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Abstract Soils contaminated with heavy metals may
pose a threat to environment and human health if metals
enter the food chain over and above threshold levels. In
general, there is a lack of information on the presence of
heavy metals in tea [Camellia sinensis (L). O. Kuntze]
plants and the soils in which they are grown. Therefore,
an attempt was made to establish a database on the
important heavy metals: cadmium (Cd), chromium
(Cr), nickel (Ni), and lead (Pb). For an initial survey
on heavy metals, soil samples were collected randomly
from tea-growing areas of Tamil Nadu, Kerala, and
Karnataka, India. Parallel studies were conducted in the
greenhouse on uptake of Pb, Cd, and Ni from soils
supplemented with these metals at different concentra-
tions. Finally, metal distribution in the tea plants under
field conditions was also documented to assess the accu-
mulation potential and critical limit of uptake by plants.
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Introduction

Tea (Camellia sinensis (L). O. Kuntze) plantations, lo-
cated close to forest ecosystems in the Western Ghats in
South India, have a predominant role in the maintenance
of terrestrial ecology by providing extensive land cover,
preventing soil erosion, and providing a non-polluting
atmosphere. It is well known that macronutrients and
micronutrients are required at different stages of tea
plant growth and development of tea plants. Synthetic
fertilizers and mined products are extensively applied to
tea fields to increase productivity. Over the years, appli-
cation of inorganic fertilizers has dominated day-to-day
agricultural activities. Concomitant with the increase in
tea productivity in south India, refinements have also
been made in the fertilizer use policy to achieve higher
productivity (Verma and Palani 1995).

Tea is a calcifuge crop and does not grow well in soil
with high base saturation. However, a certain amount of
calcium is required for growth and productivity. This is
met by applying dolomitic lime to the soil. Among the
secondary nutrients, magnesium is of vital importance.
Application of dolomitic lime to correct soil acidity has
become a regular practice in south India, and this also
prevents the occurrence of Mg deficiency to some ex-
tent. Magnesium sulphate (MgSO4) is also given as
foliar spray along with zinc sulphate (ZnSO4) (Verma
1995). Sulphur is another vital nutrient; the soil appli-
cation of MgSO4 also contributes to the sulphur require-
ment of plants. Iron and manganese are abundantly
available in the acidic soils; their deficiencies are un-
common. Adequate amounts of boron and molybdenum
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are available in most tea-growing soils, and so they are
not additionally required.

Although some trace elements are essential for met-
abolic activities of living organisms, many of them are
toxic at higher concentrations. Traces of toxic ele-
ments enter the food chain from the soil. Soil
pollution by heavy metals has become a critical
environmental problem due to its potential adverse
ecological effects (Kabata-Pendias and Pendias
1992). Heavy metals are present in the earth crust
and can enter the food chain through plants.
Higher levels of these metals in soil affect not
only plant growth but also soil biochemical processes.
Decomposition of organic matter in soil is inhibited at
sites polluted with trace elements. Nitrogen mineraliza-
tion and nitrification are also inhibited by the presence
of heavy metals.

In recent years, various reports have been published
on trace elements in soils (Kabata-Pendias 2000). Metal
interactions vary considerably with soil type.
Availability of metals is determined by the nature of
the metal species; its interaction with soil colloids; soil
characteristics such as soil pH, clay, organic matter, and
moisture content; and duration of contact with the sur-
face. Soil characteristics determine availability of trace
elements to plants by controlling speciation, temporary
binding by particle surfaces, and precipitation reactions
in the soil solution. The dominant role of soil pH in
determining the availability of metals in the soil solution
and uptake by plants has been well documented
(Alloway 1995; Adriano 2001; Jin et al. 2005).

It appears that trace element content in soils is in-
creasing steadily and agricultural, environmental, and
governmental agencies are paying close attention to
safeguard the environment from these potential pollut-
ants, particularly heavy metals. Naturally, soils accumu-
late these trace elements through industrial, farming, and
anthropogenic activities. Criteria for environmental pro-
tection related to the trace elements in soils should
consider all the variables that govern their behavior
and, in particular, soil-plant interactions (Pendias 2004).

Unlike the other crop plants, tea is harvested at reg-
ular intervals where replenishment of nutrients is indis-
pensable. The essentiality of major and minor elements
is well known, and they play a paramount role in met-
abolic activities and crop productivity (Mengel and
Kirkby 1987). In order to achieve higher crop produc-
tivity, several refinements have been made over the
ages. As a result, new policies on fertilizer use have

been evolved to meet the nutrient requirements of tea
plants (Ranganathan and Natesan 1985; Verma and
Palani 1997; Venkatesan 2007).

Han et al. (2006) investigated the magnitude and
causes of Pb contamination in Chinese tea. They found
that levels of Pb concentration in tea leaves were
positively correlated with soil-exchangeable Pb and
negatively correlated with soil pH, indicating the
ease of mobilization of Pb from soils. Information
on levels of heavy metals in south Indian tea soils
is not available. In view of the above, a study was
undertaken to determine the heavy metal status of
south Indian tea soils. In order to evaluate the
impact of heavy metals on tea plants, a parallel
study on metal uptake by tea plants was carried out in a
greenhouse.

Materials and methods

Reagents

Spectroscopy grade acids for atomic absorption spec-
troscopy, while other reagents/matrix modifiers such as
ammonium dihydrogen phosphate and magnesium
nitrate, were obtained from Merck (Darmstadt,
Germany) and ACROS Organics, Belgium, respec-
tively. Analytical reagent (AR) grade acids were
purchased from S.D. Fine Chemicals, Mumbai,
India.

Stock standard solutions

Single element standards of heavy metals (Pb, Cd, Ni,
and Cr) at 1000 mg/l were purchased from Merck,
Germany. Secondary standards of heavy metals were
prepared in 0.1 M HNO3 as and when required.

Soil sampling in different tea-growing districts

In order to develop a database on heavy metal content in
tea soils of south India, a survey was conducted. Soil
samples were collected from 2005 to 2009 from all the
tea-growing areas of south India. Both top (0–9^) and
bottom (9–18^) soils (300 samples × 250 g each) were
collected as per a standard procedure (Bhargava and
Raghupathi 2001). The samples were packed, legibly
labeled, and sent to the Tea Research Institute, Valparai,
for analysis.
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Uptake of Pb, Cd, and Ni by young tea plants

An experiment in randomized block design was con-
ducted in a tea nursery using potted tea plants to gener-
ate data on the absorption of heavy metals by young tea
plants. There were six treatments, each replicated in four
blocks each with tea plants. Treatments included un-
treated control, external addition of lead at 5, 10, 25,
50, and 100 mg/kg soil as lead (II) nitrate Pb (NO3)2.
Required quantity of Pb (NO3)2 was weighed in a
micro-electronic balance (Shimadzu, AW-220) and dis-
solved in 100 ml of water. Dissolved salt was mixed
thoroughly with 5 kg of nursery soil and air dried.
Plastic pots were filled with soils according to
treatment. One-year-old plants (cultivar UPASI-9)
were transplanted into the pots and watered adequately.
Care was taken to avoid leaching loss from the pots.
Plants were maintained in a tea nursery. Control soil,
weighing about 200 g, was analyzed for physico-
chemical parameters. Similar experiments were conduct-
ed for Cd and Ni accumulation, using cadmium chloride
(CdCl2) and nickel (II) chloride (NiCl2) as external ad-
ditives. Plants were sampled on the 30th, 60th, 120th,
and 150th day after imposing treatments. At each sam-
pling, leaves, stems, and roots of the tea plants were
separated individually and washed with tap water and
then with deionized water. Plant samples were dried at
70 °C in an oven until they attained constant weight.
Samples were powdered and packed individually until
analysis. Soil samples were stored prior to analysis to
document the retention of heavy metals. The metal Cr
was not included in the nursery experiments; Cr contam-
ination is mainly due to tea processing (Natesan and
Ranganathan 1990; Seenivasan et al. 2008).

Vertical distribution of heavy metals in field grown tea
plants

Plants of the cultivar UPASI-9, planted in 1964 at the
United Planters’ Association of Southern India, Tea
Research Institute (UPASI-TRI) Experimental Farm,
were selected to study the vertical distribution of heavy
metals in plants. A block consisting of 40 bushes was
demarcated, and from the bushes crop shoots (three
leaves and a bud), mature leaves, small stem (bare stem
measuring <1.0 cm diameter), thick wood, and roots
(pencil-thick samples with feeder roots) were collected.
During the period of study, sampling was carried out
three times from 10 randomly selected bushes. After

sampling, all plant parts were treated as described earlier
for Cd, Ni, and Pb. Soil samples were also collected at
the same time and stored until analysis.

Atomic absorption spectroscopy

Soil samples were analysed for Cr, Ni, Cd, and Pb using
atomic absorption (AA Analyst 800, PerkinElmer
Corporation, USA) equipped with flame and graphite
furnace. In flame mode, samples containing very low
metal concentrations (not detectable range) could not be
quantified while the same lower elemental concentration
could be determined using graphite furnace (GF-AAS)
mode. Combination of air-acetylene gas flame was used
for determination of metals. The instrument was operat-
ed under the following conditions in flame mode: acet-
ylene = 2 ml/min, air = 17 ml/min. In graphite furnace
mode, inert argon gas flow and the temperature param-
eters were followed as recommended by manufacturers
(Perkin-Elmer 2000).

Analysis

Determination of heavy metals in soils

Air-dried soil (0.25 g) was weighed into a pre-cleaned
Teflon® vessel. To the soil, 8.0 ml of aqua-regia was
added and digested by using a microwave reaction
system (Anton Paar MDS 3000). After digestion, the
contents were allowed to cool to room temperature, and
then filtered through Whatman No. 1 filter paper. The
filtrate was transferred to a 50-ml pre-calibrated volu-
metric flask and diluted to volume with deionized water.
Samples were further diluted 10× with deionized water
and analyzed by GF-AAS (Bettinelli et al. 2000).
Reagents without standards or samples were used as
blanks.

Determination of heavy metals in parts of tea plants

Glassware and polyethylene containers used for analysis
were pre-washed with tap water, then soaked overnight
in HNO3 (6 N) and rinsed with deionized water. The
analytical procedure described by the Association of
Official Analytical Chemists (AOAC 2005) was follow-
ed for sample preparation and quantification of heavy
metals. About 0.5 g of powdered sample was transferred
into a silica crucible and kept in a muffle furnace at
450 °C for 3 h. To the ash sample, 5 ml of 6 M HCl was
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added and thoroughly mixed. Crucible containing acid-
ash mixture was kept on a hot plate and digested
(>150 °C for 30 min). Final residue was dissolved in
0.1 M HNO3 solution and diluted to 50 ml.

Method validation

Prior to heavy metal quantification in various matrices,
the analytical method was validated. A series of solu-
tions were prepared to check for linearity of the instru-
ment. The instrument’s response was linear for different
concentrations of Pb, Cd, Ni, and Cr with a correlation
coefficient (r2). This indicated that this concentration
range could be used in the preparation of standard
curves during the analysis of heavy metals in the
samples of green leaves and soil. Recoveries of
heavy metals at different fortification levels were
determined in three replicates from each matrix
(green leaves and soil) to evaluate the accuracy
of the method. The untreated control samples used
for fortification studies were pre-analyzed for re-
spective heavy metals.

Results and discussion

Method validation studies

Green tea leaves and soil

The percent relative standard deviation (%RSD) clearly
established the repeatability, reproducibility, precision,
and accuracy of the method adopted for the analysis
(Tables 1 and 2). Recovery was calculated by
subtracting heavy metal concentration in these un-
treated samples.

Occurrence of metals in tea soils

The heavy metal content of the soils from the tea-
growing areas of south India varied significantly. Lead
content of the top soil (0–9^) varied from 1.0 to 75 mg/
kg, while it was at trace levels in the bottom (9–18^)
profile. About 38 % of soils from Anamallais contained
46–60 mg/kg of Pb, and 32 % of the soils had 1.0 to
15 mg/kg. Only 2 % of soil samples from Anamallais
contained more than 61 mg/kg Pb. Lead content of the
Nilgiri soils ranged between 1.0 and 60 mg/kg; 69 % of
soils had Pb concentrations <mg/kg.

Cd content varied from 1.0 to 30 mg/kg in top soils
while it was at trace levels in bottom soils. As in the case
of Pb, the range of Cd content varied widely from place
to place and did not follow a definite pattern of distri-
bution. Several samples collected fromNilgiri contained
the low levels of Ni followed by the soils of Anamallais.
However, Nilgiri soils collected between 9 and 18^ in
depth had a higher content of Ni. Cr content in tea soils
was low compared to the other heavy metals tested.

Top soils of all tea-growing regions contained almost
twice the amount of heavy metals as bottom soils (Table
3). The mean Pb content in top soils was twice that
present in the bottom soil. Same amount of Ni was
detected in all tea soils, irrespective of region. Mean
Cd content of top soil was double that of bottom soil.
Among the heavy metals studied, available Cr content
was very low. Nilgiri-Wayanad soils had higher Pb
content while the Nilgiri soils had very low Pb content.
Cd content was observed to be the same in soils of
Chikmagalur and the Nilgiris, followed by soils of
Wayanad. Gudalur soils contained very low levels of
Ni, but it was high in nearby Meppadi. Both Nilgiri-
Wayanad and High Range tea-growing soils possessed
higher levels of Cr. As indicated earlier, bottom soils of
all tea-growing regions had very little heavy metal con-
tent compared to top soils.

Main source of Pb contamination in tea soils appears
to be agricultural inputs. Usage of nitrogen fertilizers
over the past few decades has probably resulted in a shift
in soil health. Effect of pH on metal availability in soil
and uptake by plants has been well documented
(Alloway 1995; Adriano 2001; Jin et al. 2005).
McLaughlin et al. (1996) reported that phosphatic and
nitrogenous fertilizers were the sources of Pb which is
more strongly bound than most other heavy metals on
soil surfaces. Lambert et al. (1997) reported the chemi-
cal reactions between soil applied with phosphatic fer-
tilizers and formation of lead pyromorphite which is an
insoluble complex form of Pb. This has a beneficial
effect as Pb cannot be easily spread by water.

Mean concentrations of Cd in subsurface soils of
Karnataka were lower which suggested that long-term
applications of amendments and mineral fertilizers did
not significantly affect Cd content in soils. It should be
pointed out that tea cultivation in this area is very much
limited and scattered, unlike in the major tea areas of
Nilgiri, Anamallais, etc. McLaughlin et al. (1996) re-
ported that raw materials used to produce phosphatic
fertilizers may be an important source of Cd.
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Ni content in soils mainly depends on its con-
centration in the rock layer, soil clay content, and
fertilizer application. Kabata-Pendias and Pendias
(1991) recognized that 100 mg Ni/kg is at an
acceptable level in farmland soils. Considering
the biological responses of soil to liming, it is
prudent to bear in mind that liming may lead to
changes other than soil pH. In general, tea soils
have both direct and indirect impact on health via
food cycle and it is therefore of great importance
to preserve the resource and ensure its sustainability
besides its health. In the modern agricultural scenario,
tea plantations are also resorting to high inputs.

Irrespective of the region, the top soil contained
higher amount of heavy metals and eventually
attained higher concentrations that are greater than
those in lower sections by a factor of 2. Various
elemental concentrations along the profiles are
probably related to variations in the content of
clay/sand or organic matter, which appeared to
influence the concentrations of these elements
(Vaselli et al. 1997). Apart from the impact of
agro inputs added to the tea soils on values of
heavy metals, the physico-chemical nature of soils
also influences the bio-availability of heavy
metals.

Table 1 Method
validation—recovery data for
green leaves

aCalculated after removing the
concentration of heavy metals in
control green tea leaves
b%RSD= (SD × 100) / mean

Heavy
metal

Heavy metal content
in control green tea
leaves (mg/kg)

Spiked
(mg/kg)

Recovereda

(mg/kg)
Recovery
(%)

Mean
recovery ± SD
(%)

%RSDb

Pb 0.35 0.5 0.49 98.0 99 ± 1.53 1.54
1.0 0.99 99.0

2.0 2.02 101.0

Cd 0.01 0.1 0.098 98.0 99 ± 1.73 1.75
0.2 0.196 98.0

0.4 0.405 101.0

Ni 0.46 0.5 0.482 96.0 99 ± 2.52 2.55
1.0 0.986 99.0

2.0 2.012 101.0

Cr 0.39 1.0 0.974 97.0 99 ± 1.73 1.75
2.0 1.989 100.0

4.0 3.996 100.0

Table 2 Method
validation—recovery data for soil

aCalculated after removing the
concentration of heavy metals in
control soil
b%RSD= (SD × 100) / mean

Heavy
metal

Heavy metal
content in control
soil (mg/kg)

Added
(mg/kg)

Recovereda

(mg/kg)
Recovery
(%)

Mean
recovery ± SD
(%)

%RSDb

Pb 0.19 0.5 4.98 99.6 99.7 ± 0.15 0.15
10.0 9.97 99.7

15.0 14.99 99.9

Cd 0.08 0.5 0.495 99.0 100.0 ± 1.53 1.53
1.0 1.00 100.0

2.0 2.03 102.0

Ni 1.47 5.0 5.01 100.0 100.0 ± 0.58 0.58
10.0 10.05 101.0

15.0 15.01 100.0

Cr 0.036 1.0 0.99 99.0 99.7 ± 0.58 0.58
2.0 1.99 100.0

4.0 4.01 100.0

Environ Monit Assess (2016) 188: 428 Page 5 of 8 428



Degree of heavy metal accumulation in different parts
of tea plants

Experiments showed that nursery-grown tea plants ac-
cumulated varying amounts of heavy metals when ex-
ternally added (Table 4). Tea plants grown under con-
trolled conditions had no heavy metal accumulation,
though the soils possessed a meager amount of heavy
metals. There was a positive correlation between

externally added heavy metals and their accumulation
in different plant parts. Irrespective of the sampling day,
Pb accumulation in leaves linearly increased in accor-
dance with the amount of externally added Pb fitting a
linear regression model (Table 5). A similar trend was
observed in the case of stems and roots. Residual
amounts of Pb in soil increased linearly with increasing
concentration of externally added Pb. Similar trend was
noticed for Cd and Ni.

Table 3 Available heavy metals of tea growing districts of south India

Heavy metals in tea soils (mg/kg) at depths of

Tea growing districts 0–9^ 9–18^ 0–9^ 9–18^ 0–9^ 9–18^ 0–9^ 9–18^
Pb Cd Ni Cr

Valparai (The Anamallais) 39.07 19.83 15.65 7.86 36.96 21.00 2.51 1.25

Coonoor-Kotagiri-Ooty

Kundah (The Nilgiris) 22.63 12.98 12.96 3.42 32.32 14.54 1.53 0.74

Gudalur (Nilgiri-Wayanad) 41.51 20.70 17.13 7.74 27.55 18.48 3.21 1.52

Meppadi (Wayanad) 25.92 10.08 11.33 9.87 50.16 20.93 2.57 1.24

Peermedu-Vandiperiyar

(Central Travancore) 39.85 16.43 20.67 8.25 37.75 17.40 1.60 1.28

Munnar (High Range) 30.98 15.18 15.87 7.99 46.33 21.48 3.19 1.16

Chikmagalur (Karnataka) 24.20 13.70 12.38 5.20 30.99 20.18 1.71 0.79

Mean 32.02 15.56 15.14 7.19 37.44 19.14 2.33 1.14

SEM± 3.41 1.23 1.21 0.61 0.67 0.35 0.22 0.11

C.D. at P = 0.05 7.05 2.54 2.50 1.26 1.39 0.72 0.46 0.22

Table 4 Heavy metal accumulation in different plant parts under nursery conditions

Heavy metal Plant part Control Externally added heavy metals (mg/kg) C.D.

5 10 25 50 100 P = 0.05

Pb Leaves ND 0.03 0.07 0.18 0.39 0.53 0.19

Stem ND 0.24 0.33 0.36 0.56 0.79 0.21

Root ND 0.70 0.91 1.11 1.57 2.27 0.38

Soil 0.41 3.18 7.83 21.84 45.89 96.02 0.65

Cd Leaves ND 0.003 0.008 0.062 0.098 0.145 0.07

Stem ND 0.002 0.055 0.129 0.213 0.319 0.26

Root ND 0.09 0.28 0.47 0.94 1.22 0.92

Soil 0.12 4.54 9.15 24.16 48.21 96.18 0.62

Ni Leaves ND 0.06 0.12 0.76 1.10 1.76 0.71

Stem ND 0.26 0.54 0.99 1.25 1.96 0.61

Root ND 0.91 1.57 2.24 2.71 4.33 1.66

Soil 0.31 3.83 7.52 21.02 44.93 91.61 1.19

ND non-detectable
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Different parts of field-grown tea plants accumulated
varying levels of heavy metals during their growth.
From the bud to thick wood, accumulation of Pb linearly
increased (Table 6). Feeder roots possessed higher
amounts of Pb than mature leaves. Residues of Pb in
soil were lower than those in thick wood. Cadmium
accumulation in plant parts showed a different trend
where from bud to stem, the content of Cd linearly
increased but declined in thick wood and again in-
creased in feeder roots. Residues of Cd in soils were
higher when compared with that in plant parts. The

pattern of Ni accumulation in plant parts was entirely
different from that of Pb and Cd. Its accumulation from
bud to feeder roots gradually increased. Cd contents in
thick wood and soils were comparable, but were signif-
icantly different from other plant parts. Results indicated
that Cd was relatively less mobile while Pb and Ni
moved rapidly in soils. It has been documented that in
tea plants mobility of Cd was poor; a major portion of
absorbed Cd was fixed in feeder roots, and only a small
amount was transported to the aboveground parts. On
the basis of Cd concentrations, its distribution per unit
dry matter in tea plants grown in uncontaminated soils
was in the order of feeder roots > stems > main roots >
mature leaves > young leaves. When tea plants were
grown in soils supplied with salts, feeder roots possibly
acted as a buffer and restricted the transportation of
Cd to parts aboveground. Cadmium content of soil
has been significantly and negatively correlated
with chlorophyll content, photosynthetic rate, tran-
spiration, and ultimately to the biomass production of
tea plants (Shi et al. 2008).

Conclusion

A database was developed for Pb, Cd, Ni, and Cr in tea
soils of south India; this particular soil survey work will
throw more light on heavy metal contamination of tea
soils. Tea plants grown under controlled conditions had
no significant heavy metal accumulation. However,
there was a positive correlation between externally
added heavy metals and their accumulation in different
plant parts. In addition, different parts of field-grown tea
plants accumulated varying levels of heavy metals dur-
ing their growth.
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