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INTRODUCTION

ABSTRACT

Corresponding to the rapid increase in population, the increase in the number of domestic
wastewater treatment plants, as well as the increase in domestic sludge levels above acceptable
levels, pave the way to utilize sewage sludge in a variety of different applications and usage
areas. Using sewage sludge in agriculture, landscape plant cultivation, and other agricultural
areas has a number of advantages, including the ability to make rational use of waste without
damaging the environment as well as delivering fertilizer benefits to the plant due to the high
organic matter content of the wastewater sludge. Aside from these advantages, the most seri-
ous drawbacks of waste sewage are pathogenic bacteria, heavy metal contamination, and the
presence of potentially hazardous compounds. The use of existing waste in the soil in appro-
priate proportions and in methods that are compatible with ecological life, on the other hand,
will contribute to the fertilization of agricultural areas, providing an alternative to the fertilizer
industry. The Sustainable Development Goals (SDGs), also known as the Global Goals, are a
global call to action to end poverty, safeguard the environment, and guarantee that everyone
lives in peace and prosperity. It is expected that this research will help to promote awareness
about the reuse of waste within the context of a sustainable environment, as well as shed light
on the application of sewage sludge to agricultural fields in accordance with the Sustainable
Development Goals. Furthermore, the support for sewage sludge recycling in agricultural re-
gions for long-term development goals is shown.

Cite this article as: Capan Mustafaoglu D, Korkmaz §, Ceylan Z. Recycling domestic sewage
sludge to agricultural and farming areas in line with Sustainable Development Goals (SDG).
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Today, the subject of waste management is a critical concept
that is being explored and stressed in a variety of disciplines

Rapid increases in the world population have expedited the
economic and technical advancements taken by human be-
ings, resulting in a rapid depletion of our planet's natural
resources. Because our resources are finite, exhaustion and
deprivation are unavoidable consequences of our existence.
The natural balance of the environment, which humanity uses
thoughtlessly and rudely, has deteriorated over time, and this
situation has caused irreversible detrimental consequences.
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[1]. Projects and studies on this subject have been increas-
ing, especially recently. The most significant cause for this is
a decrease in the ecosystem's tolerance for wastes as a result
of climate change. In fact, as a result of the careless release
of waste and toxic substances into the environment, the
ecological system has begun to worsen significantly around
the world [2]. This scenario has developed into a problem
that must be addressed at this point, and it has impacted
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Figure 1. Agrochemical-related environmental pollution [4].

every phase of ecological life as well as the substance of eco-
systems in the process. We know that the scenario in which
we use our ecological assets carelessly and allow waste to
decompose in their natural surroundings without thinking
about the harms caused by the waste has extremely negative
repercussions for ourselves, our environment, and the en-
tire ecosystem. We started to pay for the price, starting from
sea species that are dealing with plastic and other pollution,
as well as polar bears that are having difficulties finding a
home as a result of global warming in the polar regions, to
the plastic in the deepest parts of the oceans and traces of
pollution in the most remote places of the earth that have
not been touched by humans, as well as the loss of many
living species around the world.

Human beings, who are responsible for an increase in pol-
lutant concentrations around the world, damage the eco-
systems in which they live by disposing of their waste in
urban areas. As can be seen in Figure 1, the source and
focal point of many environmental pollution is human.
Chemicals and non-organic products used in agriculture
and industry to increase productivity cause environmen-
tal pollution and cause serious damage to the ecosystem.
Harmful pollutants also clog the pores of the soil that
provide water and air permeability. With the effect of
water and wind erosion, pollutants cause soil and water
pollution by moving from their place to another place.
Soil pollutants can be decomposed both chemically and
by microorganisms living in the soil and turn them into
harmless compounds. The products released as a result of
decomposition pollute the water, soil and air by passing
from the soil solution to the groundwater by washing and
adsorbed in the soil. This situation threatens the health
and life of the biological environment [3].

Wastewater is created at a high rate in urban areas with
a large number of residents. Water treatment plants for
domestic wastewater make sure that the sewage water
that we release into rivers, lakes, and seas is treated un-
der the standards set forth in the regulations and that it
is released into these environments in a manner that does
not harm the ecological life that exists therein. This is very

important for the sustainability of the environment. There
is, however, a significant amount of waste created at the
facility's outflow, and the treatment and disposal of this
waste is a significant challenge.

Increasing the number of treatment facilities has become
more important in recent years in order to mitigate the en-
vironmental harm caused by domestic and industrial waste.
A growing number of people are opting to transfer domes-
tic waste to the soil environment that is utilized for farming
and agricultural purposes in order to prevent re-pollution
and manage the nutritional content of these wastes.

In order to properly define the outputs created as a conse-
quence of industrial and domestic activities as "waste," it is
necessary to first determine whether they can be used as an
input element in another process or production. Utilizing
waste as an input to another business allows the waste to
serve as a resource for the other business and to be recycled
back into the system.

The move from an unsustainable linear economy to a cir-
cular economy, which we might define as sustainable and
environmentally friendly, has accelerated in recent years
around the world. Taking this into consideration, it has now
been widely accepted around the world to include all types
of waste into the economy, both in the form of a symbiotic
relationship and through recycling.

The use of biological treatment sludge, which is a byproduct
of a domestic treatment plant, in agricultural regions helps
to the formation of living spaces on land by promoting the
goals of responsible production and consumption, which is
in line with sustainable development goals. The aim of our
study; It is the disposal of the waste sludge, which is a waste
and formed at the exit of the wastewater treatment plant,
without harming the nature. While doing this, it is to be
able to use it safely in agricultural areas by making use of
the rich organic content and fertilizer feature of the waste
sludge. The use of a waste element for the purpose of bene-
fiting the nature again and moreover, serves the concept of
sustainability. The contribution of this situation to all SDGs
related to the environment is discussed one by one.

SUSTAINABLE DEVELOPMENT GOALS (SDG)

Sustainability Concept

Sustainability is one of the most widely used concepts to-
day, owing to the high demand for raw resources and the
ongoing quest for answers to the massive growth in the
volume of environmental waste that has occurred in recent
years all over the world. Although the word "sustainability,"
which has been used especially since the 1980s and comes
from the Latin word "Sustinere," has different meanings in
dictionaries yet, essentially, it means to provide, maintain,
keep, support [5].

One can state that in the early periods of the 19% century,
the sustainability concept was expressed perceptibly in the
literature, and it emerged about renewable resources such
as agriculture, forests, and fisheries as a specific notion [6].
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Figure 2. The concept of sustainability and its components.

The sustainability of something can mean its current
state of existence or capacity to renew itself. Based on
this definition of the word, the notion of sustainability
has been applied in the sense of leaving future genera-
tions with a world that is sustainable in terms of environ-
mental, economic, and social conditions (Fig. 2).

As can be seen in Figure 2, it is clear that the concept
of sustainability is closely tied to economic, social and
environmental factors. In order to achieve sustainabili-
ty, each element supports each other. According to the
sustainable development approach, if a coordination
between the environment and economic policies is en-
sured, an improvement in the social structure will also
occur. In this context, it is possible to talk about three
dimensions of sustainable development that can be de-
fined as economic sustainability, social sustainability and
environmental sustainability. The first of these dimen-
sions includes participation and a strong civil society, the
second includes the stability of economic capital, and the
third includes meeting human needs, conserving natural
resources and promoting human well-being [7].

The United Nations' report Our Common Future, issued
in 1983, had a significant impact on the definition of the
word sustainability. According to the research, sustain-
ability is defined as meeting our daily requirements and
developing without jeopardizing nature's and future gen-
erations' capacity to meet their own needs.

Sustainability Concept

The problem of sustainable development and sustainability
is a critical one on the academic and policy agendas today.
It is well known that the subject of sustainable develop-
ment and sustainability has an interdisciplinary structure
that encompasses a broad range of issues in terms of en-
vironmental, economic, and social dimensions, as well as
pragmatic and political aspects that are accompanied by a
solution-oriented standpoint.

The term sustainability has been defined by different sourc-
es since its inception. However, due to the fact that this phe-
nomenon is multifaceted, comprehensive and holistic; It is
obvious that it is a complex concept that is not easily un-
derstood and needs to be explored and developed in depth.

The most common definition of sustainable development
is the one by the World Commission on Environment and
Development in 1987. According to this definition, devel-
opment is about 'meeting the needs of the present without
compromising the ability of future generations to meet
their own needs' [8].

The approach to sustainable development emphasizes the
need for increasing economic growth while also taking a
protective stance against environmental degradation by
placing a high priority on environmental concerns. In brief,
for the last quarter-century, efforts have been made to bal-
ance the negative consequences of expanding economic ac-
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Figure 3. Chronology of agreements on the environment and the first emergence of the concept of sustainable development.

tivity on the environment throughout the world with the
"sustainable development" model of growth. As a result of
the fact that "we do not have a spare planet" and that yet
another planet where humans may dwell has not yet been
located. According to the data of the International Ener-
gy Agency (IEA), in 2013, the fact that renewable energy
sources such as wind and solar surpassed natural gas assets
while becoming the world's second-largest natural resource
for electricity generation after coal, and the decrease in the
average amount of greenhouse gas emissions per capita
by 15% in all OECD countries and 26% in EU countries
during the 1990-2016 period (OECD STATEUROSTAT,
2018) were two serious examples of the steps taken towards
sustainable development [9].

In order to guarantee that human activities do not destroy
the earth's land, air, and water resources, the concept of
ecological integrity must be adhered to. Ecosystems are
presumed to have a limited regeneration capacity as well
as a carrying capacity. When combined with population
expansion, overconsumption, increasing pollution, and
depletion of natural resources, it poses a threat to the in-
tegrity of the ecosystem. Human actions have the potential
to have substantial negative consequences for the natural
environment, including, but not limited to, destruction of
biodiversity, depletion of the ozone layer, accumulation
of greenhouse gases, waste management, and deforesta-
tion, among other things. If the natural environment is
threatened, important and necessary resources for human
survival such as air, water, and food will be jeopardized
as well [10]. With this approach, it is important to pro-
tect ecosystem integrity through efficient natural resource
management, to use non-renewable resources efficiently,
to respect nature and biological diversity, to prioritize
global environmental commitment, to prioritize recy-
cling, and to avoid the release of dangerous and polluting
substances into the environment.

History And Scope Of Sustainable Development Goals
The concept of sustainable development, which is defined
as a "development model that meets current needs without
jeopardizing future generations' ability to meet their own
needs," was made popular by the World Commission on
Environment and Development's Our Common Future re-
port, also known as the Brundtland Report, published in
1987. The Sustainable Development Goals (SDGs), in other
words, the Global Goals, are a global call to action to end
poverty, safeguard the environment, and guarantee that ev-
eryone lives in peace and prosperity (Fig. 3).

The Sustainable Development Goals (SDGs) are moving
forward in a spirit of cooperation and pragmatism in or-
der to sustainably enhance living for future generations
by making the right decisions now. All countries are giv-
en clear advice and objectives to implement in accordance
with their priorities and the global environmental issues
they face. The Sustainable Development Goals has an in-
clusive agenda. It addresses the root causes of poverty and
unites us to make positive changes for both people and our
planet [11].

UNDP Administrator Helen Clark said that supporting the
2030 Agenda is UNDP's top priority and also declared the
following "The Sustainable Development Goals provide us
with a mutual plan and agenda to address some of the heavy
challenges our world is facing, such as poverty, climate
change, and conflict (Fig. 4). UNDP has the experience
and expertise to help countries make progress and achieve
sustainable development.” A road map for sustainable de-
velopment has been established up to the current day as a
result of various world summits conducted in the previous
30 years, countless researches, and action plans [12].

Tiirkiye put the concept of sustainable development on its
agenda in 1996, following the United Nations (UN) Con-
ference on Environment and Development in Rio in 1992,
and incorporated it in its Development Plans and several
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policy documents in the years that followed. Besides the
Development Plans, Tiirkiye's sustainable development
agenda now includes sectoral global and thematic nation-
al policy and strategy papers that incorporate the notion
of sustainability. After all of these, Sustainability in the
10" Development Plan has been one of the key concepts
shaping this development plan and also became the dom-
inant theme. The 2030 Agenda for Sustainable Develop-
ment, which was agreed upon by world leaders and signed
by 193 nations, was adopted at the United Nations (UN)
Sustainable Development Summit in September 2015.
The 2030 Agenda, which accepts the eradication of pov-
erty in all of its forms as an integral part of sustainable
development and brings together efforts to tackle climate
change with economic and social development issues, was

developed as a follow-up to the Millennium Develop-
ment Goals (MDGs) set in 2000, as well as goals that are
even more ambitious. The 2030 Agenda aims to include
all societies in efforts to decrease poverty and improve
wellbeing throughout the world, safeguard cultural and
social values, and avoid or even prevent environmental
degradation. Social and environmental issues like gender
equality, observing the needs of disadvantaged groups,
limiting food waste, trying to combat desertification and
drought, and protecting biodiversity, as well as economic
problems like economic growth, technological develop-
ment, employment, and industrialization, have been in-
troduced to the agenda of sustainable development in this
emerging global development approach. The Sustainable
Development Goals (SDGs) have been defined as part of
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Figure 5. Classic domestic wastewater treatment plant model [15].

the 2030 Agenda, which aims to move the global devel-
opment trajectory toward a more sustainable path, and a
total of 17 Sustainable Development Goals (SDGs) have
been identified. The main purpose of SDGs is to work
to ensure that no country is left behind in the develop-
ment process during the period of 2015-2030; it is with
the motto of "leaving no one behind." The Sustainable
Development Goals (SDGs) include 169 goals and span
the economic, social, and environmental components
of sustainable development. They have a broader scope
than the Millennium Development Goals (MDGs) and go
beyond the MDGs by addressing the universal need for
development. There is a strong foundation for the SDGs
that is based on the achievement and momentum of devel-
opment achieved by the Millennium Development Goals.
"Tiirkiye's Current Situation Analysis Project within the
Scope of Sustainable Creation Objectives" focuses on the
development of policy, law, institutional framework, and
project concerns for Tiirkiye in the context of sustainable
development goals. Within the scope of the study, the ex-
isting status of Tiirkiye was analyzed for each SDG in light
of the results and observations collected; gaps and areas
that needed improvement were identified.

FARMING AND AGRICULTURAL APPLICATIONS
OF DOMESTIC TREATMENT SLUDGE

An Overview Of Domestic Sewage Sludge

The tremendous growth in population, as well as techno-
logical developments and industrialization, has resulted
in the contamination of freshwater supplies worldwide.
For this reason, wastewater treatment plants using various
treatment techniques were designed [14].

Given the presence of potentially hazardous constituents
in domestic wastewater, disposal into lakes or rivers is
only permitted after it has been cleansed and only under
the conditions stated in the legislation.

Solids that are converted into a settleable sedimentable
or floatable form from drinking water and wastewater as
a result of physical, chemical, and biological treatment
processes can be defined as sludge. Sewage sludge is a
mixture of particles and liquids that happens during the
treatment of water and wastewater. Because of their na-
ture, sewage sludge must be purified before disposal and,
if left untreated, can cause environmental damage. They
require treatment due to high concentrations of organ-
ic matter, nutrients, pathogenic microorganisms, and a
high concentration of water in their composition [15].

As can be seen in the flowchart; there are two different
types of sludge: chemical waste sludge, which is released
as a result of physical treatment in the preliminary set-
tling unit in the facility, and biological waste sludge,
which is released as a result of biological treatment from
the final settling unit (Fig. 5).

It is appropriate to use biological waste sludge released
from the final settling unit in agriculture and agricultur-
al areas. The reason why this sludge is preferred is that it
is stabilized sludge free from pathogens. Since biological
waste sludge is a fertilizer additive, it can be used in all
kinds of agricultural products grown.

Before being disposed of, the sludge from the treatment
facilities must be treated. The best method for treating
and storing sludge discharged from wastewater treat-
ment facilities is determined by the quality of the waste-
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Figure 6. Erzurum domestic wastewater treatment plant sludge images.

water, the chemicals utilized, and existing legislation.
Because the disposal of treatment sludge will be regard-
ed as a cost for the facility, the expenditure associated
with this should be addressed while establishing the fa-
cility, and the design of the facility should be carried out
in accordance with this consideration. Costs will vary
according to the size of the facility and local conditions.

As can be seen in Table 1; sewage sludge will contain
organic compounds, dyes, metal salts, alkalis, phenols,
oxidizers, sulfates, oils, hydrocarbons, acids, Cd, Pb, As
Fe, Al, Hg, Co, Cu, Cr, organic phosphorus, and nitro-
gen, depending on the type of industrial structure it was
generated [16].

Treatment sludge is rich in heavy metals, pathogenic
bacteria, viruses, and toxic chemicals. There are a variety
of treatment procedures that are used to clean the treat-
ment sludge, which is generated in large quantities every
year, and the aim is to do it in a manner that is safe for
human and environmental health (Fig. 6). Developing
innovative disposal strategies for the effective and useful
use of treatment sludge has become more important in
the field of sustainable environmental management [18].

Considering that sewage sludge has a polluting effect,
it should be applied carefully to the areas where orna-
mental plants are grown. Inspections on the subject
must be carried out sensitively by complying with the
regulations on this subject. Considering the biodegrad-
ability of waste sludge and the health hazards arising
from its use, there are certain restrictions on the use of
treatment sludge in soil in the "Regulation on the Use of
Domestic and Urban Treatment Sludges in Soil" of the
Ministry of Environment and Forestry dated 03.08.2010
and numbered 27661. Waste sludge may contain toxic
organic compounds, heavy metals, pathogenic microor-
ganisms and eggs of parasitic organisms that are harm-
ful to the environment in certain amounts. Biological,
chemical (heat) treatments and long-term storage etc. of
treatment sludge. The effects are significantly reduced by
undergoing appropriate procedures. In addition, sewage
sludge can be used as a soil conditioner in soils with low
productivity potential [19].

Table 1. Some physical and chemical properties of an average
stabilized sludge [17]

Parameters Unit Analysis result
Total aluminum mg/kg 2575
Total nitrogen mg/kg 3,75
Total copper mg/kg 15,81
Total iron mg/kg 5252
Total phosphorus mg/kg 3715
Total cadmium mg/kg 0,77
Total lead mg/kg 9,33
Total nickel mg/kg 41,04
Total organic matter % 74,99
Total pH mg/kg 7,34
Total potassium mg/kg 1081
C/N - 11,6
Salt (uS/cm) 1194

Application of Domestic Sewage Sludge to Soil
Environment

The sludge management system should be addressed simul-
taneously with the design of wastewater treatment plants.
As a result, it is vital to building a sustainable sludge man-
agement system that incorporates the potential for land
usage as well as energy conversion in accordance with the
features of the wastewater treatment plant being construct-
ed (Fig. 7) [20].

Different amounts of sludge with distinct characters are re-
leased from each unit of the domestic wastewater treatment
plant. In addition to being unstable, the sludge produced
from the pre-settlement ponds has a high concentration
of pathogenic microorganisms. Therefore, it is not suit-
able for land use. The wastewater is treated biologically in
the final settlement ponds, and the sludge generated here
is stable and free of pathogenic microorganisms at a high
pace, resulting in a stable and pathogen-free sludge. Sewage
sludge suitable for field applications is 'Biological Treatment
Sludge' released from the final settlement pond.
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Before the biological treatment sludge is released to the soil
for any purpose, it is necessary to remove the moisture from
it. This sludge should be spread out on a clean outdoor sur-
face and allowed to dry for 2-5 days in the sun for this use.
Consequently, the sun's UV rays will both dry and purify
the sludge, removing any potentially harmful microbes that
may be present in the resulting sludge.

Sewage sludge generated during the treatment of urban
wastewater is classified as non-hazardous waste under the
"Waste Management Regulation” Annex-IV list issued in
the Official Gazette dated 02.05.2015 and numbered 29314
and named with 19 08 05 waste code.

Sludge produced from Wastewater Treatment Plants has a
wide range of reuse possibilities. When content analyzes are
identified and conform with the permissible limits stipulat-
ed in the rules, they can be used in the cultivation of forage
crops (clover, sainfoin vetch, oat, clover) and cereal crops
(wheat, barley, rye, corn) in agricultural regions. It can also
be used in parks, green areas and refuges, and ornamental
plant cultivation, as well as in the creation of artificial forest
areas, the upgrade of pasture areas, and the conversion of
barren lands to the most suitable areas (agricultural land,
pasture area, forest).

Although the amount of sewage sludge varies by area and
treatment method, most studies estimate that it is high in
organic matter, phosphorus, and nitrogen, and it may be
released into the soil in a controllable way [21].

Environmentally friendly sludge disposal methods are very
costly and time-consuming. It also requires expertise and
knowledge. Using sludge for land compared to other dis-
posal methods has been very common recently. Because
sewage sludge contains a high amount of organic matter
and nutrients (N, P, K) for plant growth, this content stim-
ulates plant yield in the land [22].

Treatment sludge, the amount of which is rising by the day,
should be disposed of properly to avoid causing environ-

mental issues. Various methods have been tried for years
for sludge disposal, and a great deal of research has been put
forward. One of the approaches that are stressed in terms
of its contribution to the economy is the disposal of treat-
ment sludge by applying it to the soil. Both sludge disposal
and economic advantage in agricultural production may be
reached through the use of sewage sludge with acceptable
features as an organic fertilizer and soil regulator. It is now
common practice to offer treatment sludge with adequate
qualities to agricultural areas. When sewage sludge is ap-
plied to agricultural land, it delivers the final disposal step
and allows the plant nutrients in the sludge to enter their
natural cycles in the soil [23].

Wastewater is cleaned to the highest level possible from
pathogens and hazardous compounds in its content after
going through physical, chemical, and biological treatment
procedures. And the obtained sludge may be disposed of in
an environmentally friendly manner by using it as a habitat
in agriculture, biological repair processes, landscaping, and
plant cultivation [17].

Agricultural regions, rehabilitation of unusable degraded
areas, artificial forest areas, and sludge storage places can
all benefit from treatment sludge. All land use aims at pro-
viding more treatment of sewage sludge. Using sunshine,
soil bacteria, and the drying impact, many harmful micro-
organisms and poisonous organic compounds in the sludge
are eliminated [24].

The disposal of sludge by land use has become an attractive
option used worldwide. As a result, determining the com-
patibility of sludge in terms of harmful and carcinogenic
compounds is critical in order to make informed decisions
about its application in agricultural settings [25].

The disposal of treatment sludge via soil is one of the most
notable procedures in terms of its contribution to the econ-
omy among the several disposal options available. The fact
that the disposal option being considered is both cost-ef-
fective and easy to apply is a significant advantage. Both
wastewater management and treatment sludge, which is its
output, is very important [26].

Sewage sludge, which may be disposed of by planting it in
agricultural regions, forest areas, degraded park gardens,
and grass areas, has been employed in a variety of fields
recently, including land recreation, urban landscape, and
sapling production [27-29].

Numerous research has demonstrated that applying sewage
sludge and compost at certain rates promotes plant growth,
soil physical qualities, and useable nutrient levels. Nitrogen,
phosphorus, and potassium are the primary nutrients that
enable sludge to be utilized as a fertilizer [30].

The fact that certain sewage sludges have beneficial agri-
cultural qualities while others have detrimental impacts
on the environment and human health precludes their
uncontrolled application in agricultural regions. As neg-
ative effects, heavy metals such as manganese, copper,
zing, cobalt, chromium, lead, nickel and cadmium, salts,
toxic organic chemicals, and pathogenic microorgan-
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isms can be listed. On the other hand, because treatment
sludge cannot be obtained constantly or homogeneously
at certain times, it is prohibited from being used direct-
ly or converted into a commercial product. In short, the
qualities of the sludge coming out of different facilities are
different, and this can also change the effect of the sludge
on yield and usage areas. As a result, before the treatment
sludge is applied to the soil, its composition must be iden-
tified by the analysis, and for this aim, various treatment
sludges should be tested on soil samples to find the most
appropriate dosages [31].

Sewage sludge is biological sewage sludge that is created
during biological treatment, which is the last output ele-
ment of a domestic wastewater treatment plant. A large
number of nutrients may be found in biological sewage
sludge, and these elements are extremely beneficial to plant
growth as well as having fertilizer value. However, besides
this, there are pathogenic microorganisms, harmful chemi-
cals, and heavy metals in the sewage sludge. This condition
raises concerns regarding the amount of sewage sludge that
should be applied to the soil environment. As a result, in
order to identify the optimal dose of sewage sludge in sew-
age sludge uses, experiments in micro fields were conduct-
ed first, followed by macro-level studies using the optimum
sewage sludge dose.

In recent research, the effects of increasing treatment
sludge (0, 2.5, 5, 7.5, and 10%) usage on the yield of the
corn plant, various soil qualities, the root and above-root
sections of the corn plant, as well as changes in length and
diameter have been examined. The applications statistical-
ly increased root wet and dry yields, above-root fresh and
dry yields, plant height, and diameter of the corn plant in
all treatments. Although the sludge improves several plants
and soil features when treatment sludge (supplied from Ha-
tay province-Iskenderun district's biological treatment fa-
cility) is applied in various ratios to the soil, it is not suitable
for use in agricultural areas due to the extremely high salt
concentration of it [32].

It was discovered in a recent study that by mixing sewage
sludge with different soil types and applying them in var-
ied proportions to the carrot plant's growth medium in a
pot, it was possible to examine how the plant developed
and how much heavy metal is absorbed. Results showed
that sludge application significantly affected soil pH, or-
ganic matter (OM), electrical conductivity (EC), potassi-
um (K), and phosphorus (P). After the sludge application,
the content of heavy metals such as lead (Pb), cadmium
(Cd), nickel (Ni), and chromium (Cr) increased in the soil
and plant. The sludge application positively affected car-
rot growth. The maximum fresh weight (66.3 g plant-1)
in 30% sewage sludge application and maximum dry unit
weight (5.61 g plant-1) in 50% sewage sludge application
were recorded [22].

Again, in a recent study, it was aimed to determine the ef-
fect of the stabilized sewage sludge on the yield and nutrient
intake of the tomato plant by drying and applying it at dif-
ferent doses (0% (control), 1%, 2%, 3%, 4%, 5%, and chem-

ical fertilization). The maximum yield was observed in the
application of the most treated sludge (5%). As 5% sludge
was applied, an increase in the dry weight of the root, stem,
and green portions of the plant of about 187%, 254%, and
132% was seen, respectively, when compared to the control.
On average, the yield of plants developed as a result of ba-
sic chemical fertilization was comparable to 1% treatment
sludge application [26].

In research in which sewage sludge was applied at various
rates to the pot of tomato plants, fruit mass was found to
be greatest in pots treated with 20% sludge compared to all
other treatments. The yield of tomato fruit was determined
as control <10%<30%<20%. The absence of appropriate nu-
trients in the control and 10% sludge treated pots slowed
tomato development, but the toxicity of the 30% sludge ap-
plied pot suppressed tomato growth. The development of
the pot was optimal when 20% sludge was added [33].

Domestic waste sludge provides benefits to plants, agricul-
tural fields, and agricultural practices because of its con-
tent. Literature has also proven that sewage sludge creates
a fertilizer effect for the plant. Due to the chemicals, heavy
metals, and pathogenic microorganisms present in sewage
sludge, the dosage administered is critical. As demonstrat-
ed by studies, it will not help the plant if applied in excess
of what is necessary and will have a detrimental effect on
the soil and the plant if applied in excess of what is neces-
sary. The aforementioned studies were carried out to de-
termine the optimum dosage of micro-level waste sludge.
The optimal dose of waste sludge found via the tests may
be safely administered at the macro level to agricultural
and farming areas.

3. AN EXAMINATION OF THE SUITABILITY

OF SEWAGE SLUDGE FOR AGRICULTURAL
AREAS iN CONFORMANCE WITH SUSTAINABLE
DEVELOPMENT GOALS

The Sustainable Development Goals (SDGs) that our gov-
ernment has set for 2030 cover a wide range of themes, from
individual education to the social obligations we should
undertake. These goals outline how we should prioritize
individuals, society, nature, and each living creature. Sus-
tainable development goals, which are meticulously crafted
to ensure the long-term viability of nature and its transfer to
future generations, include a list of adaptable, dynamic, and
current issues that may be included in any subject.

Using sewage sludge in agriculture and farming indirect-
ly contributes to the environmental SDGs? (Goal 6-7-9-
11-12-13-14-15) while especially directly contributing to
12 and 15" goals. With this ecologically friendly process,
sewage sludge may be disposed of without causing harm
to the ecosystem, and waste can be minimized within the
framework of Responsible Consumption and Production.
Additionally, utilizing treatment waste as an input in nat-
ural areas allows the sustainable and effective manage-
ment of natural resources within the context of the Life
on Land goal (Fig. 8).
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Figure 8. SDGs that stand out in environmental issues.

Sustainable Development Goals; Goal 11 (Sustainable
Cities And Communities)

It is known that more than half of the world's population
lives in cities. The concept of sustainable city, which has re-
cently become one of the most important concepts around
the world; deals with the increase of urbanization, the de-
velopment of the economy, the ability to cope with the in-
creasing environmental problems with rapid population
growth and the protection of the ecosystem. Creating a city
that is beneficial to the environment, nature and people and
meets the needs of future generations is the main task of
Sustainable Cities and Communities [34].

Sustainable Development Goals; Goal 11 (Sustainable Cities
and Communities) is to make cities and human settlements
inclusive, safe, resilient and sustainable. In line with this
purpose, the sustainable use of waste from the treatment
system in the city as a raw material for another system is di-
rectly related to Goal Target 11.6. This goal target is defined
as “by 2030, reduce the adverse per capita environmental
impact of cities, including by paying special attention to air
quality, municipal and other waste management” [35].

Goal target 11.a “support positive economic, social and
environmental links between urban, peri-urban and rural
areas by strengthening national and regional development
planning” is emphasized to support economic and envi-
ronmental relations. Recycling of domestic waste sludge
to agricultural and agricultural fields is directly related to
this goal target.

Target goal 11.b “By 2020, substantially increase the num-
ber of cities and human settlements adopting and imple-
menting integrated policies and plans towards inclusion,
resource efficiency, mitigation and adaptation to climate
change, resilience to disasters, and develop and implement,
in line with the Sendai Framework for Disaster Risk Re-
duction 2015-2030, holistic disaster risk management at all
levels” is another important goal in this regard. The reuse
of domestic waste sludge in a circular economy is direct-

ly compatible with the resource efficiency included in this
goal target. In addition, this process indirectly affects adap-
tation to climate change, reducing climate change.

Sustainable Development Goals; Goal 12 (Responsible
Consumption And Production)

According to research released by the United Nations
Population Fund, if the world population hits 11 billion
in 2050, we would require the equivalent of three planets
to support present lifestyles and provide the necessary
natural resources.

One of the most critical stages toward attaining sustainable
development is decreasing the use of natural resources, the
consumption of harmful substances, and the waste and pol-
lution generated by these activities across the whole pro-
duction and consumption process.

Tiirkiye has a multitude of policies, legislation, institution-
al structures, and practices aimed at achieving responsible
production and consumption, and when the objectives are
analyzed individually, a large national capacity emerges.
However, the need for a more comprehensive approach to
sustainable management and effective use of natural re-
sources, chemical management, cleaner manufacturing/
eco-efficiency practices, and research and development
activities persists.

Through a number of measures, including particular legis-
lation and international agreements on the management of
environmentally damaging products, Sustainable Develop-
ment Goal 12 supports more sustainable consumption and
production practices [35].

Goal target 12.2 "By 2030 achieve sustainable manage-
ment and efficient use of natural resources” which is in-
cluded in Goal 12, can be related to this issue. Again, the
treatment process can be associated with goal target 12.4
“By 2020, achieve the environmentally sound manage-
ment of chemicals and all wastes throughout their life cy-
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cle, in accordance with agreed international frameworks,
and significantly reduce their release to air, water and soil
in order to minimize their adverse impacts on human
health and the environment”

Goal 12 highlights the sustainable management of resources
and waste, sustainability reporting, sustainable public pro-
curement and promoting tourism. Sustainable consump-
tion and production ensures the effective use of resources
and reducing waste production, increasing the quality of
life together with economic activities. In short, it aims to
“do more and better with less”

Within the framework of Goal 12 Goals; The biological
waste sludge of the domestic wastewater treatment plant is
recycled to the nature. It will be prevented that the waste
harms the ecological life. waste sludge; It will make a fi-
nancial contribution to the fertilizer industry by providing
fertilizer support to agriculture and agricultural fields. Sus-
tainable economy will be supported by bringing the fertiliz-
er value of the waste sludge into the circular economy.

Sustainable Development Goals; Goal 15 (Life On Land)
In the last 50 years, 60% of the world's ecosystems have
been disrupted, their food chains and material flows have
been interrupted, and many living species have faced ex-
tinction. Today, this situation continues to reduce our natu-
ral resources at an alarming rate.

According to the 2019 Global Assessment Report on Bio-
diversity and Ecosystem Services, approximately 1 mil-
lion animal and plant species are in danger of extinction
within 10 years.

The primary needs identified within the scope of this pur-
pose are to monitor indicators in a variety of critical areas,
such as local/sectoral adaptation and climate risk plans, in
addition to standard indicators, to promote efficient water
use in agriculture, to protect agricultural lands, to rehabil-
itate meadow/pasture areas, to counteract erosion, and to
detect risks early and to develop novel techniques for dif-
ficulties such as drought-resistant species selection in agri-
culture and livestock production.

Its objectives within the scope of terrestrial life are: to pro-
tect, restore and support the sustainable use of terrestri-
al ecosystems; ensuring sustainable forest management;
combating desertification; stopping and reversing land
degradation; to prevent the loss of biodiversity. In this
framework, the use of waste sludge as fertilizer in all kinds
of green areas and agricultural areas will be a great step to-
wards the sustainability of the ecosystem, green areas and
forests targeted in Article 15. Thus, it will contribute to
the plant life and ecosystem on land. As explained above;
recycling of waste sludge into nature, not only ensures the
disposal of a waste without causing environmental pollu-
tion, but also contributes to the production by adding fer-
tilizer to the agricultural fields. Thus, in our agricultural
country, it is predicted that this effect will be beneficial to
the whole eco-life and economy, with the revival of agri-
culture with a cost-free fertilizer.

CONCLUSIONS

The main theme of the Sustainable Development Goals is con-
stituted by the elimination of inequalities, the reinforcing of
economic growth and employment; improving the air quality
in cities and populated neighborhoods; improving the quality of
urban life; working to ensure the industrialization of the world;
safeguarding ocean and ecosystems; generating more renew-
able energy; combating climate change; promoting sustainable
production and consumption; and enhancing human rights.

In line with the Sustainable Development Goals, the use and
disposal of sewage sludge from urban wastewater treatment
plants as a raw material for another system in the city is directly
related to SDGs.

By using the wastes of treatment plants as renewable raw ma-
terials in different systems; it can be said that SDG 11 (Sustain-
able Cities and Communities) directly contributes to the cre-
ation of cities that are beneficial to the environment, nature and
people, and that also meet the needs of future generations. In
addition, by using this method in the city, it is possible to de-
velop safe, sustainable methods that are inclusive of cities and
human settlements.

Following the Sustainable Development Goals, it is intended
that residential sewage sludge, which is considered trash, would
be used in agricultural regions to enhance soils and for other
purposes such as agriculture, landscaping, and other landscap-
ing. It also aims to benefit the plant as fertilizer by recycling a
significant quantity of waste that has been left to nature in an
uncontrolled manner without ensuring suitable conditions, to
prevent damage to the environment caused by the waste, and
to obtain the greatest possible benefit from it. Furthermore,
sewage sludge will be able to participate in the fertilizer indus-
try as a result of this application, and no extra fertilizer will be
required. For this purpose, agricultural use of sewage sludge is
directly related to the 12 article of SDGs.

Adding domestic sewage sludge to the soil can improve the
soil's quality and deliver fertilizer effects, which will be criti-
cal in enhancing agricultural lands. Thus, by implementing
responsible production and consumption, agricultural regions
will be expanded, and the production sector will thrive. In ad-
dition, by creating larger green areas, we will be enabling the
sustainability of the environment. In this direction, the agricul-
tural use of sewage sludge is directly related 15" article of SDGs.

Efforts geared towards the goal are needed to ensure and pro-
mote the sustainable use and preservation of ecosystems. Sus-
tainable development goals will contribute to leaving a cleaner
and greener planet for future generations by assuring that eco-
systems, which are at a particularly vulnerable stage, are influ-
enced by production and consumption activities in the most
favorable way. Exorbitant volumes of sludge are created, partic-
ularly in wastewater treatment facilities, while assuring that the
whole city's wastewater (domestic and industrial) is treated and
returned to the water environment. The eco-friendly disposal
of this sludge conforms with all of the Sustainable Development
Goals in its entirety. As a result, we should make global efforts
to encourage the recycling of sewage sludge from urban waste-
water treatment facilities to agricultural and farming areas.
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