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Abstract 

Background:  Exposure to agrochemicals is one of the many aetiological agents, postulated to cause allergic 
diseases. In this study, we have compared the prevalence of allergic diseases among preschool children growing in 
environments exposed to agrochemicals and artificial fertilizers with those who are not exposed to them.

Methods:  Our study was conducted on preschool children in two tea estates in the hill country of Sri Lanka, one 
using conventional agricultural practices and the other using organic practices. Data collection was done by using an 
interviewer administered questionnaire. Children with potential allergic conditions were further evaluated clinically by 
medical officers. Blood was drawn for full blood count and a blood picture.

Results:  Data from 81 preschool children from an organic estate (Haputale) and 101 preschool children from a 
conventional estate (Thalawakelle) were analysed. Wheezing was noted in 41.2% of children from the organic estate 
and 59.8% from the conventional estate. The respective percentages for allergic rhinitis were as 37.7% and 82.5% 
while for eczema they were 17.5% and 20.28%. Among the two populations percentages of eosinophilia > 600/mm3 
were as 26.1% and 34.1% respectively.

Conclusions:  Allergic conditions were more common in preschool children with environmental exposure to 
agrochemicals and chemical fertilizers when compared to that of organic cultivation systems. Stricter rules are 
needed when using agrochemicals to prevent their harmful effects, including allergic diseases, on children.
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and indicate if changes were made. The Creative Commons Public Domain Dedication waiver (http://creat​iveco​mmons​.org/
publi​cdoma​in/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Background
With the increasing world population, there is immense 
pressure on the agricultural sector to increase the 
efficiency of food production from an available extent 
of land. This has led to the growing of newer species 
using genetic modification and to excessive use of potent 
agrochemicals and chemical fertilizers. Although there is 
no doubt that this has increased the crop yield, there is 
a growing concern regarding the unnecessary effects on 
the environment and the health of the world population. 
While the use of agrochemicals is well controlled in the 
developed world, this is not so in the developing world.

Allergic diseases are common during childhood. They 
include childhood asthma, allergic rhino conjunctivitis, 
eczema and food allergies. The causes of allergic disorders 
are numerous and include genetic and environmental 
factors. Studies have shown that prenatal exposure to 
viral infections is associated with allergic diseases during 
childhood [1]. Exposure to pesticides and weedicides and 
other environmental pollutants is another postulated 
group of aetiological factors in paediatric allergic 
conditions.

The relationship between environmental exposure 
to chemicals and allergic diseases continues to be a 
highly debated phenomenon. The hygiene hypothesis 
suggests that cleaner environments lead to reduced 
exposure of children to infections and infestations, 
which subsequently leads to more allergies [2]. This is 
thought to be due to less antigenic stimulation of the 
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childhood immune system leading to persistence of the 
T2 predominant immune activity which predisposes 
them to allergies [3]. Pesticides are also antimicrobial, 
so an environment with agrochemicals makes a “cleaner 
environment” which predisposes children to more 
allergies [4].

Pesticides and other agrochemicals are also considered 
irritants to the skin and respiratory system. Studies have 
shown that exposure is associated with precipitation of 
asthma in predisposed adults [5].

Pesticide aerosols or gases are known to stimulate 
functional irritant receptors in the airway promoting 
neurogenic inflammation leading to asthma. This can 
maintain chronic inflammation in the airways causing 
permanent damage to the bronchial epithelium [6].

There is well conducted research on environmental 
exposure and allergies in children. Though the power 
of these studies is not always adequate, some of them 
suggest that allergies in children are more common in 
environments exposed to pesticides [7]. On the other 
hand there are studies which show that environmental 
chemicals give rise to fewer allergies [8].

Sri Lanka is a low middle-income country and the 
world’s second largest tea exporter after Kenya. It is 
estimated that about 20% of the population is directly 
or indirectly involved with tea industry. Tea is grown 
in high, mid and low altitudes of the country and high 
grown tea estates are of relatively large extent compared 
to the other two types. They consist of about 27% of the 
total extent of tea grown land mass. Tea estate labourers 
in these large tea estates are provided housing in the 
same estate and usually a few generations of family 
members live in the same house. They are allowed to 
live and grow on their land but the ownership is with 
the estate they work in. There is very close contact of the 
family members with the agricultural land.

There are two types of agricultural systems: 
conventional agricultural systems and organic 
agricultural systems. In organic systems, the use of 
synthetic material is prohibited and in the conventional 
systems, the use of synthetic fungicides, insecticides, 
weedicides and foliar fertilizers are allowed. The 
conventional agriculture system of tea includes spraying 
of weedicides, fungicides and pesticides and use of 
chemical fertilizers. A significant proportion of the 
chemical drifts get into the environment, contaminating 
the air, water and the soil. Children get exposed to the 
effects of agrochemicals and fertilizers through soil, 
water and air more readily compared to the others due to 
their exploratory behaviour.

The objective of the current study was to 
compare the prevalence of allergic diseases among 
preschool children living in environments exposed 

to agrochemicals and artificial fertilizers under 
conventional agriculture, with those living with 
environmentally friendly cultivation practices under 
organic cultivation.

Methods
Study area
The study was conducted in Idalgashinna Bio tea project 
in Haputale, which is using only organic compounds 
and St Coombs estate Thalawakelle, which utilizes 
conventional agricultural practices. The former estate 
has not used artificial chemicals or fertilizer for the last 
25 years and is a premier certified organic tea producer of 
the country. Both estates are located in high altitudes of 
the country with similar weather patterns.

Both of the estates are involved in producing high 
grown tea. The work force lives in a similar environment. 
The resident workers of both estates are of South Indian 
origin. They have been brought to the country by British 
rulers in the colonial era and have been living and 
working in the estates since. They are amply provided 
with general infrastructure facilities and medical aid 
in both systems within the estates. The workers and 
their families closely associate themselves with the tea 
plantations due to close proximity and for their daily 
needs.

The study was conducted during a 6-month period, as 
a survey using a self-administered questionnaire followed 
by clinical evaluation by medical officers. Informed 
written consent was obtained from the parents and 
assistance was provided by trained research assistants 
to complete the questionnaire. They were shown a video 
clip of wheezing, allergic rhinitis and pictures of eczema. 
All children between the ages of 1 year and 5 years living 
in St Coombs tea estate, Thalawakelle (conventional 
estate) and Idalgashinna Bio tea project, Haldummulla, 
Haputale (organic estate) were recruited to the study. 
The questionnaire used was a modified International 
Study of Asthma and allergies questionnaire (ISAAC) 
for 6–7 years which was adapted, translated to Tamil and 
pretested for validity by the preschool population used. 
It contained sections on preschool wheezing, eczema 
and allergic rhinitis. Those children screened with likely 
symptoms were later evaluated by three medical officers 
experienced in childhood diseases. The cases in which 
the diagnosis was uncertain to the medical officers 
were assessed by a consultant paediatrician. The data 
was entered into excel sheet and analysed by t-test for 
possible associations in the two systems. Ethical approval 
for the study was obtained from the institutional ethical 
review committee, Faculty of Medicine, University of 
Peradeniya.
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Results
A total of 81 preschool children in the Idalgashinna Bio 
tea project, Haldummulla, Haputale and 101 preschool 
children in the St Coombs estate Thalawakelle were 
evaluated out of 118 and 120 eligible children in the two 
estates, respectively. One child from Haputale estate was 
excluded from the study because of having cerebral palsy 
(Table 1).

Preschool wheezing, allergic rhinitis, eczema
In the organic estate (Haputale), 28 (34%) children had 
confirmed recurrent wheezing. In Thalawakelle estate the 
corresponding percentage was 59.8%.(p < 0.000) (Table 2).

In the two estates 3/101 and 13/81 respectively, had 
allergic rhinitis. The children at organic (Haputale) estate 
had a significantly lower prevalence of the condition 
compared to their conventional estate (Thalawakelle) 
counterparts. The least common allergic manifestation 
in both groups was eczema. There was no statistical 
difference in the number of patients with eczema in the 
two groups.

Eosinophilia
Blood counts were done in 65 and 44 subjects consenting 
in Haputale and Thalawakelle estates respectively. The 
eosinophilia was more common in the Thalawakelle 
children (15/44) than the Haputale children (17/65), but 
the difference was not statistically significant (p = 0.157).

Any allergy
Having any kind of allergic condition, including 
wheezing, eczema and allergic rhinitis at any point of 
their lives were analysed. Forty out of 81 respondents in 
Haputale estate and 76 out of 101 in Thalawakelle estates 
had at least one type of allergic condition. This shows 
that the Thalawakelle children had significantly higher 
prevalence of allergic conditions (p < 0.0001).

Risk factors for allergy
Out of the subjects who have had any type of allergic 
conditions, the number of subjects who were breast fed 
for more than 18 months was calculated. Sixteen subjects 
in Haputale (40%) and 27 subjects in Thalawakelle 
(35.5%) had such history. The result was not significant.

Out of those with any type of allergy, the proportion of 
those exposed to paternal smoking in Haputale was 0.40. 
The proportion in Thalawakelle was 0.42. This was also 
not statistically significant.

Discussion
Exposure to agricultural chemicals and chemical 
fertilizers can have a severe impact on health. According 
to a study done in Lebanon, any exposure to pesticides, 
including residential, para-occupational and domestic, 
was associated with respiratory disease and chronic 
respiratory symptoms [9].

Children living in agricultural lands can get exposed 
to chemicals and toxins by their natural urge to taste 
substances, having meals without proper hand washing, 
drift of sprayed chemicals, contact with chemical exposed 
surfaces, breast feeding by mothers contaminated by 
chemicals during work, etc. Studies have shown that 
chronic exposure to organophosphates can lead to 
neurodevelopmental and growth problems in children 
[10]. Environmental exposure and allergic diseases has 
been a topic of many studies with varying findings.

Our study was conducted in a unique setting where 
there is very close contact of the children with the 
agricultural land they live in. The prevalence of the 

Table 1  Demographic data of  preschool children in  St 
Coombs Estate Thalawakelle and  Idalgashinna Bio Tea 
Project

St. Coomb’s 
Estate, 
Thalawakelle

Idalgashinna Bio Tea 
Project, Haldummulla, 
Haputale

Total eligible 120 118

Total further evaluated 101 81

Boys 53 41

Girls 48 40

Table 2  Allergic diseases of the preschool children in St. Coombs Estate Thalawakelle and Idalgashinna Bio Tea Project

St. Coombs Estate, Thalawakelle Idalgashinna Bio tea project, 
Haldummulla, Haputale

P value Significant 
difference

Total 120 118

Total further evaluated 101 81

Total % Total %

Wheezing 49 101 48.51 28 81 34.56 < 0.0001 Yes

Eczema 14 101 13.86 11 81 13.58 0.083 No

Allergic Rhinitis 33 101 32.67 13 81 16.04 < 0.0001 Yes

Any allergy 76 101 75.24 40 81 49.38 < 0.0001 Yes
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common allergic conditions was evaluated in high grown 
tea estates—one estate using conventional methods and 
the other using only organic methods of farming. The 
latter estate has not used any type of artificial additives in 
the environment for 25 years.

The study revealed that there was a significant 
difference in prevalence of allergic conditions in 
the children in the conventional estate exposed to 
agrochemicals when compared with children of the 
organic estate. This could be due to the “cleaner” 
environment of the conventional estate due to the use 
of agrochemicals which are deterrents to the growth of 
microorganisms.

The phase 3 trial of ISAAC study showed that 27% of 
Sri Lankan children of the 6- to 7-year age group had 
wheezing over the preceding 12  months [11]. There are 
no published data regarding prevalence of preschool 
wheezing in Sri Lanka. Children of both estates showed 
a higher prevalence of recurrent wheezing which follows 
the recognised higher prevalence in preschool children 
compared to older children. Studies done in other 
countries show the fact that all preschool wheezing 
disorders have increased over the years and it is probable 
that factors unrelated to atopy are implicated in the 
changing epidemiology of wheeze in childhood [12]. It is 
well explained that, in pre-school children, it is not easy 
to differentiate allergic wheezing conditions from non 
allergic wheezing as in older children [13]. Therefore we 
did not attempt differentiate the different phenotypes of 
preschool wheezing in our study.

The prevalence of wheezing as well as allergic rhinitis 
was also significantly higher in the conventional estate. 
Similarly, the prevalence of children with allergic 
rhinitis was significantly higher in the children living in 
conventional estate, though prevalence of eczema had 
no significant difference between the two estates. Due to 
the lower prevalence of eczema, a bigger sample size is 
necessary to evaluate this further.

The full blood counts were done on the subjects, and 
eosinophilia was analysed, as an indicator of allergy. 
Though the proportion of subjects with eosinophilia 
was higher in Thalawakelle, which is using conventional 
methods, than in Haputale, the difference was not 
statistically significant. As eosinophilia can occur due 
to many other factors, this may not be entirely allergy 
related.

Conclusions
This study highlights an important health impact when 
living in an environment using agrochemicals and 
artificial fertilizers. The study showed that both the 
populations had a higher prevalence of allergic diseases, 

but the children not exposed to agrochemicals showed 
significantly lower rates of allergic diseases.

Tea is a very important revenue earner to the country 
with a significant number of the population benefitting 
from this enterprise. It is also important to make sure the 
environment of the workers and their children are safe in 
order to maximise the economic benefit. The results of 
the study show that stricter rules and other measures are 
needed to minimize exposure of children to the harmful 
effects of these toxins.

Authors’ contributions
ST is involved in the study design, acquisition of data, manuscript drafting, 
KM was involved in organizing logistics for the study, data analysis and final 
manuscript revision. Both authors read and approved the final manuscript.

Author details
1 Department of Paediatrics, Faculty of Medicine, University of Peradeniya, 
Peradeniya 20400, Sri Lanka. 2 Tea Research Institute, Thalawakelle, Sri Lanka. 

Acknowledgements
The authors would like to acknowledge the estate superintendents of St 
Coombs estate, Thalawakelle and Idalgashinna Bio Tea Project, Haputale and 
their staff, the parents and the children of the estates there in.

Competing interests
The authors declare that they have no competing interests.

Availability of data and materials
Most of the data collected is given and additional information can be 
obtained by e mail to the corresponding author—sanathusara@yahoo.com.

Consent for publication
There is no individual person’s data in the data set given.

Ethics approval and consent to participate
Ethics approval was obtained from institutional ethics committee, Faculty of 
Medicine, University of Peradeniya.

Funding
This study was supported by funding on educational grant from UNDP.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

Received: 6 July 2018   Accepted: 26 November 2018

References
	1.	 Zhu T, Zhang L, Qu Y, Mu D. Meta-analysis of antenatal infection and risk 

of asthma and eczema. Medicine. 2016;95(35):e4671.
	2.	 Bloomfield SF, Stanwell-Smith R, Crevel RW, Pickup J. Too clean, or not 

too clean: the hygiene hypothesis and home hygiene. Clin Exp Allergy. 
2006;36(4):402–25.

	3.	 Babu KS, Arshad SH. The role of allergy in the development of airway 
inflammation in children. Paediatr Respir Rev. 2003;4(1):40–6.

	4.	 Iyer S. Antibiotic pesticide residue in food may cause severe allergies; fruit 
contaminated with streptomycin causes life-threatening allergic reaction. 
Medical Daily. 2018. https​://www.medic​aldai​ly.com/antib​iotic​-pesti​
cide-resid​ue-food-may-cause​-sever​e-aller​gies-fruit​-conta​minat​ed-30092​
6. Accessed 16 Apr 2018.

https://www.medicaldaily.com/antibiotic-pesticide-residue-food-may-cause-severe-allergies-fruit-contaminated-300926
https://www.medicaldaily.com/antibiotic-pesticide-residue-food-may-cause-severe-allergies-fruit-contaminated-300926
https://www.medicaldaily.com/antibiotic-pesticide-residue-food-may-cause-severe-allergies-fruit-contaminated-300926


Page 5 of 5Kudagammana and Mohotti ﻿Allergy Asthma Clin Immunol           (2018) 14:84 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your research ?  Choose BMC and benefit from: 

	5.	 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(4):435–42.

	6.	 Hernández AF, Parrón T, Alarcón R. Pesticides and asthma. Curr Opin 
Allergy Clin Immunol. 2011;11(2):90–6.

	7.	 Hauptman M, Phipatanakul W. Year in review: pediatric allergy and 
asthma, excluding food allergy. Ann Allergy Asthma Immunol. 
2015;114(3):175.

	8.	 Luster MI, Rosenthal GJ. Chemical agents and the immune response. 
Environ Health Perspect. 1993;100:219.

	9.	 Salameh PR, Baldi I, Brochard P, Raherison C, Saleh BA, Salamon R. 
Respiratory symptoms in children and exposure to pesticides. Eur Respir 
J. 2003;22(3):507–12.

	10.	 Eskenazi B, Bradman A, Castorina R. Exposures of children to 
organophosphate pesticides and their potential adverse health effects. 
Environ Health Perspect. 1999;107(Suppl 3):409.

	11.	 Mallol J, Crane J, Von Mutius E, Odhiambo J, Keil U, Stewart A, ISAAC 
Phase Three Study Group. The international study of asthma and 
allergies in childhood (ISAAC) phase three: a global synthesis. Allergol 
immunopathol. 2013;41(2):73–85.

	12.	 Kuehni CE, Davis A, Brooke AM, Silverman M. Are all wheezing disorders 
in very young (preschool) children increasing in prevalence? Lancet. 
2001;357(9271):1821–5.

	13.	 van Aalderen WM. Childhood asthma: diagnosis and treatment. 
Scientifica. 2012. https​://doi.org/10.6064/2012/67420​4.

https://doi.org/10.6064/2012/674204

	Environmental exposure to agrochemicals and allergic diseases in preschool children in high grown tea plantations of Sri Lanka
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Study area

	Results
	Preschool wheezing, allergic rhinitis, eczema
	Eosinophilia
	Any allergy
	Risk factors for allergy

	Discussion
	Conclusions
	Authors’ contributions
	References




