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ABSTRACT 
 
 Three major imported black tea samples were selected from three countries  i.e. India, Kenya, and Malawi 
to study the effect of preparation of tea drink on the pesticide residues.Heat used in preparation of tea drink was 
found to affect the residues of pesticides. The obtained results showed that pesticide residues concentration in 
tea extracts varied according to the tea origin and preparation method of tea drink used. Results also revealed 
that the higher rates of dissipation was in Kenyan black tea kind relating to the organochlorine pesticide residues 
(OC). Indian black tea showed the highest dissipation by T3 followed T1 as compared with other methods used. 
It could be concluded that (OC) residues decreased completely by T3 followed partly by T1 and T2 in all kinds of 
black tea samples. The results showed high organophosphorus (OP) pesticide residues in Indian black tea from 
the total amount of pesticide residues(13.13g g-1), followed by Kenyan, while Malawian black tea (12.64g g-

1) consider. The highest residue of dimethoate in Kenyan black tea (11.03g g-1) followed by Indian black tea 
(5.05g g-1) respectively. A complete degradation took place by process T1 in all pesticide residues in Indian 
black tea. In Kenyan Black tea T1 gave lower content for all residual pesticides. It means that the T1 was the best 
method than other methods. 
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Introduction 
 
 Hot black tea drink is the most popular drink for most of the Egyptians. Most people considers tea drink 
indispensable after meals and all over the day in Egypt. This commodity is imported from different Asian and 
African countries. Egypt's annual import of tea amounts to about 71.70 thousand tons, (General Agency for 
Public Mobilization and Statistics, 2010) (Figure 1), wide variation in the quality of tea is attributed to the 
origin. This beverage is taken by a lot of Egyptians of different ages and social classes, so it is important to 
know the risk of their consumption on health; specially when used as sweetened beverage.  
 In addition, mounting pressure from importing countries as well as environmental health professional has 
completed to assess the impact of pesticide residues in tea per the recommended maximum residue limits. 
 Owing to the importance of black tea in human nutrition especially in Egypt, however, there is no 
information on the residual pesticides content of imported black tea. The investigation compared three kinds of 
tea samples, mainly from India, Kenya and Malawi to study how processes for making tea as beverage affect 
their levels of pesticide residues. The effect of heat processing according to Egyptian food habits, on the levels 
of pesticides contaminated samples of black tea beverage that can be determined. This work aims to study the 
effect of some traditional practices on the pesticide residues in black tea and their hot drinks, as organochlorine 
(OC) (e.g. aldrin, heptachlor epoxide, chlordane… and DDT) and organophosphorus (OP) (e.g. dimethoate, 
methyl parathion, and phorate) to quantified and compared. 
 
Materials and Methods 
 
Collection of samples: 
 
 Tea samples of three countries: India, Kenya and Malawi were collected randomly from general 
organization for exports and imports control in Port-Said were investigated. 
 
Methods: 
 
1- Preparation of beverages: 
 
 Tea beverages were prepared using three traditional methods for every kind of dust black tea (three 
varieties) as following: 
A- 2 grams of dust black tea was added to 100ml cooled distilled water, then heated to boil for 2 min. treatment 
1 (T1). 
B- 2 grams of dust black tea was added to 100ml distilled hot water, and then boiling continued for 2 min. (T2). 
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C- 2 grams of dust black tea was added to 100ml boiled distilled water (90-95oC) and stand for infusion for 2 
min. (Kushary tea) (T3). 
 At the end of preparation time tea extracts were allowed to cool at room temperature, then subjected for 
analysis (dust black tea: the most imported tea to Egypt). 
 

 
 
Fig. 1: Amount of imported tea to Egypt in 2010. 
 
2- Pesticide residues determination : 
 
Extraction and clean up: 
 
 Residues of pesticides were extracted and cleaned up (partitioning and florisil clean up) according to 
A.O.A.C. (1995). 
 
High pressure liquid chromatography (HPLC) analysis: 
 
 Residues of pesticides were determined by using high pressure liquid chromatography (HPLC), column 
thermostat, spark Holland, SPH 99 equipped with phenomemax column, rezexcal (300 x 7.8mm). Temperature 
during elution was 70oC. A heated water bath (mobile phase) was distilled water at a flow rate of 0.4ml/min. 
The detector (refractive index), and the integrator were from Hewllt E Packard. 
 
Results and Discussion 
 
 Pesticides were identified for different residues of (OC) and (OP) from retention time and confirmed by 
comparison with authentic standards. Extraction and clean up procedure could be considered reliable enough for 
the analysis of tea (Seenivasan, S. 2011). 
 
Organochlorine pesticide residues (OC): 
 
 Tea from three resources with deposited pesticides were submitted to different steps  during  preparation.  
The  effect  of  the  heating in black tea plays a very important role in reducing the pesticide residues. The data 
relating to the organochlorine pesticide residues (OC) in tea and the effect of different processing conditions on 
the persistence of different (OC) pesticide residues are present in Table (1). There is a difference in the residues 
of aldrin between samples, the Malawian tea had the lowest aldrin content (0.016 g g-1), while the Indian tea 
showed the highest content (0.115g g-1). On the other hand, the initial deposit of aldrin residue in Kenyan tea 
was found to be (0.056g g-1), which declined to be below detection limit (BDL) with a corresponding loss of 
100% during all preparation steps. Moreover, degradation took place in the other two black tea varieties Indian 
and Malawian.  
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 The residues obtained after treatment T1 and T3 were (BDL) in both Indian tea, when treatment T2 was 
carried out the residue reached to (0.007g g-1) with corresponding dissipation of 100%, 100% and 6.08 
respectively. 
 Also, the aldrin residues in Malawian processed tea were (0.005, BDL and BDL g g-1) in T1, T2 and T3 
with a corresponding reduction of (31.85%, 100% and 100%) respectively. 
 The dissipation of aldrin residues occurred quite rapid during different treatments in the three kinds of black 
tea. Thus the decrease in residues was attributed to heat which could cause evaporation and degradation (Cabras 
et al., 1998a, Cabras et al., 1998b and Cabras et al., 1998c) reported similar observation. 
 Data in Table (1) showed that the heptachlor epoxide residues in tea samples were the lowest residue 
(0.0067 g g-1) as for Malawian tea, while the highest residue was (0.248g g-1) for Indian tea, Kenyan tea had 
(BDL). Using process T1, T2 and T3 resulted decreasing in heptachlor epoxide residues to (0.033, 0.056 and 
BDL) in Indian tea with a corresponding dissipation (13.31, 22.58 and 100%) respectively. Malawian tea 
showed the lowest heptachlor epoxide residue in all three processing treatments. It could be noticed that, the 
residues of  chlordane were (BDL) when using all methods of treatment with (100%) reduction in Kenyan tea 
followed by T1 and T3. Indian tea also had the same result. The results showed that the T1 and T3 were the best 
treatment than other methods. On the other hand, The residue of p.p.-DDE ranged from (0.0005 to 0.0063g g-

1), when using the three methods for preparing tea beverage, the p.p-DDE residue decreased to (BDL) in all tea 
samples. 
 The only obtained p.p.-DDD was (0.0046g g-1) in Kenyan tea, which showed a complete dissipation in all 
treatments. 
 It is noticed that the residues dissipation show a variation between different varieties of tea. The highest rate 
of dissipation was in Kenyan black tea in the three treatments. Malawian black tea showed that T2 and T3 were 
more effective method to make complete reduction. Indian black tea was the highest dissipation by T3 followed 
by T1. It could be concluded that (OC) residues decreased completely by T3 followed partly by T1 and T2 in all 
kinds of black tea samples. 
 The rates of residual degradation by the heat might be due to combining effect of two factors i.e., 
evaporation then and loss due to thermal decomposition. In this respect, Tewary et al. (2005) revealed that 
various thermal process treatments have been found valuable in degradation of various pesticides depending 
upon the type of pesticide and length of treatment. The obtained results were in the line of those of Mesters, R. 
and G. Mesters (1992), and Nagayama (1996). 
 
Organophosphorus pesticide residues (OP): 
 
 The organophosphorus insecticides are less persistent in the environment. These insecticides exert toxicity 
on both insects and mammals through inhibition of cholinesterase enzymes that normally function to regulate 
nervous system activity (Richardson, 1995). 
 The data of organophosphorus pesticide residues (OP) of all treatment are tabulated in Table (2). Results 
explain that the Indian black tea contain high amount of pesticide residues (13.13g g-1), while other kinds of 
tea contained the following total residue levels (12.64 g g-1 and free) for Kenyan and Malawian black tea 
respectively. The same Table shows that Indian black tea contained three pesticide residues (5.05, 3.26 and 4.82 
g g-1) of dimethoate, 0, 0,0- triethyl phosphorothioate and phorate respectively, while Kenyan black tea 
contained two pesticide residues (11.03 and 1.61 g g-1) from dimethoate and phorate. The highest residue of 
dimethoate in Kenyan black tea (11.03g g-1) followed by Indian black tea (5.05 g g-1) respectively. Phorate 
residues were found in opposite trend dimethoate residues. 
 The difference of black tea under investigation, for T1 and T2 means that the T1 was the best method than 
other methods. 
 Degradation took place in three applications to the dimethoate residues in Kenyan black tea and they ranged 
(from BDL to 0.934 g g-1) with a corresponding loss of (100% and 8.47%) respectively. T3 showed the highest 
phorate residue after treatment was (0.175 g g-1) in Kenyan black tea with reduction of (10.87%). 
 Thus, the residue levels of various pesticides of black tea in the present study were expected to decrease 
during preparation processes. This results are in agreement with those obtained by Nagayama (1996), who 
found that pesticides decreased during heating process corresponding to their water solubility and octanol- water 
partition coefficient which is an indicator of the hydrophilic or lipophilic properties of the compound. 
 The lower values of the residues of pesticides might be due to several factors i.e. temperature, pH, moisture 
and irradiation; found by Jaggi et al. (2001), Kumar et al. (2004) and Pramanik et al. (2012). 
 Abou-Arab (1999) reported that the levels of reduction of organochlorines (OC) was lower than the (OP) 
due to the high stabilities of (OC) to heat treatments. 
 So, it is revealed that the consumption of the heated tea beverage may be safer due to the heat preparation, 
which decreased the levels of pesticides that can affect human health (Oliviera et al., 2002). In fact, long- term 
exposure to trace amounts of (OC) pesticides has been shown to cause cancer, liver damage, immunotoxicity, 
and birth defects (Kegley and Wise, 1998). 
 The study also help in getting an information about the residue levels of the imported black tea. 
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Table 1: Organochlorine pesticide contents in imported dust black tea samples and their beverages (g g-1). 
Pesticide 
residue 

Resource of tea 
Indian Kenyan 

Organochlori
ne (OC) 

Method of preparation 
I T1 D% T2 D% T3 D% I T1 D% T2 D% T3

1- BHC BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL 
2-Hepatchlor BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL BDL 

3- Aldrin 0.115 BDL 100 0.007 6.08 BDL 100 0.056 BDL 100 BDL 100 BDL 
4- 

Heptachlor 
epoxide 

0.248 0033 13.31 0.056 22.58 BDL 100 BDL BDL -- BDL -- BDL 

5- - 
clordane 

0.089 BDL 100 0.050 56.13 BDL 100 0.0157 BDL 100 BDL 100 BDL 

6- - 
clordane 

BDL BDL -- BDL -- BDL -- BDL BDL -- BDL -- BDL 

7- 
Endosulfane 

1 

BDL BDL -- BDL -- BDL -- BDL BDL -- BDL -- BDL 

8-  p.p.-DDE 0.0063 BDL 100 BDL 100 BDL 100 0.0022 BDL 100 BDL 100 BDL 
9- Dieldrin BDL BDL -- BDL -- BDL -- BDL BDL -- BDL -- BDL 
10- Endrin BDL BDL -- BDL -- BDL -- BDL BDL -- BDL -- BDL 
11- p.p.-

DDD 
BDL BDL -- BDL -- BDL -- 0.004 BDL 100 BDL 100 BDL 

12- p.p.-
DDT 

BDL BDL -- BDL -- BDL -- BDL BDL -- BDL -- BDL 

13-
Endosulfane 

suflate 

BDL BDL -- BDL -- BDL -- BDL BDL -- BDL -- BDL 

14- 
Methoxychlo

r 

BDL BDL -- BDL -- BDL -- BDL BDL -- BDL -- BDL 

Total 0.4583       0.0787      
 
Table 1: Continue: 

Pesticide 
residue 

Resource of tea 
Malawian 

Organochl
orine (OC) 

Method of preparation 
D% I T1 D% T2 D% T3 D% 

1- BHC BDL BDL BDL BDL BDL BDL BDL BDL 
2-

Hepatchlor 
BDL BDL BDL BDL BDL BDL BDL BDL 

3- Aldrin 100 0.016 0.005 31.25 BDL 100 BDL 100 
4- 

Heptachlor 
epoxide 

-- 0.0067 BDL 100 BDL 100 BDL 100 

5- - 
clordane 

100 BDL BDL -- BDL -- BDL -- 

6- - 
clordane 

-- BDL BDL -- BDL -- BDL -- 

7- 
Endosulfan

e 1 

-- BDL BDL -- BDL -- BDL -- 

8-  p.p.-
DDE 

100 0.0005 BDL 100 BDL 100 BDL 100 

9- Dieldrin -- BDL BDL -- BDL -- BDL -- 
10- Endrin -- BDL BDL -- BDL -- BDL -- 
11- p.p.-

DDD 
100 BDL BDL -- BDL -- BDL -- 

12- p.p.-
DDT 

-- BDL BDL -- BDL -- BDL -- 

13-
Endosulfan

e suflate 

-- BDL BDL -- BDL -- BDL -- 

14- 
Methoxych

lor 

-- BDL BDL -- BDL -- BDL -- 

Total  0.0229       
Dust black tea : the most imported tea to Egypt - 
BDL : Below detection limit. 
I : Initial concentration of the residue (g g-1). 
T1 : Treatment 1.    T2 : Treatment 2.   T3 : Treatment 3.  
D% : Dissipation percentage in processed tea. 
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Table 2: Organophosphorus pesticide contents in imported dust black tea samples and their beverages (g g-1). 
Pesticide 
residue 

Resource of tea
Indian Kenyan 

Organophosph
orus 

Method of preparation
I T1 D% T2 D% T3 D% I T1 D% T2 D% T3 D%

1- Dimethoate 5.05 BDL 100 0.736 14.57 BDL 100 11.03 0.117 1.06 0.934 8.47 BDL 100
2- Disulfoton BDL BDL -- BDL -- BDL -- BDL BDL -- BDL -- BDL --
3- Famphur BDL BDL -- BDL -- BDL -- BDL BDL -- BDL -- BDL --
4- Methyl 
parathion 

BDL BDL -- BDL -- BDL -- BDL BDL -- BDL -- BDL --

5- 0,0,0 
triethyl 3.2.6 

phosphorthioat
e 

3.26 BDL 100 BDL 100 0.176 5.40 BDL BDL -- BDL -- BDL --

6- Parathion BDL BDL -- BDL -- BDL -- BDL BDL -- BDL -- BDL --
7- Phorate 4.82 BDL 100 0.210 4.36 BDL 100 1.61 BDL 100 BDL 100 0.175 10.87

Total 13.13    12.64   
 
Table 2: Continue 

Pesticide 
residue 

Resource of tea
Malawian

Organophosp
horus 

Method of preparation
I T1 D% T2 D% T3 D%

1- Dimethoate BDL BDL -- BDL -- BDL -- 
2- Disulfoton BDL BDL -- BDL -- BDL -- 
3- Famphur BDL BDL -- BDL -- BDL -- 
4- Methyl 
parathion 

BDL BDL -- BDL -- BDL -- 

5- 0,0,0 
triethyl 3.2.6 

phosphorthioa
te 

BDL BDL -- BDL -- BDL -- 

6- Parathion BDL BDL -- BDL -- BDL -- 
7- Phorate BDL BDL -- BDL -- BDL -- 

Total --    
Dust black tea : the most imported tea to Egypt - 
BDL : Below detection limit. 
I : Initial concentration of the residue (g g-1). 
T1 : Treatment 1.    T2 : Treatment 2.   T3 : Treatment 3.  
D% : Dissipation percentage in processed tea. 
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