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Abstract
Pesticidal demand in the present era have been increased in order to enhance crop productivity and to eliminate further economic losses. Any Substance capable of managing, preventing, repelling and even controlling pest population and preventing from causing damage is referred as a Pesticides. In last few years it has been seen that pesticidal toxicity are leading to severe health consequences. Parental exposure and early age or adolescence exposure can be linked with several human diseases. At cellular level, pesticides can cause several epigenetic and genetic changes with serious direct or indirect threats. Exposure to pesticides through direct or indirect means can result in chronic or acute toxicity. They also cause several neurogenic, carcinogenic as well as reproductive illness in man. In order to mitigate these problems, it is advised to make the end users aware of the consequences and educate them regarding different symbols related to the pesticides and its toxicity. 
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1. Introduction
The word Pest is derived from the word Pestis and the chemicals used to control them are referred as Pesticides. Chronic poisoning in man is generally occupational, the worker and pest control operators are prone to this type of poisoning. The studies of toxicity in man are studied by three approaches and they are occupational exposure, controlled feeding test and accidental poisoning. To test the chemicals as an insecticide they are first tested on different experimental animals. To cure different type of poisoning, the most successful approach is the use of narcotic or anesthetic agents such as chloral hydrate, phenobarbital or pentobarbital. Generally, as a first line of defense the toxicant is tried to be eliminated from the body of any organism. If the poisoning is by topical contact, it is generally washed with water and detergent. To internally remove the presence of any insecticidal toxic residues from the body, syrup of ipecac and saline laxatives are used commonly. Oil laxatives are neglected as they can cause absorption of this molecules and many other related solvents. In animal’s tranquilizers are used by veterinarians to control these violent forms of activity, the main motive being to calm the animals. Control of dosage is the key for the use of insecticides or pesticides safely [1].
Acute toxicity and its further relationship between the right dosage and effect is expressed in the terms of LD50. Acute toxicity is the potential-ability of a substance to cause effects which are harmful and they develop as soon as they are exposed while Chronic toxicity is the ability of a chemical substance to cause detrimental health effects generally when exposed for long term. The hazard in the pesticides depends on the dosage. Sometimes the pesticides at a larger dose is harmful while some molecules can be proven to be dangerous after repeated short doses, when the LD50 value of an insecticides is smaller it is considered to be more toxic. LD50 is referred as the total quantity or amount of pesticides which can kill 50% of the test animals. Generally, there are different mode of treatments including dermal and oral. The values are given in milligrams per kilograms of the body weight (mg/kg body weight). LC50 is the concentration of a pesticide which is turned to be lethal to 50% of test population when is exposed to certain periods [2,3]. 

1.1  Classification of insecticides by Insecticide Resistance Action Committee (IRAC)
Insecticide Resistance Action Committee (IRAC) classified insecticides into different groups on the basis of their mode of action.

	List 1 : Classification of insecticides by INSECTICIDE RESISTANCE ACTION COMMITTEE (IRAC)

	Serial Number
	Main Group
	Sub Group and Class

	01
	Acetylcholinesterase (AChE) inhibitors
	1A Carbamates

	
	
	1B Organophosphates

	02
	GABA-gated chloride channel blockers
	2A Cyclodiene Organochlorines 

	
	
	2B Phenylpyrazoles

	03
	Sodium channel modulators
	3A Pyrethroids 

	
	
	3B DDT

	04
	Nicotinic acetylcholine receptor (nAChR) competitive modulators
	4A Neonicotinoids 


	
	
	4B Nicotine 

	
	
	4C Sulfoximines 

	
	
	4D Butenolides 

	
	
	4E Mesoionics 

	
	
	4F Pyridylidenes

	05
	Nicotinic acetylcholine receptor (nAChR) allosteric modulators – Site I
	Spinosyns

	06
	Glutamate-gated chloride channel (GluCl) allosteric modulators
	Avermectins, Milbemycins

	07
	Juvenile hormone receptor modulators
	7A Juvenile hormone analogues 

	
	
	7B Fenoxycarb 

	
	
	7C Pyriproxyfen

	08
	Miscellaneous non-specific (multi-site) inhibitors
	8A Alkyl halides

	
	
	8B Chloropicrin

	
	
	8C Fluorides

	
	
	8D Borates

	
	
	8E Tartar emetic

	
	
	8F Methyl isothiocyanate generators

	09
	Chordotonal organ TRPV channel modulators
	9B Pyridine azomethine derivatives

	
	
	9D Pyropenes

	10
	Mite growth inhibitors affecting CHS1
	10A Clofentezine Diflovidazin Hexythiazox

	
	
	10B Etoxazole

	11
	Microbial disruptors of insect midgut membranes
	11A Bacillus thuringiensis

	
	
	11B Bacillus sphaericus

	12
	Inhibitors of mitochondrial ATP synthase
	12A Diafenthiuron 
12B Organotin miticides 
12C Propargite 
12D Tetradifon

	13
	Uncouplers of oxidative phosphorylation via disruption of the proton gradient
	Pyrroles 
Dinitrophenols 
Sulfluramid

	14
	Nicotinic acetylcholine receptor (nAChR) channel blockers
	Nereistoxin analogues

	15
	Inhibitors of chitin biosynthesis affecting CHS1
	Benzoylureas

	16
	Inhibitors of chitin biosynthesis, type 1
	Buprofezin

	17
	Moulting disruptors
	Cyromazine

	18
	Ecdysone receptor agonists
	Diacylhydrazines

	19
	Octopamine receptor agonists
	Amitraz

	20
	Mitochondrial complex III electron transport inhibitors
	20A Hydramethylnon 
20B Acequinocyl 
20C Fluacrypyrim 
20D Bifenazate

	21
	Mitochondrial complex I electron transport inhibitors
	21A METI acaricides and insecticides 
21B Rotenone

	22
	Voltage-dependent sodium channel blockers
	22A Oxadiazines 
 22B Semicarbazones

	23
	Inhibitors of acetyl-CoA carboxylase
	Tetronic and Tetramic acid derivatives

	24
	Mitochondrial complex IV electron transport inhibitors
	24A Phosphides 
24B Cyanides

	25
	Mitochondrial complex II electron transport inhibitors
	25A Beta-ketonitrile derivatives
25B Carboxanilides

	28
	Ryanodine receptor modulators
	Diamides

	29
	Chordotonal organ nicotinamidase inhibitors
	Flonicamid

	30
	GABA-gated chloride channel allosteric modulators
	Meta-diamides

	31
	Baculoviruses
	Granuloviruses (GVs) Nucleopolyhedroviruse s (NPVs)

	32
	Nicotinic Acetylcholine Receptor (nAChR) Allosteric Modulators - Site II
	GS-omega/kappa HXTX-Hv1a peptide

	33
	Calcium-activated potassium channel (KCa2) modulators
	Acynonapyr

	34
	Mitochondrial complex III electron transport inhibitors – Qi site
	Flometoquin	

	35
	RNA Interference mediated target suppressors
	Ledprona

	36
	Chordotonal organ modulators – undefined target site
	Pyridazine pyrazolecarboxamides



Source : https://irac-online.org/mode-of-action/classification-online/ [28]

Carbamate and Organophosphates insecticides targets and inhibits the Acetyl Choline Esterase (AChE) enzyme which causes hyper excitation.  GABA activated chloride chloride channel is blocked by Cyclodiene organochlorines and Phenylpyrazoles pesticides. Hypersensitivity and Convulsions are its chief symptoms. Synthetic pyrethroids, Natural pyrethrin and DDT cause the sodium channels to remain open initiating hyperexcitation and nerve blockage. Insecticides groups like neonicotinoids binds to the acetyl choline site on nAChRs causing lethargy and paralysis [4]

2. Pesticides Residues
Any Substance that is found on food, any agricultural commodity or feed for animals having traces of pesticides are referred as Pesticides Residues. This is generally caused when the pesticides are sprayed during the process of production or storage. Harmful bio magnification and bio accumulation effects are also caused when these pesticides traces are found in water within the food chain. Pesticides Risk Assessments (PRA) to humans are evaluated by WHO in collaboration FAO.  Different Parameters like MRL (Maximum Residue Limit), ADIs (Acceptable Daily Intakes), Acute Reference Doses (ARfDs) are estimated by different commodities for lifetime food consumption. MRL depends on the crop in which it is typically used Extraneous MRLs is the highest limit of residues that can be left over by a Pesticide [4]. A Study across five European countries during 2014 revealed that almost 84% of humans including adults and children contains traces of pesticides in their body. When humans are exposed to these pesticides, they are linked to chronic or acute toxicity. These include
2.1 Acute toxicity 
Rashes, Stinging eyes, Blisters, Skin allergies, nausea, dizziness and diarrhea are the major short term acute toxicity that is generally caused when exposed to these chemical pesticides. Agriculture workers are generally prone to chronic cough, respiratory bronchitis and lung disorders [5]. For Instances, Pesticides like pyrethrin/pyrethroid, organophosphate and carbamate pesticides are said to cause acute toxicity in human.
2.2 Chronic toxicity 
Reproductive harms, cancers, neurological and birth defects are the general disorders developed by long term exposure to these chemical pesticides.[5] For Instances, Pesticides like Cypermethrin, fenvalerate, and deltamethrin are said to cause chronic toxicity in human.

Chronic effects are further divided into
1.Neurological chronic toxicity and its effects
2.Carcinogenic or Genotoxic chronic toxicity and its effects
3. Reproductive chronic toxicity and its effects
a) Neurological chronic toxicity and its effects
When the Central Nervous System (CNS) or Peripheral Nervous System (PNS) is affected with these chemicals they are considered to cause neurological toxicity. They generally disrupt the cytoskeleton and neurons damaging the mitochondrial region of the cell. Children are usually more susceptible to this neurological toxicity. Pesticides when penetrate through the blood enters into the brain cells and finally it leads to disruption of the blood brain barrier receptors.  Tremors, salivation syndrome and neurodevelopmental damage are its profound symptoms. Parkinson disease and detoriations of cognitive functions like verbal fluency are also seen [4].
b) Carcinogenic chronic toxicity and its effects
Agents that is capable of alterations or rupturing of the genetic materials is identified genotoxic agents. They imbalance the polymerization of proteins and embryonic developments. Clastogeny and Aneuploidy are also its major symptoms. Carcinogenic cells are the cells which causes cancer, while cancer can be defined as the uncontrolled excessive growth of cells. A cancer can develop by multi factoral complex including genetic change, irregulated lifestyle changes or exposure to any chemical range. The exposure to insecticide are the slow chronic stimulant to cause cancers [6,7]. 
Some of the major type of cancers include: 
a. Brain cancers are caused commonly in children as a result of parental occupation, prenatal exposure. When either of the parents reside in a farm having piggery unit or when the parents are exposed to pyrethrum which is generally used to control dipteran pests and thus results in cancers and tumors in brain
b. Breast cancer: Almost 600 Pesticides out of 800 total Pesticides used, are Endocrine Disrupting Pesticides (EDPs) which are the source of tumors promoters and can widely causes breast cancers. [6]
c. Prostate cancer: In male, it is common and accounts about 7% in total. Most of these cancers are androgen dependent and can be stimulated by the exposure of hormone disrupting Pesticides. [7] 
c) Reproductive Chronic Toxicity and its effects
In order to maximize the food production, to satisfy the requirements of the growing population, advantageous chemicals like pesticides and fertilizer were used, but due to the heavy / inadequate and non-advised use of these chemicals lead to serious health hazards which includes the deterioration of male reproductive system i.e., decline of sperm counts. The food we ingest, the type of air we inhale, the water we drink to quench our thirst and the environment in which we survive; all of these are polluted with the contaminated xenobiotics. In the last 15 years it is seen that there is a sharp incline in the use of synthetic pesticides in order to achieve higher yields, but this didn't rise the cost of production but it leads to serious environment hazards. In 1975, a case study revealed that when the labours working in the chemical factory visited a physician for having constant headache and tremors, the physician found that his body was contaminated with Chlordecone chemical. During the survey when all the labours of the factory were examined it was seen that only 25% of the workers were having normal sperm count, rest everyone had a sharp decline in their sperm count. Their sperm couldn't swim like a normal sperm. [8]
2.3 Health Hazards to Male Reproductive Health in contact with different listed pesticides
a) Carbaryl [1 A , Carbamates]
Carbaryl is a wide spectrum insecticide. A survey on carbaryl factory indicated a sharp decline in quality and quantity of sperm count of the workers. Reproductive processes including spermatogenesis were disturbed and a cellular mass in the lumen of tubulars were also seen [10, 11 ]. 
b) Carbofuran [1 A, Carbamates]
When carbofuran was ingested orally to adult male rats at different concentrations it was seen that there was a decline in weight of epididymis, prostate, seminal vesicles and coagulating glands. Additionally, decreased sperm motility and epididymal sperm count were also decreased [12].
c) Chloropyriphos [1 B , Organophosphates]
When chloropyriphos was tested orally at different levels to male rats it was seen that serum testosterone concentration reduced in rats and there was a marked reduction of sperm counts. histological analysis also revealed that there was slight degeneration in seminiferous tubules [13].
d) Endosulfan [Organochlorine, Cyclodiene sub group ]
Repeated exposure to Endosulfan may result in extreme delay of sexual maturity and synthesis of hormones in male children. Endosulfan enhanced the incidence of abnormal spermatozoa [14, 15].
e) Dimethoate [1 B , Organophosphates]
A Sub-chronic effect of dimethoate was seen on testis of rats. Rats treated with dimethoate showed an abrupt decrease in testis weight. Dimethoate also caused serious tissue damage in the testis. Also few reports have indicated about the decline in Reproductive capabilities of male rats when in contact with dimethoate including the sharp decline of viability, mobility and density of sperm count [16].
f) Lindane [Organochlorine]
Lindane is an organochlorine pesticide and is directly linked with reproductive and carcinogenic properties in male. endocrine disruption in birds and mammals were also seen. impaired reproductive performance was also seen [17].
g) Malathion [1 B , Organophosphates]
Repeated investigation in testing malathion indicated reduction in the weight of testis and other Reproductive organs. Testosterone levels were also decreased when exposed with the chemical [18].
h) Organophosphates [1 B]
Results showed that there is a sharp decline in male fertility, serum total protein and   sperm density. Histological analysis revealed that there is inhibition of spermatogenesis and enlargement of interstitial space. This concludes that there are severe reproductive hazards seen in man like decline in sperm count . Infertility is one of the common results of pesticidal exposure. This there is a need for constant monitoring of congenital malformations as well as growth and development. The general public needs to be educated to mitigate this issue. These data need to b researched again as little findings are available on this topic [20, 21].
i) Multiple Pesticides Exposure
A study revealed that when the male workers working in different pesticides unit were examined, they were medicated to several male reproductive defects which includes the neo-natal births, abortion of child in mother’s womb, stillbirths and congenital defects [22]. Shocking results were seen when the workers working in DDT industry were examined they showed a decrement in serum volume and serum regulated testosterone levels. Loss of gametes in the lumen of seminiferous tubules were also seen during the histological analysis [23].
3. Humans and Pesticide Exposure 
Generally, there are three ways in which humans comes in contact with any pesticides and they are, Dermal – by Skin, Oral – by mouth and Respiratory – by lungs [24, 25].
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Fig. 1 : Relative Absorption rates as compared to forearm
3.1 Exposure via Skin – Dermal Exposure
In certain work conditions skin exposure is one of the major routes for poisoning. Recent studies have notified that the absorption of pesticides continues as long as the pesticides comes in contact with the skin. Interesting results have been found that the rate of absorption of pesticides is different for each of the human body parts. Areas including the genitals and head region are more vulnerable to this pesticide attacks. Applicators or workers in the pesticide industry are advised to take safety precautions due to the above-mentioned reason. Additionally, if there is any cut or damaged skin of the applicator, user or worker of the concerned field the rate of absorption of chemicals is extremely high. The dermal toxicity depends on the formulation of the pesticides, duration of exposure as well as the area of body which is contaminated by the pesticides. Studies have revealed that Liquids are more absorbed by the body when exposed rather than WP or Granules. High risk of absorption and toxicity is seen when the workers mix the pesticides, as the pesticides are in concentrated form with a high level of active ingredient. 


Steps to protect from Dermal Exposure
1-	Covered protective clothes are to be worn especially during the spraying, mixing and spraying the pesticides
2-	Special attention should be given to pesticidal drift, measures should be taken to spray when there is no or less wind.
3-	Provisions should be made by the farmers to attach a banner or poster in the field to make people aware about the insecticidal spray. 
4-	It is advised to change the clothes if it gets contaminated 
5-	After application of pesticides it is recommended to wash the affected area or to have a good shower
     3.2 Exposure via EYE 
Eye is considered to be a soft delicate organ which is composed of sensitive absorbent tissues which are prone to pesticides and its relative toxicity. Any fatal reaction due to poisoning can lead to loss of sight. So this can be avoided by use of glasses which act as shield for the eyes during the procedure of mixing and application of these highly concentrated products.
Steps to mitigate
•	To avoid fatal contamination in eyes it is always advised to use face shield, goggles or glasses during the time of mixing and application.
•	Special care should be taken during dusting. 
•	Avoid touch with pesticides contaminated dust.
•	Always be prepared and keep a First Aid Kit in the store to resolve this issue.
3.3  Exposure via Mouth : ORAL EXPOSURE
One of the most severe contaminations related to pesticide is caused by engulfing or ingesting the pesticides accidentally. In India it is seen broadly that pesticides remain unlabeled and are stored in bottles, children’s without any knowledge of the pesticidal presence in the bottle, consume it and are prone to the toxicity. Additionally, gloves should be made mandatory while the application and the user must wash his/her hands as the applicator may be prone to some amount of pesticidal residues during the process of feeding.
Steps to protect yourself
-	Pesticides should be stored in their respective labelled containers
-	To avoid any serious health hazards pesticides should never be placed in any soft drink bottles or food related containers
-	Avoid using your teeth/mouth to open any container 
Wash your hands after spraying of pesticides and prior to eating
3.4 Exposure via Respiratory organ, Lungs : RESPIRATORY EXPOSURE
Many evidence is seen where the pesticides are inhaled in sufficient amount so as to cause sufficient damage to the tissue of lungs, nose and throat. even some pesticides when absorbed through lungs can mixed into the blood stream causing serious health hazards.   Air droplets / Vapors or dust and WP are the prone to respiratory toxicity as during the mixing and application there may be a chance of inhaling particles of pesticides having chances of high vapor hazards is usually labelled and the label must contain the direction to use the chemical and the equipment that must be worn to get protected from the health hazards, so these warnings and directions must be followed. Some of the directions are noted down
1. Appropriate fitting respirator must be worn and used
2. It is advised not to enter the treated area as it can lead to hazards 
3. When temperature is above 30°C it is advised not to apply the pesticides
4 Hazards and Warning Symbols
Labels must contain the Warning symbols indicating pesticide hazards and the kind of damage they can cause. It is usually a alert guide to the user so they can use the pesticides efficiently and with knowledge of the type of harm they can get if the pesticides are ill-treated [ 26 ].
4.1. Poisonous Symbol : A Skull with two bones indicate that the chemical is poisonous and can cause devastating losses if inhaled , ingested or ill treated
4.2. Flammables: The pesticides which can catch fire with a spark or the chemicals which gets ignited are usually labelled flammable. This indicates that the pesticides should be kept away from fire.
4.3. Explosives:  A Explosive grenade is its symbol which details about the fact that the pesticides can explode and cause harm to man or its belongings 
4.4. Corrosion: A corroded hand is its symbol, which indicates that the chemicals is either a strong alkali or acid which can burn the skin when it comes in contact.
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	Fig. 2: Poisonous Symbol

	Fig. 3: Flammable Symbol
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	Fig. 4: Explosive Symbol

	Fig. 5: Corrosion Symbol




5 Positive Effects of Biopesticides on Human Health
A Million years ago, our ancestors used different biotechnological approaches i.e., the use of microorganisms for example yogurt formation, and yeast formation which include some processes involving this microorganism. Present day study analyses and interprets the genetic modification of the targeted organism by insertion of a specific genetic material from one living organisms to the other. Biotechnology can be significantly used to control and manage the pest population thus preventing the use of chemicals aiding in sustainability. Organic food market is overall growing these days as the consumer are thrilled to pay extra for the pesticide and chemical free food items. Biotech Based Bio Pesticides are now an effective alternative to the chemicals as they can easily combat the pathogens. Keeping a view on Biocidal product of plant origin can prevent the intensity of fungal as well as insects and cause economic damage. Effectiveness of these can create popularity of acceptance among farmers. Biotech Pesticides also nurtures the nature' and has observable benefits. They are also beneficial for soil and also for the overall environmental conditions. As they are used in small quantity and has the chance of mutation it is generally seen that they also reduce the labor cost. The mode of action of such biopesticides should be the pre-requisite knowledge before its further application. Hence a biopesticides cannot be considered nontoxic, because of its natural origin, but it can be considered that they are non-toxic to human beings [27].
Conclusion
The use of pesticides in a vast Country like India is of utmost necessary for maintaining the food security and other vector controls. Keeping this importance in mind it can be clearly stated that use of pesticides in future cannot be withdrawn but the use of pesticides with care and caution is advised for attaining sustainability in agriculture. epidemiological studies relate the growth of diseases like leukemia and cancers in the present when exposed to a certain limit of pesticides either in short or long term. Even new born are also affected when their parents are exposed in the pre natal period. As Human / Animal study is often difficult, expensive and can rise the ethical complexities, Model organisms must be tested before delivering the new Pesticides into the market with a proper sense of research. The chemicals which are of extreme harm needs to be banned. Proper use of these insecticides according to their labelled safety measure need to be evaluated and awareness must be spread in order to prevent any further risk among the end users. New approaches like RNAi must be considered. Proper IPM Practices can regulate the sustainability.
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