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Throughout nowadays era, humans and the environment have been exposed to 
various chemicals from high-technology systems. Among those, the substances 
that could affect human health, disrupt the environment, and soil quality are 
pesticides. Pesticides are used to protect crops and livestock from pest 
infestations. However, improper usage or higher dosages used to kill insects 
might also pose potential risks to food safety, living creatures, soil performance, 
and humans. Essential oils (EO) were known as natural pesticides without the 
addition of dangerous chemicals. However, the issue arises when it involves 
human health and environmental risks with the wrong dosage of EO and 
concentration used in pesticides. Therefore, this article aims to elaborate on the 
nature of essential oils as natural pesticides, their classification, the potential 
risks of EO, and future perspectives on the usage of EO as natural pesticides. It 
is also suggested for biopesticides in the future. 
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1. Introduction 
 

According to the Food and Agricultural Organization of the United Nations and the United States 
Environmental Protection Agency (EPA), pesticides are regulated as substances or a mixture of 
substances utilized to repel, prevent, control, kill, or mitigate any damaging pest. Pesticides are also 
denoted as plant regulators, defoliants, and desiccants, along with nitrogen stabilizers. Therefore, 
pesticides refer to a wide array of natural and chemical agents, including fungicides, germicides, 
insecticides, herbicides, fumigants, and toxicants. In the light of global modernization and the robust 
population growth that drives agricultural transformation, pesticide use has intensified significantly 
in agriculture, aquaculture, horticulture, and households [1-3]. Annually, approximately 2 million 
tons of pesticides were utilized, with China being the leading country with the highest consumption 
and taking up about 90.3% of consumption [4-5]. Furthermore, the market size of global home and 
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gardenpesticides were valued at USD 6.8 billion in 2018 and was expected to grow at a 3.8% 
compound annual growth rate (CAGR) from 2019 to 2025 [6]. 

Notably, pesticide applications have provided enormous benefits to society, mainly enhancing 
the yield and quality of crops to produce safer food. As reported by OECD [7], 26% to 40% of the 
world's potential crop was lost annually without the use of pesticides to prevent pests, weeds, and 
diseases. Pesticidal applications also reduced the labor-intensive activity of removing unwanted 
plants. All these advantages paved the way for the greater use of pesticides. However, exposure to 
pesticides, especially occupational exposure, was still an arising issue, as it was claimed to have 
potential risks to food safety, human health, and the environment if improperly handled. Pesticide 
exposure primarily occurs through diets such as drinking water or eating food, while substantial 
exposure occurs in or around the home [8]. Improper usage of pesticides could cause acute and 
chronic health effects and environmental pollution. Hence, the evaluation of pesticide toxicity and 
safety becomes an essential part of ensuring a safe environment for humans. 

Several researchers had reviewed the occurrence, application, and potential risks of some 
pesticides, especially chemical pesticides [9-13] but not much was focused on natural pesticides. The 
demand for natural pesticides is higher than that for chemical pesticides owing to their eco-
friendliness, lower toxicity, and higher degradation rate [9]. Therefore, this paper aims to provide an 
overview of pesticides based on their synthetic and natural classifications. Particular attention was 
paid to the nature of essential oils as pesticides, including their origin, dosage, application form, 
targeted pests, and effectiveness. Their potential risks and adverse effects on human health and the 
environment were assessed, and it is imperative to minimize their negative impact. Finally, a brief 
overview of the current practices of essential oil (EO) and future perspectives has been provided that 
can be important in the context of safer pesticide applications for a sustainable environment. 

 
2. Types of Pesticides 

 
Pesticides are meant to control any animal or plant that is harmful to humans or has human 

concerns [14]. Pesticides can be grouped by their application, chemical nature, toxicity, target 
organisms, or according to the types of pests they kill. The most common pesticides and their target 
pests are classified into six groups, as shown in Fig. 1. 

 

 
 

Fig. 1. General classification of pesticides 
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However, all these groups of pesticides can also be classified based on their derivation, such as 
synthetic or natural synthesis. Synthetic pesticides are produced through chemical alteration, while 
natural pesticides refer to products derived strictly from sources in nature with little to no chemical 
alteration [15–16]. Natural pesticides refer to products derived strictly from sources in nature with 
little to no chemical alteration [17]. The overall classification of pesticides is illustrated in Fig. 2, based 
on their source of origin. 

 

  
Fig. 2. Overall classification of pesticides based on source of origin and their active ingredients 
 

2.1 Synthetic Pesticides 
 
Synthetic pesticides were first deployed during World War II to kill pests and parasites. They were 

claimed to have harmful effects on the soil ecosystem and humankind, such as affecting biological 
molecules, tissues, and organs and resulting in acute and chronic disorders. They were also claimed 
to affect humans of all ages, including prenatal. These pollutants, when discharged into the water 
bodies, affect the aquatic system. In the long term, the water molecules in the river are affected by 
the accumulation of these toxic contaminants with their alkali pH and heavy metals, which could 
adversely affect the health of flora and fauna [9]. 

Synthetic pesticides can be further classified into two leading groups: organic and inorganic 
pesticides. Organic pesticides are categorized into four different groups: organochlorines, 
organophosphorus, carbamates, and pyrethroids. Organochlorines are organic molecules with 
chlorine in their structure and are applied for agricultural, industrial, and household purposes. 
Organophosphorus are organic molecules with phosphorus that are primarily utilized as an 
alternative pest control to chlorinated hydrocarbons that persist in the environment. Meanwhile, 
carbamates are insecticides containing carbaryl, methomyl, and carbofuran, which are rapidly 
detoxified and eliminated from animal tissues. Compared to organochlorines, organophosphorus, 
and carbamates, pyrethroids that commonly consist of permethrin are generally harmless to humans 
as commercial and household insecticides. 

On the other hand, inorganic pesticides are deemed to be pesticides that are derived from non-
living natural sources. They do not contain carbon in their chemical structure, which differentiates 
them from carbon-containing organic pesticides. Another significant differentiation between organic 
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and inorganic pesticides is their source of extraction, where inorganic pesticides are mined and 
extracted from the earth. The promising minerals commonly applied in inorganic pesticides are 
borates, sulfates, silicates, and heavy metals such as mercury, arsenic, cyanide, silver, and copper 
[18]. In contrast to organic pesticides, inorganic pesticides are more persistent and toxic to humans; 
therefore, they have limited application in modern agriculture. 

 
2.2 Natural Pesticides 

 
Natural pesticides are generally derived from plants and mineral oils. Plant-derived pesticides 

include EO, plant extracts (e.g., Azadirachtin), and leftover oilseed cakes. EO is commonly obtained 
from non-woody parts, particularly foliage that consists of complex mixtures such as terpenoids. The 
presence of these mixtures constitutes an effective replacement for synthetic pesticides since EO is 
greener and exhibited a broad spectrum of deterring activity, specifically against insects and selected 
arthropods [19–20]. Azadirachtin is an extract of seeds from the Neem tree that is native to India. It 
is commercially applied to regulate insect growth and has proven to be effective against more than 
200 insect species. Another natural pesticide is pyrethrum, which is naturally made from the dried 
flower heads of Chrysanthemum with its active ingredient, pyrethrin. With its pyrethrin and aphid 
alarm pheromone, pyrethrum is commonly utilized as a companion plant to repel pets from desired 
crops. All plant-derived natural pesticides are more attractive than synthetic pesticides on account 
of their low mammalian toxicity and chemical complexity, which do not develop resistance in pests 
[21]. They have short environmental persistence as well, thus presenting less risk to the environment 
than synthetic pesticides, aligning with public opinion and influential scientific papers [15]. 

Mineral oil is defined as a highly refined and paraffinic oil that is most effective against soft-
bodied insects and mites. One of the most recognizable mineral oils is petroleum oil, also known as 
crude oil. It has active ingredients, which are petroleum distillates or “horticultural oil,” to control 
the pests physically by blocking the pests’ air holes. It also acts as poison to disrupt pests’ eating 
behavior, thereby killing pests for starvation. Stylet oil is another foliar treatment to manage insect-
vectored plant viruses. It helps reduce the ability of aphids (greenfly, blackfly) to acquire the virus 
from infected plants and transmit the virus to healthy plants. As reported by Jorgensen and Wright 
[22–23], stylet oil demonstrated strong repellent, anti-feeding, and egg-laying effects on female 
tomato potato psyllids (TPP) in order to reduce TPP eggs and nymphs. Regardless of the source or 
type, the application of mineral oil-derived pesticides is limited by their low residual activity and thus 
must be applied directly to pests. Furthermore, not all the pests are susceptible to mineral oils; 
hence, they are highly selective in their application. However, researchers reported that mineral oil 
pesticides can be easily applied with existing pesticides to enhance pest control performance [24]. 

Both synthetic and natural pesticides have different sources of origin, and their advantages and 
disadvantages are compared in Table 1. Yet both synthetic and natural pesticides share the same 
mutual goal, which is to control or kill the damaging pests in order to maximize crop production. 
Therefore, the active ingredients and application of both synthetic and natural pesticides must 
comply with federal and state regulations for commercialization and disposal. This is crucial to 
ensuring the sustainability of the environment and ecosystem. It is advisable for consumers to 
handle, apply, and dispose of the pesticides carefully, also by following the instructions strictly. It is 
a great effort to reduce the potential risk of humans and animals’ exposure to pesticides while 
demanding safer and greener pesticides. 
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Table 1 
Advantages and Disadvantages of Synthetic and Natural Synthesis of Pesticides [25] 

 Advantages Disadvantages 
Synthetic 
Synthesis 
Pesticides 
 

- less expensive  
- cost-effective as lesser total volume of 

pesticide is required to get desired outcome 
- time saving as less frequent to apply 

pesticide 
- more persistent and more extended periods 

of protection 
- less selective so can protect against more 

types of pests 
- readily available and have a longer shelf life 
- relieve the grower of the necessity of relying 

on time-sensitive purchases and 
applications of pesticides 

- not environmentally friendly as will not 
breakdown in environment quickly 

- can cause environmental concerns or have 
harvest restrictions 

- broad-spectrum and may harm beneficial 
insects 

- lead to secondary explosions of other pests, 
making further control measures necessary 

Natural 
Synthesis 
Pesticides 
 

- environmentally friendly  
- biodegradable since will breakdown in the 

environment 
- leaving no residual activity after a relatively 

short time 
- effective and selective in controlling pests 
- support populations of beneficial organisms 
- less harmful to human 

- less persistent 
- may require a greater total volume of 

pesticide to get a more persistent outcome. 
- more selective as not all pests are 

susceptible 
- may not provide the desired outcome if 

multiple pest species are present 
- require accurate pest identification and 

knowledge of the pest lifecycle to be 
effective 

- require special handling (skill and timing) to 
be effective 

- more expensive 
- less accessible to consumers in market 

 
3. Essential Oil as Natural Pesticides 

 
Among all the EOs, Eucalyptus is the most promising commercialized pesticide owing to its 

desirable pest management properties and ease of extraction [56]. Eucalyptus has a variety of species 
and a genus’s name for some types of gum trees. There are more than 800 species of Eucalyptus, 
origin in Australia. A few species can also be found between New Guinea and Indonesia. A part of 
them is also found in some regions of the Philippines. However, the species listed in Table 2 have 
been utilized in many countries nowadays [26]; 

 
Table 2 
Essential Oil and Its Origin 

Species  Type  Origin  
E. globulus Labill Tasmanian blue gum the People’s Republic of China, 

Portugal, Spain, India, Brazil, 
Chile, Bolivia, Uruguay and 
Paraguay 

E. smithii gully gum South Africa, Swaziland and 
Zimbabwe 

E. polybractea blumallee Australia 
E. exserta Queensland peppermint People’s Republic of China 
E. radiate  narrow-leaved peppermint South Africa and Australia 
E. dives broaded-leaved peppermint Australia 
E. camaldulensis river red gum Nepal 
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E. cinerea medical purposes  
E. cineorifolia medical purposes  
E. macarthurtii perfumery industry  
E. citrodora lemon-scented gum  
E. staigeriana lemon-scented ironbark People’s Republic of China, 

Brazil, and India 
  

3.1 Efficacy of Eucalyptus Oil 
 
In the lab scale, the efficacy of eucalyptus oil was tested. At 100 ppm of concentration, E. 

cintrodora can kill nematode (Meloidogyne incognita) larvae after 48 hours of usage. Meanwhile, E. 
rudis can eliminate the hatching of eggs of Meloidogyne javanica at all dilution ratios, such as 1:0, 
1:1, and 1:2, respectively. Nevertheless, E. globulus can effectively remove the same animals at a 
lower concentration of 1:2 upon usage. Based on previous research, 2480 mg/kg of 1,8-cineole, 2680 
mg/kg of eugenol, 1800 mg/kg of thymol, and 3180 mg/kg of menthol can kill rats and mice through 
oral LD50, respectively [27]. Another study by Maciel et al [28] reported that at concentrations of 20, 
10, 5, 2.5, and 1.2 mg/mL (E. staigeriana) and 40, 20, 10, 5, and 2.5 mg/mL (E. citrodora and E. 
globulus), it could eliminate the eggs, larvae, and adults of Lutzomyia longipalpis through in vitro 
testing [28].  

However, the list of commodities for which European legislation has established maximum 
residue limits (MRLs) does not include EO. The Environmental Protection Agency (EPA) in the USA 
has only made decisions regarding derivatives of citrus. Nonetheless, it is indisputable that good 
agricultural practices (GAP) and MRL setup are tightly related. Given the many extraction processes 
and manufacturing modes used throughout the world, establishing MRLs for EO is a highly dubious 
approach. Actually, the concentration element is crucial in identifying any possible adverse effects 
[57]. 

 
3.2 Rate and Effectiveness of Natural Pesticides to Insects 

 
Table 3 shows the amount of pesticides required to affect the insect life cycle in agriculture. There 

are different resources of EO highlighted in the table with the addition of active ingredients in the 
formulations. The effects of different ingredients resulted in different activities, together with 
different methods applied in order to get effective functional formulations to combat unwanted 
insects on the farm. 

 
Table 3 
The amount of pesticides and their effect on insects 

Source of EO/ 
Plant origin 

Active ingredient Activity Application 
method 

References 

Apiaceae 
 
A. graveolens 

α-phellandrene 
(59%) 

Culex pipiens L. larvae of 3rd and 
early 4th instars (mosquito) 

Bioassay [29] 

Acorus calamus 
 
A. calamus 

s acorenone,  
β-gyrjunene, 
Isoshyobunine,  
β-asarone, 
Calamendiol,  
α-selinene,  
α-calacorene, 
Calamusenone, 

The scale insects were also 
controlled by the same 
systematic method by using 0.5% 
dilution to the infected cotton 
plants. The control of mealy bugs 
on cotton, brinjal and Abutilon 
indicum was achieved by spray 
method using 0.5% solution 

spraying [30] 
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Camphene and 
Shyobunone 

fennel mint and 
sweet orange 
(Citrus sinensis) 

 stored product pest, grain borer 
Rhyzopetha dominica 
 
Habituation in Rhyzopertha 
dominica adults after repeated 
exposure was evaluated. 
The decline of R. dominica 
responsiveness was attributable 
to learning process. 
 

Nano 
emulsion 

[31] 

Mentha is a genus 
from the family 
Lamiaceae 
‘spearmint’  

pulegone, 
menthon, menthol, 
carvone, 1, 8-
cineole, limonene 
and β-
caryophyllene 

80% mortality of Ephestia 
kuehniella (Zeller) and Plodia 
interpunctella (Hubner) at 2.5 
ml/l dose and 2 h of exposure 
times 

Bioassay [32] 

M. spicata subsp. 
Tomentosa 
And 
M.spicatavar.for
masa 
essential oils 

 100% mortality of S. granaries 
was achieved by M.spicata subsp. 
Tomentosa and M. spicata var. 
formasa essential oils at 1 μl/l air 
and the exposure periods of 36 
and 48 h and potent mortality of 
adults at 0.5 μl/l air and an 
exposure period of 48 h 

 [33] 

 
4. Risk of Essential Oil Residue Pesticides  

 
Most of the pesticides using EO can be lethal to certain insects. All commonly used EO are 

considered safe after being regulated by the US Food and Agricultural Administration (FDA) and 
known to be “Generally Regarded As Safe” (GRAS). However, pesticide usage from EO also posed 
possible side effects to non-target organisms and human health through inhalation, ingestion, and 
skin contact, as shown in Table 4. Overdose usage of EO might cause a potential side effect in 
formulating the pesticides, using non-diluted EO, or applying high-photosensitivity EO to the 
pesticides without any concern from a clinical trial, professional therapist, or knowledgeable 
healthcare provider. The worst could happen when the use of EO as a pesticide affects infants and 
pregnant women too. It is also inferred that the side effect could occur in humans based on several 
factors, including the age of the person, an underlying health issue, and ongoing medication or 
supplementation [53]. 

The side effects of EO in the usage of pesticides are considered when considering the chemical 
compositions of the respective EO, the method of pesticide usage, the duration use, and the dosage 
of EO used in the pesticides. Since pesticides are primarily used to kill and repel insects, they are 
supposed to be aware of the possible side effects on other issues, primarily involving human health 
in the long term. Some EOs are considered safe if inhaled, yet they may irritate if applied to the skin 
in concentrations as low as 3-5%. Thyme, oregano, clove, and cinnamon bark essential oils are 
examples of this. Several of the citrus oils, such as bergamot, lemon, lime, orange, and angelica, can 
cause phototoxicity, which is severe burns or skin cancer, if there is exposure to natural sunlight or 
sun-bed radiation following skin applications, whereas this would not result from inhalation [54]. 

EO with the wrong doses or too much concentration has been found to contribute to tumor 
development and other harmful changes in the body during animal and laboratory studies. Some EO 
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can even be damaging to the skin, liver, and other organs if misused. Many essential oils are FDA-
approved as ingredients in food and fragrances and are labeled GRAS. However, some oils can be 
toxic and should only be ingested under medical supervision [55]. Up to the authors knowledge, there 
are no reports on the side effects of pesticides from EO on human health, whether long- or short-
term. However, a study by Lee et al., [58] concluded that it demonstrates a strong correlation 
between the use of essential oils and detrimental cardiac effects, such as elevated heart rate and 
blood pressure, and a drop in the percentage of anticipated peak expiratory flow rate (PEFR) in those 
who use them heavily. Among individuals who did not use essential oils or who used them sparingly 
(less than an hour per day), there was no discernible correlation between the use of essential oils 
and harmful cardiopulmonary consequences. A study concluded that among individuals who used 
essential oils for more than an hour a day, exposure to indoor air pollution linked to essential oils 
experienced negative cardiopulmonary effects [58]. 

 
Table 4 
Potential Side Effect of Essential Oil 

Essential oil Route of Exposure Side effects Reference 
Anise  Ingestion  Affect the central nervous system through high 

intake of drugs 
[34] 

Bergamot  Skin  Skin sensitivity and burn  [35] 
Cinnamon  High 

concentration 
Mucus membrane irritation, dermatitis, facial 
flushing, double vision, nausea, vomiting 

[36] 

Cinnamon  Ingestion  Precaution to pregnant woman [37] 
Eucalyptus  Ingestion  Seizures or asthma attack [38] 
Clary oil  Inhalation  Precaution for pregnant woman [39] 
Lemon 
verbena 

Skin contact Photosensitivity and may result in burning [35] 

Nutmeg  Skin contact  Rash or burn [40] 
Nutmeg  Overdose 

ingestion  
Hallucination and even coma [41] 

Peppermint  Skin contact  Rash and irritations [42] 
Peppermint  Ingestion  Hurtburn  [43] 
Tea tree Skin contact Rash or concentration  
Tea tree Ingestion  Loss of muscle coordination and confusion [44] 
Clove oil Skin contact  Irritation   [45] 
Citronella  Skin contact  Irritation   [46] 
Lemongrass  Skin contact  Irritation   [47] 
Oregano  Skin contact  Irritation   [48] 
Thyme  Skin contact  Irritation   [49] 
Carvacrol  Skin contact  Irritation   [48] 

 
5. Soil Quality after Pesticide Consumption 

 
In general, after every pesticide application, there is a report on changes in soil parameters. It is 

crucial to keep in mind that the effects of any given pesticide in a series are probably going to be 
impacted by prior applications of other substances; thus, making a list that assigns particular effects 
to individual pesticides or mixes won't be valid. However, a study by the Joint FAO/IAEA Division of 
Nuclear Techniques in Food and Agriculture in China mentioned several soil quality effects after 
applying the pesticides in general [59]. 

Even when sprayed on a growing crop, a portion of the pesticide treatment normally reaches the 
soil, where it may impact soil-dwelling creatures. It is crucial to research how particular practices 
could affect the characteristics of the soil. This is especially concerning in cases where pesticides are 
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used heavily, regularly, and for extended periods of time, as is the case with crops like corn and 
cotton, which frequently have many pesticide treatments given to them in a single growing season. 
Numerous micro- and macroorganisms, such as bacteria, actinomycetes, fungus, nematodes, 
arthropods, crustaceans, and earthworms, make up the dynamic living system that is soil. They are 
primarily responsible for the nitrification, nitrogen fixation, and release of nutrients from soil 
minerals, as well as for the breakdown of organic matter such as plant and animal wastes. Anything 
that has an impact on their operations may also have an impact on how well soils perform in the 
global carbon and nitrogen cycles, in agricultural production, and in the removal of various 
environmental pollutants. Thus, there may be dire repercussions [59]. In short, the soil quality 
concern is based on different situations, as depicted in Fig. 3. 

 
 

 
 

Fig. 3. The effect of pesticides on soil quality 
 
6. Safety Considerations for the use of EO Pesticides (Labeling, Storage, and Disposal) 

 
Pesticides have become an indispensable part of modern agriculture nowadays to meet the 

demands of an ever-growing population, speedy urbanization, and worldwide industrialization. 
Therefore, it is crucial to practice proper handling of pesticides since occupational hazards are 
unavoidable for crop producers. First and foremost, EO pesticide registration must be done according 
to EU legislation. The scientific and legal registration pathways described by Damalas et al., [8] are: 
(i) research on pesticides by the manufacturer; (ii) submission for registration to an authority; (iii) 
data revision by the authority by conducting toxicological testing; and (iv) a decision on registration 
based on the compliance of the product. All these processes must be provided with clear guidelines 
and transparency, enabling manufacturers to refer. The manufacturers are required to submit 
detailed information about EO pesticides, including the properties of active ingredients, production 
method, efficacy and its intended application, toxicological testing results, label, waste disposal 
method, and safety label data sheet according to WHO specifications, to make sure they meet the 
regulatory standards. Several assessments, such as hazardous and ecological risk assessments, will 
be determined consistently by the registration authority prior to approval. 

After the registration, the EO pesticides will be industrialized and marketed with complete labels 
to avoid misuse. To minimize the potential risk of EO pesticide exposure, it is advisable for crop 
producers to wear personal protective equipment (PPE), which includes protective goggles, gloves, a 
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mask, a respirator, a protective cloth, a hat, and boots. Different PPE is applicable to different 
pesticides, so crop producers have to study the safety precautions carefully while choosing the PPE. 
The effectiveness of PPE can be decreased when it is improperly used, incorrectly fitted, and 
improperly maintained. Therefore, to some extent, it is difficult to achieve maximum protection and 
to assess the actual protection level [50]. If the spraying equipment is applied, crop producers need 
to ensure it is in good working condition without leaking. After every EO pesticide application, crop 
producers must thoroughly clean their bodies with soap to wash off the pesticides’ residues. The 
remaining EO pesticides need to be stored properly in their original containers as instructed by the 
labels and checked for leakage registration authority prior to approval. 

Waste disposal of EO pesticides is another issue worth noting. According to FAO, remaining 
pesticides that are diluted are mandatory to do triple rinsing, while their empty containers need to 
be completely cleaned. The containers must be punctured to prevent reusing them for other 
purposes. Dry pesticides should be fully utilized before disposal, and their containers are required to 
be cleaned as well as the liquid pesticides. FAO also emphasizes that the burial of pesticide waste is 
strictly prohibited worldwide. This is because burying pesticides may cause residual pesticides to leak, 
which further pollutes the water and soil. The same concern exists for the burning of pesticides, 
which may release toxic gases, thereby polluting the air and environment. Needless to mention, the 
disposal of pesticide waste directly into drains or rivers causes water pollution [51]. Furthermore, if 
the crop producers do not have a proper facility to dispose of the waste, FAO suggests that pesticide 
manufacturing firms should provide the disposal service. Crop producers need to inform the 
participating authorities about their used pesticides in order to arrange proper disposal management 
according to the legislation and norms of the country without delaying [52]. 

In short, safety precautions for EO pesticides need to be taken in manufacturing, labeling, storing, 
applying, and disposing to minimize their potential adverse effects. Before proceeding with the 
production, the manufacturer or supplier must register and label their products (pesticides) to ensure 
that the next step will not be harmful to the user. The registration must follow legit regulation and 
proper standard production in order to minimize the side effects of pesticides in the future. It is also 
recommended by the WHO, the biggest organization worldwide. 
 
7. Future Perspectives  

  
Although there are some international conventions to provide means for countries to protect 

their populations from pesticide exposure, there is a lack of valuable information about the incidence, 
circumstances, and health impact of EO pesticide exposure in many countries. Therefore, more 
comprehensive research should be done in other countries, especially those with high pesticide 
consumption, to provide valuable insights. Furthermore, a more reliable and standard assessment 
method should be introduced to evaluate the potential hazards of EO pesticides more accurately and 
minimize their unfavorable effects. This is important to determine the safety limit of EO pesticide 
dosage in future applications. The discovery of novel, safer EO pesticides with good label indication 
is encouraged as well to commercialize them and make them more accessible to the public. Lastly, 
the implementation of an alternative agricultural system that is more environmentally friendly could 
be a pivotal measure to reduce the dependency on EO pesticides, which could probably have adverse 
effects if applied improperly. 
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8. Conclusion  
 

This article highlighted the essential oil pesticides on three important components of the 
ecosystem (soil, plants, and humans). The harmful effects of essential oil pesticides were 
comprehensively discussed in terms of long-term side effects and others. In addition, their 
implications on human health were also observed. Pesticides in general are mobile in the soil and 
consequently affect the essential microorganisms and disturb the soil's organic matter, as well as 
other processes in the soil. Soil pH and sorption capacity can be negatively affected by the pesticide’s 
accumulation. Moreover, some pesticides have a harmful effect on soil microbial groups, such as 
rhizobiales. There is a considerable rule to produce pesticides before reaching the users. However, 
there are also some suggestions for biopesticides. Biopesticides are growing faster than synthetic 
pesticides and can provide advantages, including resistance to pests and residue control, in addition 
to low hazards to beneficial insects and other non-target groups when used in integrated pest 
management programs. Because labor is less expensive in developing nations than in industrialized 
ones, production can be more affordable, and wild flora is frequently extremely abundant, 
developing nations have a great deal of potential for using biopesticides. 

Given the vast quantity of plant stock needed for the manufacturing of biopesticides, large-scale 
plant cultivation employed in their production may be carried out on marginal territory unsuitable 
for agricultural crops in order to minimize the risk of competition with food crops. To reduce 
manufacturing costs and issues with waste landfilling, low-cost solvent processing and the extraction 
of biopesticides should be taken into account. The biopesticide products should thus be easily 
affordable for small farmers, allowing them to further introduce effective anti-pest control agents. 

Considering that biopesticides biodegrade easily, further research is still required to create 
solutions that have an extended shelf life without sacrificing their intended efficacy. It is important 
to carry out more research on the endurance of botanical pesticides, especially in outdoor settings. 
Thus far, a number of products have been found, extracted, and described that may eventually be 
turned into biopesticides. To be sure that the efforts made to date to identify and isolate these 
products have not been in vain, more study is necessary. Even while research on these biopesticides 
continue, obstacles to the effectiveness of some items have been found and need to be solved. 
Collaboration among stakeholders is still essential; therefore, biopesticide researchers must 
collaborate closely with business executives, farmers, legislators, public servants, and other relevant 
stakeholders. 
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