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ABSTRACT

Nowadays, the use of medicinal plants for disease treatment has been limited due to widely
prevailing toxicity of medicinal plants and their source soil. The major reason for the toxicity in plants
might be due to their mineral and chemical content and also related with the toxic materials present
in the source soil. The aim of this study was to assess the aluminum contamination in Mettur, an
industrial town of Tamil Nadu, India which has many Al industries. Total Al content in the soil of the
region where medicinal plants were cultivated was found to be 16700 mg kg™'. Further, Al content
in commonly used medicinal plants Centella asiatica, Bacopa monneri and Euphorbia hirta grown
in Al polluted soil was studied. The Al concentration of the medicinal plants ranged from 449 to
801 mg kg™'. All the three plants were found to accumulate level of Al which is above the maximum
permissible limits prescribed by World Health Organization and thus, it may cause Al toxicity among
the consumers of herbal medicines. From the results of the present study, it is inferred that the
medicinal plants used for the human consumption or disease management should be collected from
clean environment and processed carefully.
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INTRODUCTION

Medicinal plants have found extensive
use in disease management and its allied fields.
According to the world health organization report’, it
is estimated that 65 to 80% of the world's population
depending on various medicinal plants for their
healthcare and related activities. Nowadays, the use
of medicinal plants for disease treatment has been

limited due to widely prevailing toxicity of medicinal
plants and their source soil. The major reason for
the toxicity in plants might be due to their mineral
and chemical content and also related with the
toxic materials present in the source soil?. So they
may cause serious impact if consumed beyond
the safer uptake limit. Though several researchers
have reported on the physiological, chemical and
biological properties of medicinal plants, very
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meager work have been reported regarding the
heavy metal toxicity in medicinal plants. The quality
of herbal medicine may be affected due to the
presence of heavy metal caused by the extensive
contamination of environment. Evaluation and
continuous monitoring of heavy metal contamination
is an important measure for the improvement of
safety and quality of medicinal which has been widely
used for the preparation of herbal medicines. There
by we can enhance the health status of patients or
consumers. More over heavy metals also affect the
production of secondary metabolites in medicinal
plants which the major deciding factor for their usage
in preparation of herbal medicines?.

From the past scenario, it is noted that the
industrial activities related to mining and smelting
caused severe heavy metal contamination in the
environment. It also increased the concentration of
metals in the soil, air and water ecosystem. Thus,
it enters in to the food chain and becomes a major
threat to the humans, animals and plants through
biomagnification process. The concentration of
heavy metals present in medicinal plants and
spices exceed the safer limit especially if they
grown or collected from pollutes sites*. Apart from
the laboratory study on phytoextraction of heavy
metals in plantsS, it is also important to evident
the correlation between metal levels in plants and
the soil in which these plants grow. In the present
investigation, we focused on soil aluminium pollution
in the Mettur area. It is also called aluminium city of
Tamilnadu, having Aluminium plant Called MALCO-
Madras Aluminium Company Ltd, Steel industry,
Chemplast Sanmar/Mettur Chemicals. Since, it is a
place surrounded with aluminium industries, there
is a possibility of more aluminium pollution in soil®.

Aluminium is the third most abundant
element in the earth’s crust. It may cause toxicity to
the plants especially when it is solubbilised in acidic
soils”. There is limited research regarding the uptake
of Al by plants®. It is well known that accumulation
of Al'in plants is affected by mobile and potentially
bioavailable forms of Al present in soils®. Hence,
an attempt has been initiated to study the content
of aluminium in soil and further its accumulation in
few medicinal plants such as Centella asiatica,
Bacopa monneri and Euphorbia hirta grown in
Mettur area.
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MATERIALS AND METHODS

The experimental site Mettur is located in
Salem, Tamil Nadu, India. The latitude and longitude
coordinates of Mettur is 11.80 N 77. 80E with the
elevation of 238m. Since Mettur is an area having
several steel and aluminium processing industries,
there is a possibility for aluminium contamination in
soil and subsequent translocation in plant tissues.
Hence, in present study, an attempt was made to
investigate the amount of aluminium present in
Mettur soil and further translocation of aluminium
in few medicinal plants such as Centella asiatica,
Bacopa monneri and Euphorbia hirta.

The soil samples and plant samples of such
as Centella asiatica, Bacopa monneriand Euphorbia
hirta were collected from Mettur area. The soil sample
was analysed for initial parameters such as soil pH,
EC, organic matter, available macro, secondary and
micronutrients along with aluminium content using
standard methods. The collected plant samples
were cleaned with water and kept in paper covers.
Then they were shade dried and later oven dried
(70°C). After recording the dry weight, each sample
was ground in a Wiley mill and sub-samples were
obtained for laboratory analysis. The total aluminium
content in the plant materials was determined using
an Atomic Absorption Spectrophotometer with
air-acetylene flame. Finally the bioconcentration
factor for each plant was calculated.

RESULTS AND DISCUSSION

The soil and plants samples were
collected from Mettur and analysed for aluminium
contamination along with other parameters. The
results are presented below.

Initial characteristics of soil

The soil sample collected from Mettur area
was analysed for different basic parameters and
presented in Table 1. The pH of the soil was acidic
and EC was not harmful. While considering the
status of macro nutrients, nitrate nitrogen was high
but the phosphorus and potassium levels were low.
The secondary nutrients were also little bit lower in
range. The micro nutrients such as zinc and copper
were low whereas manganese, iron and boron were
ideal in status. The Aluminium content of soil was
16700 mg kg™ which is very high.
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Table 1: Initial Characteristics of Experimental Soil

SI. No. Parameter Value
1 pH 5.73
2 EC (mS cm) 0.187
3 Organic Matter (%) 1.23
4 Nitrate-Nitrogen (mg kg) 50.8
5 Phosphorus (mg kg™) 15.27
6 Potassium (mg kg 80
7 Calcium (mg kg™ 841
8 Magnesium (mg kg 354
9 Sulphur (mg kg™) 38.8
10 Sodium (mg kg™ 138
11 Zinc (mg kg) 0.92
12 Manganese (mg kg™) 21.78
13 Iron (mg kg™") 26.07
14 Copper (mg kg™) 1.60
15 Boron (mg kg™) 1.6
16 Aluminium (mg kg) 16700

The experimental soil collected from Mettur
area contains low level of macro, secondary and
micro nutrients. The soil is acidic along with the high
range of aluminium content. The soil toxicity in acid
soils may be contributed by several factors and it
mainly depends in the soil composition. Aluminium
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toxicity is the prime factor which is limiting the plant
growth in acid soils. Generally in acidic soil, Al
occurred as Al(OH)?, Al(OH) and Al(H,0)*, the latter
referred to as Al'°. Even at micromolar level, Al ions
inhibit the root growth of agricultural crops. It also
causes stunting of the primary root and inhibition
of lateral root formation. Inhibition of cell elongation
and cell division resulting in stubby root tips. Finally
it is impaired in the uptake of nutrient and water,
then plant becomes more susceptible to drought
stress. The yield and crop quality of Al sensitive
plants have greatly affected due to Al toxicity'"'2. It is
evident that the distribution and availability of some
elements to plants in vetisols might be affected by the
physical-chemical characteristics of soil'®. The very
low phosphorus content in the soil is mainly due to
the fixation of phosphorus as aluminium phosphate.
The presence of free alumina is mainly responsible
for phosphorus fixation'.

Plants used in this experiment

Few medicinal plants were collected from
the sampling site (Mettur area), processed and
analyzed for aluminium content. The detail of the
plants used is given in Table 2.

Table 2: Detail of plants used in the study

SI. No. Common Name Botanical Name Family
1 Asiatic pennywort Centella asiatica Apiaceae
2 Brahmi or Indian pennywort Bacopa monneri  Plantaginaceae
3 Asthma Weed Euphorbia hirta Euphorbiaceae

From the past centuries, medicinal plants play
a major role in the preparation of traditional medicine
as well as home remedies. The contamination of
medicinal plants occurred due to heavy metals
and microbial growth. It depends on the number of
factors such as environment, pollution, atmosphere,
soil, harvesting and handling etc. Therefore, it is
essential that the measurement of metallic elements
in medicinal plants and also establishment of safety
limit for these elements since it has been consumed
along with the herbal medicines’®.

Concentration of aluminium and bioaccumulation
factor of selected medicinal plants

The medicinal plants such as Centella
asiatica, Bacopa monneriand Euphorbia hirta grown
in the study area were collected and analysed for
aluminium content and results are presented in Table 3.

Table 3. Concentration of aluminium and
bioaccumulation factor of the medicinal plants
grown in study area (Mettur)

S. Name of  Concentration Bioaccumulation
No thePlant of Al (mgkg™) factor
1 Centella asiatica  747.8 0.04
2 Bacopa monneri  449.6 0.03
3 Euphorbia hirta 801.5 0.05

The aluminium concentration was very
high in Euphorbia hirta (801.5 mg kg'') followed by
Centella asiatica (747.8 mg kg') whereas the lowest
aluminium content was recorded in Bacopa monneri
(449.6 mg kg™). All the three plants showed a very
high accumulation of aluminium due to the high level
of aluminium in parent soil.

The bioaccumulation factor for each medicinal
plant was calculated as per the following formula.



KALAIVANI et al., Orient. J. Chem., \lol. 34(6), 3129-3133 (2018)

BAF=C__/C

plant soil

Where, C,,and C_ are the concentrations
of heavy metal in plants and soil, respectively, on
dry weight basis'. The bioaccumulation factor
was high in Euphorbia hirta followed by Centella
asiatica. Bacopa monneri recorded the lowest
bioaccumulation factor when compared with other

two plants.

Accumulation of heavy metal in plants from
soil is the major pathway for the transformation of
metals from sediments and water to the food chain
by the mechanism called as biomagnifications. The
translocation of metal from soil to plant is mainly
decided by mobile and bioavailable fractions of metal.
Plants can absorb metal from soil, accumulate in
their parts and transform it from soils into the food
chain. Phytoaccumulation of metal is one of the
most serious environmental problem because of
their potential harmful impact on animals and human
health'”. The Al toxicity in plants is primarily exhibited
by several symptoms such as inhibition of root growth,
variety of nutrient-deficiency symptoms and yield
reduction etc'®. Plant species that accumulate high
concentrations of Al >1000 mg/kg) in their tissues
are regarded as a hyperaccumulators of these
elements' 2. From the data in the present study,
although all the three medicinal plants accumulated
Al, they cannot be classed as a hyperaccumulator
of aluminium since the bioaccumulation factor is
<1. These medicinal plants are widely used for the
preparation of herbal medicine but showed higher Al
content (Table 3). Eventhough the selected medicinal
plants are not classed as hyperaccumulators, all the
three medicinal plants such as Centella asiatica,
Bacopa monneri and Euphorbia hirta were able
to accumulate level of Al which was above the
maximum permissible limits of 15 mg/kg?':2223, Intake
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of high levels of Al through medicinal plants or other
sources can impair cognitive and speech functions
and may also lead to neurodegenerative diseases?.
The accumulation of Al in the above medicinal plants
from aluminium contaminated soil may raise the
awareness regarding safety when they used as raw
materials for the preparation if herbal medicine.

CONCLUSION

Procurement of the medicinal plants
from the aluminium polluted soils and used for
the preparation of traditional medicine raises
some potential negative issues for the society.
The accumulation of Al concentration is above
the maximum permissible limit prescribed by
WHO and thus, it may cause Al toxicity among the
consumers of herbal medicines. The Al present
in the medicinal plants may alter physiochemical
properties of the plant so that to adapt under stress
conditions. It may affect the synthesis of secondary
metabolites or bioactive ingredients in medicinal
plants. Subsequently the quality and efficacy of the
medicine produced from the particular plants may
be reduced due to the increased content of Al from
the results of the present study, it is inferred that the
medicinal plants used for the human consumption
or disease management should be collected
from clean environment and processed carefully.
Furthermore, they may be tested for the presence
of any contaminants before used as a raw material
for the preparation of herbal medicine.
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