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ABSTRACT

Excretion is one of the most natural and frequent human biological processes that has existed since
human beings first evolved. However, the lack of access to basic sanitation in many parts of the world
makes it clear that current sanitation practices need to be improved. Accordingly, adequate and equita-
ble access to clean water and sanitation for all, as per the sixth item of the United Nations” Sustainable
Development Goals (SDG6), is not possible using current sanitation systems. In this paper, differ-
ent sanitation practices that have been used throughout history are reviewed and compared based
on water consumption, wastewater generation, and resource utilization. The ideal sanitation practice
might be one that uses no (or less) water and considers excreta a resource, as has been practiced in East
Asian countries for thousands of years. Research trends and ways to overcome cultural and technical
barriers are introduced and suggested. To achieve SDG6, a sanitation revolution is required that con-
siders human excreta a resource instead of waste, as learned from past sanitation practices.

Keywords: Resource-oriented sanitation; Separation and recycle; Sustainable development goals;

Sustainable sanitation; Urine source separation

1. Introduction

Sanitation is a global issue. Approximately 2.4 billion
people globally lack access to basic sanitation services, such
as toilets or latrines, whereas at least 1.8 billion people use
a source of drinking water that is fecally contaminated.
Consequently, every day, nearly 1,000 children die due to
preventable water and sanitation-related diarrheal diseases.
Furthermore, more than 80% of wastewater resulting from
human activities is discharged into rivers and seas without
any pollution removal [1].

To find the root of these problems, it is essential to consider
the mechanism of toilets. Referring to Merriam-Webster’s
Learner’s Dictionary, a toilet is “a large bowl attached to a
pipe that is used for getting rid of bodily waste and then
flushed with water” [2]. Accordingly, a toilet is a sanitation
fixture used for the disposal of human waste. It is a source
of water consumption and wastewater production as well
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because it disposes of a mixture of human waste with water.
Such a practice is not sustainable, as it has several challenges
such as high water and energy consumption and complicated
infrastructure [3,4]. A vicious cycle of water and sanitation
exists, i.e., without water, there is no proper sanitation, and
without proper sanitation, clean water sources are reduced.

Overcoming these problems is a critically important
matter; thus, equitable access to clean water and sanitation
was identified as the sixth Sustainable Development Goal
(SDG6) [5].

Excretion has a history as long as human existence, and
the concept of sanitation became important once the idea of
hygiene was first defined. However, the abovementioned
problems are specific to the modern world [3,6,7]. Reviewing
the different sanitation practices throughout history can
teach society lessons about how to deal with human waste.

In this paper, different historical sanitation practices,
as well as their characteristics, are reviewed and compared
based on water consumption, wastewater production, and
resource utilization. Accordingly, the most suitable sanitation
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practice is suggested, and research trends regarding this
practice are reviewed.

2. Sanitation practices throughout history

Since the beginning of humankind, eating and excreting
have been an essential part of life. Therefore, varying sani-
tation practices might have developed because of different
natural conditions, such as geography and climate, as well as
economic backgrounds, creating distinct cultures and tradi-
tions [3]. Fig. 1 presents the development of sanitation prac-
tices over time. Next, each system is described and evaluated
in terms of water consumption, wastewater production, and
resource utilization.

Open excretion is the oldest excretion practice [7,8] and
is still used in some parts of the world. As the population
increased and advanced, humankind felt the need to reduce
its contact with sanitary waste in order to live longer comfort-
ably [7-9]. No water is consumed in open excretion, and the
only wastewater produced includes urine, feces, or a mixture
of the two. Consequently, for a controllable amount of excre-
tion, it can be used as fertilizer; however, as the volume of
excretion increases due to urbanization, water bodies includ-
ing groundwater become contaminated.

Between 460 and 377 BC, during the time of Greek phy-
sician, Hippocrates, the first definition of hygiene appeared
and evolved [9]. During 300 BC—400 AD, the system of aque-
ducts was built and developed in ancient Rome [9]. People

used to excrete over channels, in which water was running
[10,11]. In these systems, waste was transported to and dis-
patched in free water bodies such as rivers and seas [7,10,11].
Therefore, water was used to remove sanitary matter, leading
to the production of wastewater. This wastewater was gen-
erally dispatched into nature without any specific treatment
nor intention for use as fertilizer.

Overlapping with the latter half of the sanitation devel-
opment period in ancient Rome, sanitation practices began in
Asiaaswell [6,7,11,12]. For example, in Korea, in a time period
from the Silla dynasty to the Joseon dynasty (57 BC-1897 AD),
people understood that excreta could be utilized as fertilizer
[6,7,13]. In ancient Korean societies, it was well known that
urine and feces could enhance land fertility if kept separate
from each other and from the water. Following this con-
cept, Korean temple toilets were designed to deposit the
feces into well-ventilated compost chambers. The feces was
then removed from the bottom of these chambers and used
directly as fertilizer [3,6]. Additionally, ancient Koreans were
familiar with source separation, and they had special instru-
ments to separate and manually transport the excreta [3]. At
that time, using a yogang (urine jar), which was usually situ-
ated near a room for easier access, was common. The collected
urine waste was fermented to serve as agricultural fertilizer.
Furthermore, the different fermentation stages of urine were
made possible by using several urine jars, which were stored
in an organized fashion. Farming equipment, known as
ojum-janggun (urine jar) and ddong-janggun (feces jar), were
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used to carry separated urine and feces, respectively. By these
practices, urine and feces were collected separately without
dilution, later to be utilized as fertilizer [6,7]. The same prac-
tices were common in Middle and East Asian countries such
as China, Vietnam, and Japan [7,12-14]. For these practices,
water was not consumed nor was wastewater produced, and
all sanitary matters were served as a nutrient resource via
utilization as fertilizer.

In 1596, toilets with flushing function were invented, and
in the nineteenth and twentieth centuries, modern sewer sys-
tems were developed and constructed in many European and
US cities, initially discharging untreated sewage to waterways
[7,9,11]. When the discharge of untreated sewage became
increasingly unacceptable, experimentation toward improved
treatment methods resulted in different advanced treatment
practices and ordinary flush toilets, and men’s urinals became
common at that time [11]. These systems are based on water
and, obviously, consume water and accordingly produce
wastewater, which undergoes the advanced treatments.
However, these treatment processes still are not sufficient and
send partially treated waste to natural water bodies, which
transfers contaminants such as pharmaceuticals, personal care
products (PPCP), endocrine disrupting compounds (EDC),
and micro-pollutants into the water resources [3,6]. Except for
limited utilization of treated sewage sludge as a resource for
energy production, there is no systematic treatment process
considered for an aimed utilization [15,16].

In the year 2000, the seventh item of the Millennium
Development Goals (MDG7) was defined with the aim of
improving sustainable access to safe drinking water and basic
sanitation. Consequently, several trials were performed in
order to modify the flushing function of toilets and reduce the
water required for flushing [15,16]. At this stage, water-saving
toilets and urinals were produced [16]. Furthermore, there
were trials for developing sanitation practices with minimum
water and energy consumptions, such as waterless urinals and
composting toilets [3,17]. Recently, resource-oriented sanita-
tion (ROS) practices are being developed, which are receiv-
ing increased attention after the definition of SDG6 [3,18-20].
These systems, which are also understood as sustainable or
ecological sanitation, are enabling nutrient reuse, mainly by
source separation and covering a full range from high- over
medium- to low-tech and from decentralized to centralized
solutions [21]. The urine-diverting dry toilets (UDDTs) can be
a good example for these systems, which are based on mini-
mum water consumption, for hygienic purposes such as hand
washing and anal cleansing, and accordingly minimum waste-
water production, which usually can be treated in situ, as well
as source separation of urine and feces and the utilization of
such after treatment. Table 1 summarizes the characteristics of
the mentioned sanitation practices.

3. Comparison of different sanitation practices throughout
history

To compare the efficiency of different sanitation practices
toward SDG6, three main indicators were defined as follows:

e Water consumption: Indicates the amount of freshwater
used for removing sanitary matter by any means, e.g.,
flushing.

e Wastewater production: Indicates the amount of sanitary
matter that is mixed together (with or without the addi-
tion of water) and dispatched as waste into a water body
as is or without sufficient treatment.

® Resource utilization: Indicates the types of sanitary mat-
ter that are considered resources and thus treated and
utilized as fertilizer.

Based on these indicators, these practices can be compared
as presented in Fig. 2.

It is obvious that the ideal sanitation practice to achieve
SDG6 is to use less water and utilize sanitary matter as a
resource instead of considering it a waste. This means a rev-
olution against the generally (nowadays) accepted sanitation
practices, which use too much water and produce waste.
According to Fig. 2, there are two methods to achieve this
purpose:

® (Arrow 1): Reducing water consumption and conse-
quently wastewater production.

® (Arrow 2): Considering sanitary matter a resource instead
of waste and applying suitable treatment.

Accordingly, among all mentioned sanitation practices,
ROS systems produce the greatest amount of resources as
well as consume no or very limited water, which makes them
sustainable. These practices can be considered alternatives
for ordinary and water-saving flush toilets to achieve the
goals of SDG6.

4, Research trends

All ROS systems contain three main concepts: (1) toilet
seat (and men’s urinals) as well as facilities for hand washing
and in situ treatment of the produced gray water, (2) urine
treatment and disposal system, and (3) feces treatment and
disposal system, as presented in Fig. 3.

Although all mentioned ROS systems are environmen-
tally friendly sanitation practices, they have challenges,
which make them unpopular for all users [24]. Similar to any
other sanitation systems, the potential costs for developing
countries, cleanliness, and proper maintenance are important
challenges that should be managed to achieve higher public
acceptability.

First of all, although there are several scientific studies
showing the high potential of human excreta to be utilized
as good fertilizer to produce more food [25,26], there is a
gap in public knowledge, and many people nowadays do
not understand the concept. Furthermore, there are several
cultural barriers such as necessitating water consumption in
sanitation practices in some religions [27].

There are several research opportunities and approaches
for investigating solutions for these challenges. For improv-
ing social acceptability, informative cultural activities are
required. For instance, in 2015, the movie Martian broadly
showed the potential for growing potatoes on Mars using
human feces [28]. Such social approaches should be encour-
aged to increase public knowledge and acceptance.

Technically, high-efficiency separation is the first essen-
tial step that should be functional at all times including for
cases such as diarrhea. Urine scale formation and odor are
two critical challenges, which lead to bottlenecking, making
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Table 1
Characteristics of different sanitation practices throughout history

Sanitation practice

View

Characteristics

Open excretion
(urine and feces)

Ancient Roman practice
(urine and feces)

Yogang (Korean oriental
practice) (urine only)

Ojum-janggun (Korean
oriental practice)
(urine only)

Ddong-janggun (Korean
oriental practice)
(feces only)

Ordinary flush toilets
(urine and feces;
water consumption:
10-15 L/flush)

Ordinary/water-saving
men’s urinals (urine only)

Water-saving flush toilets
(urine and feces; water
consumption: 3—4 L/flush)

Waterless and
resource-oriented sanitation
practices (i.e., UDDTs, etc.)
[3,23] (urine and feces)

e [t does not use direct water.
e All sanitary matter enters a water body without treatment.

e Sanitary matter is mixed with running water.
e This mixture is delivered into a water body without treatment.

e No water is consumed.
e Urine and feces are collected separately and stored.
e Separated urine and feces are utilized as fertilizer.

® Sanitary matter is mixed with flushing water, and the produced
wastewater, including gray water, is delivered to centralized wastewater
treatment plants [3].

e The treatment process is not sufficient and materials such as PPCPs,
EDCs, and micro-pollutants cannot be removed completely [3].

e Water with insufficient treatment is delivered to the water body [3].

e They consume less water compared with ordinary flush toilets [22].
e The treatment function and process are similar to ordinary flush toilets.

* No/less water is consumed.

e There is source separation of the sanitary matter.

¢ The gathered sanitary matter is utilized as fertilizer.

e Easy operation and maintenance processes occur.

e Limited water consumption is required for hygienic purposes such as
hand washing and anal cleansing. Accordingly, the produced gray water
is treated and recycled in situ.
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Fig. 2. Comparison of different sanitation practices based on wastewater, waste, and resource utilization. Arrow 1 indicates the reduc-
tion in water consumption and, consequently, wastewater production, and Arrow 2 shows consideration of sanitary matter as a

resource instead of a waste and application of suitable treatment.
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Fig. 3. General structure of resource-oriented sanitation systems.

wide acceptance of ROS systems impossible in a decentral-
ized wastewater system. In these cases, suitable operation
and maintenance management is required. Furthermore, a
certain amount of water should be available for other hygienic
processes such as hand washing and anal cleansing, and the
gray water that is produced from such should be treated and
recycled in situ. This can also satisfy the obligation of water
consumption in some cultures [27].

The separately stored sanitary matter must be treated in
order to be utilized as fertilizer. In this case, the treatment pro-
cesses should be designed based on the quantity and charac-
teristics of the sanitary matter as well as on consideration of the
economic aspects, including costs and benefits of the system.

Advances in these concepts can greatly increase the effi-
ciency and acceptability of ROS systems as substitutions for
the current unsustainable practices.

5. Conclusions

In this paper, different sanitation practices throughout
history have been reviewed based on water consumption
and wastewater production. Some practices consume more
water and produce more wastewater than others do. Some
practices consider human excreta as waste, whereas others
consider it as a potential resource.

It is noteworthy to see some of the old practices in East
Asia, which consume no water and use the excreta as fertilizer
instead of considering it a waste. This concept can be a model
for a sustainable solution toward SDG6. However, some cul-
tural, as well as technical, barriers exist. Research on trends
and ways to make sanitation processes more aesthetical and
efficient are in progress in the science and technical fields. To
achieve SDG6, a revolution of sanitation is required, in which
human excreta is considered a resource instead of a waste by
learning from past practices of sanitation.
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