., 2013). Estimates
for Ghana's capital Accra show that irrigated urban agriculture recycles
up to 10% of Accra's domestic wastewater (entering urban streams),
making the farming sector a larger informal ‘treatment’ service provider
compared to that offered by municipal treatment plants (Lydecker and
Drechsel, 2010).

How could cities cope under rural-urban competition, including
non-coastal cities and those where inter-basin transfers would be too
costly? There are different options:

• With declining groundwater levels, the most common but unsustain-
able urban response is to exploit peri-urban surface and groundwater
resources which can quickly result in rural-urban conflicts and ten-
sions, as seen for example in the case of Chennaiwhere local residents
were blocking roads and laying siege to tankers to protect their water
resources (Varadhan, 2019). A similar resistance against industrial ex-
pansion was reported earlier from Uttar Pradesh (Chaudhary, 2014),
calling for an integrated approach to land-use planning and zoning,
which includes water as a key aspect (NITI Aayog, 2019).

• A smarter option for cities could be to invest in agricultural water use
efficiency, by supporting farmers to reducewater losses/leaks, change
their irrigation technologies and practices through education onwhen
and where to irrigate and grow less water-intensive crop varieties. A
10% improvement in agricultural water-use efficiency could free up
enough water for urban use in 80% of the high-conflict urban sub-
basins (Flörke et al., 2018). In Cape Town, for example, larger farmers
adopted water efficiency measures and were able to donate 10 Mm3

from their reservoirs to the city to help prevent “Day Zero”.
• Optimizing rural-urban water use efficiency needs an inter-regional
approach. In Punjab, India, for example, nearly 100% of the rice
grown is irrigated. As a result, Punjab tops the table in land productiv-
ity, but uses more than three times the water use in Bihar and more
than twice the amount of water use in West Bengal, to produce 1 kg
of rice while groundwater reserves are declining (NITI-Aayog, 2019).
Business models that bank on wastewater reuse, link rural and
urban water demands, and bridge between drinking water and agri-
cultural needs have been studied by Otoo and Drechsel (2018).
Thesemodels are based on rural-urbanwater trading, as realized else-
where e.g. in Iran and Spain. Compared with inter-basin water trans-
fers, the swapmodels target inter-sectoral transfers ofwater to uses of
higher economic value, i.e. water originally allocated to agriculture is
transferred to domestic use, especially for drinkingwater. Themodels
involve a two-way flow, i.e. freshwater release and transfer are com-
pensated for by releasing (treated) wastewater able to replace the
createdwater gap on farmand support if needed also other ecosystem
service functions (Box 2).

3.2. Safe reuse of wastewater: public and ecosystem health

In low/middle-income countries and emerging economies with lim-
itedwastewater treatment, an increasing challenge for urban food secu-
rity is informal wastewater reuse and related public health risks. A key
challenge for the reuse sector is to make the significant area of informal



Box 2
Rural-urban water swap.

In the case of the Llobregat delta in Spain, a severe drought in 2007/8 resulted in an economic loss of EUR 1.6 billion and catalyzed significant
investments into infrastructure able to produce high-quality recycled water to secure farmers' acceptance of an up to 20 Mm3 water swap in
prolonged periods of drought. For this, thewater swap contract remained flexible to allow transfers and volumes as needed (Otoo andDrechsel,
2018).
In Iran, on the other hand, the urban water deficit of the city of Mashhad is common reality and farmers in Mashhad plain received incentives to
transfer their freshwater rights to the city in exchange for treatedwastewater. While initially, all city dwellers supported the planned exchange,
about 97%ofwater right holding farmers opposed the plan (Yazdi, 2011). In 2006, farmers started to release annually about 21Mm3 of fresh-
water from two dams, in exchange for 25 Mm3 of treated wastewater based on a fixed contract between water right holding farmers and the
RegionalWater Company.While in this case the political power of the urban sector determined the negotiations, the opposite could be possible,
like in the case of Chakera, Pakistan, where farmers strongly preferred (untreated) wastewater to unreliable and nutrient-poor freshwater (Otoo
and Drechsel, 2018).
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irrigation using untreated wastewater directly or indirectly safer (ca. 30
million ha), alongwith increasing the area under formal reuse of treated
wastewater (SDG 6.3) which is globally b1 million ha (Thebo et al.,
2017; IWMI, unpublished). To address this challenge, investment in
treatment capacity has to be combined with the WHO promoted
“multi-barrier” safety measures between farm and fork (WHO, 2006;
Amoah et al., 2011). Investments in these options can save US$ 5 in con-
sumer health care for every dollar spent on risk reduction (Drechsel and
Seidu, 2011). However, a formal adoption of theWHO (2006) guidelines
remains limited till now. A successful move from informal to formal
reuse is largely an institutional challenge, targeting increased awareness
and (positive and negative) incentives for change. Examples of incen-
tives could be higher land security for informal urban farmers, training,
certification schemes (awards) for safe farming, access to loans or sub-
sidies etc. (Karg and Drechsel, 2011; Saldias, 2016). Positive incentives
are most important where regulations are not able to enforce change
e.g. crop restrictions in the informal irrigation sector. Attempts, to arrest
urban farmers using wastewater on leafy vegetables, like in Accra,
Ghana, failed given the large number of farmers, and urban demand
for the crops (Drechsel and Keraita, 2014).

Safe and productive use of wastewater for irrigation relies on pre-
ventative measures to manage contaminants that may pose a risk to
human health through consumption of produce, or to the environment
through soil or crop impacts. Wastewater treatment and exposure con-
trol are the key preventative measures used, and WHO (2006) empha-
sizes that there is a range of more cost-effective non-treatment options
between farm and fork (i.e. exposure controls), as tested extensively e.g.
in Ghana (Amoah et al., 2011; Drechsel and Seidu, 2011). The challenge
remains that safety interventions require (incentives for) behavioural
change (Karg and Drechsel, 2011) and treatment infrastructure devel-
opment is being outpaced by urban growth (Sato et al., 2013).

Risk assessment andmanagement facilitate the safe use ofwastewa-
ter for agriculture (WHO, 2006; NRMMC-EPHC-AHMC, 2006; NRMMC-
EPHC-NHMRC, 2009). This applies to intentional use of wastewater for
irrigation, but also to theuse of surfacewater resources thatmaybe sub-
ject to faecal contamination (WHO, 2006), such as rivers receiving sew-
age waste with little or no treatment. Specific risk-based guidelines
have been developed to maximise public and environmental health
protection, while utilizing alternative water resources for food produc-
tion (FAO and WHO, 2019). It is also essential to manage risks to
farmers, consumers and the environment from domestic and industrial
water pollution of surface water supplies traditionally used for irriga-
tion. This applies to many rivers carrying at best partially treated sew-
age to downstream farming regions, where conventional perceptions,
terminology and quality standards might not account for the possible
risks.

Riskmanagement involves establishment of health-based targets for
pathogen removalwhich are relevant for the intended use. For example,
health-based targets for irrigation of food crops that are consumed raw
or unprocessed are more stringent than for non-food crops. Impor-
tantly, these health-based targets can be met with preventative mea-
sures such as wastewater treatment and/or through health protection
measures such as exposure control (e.g. produce washing, disinfection
and cooking; crop restriction) (Amoah et al., 2011; FAO and WHO,
2019).

3.3. Water quality monitoring

Risk management relies on three types of monitoring: validation,
operational and verification monitoring (WHO, 2006; NRMMC-EPHC-
AHMC, 2006; NRMMC-EPHC-NHMRC, 2009). Validation monitoring is
used to prove the system is capable ofmeetingperformance targets. Op-
erationalmonitoring is routine and rapidmonitoring that can be used to
informmanagement decisions, such as turbidity or electrical conductiv-
ity that can be measured continuously. Verification monitoring is done
regularly to check the preventative measures put in place for risk man-
agement are performing as intended.

Water quality indicators are a key component of verification moni-
toring and are considered to represent a broader group of hazards,
rather than monitoring each hazard directly. For example, health-
based targets for pathogen removal are not verified by measuring spe-
cific pathogen numbers, but instead by a pathogen indicator organism,
such as Escherichia coli (E. coli) (WHO, 2006). Water quality monitoring
is likely for large wastewater treatment plants and irrigation supplies,
but less likely or practical in small or informal applications of wastewa-
ter irrigation or where water quality analysis capability is absent. In
these cases, operational and verificationmonitoring can be based on vi-
sual inspections (i.e. irrigation type, crop restriction) and public health
information, rather than water quality monitoring (WHO, 2006).

Australian guidelines forwater recycling via aquifers have been used
extensively within the Australian context for over a decade (NRMMC-
EPHC-NHMRC, 2009), but have also been reported as having onerous
data requirements (Dillon et al., 2020). For application in countries
where capability for water quality monitoring, sampling and analysis
may be limited Dillon et al. (2020) recommends using visual observa-
tions where applicable to support risk-management until capability
for water quality monitoring develops.

3.4. Water-wise, low-cost and sustainable systems

Water sensitive urban design (WSUD) is consideration of the natural
water cycle to allow maintenance of natural flows in urban planning
and development.WSUD is also referred to as low impact development,
green infrastructure or sustainable urban drainage systems (Sharma
et al., 2018). WSUD goals can be flood protection in response to in-
creased coverage of impervious surface but also for water harvesting



Box 3
Peri-urban areas as ‘kidneys’ for urban water needs.

In the example from Bangalore, India, largely untreated wastewa-
ter is transferred out of town to replenish the peri-urban Amani
Doddakere tank and its aquifer, resulting in multiple benefits for
farming and ecosystem services. An extension of the model to
38 other lakes has been proposed to improve urban groundwater
supply by 180,000 m3/d. Already, some of the recovered water
returns to the city through informalwatermarkets, at priceswhich
are unaffordable for poorer households. Such rural-urban water
transactions are increasingly common around many cities in
India and need much stronger official acknowledgement to ad-
dress likely health risks.
In the example of the Mezquital Valley of Mexico, which is well-
known for large scale wastewater reuse (Jiménez and Asano,
2008), the recent inauguration of the Atotonilco Treatment Plant
will support the recovery of 160–190 Mm3/year for Mexico City
from the bursting Mezquital aquifer due to lower pumping costs
than any alternative water transfer option (Otoo and Drechsel,
2018).
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(Hamlyn-Harris et al., 2019). Roof water and stormwater harvesting,
alone or in combination with managed aquifer recharge (see below),
are examples of WSUD that can provide sustainable water supply solu-
tions for developing countries.

Managed aquifer recharge (MAR) refers to the intentional recharge
of water to aquifers for subsequent use or environmental benefit.
MAR's benefits include low-cost, low-energy water supply, improve-
ment inwater quality through natural treatment,minimization of losses
through evaporation and replenishment of over-exploited aquifers.
MAR plays an important role in integrating the management of surface
and groundwater resources for year-round security of water supply
while ensuring public health and environmental protection. The uptake
of MAR for water management has grown over the past 60 years, and
currently it is estimated at 10 km3/year (Dillon et al., 2019). India has
the greatest capacity for MAR with several million individual recharge
structures (Dillon et al., 2019). In Australia, MARwith treatedwastewa-
ter, urban stormwater and surface water is projected to grow rapidly
over the next 50 years due to the expectations for population growth
and the subsequent demand for water and food alongside increased
wastewater generation (Fig. 3, Dillon, 2015).

MAR with stormwater or treated wastewater can take advantage of
natural treatment processes in the unsaturated zone and the aquifer to
produce water suitable for agricultural and/or domestic (non-potable)
reuse. In general, infiltration-based MAR, such as soil aquifer treatment
(SAT), is the most cost-effective means of recharging groundwater for
agricultural use (Bekele et al., 2018). The effectiveness of treatment de-
pends on local conditions (in particular, wastewater quality versus soil
depth and characteristics) and operating procedures, but SAT has been
reported to provide up to 7-log removal of bacteriophage in 30 m of
subsurface travel (Maliva, 2019). In developed countries SAT is typically
applied as a tertiary treatment step, recharging wastewater that has
been through primary and secondary treatment or a stabilization
pond (Maliva, 2019) based on well-established quality criteria (e.g.
Dillon et al., 2014; Alcalde-Sanz and Gawlik, 2017). While there are ex-
amples of MAR with treated wastewater in developed countries (e.g.
Australia, USA), replenishing aquifers with untreated wastewater is
more common in less-developed countrieswhere engineeredwastewa-
ter treatment capacity is low. As urban dwellers paymore than farmers,
the regained water is often transferred back to the city and not farming
(Box 3).
Fig. 3. Evolution of Managed Aquifer Recharge (MAR) capacity in different countries from 1960
follow the alphabetical order of countries as per the legend.
For emerging economies, it is crucial that the solutions are not
only low-cost but also offer added advantages that ensure sustain-
ability i.e. contribute to food security, generate livelihood and help
pay for infrastructure and running costs. In addition to the solutions
originating from the developed world, some established approaches
that may be adapted to local needs to ensure safety of public and eco-
system health are worth considering. The East Kolkata Wetlands
(EKW), a Ramsar wetland system (12,500 ha) has been supporting
the treatment of the city's wastewater as well as the production of
fish, vegetables and rice for N50 years (Bunting et al., 2010). The wet-
lands produce 10,000 t of fish and 40–50% of the green vegetables
available in the Kolkata markets. While the system has been noted
to be resilient, its suitability from the standpoint of public health
safety and ecosystem contribution needs to be fully evaluated. Fish
farming in constructed wastewater treatment ponds is also reported
to 2000 and 2011–2015 (taken from Dillon et al., 2019). Note: Bar stacks from bottom up
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in Ghanawhere precautionarymeasures such as fish cooking/grilling
prior to consumption are recommended. In Bangladesh, fish produc-
tion was able to cover all costs of the local wastewater treatment
system.

Creating infrastructure alone is not a sustainable solution to the
problem, as despite the initial top-down investments by governments
in infrastructure, the lack of grassroot training, capability and support
in sustaining these means often most of such systems fail (Eales et al.,
2013). About 70% of sanitation systems fail within two years of con-
struction, for various reasons (Davis et al., 2019).
3.5. A new way of faecal matter management

As discussed earlier, faecal matter/excreta management is a major
challenge in cities and towns in emerging economies, and it can result
in significant adverse impact on public and environmental/ecological
health. In this regard, Shit Flow Diagrams (SFDs) have emerged as a
newwayof understanding and visualising excretamanagement in cities
to facilitate planning interventions/ solutions with specific goals in
mind. Besides these could prove as an effective communication and en-
gagement tool between city planners and sanitation practitioners. As
evident from the global SFD project (https://sfd.susana.org/) there is
now a growing list of SFDs being developed for cities around the
world (N 100 in April 2020) and especially in the emerging economies.
Here we provide a specific example from Nepal, that is yet to be added
to the above global SFD repository (Fig. 4).

Kathmandu, together with the surrounding cities and towns of
Lalitpur, Bhaktapur, Madhyapur Thimi and Kirtipur, form the largest
urban agglomeration in Nepal. Although most of the faecal matter and
wastewater is safely captured at the containment stage, only a fraction
makes it safely through the entire sanitation chain (Fig. 4). The SFD for
2014 shows that a vast majority of excreta is currently discharged to
the environment without treatment. With the support of different de-
velopment partners, several significant initiatives are under way to im-
prove thewastewatermanagement situation in Kathmandu Valley. If all
goes as planned, the situation in 2030 could be substantially improved.
SFDs such as these can be used to visualize projected and actual prog-
ress in excreta management.
3.6. Behavioural change

Behavioural change is essential for sustainable urbanisation into the
future in both developed and developing countries. Community atti-
tudes form the foundation of urban design, as the design parameters
in cities are informed by community behaviours and expectations. It is
interesting to compare that while currently the cities in North
America are designed with 300 L/pers./day criteria, in Morocco the de-
sign parameter used is as low as 70 L/pers./day (Trommsdorf, 2020).
From the wastewater treatment perspective, while the US systems are
designed with 60 g BOD5/pers./day the European systems aim at 80 g
BOD5/pers./day. In Asia, Thailand uses even lower design criteria of
40 g BOD5/pers./day. This clearly reflects the culture and behaviour of
respective urban populations and demonstrates potential scope for im-
provements. Under adverse conditions, such as during Millennium
Drought in Australia and under extreme water scarcity in Cape Town,
a marked decline in daily per capita consumption of water was realized
by changing the community behaviour through an increased apprecia-
tion of the sense of water crisis (Lindsay et al., 2017).
Fig. 4. Shit flow diagrams (SFDs) for Kathmandu Valley (Kathmandu Metropolitan City, Lalit
Kirtipur Municipality), reflecting the planned change from 2014 to 2030. The Draft SFD for 203
Heather Purshouse and Grattan Maslin.
In addition to the institutional reform and financial incentives, the
potential role of behavioural change in managing the demand for
water and food in cities needs to be recognisedmore strongly. Addition-
ally, behavioural change in the disposal of chemicals andwastes, aswell
as community understanding of health risks and approaches to manage
risks associated with wastewater reuse (such as the farm to fork ap-
proach) are required. Through a controlled trial in a peri-urban commu-
nity in Lusaka (Zambia), Tidwell et al. (2019) demonstrated that
behavioural intervention alone (independent of institutional/financial
incentives) can improve the structural quality and cleanliness of shared
sanitation. Community engagement and grassroot movements in water
conservation, water reuse and recharging of groundwater resources are
necessary ingredients for a sustainable urbanisation of future. Lindsay
et al. (2017) report that active participation in water management is
more likely when citizens are engaged with water and have good
knowledge of the issue. In a comparison of three cities inAustralia facing
the Millenium Drought, water conservation behaviours were greater in
the two cities with a sense of water crisis than in the third city with ac-
cess to alternative water supplies (desalination, groundwater) (Lindsay
et al., 2017). For example, community engagement was achieved to im-
prove groundwater management in India by providing groundwater
education at village scale through Bhujal Jankaars (BJs), schools, work-
shops and newsletters (Maheshwari et al., 2014). In Perth (Australia),
community engagement was critical to the success of implementing
water recycling via the aquifer to augment the drinking water supply
(Bettini and Head, 2016).
3.7. Water apartheid

Water scarcity problemsmay shift from one region to the other. The
virtual trade ofwater via food exportwas estimated to be 2320Gm3/y in
2012, which was about one fourth of the corresponding average global
water footprint of humanity of 9087 Gm3/y (Hoekstra and Mekonnen,
2012). Ghana's capital Accra, for example, receives its piped water
from two basins (Volta and Densu). Eighty per cent of its food (and vir-
tualwater) supply comes from four basins in and aroundGhana, and the
remaining 20% from 38 basins worldwide, which illustrates the size of
Accra's water footprint to satisfy urban demands (Drechsel et al.,
2007). The actual transfer of water from rural areas to urban centres
to meet the demand of urban populations is also significant. Garrick
et al. (2019) estimated that 69 cities with a population of 383 million
people (in 2015) receive 16 billion cubic meters of reallocated water
per year. This can potentially create win-win, win-lose and lose-lose
outcomes for donor and recipient regions which necessitates careful
contractual agreements (Garrick et al., 2019).

The cases of Chennai and Cape Town created significant awareness
on the increasing challenge to provide growing urban centres with
enoughwater, a challengewith significant social and economic implica-
tions, which could ultimately lead to social segregation on grounds of
access towater, i.e. ‘water apartheid’. Macdonald et al. (2014) estimated
that the water-stressed large cities represent $4.8 trillion in economic
activity. To sustain increasing urban water demand different strategies
are common depending on local feasibility, including long-distance
water transfer (Garrick et al., 2019), advanced wastewater treatment
for reuse, and where possible seawater desalination. Commonly refer-
enced examples of technical excellence are the production of potable
water from wastewater in Singapore and Namibia, based on a business
model that is largely dependent on reliable technology and positive
public perceptions (Lazarova et al., 2013).
pur sub-Metropolitan City, Bhaktapur Municipality, Madhyapur Thimi Municipality, and
0 is under consideration and is used here for illustration purposes only. Source: IWMI by

https://sfd.susana.org/
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4. Recommendations

To facilitate the adoption of the options and solutions suggested
above, it is important to address existing knowledge gaps via the follow-
ing recommendations.
• Water-wise sanitation systems: Urban planners should carefully
consider which on- or off-site sanitation systems would be
water-wise as the city spreads. SFDs are a very useful tool for
such planning.

• Rural-urban water link and the role of wastewater:Wastewater
can play a key role in meeting the water and food needs of people
around the world. However, better urban planning and novel ap-
proaches are needed to realise these potentials.

• Reuse of poorly treated/untreated wastewater: Much more at-
tention must be given to the vast areas where untreated or only
partially treated, diluted or even raw wastewater is already used
in informal reuse.

• Cost-effective and sustainable wastewater treatment: Planners
need to consider which combination of investments in wastewater
treatment for reuse, desalination, long-distance transfer, and/or
freshwater –wastewater exchange options with [upstream] farm-
ing communities, could be the most cost-effective and sustainable.
Treatment should be provided through natural systems (wetlands,
soil, aquifer) in combination with engineered treatment (e.g. dis-
infection) as required. Similarly, optimisation of reuse of ade-
quately treated wastewater can enhance safe food production,
improve water security, prevent surface and groundwater con-
tamination and enhance livelihoods.

• Water quality indicators: Considering the lack of capability in
emerging economies in water quality monitoring, such as for mi-
crobial contamination, appropriate water quality indicators must
be developed to support risk management.

• Community behavior change: Community behavioural change is as
important as institutional reforms and financial incentives. Behav-
ioural intervention should form an integral part of urban design
criteria. Besides understanding of health risks and approaches to
manage risk (behavioural change), such as the farm to fork approach,
is required.

• Water apartheid: Given the common scarcity of a 24/7 water
supply in low- and middle-income countries and increasing num-
ber of cities which might face a “Day Zero”, there is a high risk of
intensified social segregation (‘water apartheid’) that needs sig-
nificant attention through pro-poor tariffs and water service
policies.
5. Concluding remarks

The transformative power of urbanisation is undeniable, and urban-
isation is clearly among the global megatrends of the 21st century.
Adding 2 billionmore people to urban areas in resource-limited regions
of South Asia and Sub-Saharan Africa in the next three decades is bound
to pose major challenges in terms of water and food security, waste
management, sharing of wealth and resources (development of
slums), among other impacts. UN SDG 6, to ensure availability and sus-
tainable management of water and sanitation for all, will require a con-
certed effort globally. However, solutions for emerging economies must
be tailored to the unique needs of the country/region and not just trans-
ferred from dissimilar geographies in the hope that these will work.
Some of the solutions suggested in this paper are based on experiences
from resource-limited regions. We hope the options and recommenda-
tions suggested above for addressing the challenges associated with
rapid urbanisation in emerging economies in relation to UN SDG 6
offer a start in the right direction.
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