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Abstract

As widely used agricultural chemicals, pesticides are main source of air, water and soil pollution. They
are also significant risk factors on human life not only effects on health as a result of misuse or accident,
but also via leave a lasting harmful chemicals into the environment. The aim of this study is to
investigate relationship between pesticides and human health. OECD environment statistics and WHO
health statistics are used for the analysis. Pesticides variables are defined as insecticide, fungicide,
herbicide and other pesticides sales, tonnes of active ingredients. Quality of life variables are defined as
lung cancer (DALYs/1000 capita) per year, asthma (DALYs/1000 capita) per year, Chronic Obstructive
Pulmonary Disease-COPD (DALYs/1000 capita) per year, respiratory infection (DALYs/1000 capita) per
year, cardiovascular disease (DALYs/1000 capita) per year, under age 5 mortality rate per 1000 live
births. Canonical correlation analysis is used to explain the correlation between two data sets. As a
result, it has been found positive associations between agricultural pesticide use and health risk.
Insecticide has the most negative effect on the health. The present study finds no significant relationship
between fungicide/herbicide sales and health factor. There is a strong significant positive link between
pesticide sales and under age 5 mortality rate. Pesticide has also an impact on respiratory infection and
cardiovascular disease. Production, use, storage, packaging and disposal of packaging after use
processes of pesticides should be controlled. The use of pesticides should be minimized by the policies
such as biological management of the pest and good agricultural practices.
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Introduction
Pesticides represent widely used chemical substances in
agriculture to increase production and quality through
controlling pests and pest-related diseases. The widespread use
of pesticides is a significant source of air, water and soil
pollution. Pesticides are also very important risk factors on
human life not only effects on health as a result of misuse or
accident, but also via leave a lasting harmful chemicals into the
environment.

The majority of pesticides are not specifically targeting the
pest, during the application non-target plants and animals are
also affected. It has been estimated that only about 0.1%
pesticides reach the target organisms and the remaining applied
pesticides contaminates the surrounding environment [1]. All
creatures, humans and the environment are at risk of adverse
effects of pesticides but especially agricultural workers and
family members of pesticide applicators have the highest risk
of exposure [2]. The leading causes of work-related pesticide
exposures are accidental spillage of pesticides, leakages from
its packaging, not using or incorrect uses of equipment, and
failure to comply with safety guidelines [3]. People may be

exposed to pesticides by producing, transporting, preparing for
application, applying or entering pesticide-applied area [3,4].
Using pesticides-effected material or product is also a main
source of exposition.

The effects of agricultural pesticides on non-target organisms
continue to become a major problem in the society. Many
studies have examined the effects of pesticides exposure on a
lot of health problems especially the risk of cancer. The
purpose of this study is to analyze the impact of pesticides used
in agriculture applications on human health using data from
OECD environment statistics and WHO health statistics.

Materials and Methods

Data
Data of this study was collected from 20 countries (Austria,
Belgium, Czech Republic, Denmark, Finland, France,
Germany, Greece, Hungary, Ireland, Netherlands, Norway,
Poland, Portugal, Slovakia, Slovenia, Sweden, Switzerland,
United Kingdom and Turkey). For this study, the countries
were selected due to data quality and data availability both of
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OECD environment statistics and WHO health statistics. WHO
statistics were used as the main source of health risk (Estimates
based on Comparative Risk Assessment, evidence synthesis
and expert evaluation for regional exposure and WHO country
health statistics-2004 by WHO) [5] data set (Y variables set)
and are defined as;

y1: Lung cancer (disability-adjusted life years (DALYs) /1,000
capita) per year.

y2: Asthma (DALYs/1,000 capita) per year.

y3: Chronic Obstructive Pulmonary Disease-COPD (DALYs/
1,000 capita) per year.

y4: Respiratory infection (DALYs/1,000 capita) per year.

y5: Cardiovascular disease (DALYs/1,000 capita) per year.

y6: Under age 5 mortality rate per 1,000 live births.

OECD environment statistics were used as the main source of
pesticide (sales tonnes of active ingredients, average
2004-2011) [6] data set (X variables set) and are defined as
follows;

x1: Insecticide sales, tonnes of active ingredients.

x2: Fungicide sales, tonnes of active ingredients.

x3: Herbicide sales, tonnes of active ingredients.

x4: Other pesticides sales, tonnes of active ingredients.

Statistical method
In this study, canonical correlation analysis (CCA) is used to
explain the linear correlation combination between X and Y
variable sets by using XLSTAT and NCSS package programs.
CCA is a way of measuring the linear relationship between two
multidimensional variables as one of the most general

multivariate techniques. For more information about CCA, see
references [7].

Results
Descriptive statistics (the mean values and standard deviation)
of each variable considered in both sets are presented in Table
1.

Table 1. Descriptive statistics.

Type Variable Mean Standard Deviation

Y Lung cancer 1.195 0.445

Y Asthma 0.75 0.274

Y COPD 0.58 0.307

Y Respiratory infection 0.48 0.419

Y Cardiovascular disease 3.88 1.317

Y 5> mortality 5.9 4.898

X Insecticide 952.85 1876.414

X Fungicide 4599.65 8039.013

X Herbicide 4783 5867.554

X Other pesticides 1899.95 2672.179

The Pearson’s correlations between health risk and pesticide
variables are presented in Table 2. According to the result of
the current study, the association between under age 5
mortality rate per 1,000 live births and insecticide sales is very
strong. Insecticide is also positively correlated with respiratory
infection and cardiovascular disease. There is also a positive
relationship between other pesticides sales and under age 5
mortality rate.

Table 2. Correlation matrix.

Variables Lung
cancer

Asthma COPD Respiratory Cardiovascular 5> mortality Insecticide Fungicide Herbicide Other

Lung cancer 1 -0.50 0.50 -0.24 0.56 -0.12 0.00 0.08 0.21 0.07

Asthma -0.50 1 -0.06 0.10 -0.50 0.16 -0.04 -0.01 0.02 0.15

COPD 0.50 -0.06 1 0.04 0.29 0.18 0.12 -0.28 -0.10 -0.08

Respiratory -0.24 0.10 0.04 1 0.34 0.80 0.67 -0.14 -0.14 0.21

Cardiovascular 0.56 -0.50 0.29 0.34 1 0.30 0.36 -0.22 -0.09 -0.05

5> mortality -0.12 0.16 0.18 0.80 0.30 1 0.91 -0.01 0.09 0.46

Insecticide 0.00 -0.04 0.12 0.67 0.36 0.91 1 0.20 0.22 0.58

Fungicide 0.08 -0.01 -0.28 -0.14 -0.22 -0.01 0.20 1 0.85 0.84

Herbicide 0.21 0.02 -0.10 -0.14 -0.09 0.09 0.22 0.84 1 0.84

Other 0.07 0.15 -0.08 0.21 -0.05 0.46 0.58 0.84 0.84 1

The test statistics for the canonical correlation analysis are
presented in Table 3. The canonical correlation between the
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first pair (0.966) was found to be significant (p<0.01) from the
likelihood ratio test. The remaining canonical correlation is not
statistically significant (p>0.05).

By construing the first canonical variate it is possible to find
relationship between health risk and pesticide as rate of 93 %.
For the variate there is very strong significant correlation
between health risk and pesticide.

Table 3. Canonical correlations section.

Variate

Number

Canonical

Correlation

R-
Squared

F-Value Num

DF

Den

DF

Prob

Level

Wilks'

Lambda

1 0.966212 0.933566 2.97 24 36 0.00156
3

0.02237
9

2 0.648965 0.421156 0.99 15 31 0.48747
5

0.33685
8

F-value tests whether this canonical correlation and those following are zero.

The first canonical variate suggests that about 26.8% of the
variation in Y variables is explained by the X variables and
about 27% of the variation in X variables is explained by the Y
variables. To evaluate the important accounts of the significant
canonical function, canonical loadings were used in this study.
Canonical loadings greater than ± 0.30 were considered to be
important. The variable-variate correlations (canonical
loadings and canonical cross loadings) of the first canonical
variate are presented in Table 4. Under age 5 mortality rate per
1,000 live births, insecticide sales, respiratory infection, other
pesticides sales and cardiovascular disease are the most
influential variables in forming Y1 and X1. This means,
insecticide has the most negative effect on the health. The
present study finds no significant relationship between
fungicide/herbicide sales and health factor. There is a strong
significant positive link between pesticide sales and under age
5 mortality rate. Pesticide has also an impact on respiratory
infection and cardiovascular disease.

Table 4. Variable-Variate Correlations (canonical loadings and
canonical cross loadings).

Y1 X1

Lung cancer -0.01 -0.01

Asthma -0.06 -0.06

COPD -0.24 -0.23

Respiratory -0.73 -0.73

Cardiovascular -0.40 -0.38

5> mortality -0.99 -0.95

Insecticide -0.92 -0.95

Fungicide 0.01 0.01

Herbicide -0.12 -0.13

Other -0.47 -0.48

Discussion
Because of their inherent toxicity and widespread use,
pesticides are recognized as an important health risk and a
serious threat to public health. Several studies frequently show
associations between pesticides exposure and their health
effects. Children are the most vulnerable group because of age-
related potential pesticide exposure risk and more exposure
effect on their small body mass.

A positive association between the direct exposure of children
to pesticides and cancer has been put forward [8]. Several
epidemiological studies also show that relative risks of cancer
occurrence in children are associated with parental exposure to
pesticides [9,10]. Matching pesticide data and medical records
a study reported that pregnant women living nine miles of
farms where pesticides are sprayed have an increased risk of
losing an unborn baby to birth defects [11]. Parallel to these
results we found positive relationship between pesticide
(especially insecticide and other pesticide) and under age 5
mortality rate. It is reported that there is a strong relationship
between herbicides/insecticides and asthma diagnosis before 5
years of age [12].

Results from several studies, support our finding, reported that
pesticide exposure negatively affects the cardiovascular and
respiratory system [13,14]. Correlation between pesticide
exposure and chronic respiratory symptoms and respiratory
disease was also suggested by former studies [15,16].

The epidemiological researches about pesticide exposure in
humans and cancer risk have been studied for many years.
Some studies reported that there is no clear link between
pesticide exposure and lung function. The most similar to ours,
researchers reported no statistically significant consistent
associations between agricultural pesticide use and lung cancer
[17,18]. But different from these results, it was reported that
there is an important risk of lung cancer among women
exposed to pesticides at work [19]. A positive link has also
been found between pesticides and breast or prostate cancers
[20]. An additional risk of lung cancer was stated among
vineyard workers exposed to arsenic-based pesticides [21].

Although no statistically significant association, support our
finding, was reported [22] most epidemiological studies have
suggested positive links between agricultural pesticide use and
asthma [15,23,24]. Pesticides exposure may be a risk factor for
asthma among agricultural workers. It has been found that
pesticides may be an overlooked contributor to asthma risk
among farmers [23]. A study also suggested that pesticide
exposure could play a role in allergic asthma [24].

Conclusion
A primary objective of policies around the world is to protect
human health. In this paper the relationship between some
health risk and pesticide sales is analysed. The results show
that pesticides have an effect on human health. Besides
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contributing to the literature, the findings also highlight the
need to take this association into account for community
development policies and programs. Production, use, storage,
packaging and disposal of packaging after use processes of
pesticides, which is a very important risk factor on human
health and the environment, should be controlled. Farmers
should be informed about misuse, intentionally harmful use of
non-purpose thread or application errors such as protective
clothing use during application, comply with the rules of
personal hygiene, overdose and unnecessary duplication,
exposure and contacting to chemicals via educational
programs. Safe use of pesticides should be provided.
Chemicals are causing persistent organic pollutants should be
banned. Prohibited (such as DDT) and restricted hazardous
chemicals should be controlled more effectively. The use of
pesticides should be minimized by the policies such as
biological management of the pest and good agricultural
practices. This paper suggests valuable results for further
studies by identifying the effect of pesticides on human health.

References
1. Carriger JF, Rand GM, Gardinali PR, Perry WB, Tompkins

MS, Fernandez AM. Pesticides of potential ecological
concern in sediment from South Florida Canals: An
ecological risk prioritization for aquatic arthropods. Soil
Sediment Contam 2006; 15: 21-45.

2. Bradman A, Salvatore AL, Boeniger M, Castorina R,
Snyder J, Barr DB, Jewell NP, Kavanagh-Baird G, Striley
C, Eskenazi B. Community-based intervention to reduce
pesticide exposure to farmworkers and potential take-home
exposure to their families. J Expo Sci Environ Epidemiol
2009; 19: 79-89.

3. Maroni M, Fanetti AC, Metruccio F. Risk assessment and
management of occupational exposure to pesticides in
agriculture. Med Lav 2006; 97: 430-437.

4. Damalas CA, Eleftherohorinos IG. Pesticide exposure,
safety issues, and risk assessment indicators. Int J Environ
Res Public Health 2011; 8: 1402-1419.

5. World Health Organization (WHO). Country profiles of
environmental burden of disease.

6. Organisation for Economic Co-operation and Development
(OECD). 2013 Edition of the OECD Environmental
Database: Pesticides.

7. Darcin M, Darcin ES. Relationship between quality of life
and child traffic fatalities. Accident Anal Prev 2007; 39:
826-832.

8. Infante-Rivard C, Weichenthal S. Pesticides and childhood
cancer: an update of Zahm and Ward’s 1998 review. J
Toxicol Environ Health B Crit Rev 2007; 10: 81-99.

9. Davis JR, Brownson RC, Garcia R, Bentz BJ. Turner A.
Family pesticide use and childhood brain cancer. Arch
Environ Contam Toxicol 1993; 24(1): 87-92.

10. van Wijngaarden E, Stewart PA, Olshan AF, Savitz DA,
Bunin GR. Parental occupational exposure to pesticides and
childhood brain cancer. Am J Epidemiol 2003; 157:
989-997.

11. Bell EM, Hertz-Picciotto I, Beaumont JJ. A case-control
study of pesticides and fetal death due to congenital
anomalies. Epidemiology 2001; 12: 148-156.

12. Salam MT, Li YF, Langholz B, Gilliland FD. Children’s
Health Study. Early-life environmental risk factors for
asthma: findings from the Children’s Health Study. Environ
Health Perspect 2004; 112: 760-765.

13. Salameh P, Waked M, Baldi I, Brochard P, Saleh BA.
Respiratory diseases and pesticide exposure: a casecontrol
study in Lebanon. J Epidemiol Community Health 2006;
60: 256-261.

14. George J, Shukla Y. Pesticides and cancer: insights into
toxicoproteomic-based findings. J Proteomics 2011; 74:
2713-2722.

15. Hoppin JA, Umbach DM, London SJ, Lynch CF, Alavanja
MC, Sandler DP. Pesticides and adult respiratory outcomes
in the agricultural health study. Ann N Y Acad Sci 2006;
1076: 343-354.

16. Hoppin JA, Umbach DM, London SJ, Lynch CF, Alavanja
MC, Sandler DP. Pesticides associated with wheeze among
commercial pesticide applicators in the Agricultural Health
Study. Am J Epidemiol 2006; 163(12): 1129-1137.

17. Pesatori AC, Sontag JM, Lubin JH, Consonni D, Blair A.
Cohort mortality and nested case-control study of lung
cancer among structural pest control workers in Florida
(United States). Cancer Causes Control 1994; 5: 310-318.

18. Lynch SM, Mahajan R, Beane Freeman LE, Hoppin JA,
Alavanja MC. Cancer incidence among pesticide
applicators exposed to butylate in the Agricultural Health
Study. Environ Res 2009; 109: 860-868.

19. Brownson RC, Alavanja MC, Chang JC. Occupational risk
factors for lung cancer among nonsmoking women: a case-
control study in Missouri (United States). Cancer Causes
Control 1993; 4: 449-454.

20. Band PR, Abanto Z, Bert J, Lang B, Fang R, Gallagher RP,
Le ND. Prostate cancer risk and exposure to pesticides in
British Columbia farmers. Prostate 2011; 71(2): 168-183.

21. Mabuchi K, Lilienfeld AM, Snell LM. Cancer and
occupational exposure to arsenic: A study of pesticide
workers. Prev Med 1980; 9: 51-77.

22. Boers D, van Amelsvoort L, Colosio C, Corsini E,
Fustinoni S, Campo L, Bosetti C, la Vecchia C, Vergieva T,
Tarkowski M, Liesivuori J, Steerenberg P, van Loveren H.
Asthmatic symptoms after exposure to
ethylenebisdithiocarbamates and other pesticides in the
Europit field studies. Hum Exp Toxicol 2008; 27: 721-727.

23. Hoppin JA, Umbach DM, London SJ, Henneberger PK,
Kullman GJ, Coble J, Alavanja MC, Freeman LEB, Sandler
DP. Pesticide use and adult-onset asthma among male
farmers in the Agricultural Health Study. Eur Respir J
2009; 34: 1296-1303.

24. Henneberger PK, Liang X, London SJ, Umbach DM,
Sandler DP, Hoppin JA. Exacerbation of symptoms in
agricultural pesticide applicators with asthma. Int Arch
Occup Environ Health 2014; 87: 423-432.

Darçin/Darçin

S16 Biomed Res- India 2017 Special Issue

Special Section: Complex World of Neuroscience



25. Baldi I, Robert C, Piantoni F, Tual S, Bouvier G, Lebailly P,
Raherison C. Agricultural exposure and asthma risk in the
AGRICAN French cohort. Int J Hyg Environ Health 2014;
217: 435-442.

*Correspondence to:
E. Selcen Darçın

Bilecik Seyh Edebali University
Department of Field Crops

Hurriyet Mah Villa Sk 4/1

Merkez Bilecik

11000

Bilecik,

Turkey

 

Health effects of agricultural pesticides

S17Biomed Res- India 2017 Special Issue

Special Section: Complex World of Neuroscience


	Contents
	Health effects of agricultural pesticides.
	Abstract
	Keywords:
	Accepted on April 25, 2016
	Introduction
	Materials and Methods
	Data
	Statistical method

	Results
	Discussion
	Conclusion
	References
	*Correspondence to:


