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ABSTRACT

Deltamethrin is a synthetic pyrethroid insecticide 
widely used for controlling pests in agriculture and 
public health programs. However, its toxicity towards 
non-target organisms, including humans, has raised 
concerns over its safe use. This review paper aims to 
summarize the current knowledge of deltamethrin 
toxicity, including its mechanism of action, acute 
and chronic toxicity, genotoxicity, and ecotoxicity. 
The findings suggest that deltamethrin can cause 
acute toxicity in humans and animals, leading to 
symptoms such as convulsions, respiratory distress, 
and even death. Chronic exposure to deltamethrin has 
been associated with various adverse health effects, 
including neurotoxicity, reproductive toxicity, and 

carcinogenicity. Furthermore, deltamethrin has been 
shown to have toxic effects on non-target organisms, 
such as bees and aquatic organisms, which can have 
significant ecological consequences. Therefore, there 
is a need to regulate and monitor the use of deltame-
thrin to ensure its safe use and protect the environment 
and human health.

Keywords Deltamethrin, Environment, Toxicity, 
Human health, Ecology.

INTRODUCTION

Deltamethrin is a synthetic pyrethroid insecticide 
widely used for controlling pests in agriculture 
and public health programs, Bhattacharjee and Das 
(2011). Its popularity is due to its effectiveness, 
low mammalian toxicity, and rapid degradation in 
the environment WHO (2011). However, the use of 
deltamethrin has raised concerns over its potential 
toxicity towards non-target organisms, including 
humans, pets, and wildlife. Therefore, understanding 
the toxicity of deltamethrin is critical for its safe use 
and protecting the environment and human health. 
This review paper aims to summarize the current 
knowledge of deltamethrin toxicity, including its 
mechanism of action, acute and chronic toxicity, 
genotoxicity, and ecotoxicity.
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Environmental impact of deltamethrin

Effect on non-target organisms

Deltamethrin is highly toxic to a wide range of 
non-target organisms, including mammals, birds, 
fish, and bees. Mammals and birds can be exposed 
to deltamethrin through contaminated food, water, 
or direct contact with the pesticide. Studies have 
shown that deltamethrin can cause reproductive 
toxicity, developmental toxicity, and neurological 
effects in mammals and birds, Rehman et al. (2014). 
Deltamethrin is also toxic to fish and can cause acute 
and chronic toxicity, affecting their growth and repro-
duction, Aksakal et al. (2010). Bees are also highly 
susceptible to deltamethrin toxicity, and exposure 
to the pesticide can lead to reduced colony growth 
and development, decreased honey production, and 
increased mortality rates, Dai et al. (2010).

Effect on soil

Deltamethrin can persist in soil for extended periods, 
leading to long-term effects on soil health Palangi 
et al. (2021). Studies have shown that deltamethrin 
can have toxic effects on soil microorganisms such 
as bacteria, fungi, and actinomycetes. For example, 
a study conducted by Farghaly et al. (2013) found 
that deltamethrin at high concentrations significant-
ly inhibited the growth of soil microorganisms and 
reduced soil enzyme activities.

Deltamethrin can also have negative impacts on 
the physical and chemical properties of soil Baskaral-
ingam et al. (2019).  A study by Akien-Alli and Otali 
(2021) found that deltamethrin application resulted 
in reduced soil pH, soil organic matter content, and 
soil nitrogen and phosphorus levels.

It is important to note that the extent of del-
tamethrin’s impact on soil depends on factors such 
as application rate, soil type, and weather conditions. 
Nevertheless, these studies highlight the potential 
negative impacts of deltamethrin on soil and its 
microorganisms.

Effect on Water

Deltamethrin can contaminate surface and ground-

water, leading to adverse effects on aquatic organ-
isms. Several studies have investigated the impact 
of deltamethrin on water quality and aquatic life. A 
study conducted by Boussahel et al. (2006) found that 
deltamethrin residues in surface water samples from 
agricultural areas exceeded the maximum permissible 
limit set by the World Health Organization (WHO). 
The study also observed that deltamethrin exposure 
caused significant mortality and growth inhibition 
in zebrafish, a commonly used model organism for 
aquatic toxicity testing.

Another study conducted by Zhang et al. (2018) 
in China found that deltamethrin exposure significant-
ly reduced the survival and growth of the freshwater 
crab Sinopotamon yangtsekiense. The study also 
observed that deltamethrin caused oxidative stress and 
DNA damage in the crab, indicating that this insecti-
cide can have long-term effects on aquatic organisms.

Moreover, deltamethrin residues have been 
detected in various water bodies around the world, 
including rivers, lakes, and wetlands. For instance, a 
study conducted by Stehle and Schulz (2015) found 
that deltamethrin residues were present in surface 
water samples from agricultural areas, indicating that 
this insecticide can contaminate water sources and 
potentially affect aquatic ecosystems.

Overall, the evidence suggests that deltamethrin 
can have a significant impact on water quality and 
aquatic life, and measures should be taken to min-
imize its use and reduce its environmental impact.

Effect on air quality

Deltamethrin can be carried by wind and contaminate 
the air, leading to adverse effects on human health 
and the environment. The impact of delta-methrin 
on air quality has been studied in various countries. 
A study conducted in China found that delta-methrin 
can cause significant air pollution due to its wide-
spread use in agriculture. The study revealed that the 
concentration of delta-methrin in the air was highest 
in the summer, when the use of the pesticide was 
most prevalent. The researchers also found that the 
concentration of delta-methrin in the air was higher in 
rural areas compared to urban areas, Liu et al. (2018).
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Another study found that the use of delta-methrin 
in cotton fields led to the presence of the pesticide 
in the ambient air, which could potentially impact 
human health, Yao et al. (1992). According to Li et 
al. (2020), interactions between deltamethrin and 
nitrogen oxides can lead to an enhanced formation 
of ozone under simulated atmospheric conditions. 
In addition, a study conducted found that the use of 
delta-methrin in agricultural areas caused high levels 
of the pesticide in the air, leading to significant envi-
ronmental and health concerns, El-Nahhal and Abed 
Alkareem (2015).

Furthermore, delta-methrin can also have an 
impact on indoor air quality. A study conducted in 
South Korea found that the use of delta-methrin in 
indoor pest control led to the presence of the pesticide 
in the air of residential areas, which could potentially 
cause respiratory health problems, Kwon et al. (2014).

Mechanism of action

Deltamethrin acts by targeting the nervous system 
of insects, causing paralysis and death; Gutierrez et 
al. (2016). Deltamethrin acts on the nervous system 
of insects by interfering with the normal function of 
voltage-gated sodium channels, Zeng et al. (2017). 
Voltage-gated sodium channels are responsible for 
the rapid depolarization and repolarization of neurons 
during action potentials. In insects, these channels are 
found in the axons of neurons that control movement 
and sensory perception. When an insect is exposed to 
deltamethrin, the pesticide binds to the voltage-gated 
sodium channels, causing them to remain open longer 
than usual. This results in an influx of sodium ions into 
the neurons, leading to hyperexcitation and paralysis 
of the insect’s nervous system, Wu et al. (2021).

In addition to its effects on voltage-gated so-
dium channels, deltamethrin also has other effects 
on the nervous system of insects. For example, it 
can increase the release of neurotransmitters, such 
as acetylcholine and glutamate, which can further 
enhance the excitation of neurons, Narahashi (2006).

Acute toxicity

Deltamethrin can cause acute toxicity in humans and 

animals, leading to symptoms such as convulsions, 
respiratory distress, and even death, Belyaeva et al. 
(2018). The severity of symptoms depends on the dose 
and the route of exposure. Inhalation of deltamethrin 
can cause respiratory distress, while ingestion can 
lead to gastrointestinal symptoms, WHO (2011). 
Furthermore, the acute toxicity of deltamethrin can 
vary among different species, with some species being 
more sensitive than others.

Chronic toxicity 

Chronic exposure to deltamethrin has been associated 
with various adverse health effects, including neuro-
toxicity, reproductive toxicity, and carcinogenicity, 
Tewari et al. (2018). Chronic exposure can occur 
through repeated exposure to low doses of deltame-
thrin, such as in occupational settings or through 
contaminated food and water sources. Deltamethrin 
has been shown to accumulate in the body, leading 
to prolonged exposure and increased toxicity, Ul-
lah et al. (2019). Therefore, long-term exposure to 
deltamethrin should be avoided to prevent chronic 
health effects.

Genotoxicity

Deltamethrin has been shown to have genotoxic 
effects, causing DNA damage and mutations, Cunha 
et al. (2018). These genotoxic effects of deltamethrin 
are thought to be due to its ability to generate reactive 
oxygen species (ROS) and oxidative stress in cells, 
Cunha et al. (2018). ROS can cause DNA damage 
and mutations by attacking the DNA molecule and 
altering its structure. In addition, deltamethrin has 
been shown to inhibit the activity of DNA repair 
enzymes, further increasing the risk of DNA damage, 
Hong et al. (2018).

The genotoxic effects of deltamethrin are of 
particular concern due to their potential to increase 
cancer risk. Several studies have demonstrated a link 
between exposure to deltamethrin and increased can-
cer risk in both humans and animals. For example, a 
study by Feng et al. (2019) found that deltamethrin 
exposure was associated with an increased risk of 
lung cancer in Chinese populations. 
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Overall, the genotoxic and reproductive effects 
of deltamethrin highlight the importance of careful 
evaluation of its safety in the context of its use in ag-
riculture and public health. Further research is needed 
to better understand the mechanisms underlying these 
effects and to develop strategies to mitigate their 
impact on human and environmental health.

Ecotoxicity

Deltamethrin has been shown to have toxic effects 
on non-target organisms, such as bees and aquatic 
organisms, Basak et al. (2021). It can cause acute 
toxicity and sublethal effects such as reduced growth 
and reproduction rates, impaired behavior, and altered 
metabolism, WHO (2011). The toxicity of deltame-
thrin to aquatic organisms is due to its lipophilic 
nature, which allows it to accumulate in the fatty 
tissues of aquatic organisms and remain there for a 
long time, USEPA (2009).

The toxicity of deltamethrin to aquatic organisms 
can also be influenced by environmental factors such 
as temperature, pH, and water hardness, USEPA 
(2009). For example, the toxicity of deltamethrin 
increases at higher temperatures and lower pH lev-
els, which can increase the risk of toxicity in aquatic 
organisms during periods of high temperature or 
acid rain.

Furthermore, deltamethrin can bioaccumulate 
in the food chain, leading to increased toxicity in 
higher trophic levels, WHO (2011). This means that 
predators at the top of the food chain, such as birds 
and mammals, can be exposed to high concentrations 
of deltamethrin through the consumption of con-
taminated prey. This can have significant ecological 
implications, as it can lead to population declines and 
disruptions in food webs.

Overall, the ecotoxicity of deltamethrin high-
lights the importance of using this pesticide with 
caution and implementing measures to reduce its 
impact on non-target organisms and the environment. 
These measures may include using alternative pest 
management strategies, reducing the amount of pes-
ticide used, and implementing buffer zones around 
sensitive habitats.

Regulations and management of deltamethrin

Due to the significant environmental concerns asso-
ciated with deltamethrin, various regulations have 
been put in place to manage its use. The United 
States Environmental Protection Agency (EPA) has 
set limits on the amount of deltamethrin that can be 
used in agriculture and other settings. The EPA has 
also set limits on the residues of deltamethrin that can 
be present in food, water, and other products, EPA 
(2020). In Europe, deltamethrin has been banned for 
use in some agricultural settings, and strict regulations 
are in place for its use in other settings; European 
Commission (2020).

To minimize the impact of deltamethrin on the 
environment, various management practices can be 
implemented. Integrated Pest Management (IPM) 
is an approach that combines different pest control 
strategies to minimize the use of pesticides and their 
impact on the environment. IPM involves monitoring 
and identifying pests, setting action thresholds, im-
plementing non-chemical pest control methods, and 
using pesticides as a last resort, EPA (2020). The use 
of alternative pest control methods, such as biological 
control and crop rotation, can also reduce the reliance 
on pesticides such as deltamethrin.

CONCLUSION

Deltamethrin is a widely used synthetic pyrethroid 
insecticide with significant potential toxicity to-
wards non-target organisms, including humans and 
wildlife. Its mechanism of action involves targeting 
the nervous system of insects, leading to paralysis 
and death. Acute toxicity can occur in humans and 
animals, while chronic exposure has been associated 
with adverse health effects such as neurotoxicity, 
reproductive toxicity, and genotoxicity. Deltamethrin 
also has ecotoxic effects, leading to reduced survival 
and growth rates in non-target organisms. Therefore, 
the safe use of deltamethrin requires strict regulation 
and monitoring to minimize its potential impact on 
human health and the environment.
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