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Introduction
Endosulfan is an organochlorine insecticide, chemically belonging to the cyclodiene group (Min et 

al. 2012). Around the globe, it is extensively used as a major crop protecting pesticide in the agricultural 
and its allied sectors as an insecticide to control harmful insects (Li et al. 2009; Greeshma, et al. 2017; 
Verma, et al. 2011; Savvy Soumya, et al. 2017; Patocka, et al. 2016). Endosulfan is registered for use 
in the agricultural fields on a varied variety of fruits, cereals, oilseeds, vegetables, ornamental shrubs, 
vines, ornamentals, cashew, cotton, coffee, tea, paddy, potato as a pesticide, and also used as a wood 
preservative (Savvy, Soumya, 2017). Normally, Endosulfan does not soluble in saturated hydrocarbons 
such as hexane (WHO, 1980) and does not dissolve in water, but dissolves readily in xylene, chloroform, 
and kerosene and is easily soluble in most organic solvents and readily adheres to clay particles and persists 
in the soil particles and water for several years (Anonymous, 2000; Patocka, et al. 2016). In April 2011, 
the Stockholm convention has recommended a global ban on the production and use of Endosulfan in 
agricultural fields due to the dangerous tragedies triggered by it. World Health Organisation (WHO) 
categorizes Endosulfan as a moderately hazardous chemical substance (class II) and was banned due to 
adverse impacts and complications triggered on the health of humans, animals, and the environment 
(WHO, 2002; Irshad, et al. 2015). The toxic remains of the Endosulfan residues that persist in the 
environment are exposed to people through contaminated air, soil, water, and food. It is easily absorbed 
by the stomach, lungs, and the skin. Exposure may occur through breathing, eating, drinking, and skin 
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contact (Anonymous, 2000; Savvy Soumya, 2017).

The deadly toxic properties generated by these chemical pesticides can cause severe complications in 
the immune system of humans at very low levels of exposure. In developing countries, these pesticides 
have impacted mostly people with low levels of protein diets (ATSDR, 1993). The poisonous properties 
generated by the harmful Endosulfan residues resulted in severe health complications for human beings. 
People were suffering from severe multiple disorders and deformities such as the changes in the sex 
hormones (Saiyed, et al. 2003), Hypothyroid problems (Anonymous, 2001). The clinical signs of severe 
exposure include salivation, hyperactivity, respiratory distress, tremors, hunching convulsions, nausea, 
unconsciousness, coma, permanent brain damage, and even death (WHO, 2004). DNA damage, 
mutation in the somatic cells, changes in sex chromosomes, endocrine disruption, reproductive health 
problems in both male and females, cancerous growth, skin problems, infertility, children’s born 
with mental abnormalities and physical disfigurement and congenital birth defects, loss of immunity, 
neurological and mental diseases and high occurrences of neurological, congenital and reproductive 
abnormalities, blood cancer, endocrine disruption, CNS disorders, liver cancer, liver tissue injury, 
topical diseases, asthma, psychiatric disorders and suicidal tendencies, infertility and undescended testes 
among males, miscarriages, and hormonal irregularities among females, congenital anomalies, physical 
deformities, mental retardation, cerebral palsy, epilepsy, developmental delay in sexual maturity among 
the boys, hormone estrogen complication in females, reproductive and developmental damage in both, 
animals and humans, hydrocephalus, neurobehavioral disorders, a congenital malformation in both 
males and females, gynecological, reproductive complications in both male and female, new-born have 
suffered from abnormalities, seizure(fits), neurotoxicity, late sexual maturity, physical deformities, severe 
mental retardation, and other multiple abnormalities due to poisoning and even loss of family members 
were reported among the villagers residing in and around the plantations areas. The short-term toxic 
exposure has triggered long-term severe health complications among the people who are prone to deadly 
exposure (Dayakar et al. 2015; Andersen et al. 2002; Harikrishnan, 2004; Melangadi F., 2017; Patocka 
J. et al.2016; NIOH, 2002).

All over the world, several studies have established a connection between aerial spraying of Endosulfan 
pesticides and the growing health complications and disorders in human populations from toxic 
exposure (Savvy Soumya et al. 2017). The chemical pesticide Endosulfan was aerially sprayed widely on 
the government-owned cashew farms in the states of Kerala and Karnataka over two decades to control 
the tea mosquitoes that harmed the cashew fruits in the plantations. In the state of Kerala, the regular 
spraying of Endosulfan was started around 1981 by the Plantation Corporation of Kerala (PCK) in the 
division of Kasaragod and was sprayed two to three times a year in the 4696 hectares of cashew plantations 
of the Kasaragod district. The number of people affected is increasing drastically from the Endosulfan 
toxic exposure after the aerial spraying continuously for 20 years in the cashew plantations and about 
surrounding 15 villages half a million people were continuously exposed to exposure (Asha, et al. 2012).

In the year 2001, the Centre for Science and Environment conducted the Endosulfan tests to identify the 
prevalence of endosulfan toxic residues in the Endosulfan pesticide exposed village Padre in Kasaragod district 
in Kerala. After the examinations results showed the occurrence of poisonous consequences from Endosulfan 
pesticide. After the spraying of Endosulfan in the Kasaragod district of Kerala in 2011 about 9,000 individuals 
were affected by the deadly exposure, about 4,800 individuals were bedridden, and more than a thousand 
individuals have lost their lives and are resulted in the death of at least 4,000 people along with induced chronic 
health ailments in more than 10,000 inhabitants (Satheesh S., 2017). (Buckwald, et al. 2006).

According to Kerala, government authorities listed that there are 6,212 (assessment by the People 
10,000) victims who are prone to deadly exposure (Arjun Raghunath, 2019). The Karnataka Cashew 
Development Corporation Ltd. (KCDC), an organization undertaken by the government of Karnataka 
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has aerially sprayed 32,604 liters of highly toxic Endosulfan pesticide as an insecticide on the cashew 
plantations in the divisions of Puttur, Kumta, Kundapur, Moodbidri from the year 1980 to 2000 and in 
addition of 11,225 liters of Endosulfan was sprayed manually from the ground. After the trial spraying, 
more than 242 villages were exposed to the deadly toxic properties in the districts of Dakshina Kannada 
(3,762 persons), Udupi (1,557 persons), Karwar (1,793 persons) of Karnataka, and around 7,112 
persons were severely got affected by the deadly exposure (Arjun Raghunath, 2019). In the Dakshina 
Kannada district, around 90 villages in five talukas cover more than a thousand hectares of cashew farms. 
For about two decades, KCDC has sprayed the Endosulfan pesticide on the 3,500 hectares of cashew 
plantation areas and about 69 villages have reported the use of Endosulfan insecticide (Dayakar, et al. 
2015; Badiger, et al. 2019). Keeping the above background in mind, the present paper aims to assess 
the nature and prevalence of disabilities and health complications among Endosulfan pesticide-affected 
victims in the selected village of Karnataka state, India.

Material and Methods
The prevalence of disabilities and the health complications among Endosulfan pesticide-affected 

victims are ranging from most affected villages to least affected villages from toxic exposure to 
Endosulfan. The multistage sampling methods were used during sample data collection. Districts 
and Villages were selected based on the purposive sampling technique. The simple random technique 
was used for selecting the individual samples. Omnibus interview schedules were used for gathering 
information. A sample of 160 (65 males and 95 females) Endosulfan pesticide-affected victims of age 0- 

81+  years were collected from eight (8) harmful toxic exposed villages viz. Kokkada, Koyyur, Laila, Nidle, 
Patrame, Belaalu, Ujire, and Dharmasthala in the Belthangady taluk of Dakshina Kannada district of 
Karnataka, India. Age 0 represents the age of less than 1 year. For analysis of data, Statistical Package for 
Social Sciences (SPSS) 14.0 is used to know the frequency, percentage, chi-square, and cross-tabulation 
distribution. Traditional anthropological knowledge of fieldwork such as observation methods and 
informal interviews were utilized to understand the impact and nature of health complications.

Results and Discussion
A total of 160 (65 males and 95 females) samples were collected from eight village panchayats of Dakshina 

Kannada district depicting the frequency and percentages ranging from highest to lowest (Table-1).
Table-1: Village wise distribution of samples

Villages Size of  the 
sample

% to the total 
sample

Kokkada 38 23.8

Koyyur 29 18.1

Laila 20 12.5

Nidle 18 11.3

Patrame 18 11.3

Belaalu 16 10.0

Ujire 16 10.0

Dharmasthala 05 03.5

Total 160 100.00

Out of 160 samples, 38 were collected from Kokkada village with 23.8% of the total sample size. 
From Koyyur, 29 samples with 18.1%, 20 samples from Laila with 12.5%, 18 samples from Nidle with 
11.3%, 18 samples from Patrame with 11.3%, 16 samples from Belaalu with 10%, 16 samples from Ujire 
with 10%, and 5 samples from Dharmasthala with 3.5% were collected for the study. Among all Kokkada 
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village is the most affected village and Dharmasthala is the least affected by the Endosulfan pesticide.
Fig.1: Gender wise distribution of samples

Fig.1 depicts the gender-wise distribution of the Endosulfan pesticide-affected victims. Out of the 
total 160 samples, 65 were males with 40.6 percent and 95 females with 59.4 percent.

Fig.2: Age-wise distribution of samples

Fig.2 shows the age-wise distribution of Endosulfan pesticide-affected victims in the selected eight 
villages. The sample was distributed ranges from less than a year (0) to 81 and above aged group. Out of 
the total of 160 samples, 86 were grouped under the 0-25 aged group of 53.8 percent forming the major 
sample in size. There are 48 samples collected from the age group of 26-50 years. It forms the percentage 
of 30. Among the 51-80 age group, 24 samples were collected covering 15%. Only 2 samples were listed 
out under the 81+ age group with 1.3%.

Table-2: Age group-wise distribution of patients against consultation of doctors for treatment

Treatment wise specialists
Age Group

Total
0-25 26-50 51-80 81+

General Medicine 6 6 2 0 14

Psychiatry 51 19 4 0 74

ENT 6 1 2 1 10

Gynecology 2 13 7 0 22

Pediatric 7 0 0 0 7

General Surgeon 0 1 2 0 3
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Dermatology 0 0 1 0 1

Orthopedic 1 4 1 0 6

Neurology 10 3 2 0 15

Endocrinology 0 1 0 0 1

Ophthalmology 1 0 3 1 5

Pediatric Cardiologist 2 0 0 0 2

Total 86 48 24 2 160

χ2
= 88.45, df = 33 and p = 0.000

The pesticide-affected victims are suffering numerous health problems. The majority of them are 
having Psychological, Gynecological, and Neurological illnesses compared to diseases. Many patients are 
continuously taking treatment for different complications. Table-2 shows the Age-wise distribution of 
patients against treatment by the specialized doctors. 51 persons from the age group of 0-25, 19 persons 
from the age group of 26-50, and 4 persons from the age group of 51-80 are consulting the doctors for 
regular treatment for Psychological illnesses. 2 persons from the age group of 0-25, 13 persons from the 
age group of 26-50, and 7 persons from the age group of 51-80 are availing treatment for Gynecological 
related disorders. For Neurological problems, 10 persons from the age group of 0-25, 3 persons from 
the age group of 26-50, and 2 persons from the age group of 51-80 are suffering from disorders. The 
chi-square value shows that there is a significant age difference in consultation of doctors for treatment 
among Endosulfan victims (χ2= 88.45, df = 33, and p = 0.0001).

Table-3: Gender wise distribution of patients against Speciality Attended

Specialty Attended
Gender

Total
Male Female

General Medicine 7 7 14

Psychiatry 31 43 74

ENT 6 4 10

Gynaecology 0 22 22

Paediatric 3 4 7

General Surgeon 2 1 3

Dermatology 0 1 1

Orthopaedic 3 3 6

Neurology 9 6 15

Endocrinology 0 1 1

Ophthalmology 3 2 5

Paediatric Cardiologist 1 1 2

Total 65 95 160
χ2

= 22.79, df = 11 and p = 0.019.

Table-3 shows the Gender wise distribution of patients against Speciality attended for the treatments. 
The majority of the males and females are suffering from psychological illnesses and consulted a 
Psychiatrist for the treatment, total of 74 persons were getting treated out of 160, of which 31 were 
male and 43 were female victims. The 22 of the females are suffering from the problems associated with 
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fertility and consulted Gynecologists for the treatment. Some are suffering from Neurological illnesses 
and 15 victims of endosulfan pesticide consulted Neurological specialists for the treatment out of which 
9 males and 6 females. It has been observed that a greater number of females were consulting the doctors 
for various health complications. There is a significant gender difference in availing of the treatment was 
found among Endosulfan victims (χ2= 22.79, df = 11, and p <0.05).

Table-4: Gender wise distribution of samples with a Disability percentage.

Gender Disability % Total

0-25 26-60 61-80 81-100

Male 6 14 34 11 65

Female 34 11 40 10 95

Total 40 25 74 21 160
χ2

= 15.41, df = 3 and p = 0.001

Gender wise distribution of samples with different percentages of Disability and ranges from 0-100% 
(Table-4).  Out of 40, 6 males and 34 females fall under the category of 0-25%, whereas in this category 
the number of female victims is very high compared to the other gender (34>6). But in the category of 
26-60% disability, 25 victims fall in this category out of which 14 males and 11 Females. A total of 74 
victims fall under the percentage category of 61-80%, of which 34 are males and 40 are females. This 
category has the highest frequency of showing the disability in endosulfan pesticide victims regardless 
of gender. In the category of 81-100%, a total of 21 victims were assigned to this category out of which 
the males were 11 and the female were 10. Table-4 clear that the disability percentage against the gender 
was found statistically differ in Endosulfan victims (χ2= 15.41, df = 3, and p <0.01).

Fig-3: Age-wise distribution of samples with a disability percentage 

Fig.3 shows the Age-wise distribution of samples with different percentages of Disability and ranges 
from 0 to 81 and above with different percentages of disability. In the 0-25 age group 4 persons fall 
under the percentage category of 0-25%, 11 persons fall under the percentage category of 26-60%, 55 
persons fall under the percentage category of 61-80%, and 16 persons fall under percentage category of 
81-100%. In the 26-50 age group 19 persons fall under the percentage category of 0-25%, 8 persons fall 
under the percentage category of 26-60%, 16 persons fall under the percentage category of 61-80%, and 
5 persons fall under percentage category of 81-100%. In the 51-80 age group 16 persons fall under the 
percentage category of 0-25%, 6 persons fall under the percentage category of 26-60%, 2 persons fall 
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under the percentage category of 61-80%, and 0 persons fall under percentage category of 81-100%. In 
the 81-100 age group 1 person falls under the percentage category of 0-25%, 0 person falls under the 
percentage category of 26-60%, 1 person falls under the percentage category of 61-80%, and 0 person 
falls under percentage category of 81-100%. Therefore, it was found that more percentage of people 
succumb to disability under the age group of 0-25.

Table-5: Gender-wise prevalence of Health Problems/ Diagnosis

Diagnosis/Health complications Male % Female % Total %

Asthma 1 1.54 0 0.00 1 0.63
Epilepsy 4 6.15 3 3.16 7 4.38

Pterygium 0 0.00 1 1.05 1 0.63

Glaucoma 1 1.54 0 0.00 1 0.63

Bilateral Corneal Opacity 0 0.00 1 1.05 1 0.63

Primary Infertility 0 0.00 11 11.58 11 6.88

Bipolar Affective Disorder 0 0.00 1 1.05 1 0.63

Mild Hearing Loss 1 1.54 1 1.05 2 1.25

Infertility 0 0.00 7 7.37 7 4.38

Congenital Heart Disease 1 1.54 1 1.05 2 1.25

Bilateral Hearing Loss 3 4.62 3 3.16 6 3.75

Limb Spondylosis 0 0.00 2 2.11 2 1.25

Primary Sterility 1 1.54 0 0.00 1 0.63

Blind Both Eyes 1 1.54 0 0.00 1 0.63

Carcinoma Ovary 0 0.00 3 3.16 3 1.88

Acute Glomerulonephritis 1 1.54 0 0.00 1 0.63

Mass: Supra Renal Gland 1 1.54 0 0.00 1 0.63

Prurigo Nodularis 0 0.00 1 1.05 1 0.63

Lumbar Spondylosis 1 1.54 1 1.05 2 1.25

Seizure Disorder 3 4.62 1 1.05 4 2.50

Duodenal Ulcer 1 1.54 1 1.05 2 1.25

Hyperactive Airway Disease 0 0.00 1 1.05 1 0.63

Thyroid Swelling 0 0.00 1 1.05 1 0.63

Premature Ovarian failure 0 0.00 1 1.05 1 0.63

Haemo Fibroma 0 0.00 1 1.05 1 0.63

Depression 1 1.54 0 0.00 1 0.63

Global Development Delay 1 1.54 1 1.05 2 1.25

ITP 1 1.54 0 0.00 1 0.63

Schizophrenia 4 6.15 2 2.11 6 3.75

Deformed Right Elbow 1 1.54 1 1.05 2 1.25

Mild Mental Retardation 13 20.00 13 13.68 26 16.25

Monoperasis 1 1.54 0 0.00 1 0.63

Moderate Mental Retardation 7 10.77 22 23.16 29 18.13
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Deaf-Mute 2 3.08 0 0.00 2 1.25

Cerebral Palsy 8 12.31 5 5.26 13 8.13

Retinal Detachment Right Eye 1 1.54 0 0.00 1 0.63

Severe Mental Retardation 3 4.62 6 6.32 9 5.63

Down’s Syndrome 1 1.54 0 0.00 1 0.63

Chronic Kidney Disease 1 1.54 0 0.00 1 0.63

Buccal Mucosa Carcinoma with SNHL 0 0.00 3 3.16 3 1.88

Total 65 100.00 95 100.00 160 100.00
χ2

= 55.59, df = 39 and p = 0.041

Table-5 shows the Gender-wise prevalence of health problems among the Endosulfan pesticide 
affected male and female victim’s samples with percentage.  Many of the Endosulfan pesticide-
affected victims are suffering from the severe health complications such as Epilepsy, Moderate Mental 
Retardation, Mild Mental Retardation, Severe Mental Retardation, Seizure Disorder, Cerebral Palsy, 
Epileptic Seizures (Kutluhan et al., 2003), Bilateral Hearing Loss, Schizophrenia, Buccal Mucosa 
Carcinoma with SNHL, etc. The results found that out of 95 female victims most of them were suffering 
from the health complications related to Infertility (7 with 7.37%) and Severe Mental Retardation (6 
with 6.32%), Cerebral Palsy (5 with 5.26%), Moderate Mental Retardation (22 with 23.16%), Mild 
Mental Retardation (13 with 13.68%), Carcinoma Ovary (3 with 3.16%), Buccal Mucosa Carcinoma 
with SNHL (3 with 3.16%). The statistical value shows that there are significant gender differences in 
the diagnosed disorders among the affected victims (χ2= 55.59, df = 39, and p <0.05).

Conclusion
Based on the findings, Pesticides are hazardous destructive toxic chemical substances which are 

resulted in severe complications and damage to humans, animals, and the environment. The affected 
victims are suffering numerous health problems. The majority of the Endosulfan pesticide-affected 
victims are suffering from Psychological, Gynecological, and Neurological illnesses, etc. The majority of 
female victims are suffering from problems related to Infertility and Mental illnesses. It was found that 
more percentage of affected victims fell under the age group of 0-25. The chi-square analysis revealed 
that age-wise, gender-wise, speciality-wise, disability-wise and disorder-wise distribution of Endosulfan 
affected victims were statistically changed (p<0.05). Therefore, it is required to conduct further studies 
to understand the veracity of disorders and treatment patterns reported in the Endosulfan affected areas 
of Karnataka. Concerned authorities need to take further progress to develop permanent rehabilitation 
centres and health care facilities by introducing specific schemes and programs.
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