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ABSTRACT

Study of the level of heavy metals (Copper, Chromium, Lead and Zinc) in soil, organic manure and
medicinal plants obtained from NIPRD Botanical Garden was carried out. The objective is to
determined level of safety of the Botanical Garden towards realizing safe phytomedicine. Samples
were collected, processed and analyzed for the specified heavy metals with Atomic Absorption
Spectrophotometer using standard methods. The results obtained indicated the presence of Cu and Zn
in the medicinal plants (8.17+3.36 mg/kg and 34.70+£15.20 mg/kg), soil (13.43£1.91 mg/kg and
24.00+4.86 mg/kg) and the organic manure (33.50+£0.40 mg/kg and 59.45+0.80 mg/kg), while Cr and
Pb were not detected. The mean concentration of Cu and Zn obtained in soil, medicinal plants and
organic manure at sampling sites A, B, C and D were below WHO and US (EPA) maximum
permissible limits. In conclusion, NIPRD Botanical Garden is not polluted with the studied heavy
metals; therefore, it is safe for domestication of medicinal plants.
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INTRODUCTION

Heavy metals existence in soil and the practice and population growth [1]. These
environment has been on increase due to have resulted to soil, water, plants and
anthropogenic ~ activities ~ such  as ecosystem quality degradation, thus,
industrialization, modern agricultural posing a threat to
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human and animal health [2]. Long term
exposure to heavy metals contaminated
products can result to physiological,
neurological and muscular degenerative
processes that initiates diseases conditions
such as multiple sclerosis, Parkinson’s
disease, Alzheimer’s disease, kidney
failure, liver disease, cancers and muscular
dystrophy [3].

The different parts of plant are important to
human, animals and the environment but
can be affected or damaged by pollutants
such as heavy metals overloads [4]. The
safety of phytomedicine for fighting Covid-
19 and other disease conditions is
determined by how safe the soil and the
environment where the herbal materials are
cultivated,  collected, preserved or
displayed [5]. Globally, more than 50% of
sites of soil pollution were due to heavy
metals/metalloids  contamination.  The
economic impact of heavy metal pollution

worldwide was estimated to be in excess of

US $10 billion per year [2]. The cationic
form of metals such as lead, cadmium,
mercury, nickel, copper, zinc, chromium
and manganese has been the major cause of
several disease conditions such as diabetes,
cardiovascular disease, chronic respiratory
disease and Chronic liver disease and those
suffering from such disease conditions are
more susceptible to COVID-19 most
especially in among older age group [1, 6-
7]. Standards regulatory organization such
as World Health Organization and US (EPA)
has established quality and safety standards
that clearly stipulated the maximum
allowable limits for heavy metals in herbal
remedies [8] and agricultural soil [9]. The
study therefore aimed to determined level
of safety of the NIPRD Botanical Garden
by analyzing the soil, organic manure and
medicinal plant grown-on for heavy metal
content in order to ensure safe
domestication, breeding and realization of

phytomedicine in NIPRD.
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1. Standard Permissible Limits for Heavy Metals in Plant and Soil

Heavy Metals WHO Maximum US (EPA) Permissible  limit in
Limit (mg/kg) in soil medicinal plants
(mg/kg) in soil (mg/kg)

Copper (Cu) 36 270 20

Chromium (Cr) 100 11 1.30

Lead (Pb) 85 200 10

Zinc (Zn) 50 1100 0.60

US (EPA) 2002, WHO (2007), (HE et al, 2015)

MATERIALS AND METHODS
Materials and Reagents Used

A GBC Avanta (version 2.0) Flame Atomic
Absorption Spectrophotometer (FAAS),
Analytical balance (JA-Series, Model-
JA203H), water bath, -electro-thermal
heating mantle, porcelain mortar & pestle,
porcelain crucibles, Whatman filter paper
(No.l, size 110mm), Concentrated
solutions of HNO; (Purity of 70%, ACS
reagent grade for general purpose) and
HCIOy4 (Purity of 70%, ACS reagent grade
for trace metal basis), deionized water
(conductivity:  5.4uS/m), micropipette
(Model:  Excelpette, size 0-1000ul),
reference standard solution of Cu, Cr, Pb
and Zn (500ml, pg/ml from Aldrich,
chemical company, Inc.USA) and
appropriate sizes (class A & B) glassware.
Sample Collection

The aerial part of medicinal plant, soil and

organic manure were collected from
NIPRD botanical garden in the month of
June, 2021. The samples were collected at
four different sites (A, B, C & DI, D2)
labeled, air-dried at room temperature in
the laboratory.

Samples Preparation

The air-dried samples were further dried in
an oven for 30 minutes at 105°C and
powdered with a mortar and pestle. The
samples were sieved and stored in air-tight
polyethene bags for further processing.
Sample Digestion

Wet digestion method was used for
digestion of all the samples. Accurately, 0.5
g of each of the homogenous powdered
samples were weighed, transferred into
digestion flask and added Aqua regia (7.5)
to the soil and the organic manure samples,
while concentrated nitric acid and

Perchloric acid to the plant sample in the
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ratio of 7:3 and swirled gently for proper
mixing. The digestion flasks with the
samples were placed on electrically
powered regulated heating mantle and
heated until white fume appear as a sign of
completed digestion was observed. The
digested samples were cooled and filtered
through Whatman filter paper and diluted
with deionized water to 50 ml in volumetric
flask and transferred to labeled capped
plastic sample bottle for the analysis [10].
Elemental Analysis

Flame Atomic Absorption Spectroscopy
(FAAS) technique was used for the
determination of Cu (324.70 nm), Cr (357.9
mn), Pb (217.0nm) and Zn (403.1nm) in the

samples. The samples were analyzed based

on the equipment operating conditions
stated in Table 2 after calibration with
reference standard solution of the selected
elements. The data generated were

processed using relation [11].

CxVxdf

W (g)

Where; C is the concentration obtained

Metal (ug/g) =

from the AAS machine (mg/L); V is the
volume of the undiluted sample solutions in
mL; W is the sample’s weight in grams.
RESULTS

The results obtained from the study are
reported in table 2 below follows by the

discussion of the result.

Table 2: Heavy Metals Content of Soil, Medicinal Plant and Organic manure from

Samali et al

NIPRD Botanical Garden
Collection Mean Concentration (mg/kg)
Sites Samples Cu Cr Pb Zn
Site A Soil 15.00 0.00 0.00 26.50
Plant 11.10 0.00 0.00 27.10
Site B Soil 14.00 0.00 0.00 27.10
Plant 8.90 0.00 0.00 52.20
Site C Soil 11.30 0.00 0.00 18.40
Plant 4.50 0.00 0.00 24.80
Site D1 Manure 16.40 0.00 0.00 58.10
Site D2 Manure 50.60 0.00 0.00 60.80
DISCUSSION concentration range of Cu in the medicinal

The results obtained indicated the presence
of Cu and Zn, while Pb and Cr were not

detected in all the samples. The

plant, soil and the organic manure are 4.50
to 11.10 mg/kg, 11.30 to15.00 mg/kg and

16.40 to 50.60 mg/kg are, while that of Zn
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were 24.80 to 52.20 mg/kg, 18.40 to 27.10
mg/kg and 58.10 to 60.80 mgkg
respectively. The mean concentration of Cu
and Zn obtained in the soil, organic manure
and the medicinal plant (andrographis
paniculata) were lower than the maximum
permissible limits specified by WHO, EPA
and Chinese pharmacopeia [8-9].
CONCLUSION

The outcome of the study reveals that
NIPRD botanical garden soil, organic
manure and the medicinal plant
(andrographis paniculata) obtained from it
are safe from heavy metals contamination.
This finding can therefore serve as a
baseline reference data for subsequent
future study.
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