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 ABS TRACT  

DDT (Dichlorodiphenyltrichloroethane) began to be used as an effective agricultural 
pesticide in the 1940s to control harmful organisms. However, it has raised serious 
concerns over time due to its environmental and ecological impacts. The environmental 
impact of DDT is not limited to target organisms alone but has come to threaten entire 
ecosystems. Due to its low volatility and high persistence, this compound can remain in 
the environment for extended periods and accumulate across various ecosystems, 
including air, water, and soil. Due to the environmental circulation process, DDT travels 
long distances by air and causes accumulation in water resources and soil. This 
accumulation leads to biological accumulation in living things by being included in the 
food chain. While the environmental durability of DDT makes it an effective pesticide, it 
also causes permanent damage to ecosystems. It also has alarming effects including 
problems such as reproductive disorders, immune system weakness, and hormonal 
imbalances in terms of human health. DDT's long-term persistence in water and soil 
causes permanent damage to ecosystems, and these negative effects have led to the 
restriction of its use in agriculture. This situation needs the development of alternative 
pesticides. Environmental monitoring programs and ecotoxicology studies play a vital 
role in better understanding and managing DDT, whose permanent effects continue even 
when its use is restricted. It is essential to adopt an integrated approach to protect 
ecosystems and ensure human health. 
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INTRODUCTION 
 

The rapidly escalating climate crisis, coupled with high 
population growth, causes the careful management of 
existing agricultural lands to ensure sustainability and 
productivity. Today, chemical control methods remain the 
most widely preferred approach to enhancing agricultural 
yield. It is estimated that without the use of chemical 
methods, agricultural production could decrease by as much 
as 65% [1]. Among these chemicals, pesticides play a crucial 
role in protecting crops from various pests, such as insects, 
weeds, and rodents, which adversely affect plant growth. 
Pesticides are defined as mixtures of substances designed to 
control harmful organisms, prevent their effects, or minimize 
their damage [2]. However, pesticides containing elements 
like phosphorus and chlorine, frequently used in agricultural 
activities, are among the most significant environmental 
pollutants. The extensive application of these pesticides has 
led to numerous adverse environmental impacts. These 
compounds, characterized by low water solubility and 
resistance to biodegradation, are classified as persistent 
organic pollutants (POPs) that can persist in the soil for many 
years [3]. Pesticides come in various formulations and serve 
different purposes, including insecticides, herbicides, 

 
* Corresponding Author: yesim.dede@ogr.atauni.edu.tr (Yeşim Dede Sağsöz) 

fungicides, rodenticides, acaricides, and nematicides. Among 
these, DDT, a prominent insecticide, poses significant long-
term environmental and ecological problems due to its 
persistence and prolonged effects [4]. DDT and its 
derivatives, which were widely released into nature in the 
past, are very stable compounds, and their degradation 
processes continue slowly [5]. 

Organochlorine pesticides are synthetic pesticides that are 
very effective against a wide variety of insects. One of them is 
the compound 1,1,1-trichloro-2,2-bis(4-chlorophenyl) 
ethane or dichloro diphenyl trichloroethane (DDT). DDT was 
the first synthetic insecticide to be widely used in the 1940s. 
DDT was first synthesized by the chemist Othmar Zeidler in 
1874 but has yet to find its use. In 1939, Swiss chemist Paul 
Hermann Muller discovered that DDT could be used as an 
insecticide. During World War II, DDT was used to kill insects 
carrying malaria and typhoid. Between 1940 and 1970 the 
production and use of DDT increased from year to year, the 
maximum peak production in 1963 was approximately 
600,000 tons and in 1959 users of DDT reached 1.35 billion 
people [6]. 

Pesticides applied to agricultural areas mix into the air, water, 
and soil through evaporation and dispersion. Therefore, 
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organisms inhabiting these environments are adversely 
affected by such pesticides. Pesticides, which are used to 
protect agricultural products from all kinds of harmful effects 
and to ensure a better-quality product harvest, also bring 
about many problems in terms of environment and human 
health [7]. Pesticide derivatives, including DDT, are 
commonly applied as sprays directly onto the soil surface, 
plants, or seed capsules. A considerable portion of pesticides 
applied to plants eventually penetrates the soil, where it 
disperses over time based on the type of pesticide, its 
solubility, and prevailing seasonal conditions [8]. These 
chemical pollutants seep deeply into the soil, contaminating a 
vast range of agricultural products grown in the soil, which 
then enter the food chain. As these harmful pesticides move 
through the food chain, they pose a significant threat to living 
organisms and ultimately find their way into surface and 
groundwater, contributing to water pollution. Additionally, 
pesticides contribute to air pollution as they become 
aerosolized, or spread as particles and vapours, which mix 
with the atmosphere. Pesticides, which begin their journey 
from the point of application, appear as environmental 
pollutants affecting ecosystems and living organisms through 
the interconnected soil-water-air cycle [9]. According to 
many research reports, less than 1 % of all DDT pesticides 
used are utilized to target pests; the remaining DDT 
pesticides are precipitated in the nearby water and soil. The 
remaining DDT in the ecosystem has a negative impact on the 
ecology [10]. The Stockholm Convention, signed in 2001, 
aimed to control DDT, a persistent organic pollutant (POP), 
and restrict its use globally. DDT is now allowed only in 
specific instances, such as for malaria control in public health 
efforts. However, DDT continues to be used illegally in some 
developing countries where mosquito-borne diseases are 
prevalent. Furthermore, unauthorized agricultural practices 
lead to DDT residues accumulating across ecosystems, 
crossing borders via global trade routes and migratory birds. 
Thus, international cooperation and regulatory efforts to 
manage DDT are critically important [11].  

Establishing comprehensive environmental monitoring 
programs is essential for naming and managing the lasting 
impacts of DDT. These programs allow for a detailed analysis 
of DDT's effects on ecosystem components and help elucidate 
its long-term impact on ecosystem dynamics, enabling 
effective interventions when needed. Monitoring efforts are 
especially important for tracking the spread of DDT residues 
and controlling their far-reaching effects [12]. 
Multidisciplinary approaches are equally essential in 
minimizing the environmental and biological damage caused 
by DDT. Collaborative innovations from chemistry, biology, 
environmental engineering, ecology, and public health can 
support ecosystem protection and inform environmental 
policies. The advancement of biotechnological solutions, 
sustainable agricultural practices, and biological control 
methods offers workable alternatives to DDT, reducing 
environmental risks [13]. To effectively drop DDT residues 
being still in nature, governments must adopt integrated and 
sustainable strategies. Regular monitoring and observation 
programs are critical for naming contaminated areas. Eco-
friendly remediation techniques, like bioremediation, should 
be promoted, and outdated pesticide stocks safely disposed 
of. Legislation imposes stringent DDT usage controls, and 
enforcement actions are in place to prevent illegal 
applications. Additionally, educational programs for farmers 
and health professionals enhance public awareness, while 
promoting alternative biological controls to DDT. These 
strategies not only target the removal of existing residues but 
also aim to mitigate future ecological risks [14]. In this regard, 

national and international collaboration strategies should 
extend beyond addressing current pollution to foster 
preventive measures against similar future pollutants. 
Integrating education and awareness initiatives will heighten 
public consciousness, actively contributing to environmental 
sustainability. 

The primary aim of this study is to highlight the 
environmental persistence of DDT 
(dichlorodiphenyltrichloroethane) and its long-term 
ecological traces in natural ecosystems. Despite being banned 
for decades, DDT residues are still detected in various 
environmental compartments such as soil, water, and living 
organisms. The study seeks to monitor and understand the 
lasting ecological impacts of this pesticide, emphasizing the 
need to assess the environmental footprint of historically 
used chemicals. It contributes to understanding how 
persistent pollutants continue to affect ecosystems long after 
their application has ceased. 

This study offers a unique contribution to the literature by 
focusing not only on the toxic effects of DDT but also on its 
long-term environmental presence and ecological traces. 
While much of the existing literature deals with the acute 
effects and short-term consequences of pesticide use, this 
paper provides an in-depth analysis of DDT’s persistence 
decades after its ban. It enhances the scientific discourse on 
persistent organic pollutants (POPs) by adding an ecological 
traceability perspective. 

The study is highly relevant in the context of current global 
concerns such as environmental pollution, sustainability, and 
biodiversity loss. Persistent organic pollutants like DDT 
remain a pressing issue in environmental science and policy. 
Furthermore, by indirectly linking DDT’s persistence to 
broader environmental cycles under climate change, the 
research aligns with ongoing scientific and political debates, 
making it a timely and valuable contribution.  
 

USE AND PROHIBITION OF DDT  
 

DDT is known as a pesticide widely used in the mid-20th 
century. Chemically, it holds two chlorophenyl groups and 
one trichloro group and has the formula C₁₄H₉Cl₅. DDT is 
particularly known for its ability to kill insects by acting on 
their nervous systems [15]. Although DDT and its derivatives 
were banned in the United States in the early 1970s and in 
Türkiye since 1985, they still pose a significant problem today 
due to their long half-life and bioaccumulation potential. 
Among these pollutants, chlorinated organic pesticides such 
as DDT, DDD, and DDE and polycyclic aromatic hydrocarbons 
(PAHs) are of great international importance, and efforts are 
underway globally to reduce their amounts in soil. DDT is one 
of the most well-known and important persistent organic 
pollutants and can be transformed into two metabolic 
products, DDD and DDE, because of biotic or abiotic processes 
[16]. Figure 1 illustrates the metabolic transformation of DDT 
into its main derivatives, DDD and DDE. DDT is reduced to 
DDD or undergoes dehydrochlorination to form DDE under 
environmental conditions. 

DDT stands out as the most widely used organochlorine 
pesticide type in the second half of the 20th century [17, 18]. 
During agricultural uses, p, p′-DDT species enter the soil 
compartment and accumulate there and are transformed into 
two different metabolites as 2,2-bis-(chlorophenyl)-1,1-
dichloroethylene (p, p′-DDE) and 2,2-bis-(chlorophenyl)-1,1-
dichloroethane (p, p′-DDD) because of biotic/abiotic 
processes. Although its use has been prohibited p, p′-DDT and 
its two related metabolites (DDX), which have accumulated in 



Environ Res Tec, Vol. 9, Issue 3, pp. 581-596, June 2026 583 
 

 

soils in the past, can still be seen at significant levels in these 
soils and many different environmental compartments 
associated with these soils [19]. From Türkiye’s perspective, 
it is possible to reach a sizable number of studies on the levels 
of DDXs in many environmental compartments such as soil, 
water, sediment, honey, butter, cream, mussels, tissue, and 
the like. [20, 21]. There are also important findings on the 
accumulation of DDX pollution in various terrestrial 
organisms living in Türkiye. On the other hand, it is quite 
remarkable that studies on the extent of environmental risks 
that DDX pollution in contaminated soils in Türkiye may pose 
to humans and other organisms have not yet become 
widespread [22]. The Stockholm Convention, prepared by the 
United Nations Environment Program and entered into force 
in 2004, is a global agreement that limits and prohibits the use 
of substances that harm the environment and human health 
due to their permanent properties. In 2001, 125 countries, 
including Türkiye, accepted an agreement in Stockholm, 
Sweden, aiming to limit or end pollutants in the POP group to 
protect the environment and human health. With the 
participation of France among the countries that signed this 
international agreement in 2004, the agreement became 
binding for the signatory countries. While UNEP was assigned 
as the institution responsible for supporting the 
implementation of the Stockholm Convention, it was decided 
that the Global Environment Facility (GEF) would cover the 
financial costs of the convention. The United Nations 
Industrial Development Organization (UNIDO) also provides 
the necessary aid to countries requesting help with POPs 
within the scope of the Stockholm Convention. The 
convention is also supported by organizations such as the 
Food and Agriculture Organization of the United Nations, the 
World Bank, and the World Health Organization [23]. The 
countries that are party to the Convention have approved 
implementing controls on the 12 POPs identified in the first 
stage (aldrin, chlordane, dieldrin, endrin, heptachlor, 

hexachlorobenzene, mirex, toxaphene, polychlorinated 
biphenyls (PCBs), DDT, dioxins and furans) and discussing 
the addition of further POPs to the Convention. In May 2009, 
at the 4th Meeting of the Parties to the Stockholm Convention 
held in Geneva, it was decided to add nine more POPs to the 
12 POPs on the list, and this number continues to increase. 
The control measures to be taken for these 12 POP 
compounds named at the first meeting of the Stockholm 
Convention are divided into three groups in terms of scope, 
and DDTs are included in the group of “pollutants whose use 
should be restricted” [24]. Table 1 lists the 12 persistent 
organic pollutants named in the first stage of the Stockholm 
Convention. 
 

Table 1. The twelve persistent organic pollutants named in 
the first phase of the Stockholm Convention [25] 

Pesticides 
Industrial 
Products 

By-
Products 

DDT 
Polychlorinated 
Biphenyls (PCBs) 

Hexachloro
benzene 
(HCB) 

Endocrin 
Hexachlorobenzen
e (HCB) 

Dioxin 

Heptachlor Mirex Furan 

Hexachlorobenzene 
(HCB) 

  

Dieldrin   

Mirex   

Toxafen   

 

 
Figure 1. DDT and its metabolic products 
 

PERSISTENCE AND BIOACCUMULATION 
 

Pesticides having phosphorus and chlorine cause significant 
environmental harm due to their widespread use. These 
compounds, characterized by low water solubility, are 
persistent organic pollutants (POPs) that can remain in the 
soil for extended periods due to their resistance to 
biodegradation. DDT and its derivatives, specifically classified 

within the chlorinated hydrocarbon group, show high 
chemical stability, leading to slow degradation under 
environmental conditions. These pesticides are considered 
environmental pollutants because they persist in soil for 
many years without undergoing biological degradation, have 
a high affinity for lipids and organic substances, and possess 
low water solubility [26]. The environmental impact of DDT 
should be evaluated in terms of factors such as environmental 
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persistence, biomagnification, and chemical pollution. DDT 
can remain unaltered in environments such as soil and water 
for extended periods, contributing to its long-term 
environmental persistence and widespread distribution [27]. 
The environmental effects of DDT are far-reaching, with its 
presence posing substantial challenges to water resources 
and soil quality. Thus, it is essential to recognize DDT as a 
serious threat to environmental sustainability [28]. Figure 2 
illustrates the environmental circulation of DDT. After being 
applied to soil, DDT can be absorbed by plants, bind to soil 
particles, volatilize into the atmosphere, and return through 
precipitation. It can also enter groundwater via drainage, 
accumulate in aquatic ecosystems, and lead to 
bioaccumulation through the food chain. 

Once in the soil, DDT can migrate to groundwater or surface 
water through processes such as precipitation, irrigation, 
surface runoff, and infiltration, due to its persistent nature. 
The rate and extent of this migration vary depending on soil 
properties, particularly pH levels and organic matter content 
[29]. The migration of DDT into water bodies leads to 
pollutant accumulation in aquatic ecosystems, contributing to 
water quality degradation. Additionally, DDT's movement 
into the air environment holds considerable importance. 
Although DDT is not highly volatile, it can gradually evaporate 
from soil and water surfaces, dispersing into the atmosphere. 
This volatilization process is influenced by factors such as 
temperature, wind speed, and other environmental 
conditions. Once in the atmosphere, DDT travels over long 
distances, resulting in toxic effects on various organisms [30]. 

 

Table 2. Environmental and Physicochemical 
Characteristics of DDT [31] 

Property Value 

Molecular Formula C14H9Cl5 

Molecular Weight  354,5 g/mol 

Melting Point 108-109℃ 

Boiling Point  260℃ (at 1 atm) 

Density 1,47 g/cm3 

Solubility in Water 0,003 mg/L (at 25℃) 

Solubility in Organic 
Solvents 

Solubility in ethanol, 
acetone, chloroform, etc.  

Octanol-Water Partition 
Coefficient (Log P) 

5,8-6,2 (depending on the 
isomer) 

Vapor Pressure 1,5 x 10-6 mmHg (at 25℃) 

Henry’s Law Constant  2,3 x 10-6 atm.m3/mol (at 
25℃) 

Flash Point 133℃ (closed cup) 

Degradation Half-life in 
Soil 

2-5 years (varies with 
conditions) 

Environmental 
Persistence 

Highly persistent  

 

DDT's physicochemical properties are crucial for 
understanding its environmental and ecological impacts. 
Specifically, the octanol-water partition coefficient (Log P) is 
an important parameter that indicates DDT's 
bioaccumulation potential and persistence in the 
environment. This value suggests that DDT is more soluble in 
fats than in water, which increases its tendency to accumulate 
in the fatty tissues of organisms and persist in the 
environment over time. The high Log P value (5.8–6.2) 
explains DDT's potential to be toxic and its high capacity to 

spread across ecosystems. Additionally, its low water 
solubility and vapor pressure limit its environmental mobility 
but support its biological accumulation. 

The mobility of DDT within the environment and its 
ecosystem impacts are crucial considerations for agricultural 
practices and environmental management. These dynamics 
underscore the need to reassess DDT's role in agriculture and 
inform protection strategies [32]. Due to its persistence and 
bioaccumulation properties, DDT poses significant risks to 
ecosystems and human health [33]. This persistence enables 
DDT to infiltrate the food chain, where it shows a 
biomagnification effect—increasing contaminant 
concentrations as it ascends the food chain. Figure 3 
illustrates the biomagnification effect of DDT in aquatic 
ecosystems. Although the initial DDT concentration in water 
is extremely low (0.000003 ppm), it progressively increases 
along the food chain. DDT concentration rises to 0.04 ppm in 
zooplankton, 0.5 ppm in small fish, 2 ppm in large fish, and 
reaches up to 25 ppm in fish-eating birds. This significant 
increase is due to DDT’s slow degradation rate and its 
tendency to accumulate in fatty tissues. As a result, DDT poses 
a serious threat to top predators and disrupts ecological 
balance. 

The slow degradation rate and low volatility of DDT 
contribute to the widespread distribution of this chemical in 
the environment. International monitoring and management 
programs play a critical role in checking the environmental 
impacts of DDT and understanding its distribution pathways. 
These programs help check DDT residues and assess 
potential risks [34]. The bioaccumulation and 
biomagnification of DDT are based on the chemical's 
hydrophobic structure and environmental persistence. DDT 
is insoluble in water but accumulates in fatty tissues, making 
it suitable for absorption by organisms. DDT, which first 
accumulates in the tissues of aquatic organisms, is 
transported to higher trophic levels as it is consumed by 
predators in the food chain. In this process, the chemical 
concentrates at each step, causing biomagnification. [35]. As 
a result, high concentrations are seen in predator species. 
This chemical has the potential to disrupt ecosystem balances 
by causing negative effects such as reproductive problems 
and immune system problems in birds of prey. This situation 
poses serious risks to the overall ecosystem and health [36]. 

DDT causes many negative effects on soil, water, and air 
ecosystems. To explain these. 

✓ Persistence and Degradation Time: The half-life of DDT in 
soil varies between 2 and 15 years. Staying intact for this 
prolonged period negatively affects the biological activity 
of the soil. 

✓ Effects on Microorganisms: DDT disrupts ecosystem 
processes such as the nitrogen cycle by suppressing the 
activities of soil microorganisms. For example, beneficial 
bacteria that increase soil fertility are damaged. 

✓ Effect on Plant Growth: DDT can accumulate in the soil 
and be absorbed by the roots of plants, causing toxic 
effects on these plants. It also negatively affects vegetative 
growth, leading to yield loss. 

✓ Damage to Soil Fauna: Prominent members of the soil 
ecosystem such as earthworms and insects are damaged 
by DDT, which causes deterioration of the soil structure 
and loss of productivity. 

✓ Leaching and Groundwater Pollution: DDT can also 
contaminate groundwater by seeping into the lower 
layers of the soil due to precipitation, posing a second 
threat to the aquatic ecosystem [37]. 
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The effects of DDT on the aquatic ecosystem are quite 
devastating, as it both directly affects aquatic organisms and 
disrupts the balance of the ecosystem through 
biomagnification. 
✓ Effects on Phytoplankton and Zooplankton: DDT inhibits 

the growth of small organisms (e.g., phytoplankton and 
zooplankton) found at the bottom or surface layer of the 
water, affecting the base of the food chain and 
endangering fish and bird populations. 

✓ Bioaccumulation in Fish and Aquatic Organisms: DDT 
causes poisoning by accumulating in the fatty tissues of 
aquatic organisms (bioaccumulation). This leads to high 
DDT accumulation, especially in large predatory fish, and 
reduces the reproductive ability of these organisms. 

✓ Biomagnification: DDT becomes more concentrated as it 
moves up the food chain. For example, small fish that feed 
on plankton accumulate DDT, while larger fish that feed 
on these fish reach higher levels of DDT. Finally, birds and 
humans that eat these fish also experience serious health 
problems. 

✓ Disruption of Ecosystem Balance: The ecosystem balance 
is disrupted by the damage to aquatic creatures, some 
species decrease while the number of others increases 
uncontrollably [37]. 

DDT's direct effects on the air ecosystem are limited, but its 
indirect effects are large. 

✓ Volatile Properties: Although DDT has a low vapor 
pressure, it can volatilize and mix into the atmosphere in 
hot climates. Long-distance transport occurs through 
atmospheric movements and contamination reaches 
points thousands of kilometres away from the source (for 
example, DDT traces have been found even in the polar 
regions).       

✓ Persistence in the Atmosphere: Since DDT is persistent in 
the atmosphere, it takes a long time to break down, which 
increases the persistence of airborne pollution. 

✓ Precipitation: DDT in the atmosphere passes into the soil 
and water resources through rain or snowfall. In this way, 
air pollution directly harms soil and water ecosystems 
[38]. 

The employment of DDT in agriculture and vector control, 
while effective against target pests, also results in the mass 
killing of beneficial insects and other non-target species. This 
has caused serious disruptions in ecosystem balance, as 
beneficial insects—especially pollinators—play a crucial role 
in plant fertilization and ecosystem health. The decline in 
these species due to DDT indirectly threatens agricultural 
productivity and leads to substantial challenges in food 
production. For instance, the reduction in bee populations 
can cause significant losses in fruit and vegetable yields. 
Rachel Carson’s work Silent Spring extensively documented 
these adverse effects, raising public awareness about the 
environmental consequences of DDT. Carson’s book not only 
addressed the immediate lethal effects of DDT but also 
examined its long-term impacts on ecosystems, inspiring a 
societal movement for environmental protection and 
highlighting the need for a broader evaluation of DDT’s 
environmental damage beyond agriculture alone [38]. 

The extensive application of DDT disrupts ecosystem balance 
and elevates the risk of species extinction. DDT exposure has 
led to sharp declines in top predator species, particularly 
birds of prey, thereby impairing their vital roles within the 
food chain. Birds of prey help maintain ecosystem stability by 
controlling the populations of lower-level species, such as 
rodents. When bird populations decline, unchecked growth in 
prey species occurs, depleting food resources and causing 
further ecological imbalances. For example, an 
overabundance of rodents and other pests may lead to crop 
damage and altered vegetation in agricultural regions. This 
imbalance has cascading effects, as population changes in one 
species often have indirect impacts on other species within 
the food chain, thereby threatening ecosystem health as a 
whole. Consequently, DDT use has profound, far-reaching 
effects that heighten the risk of species extinction and disrupt 
the complex relationships within ecosystems. Therefore, 
addressing DDT’s environmental impact is crucial for 
preserving biodiversity and ecosystem stability [39]. 

Limiting the future use of similar chemicals and safeguarding 
ecosystems is essential to ensuring biodiversity’s continuity 
[40]. 

 

 

Figure 2. Environmental circulation of DDT 
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Figure 3. Biomagnification effect of DDT 
 

EFFECTS OF DDT ON ECOLOGY AND HEALTH  
 

DDT is a pesticide group that is long-lasting due to its slow 
biological decomposition in the ecosystems where it is 
applied. This feature causes environmental pollution and 
leads to various negative effects in ecosystems. Figure 4 
shows the behaviour of DDT in the ecosystem schematically. 
DDT interacts between living organisms, ecological order and 
environmental elements. Thus, it takes a dynamic role in this 
cycle. Figure 4 illustrates the circulation of DDT among 
different components of the ecosystem. DDT can be 
transported between the atmosphere, soil and groundwater, 
and marine environments. Within the ecosphere, it transfers 
among plants (herb), animals, and humans. Due to its 
persistence, DDT remains in the environment for extended 
periods, enabling its accumulation and transfer through the 
food chain. 

 
Figure 4. Behaviour of DDT in the ecosystem (Sea,soil and 
atmosphere). 
 

The persistence of DDT allows it to be transported across soil, 
water, and air, leading to its widespread environmental 
distribution [41, 42]. This persistence in ecosystems poses a 
threat to the health of living beings; harmful effects have been 

observed in humans, mammals, birds, and other organisms 
[43]. The accumulation of DDT in fatty tissue results in a 
process known as biomagnification [44]. During this process, 
the pesticide is stored in fatty tissues and transported up the 
food chain, thus reaching high concentrations at higher 
trophic levels, especially in predatory species [45, 46, 47]. 

Despite these effects, DDT use continues in some areas. While 
the pesticide's use has been banned in developed countries, 
limited use is allowed in some developing countries to control 
diseases such as malaria. Therefore, more research and 
awareness of the ecological effects and long-term persistence 
of DDT is needed. 

In areas where they are applied, DDTs persist in the soil for a 
long time are taken up by the roots of the plants and 
accumulate in the plant tissues. This accumulation negatively 
affects the growth and development processes of the plants 
[48]. Symptoms such as yellowing and shedding of plant 
leaves and slowing down root development can be seen. In 
addition, DDTs mixed into the soil and water in agricultural 
areas disrupt the mycorrhizal relationship of the plants. This 
makes it difficult for the plants to take water and nutrients, 
causing soil health to be negatively affected [49, 50]. 

The environmental effects of DDT have been seen particularly 
clearly in bird populations. DDT's metabolite, DDE 
(Dichlorodiphenyldichloroethylene), negatively affects 
calcium metabolism in raptor species and causes eggshells to 
thin. These thin shells cause eggs to break easily during 
incubation, thus seriously reducing the reproductive success 
of birds. Predatory species found at the upper levels of the 
food chain especially accumulate DDT and reach high 
concentrations, and a significant thinning of eggshell 
thickness is seen in these species [51]. The accumulation of 
DDT is not only limited to physical damage but also affects the 
behavioural functions of birds. DDT exposure causes stress in 
reproductive and developmental processes and disrupts vital 
behaviours such as feeding and mating. Such behavioural 
disorders reduce the survival and reproductive success of 
birds at the individual level while endangering the continuity 
of species at the population level [52]. As a result, the effects 
of DDT on ecosystems are far-reaching and profound. It 
threatens not only the survival of individual species but also 
the functioning of the food chain and the ecological balance. 
These negative effects seen in raptor species reveal the long-
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term environmental effects of DDT and the widespread 
problems that lead to the disruption of ecosystem balance. 

The effects of DDT on aquatic ecosystems are also noteworthy 
and create serious toxic effects, especially on fish populations. 
DDT exposure has a toxic effect on the nervous system of fish, 
leading to behavioural changes, increased mortality rates, 
and reproductive disorders [53, 54]. These effects on the 
nervous system impair vital functions of fish such as 
orientation, hunting, and mating, reducing the chance of 
survival of species in aquatic ecosystems. Negative effects on 
reproduction directly affect fish population dynamics. The 
bioaccumulation of DDT can cause disruptions in the 
reproductive cycle, which reduces the survival rates of larvae 
and young fish. This leads to a decrease in the populations of 
fish species and disruption of ecosystem balance in the long 
term. The spread of DDT to aquatic organisms and thus to 
other species along the food chain is an important indicator 
of the environmental effects of this chemical. 

In mammals, DDT causes liver and kidney damage and 
reduces fertility rates. Problems such as behavioural 
disorders, nervous system disorders, behavioural changes 
and collapse of immune systems have been seen in mammals 
exposed to DDT [55]. 

When individuals consume foods having DDT and its 
derivatives, these toxic compounds may accumulate in the 
body, leading to various health issues over time. DDT 
exposure, through environmental sources and the food chain, 
poses numerous risks to human health. The biological effects 
of DDT include disrupting the hormonal system as an 
endocrine disruptor, reproductive disorders, immune system 
suppression, and potential carcinogenicity [56]. Among these 
adverse effects, the cancer risk is particularly critical. The 
International Agency for Research on Cancer (IARC) and the 
World Health Organization (WHO) have classified DDT as a 
Group 2A “possible human carcinogen” [57]. 

Additionally, DDT’s endocrine-disrupting properties 
interfere with hormonal functions in the body, while elevated 
DDT exposure is known to impair normal nerve cell 
signalling, potentially resulting in symptoms like dizziness, 
headaches, seizures, motor dysfunction, and muscle 
weakness. Long-term, low-dose exposure has been linked to 
cognitive developmental disorders [58]. Consequently, 
understanding the harmful effects of DDT on human health is 
essential for advancing sustainable agricultural practices and 
restricting its use [59]. The use of DDT has been banned in 
many countries [60]. However, residues are still found in 
areas where it was used intensively in the past and the effects 
of these residues continue. To reduce these negative effects 
caused by DDT, it is necessary to develop alternative 
pesticides and manage existing pollution. 
 

GLOBAL ENVIRONMENTAL IMPACTS OF DDT  
 

The use of DDT in developed countries has been banned since 
the early 1970s due to its severe health and environmental 
impacts. The United States led these efforts by prohibiting 
agricultural use of DDT in 1972 [61], followed by similar 
measures in European Union countries. These restrictions 
were further reinforced through the Stockholm Convention 
[62]. The use of DDT in Türkiye was discontinued in 1987. 
However, the full implementation of the ban and its effective 
enforcement in the field were not realized until the 2000s 
[63]. However, DDT stays in use in some developing countries 
to control mosquito-borne diseases like malaria. The World 
Health Organization (WHO) permits limited, controlled DDT 
utilization in malaria prevention [64] as alternative methods 
are often not economically or logistically workable in these 
regions. Thus, while developed countries have spearheaded 
DDT bans, developing countries continue its controlled use 
due to public health needs [65]. 

 

Figure 5. Global distribution of DDT and its transport routes to the poles. 
 

Although international trade in DDT is strictly restricted 
under the Stockholm Convention, illicit trade and illegal use 
remain significant concerns. DDT production and application 
persist in certain Asian and African countries, where it is 
favoured for its affordability and insecticidal efficacy [66]. 
Reports of illegal agricultural use highlight ongoing and 
severe environmental impacts, with the persistence of DDT 
posing long-term ecological challenges [67]. Consequently, 

monitoring and controlling DDT movement through 
international trade routes is critically important. 

Global climate change also amplifies DDT’s environmental 
mobility. Rising temperatures increase DDT’s volatility, 
leading to atmospheric evaporation and long-range transport 
[68]. In colder regions, such as the Arctic, DDT is transported 
via atmospheric evaporation and condenses, settling on land 
and sea surfaces—a phenomenon termed "global drip". This 
process has resulted in detectable levels of DDT in polar 
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ecosystems [69], contributing to biomagnification in these 
fragile environments and yielding long-lasting negative 
effects on biodiversity. Additionally, increased precipitation 
due to climate change raises the risk of DDT-laden soil mixing 
with surface waters, worsening aquatic pollution [70]. Figure 
5 illustrates the global transport pathways of DDT through 
atmospheric, aquatic, and cryospheric processes. Released 
from anthropogenic activities, DDT undergoes 
photodegradation, re-emission, and both dry and wet 
deposition. It travels long distances via atmospheric aerosols 
and wind. Eventually, it accumulates in surface and 
groundwater, leading to bioaccumulation and deposition 
even in polar ice regionsç 
 

SWOT ANALYSIS OF ENVIRONMENTAL AND 
ECOLOGICAL EFFECTS OF DDT  
 

SWOT analysis provides a multi-faceted evaluation of a 
situation within the framework of strengths, weaknesses, 
opportunities, and threats. Let us examine the environmental 
and ecological effects of DDT in detail with this approach. 

Strengths 

✓ The salient features of DDT's use are related to the 
advantages it has provided in public health and 
agriculture, especially in the past: 

✓ An Effective Insecticide: DDT has shown high 
effectiveness in combating mosquitoes, insects and 
agricultural pests. 

✓ Long-term Effect with Persistence: The chemical stays 
intact in the environment for a long time, providing long-
term protection once applied. 

✓ Contribution to Public Health: It has been used effectively 
in the fight against vector-borne diseases such as malaria, 
especially in tropical regions, and has reduced mortality 
rates. 

✓ Cost Effectiveness: It has been widely used due to its low 
cost compared to other pesticides. 

✓ Broad-Spectrum Efficacy: DDT is effective against a wide 
range of insect species, making it versatile for both public 
health and agricultural use. 

✓ Ease of Application: The formulation and application of 
DDT are relatively simple, which contributed to its 
widespread use, particularly in resource-limited settings. 

Weaknesses 

✓ The weaknesses of DDT are related to its long-term 
persistence and its harmful effects on the environment 
and ecosystem: 

✓ Biological Persistence: DDT has an extraordinarily long 
degradation time in nature (2-15 years), which leads to 
the accumulation of its residues in the environment. 

✓ Biomagnification and Bioaccumulation: Concentrating 
upwards in the food chain (biomagnification), it creates 
serious toxic effects on predatory species. Reproductive 
and behavioural disorders have been seen, especially in 
birds, fish and mammals. 

✓ Disrupting the Ecosystem Balance: It creates negative 
effects on microorganisms in the soil and aquatic life, 
causing disruption of biological cycles. 

✓ Adverse Health Effects: Accumulation of DDT in fatty 
tissues has been associated with health problems such as 
cancer, endocrine disorders, and nervous system diseases 
in humans. 

✓ Development of Resistance: Over time, many insect 
species have developed resistance to DDT, reducing its 
effectiveness and requiring higher doses or alternative 
pesticides. 

✓ Lack of Target Specificity: DDT does not discriminate 
between harmful pests and beneficial insects, leading to 
the unintended killing of pollinators and natural pest 
predators. 

Opportunities 

✓ Innovative technologies and policies offer opportunities 
for combating DDT pollution and improving the 
environment: 

✓ Bioremediation and Phytoremediation Solutions: With 
the help of microorganisms and plants, biological cleaning 
of DDT residues in the environment becomes possible. 

✓ Alternative Pest Control Methods: Ecosystem-friendly 
practices can be expanded by using biopesticides and 
integrated pest management systems instead of DDT. 

✓ Global Cooperation and Legislation: Controlling DDT 
through international agreements such as the Stockholm 
Convention offers opportunities to prevent future 
pollution. 

✓ Education and Awareness in Public Health: Public 
awareness campaigns can increase awareness of the 
environmental and health impacts of pesticides, leading 
to the adoption of more sustainable alternatives. 

✓ Scientific Research and Innovation: Ongoing research into 
the long-term effects of DDT and its alternatives can 
support the development of safer and more sustainable 
pest control solutions. 

✓ Funding and Support for Environmental Cleanup 
Projects: International organizations and governments 
increasingly provide financial and technical support for 
projects aimed at cleaning up persistent organic 
pollutants like DDT. 

Threats 

✓ The persistence of DDT in ecosystems and its spread 
throughout the environment creates current and 
potential threats: 

✓ Soil and Water Pollution: DDT can leach into 
groundwater, contaminating drinking water supplies and 
damaging wetland ecosystems. 

✓ Decrease in Biodiversity: DDT causes a decrease in 
biodiversity by negatively affecting the reproduction and 
populations of some species. 

✓ Food Chain Contamination: Accumulation of DDT in the 
food chain can have lasting effects on human and animal 
health. DDT residues from sources such as seafood put 
consumers at risk. 

✓ Interaction with Climate Change: Due to its volatile 
properties, DDT can travel long distances in the 
atmosphere and be transported to distant regions such as 
the poles. This complicates the interaction between global 
warming and environmental pollution. 

✓ Illegal Use and Waste Management Problems: Illegal DDT 
use continues in some areas and improperly disposed old 
pesticide stocks pose ecological risks. 

✓ Regulatory Gaps and Enforcement Challenges: In some 
countries, weak regulatory frameworks or lack of 
enforcement mechanisms make it difficult to control DDT 
usage and prevent environmental contamination. 
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✓ Resistance to Policy Change: Economic dependence on 
DDT in certain agricultural or public health sectors can 
lead to resistance against adopting safer alternatives, 
prolonging environmental and health risks. 

The SWOT analysis provides a structured framework to 
evaluate the environmental and ecological effects of DDT, 
presenting both its historical advantages and significant 
environmental risks in a balanced manner. It acknowledges 
DDT’s past contributions while highlighting its long-term 
harm and potential solutions. Moreover, it identifies 
actionable opportunities to prevent ongoing threats and 
promote sustainable alternatives. In this way, the SWOT 
analysis enhances the scientific depth of the publication and 
offers a comprehensive perspective for policymakers, 
researchers, and the public. 

This SWOT analysis of the environmental and ecological 
impacts of DDT shows that despite its past benefits, the 
chemical is currently causing serious ecological and health 
problems. Biological cleaning methods and alternative 
control techniques are critical for the disposal of DDT, which 
continues to threaten ecosystems due to its persistence and 
biomagnification potential. Environmental risks can be 
managed with international cooperation and legislative 
support. However, monitoring, inspection and education 
programs need to be increased to combat residues in the food 
chain and illegal use. 
 

SOLUTIONS TO ENVIRONMENTAL PROBLEMS 
CAUSED BY DDT  
 

Since DDT persists in soil and water ecosystems for many 
years after application, threatening biodiversity, current DDT 
pollution needs to be reduced [71]. For this reason, some 
methods have been developed to reduce the environmental 
persistence of DDT. These methods are as follows: 

Bioremediation:  

Bioremediation is the process of cleaning pollutants by 
natural organisms. Bioremediation of DDT is one of the most 
effective methods in this field. Microorganisms that can break 
down DDT form the basis of this process. 

Some microorganisms and fungi can break down DDT into 
less harmful compounds through biological processes. For 
example, Pseudomonas and Bacillus species bacteria and 
white rot fungi are examples of microorganisms that can play 
a role in the biodegradation of DDT [34, 72]. For these 
microorganisms to effectively break down DDT, proper 
environmental conditions must be provided. Bioremediation 
of DDT residues is gaining importance, especially in 
agricultural areas and areas with industrial waste. 

The biggest advantage of bioremediation is that it offers an 
environmentally friendly approach and is less costly than 
chemical methods. However, the effectiveness of 
bioremediation processes varies depending on 
environmental conditions, microorganism type, and current 
DDT concentration. Researching natural microorganisms 
found in soil and water ecosystems is important for 
developing bioremediation strategies. Improving 
environmental conditions can help these microorganisms to 
degrade DDT more effectively. For bioremediation to be 
successful, potential microorganism types must be named 
and application methods must be developed. 
In addition, DDT can be cleaned from contaminated areas by 
phytoremediation. Phytoremediation is an effective 
bioremediation method used to clean contaminated areas by 
metabolizing toxic chemicals because plants take them up 

through their roots [73]. Some plant species play a key role in 
cleaning persistent organic pollutants such as DDT from 
water and soil ecosystems. This process occurs when plants 
absorb DDT from soil or water through their roots and then 
these pollutants accumulate or metabolize in plant tissues 
[74]. 

Phytoremediation mechanisms include phytodegradation, 
physisorption, phytoaccumulation, and photovoltage [75]. 
In the phytodegradation mechanism, plants metabolize 
pollutants in soil or water to make them less harmful. Plant 
enzymes break down the chemical structures of DDT, 
converting them into more biodegradable forms. 

In the physisorption mechanism, plants absorb pollutants 
through their roots and accumulate them in their tissues. DDT 
is absorbed by plant roots by mixing with soil particles. DDT 
is stored in the plant, reducing pollution in the environment. 
In the phytoaccumulation mechanism, plants collect heavy 
metals and organic pollutants and accumulate them in plant 
tissues. DDT reduces its environmental effects by 
accumulating in plant tissues. 
 

Table 3. DDT-degrading microorganisms for 
bioremediation [10]. 

Microorganism Type Species 

Bacteria 

Staphylococcus hominis  

Ralstonia pickettii 
bacterium  

Pseudomonas aeruginosa  

Arthrobacter globiformis 

Staphylococcus equorum  

Kocuria rhizophila   

Staphylococcus cohnii  

Enterobacter cloacae 

Fungi 

Gloeophyllum trabeum   

Paecilomyces species  

Trichoderma hamatum   

Pleurotus eryngii   

Phlebia species   

Penicillium species   

Rhizopus arrhizus   

Aspergillus niger   

Alternaria species   

Allescheriella species   

Fusarium oxysporum   

Phanerochaete 
chrysosporium 

Algae 

Cladophora gracilis 

Chlamydomonas species  

Chlorella vulgaris 

Cylindrotheca species  

Euglena gracilis   

Dunaliella salina   

Scenedesmus obliquus 

Aulosira fertilissima   

Anabaena species   

Chlorococcum species 

Cladophora species   
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In the photovoltage mechanism, plants absorb pollutants in 
the soil through their root systems, allowing these pollutants 
to accumulate in higher concentrations within the plant. At 
the same time, they reduce environmental pollution by 
preventing these pollutants from reaching the depths of the 
soil. 

Different plant species show different efficiencies in the 
phytoremediation of DDT. For example, some studies have 
shown that plants such as Brassica juncea (mustard plant), 
Helianthus annuus (sunflower), and Zea mays (maize) 
efficiently metabolize DDT and have a high uptake ability 
from the soil [76]. The roots of these plants can absorb DDT, 
reducing persistent contaminant levels in the soil. 

In addition, aquatic plants such as Phragmites australis (reed) 
can help clean up DDT in wetlands. Such plants can remove 
contaminants from the aquatic environment and remove 
them from the soil through their root systems. Reed plants 
can protect environmental health by reducing the 
accumulation of toxic compounds such as DDT in aquatic 
ecosystems [77].  

Species such as Pseudomonas putida and Sphingomonas sp. 
have been reported to transform DDT into less harmful 
intermediates. Studies in India have demonstrated successful 
applications in agricultural fields [78]. 

Thermal and Chemical Methods: 

Thermal and chemical methods play a key role in the removal 
of persistent organic pollutants such as DDT. These methods 
are used especially for the safe cleaning of DDT-contaminated 
soils. 

Heating DDT-contaminated soils at elevated temperatures 
allows the volatile components of DDT to be removed from 
the soil by evaporation. This process is based on the thermal 
decomposition of the molecular structure of DDT [79]. 
However, this method has some disadvantages. Due to the 
elevated temperature requirement, energy consumption is 
quite high, which increases costs. In addition, the formation 
of some by-products during the heating process may increase 
the environmental impact and require further management. 

Chemical degradation methods are also of critical importance 
in the management of DDT residues. Chemical degradation is 
a process that involves the degradation of persistent organic 
pollutants such as DDT by various chemical processes. It is 
also possible to degrade DDT using strong oxidizing agents 
[80, 81]. Ozonation, oxidation with hydrogen peroxide, and 
photocatalytic processes are the main chemical methods used 
in the destruction of DDT. The ozonation method is often 
preferred due to its effectiveness in the degradation of DDT. 
When ozone is added to water, it reacts with DDT and 
degrades it, and because of this process, it significantly 
reduces the concentration of DDT [82]. Although the 
ozonation process significantly reduces the concentration of 
DDT in water, it should be used with caution due to its other 
negative effects on the environment. Therefore, figuring out 
the proper conditions and cost-effectiveness analyses are 
necessary for the use of chemical degradation methods. 
Furthermore, the assessment of the environmental impacts of 
chemical methods is important to increase the sustainability 
of these approaches. Such chemical oxidation methods are 
usually applied in controlled environments and are difficult 
and costly to implement for large-scale removal. 

Although these methods provide effective results on a 
laboratory scale, they are difficult to implement on a large 
scale. Chemical oxidation methods are applied in controlled 
environments and are costly. For example, in applications 
using hydrogen peroxide and Fenton's reagent, proper 

conditions must be provided for the degradation of DDT. 
These conditions vary depending on many factors such as pH, 
temperature, and reactor design. 

Physical and Adsorption Techniques:  

Activated carbon is one of the most widely used adsorbents 
in the removal of DDT from aqueous environments. Thanks to 
the high surface area and porous structure of activated 
carbon, DDT molecules adsorb on its surface. These 
properties make activated carbon an effective part of DDT 
removal. Adsorption of DDT molecules varies depending on 
parameters such as temperature, pH level, and initial DDT 
concentration. With the optimization of these parameters, 
DDT molecules are kept on the surface of activated carbon 
with high efficiency and removed from the environment [83].  

A study conducted at a Superfund site in the Richmond area 
of San Francisco Bay evaluated the use of activated carbon 
(AC) for the treatment of persistent DDT and its degradation 
products (DDE, DDD) in sediments. The amendment of 
sediments with activated carbon significantly reduced the 
bioavailability of DDT compounds. Passive sampling and 
bioaccumulation tests demonstrated that this approach 
mitigated the toxic effects of DDT on benthic organisms. The 
study highlights activated carbon amendment as an effective, 
feasible, and environmentally safe remediation method for 
reducing the impact of persistent organic pollutants (POPs) 
from contaminated sediments [84] 

In recent years, studies have been conducted on 
nanosorbents and biosorbents (e.g. plant residues or 
microalgal biomass) for the adsorption of DDT. These 
materials provide effective adsorption of DDT because of 
their high surface area [85]. 

Studies on nanosorbents, which have yielded promising 
results in the removal of DDT, especially from aqueous 
environments, have increased in recent years. Nanosorbents 
are adsorbent materials produced using nanotechnology. 
Their extremely high surface area allows toxic organic 
pollutants such as DDT to be absorbed much more effectively. 

Nanosorbents can offer a faster adsorption time even at much 
lower amounts than traditional adsorbents. In addition, 
processing, and modification of nanosorbents increases their 
selectivity towards certain pollutants and improves their 
overall adsorption ability. For example, various metal oxides 
and carbon-based nanosorbents show high efficiency in the 
adsorption of DDT [86]. 

Biosorbents are another alternative material group for the 
removal of DDT. Plant residues and microalgae are the most 
prominent options among biosorbents. Since these materials 
are obtained from natural and renewable resources, they are 
an environmentally sustainable alternative. Research shows 
that plant residues and microalgae can effectively adsorb DDT 
due to their high surface area and suitable adsorption 
properties. 

The use of biosorbents also has many benefits in terms of 
waste management. For example, the use of resources such as 
agricultural waste or marine biomass as biosorbents reduces 
environmental burden and offers economic benefits. The 
potential of biosorbents in cleaning harmful compounds such 
as DDT stands out as an area that requires further research in 
the future [87]. 

Soil Remediation and Ecosystem Restoration:  

Increasing the organic matter content of DDT-contaminated 
soils accelerates the biological degradation process of DDT. 
Compost and other organic amendments increase the activity 
of microorganisms by improving soil health. In addition, it is 
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possible to restore biodiversity and reduce DDT through 
ecosystem restoration in contaminated areas [88]. 

Compost and other organic amendments are often used in 
contaminated soils to improve soil structure and enrich nutrients. 
These amendments contribute to the biological degradation of 
persistent organic pollutants such as DDT. Organic matter is a 
source of energy and nutrients for soil microorganisms. These 
microorganisms produce enzymes that break down DDT, reducing 
the toxic effects of the compound [89]. 

Compost applications also positively affect the microflora 
balance in the soil. This can increase biodiversity and improve 
the ability of various microorganism species to break down 
difficult-to-decompose organic matter [90]. For example, 
some bacteria and fungi can effectively metabolize DDT. This 
process is also supported by organic matter. 

Ecosystem restoration in polluted areas is a process that 
allows not only the reduction of DDT but also the recovery of 
biodiversity. Restoration works mean the reorganization of 
polluted areas and the support of natural processes. This 
process is important to keep the natural balance and promote 
the biological degradation of pollutants. 

Ecosystem restoration also ensures the restoration of natural 
vegetation. While the use of native plant species increases soil 
health, it also allows the microorganism groups that will 
accelerate the biological destruction of DDT to re-form in the 
soil. Therefore, ecosystem restoration practices help to 
restore natural cycles in the region [80]. 

Cultural Control Methods: 

Cultural control methods are approaches to control pests by 
changing plant growing conditions. These approaches provide 
effective control by supporting natural processes as well as 
biological and chemical methods in pest control. Cultural control 
offers more sustainable and environmentally friendly methods 
in agricultural practices by affecting the development cycles of 
pests and revealing natural enemies. These methods include 
correct planting time, crop rotation, and agricultural techniques 
that prevent the proliferation of pests [91]. 

One of the most important cultural techniques for pest 
control is figuring out the correct planting time. The planting 
time should be carefully chosen to prevent the growth 
periods of the plants from coinciding with the periods when 
the pest populations are at their highest. For example, while 
some pests thrive best in certain temperature and humidity 
conditions, changing these conditions can reduce the number 
of pests. In addition, planting time allows the use of species 
that are more resistant to pests due to seasonal changes [47]. 

Crop rotation is an effective method to prevent pests from 
accumulating in a particular area. This practice drops the food 
source of pests by preventing the same crop from being 
grown continuously in the same soil. For example, 
monophagous species such as the potato beetle (Leptinotarsa 
decelerate) decrease their populations when they cannot find 
the same crop continuously. Crop rotation is beneficial not 
only in terms of pest control but also in terms of improving 
soil health and preserving plant nutrients [92]. 

Cultural control methods also include various agricultural 
techniques that prevent pests from multiplying. For example, 
tillage techniques provide effective control by killing the egg 
and larval stages of pests at the soil surface. In addition, 
supporting plants with adequate irrigation, fertilization, and 
disease management helps increase plant health and 
resistance to pests. 

Cultural control methods not only control pests but also 
support ecosystem balances and create suitable habitats for 

natural enemies, namely predators and parasites of pests. The 
integration of these methods is critical to increase 
sustainability in agriculture and promote environmentally 
friendly practices [93]. 

Biological Control: 

Biological control is a method of controlling the populations 
of pests by using their natural enemies. Parasiticides, 
predatory insects, and pathogens are species that are used as 
biological control agents. For example, Aphidius colemani is 
widely used as a biological control agent against aphids in 
greenhouses [94]. 

Biological control is a method that supports environmental 
sustainability by keeping the balance of the ecosystem. It also 
reduces production costs and protects the health of 
consumers by reducing the use of pesticides. However, the 
effectiveness of these methods varies depending on local 
ecological conditions [95]. 

Integrated Pest Management (IPM): 

Integrated pest management (IPM) is an approach that 
combines different pest control strategies. IPM aims to 
minimize pesticide use and instead use cultural, biological 
and mechanical methods [96]. This system also increases 
economic efficiency by minimizing environmental impact. In 
IPM, pest populations are primarily checked, and proper 
control strategies are implemented at levels above the 
threshold [97]. 
 

DDT ALTERNATIVE PESTICIDES  
 

DDT used in traditional agriculture has been an effective method 
to control harmful insects. However, excessive and uncontrolled 
DDT utilization has caused environmental pollution, decreased 
biodiversity, and adverse effects on human health [98]. 
Therefore, sustainable agricultural practices are being 
developed and more environmentally friendly methods are 
being investigated as alternatives to pesticides. 

With the ban on DDT, there has been a need to develop 
alternative pesticides that will minimize the risks that may 
occur for the protection of both agricultural productivity and 
ecosystems. There are chemical and biological alternatives to 
the pesticides developed alternatively. 

Chemical Alternatives:  

✓ Synthetic pyrethroids are a class of synthetic chemicals 
that can be used as an alternative to DDT. Pyrethroids are 
produced from the naturally occurring substance 
pyrethrin. They are pesticides that are highly effective in 
dropping harmful organisms. Their persistence in the 
ecosystem and the risk of accumulation in the 
environment are much lower than DDT [99]. 

✓ Organophosphates and carbamates are another class of 
pesticides used instead of DDT. They are effective on the 
nervous system of harmful organisms. These compounds 
have rapid biodegradation properties. This causes their 
lower persistence in the environment [100]. 

✓ Neonicotinoids are another class of chemical alternatives. 
Neonicotinoids, which have become more widely used in 
recent years, enter plants and neutralize harmful 
pathogens. Their effectiveness at low doses is an 
advantage [101]. 

Biological Alternatives: 

✓ Biopesticides are pesticides that use the biological 
activities of living organisms or are produced from 
substances of natural origin. These include fungi, viruses, 
bacteria (e.g., Bacillus thuringiensis) and plant extracts. 
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They are effective against many harmful insects and are 
widely used in the protection of agricultural products 
[102]. Biopesticides generally have specific effects on 
target pathogens. Since they can be rapidly degraded in 
the ecosystem, their harm to other species is quite low 
[103]. 

✓ Entomopathogens and parasiticides are biological control 
agents. The use of organisms that are natural enemies of 
insects (e.g., predatory insects, parasitosis wasps) is a 
remarkably effective method for ecological balancing 
[104]. 

✓ Plant extracts; natural compounds of plant origin such as 
neem oil, pyrethrum and rotenone are effective on pests. 
These substances are much less persistent in nature, and 
they deteriorate quite quickly, so they are safer from an 
environmental perspective [105, 106]. 

Advantages of biological alternatives (biopesticides) include 
species-specific efficacy, environmental friendliness, and 
reduced pesticide resistance. However, their applicability in 
large-scale agriculture still presents some [106]. 
 

CONCLUSION AND RECOMMENDATIONS 
 

DDT had a revolutionary effect in the mid-20th century in the 
fight against harmful pathogens in the agricultural sector. 
However, serious side effects on the environment and health 
were named. The Stockholm Convention, signed in 2001, 
aimed to control DDT, one of the persistent organic pollutants 
(POPs) and severely restricted its use globally. The DDT 
utilization was made permissible only for certain situations 
(for example, public health purposes such as malaria control). 
However, due to the prevalence of mosquito-borne diseases 
in some developing countries, DDT is still used illegally. In 
addition, because of some illegal practices in the agricultural 
sector, DDT residues cross borders through global trade 
routes and migratory birds and accumulate in ecosystems for 
a long time. Therefore, international cooperation and 
regulatory efforts to control DDT use are particularly 
important. 

At the national level, regulatory frameworks need to be 
strengthened. These frameworks should include banning the 
use of DDT, encouraging alternative methods, and setting up 
environmental monitoring programs. In addition, local 
governments and civil society organizations should organize 
various campaigns to raise awareness about the negative 
effects of DDT. Education and information sharing are 
effective tools in controlling DDT. Raising awareness in 
society is an essential element to reduce the harmful effects 
of DDT. To prevent the use of persistent organic pollutants 
such as DDT, it is necessary to develop and encourage the use 
of pesticides that do not disrupt the ecological balance, are 
target-specific, and have low toxic effects. 

Raising public awareness of the environmental and health 
effects of DDT is an essential element in residue management. 
Agricultural workers should be made aware of the hazards of 
DDT and the use of alternative pesticides should be 
encouraged. Education programs should introduce the 
negative effects of DDT as well as alternative solutions such 
as biological control methods and natural pesticides. Such 
training contributes to the adoption of more sustainable 
practices in the agricultural sector. 

Awareness-raising efforts should also be directed at 
consumers. Raising awareness among consumers to avoid 
products having DDT and to switch to organic products can 
contribute to reducing the demand for DDT. Education should 

not be limited to the agricultural sector but should reach the 
public and create broad awareness in society. Education and 
awareness efforts should be seen as a long-term strategy to 
reduce the negative effects of DDT. 

Bioremediation technologies are also of significant 
importance for the removal of DDT from soil and water 
ecosystems. Research on microorganisms, fungi, and plants 
that can degrade DDT should be increased and strategies to 
improve the use of these organisms should be developed. 

Increasing the field applicability of studies in this field 
requires finding methods that will support the transition 
from laboratory scale to large-scale field applications. 

To combat the illicit DDT utilization and ensure the cleanup 
of existing residues, global and local regulatory frameworks 
must be strengthened. For this, international cooperation, 
information sharing, and ability-building activities are 
essential. 

Agricultural workers should be informed about the ecological 
and health hazards of DDT. Other methods that can be used 
instead of DDT for the control of mosquito-borne diseases 
should be introduced. 

Comprehensive environmental monitoring programs should 
be developed to check the persistent effects of DDT. 
Monitoring programs require standardization of sampling 
methods for monitoring DDT. This standardization increases 
the reliability of analyses and enables comparison of DDT 
residues in different regions. Furthermore, regular updating 
and development of monitoring programs will ensure that the 
environmental effects of DDT are continuously checked. This 
will allow for a better understanding of the negative effects 
on living and non-living ecosystems and, if necessary, 
interventions to be made. 

Multidisciplinary approaches are especially important and 
necessary to alleviate the negative effects of DDT. Innovative 
solutions developed by fields such as chemistry, biology, 
environmental engineering, and ecology working together 
can guide environmental management strategies. 

With the ban on DDT, the development of alternative 
pesticides has gained immense importance. Biological control 
methods offer a sustainable approach that aims to control 
pests with their natural enemies. These methods increase 
environmental sustainability and protect human health by 
reducing the use of chemical pesticides. Natural pesticides 
and organic farming practices are among the alternatives that 
can replace DDT. These methods provide effective solutions 
for pest control while preserving ecosystem services in 
agriculture. 

In addition to biological control methods, pesticides derived 
from plant extracts and natural ingredients are gaining 
attention. These natural pesticides offer comparable 
protection to DDT while significantly reducing environmental 
impacts. However, further research is essential to enhance 
the effectiveness of these alternatives. Moreover, diversifying 
agricultural practices and adopting agroecological methods 
are critical for supporting sustainable agriculture. 

Despite its forbidden, DDT continues to present significant 
challenges for ecosystems and human health due to its 
persistent environmental presence. Developing alternative 
pest control methods, effectively managing existing DDT 
residues, and enforcing regulations to prevent illegal use are 
essential steps in addressing this ongoing issue. 
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