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Abstract : This investigation was conducted to
determine the concentrations of heavy metals—Ilead
(Pb), cadmium (Cd), zinc (Zn), copper (Cu), iron (Fe),
and chromium (Cr)—in four commonly used medicinal
plants Withania somnifera, Andrographis paniculata,
Tinospora cordifolia, and Asparagus racemosus in the
states of Bihar and Jharkhand: These plants are widely
consumed in Indian society as herbal infusions and
traditional remedies. The samples were collected from
local markets in Patna,(Bihar) and Ranchi (Jharkhand)
For analysis, 10 g of each plant sample was boiled in
di-distilled water, filtered, and treated with nitric acid.
The concentrations of heavy metals were determined
using an atomic absorption spectrophotometer. The

measured ranges were: Pb (0.15-0.80 mg/kg), Cd
(0.28-0.63 mg/kg), Cu (0.30-1.90 mg/kg), Zn (3.90—
11.50 mg/kg), Fe (2.20-7.00 mg/kg), and Cr(below
detection limit to 1.80 mg/kg). Based on these values,
the estimated daily intake of lead and cadmium for a
50 kg individual consuming an infusion prepared from

10 g of plant material was calculated

(Keywords : Heavy metals, Biomasses, Herbal Plants
medicinal plants, Metal Toxicity).

Introduction

Environmental pollution, particularly
contamination by heavy metals, has emerged as
one of the most pressing global challenges. Food
sources such as water, fruits, vegetables, and
medicinal plants are highly susceptible to
contamination since they are directly exposed to
polluted air, soil, and water. During cultivation,
transportation, and open-market storage, these
pollutants can readily infiltrate consumable
products. Toxic metals accumulate in plants

across a wide range of concentrations, influenced
by factors such as soil acidity, ambient
temperature, and microbial activity'.

Several minerals are essential for
maintaining human health®. Trace elements like
copper and zinc play critical roles in physiological
functions®*. In contrast, the biological
significance of lead and cadmium remains
uncertain, and the human requirement for these
elements is negligible’.

Elevated levels of heavy metals and
trace elements in the body are strongly associated
with numerous diseases and adverse health
outcomes®’. Among them, cadmium and lead are
recognized as the most hazardous heavy metals
and major environmental contaminants®'°.

Lead accumulation in human organs
poses severe health risks. Children are
particularly vulnerable due to their developmental
stage. Lead exposure adversely affects the central
nervous system in foetuses and newborns,
leading to neurological damage''""*. It also
contributes to anaemia and may deposit in bones
and teeth'>!3. Chronic exposure has been linked
to impaired growth, hearing loss, learning
disabilities, antisocial behaviour, and damage to
the liver, kidneys, reproductive system, and
cellular processes'®.

Cadmium toxicity was first highlighted
following the outbreak of Itai-Itai disease in
Japan, which was attributed to excessive
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cadmium ingestion". Cadmium accumulation
induces a range of toxic effects, including
respiratory distress, gastrointestinal disorders,
hypertension, and kidney damage!s'8. Its
deposition in renal tissues impairs kidney
function, often indicated by elevated blood urea
levels. Furthermore, cadmium interferes with
calcium and phosphate metabolism, leading to
bone demineralization and softness, and it has
been classified as a carcinogenic agent'>!°.

Experimental
Materials and Methods:

Sixteen randomly selected samples of
biomasses of medicinal plants were obtained
from local markets in Patna(Bihar) and Ranchi
(Jharkhand).The precise cultivation sites of these
samples were not known. Prior to analysis, all
glassware and equipment were thoroughly
cleaned with 0.1 M nitric acid (HNO,) to eliminate
potential contamination. For each determination,
10 g of plant material was weighed and transferred
into a 1 Lbeaker. Subsequently, 500 mL of double-
distilled water was added, and the mixture was
boiled for 30 minutes. The resulting infusion was
filtered using double-ring filter paper. The filtrate
volume was reduced by evaporation to 80 mL
and then transferred into a 100 mL volumetric
flask. To achieve a final concentration of 0.1 M
Nitric acid, 1 M HNO, was added, and the volume
was adjusted to the mark. The concentrations of
iron (Fe), lead (Pb), zinc (Zn), cadmium (Cd),
chromium (Cr), and copper (Cu) were determined
using an atomic absorption spectrophotometer
(Thermo Scientific, UK Model: AAS-ICE 3500)
equipped with dual atomizer and incorporating a
50 mm titanium burner, were optimized according
to the manufacturer’s recommendations. Metal
concentrations were initially obtained in mg/L
and subsequently converted to mg/kg. A
reference sample was processed under identical
conditions. Each analysis was performed in
quadruplicate, and the mean values with standard
deviations were calculated. A. Quantitative
Determination The concentrations of Pb, Cd, Cu,
Fe, Zn, and Cr in the examined samples were
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calculated using the following equation:

AxB
mg/kg in sample =
W
Where:
A = concentration of the metal in mg/L (obtained
by calibration)

B = final volume of prepared sample (L)
W = weight of the sample (kg)

The daily intake of heavy metals through
medicinal plant consumption was estimated
using a standardized calculation. The daily dose,
expressed in mg kg'- day', was determined
according to the following equation:

Concentration of metals x C

Daily dose =
M

Where:

C =the sample weight (kg) and

M =denotes the body weight of the consumer

(kg).

This formulation allows for the quantitative
assessment of potential exposure to toxic metals
such as lead and cadmium from herbal infusions.

By applying this equation, the estimated
intake values can be compared against
internationally recognized safety thresholds,
thereby providing a scientific basis for evaluating
the health risks associated with the consumption
of contaminated medicinal plants.

B. Statistical Analysis

For each metal, maximum, minimum,
mean, and standard error values were calculated
following previously reported procedures?'.

Results and Discussion:

Studies from India indicate that
medicinal plants and vegetables often show
elevated levels of Pb and Cd, particularly in
regions like Bihar and Jharkhand where industrial
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activity, polluted irrigation water, and soil
contamination contribute to heavy metal uptake.

The concentrations of Pb, Cd, Cu, Fe,
Zn, and Cr in the examined medicinal plants are
summarized in the table. The levels of lead and
cadmium were compared against the maximum
permissible limits of 0.30 mg/kg and 0.20 mg/kg,
respectively, as established by the Codex
Alimentarius Commission (FAO/WHO, 1984)*.

Among the studied species, Tinospora
cordifolia exhibited the highest lead concentration
(0.80 % 0.16 mg/kg), significantly exceeding the
recommended threshold.

Elevated levels of lead were also
observed in Andrographis paniculata (0.45 £ 0.08
mg/kg), while Asparagus racemosus and
Withania somnifera contained lead
concentrations within the permissible range.

Cadmium concentrations in all samples
surpassed the Codex limit of 0.20 mg/kg 2. The
values ranged from 0.62 + 0.20 mg/kg in
Tinospora cordifolia to 0.28 + 0.09 mg/kg in
Withania somnifera. Despite the elevated Pb and
Cd levels, the estimated daily intake for a 50 kg
adult consuming an infusion prepared from 10 g
of plant material for the highest concentration
was calculated to be 0.00016 mg/kg/day for lead
and 0.000124 mg/kg/day for cadmium. These
values remain within the safe exposure limits
previously reported®.

Copper concentrations varied across
the samples, ranging from 0.30 + 0.12 mg/kg in
Withania somnifera to 1.90 £ 0.65 mg/kg in
Asparagus racemosus. All measured values were
consistent with earlier reports [2]. Iron levels also
showed variability, with concentrations spanning
from 2.20+ 0.40 mg/kg in Tinospora cordifolia to
7.00 £ 0.30mg/kg in Asparagus racemosus. These
values fall within the acceptable limits reported
for different agro-climatic zones of India, where

Heavy Metal Content in Biomasses of Some Herbal Plants

207

the standard permissible concentration of iron
in herbal infusions is approximately 10 ppm.

Zinc concentrations were highest in
Tinospora cordifolia (11.50 + 2.50 mg/kg) and
lowest in Withania somnifera (3.90 = 0.05mg/kg).
Based on these values, the estimated daily intake
of zinc for a 50 kg individual consuming 10 g of
plant infusion was calculated to be 0.0023 mg/
kg/day, which is well below the maximum
permitted daily intake range of 50 mg/kg *.

Chromium concentrations ranged from
below detection limits in Asparagus racemosus
to 1.80£1.20 mg/kg in Tinospora cordifolia. All
values were below the permissible limit of 2 mg/
kg for medicinal herbs *.

Conclusion

The findings of the present
investigation demonstrate that Medicinal plants
from Patna (Bihar) and Ranchi (Jharkhand) show
contamination with Pb and Cd consistently
above permissible limits. Medicinal plants are
contaminated with certain heavy metals, posing
potential risks to human health. Such
contamination primarily arises from
environmental pollution of air, water, and soil,
through which these metals are absorbed by
plants and subsequently enter the food chain.
Since all metals exhibit toxicity, the human body
requires specialized transport and regulatory
mechanisms to prevent their harmful effects. This
principle applies not only to essential trace
elements such as iron, zinc, and chromium, but
also to non-essential and highly toxic metals and
metalloids, including cadmium. To safeguard
public health and reduce the adverse impacts of
these pollutants, it is imperative to implement
strict and continuous monitoring of heavy metal
residues in food products. Furthermore,
consumption of food items exceeding the
permissible limits should be avoided to minimize
exposure and associated health hazards
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Table-1 (Heavy Metal Concentrations in the Biomasses of Some Herbal Plants)

Metal Withania Andrograp | Tinospora Asparagus Permissible Limit
somnifera his cordifolia raCEmosus (FAQ/WHO)
aniculata
Ph 015 | 045+ | 080% | 0181005 | 030 mg/kg
0.04 0.08 0.16
cd 028 0.40= | 062+ | 032£012 | 020 mgkg
0.09 0.10 0.20
Cu 030 1L05£ | 075+ | 1.90£0.65 10 mg/kg
0.12 0.20 0.05 (approx.)
Zn 3.90 670+ | 1150+ | 680+050 | 50 mg/kg
0.05 110 2.50
Fe 220+ 540+ | 220+ | 7.00:0.30 10 mg/kg
0.40 3.00 0.40 (juice
standard)
Cr 045+ 0.70 £ 1.80+ < detection 2 mg/kg
0.30 0.20 1.20 limit
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