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Abstract: The present study was carried out to quantitatively analyze the levels of six potentially toxic heavy
metals viz., arsenic (As), lead (Pb), cadmium (Cd), mercury (Hg), chromium (Cr) and nickel (Ni) in ten important
Indian medicinal plants. The air dried powdered plant materials were subjected to microwave assisted wet
digestion for the preparation of test samples. The samples were analyzed by using atomic absorption
spectrophotometer equipped with graphite tube atomizer. From the results of the present investigation, it can
be inferred that the levels of all six hazardous heavy metals were below the permissible limits in all ten medicinal
plants analyzed.
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INTRODUCTION The possibility that the toxic heavy metals can be

The use of plant and plant products in treatment of herbs grown in polluted areas is a major concern for
diseases is as old as mankind. Herbal medicines being traditional and  herbal  medicine [4]. Consumption of
natural are still preferred to contemporary synthetic herbal products from the medicinal plants, grown in
medicines by a major section of the world. According to polluted sites can cause serious consequences on human
the World Health Organization (WHO), 80% of the world health. For getting desirable therapeutic benefits, quality
population relies on traditional or herbal medicines for of these raw herbs must be ensured in terms of heavy
their primary health care needs [1]. The major merits of metal contamination. Due to this reason, WHO advocates
herbal  medicine  seem  to be  their  perceived  efficacy, that herbs and herbal products should not be used
low incidences of serious adverse effects and without qualitative and quantitative analysis of their
comparatively lower cost.  Nowadays,  medicinal plants heavy metals contents [1]. Hence, assessment of these
are worldwide being  extensively  evaluated in pursuit of hazardous metals in raw plant material and finished
novel therapeutic entities. products must  be  undertaken  compulsorily.  Heavy

Accumulation  of  toxic  industrial effluents  in  soil, metal analysis of medicinal plants should  be  prioritized
air and water is continuously increasing due to fast so that the contamination cannot accumulate up to the
urbanization and extensive pollution of the environment. finished products.
Among these toxic substances, presence  of  heavy Therefore, there is a relevant necessity for
metals (atomic weights: 63.5-200.6 g mol ) which are assessment  of  these  heavy  metals  in medicinal plants1

ubiquitous in nature, cause serious harmful effects on to ascertain the level of heavy metal contaminants in
living organisms [2]. Plants are sensitive to environmental herbal raw materials. The present study was designed to
conditions and they accumulate these heavy metals in quantitatively analyze the levels of six potentially toxic
their harvestable parts (via root uptake, foliar adsorption heavy metals namely As, Pb, Cd, Hg, Cr and Ni in ten
and deposition of specific elements in leaves) and Indian medicinal plants (Table 1). The medicinal plants
intensity of this uptake process can change the overall were selected on the basis of their well established
elemental  composition  of  the  plant [3]. Some of the medicinal properties, significant importance in Ayurveda,
heavy metals namely As,  Pb,  Cd  and  Hg are not the traditional system of Indian medicine, along with their
essential for plants and these are insidiously toxic to frequent utilization in traditional as well as contemporary
mammals. pharmaceutical, dietary and cosmetics preparations.

transmitted to humans and animals through the use of
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MATERIALS AND METHODS Instrumental Procedure: The standard stock solutions

Plant Materials: Ten  raw  medicinal  plant materials solutions ranging from 1 ppb to 15 ppb and stored at 4°C.
(Table 1) were procured  from the Ayurvedic plant The calibration curves were plotted between measured
supplier namely M/s. S. N. Das & Co., Burrabazar, Kolkata absorbance and concentration. The prepared samples
70001, West Bengal, India. The plant materials were were immediately analyzed using atomic absorption
authenticated at the Central National Herbarium, Botanical spectrophotometer (AAS Agilent 280FS AA) equipped
Survey of India, Shibpur, Howrah, West Bengal, India. with graphite tube atomizer (GTA 120). The instrument
The plant materials were shade dried and ground was  operated  in  GTA  mode,  the  argon  gas flow  was
mechanically into coarse powders and then subjected to 3 L/min and the temperature parameters were followed as
analysis. recommended by the manufacturer. Optimized operating

Reagents and Standards: Analytical grade nitric acid and All analyses were run in batches, which included
hydrogen peroxide were from Merck, Germany. Standard standards (for calibration curves), reagent blanks and
stock solutions of As, Pb, Cd, Hg, Cr, Ni were from NIST, plant samples. The heavy metal concentrations were
USA. All the solutions and dilutions were prepared by expressed in parts per million (ppm) with respect to the
using Milli-Q water. dry weight of the plant materials. All the samples were

Sample Preparation: The sample of each plant material
was prepared by microwave assisted wet digestion. RESULTS AND DISCUSSION
Briefly, 0.5g of powdered plant material was mixed with
5ml of nitric acid (68%) and 1ml of hydrogen peroxide Nowadays, atmosphere and soil are continuously
(30%) solution in a clean dry Teflon digestion tube and being polluted with chemicals along with heavy metals
subjected  to  microwave digestion in a microwave due to dynamic development of industries and
digester (CEM Corp., USA). After digestion the digest modernization along with extensive use of pesticides and
was quantitatively  transferred  into  25  ml volumetric fertilizers in cultivation of medicinal plants. In turn, these
flask and made up to volume with Milli-Q water. Further pollutants  and  heavy  metals  are  getting  accumulated
dilutions were made if necessary. in   the    plants   growing   in   the   polluted  areas,  which

(1000 ppm) were diluted to obtain working standard

parameters of various heavy metals are listed in Table 2.

analyzed in duplicates and the result averaged.

Table 1: List of medicinal plants used in the study.

Serial Number Common Names Botanical Names Parts used/analyzed

1 Shankhapushpi Convolvulus pluricaulis Aerial parts
2 Bibhitaki Terminalia belerica Fruits
3 Myrobalan Terminalia chebula Fruits
4 Clove Syzygium aromaticum Flower bud
5 Nux-vomica Strychnos nux-vomica Seeds
6 Vasaka Adhatoda vasica Leaves
7 Tulsi Ocimum sanctum Aerial parts
8 Amaltas Cassia fistula Fruits
9 Bhringaraj Eclipta alba Aerial parts
10 Cinnamon Cinnamomun zeylanicum Bark

Table 2: Operating parameters for the instrument.

Serial Number Heavy metals Wave length (nm) Lamp intensity (mA) Slit width (nm)

1 As 193.7 10 0.5
2 Pb 283.3 10 0.7
3 Cd 228.8 8 0.7
4 Hg 253.7 4 0.5
5 Cr 357.9 10 0.2
6 Ni 232.0 10 0.2
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Table 3: Heavy metal contents in studied medicinal plants (ppm).

S. No. Samples As Pb Cd Hg Cr Ni

1 C. pluricaulis 0.38 1.03 BLQ BLQ 1.11 0.44
2 T. belerica 0.46 1.22 0.06 BLQ 1.88 0.53
3 T. chebula 0.09 0.93 BLQ BLQ 1.19 0.64
4 S. aromaticum 0.18 0.98 0.08 BLQ 1.74 0.87
5 S. nux-vomica BLQ 1.16 BLQ BLQ 1.91 0.85
6 A. vasica 0.35 0.72 0.07 0.08 0.79 0.88
7 O. sanctum 0.14 0.89 BLQ BLQ 1.58 0.65
8 C. fistula BLQ 1.28 BLQ BLQ 1.28 0.47
9 E. alba 0.08 0.86 0.05 BLQ 1.56 0.42
10 C. zeylanicum 0.43 0.69 BLQ BLQ 1.63 0.43

BLQ: Below limit of quantification i.e., 0.05 ppm.

subsequently enter the human food chain via plant parts and repair.  Acute  arsenic  poisoning is associated
and extracts or preparations thereof. The environmental initially with nausea, vomiting, abdominal pain, severe
impact of these metals as well as their adverse health diarrhea, encephalopathy and peripheral neuropathy.
effects has been a source of major concern. Chronic toxicity results multisystem diseases including

Recently, medicinal plants have been criticized as a carcinogenesis   affecting    almost     all     organs   [9].
potential source of heavy metal toxicity to both man and The maximum permissible  limit  for  arsenic  in raw herbs
animals [6]. The most common heavy metals implicated in is 3 ppm as per Ayurvedic Pharmacopoeia of India [7].
human toxicity include As, Pb, Cd and Hg although Ni Here,  arsenic  was  not  detected  in S. nux-vomica and
and Cr may also cause toxicity. Therefore, likewise WHO, C. fistula. In all other plants arsenic content was within
the Ayurvedic Pharmacopoeia of India recommends that limit defined by the said pharmacopoeia.
medicinal plants, which form the raw materials for most Lead (Pb) is the most frequently occurring and stable
herbal remedies, should be checked for the presence of heavy metal in nature. It is highly hazardous for plants,
especially the first four above mentioned heavy metals [7]. animals and micro-organisms. Continuous consumption
However, majority of people, living in areas where these of fertilizers, fuel combustion and sewage sludge are the
plants grow, harvest them locally for their own medicinal major reasons leading to escalation in lead pollution. It is
use without checking  for heavy metal accumulation. a non-essential element that can be introduced to human
Most of the Ayurvedic and herbal companies procure the by inhalation, ingestion or cutaneous absorption. It is a
raw herbs from commercial suppliers and use in serious cumulative body poison. Levels of lead beyond
formulations  without  checking them  for  heavy  metals. the permissible limits or long term use of these
In the present study, ten important Indian medicinal contaminated plants could lead to toxicity characterized
plants were subjected to quantitative analysis of heavy by colic, anemia, chronic nephritis, headache,
metal that are  potentially  toxic  to human and animals. convulsions, brain damage and central nervous system
The results of analysis of six heavy metals in ten raw (CNS) disorders [10, 11]. The Ayurvedic Pharmacopoeia
medicinal herbs are summarized in Table 3. of India recommends the maximum permissible limit for

Arsenic is a toxic non-essential element. Its lead is 10 ppm for raw herbs [7]. In the present study, lead
contamination is caused from geological sources leaching was detected in all plant samples and the values were
into aquifers, contaminating water and may also occur around 1 ppm which was well below the prescribed limit.
from mining, pesticide application and other industrial Cadmium (Cd) is a non-essential trace element with
processes. It is present as a contaminant in many uncertain direct  functions  in  both plants and humans
traditional remedies. Groundwater arsenic toxicity is a and responsible for several cases of poisoning through
serious public health problem causing chronic arsenic food [12]. Recently it is gaining more attention due to
toxicity affecting  many  millions  of  people in Ganges wide occurrence in water, soil, milk, dietary and herbal
delta incorporating Eastern India (West Bengal) and medicinal products. Small quantities of cadmium cause
Bangladesh [8]. Trivalent arsenic is more toxic to mammals adverse  changes  in  the arteries of  human  kidney
than its pentavalent form. Arsenic exerts its toxicity by leading to kidney failure. It accumulates in human body,
inactivating up to  200  enzymes, especially those replaces  zinc  biochemically and causes hypertension,
involved in cellular  energy pathways, DNA synthesis liver and kidney damage. Cadmium poisoning causes a
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disease called Itai-itai characterized by softening of of the year in 2008 by the American Contact Dermatitis
bones, anemia, renal failure  and  ultimately death. [13]. Society and its minimal risk level was set to 0.2 ìg/m  for
The  maximum  allowable  limit  of   Cd  in  raw  herbs  is inhalation during 15-364 days, however, no limit has been
0.3 ppm as  per   Ayurvedic  Pharmacopoeia of India [7]. set for food stuffs and medicinal plants [19]. In the
In  the present  analysis,  cadmium  was not  detected  in present experiment, less than 1.0 ppm nickel content was
C. pluricaulis,  T.  chebula,  S.  nux-vomica, O. sanctum, found in all the test samples. Ayurvedic Pharmacopoeia
C. fistula and C. zeylanicum. In rest of the plants, Cd of India however, did not prescribe any limit for Cr and Ni
content was found within the permissible pharmacopoeial either in raw herbs or in finished products.
limit. From the present investigation, it can be concluded

Mercury (Hg) can cause adverse effects on the renal that all the levels of six potentially toxic heavy metals
and nervous systems and can cross the placental barrier, analyzed were quite below the permissible limits in all the
with potential toxic effects on the fetus [14]. Mercury ten Indian medicinal plants analyzed. The implication of
exposure for the general population occurs mainly from the present findings may be taken into consideration
consumption of fish, as methyl mercury and possibly from whilst dealing with these medicinal plants for human or
dental amalgam fillings [15]. Levels of Hg beyond the animal consumption. The results suggest that regular
allowable limits have been associated with infertility, screening  of  raw  medicinal  plants is  necessary to
inhibition of endogenous antioxidant enzymes and brain check the levels of these heavy metals in the plant parts
damage. As per Ayurvedic Pharmacopoeia of India, the and extracts  before  using  them for consumption or
maximum  permissible  limit  of  mercury in   raw  herbs  is herbal formulation. It is therefore further advised that,
1 ppm [7]. In the present study, Hg was not detected in medicinal  plants  used  for  human or veterinary use  or
the plant samples tested except A. vasica where mercury for preparation of herbal products and standardized
level was found within the said limit value. extracts should be collected from an unpolluted natural

Chromium (Cr) contamination is caused by tanneries, habitat.
paper, paint and steel industries; and sewage sludge
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