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ABSTRACT

The soil pH of tea garden was acidic (4.6 - 5.3) with organic contents ranging between 0.91% - 1.09%. Available po-
tassium concentration was predominantly found in the range of 167 - 208 mg/kg followed by the nitrogen (150 - 189
mg/ha) and phosphorus (42 - 169 mg/kg). The Fe content was the one of the predominant heavy metal in soil (5494 -
5627 mg/kg) followed by Mn (245 - 435 mg/kg), Zn (30 - 111 mg/kg) and Cu (22 - 51 mg/kg). The concentration of toxic
heavy metals Pb, Ni, and Cd in tea leaves, made tea and its infusions were too low. The level of most abundant essential
heavy metals in tea infusion was Zn ranging from 0.09 - 0.52 mg/kg followed by Mn 0.10 - 0.42 mg/kg. The level of Fe
and Cu was ranging from 0.068 - 0.073 mg/kg and 0.007 - 0.04 mg/kg in tea infusion respectively. The levels of all es-

sential and the toxic metals were compared well with the other parts of the world.
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1. Introduction

Tea (Camellia sinensis L.) is a perennial shrub, which is
grown commercially in about 30 countries. The major tea
exporting countries of the world are Kenya, China, India,
Indonesia and Sri Lanka [1]. It is one of the most popular
beverages in the world [2-6] and is a rich source of some
essential dietary metals [1,7] and metal-binding poly-
phenols [8]. Tea contains several minerals, trace ele-
ments, antioxidant and therefore considered good healthy
beverages [9]. The environmental temperature of 18°C -
30°C and soil temperature between 20°C - 25°C are op-
timal for the plant growth. High annual rain fall and air
humidity are other important weather requirement for
cultivation of tea crops [5]. Tea is grown in a verity of
soil type such as alluvial soils, drained peat, sediment-
tary from gneiss and granite, and soils derived from vol-
canic ash [5]. Its growth is favoured in acidic conditions,
with pH values ranging from 4.5 to 6.0 [10]. Although it
will grow in soil pH as low as 4.0, soil pH higher than
5.6 is considered unsuitable without pH adjustment of the
soil. Soil with pH higher than 6.5 are not amenable to
treatment for commercial tea growing [11].

A various reports have discussed the potential health
implication of metal in tea, particularly tea bushes is
known to accumulate trace metals [12]. Very recent re-
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search finding indicated the positive and negative effect
of drinking tea on the health [13]. It was pointed out that
some of the beneficial effects of drinking tea are preven-
tion of chronic and cardiovascular disease, cancer, anti-
oxidative detoxification and removal of cadmium in ad-
ministered rats [14]. Tea contents both essential and toxic
elements such as Ca, Na, K, Mg and Mn are present at
mg/g level, whereas elements such as Cr, Fe, Co, Ni, Cu,
Zn and Cd are present at level of few pg/L [15].

It is known that the source of heavy metal contamina-
tion in tea could be cause by uptake of metal from soil.
The soil is contaminated by different type and amount of
chemical substances added for improving the tea produc-
tion. As a result, soil pollution by heavy metals becoming
conspicuous. Therefore, control of tea quality and soil
management has become very imperative. Tea plants
(Camellia sinensis) can take up metals from the soil, and
inevitably, proportion will be transported to the tea
leaves, which are prepared one of the most popular bev-
erages in the world. Therefore the level of heavy metal
concentration in tea leaves play a major role to assess the
quality of tea due to stringent regulatory limit set by the
government agencies. Thus this study is, proposed to
assess the uptake level of essential and toxic metals from
soil to tea leaves and infusion of the tea garden plot that
are grown in Institute farm.
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2. Material and Methods

2.1. Study Site, Sample Collection and Its
Preparation

One measuring plot of tea garden of institute experiment-
tal farm was selected for this investigation. The general
information of plot of tea garden including area, age, was
summarized in Figure 1. Nine sampling spots were cho-
sen for collection of soil, fresh tea leaves in descending
order. Soil samples at depth of 20 cm and corresponding
tea bush leaves samples were collected. Tea leaves sam-
ples were dried at room temperature, and rolled to pre-
pared made tea in institute tea factory. Soil samples were
dry at room temperature and then passed through a 2 mm
nylon sieve. For organic matter determination the soil
sample was ground more finely and passed through 0.5
mm sieve. The collected soil samples were subjected to
measurement of fundamental chemical properties (viz.
pH, % carbon, % nitrogen, % phosphoprus and % potas-
sium) and heavy metal concentrations using Atomic Ab-
sorption Spectrophotometer.

2.2. Physico-Chemical Parameter of Soil

Chemical properties of soils were mainly analyzed ac-
cording to the soil standard methods of analysis (Com-
mittee of Soil Standard Methods for Analyses and Meas-
urements (ed), 1986). The pH was measured (Cyberscan
PC510, Eutech, Singapore) in the suspension having a
soil: water ratio of 1:2. The organic carbon content was
determined by the Tyurin method and multiplied by the
coefficient of 1.724 to give the organic matter content
[16]. The total nitrogen content was determined by the
Kjeldahl method. The total phosphorus content was de-
termined by the ascorbic acid method after decomposi-
tion with perchloric acid. The total potassium was deter-
mined by Flame Photometer (1381E, EI make, Chandi-
garh).

2.3. Heavy Metal Analysis

Analysis of heavy metal in tea leaves, made tea infusion
and soil samples were carried out in triplicate as follows:
The digestion was carried out with 1 g of sample in glass
digestion tube of 250 mL along with 15 mL of nitric acid

(HNO:s) at 140°C. The content was evaporated to dryness.

The dried sample treated by 3 ml of perchloric acid
(HCl10,) for further oxidation from the sample solution
for 30 min at 245°C. After digestion cool the content,
filter and made up to 100 mL with distilled water. The
heavy metal measurement were performed with a Shi-
madzu model AA 6300 Atomic Absorption Spectropho-
tometer (Tokyo Japan). The Hallow cathode lamps
(HAMA- MATSU PHOTONICS K.K. JAPAN) of metal
used as radiation source.

Copyright © 2011 SciRes.

Age of the garden: 100 + yrs
Tea Bush height: 0.61m

Figure 1. Schematic diagram of tea garden plot and its
sampling sites (U1: Upper location; M1: Middle location;
L1: Lower location).

3. Results
3.1. Recovery Test

Recovery tests using the above proposed methods were
performed for both the soil and tea leaves sample by
non-spiked and spiked samples. As shown in Table 1,
the results of percentage recoveries for all the studied
metals in soil were between 80% to 112%. The values of
percentage recoveries for the studied micronutrient and
toxic metals in the tea leaves samples were >80 except
Mn and Cu (Table 2). The result of recoveries of all the
metals in both soil and tea leaves are within the accept-
able range [17].

3.2. Physico-Chemical Properties and Metal
Concentration of Soil

Chemical properties of soil in the tea garden as shown in
Table 3. The organic matter content was found in the
range of 0.90% to 1.09%. The total N content ranged
from 150 to 189 kg/ha. The total phosphorus and potas-
sium content ranged from 42 to 169 mg/ kgand 167 to
208 mg/kgin the tea garden soils. The total metals con-
centrations in tea garden soil are given in Table 4. Thus
Fe is the predominant metal within the concentration
range of 5494 to 5627 mg/kg in these soils whereas Mn
content in the range of 245 - 435 mg/kg. The total con-
centration of micronutrient such as Zn (30 - 111 mg/kg)
and Cu (22 - 51 mg/kg) in the tea garden soil. On the
other hand, the level of toxic heavy metal Cd, Ni ranges
from 6.57 to 6.99 mg/kgand 3.1 to 4.0 mg/kg. The level
of Pb, the other tested toxic metal, in all soil sample was
found to be below detection limit by the present analyti-
cal techniques.

3.3. Transversal Pattern of Essential and Toxic
Metals

Table 5 showed the uptake of selected metals from tea

leaves to infusion in this study. The heavy metal included
cadmium (Cd), Nickel (Ni) and Lead (Pb) was called a
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toxic metal. The four essential trace elements included dissipation of cadmium from soil to fresh tea leaves was
Iron (Fe), Copper (Cu) Manganese (Mn) and Zinc (Zn). found in the range of 3.02% - 4.2% while, cadmium con-
The cadmium content in the collected green tea leaves centration was not detected in processed made tea and its
was found below the permissible limit of 1.5 mg/kg. The infusion. The Ni concentration in green shoots was found
Table 1. Method recoveries of metal in soil.
Element Base value (mg/Kg) Quantity found (mg/Kg) Quantity added (mg/Kg) Recovery (%) Linear equation e

Cd 9.57 2 11.76 109 y=0.021x 0.9998

Pb - 2 1.65 82.5 y =0.522x 0.9996

Zn 40.45 2 42.69 112 y =0.902x 0.9700

Mn 266.51 2 268.11 80 y =0.200x 0.9993

Cu 16.56 2 18.38 91 y=0.129x 0.9995

Ni 27.57 2 29.80 111 y =0.090x 0.9987

Fe 1504.44 2 1506.62 109 y =0.093x 0.9998

Recovery test ® = 100" (found-base/added).

Table 2. Method recoveries of metal in tea leaves.

Element Base value (mg/Kg) Quantity added ( mg/Kg) Quantity found (mg/Kg)  Recovery (%) Linear equation r2
Cd - 3 3.1 100 y =0.820x 0.9993
Pb 0.85 3 3.9 80.2 y =0.023x 0.9999
Zn 41.78 3 44.71 97 y =0.578x 0.990
Mn 380.91 1 381.47 56 y=1.507x 0.9795
Cu 25.71 1 26.12 41 y=0.121x 0.9985
Ni 20.39 1 21.44 105 y=0.110x 0.9997
Fe 221.04 1 221.84 80 y=0.102x 0.9902

Recovery test =100 (found-base/added).

Table 3. Physico-chemical characterization of tea.

Sample Location pH Carbon % Potassium (mg/Kg)  Nitrogen (Kg/ha) Phosphorus (mg/Kg)
ul1® 5.18+0.92 1.09 £0.15 171 £ 58 189+ 6 169 + 68
Soil M1* 4.65+0.16 1.01+0.21 167 +32 187+6.3 88 =48
L1* 5.32+0.94 0.90 +0.29 208 + 82 150+ 19 42 £21

*Values (Mean + SD) (n = 3).

Table 4. Heavy metals concentration in soil.

Heavy metals (mg/Kg)
Location
Pb Cd Ni Zn Mn Fe Cu
u1? ND 6.989 £ 1.45 4.04+0.72 111.5+9.75 435.44 + 140 5556.33 £677.92 29.38 +6.58
M1? ND 6.567 +1.27 3.8+0.067 40.0+3.5 352.77+21.00  5627.44 +139.77 22.32+9.97
L1? ND 6.926 +3.67 3.10+£0.21 30.0£3.44 24535+35.00  5494.11 +189.54 51.14+12.26

*Values (Mean + SD) (n = 3).
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Table 5. Heavy metals concentration in fresh leaves, made tea and tea brew.
Heavy metals (mg/Kg)
Samples Location
Pb Cd Ni Zn Mn Fe Cu
u1® ND 0.230+ 0.0 0.37+0.18 7.13+1.80 64.48 +39.58 9.54+£53 2.17+0.31
Fresh tea leaves M1* ND 0.199 + 0.01 0.98 +£0.20 6.75+£2.25 83.99 +33.67 9.013£2.2 344 +£0.21
L1* ND 0.29 £ 0.06 1.36 £0.20 427+1.59 103.35 £30.6 9.707 £ 3.7 3.69 £0.41
u1® ND ND ND 0.10£0.02 1.49+0.83 0.275 + 0.05 0.092 +0.02
Made tea MI1* ND ND ND 0.095+0.018 2.05+0.85 0.341 £ 0.06 0.32+0.078
L1® ND ND ND 0.080 + 0.024 1.81 £0.09 0.403 +0.07 0.579 £ 0.27
u1* ND ND ND 0.321 £0.187 0.424 +£0.42 0.085+0.01 0.040 +0.002
Tea brew MI1* ND ND ND 0.098 +0.020 0.106 = 0.04 0.073 +0.008 0.007 + 0.004
L1* ND ND ND 0.523 £0.05 0.318 £0.03 0.068 = 0.02 0.008 + 0.004

*Values (Mean + SD) (n = 3); ND: not detected.

in the ranged of 0.37 - 1.36 mg/kg, while processed made
tea, and its infusion free from Ni contamination. The
manganese content in the green shoots of tea garden was
in the ranged of 64 - 103 mg/kg and that of proceeded
made tea content was to be between 1.49 - 2.05 mg/kg
From Table 5 it revealed that the dissipation of manga-
nese from made tea to its brew was in the range of 0.106 -
0.424 mg/kg. The Fe content in fresh tea leaves, made tea
and its brew was found in the range of 9.01 - 9.7 mg/kg,
0.275 - 0.40 mg/kg and 0.068 - 0.085 mg/kg. The zinc
content in green shoot of tea garden was found in ranged
of 4.27 - 7.1 mg/kg, while in processed made tea and its
infusion, the total concentration of zinc found in the
range of 0.080 - 0.10 mg/kg and 0.098 - 0.523 mg/kg.
The transfer of micronutrient Zn metal from leaves to
infusion was about 1.45% - 12.24%. While, Cu the other
micronutrient was tested in fresh tea leaves, made tea and
its infusion ranged between 2.17 - 3.69 mg/kg, 0.092 -
0.57 mg/kg and 0.008 - 0.040 mg/kg. The percentage
dissipation of Cu from fresh tea leave to infusion was
ranged from 0.2% - 1.8%.

4. Discussion

The pH (4.65 to 5.32) of soil showed acidic in nature,
and it is mentioned that acidification is advanced in the
tea garden soils [11]. Soils with low pH contain high
amounts of Fe and Al oxides [18]. Lower content of or-
ganic matter may be due to less application of organic
matter in the tea experimental farm. The nitrogen was the
second most abundantly found in tea garden after potash
and phosphorus.

Fortunately, the concentration of toxic heavy metals
Pb, Ni and Cd in tea leaves, made tea and its infusions
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were too low or not detected in this study. However,
there are reports of the availability of these metals at
lower levels in different blended tea leaves. Al-Qud in
2003 [13] has reported level of Cd within a range of nil -
0.18 mg/kg. Shen et al. 2008 [19] reported that cadmium
content in the tea infusion were in the ranged of 0.005 -
0.006 mg/kg. On the other hand, level of Pb was reported
within a range of 0.03 - 14.84 mg/kg. According to La-
gerwerff (1972) [20] Pb emitted in exhaust fumes of pet-
rol combustion as minute particles of inorganic Pb com-
pounds accounts for about 80% of the total lead in the
atmosphere. About 50% of this falls somewhere within
the region of 100 m from the road, rendering Pb concen-
tration to be higher in roadside soils and in its vegetation.

Some essential elements such as Mn, Zn, Fe and Cu
were studied, which play vital to humans for growth, me-
tabolism, and hormones balancing [19]. The Mn content
in the tea infusion was reported in the ranged of 0.56 -
7.9 mg/kg after 5 min extraction time [21]. Low level of
phosphorus plays significant role in the metal uptake of
Mn, Cu and Ni especially [22]. Several studies demon-
strated that plants take up metal by the phosphate path-
way due to their chemical similarity [23-26]. Similar
trend was observed in case of manganese it increases
from location U1 to L1 as phosphorus decreases. Mn was
predominant heavy metal found in the fresh tea leaves
followed by the Fe. Similar findings have been reported
that Mn was found in highest concentration followed by
Fe in fresh leaves of tea [27]. AL-Qud 2003 [13] sug-
gested the ability of the tea plant to accumulate heavy
metals particularly Mn, Fe and Zn, to a lesser extent Cu
and reported higher levels of Mn in the tea plant within
the range of 390 - 900 mg/kg.
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5. Conclusions

This study determined levels of toxic and essential heavy
metal in tea garden soil, and its dissipation from fresh tea
leaves to infusion. The result showed that the concentra-
tion of toxic heavy metals Pb, Ni and Cd in tea leaves,
made tea and its infusions were too low or not detected in
this study. Plant essential metal concentration of Mn, Fe,
Zn, and Cu in the tea leaves decreased in the order of Mn
> Fe > Zn > Cu. The level of most abundant essential
heavy metals in tea infusion was Zn ranging from (0.09 -
0.52 mg/kg) followed by Mn (0.10 - 0.42 mg/kg). Such
study helpful to assess environmental impact for the
purposes of maintenance of tea quality and sustainable
development of tea production.
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