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ABSTRACT 

Excessive accumulation of heavy metals in tea plantations may not 
only result in environmental contamination but also affect the 
quality and safety of tea production in Sri Lanka. Thus, the prime 
aim of this study is to assess the levels of Potassium (K), Magnesium 
(Mg), Copper (Cu), Zinc (Zn), Iron (Fe), Manganese (Mn), Lead (Pb), 
and Cadmium (Cd) in fresh tea leaves (green), processed (black) tea 
samples and soil of herbicides applied and non-applied tea 
plantation plots in Dambetenna tea estates, Sri Lanka. Soil and tea 
leave samples were collected using simple random sampling 
technique representing both the herbicide applied (treated) and the 
non-applied (controlled) tea plantation plots within six months 
period of time (n=36). The Microwave digestion system and Atomic 
Absorption Spectrometer (AAS) were used to analyse the levels of 
metal concentrations and the data were statistically analysed using 
the student’s t-test (95% confidence interval) in order to compare 
two plots in terms of heavy metal concentrations. Results revealed 
that in herbicides applied plots, the concentrations of heavy metals 
viz. Zn, Fe, and Pb are significantly higher (p<0.05) in soil and the 
levels of Pb are slightly higher (p<0.05) in green tea leaves and black 
tea samples. Overall, the present study gives insights into the heavy 
metal contamination levels in tea estate soil, green tea leaves, and 
black/processed tea samples under chemical weeding systems in 
Sri Lanka. 
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1. INTRODUCTION 

Tea (Camellia sinensis L.) is one of the most popular beverages consumed by over 
two-thirds of the world’s population for its refreshing, medicinal, mild stimulant 
effects (Karak & Bhagat, 2010)  and it is estimated that 18 to 20 billion cups of 
tea are consumed daily worldwide (Achudume & Owoeye, 2010). Thus, 
managing sustainable tea cultivation practices is essential to produce good 
quality tea to fulfill the worlds’ demand for tea (Li et al., 2013). However, the 
weeds in tea plantations cause huge economic losses to the tea industry posing 
a challenge despite the technological advancements available in the world (Auld, 
2004) and thus, controlling of harmful weeds in a plantation is crucial to 
maintain healthy crop yield and fertility of the soil in tea plantations (Peiris et 
al., 2016). As explained by Pannell et al. (2004), production and utilization of 
herbicides in the tea industry emerged and substantially widespread as a weed 
management option in the world starting from the 1940s, and ultimately tea 
soils were severely degraded owing to its harmful heavy metal contaminants 
(Peiris, 2016). However,  tea should be free from toxic contaminants (Sharma et 
al., 2007) and as a new sustainable weed management option, herbicides free 
integrated weed management (HFIWM) has been started to practice in Sri Lanka 
from 2016 (Peiris et al., 2016). Hence, the purpose of the study was to assess 
and compare the heavy metal levels of tea soil, green tea leaves and black tea 
samples under herbicides contaminated tea plantation and herbicides free tea 
plantations in Dambetenna tea estates, Sri Lanka.  

2. LITERATURE REVIEW 

2.1. Tea Industry in Sri Lanka 

Tea is a perennial crop with three kinds of varieties viz. Camellia sinensis, 
Camellia assamica, and Cambodiensis (Karak & Bhagat, 2010) that is grown in 
more than 45 countries all over the world (Baruah, 2017). Tea grows best in 
tropical and subtropical areas where adequate rainfall and acidic soil is available 
(Karak et al., 2015). In Sri Lanka, particularly tea is a key contributor to the 
country’s economy in terms of foreign exchange earnings, employment, and food 
supply (Gunathilaka et al., 2017), whereas Sri Lanka contributed 9% of the 
world tea production, being one of the most prominent green tea producer in 
the world (Basu Majumder et al., 2010).   

2.2. Weed Management Practices in Tea Industry 

As explained by Prematilake et al. (2004), among the critical factors that limit 
the optimum productivity of tea plantations, weeds are counted as one of the 
prominent in the list since uncontrolled weed growth can cause a loss of tea 
productivity to the extent of 50-70 percent (Prematilake et al., 2004). Thus, 
weeds in tea are managed both manually and chemically whereas chemical 
control has proved to be more efficient (Onsando, 1989), and applying 
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herbicides is the most widespread method in Sri Lanka (Peiris, 2016). However, 
according to the previous studies, Glyphosate is the commonly used type of 
herbicide (Kools et al., 2005) that contains a considerable amount of heavy 
metals.  

2.3. Adverse Health Effects of Heavy Metals 

Heavy metals are possible to absorb by tea plants through the contaminated tea 
soil (Defarge et al., 2018; Jayasumana et al., 2015; Kools et al., 2005; Tsui et al., 
2005) which can ultimately have adverse effects on human health (Karak & 
Bhagat, 2010). For an instance,  Aluminum (Al) is associated with Alzheimer's 
disease (Matsumoto et al., 1976), Arsenic (As), Lead (Pb), and Cadmium (Cd) is 
mutagenic and carcinogenic elements (Pais & Jones Jr, 1997; Waalkes, 2000). 
Thus, the quality of tea products should be properly monitored in order to 
ensure food safety from excessive contamination of heavy metals due to 
frequent herbicide applications.  

2.4. Investigating Heavy Metal Contamination in Tea 

In many South Asian countries where tea is economically produced, have carried 
out many studies to investigate heavy metal contamination of fresh tea leaves 
and processed black tea. For an instance, such studies have been carried out in 
India by Seenivasan et al. (2008), in Pakistan by Al-Oud (2003), in Bangladesh 
by (Rashid et al., 2016). However, In Sri Lanka, a very limited amount of 
extensive studies has been carried out in order to assess heavy metal 
contamination of soil, fresh tea leaves, and processed tea. In order to ensure food 
safety in Sri Lanka, proper monitoring of the heavy metal contamination due to 
herbicides is vital, since tea is consumed extensively by Sri Lankan people. 

3. METHODOLOGY 

3.1. Study Area 

The study area (Figure 1) consists of 3 ha of controlled plots of Vegetatively 
Propagated (VP) tea where manual weeding methods are practiced and another 
3 ha of treated plots where chemical herbicides application methods are 
practiced in Dambetenna Tea Estates in Haputale, Uva Province, Sri Lanka, that 
lies between latitudes 6.786° and 6.791°N and, longitudes 81.017° and 81.019° 
in elevation of 1300 m. 

3.2. Collection of Soil and Tea Leaves Samples 

Soil samples were randomly collected (n=36) from both controlled and treated 
plots representing the entire plots (Figure 2) for six months. Also, fresh green 
tea leaves samples were randomly collected from both plots. The collected 
samples were stored in clean, sterilized polyethylene bags and were properly 
labeled.  A fraction of collected green leaves from each plot were processed 
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under the laboratory conditions in order to prepare black tea samples for 
further analyses. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: (a) Map of the study area (b) Present status of the study area 
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3.3. Chemical Analysis 

The collected soil samples were oven-dried at 60 °C for 24 h before being ground 
into a fine powder using a sterile mortar and pestle. Green tea leaves and black 
tea samples were also crushed and ground for further chemical analyses. The 
powdered soil samples were digested using Milestone ETHOS EASYTM advanced 
microwave digestion system according to the method EPA 3051 (EPA, 2007) and 
green leaves/ black tea were digested according to the method explained by 
Milestonesrl (2019). After the digestion, samples were filtered through 
WhatmanTM No. 42 filter paper and 0.45 μm micro-filters prior to analysis by 
VARIAN AA240FSTM Atomic Absorption Spectrometer (AAS) for its K, Mg, Cu, Zn, 
Fe, Mn, Pb and Cd levels.  

4. DATA ANALYSIS & RESULTS 

Data were statistically analyzed using student’s t-test under a 95% confidence 
interval to compare and to find any significant difference between the controlled 
and treated plots in terms of the metal concentrations of soil, green tea leaves, 
and black tea samples. The results of metal concentrations and the results of 
statistical analysis are shown in Tables 1, Table 2, and Table 3. 

Table 1: Results of soil analyses 

Parameter 
(mg/Kg) 

Controlled Treated 
t value P-value 

Mean SD Mean SD 
K 1583 ±684 1351 ±457 1.20 0.240 
Mg 1632 ±634 1619 ±379 0.08 0.939 
Cu 38.1 ±17.5 35.20 ±9.72 0.62 0.541 
Zn 70.6 ±22.2 114.1 ±37.6 -4.23 0.000 
Fe 49752 ±4459 66925 ±6787 -8.97 0.000 
Mn 88.3 ±20.2 76.3 ±15.8 1.99 0.055 
Pb 35.36 ±7.28 47.3 ±10.3 -4.14 0.000 
Cd 3.67 ±1.20 4.36 ±1.38 -1.66 0.106 

 

Table 2: Results of green tea leaves analyses 

Parameter 
(mg/Kg) 

Controlled Treated 
t value P-value 

Mean SD Mean SD 
K 21847 ±1480 21319 ±1393 0.64 0.539 
Mg 2147 ±309 1921 ±255 1.38 0.198 
Cu 9.175 ±0.715 8.950 ±0.754 0.53 0.608 
Zn 56.20 ±6.72 54.3 ±20.0 0.22 0.830 
Fe 112.15 ±4.75 135.15 ±5.32 -7.90 0.000 
Mn 42.90 ±6.67 46.0 ±18.0 -0.39 0.703 
Pb 0.0327 ±0.01 0.210 ±0.107 -4.02 0.002 
Cd BDL* - BDL* - - - 

*BDL – Below detection limit 
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Table 3: Results of black tea sample analyses 

Parameter 
(mg/Kg) 

Controlled Treated 
t value P-value 

Mean SD Mean SD 
K 20202 ±1291 19302 ±258 1.67 0.125 
Mg 2147 ±309 1921 ±255 1.38 0.198 
Cu 9.370 ±0.861 9.477 ±0.282 -0.29 0.779 
Zn 44.89 ±9.75 41.82 ±9.22 0.56 0.587 
Fe 113.05 ±8.41 125.5 ±18.1 -1.53 0.156 
Mn 46.27 ±9.28 57.7 ±16.3 -1.49 0.168 
Pb 0.025 ±0.005 0.1923 ±0.0607 -6.73 0.000 
Cd BDL* - BDL* - - - 

*BDL – Below detection limit 

5. DISCUSSION OF THE FINDINGS 

According to the results of soil analysis, levels of K, Mg, Cu, Mn, and Cd haven’t 
shown any significant difference (p>0.05) between controlled and the treated 
plots in 95% confidence interval, whereas Zn, Fe, and Pb levels of treated plots 
show significantly higher levels (p<0.05) than controlled plots. However, the 
results of green tea leaves and black tea sample analyses, levels of K, Mg, Cu, Zn, 
Fe, and Mn haven’t shown any significant difference (p>0.05) between the two 
plots and Pb levels of green tea leaves and black tea samples in the treated plots 
are significantly higher (p<0.05) than the Pb levels in controlled plots while Cd 
levels remain below detection limits of the Atomic Absorption Spectrometer 
(AAS). 

This study has found that the contents of several heavy metals (Zn, Fe, and Pb) 
were lower in the soil of controlled plots compared to the treated plots and these 
findings adhere to the previously conducted research by Lin et al. (2019) and 
Enerijiofi and Obade (2018). Furthermore, the results reveal that Pb levels of 
green tea leaves/ black tea are comparatively higher in the treated plots while 
the SLSI maximum permissible level of Pb is 0.01 mg/Kg. Moreover, as explained 
by Baishya and Sharma (2017), the available Cu, Zn, Fe, and Mn are the 
micronutrients which is essential for plant growth and when the threshold limits 
exceed, those become toxic to plants and it will degrade the soil quality.  

6. CONCLUSION & CONTRIBUTIONS 

It can be concluded that long-term application of herbicides in tea plantation 
significantly affects the tea soil quality and quality of tea production in terms of 
its heavy metal contamination and thus, the HFIWM approach exhibits many 
indirect benefits over chemical weeding in terms of environmental health and 
public health. 
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