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Abstract
The second most commonly consumed beverage in the world 
is tea. Various forms of tea are destroyed and reported to 
show tremendous potential use in human health after con-
sumption. Contamination of tea with pesticide residues is a 
constant concern from a human health point of view. This in-
tegrative review aims to evaluate pesticide residues in market 
tea samples and understand the behavior of pesticides while 
undergoing various manufacturing processes. Appropriate 
databases and search terms were used to conduct the litera-
ture search, and it was restricted to original research articles 
only. About 1406 articles were found from the primary search. 
However, after thorough streamlining, only 24 studies were in-
cluded in the review. The monitoring studies conducted in the 
past decade highlighted the matter of concern. Further, the 
behavior of pesticide residues was explored under three main 
stages, including pesticides during the cropping period, man-
ufacturing, and infusion. Various factors were identified which 
can degrade the residual concentrations of pesticides in tea. 
The articles also attenuate few suggestive measures which 
can pilot pesticide degradation. The attention was drawn to 
farmers, manufacturing unit workers, and consumers who can 
effectively control the pesticide residues in the final product 
of tea. However, the review also noted the scarcity of research 
conducted on this food commodity and suggested periodic 
monitoring. 
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Introduction
Globally, tea has been consumed for its stimulating 

effect and is considered a ‘health beverage’ due to its 
bioactive compounds and antioxidant properties, re-
sulting in beneficial effects on human health [1]. 

Various factors can be credited with limiting the 
quality and quantity of tea production. However, the 
infestation via insect pests has a vital role in the show 
[13]. Thus, the widespread use of pesticides in the tea 
crop has led to pesticide residues in tea.

More than a billion and a half cups of tea are drunk 
every day. The use of pesticide formulations in tea 
plantations and the average daily intake of six gram-
mas of tea per person are significant potential sources 
for exposure to pesticide residues among human be-
ings [15]. Since tea growers are working to increase 
crop yields, farming techniques are increasingly in-
tense. The tea business is known to utilize integrated 
pesticide management methods that require the usage 
of pesticides. Moreover, the known hazardous compo-
nents of the chemical pesticides may stay in the final 
product as residues in the last tea powder-processed 
product. Studies have demonstrated, nonetheless, that 
pesticides employed in tea crops are enough to create 
solid residual levels of tea and that the hot tea brew 
might function as a solvent for the transfer of these 
chemicals [14]. 

Although the use of pesticides onto the tea crops 
is inevitable, few studies suggest reducing or degrad-
ing the residual pesticide concentrations during the 
numerous processing which tea leaves under before 
their actual consumption. Therefore, the objective of 
the present review is to understand the contamination 
of tea by various pesticides via monitoring studies and 
to give state of the art on the influence of different 
processing on pesticide residues in tea by a literature 
survey. 
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Methods
The present integrative review aims to understand, 

1. The contamination of actual tea samples by most 
common pesticide residues.

2. The behavior of pesticide residues in the tea sam-
ples while undergoing different types of process-
ing. 

Inclusion and Exclusion Criteria
Research articles published between 2010 and 

2020, written in the English language, were considered 
eligible for inclusion under the monitoring studies, 
which would help to throw light on the current sce-
nario of pesticide contamination in tea. However, to 
understand the behavior change of the residues in tea, 
studies conducted even before 2010 were also includ-
ed [2]. Though the initial plan was to have original re-
search articles only exclusively, few other publications, 
such as reviews and letters, were also included, consid-
ered their input values into the present article. Moni-
toring studies reporting residues of any pesticides in 
the various types of teas (actual samples) across the 
globe were included in the review. 

Information Sources and Search Strategy
The articles which were included in this integra-

tive review were selected through a systematic search. 
The databases PubMed, Springer, and ScienceDirect, 
were used for this purpose. The examinations were 
performed using the descriptors “pesticide,” “moni-
toring,” “processing,” and “tea” and their combinations 
[4]. Initially, the titles and abstracts of the articles 
found were read to verify their relevance to the cur-
rent topic. Later, all articles addressing the monitor-
ing of pesticide residues in various teas and research 
articles describing the behavior of different pesticide 
residues during various processing of tea manufactur-
ing and preparation were segregated to be included in 
the review. 

Data  Retrieval
The data included information on the primary au-

thor, year of publication, type of tea, number of sam-
ples analyzed, study area, and list of pesticide residues 
detected in the examples to review the monitoring sta-
tus. All the data obtained through the search of the 
eligible articles were presented in a table to provide a 
clear understanding of tea contamination status via 
pesticides. 

Further, various studies that reported alteration in 
the pesticide residue concentration upon processing 
were organized based on the processing stage. The in-
formation collected includes primary author, year of 
publication, type of tea, number of samples analyzed, 
type of pesticide studied, type of matrix, type of pro-
cessing undertaken, and percentage of degradation [5]. 

Results
The flowchart given in Figure 1 describes the stra-

tegic literature search adopted for the present review. 
At the initial start of the search, 2406 articles were 

identified from the database search. These articles 
were screened for duplication, title, abstract, and full-
text to identify potential themes that can be consid-
ered eligible for inclusion [6]. Therefore, upon an in-
depth analysis of the articles, 24 research articles (11 
and 13 articles to fulfill the first and second objectives 
of the study) were deemed eligible for this review.

Articles identified through 
database search, n = 1406

Articles remaining after removal 
of duplicates, n = 874

Articles removed after 
scanning titles and abstract, 

n = 612
Articles remaining after scanning 

of titles and abstract, n = 262

Articles removed after 
reading full-text, n = 238

Articles included in the 
present review, n = 24

Figure 1.Strategic literature search adopted during data retrieval

Discussion

Monitoring of Pesticide Residues in Tea
Tea is a complex matrix as it includes the extraction 

of pesticides that resides from such a complex matrix; 
both qualitatively and quantitatively has encoun-
tered difficulties. Matrix interferences and extensive 
extraction procedures were the most intricate tasks 
required while estimating pesticide residue concen-
trations [7]. Further, there is a need to use techniques 
such as chromatographic analysis to analyze the pes-
ticide concentration levels accurately. Owing to these 
challenges, tremendous efforts have been put into de-
veloping various extraction procedures and analytical 
methods toestimate residual levels in tea. As a result, 
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recently, numerous articles have been published on 
method development and validation, which describe 
extensive extraction method sand the use of high-end 
analytical instruments. 

It was important that the monitoring studies, which 
were conducted to analyze the residual concentrations 
of the pesticides, adopt suitable extraction and analy-
sis techniques [8]. Therefore, we have carefully exam-
ined the research articles and, monitoring studies that 
adopted such practices were selected to be included in 
the present review. Studies reporting various pesticide 
residues in a variety of tea are listed in Table 1.

It can be noted from the recent studies (by a de-
cade) that investigations were conducted in various 

types of teas. Further, different classes of pesticides 
were reported in tea. This can be attributed to the re-
gional difference as other pesticides are recommended 
and used in different regions worldwide [9]. However, 
the most exciting observation is to find the residues of 
organ chlorine (OC) pesticide residues in the tea sam-
ples. OC pesticides, including isomers of DDT, DDE, 
HCH,Endosulfan and, Heptachlor, Aldrin, Heptachlor 
epoxide, Dieldrin, and Endrin, were reported [10]. 
Owing to their high persistence and bioaccumulation 
properties, most of the OC pesticides are categorized 
as hazardous towards the environment and humans, 
leading to the ban of these pesticides’ manufacture 
and use [15]. 

Table 1
List of studies reporting pesticide residues in various types of tea
S.No. Type of tea Sample size Study area Pesticide residues detected Reference

1. Green, Black, 
Chamomile, 
White, and 
Oolong tea.

75 European 
Union and 
third countries 

Biphenyl, Acetamiprid, Carbendazim, 
Chlorpyrifos, Imidacloprid, Bifenthrin, Endo-
sulfan, and Methomyl 

Lozano et al., 2012

2. Yuza tea 25 Goheung, 
Korea

Acequinocy and Carbendazim Lee and Lee, 2012

3. CTC and ortho-
dox black tea

468 India (Tamil 
Nadu, Kerala) 

Ethion, Quinalphos, Hexaconazole, Dicofol, 
Propargite and Fenpropathrin

Kottiappan et al., 2013

4. Black tea 53 Tehran, Iran Endosulfansulfate and Bifenthrin Amirahmadi et al., 2013
5. Pu-erh tea 

(fermented 
dark tea)

100 Beijing, 
Guangzhou, 
Kunming, and 
Fuzhou (China)

Acetamiprid, Bifenthrin, Imidacloprid, Bupro-
fezin, Carbendarzim, Cypermethrin, Cyha-
lothrin, Dicofol, Fenpropathrin, Methomyl, 
Pyridaben

Chen et al., 2014

6. Green, Oolong, 
and Black tea

223 China pp’-DDE, pp’-DDT, Endosulfan, α-Endosulfan, 
λ-Cyhalothrin, Cypermethrin, Chlorpyrifos, 
Cyfluthrin, Deltamethrin, Dicofol, Fenpropath-
rin, Fenitrothion, Fenthion Hexachloroben-
zene, β- Bifenthrin, Permethrin, Fenvalerate, 
Kresoximmethyl, Malathion, Methidathion, 
Parathion-methyl, Tau-fluvalinate,

Feng et al., 2014

7. Green and 
Oolong tea

624 and 186 China Chlorpyrifos, Isocarbophos, and Triazophos Chen et al., 2015

8. Green and 
Black tea

200 and 200 China Imidacloprid and Acetamiprid Wu et al., 2017

9. Oolong, Green, 
Black, Teabag 
and Mulberry 
leaf tea

176 China Bifenthrin (highest frequency of detection) Gong et al., 2017

10. Green, Herbal 
and Black tea 

10,10 and 10 Poland β-HCH, γ-ΗCΗ, op’-DDE, pp’-DDE, Dieldrin, 
op’-DDD, DDT isomers, Heptachlor, Aldrin, 
Heptachlor epoxide, Endrin

Witczak et al., 2017

10. Tea 52 Pakistan Lambda Cyhalothrin, Bifenthrin, Dichlorovos, 
Emamectin, Glyphosate, Imidaclorprid and 
Difenaconazole

Yaqub et al., 2018

11. Ceylon black 
tea

Five different 
brands were 
made into a 
composite 

sample.

Sri Lanka Endosulfan, Bifenthrin, Chlorpyrifos, Methyl 
parathion, op’-DDT.

Amaraweera and 
Wickramasinghe et al., 
2019
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Nevertheless, finding their residues in the tea sam-
ples may imply their ineffective ban. Recent investi-
gations have also found residues of OCs in the envi-
ronment [5] , other food commodities [3] , and also 
in human blood samples [4]. Hence, this pattern of 
findings of OCs in tea samples can deduce their per-
sistence and improper pesticide regulations. 

The behavior of Pesticide Residues During 
the Processing of Tea

Tea leaves undergo various processing starting 
from the initial stages of seedling till the point of con-
sumption [11]. During tea cultivation, seasonal pests 
are managed with the use of pesticides. However, the 
degradation of pesticides shall occur during various 
processing. Further, the degradation of pesticides may 
be affected by different factors at different stages. The 
primary physical processes where pesticide residues 
loss in tea may occur in three steps is shown in Figure 
2. Therefore, pesticide behavior can be studied during 
these three stages.

Pesticides During the Cropping Period
Pesticides are initially sprayed onto the crops 

during cultivation and are usually stable under field 
conditions. The degradation at this stage mainly de-
pends on the dissipation property of the pesticides. 
Therefore, it is essential to study pesticides’ “dissipa-
tion rate” after application [12]. The dissipation rate 

can be defined as “the rate where the active substances 
of the pesticides tend to disappear from the plant due 
to various processes including volatilization, hydroly-
sis, photolysis, microbial and chemical degradation.” 
Field studies are conducted to determine the dissipa-
tion rates of pesticides. They are usually indicated as 
the pesticide half-life (RL50); the half-life here is de-
fined as “the total time needed for the residual levels to 
drop to half of the initial concentration after pesticide 
application” [13]. 

The dissipation rate of the pesticides is highly vari-
able as it depends on the type of active substances and 
their physicochemical behavior. The active substance 
can vary based on formulations and additives, which 
considerably affect the behavior of pesticides on plants 
[14]. Other factors that affect the dissipation rate are 
the type of matrix in the plant, the texture of the sur-
face (presence or absence of waxes or hairs on the cov-
er), the architecture of the overall plant (including the 
shape of the leaf and fruiting pattern), and the point of 
measurement of dissipation rate (crop surface or in the 
flesh). Additionally, climatic conditions such as tem-
perature, humidity, sunlight intensity will also influ-
ence the dissipation rates [15]. Furthermore, it was also 
observed that the pesticide residues in shoots of one to 
two tea leaves and a bud had a greater dissipation rate 
when compared to three to four leaves and a bud.

Considering the above listed various factors, field 
studies of individual pesticides are usually conducted 

Figure 2. The behavior of pesticide residues – cropping to consumption
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to determine the dissipation rate and obtain the deg-
radation rate on the residual concentrations. Besides 
getting data on the residual levels, the dissipation 
curves for the pesticides are also necessary to estimate 
the time interval required to ensure that the residual 
concentrations are less than the set forth MRLs. This 
shall further serve to design a safe waiting period for 
the crops. 

Studies have been conducted to study the dissi-
pation rates of various pesticides in different types of 
teas. These studies give evidence that the dissipation 
rates are dependent on the kind of tea also. However, 
considering all these factors and identifying the safe 
waiting period can help in the safety evaluation of the 
tea and further may also help in labeling the tea safe 
for consumption. 

Pesticides During the Processing 0f Tea Leaves
Post-cultivation, fresh tea leaves undergo various 

processes to obtain tea powder, as shown in Figure 
3. Pesticides undergo perceptible change during the 
manufacturing of tea powder from the leaves. Tea 
leaves undergo different processing steps based on 
the type of tea. Each step of the process contributes 
to some amount of alteration in the residual concen-
trations. 

Irrespective of the type of tea, all the leaves undergo 
‘drying’ at the later stages of the processing. Reduction 
in Acetamiprid (8-13%), Imidacloprid (9-13%) [12] , 

and dimethoate residues during the drying process in 
black tea manufacturing were reported. 

Volatilization is also considered the primary path-
way of the dissipation of the residues. However, this 
factor mainly depends on the chemical characteristic 
of the pesticide. Deltamethrin is known to have longer 
half-lives, and water insolubility property may prevent 
the residues from faster degradation.

The residues present on the tea leaves at this stage 
of processing mainly depend on the amount of pesti-
cides used during the cropping and the safe waiting 
period observed in the previous step. Further, studies 
have clearly shown a decrease in the residual concen-
trations based on the various processing methods that 
the tea leaves undergo. However, the alteration in the 
concentrations predominantly depends on the chemi-
cal nature of the pesticide and its stability while under-
going the various processes.

Pesticides During the Tea Infusion
Brewing can be considered the last step in the pro-

cess of tea making. This step involves the infusion of 
tea into the water from the dried tea leaves to make 
the concoction of tea for consumption. Although the 
main factor responsible for the concentrations of pes-
ticide residues depend on the steps mentioned earlier 
of cropping and manufacturing, few other factors also 
need to be considered. 

Figure3.Processing of fresh tea leaves to obtain different types of tea.
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Although a study has reported that the hexacon-
azole residue amounts have been degraded, at the 
same time, the infusion was prepared, and based on 
the concentrations, they have suggested the applica-
tion of pesticides at recommended doses and waiting 
for 7 days before plucking the leaves. However, another 
study by similar authors, conducted to study the fate of 
fenazaquin residues, has observed that the alteration 
in the concentrations of the residues in brew also de-
pends on the factors such as partition coefficient, wa-
ter solubility, and vapor pressure. Additionally, it was 
observed that the extent of the leaching of pesticides 
also depends on the brewing time [14]. 

Further, these factors are highly dependent on 
the type of pesticides and their chemical properties. 
Therefore, each pesticide may have specific transfer 
rates during the brewing process at specified condi-
tions. The remaining residues were found in the spent 
leaves (50-70%). Further, a multi-residue pesticide 
study revealed different transfer rates such as 84.9, 
83.4, and 92.4% for Imidacloprid, methomyl, and 
carbendazim residues, respectively. Therefore, it is 
essential to study individual pesticides’ transfer rates 
under protocoled conditions to note their transfer 
rates. However, few studies have also reported that the 
residues were not leaching into the tea infusion. It was 
observed that these tea shoots were obtained after the 
completion of safe harvest interval time. Therefore, it 
can be anticipated that the tea shoots might contain 
less or negligible amounts of residues.

Suggestive Measures to Reduce Pesticide 
Residues in Tea

Considering the inevitable use of pesticides on the 
tea plantation crop, a dynamic approach must be de-
signed and executed efficiently. Contemplating the set 
of circumstances from the initial stages of pesticide 
spray, pesticides’ fate and transport can be monitored. 
The present exploration has highlighted numerous 
critical points that can be modulated during tea pro-
cessing. 

Farmers must follow the instructions regarding 
pesticide use, keeping in view the recommended doses 
prescribed for the tea plantation. Since this is the pri-
mary contact of pesticides with tea crops, regulation 
at this stage will have the most significant impact on 
the residual concentrations of the pesticides. There-
fore, the dosage and timing of the application of pesti-
cide formulations must be prescribed and followed by 

the farmers. Also, they must be aware of the waiting 
period, which they must follow before harvesting or 
plucking the tea leaves. They must also be aware that 
the waiting period varies among different pesticides, 
and therefore, information about individual chemicals 
must be known. 

During the manufacturing of the tea leaves, the dry-
ing method is identified that can degrade most pesti-
cide residues. Therefore, with specific conditions such 
as temperature and drying duration, complete drying 
can be noted, and the manufacturing workers can ad-
here to these conditions. The degradation of the resi-
dues also depends on the physicochemical properties 
of the chemical pesticides. The specific requirements 
such as evaporation, co-distillation, thermal stability, 
volatilization, which are the prime factors for pesticide 
degradation, depending on the physicochemical prop-
erties. Studies can be conducted to study these factors 
in individual pesticides. The workers at the manufac-
turing sites can follow these protocols to ensure maxi-
mum degradation of the residual concentrations in the 
dried tea leaves. 

The last process is the infusion from the dried 
leaves into the brew. The transfer rates of pesticides 
depend on physicochemical properties and influ-
ence partition coefficient, water solubility, and vapor 
pressure while brewing process. The brewing process 
also significantly influences transfer rates from dried 
leaves and concentrations left in the spent leaves. 
Therefore, studies can focus on prescribing the brew-
ing process, considering all of these factors and the 
type of tea. These instructions can be printed on the 
packets of tea. Although “instructions to use” are usu-
ally provided on the packages, their scientific evalua-
tion of the process that considers these factors must 
be verified. However, consumers may tend to ignore 
the instructions and brew the tea following their tra-
ditional ways. Therefore, consumers who are brewing 
the dried leaves for consumption must primarily un-
derstand the need to follow the instructions given on 
the packages. They must realize that following these 
instructions will not only lead to the preparation of 
tasty tea but also be crucial in controlling the residues 
in the final product and thus in the interest of health 
hazards that may occur due to this dietary exposure. 

Tea has been considered the most consumed tra-
ditional beverage with health benefits. However, 
drinking a cup of tea with contamination of pesticide 
residues is not desirable considering various adverse 
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health effects of these chemicals. Further, studies have 
reported various critical factors that can be applied to 
degrade the residual concentrations in the tea during 
the three main stages of processing.

Conclusion
The present review focuses on highlighting the pes-

ticide contamination in market tea samples in recent 
times. It also aims to understand the behavior of pesti-
cides in various processing steps of tea manufacturing. 
It was observed that banned OC pesticides are still be-
ing reported in studies conducted in the past decade. 
The physiochemical properties of chemical pesticides 
play a significant role in all the stages of processing. 
Further, the handlers of the tea leaf or product who 
are farmers, manufacturing workers, and the con-
sumers must be aware of the pesticide residues, their 
health effects, and ways to degrade them. They can be 
prescribed the essential steps required to be followed 
during the process, and they must adhere to them to 
consume the safe tea. Consequently, the periodic eval-
uation results that it is unsafe for consumption leading 
to a health hazard. The concentrations can be checked 
for the MRLs, and based on the consumption volumes, 
the safety of the tea can be evaluated. 
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