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Pesticides have been used in agricultural 
applications to destroy pests and weeds. They 
include insecticides, herbicides, fungicides and 
rodenticides. Children are exposed to pesticides 

via air, food, dust, soil and touching surfaces 
contaminated with pesticides. In areas with 
widespread agricultural production, pesticides 
in powder form are known to affect children 
via inhalation, and the dimensions of pesticide 
particulate matter (PM) play a role in its 
movement and deposition. Regional transport 
over several kilometres may be responsible 
for unwanted effects on non-target species.1 
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ABSTRACT

Background. In recent years, many studies have evaluated the increasing incidence of asthma and chronic 
respiratory diseases among children living close to rural areas with pesticide application. Pesticide exposure in 
266 children (126 girls and 140 boys) in Şanlıurfa, a cotton-producing province in Turkey, was explored in this 
work. Four different villages spread over 40 km2 were included. 

Methods. Measurements of peak expiratory flow (PEF) in 266 children were conducted in late June, before 
intensive pesticide applications in the cotton-producing fields. The measurements were repeated for 72 of 
266 children after pesticide application in late August. PEF, particulate matter with diameter less than 2.5 µm 
(PM2.5), particulate matter with diameter less than 10 µm (PM10), temperature, humidity, and wind speed were 
measured. 

Results. After pesticide application, mean PM2.5 and PM10 values were significantly increased compared to 
before pesticide application (p < 0.001 for both parameters). After pesticide exposure, nasal discharge, sneezing, 
burning and itching in the eyes, cough, sputum production, wheezing, shortness of breath and chest tightness 
were significantly increased (p < 0.001). The mean PEF value was demonstrated to decrease significantly after 
pesticide application (p < 0.001). Moreover, significant negative correlations were noted between PEF and PM10 
and between PEF and PM2.5 (p < 0.001).

Conclusions. Intensive pesticide application causes respiratory dysfunction and increased respiratory 
complaints in children living near the affected agricultural areas, and impacts quality of life adversely. The 
results of this work can be used to develop an early warning system and methods to prevent respiratory 
disorders in children residing in the study area.
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The amount of pesticide in dust collected from 
households near agricultural areas was found 
to be high, and increased concentrations of 
pesticide metabolites have been reported in the 
urine of children residing near such areas.2,3 The 
health effects of pesticide exposure on children 
include nausea, vomiting, seizures, bloody 
urination and skin lesions, and different systems 
of the body, including the respiratory system, 
are affected. Clinical manifestations such as 
aspiration pneumonia and asthma have also 
been observed.1 Organophosphate pesticides 
result in decreased forced vital capacity (FVC) 
and forced expiratory volume in one second 
(FEV1) in children.4

PM is a contaminant group consisting of a 
mixture of organic and inorganic substances 
in solid or liquid form in air. It can reach 
harmful concentrations in indoor and outdoor 
environments during pesticide application. The 
aerodynamic diameters of PM10 and PM2.5 are 
smaller than 10 μm and 2.5 μm, respectively.5 

While emissions of motor vehicles are the main 
source of PM2.5, PM10 consists of a mixture of 
carbon and organic compounds, acids and fine 
metal particles. Pesticides can be found in both 
PM10 and PM2.5, or cling to the surfaces of these 
particles.6,7 

Saharan dust outbreaks in the Eastern 
Mediterranean region occur predominantly 
during winter owing to the cold-core mid-
latitude Mediterranean cyclones, and during 
spring due to the Sharan cyclones.8,9 The 
frequency of synoptic-scale meteorological 
events and, accordingly, dust transport cases 
increase significantly in spring and autumn. 
Both the number of patients with respiratory 
complaints and PM10 levels in air reach their 
peaks in late January and early February, 
respectively. Contrary to expectations, the 
number of patients decrease significantly 
during June, when only dry dust events prevail. 
Processes that help to wet the organic fraction 
of the desert dust curtain play an important role 
in health.9

As children breathe at a faster rate than adults, 
they inhale more air in relation to their body 
weight.10 The respiratory tract in a child is 
shorter, smaller and more permeable to air 
pollutants, and therefore, such pollutants, 
including PM, easily enter children’s lungs 
and cause irritation, inflammation and acute or 
chronic respiratory problems.11 Children living 
in urban areas are exposed to air pollution 
because of heavy exhaust fumes. Children 
residing in rural neighbourhoods are exposed 
to PM generated by biomass burning in their 
homes and the application of pesticides in 
agricultural areas. Children of immigrant and 
asylum-seeking families are exposed to smoke 
from stoves used in tents.12 A follow-up study 
of a Swedish cohort of children from 1992–
2001 showed a decrease in the frequency of 
chronic cough, bronchitis, colds, dry cough and 
conjunctivitis with a reduction in PM10 levels.13 

After increased admissions of children living in 
agricultural areas with respiratory complaints 
to our hospital during the pesticide application 
season, we decided to investigate whether 
the complaints were related to the pesticide 
application in these regions. Thus, the purpose 
of this study was to measure the peak expiratory 
flow (PEF) rates before and after pesticide 
application, record upper and lower respiratory 
tract complaints among children residing in 
those areas, and explore the relationship of 
these data with PM10 and PM2.5 levels.

Materials and Methods

Study population

Following the approval of the Ethics 
Committee of Harran University, Turkey (May 
6, 2016/18), we designed a population-based 
prospective cohort study to investigate the 
role of environmental risk factors in increased 
respiratory symptoms in children living in 
agricultural areas during pesticide application. 
A total of 266 volunteers (126 girls and 140 
boys) from Şanlıurfa, a cotton-producing 
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province in Turkey, were recruited from 4 
different villages spread over 40 km2. The mean 
age of the 266 children who participated in the 
study before pesticide application was 10.7 ± 2.6 
years (minimum: 6 years, maximum: 16 years), 
while the median age was 11 years. The mean 
age of the 266 children who participated in 
the study after pesticide application was 10.5 
± 2.4 years (minimum: 6 years, maximum: 16 
years), while the median age was 10.5 years. 
Moreover, 133 of the children (ages 6–10 
years) were primary school students, while 
the remaining 133 children (ages 10–15 years) 
attended middle school. Eight (3%) of the 266 
children who participated in the study before 
pesticide application had a diagnosis of asthma. 
Measurements for the respiratory function of the 
266 children were performed in late June, before 
intensive pesticide application to the cotton-
producing fields. The parents of the children 
who participated in the study provided their 
informed consent. This study was conducted 

in accordance with the Declaration of Helsinki 
and Good Clinical Practice guidelines. 

Application area

The study was conducted in Harran city of 
Şanlıurfa province, southeast Turkey, between 
June and August 2016. Cotton farming is one 
of the main sources of livelihood in Şanlıurfa 
province. As mentioned previously, the 
research was conducted with children living in 
the following 4 villages scattered over an area of 
40 km2: Giyimli (N36.56 E39.00), Küçük Minareli 
(N36.55 E39.00), Büyük Minareli (N36.56, 
E38.09) and Bozyazı (N36.51, E39.05). The 
children were evaluated before the application 
of the pesticides (Fig.1). Pesticide application 
was conducted over a time interval of 10–12 d. 
The application started in the third week of June 
and continued until the end of August. Tractors 
with agricultural sprayer machines were used 
for pesticide spraying. 

Fig. 1. Study location (the red maker indicates intensive pesticide application area).
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Applied pesticides

The pesticide was a mixture of lambda-
cyhalothrin (7 g/daa; grams per decare), 
emamectin benzoate (4 g/daa), nitrogen (40 g/
daa), phosphorus pentoxide (200 g/daa) and 
zinc	 (120 g/daa). It was applied to kill green 
worms (Helicoverpa armigera), which are 
harmful to cotton plants. 

Measurement of particulate matter (PM2.5 
and PM10) Two pDR-1500 cyclones (Personal 
DataRAM Pdr, Thermo Scientific, USA) were 
used to measure PM10 and PM2.5 concentrations 
(in μg/m3). The necessary calibration apparatus 
was used for instrument calibration before each 
sampling. Post-pesticide PEF measurements 
were conducted on the second day of pesticide 
application. Before starting the sampling, the 
coordinates and altitude of the working area 
were determined with a GPS device (Magellan, 
USA). Fifteen-minute measurements of PM10 and 
PM2.5 were made with the cyclones in the four 
villages before pesticide application (in June) 
and after it (in August). Weather parameters 
(temperature, humidity and wind speed) were 
also recorded on the sampling dates.

Children and/or their parents were asked to 
report any issues pertaining to the nose, throat 
and eyes, as well as cough, sputum production, 
wheezing, dyspnea and chest tightness before 
and after pesticide application. PEF is the 
maximum expiration rate recorded during 
a forced expiration. PEF measurements are 
frequently used in the follow-up of asthma 
and epidemiological studies. They also serve 
as a suitable method of respiratory function 
assessment in children. However, PEF 
measurements are affected by anthropometric 
parameters such as age, height, weight, gender, 
air quality, climate (temperature and humidity), 
atmospheric air pressure (wind and altitude) and 
nutritional status.14-16 PEF rates were measured 
in the children before and after pesticide 
application with a Mini-Wright Peak Flow 
Meter (Clement Clarke International, UK) in a 
closed environment (village rooms, schools and 
reeve rooms). Post-pesticide PEF measurements 

were conducted on the second day of pesticide 
application. All the measurements were taken 
by the same four people (ZS, SH, PA and BO). 
The measurements were conducted with the 
subject in standing position. At least three 
technically acceptable PEF measurements were 
collected, and the highest absolute PEF value 
was recorded.

Statistical analysis

The data collected were analysed with the 
Statistical Package for Social Sciences (SPSS) 
software (version 21.0, SPSS Inc., US). An 
independent samples t-test was used to compare 
independent groups, while paired samples 
t-test was applied to compare the dependent 
groups. The distribution of categorical variables 
in both groups was compared with Pearson’s 
chi-square test. The data were expressed as 
mean ± standard deviation (SD). Categorical 
variables were expressed as frequencies and 
percentages. Pearson’s correlation analysis was 
used to detect the relationships between age, 
PM10 and PM2.5, wind speed, humidity, heat and 
PEF rates. A linear regression analysis was used 
to detect the independent effects of PM10 and 
PM2.5, wind speed, humidity and heat on the 
PEF rates. Statistical significance was assumed 
for p < 0.05. 

Results

The children were evaluated for respiratory 
functions and symptoms related to agricultural 
pesticide exposure before and after pesticide 
application in the study area. Of the study 
subjects in the four villages, 140 (52.6%) were 
male and 126 (47.4%) were female. Moreover, 
104 (39.1%), 102 (38.3%), 37 (13.9%) and 23 
(8.6%) came from Giyimli, Küçük Minareli, 
Büyük Minareli and Bozyazı, respectively. 
After pesticide application, 72 children from the 
initial group were re-evaluated in late August. 
Of these 72 children, 33 (45.8%), 15 (20.8%), 
17 (23.6%) and 7 (9.7%) were from Giyimli, 
Küçük Minareli, Büyük Minareli and Bozyazı, 
respectively.
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The measurements of PM2.5, PM10, wind speed, 
temperature and humidity before and after 
pesticide application are shown in Table I. 
Before pesticide application, the mean PM2.5 
and PM10 values were 4.7 and 11.7 for Giyimli, 
5.19 and 27.8 for Küçük Minareli, 14.5 and 27.8 
for Büyük Minareli, and 12.2 and 23.8 μg/m3 
for Bozyazı. After pesticide application, the 
corresponding values changed to 13.2 and	
334 for Giyimli, 11.2 and 328 for Küçük Minareli, 
15 and 313.5 for Büyük Minareli and 13.21 
and 319 μg/m3 for Bozyazı. The regions with 
pesticide-sprayed fields showed significantly 
increased values of PM2.5 and PM10 compared 
to those before the pesticide application. The air 
temperature during the study period (June to 
August) showed an increase, in line with normal 
seasonal variation. Humidity levels doubled as 
a result of the irrigation of fields surrounding 
the study area. Wind speed was found to have 
decreased during pesticide spraying in the 
study period. 

Examination of the respiratory functions of the 
participating children, as well as their eye, nose, 

throat and respiratory complaints before and 
after the pesticide application are shown in Table 
II. All of these complaints increased significantly 
after pesticide application due to the unpleasant 
smell resulting from the applied pesticide. Table 
III shows the incidences of eye, nose, throat and 
respiratory complaints of 72 children who were 
tested before and after the pesticide application. 
It was observed that all respiratory complaints 
of the 72 children increased significantly after 
the pesticide application. Unfortunately, the 
children could not be evaluated in groups 
due to decreased participation after pesticide 
application. The mean PEF of the 256 children 
before the application of pesticide was 261.0 ± 
75.7 mL/s (minimum: 120 mL/s, maximum: 530 
mL/s), while the corresponding value after the 
application was 231.1 ± 65.7 mL/s (minimum: 
60 mL/s, maximum: 450 mL/s) (p < 0.001). The 
PEF values were measured in 72 children after 
pesticide application. The mean PEFs of the 
same 72 children before and after pesticide 
application were 263.1 ± 67.0 mL/s (minimum: 
120 mL/s, maximum: 480 mL/s) and 231.1 ± 

Table I. Environmental measurements before and after pesticide application.
Pesticide application

p
Before After

PM2.5 (µgr/m3) 6.9 ± 3.6 12.7 ± 1.2 <0.0001
PM10 (µgr/m3) 18.2 ± 5.8 327.9 ± 7.3 <0.0001
Temperature (oC) 32.5 ± 1.2 37.9 ± 0.5 <0.0001
Humidity (%) 26.6 ± 2.6 53.1 ± 0.9 <0.0001
Wind speed (m/s) 27.3 ± 4.8 21.0 ± 0.0 <0.0001
*the values show mean±SD

Table II. Frequency of respiratory symptoms before and after pesticide application.

Symptoms
Pesticide application

pBefore (n=266) After (n=72)
n % n %

Mouth-nose-throat burning 29 10.9 45 62.5 <0.0001
Eye burning 31 11.7 47 65.3 <0.0001
Cough 34 12.8 46 63.9 <0.0001
Sputum 14 5.3 38 52.8 <0.0001
Wheezing 10 3.8 43 59.7 <0.0001
Dyspnea 15 5.6 47 65.3 <0.0001
Chest tightness 19 7.1 43 59.7 <0.0001
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65.7 mL/s (minimum: 60 mL/s, maximum: 450 
mL/s), respectively (p < 0.0001). No statistically 
significant differences were observed between 
the 194 children who participated in the first 
PEF measurement and the 72 children who 
participated in the second half of the study in 
terms of average age (10.8	 ± 2.7 to 10.5 
± 2.4 years; p = 0.457) and gender distribution 
(while the rate of girls participating in the 
study before pesticide application was 50.5%, 
after application it dropped to 39%, and the 
corresponding rates for the boys were 49.5 to 
61.5%; p = 0.060). These results were excluded 
from the discussion that follows, as these 
exerted no effects on the results of this study. 

A significant positive correlation was observed 
between the PEF values measured before (r = 
0.680, p < 0.001) and after (r = 0.438, p <0.001) 
pesticide application. There was no significant 
difference between the mean PEF values of 
girls (255.8 ± 71.4 mL/s) and boys (265.4 ± 79.3 

mL/s) before pesticide application (p = 0.318). 
The mean PEF value of girls after pesticide 
application (202.8 ± 63.3 mL/s) was significantly 
lower than that of the boys (249.1 ± 61.3 mL/s) (p 
= 0.03). PEF values can be affected by PM2.5 and 
PM10 concentrations, wind speed, temperature 
and humidity in the pesticide application area. 
For this reason, the PEF values were assessed 
with environmental factors to determine the 
correlation among them. Before pesticide 
application, PEF and wind speed alone were 
positively related (Table IV). After pesticide 
application PEF was found to be significantly 
negatively correlated with PM10 (Table V and 
Fig. 2). The linear regression analysis showed 
that PM10 measured after pesticide application 
was independent of PEF (B = −2.706, t = −2.425, 
and p = 0.018). While no significant differences 
were observed for PEF (p = 0.059) and wind 
speed (p = 1.000) among four villages after 
pesticide application, significant differences 

Table III. Evaluation of respiratory symptoms within same individuals before and after pesticide application.

Symptoms
Pesticide application

pBefore (n=72) After (n=72)
n % n %

Mouth-nose-throat burning 9 12.5 45 62.5 <0.0001
Eye burning 9 12.5 47 62.5 <0.0001
Cough 10 13.9 46 65.3 <0.0001
Sputum 3 4.2 38 52.8 <0.0001
Wheezing 3 4.2 43 59.7 <0.0001
Dyspnea 4 5.6 47 65.3 <0.0001
Chest tightness 10 13.9 43 59.7 <0.0001

Table IV. Relationship between PEF and environmental factors before pesticide application.
PM2.5 PM10 Heat Wind speed Humidity

PEF
r 0.094  0.071 0.019 0.137 -0.026
p 0.137  0.266 0.766 0.030  0.681

Table V. Correlations between PEF values and environmental factors after pesticide application.
PM2.5 PM10 Heat Humidity

PEF
r 0.217 -0.295 0.135 -0.135
p 0.067  0.012 0.259 0.259
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existed for temperature (p < 0.001), humidity 
(p < 0.001), PM10 (p < 0.001) and PM (p < 0.001) 
according to the results of the Kruskal–Wallis 
test. 

Discussion	

It is natural to believe that rural farmers are 
blessed with clean air and a naturally healthy 
environment. However, farming is rife with 
the hazards posed by pesticide application and 
many other respiratory hazards. Approximately 
five billion pounds of pesticides are consumed 
worldwide annually.17 Among these pesticides, 
organophosphate and carbamate insecticides 
are the most commonly used.18 Toxic pesticides 
are widely applied to control pests and 
pest-related diseases in agriculture, fishery, 
forestry and the food industry, leading to their 
dissemination to the environment.16 Although 
non-toxic or less toxic and harmless strategic 
alternatives exist, they are often overlooked. 
The toxic effects of pesticides are particularly 
intense among children, elderly and women 
living in agricultural areas due to their 
heightened exposures.18-23 Awareness about the 
risks of pesticide exposure to human life, and 
especially later ages in the case of children, is 
lacking. Pesticide exposure can cause asthma, 
allergic rhino-sinusitis and chronic bronchitis in 
the respiratory tract.24-30 Our study investigated 

the acute effects of exposure to pesticide, 
because the long-term effects of pesticides on 
humans are yet to attract sufficient attention. 
In addition to pesticide-related complaints in 
children, PEF measurements were performed in 
order to make it easier for the children to adapt 
to the pulmonary function tests. The PEF values 
before and after pesticide application varied 
due to the irritation caused by the pesticide 
exposure, particularly in the respiratory tract. 
The most well-known outdoor allergens 
in Şanlıurfa are meadow and grain pollen. 
Meadow pollen levels are at their highest level 
in May.31 Although the time period for the 
pollination of grain pollen varies regionally, it 
typically begins in March and continues until 
the end of May.32

Our study revealed that children living near 
areas with agricultural pesticide application 
suffered from a significant increase in upper 
and lower respiratory tract complaints and 
a significant decrease in PEF values after 
pesticide application. The decrease in PEF was 
significantly negatively correlated with the 
increase in PM10 values. In children exposed 
to PM originating from a mixture of lambda-
cyhalothrin (7 g/daa) and emamectin benzoate 
(4 g/daa), the upper and lower respiratory 
tract complaints increased in the short term, 
while the respiratory function decreased. Our 
study observed that the average PEF values of 
girls decreased to a greater extent than those 
of boys after pesticide application. A review 
investigating whether boys or girls are more 
affected by air pollution, be it outdoors or 
indoors, showed that children’s hormonal 
levels, growth rates and respiratory abilities 
were adversely affected by air pollution, and 
that girls tend to be affected to a greater extent 
than boys.33

Lambda -cyhalothrin is an insecticide belonging 
to the pyrethroid family.34,35 Some studies report 
a burning sensation in the face and irritation in 
the upper respiratory tract after exposure to 
cyhalothrin.36,37 A study conducted in Tanzania 
showed that pesticide spray application can 
lead to irritation in the nose and throat as well 

Fig. 2. Negative relationship between PEF and PM10 
levels after pesticide application.
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as a burning sensation in the face and periorbital 
area within a few hours after application, and 
the duration of these complaints could last 
for a day.38 Our study revealed that cough, 
sputum production, wheezing, dyspnea, chest 
tightness as well as a burning sensation in 
the eyes, mouth, head, neck and throat could 
be observed in 59.7–88.8% of the children on 
the second day after cyhalothrin application 
outdoors (7 g/daa). While such complaints did 
not last for more than a day in the previously 
cited study38, the symptoms continued to exist 
2 d after the pesticide application in our case. 
Most importantly, these symptoms were also 
accompanied by a decrease in mean PEF values 
of the children. Moreover, the affected person 
in the previously cited study38 was exposed to 
cyhalothrin (25 mg/m2) an indoor environment, 
and was less affected than the children in our 
study although the latter took place outdoors 
and the dose of cyhalothrin dosage was lower 
(7 mg/m2). This difference can be explained 
by the fact that children are more severely 
affected by pesticide application than adults. 
The possible explanations for this result include 
higher respiratory rates and shorter airways in 
children compared to adults. 

A previous study in Ethiopia also showed 
significantly lower FEV1 and FVC values due 
to pesticide application in a group of young 
subjects aged 15–24 years.39 In our study, the 
PEF values of the children showed significant 
negative correlations with PM10 levels.

A previous work exploring the effects of 
organophosphate application in 279 children 
over 7 years in California, US, reported a 
significant decrease in the FEV1 and FVC 
values as a result of exposure at an early age 
to pesticides (dialkyl phosphate levels were 
measured in the urine).4 The American study 
also showed a long-term decline in respiratory 
function. Similarly, the significant accelerated 
decrease in the PEF values shortly after 
pesticide application in our study revealed that 
pesticides cause acute and adverse respiratory 
health outcomes in children.

Although our study was initiated with 266 
children as participants, it eventually continued 
with only 72 children. Given the discomfort 
caused by the intensive pesticide application in 
this region, the farmers chose to shift temporarily 
to other regions during the pesticide application 
season. The data obtained from the 266 children 
before pesticide exposure and the pre-exposure 
data of the remaining 72 children were 
compared. The statistical comparisons provided 
similar results. Thus, one of the most important 
limitations of our study was that only one-third 
of the population before pesticide application 
continued participation after the application. 
The absence of a control group was another 
important limitation. Moreover, the pesticide 
ratios in the PM could not be measured. 

In this study, the colour of the bare soil of the 
fields before pesticide application in June was 
red. After the cotton plants grew by July or 
August, the fields turned green and lush with 
the crop. The concentrations of airborne PM 
were expected to decrease with the increased 
amounts of moisture provided by irrigation, 
the decreased wind speed and the greening 
of the environment. However, the pesticide 
application increased PM levels. 

The potential routes of pesticide exposure in 
children residing near these areas included 
contact with pesticide-contaminated clothing 
of the adults who applied the pesticides, 
air inhalation, contact with soil, crops and 
pesticide application devices as well as 
water consumption.2,40 The acutely impaired 
respiratory functions of the children in our 
study may be prevented by various approaches. 
The first approach involves temporarily shifting 
people from the agricultural area during 
periods of pesticide application to prevent 
exposure via air inhalation. Nonetheless, 
exposure to pesticide residues in the soil and 
environment is unavoidable. The second and 
most radical approach involves replacing 
pesticides with alternative substances. The 
use of pesticides should be controlled, and 
non-toxic pesticides should be encouraged. 
New harmless methods for protection against 
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pests should be investigated. Another option 
involves cultivating pest-resistant plants. 
Further, to minimise human and environmental 
exposure arising from airborne pesticide 
residues, the potential for losses to the air 
should be considered when selecting pesticide 
formulations and application methods.

In addition to these measures, an early warning 
system can be established to detect respiratory 
disorders by tracking annual PM10 data in the 
region.41 Such a system can ensure the use 
of the best scientific tools to inform all those 
concerned about possible health exposures in a 
timely manner. Such a warning system can help 
in the planning of temporary relocation of the 
affected inhabitants of the region. 
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