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Background: The levels of 5 minerals namely; lead, arsenic, mercury, cadmium, and aluminum
were assessed in 10 medicinal plants sampled from 5 different geographical locations to
determine the effect of location on the plants’ mineral content. Materials and Methods: Atomic
absorption spectrophotometry (wet digestion) was used for the analyzes, and content of the
minerals per sample was expressed as ug/g. The levels of minerals were compared to their
limit specification for herbs and daily total intake of these minerals. A two-way analysis of
variance, which tends to look at the effect of the location and the medicinal plant itself on the
plants mineral content, was used in the statistical analysis. Results: Lead (Pb) was present in
all plant species examined, except Ocimum gratissimum. One plant exceeded the maximum
safety limit for lead. Cadmium was also detected in some of the medicinal plant species (44 %)
whilst majority were below the detection limit (0.002) representing 56%. 40% of the plant
species exceeded the limit for cadmium. Mercury and arsenic in all the plant species were
below the detection limit (0.001). Significant variation existed in mineral content for the various
locations (P<0.05). Conclusion: The findings generally suggest the variation in mineral levels
for the various locations. Thus, our study has shown that same species of medicinal plants,
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growing in different environments, accumulates different levels of heavy metals.
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INTRODUCTION

Hetbal medicines have found extensive use in disease
treatment, prevention, and management. Due to the
immense benefits herbal medicines bring to bear, majority
of the world’s population in one way or the other
depend on them for various health benefits. According
to the world health organization report,!! there is an
estimated 65 to 80% of the world’s population relying on
traditional (alternative) medicine as their primary form
of healthcare. However, the use of herbal medicines has
come under scrutiny due to their perceived long term
toxicity among other considerations. The causes of the
toxicities, which could be attributed to the chemical and
mineral contents of various plants, are also linked to the
source of the material.!
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The mineral contents of medicinal plant species used in
herbal formulations cannot be over-looked considering the
important role these minerals play in the proper functioning
of the vital organs as well as in the promotion of the
general well-being of the body.”) However, they may be
toxic if consumed beyond their estimated safe daily intake.
Several works have been reported on the phytochemical
and biological activities of medicinal plants, although there
is little report in regards to the heavy metal contents of
these plants. Medicinal herbs can present health risks due
to the presence of toxic metals such as Pb, Cd, Al, and
Hg, which are hazardous to humans.! The present study
was carried out to ascertain the amount of 5 minerals
namely; lead (Pb), cadmium (Cd), aluminum (Al),
mercury (Hg), and arsenic (As) in 10 common medicinal
plants (Alchornia cordifolia, Alstonia boonei, Cassia
alata, Cassia occidentalis, Cymbopogon citratus, Moringa
oleitera, Ocimum gratissimum, Paullinia pinnata, Rauwolfia
vomitoria, and Taraxacum officinale leaves) used in the
treatment, prevention, and management of diseases and
sampled from 5 different geographical locations in Ghana.
This may help understand the importance of location in
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collection and ultimately heavy metal toxicity of medicinal
plants. These plants were selected because they are found in
most herbal remedies on the Ghanaian market and widely
used by individuals and families as they are common in
most communities.

MATERIALS AND METHODS

Plant collection

The samples of medicinal plants, which comprised of
selected parts of plants commonly used in phytotherapy
included; Alchornia cordifolia leaves locally known as
‘ogyama, Alstonia boonei stem bark locally known as
‘onyame dua,’ Cassia alataleaves locally known as ‘osempe,’
Cassia occidentalis seeds locally known as ‘mmofra brodie,
Cymbopogon citratus leaves locally known as ‘ti-ahaban,
Moringa oleiteraleaves, Ocimum gratissimum leaves locally
known as ‘nunum,” Paullinia pinnata roots locally known as
‘toa-ntini, Rauwolfta vomitoria stem bark locally known as
‘kakapenpen,’ and Taraxacum officinaleleaves. The various
plant samples were obtained from their specified locations
in Kumasi, the Ashanti regional capital in January, 2011 and
these were physique garden (PG, faculty of pharmacy and
pharmaceutical sciences, Kwame Nkrumah University of
Science and Technology (KNUST); located on 6° 40’ 26”
N, 1°33’ 577 W), around KNUST campus (AC; located on
6°41° 087 N, 1° 33”477 W), by roadside (RS; located on 6°
40’117 N, 1° 34’ 22” W), refuse dump (RD; located on 6°
417 137 N, 1° 34’ 12” W), and Bobiti forest (FO; located
on 6° 43’ 547 N, 1° 25’ 56” W) [Figure 1].

The plant samples were authenticated at the department of
herbal medicine, faculty of pharmacy and pharmaceutical
sciences, KNUST where voucher specimens are

kept [Table 1].

Acid digest and atomic absorption spectrophotometer
analysis

An acid digest of each plant species was prepared by
oxidizing 0.2 g of the powdered plant sample with nitric/
perchloric acid (2:1) mixture (10 ml). One milliliter of the
acid digests of each sample was further diluted to 20 ml

due to the corrosive nature of the acid used.”! Aliquots of
the mixture were used to estimate lead (Pb), mercury (Hg),
cadmium (Cd), aluminum (Al), and arsenic (As) by the
use of atomic absorption spectrophotometer (model
AA240FS). The blank and working standards were first
run followed by the samples. Each sample was analyzed
twice, and the data reported as a mean of the analyzed

samples in Ug/g.

Statistical analysis

The data were based on two replicates and subjected to a
two-way analysis of variance to bring out the effects of the
plants location on the plants mineral content as well the
effect the plantitself has on its mineral content. Variations
among the locations and plant samples were evaluated by
mean of least significance difference (LSD) at 5% level of
probability (P < 0.05). Data analysis was conducted using
statgraphics centurion XV I statistical software.

RESULTS

From the study, lead (Pb) was present in all plant species
examined with the exception of O. gratissimum (AC),
which was below the detection limit (<0.010). Cadmium was
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Figure 1: Map of KNUST and Bobiri forest showing location of sample
points

Table 1: List of plant species under experimentation and their voucher numbers

Species Family Common use Formulation Voucher number
Alchornia cordifolia Euphorbiaceae Septicemia Decoction FP1/2011/L038
Alstonia boonei Apocynaceae Pains Decoction FP1/2011/S003
Cassia alata Caesalpinaceae Ringworm Decoction FP1/2011/L036
Cassia occidentalis Caesalpinaceae Hypertension Decoction FP1/2011/SE001
Cymbopogon citratus Graminae Fever Decoction FP1/2011/L041
Moringa oleifera Moringaceae Hypertension Decoction FP1/2011/L037
Ocimum gratissimum Lamiaceae Flatulence Decoction FP1/2011/L040
Paullinia pinnata Sapindaceae Impotence Decoction FP1/2011/R002
Rauwolfia vomitoria Apocynaceae Insomnia Decoction FP1/2011/S002
Taraxacum officinale Compositae diabetes Decoction FP1/2011/L039
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also detected in some of the medicinal plant species (44%)
whilst majority were below the detection limit (0.002)
representing 56%. Aluminum (Al) was found in all of the
plant species, except two (4%). Mercury and arsenic in all
the plant species were below the detection limit (0.001),
representing 100% [Tables 2-5].

DISCUSSION

According to the wotld health organization (WHO),!" about
80% of the world population use plant-based medicines.
Most of these plants are collected in the wild, only few are
cultivated. A number of mineral elements important to
nutrition accumulate in these plants. Other elements such

as Cd, Co, and Pb, which are not used directly by the plant
and are detrimental to human health, also accumulate in
these plants.! The environmental impact of these metals
as well as their health effects has been a source of major
concern.” Their accumulation in plants highly depends
on the availability in the soil.l" Heavy metal contamination
of medicinal herbal products occurs during cultivation,
cross-contamination during processing or their deliberate
introduction as therapeutic ingredients. Cultivation in soils
containing high concentrations of heavy metals is one
mechanism by which heavy metal contamination of herbal
products has been documented.

Medicinal plants have been cited as a potential source
of heavy metal toxicity to both man and animals.”’ The

Minerals Cassia alata Cassia occidentalis

RD AC RS FO PG RD AC RS FO PG
Lead 4.450 8.200 17.650 7.450 5.900 4.350 7.850 6.400 7.700 6.000
Cadmium <0.002 <0.002 0.900 0.150 0.950 <0.002 <0.002 0.350 <0.002 13.700
Aluminum 65.900 100.45 8.950 14.250 106.3 67.150 98.750 4.800 20.650 96.275
Mercury <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Arsenic <0.001 0.001 0.002 <0.001 <0.001 <0.001 0.001 <0.001 0.001 <0.001

RD=Refuse dump; AC=Around campus; RS=Roadside; FO=Forest; PG=Physique garden values with<=below detection limit of the spectrophotometer

Minerals Rauwolfia vomitoria Paullinia pinnata

RD AC RS FO PG RD AC RS FO PG
Lead 1.550 9.250 7.750 4.600 4.750 2.700 8.450 4.950 9.050 6.700
Cadmium <0.002 0.850 <0.002 <0.002 <0.002 <0.002 0.650 <0.002 <0.002 <0.002
Aluminum 82.650 101.800 23.350 23.200 105.525 76.650 104.25 23.800 15.850 12.400
Mercury <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Arsenic <0.001 0.001 0.001 <0.001 <0.001 <0.001 0.001 <0.001 0.001 <0.001

RD=Refuse dump; AC=Around Campus; RS=Roadside; FO=Forest; PG=Physique Garden values with<=below detection limit of the spectrophotometer

Minerals Moringa oleifera Taraxacum officinale

RD AC RS FO PG RD AC RS FO PG
Lead 5.350 3.250 3.400 6.400 3.900 6.250 1.650 4.650 7.250 4.800
Cadmium 0.550 0.500 0.650 0.350 <0.002 14.050 <0.002 1.500 <0.002 0.950
Aluminum 77.150 110.475 33.850 20.750 16.450 94.375 105.85 28.400 11.500 21.450
Mercury <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Arsenic 0.001 <0.001 <0.001 <0.001 <0.001 0.002 <0.001 <0.001 <0.001 <0.001

RD=Refuse dump; AC=Around campus; RS=Roadside; FO=Forest; PG=Physique garden values with<=below detection limit of the spectrophotometer

Minerals Ocimum gratissimum Alstonia boonei
RD AC RS FO PG RD AC RS FO PG

Lead 4.600 <0.010 6.650 3.250 5.550 6.400 4.950 8.350 4.900 8.650
Cadmium <0.002 <0.002 1.800 <0.002 2.250 <0.002 <0.002 1.450 <0.002 1.800
Aluminum 94.275 107.60 25.950 31.650 3.550 94.425 105.800 24.700 36.000 <0.030
Mercury <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Arsenic <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.001 <0.001 0.001
RD=Refuse dump; AC=Around campus; RS=Roadside; FO=Forest; PG=Physique garden values with<=below detection limit of the spectrophotometer
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most common heavy metals implicated in human toxicity
include lead, mercury, arsenic, and cadmium, although
aluminum and cobalt may also cause toxicity. Therefore,
the world health organization recommends that medicinal
plants, which form the raw materials for most herbal
remedies, should be checked for the presence of heavy
metals. However, majority of people, living in areas where
these plants grow, harvest them locally for personal or
family use without checking for heavy metal accumulation.
The general notion that medicinal plants are safe and
devoid of heavy metal toxicity could be misconstrued.
From the study, the levels of these metals differed in
the same plant collected from different geographical
locations. For example, the levels of lead in Cassia
alata vatried from 17.7 to 4.45 ug/g for the 5 collection
sites [Table 2]. That for Cassia occidentalis and Rauwolfia
vomitoria vatied between 7.85-4.35 and 9.25-1.55 ug/g,
respectively (Table 2 and 3). Similarly, that of aluminum
varied between 105.53-23.3 for Rauwolfia vomitotia and
104.25-12.4 wg/g for Paullinia pinnata [Table 3]. The
levels of heavy metals also varied for different plants
collected from the same location. Uptake of metals by
plants is influenced by a number of factors including
metal concentrations in soils, cation exchange capacity,
soil pH, organic matter content, types and varieties of
plants, and plant age. However, the prevailing factor is
the concentration of the metal in the soil'” and thus the
existing environmental conditions.

Lead is considered very harmful for plants, animals, and
particularly for microorganisms.” It has no physiologic role.
The highest level of lead occurred in Cassia alata harvested
from the roadside (17.65 pug/g) [Figure 2]. This exceeded
the WHO standard of 10 ug/g for lead in raw materials
for herbal medicines.!" This could possibly be due to its
accumulation in the soil from vehicular exhaust fumes. In
a large number of the samples, the level of lead was just
below the allowable limit, suggesting that toxicity could
arise from long term use of these plants. Levels of lead
beyond the permissible values or long term use of these
plants could lead to toxicity characterized by colic, anemia,
headache, convulsions and chronic nephritis of the kidneys,
brain damage, and central nervous system disorders.”!"!

The levels of mercury and arsenic, in all the medicinal
plant samples in different geographical locations,
were found to be below the minimum detectable
limit (<0.001 pg/g) [Table 2 and 6]. All values were below
the permissible values of 5 and 0.2 ug/g for arsenic and
mercury, respectively."! Thus, human activities in the areas,
where these plants were collected, do not lead to the
accumulation of arsenic and mercury in the soils. Mercury
levels in humans above the allowable values have been
associated with male infertility, inhibition of endogenous
antioxidant enzymes, and brain damage among others.["”
Supraoptimal levels of arsenic are often fatal. Other toxic
symptoms include periphereal polyneuropathy, liver
cirrhosis, visual disturbance, and blindness."”! Similatly,
aluminum levels in all plant samples from the same area
in different geographical locations varied from 4.8 to
108 ug/g [Tables 2-6]. All values were within allowable
limits for aluminum, which is not used in any biochemical
process in living systems. It accumulates in the brain and,
to a lesser extent, in the bones." The levels of aluminum
in medicinal plants in different geographical locations must
be checked as long term use could lead to toxicity.

The level of cadmium, in all 10 plant samples, exceeded
the WHO recommended value of 0.3 ug/g for some
geographical locations, whereas for other collection
sites, the levels were below the minimum detectable
values (<0.001 pg/g) [Figure 3]. The levels of cadmium
from plant samples collected from the roadside exceeded the
maximum safety limit, indicated by the red line in Figure 3,
possibly due to contamination from vehicular activities.
Also, most medicinal plants collected around the university
campus and the physic garden accumulated cadmium above
the recommended levels in medicinal plants [Figure 3]
with the highest occurring in C. occidentalis (13.7 ug/g).
About 70% of medicinal plants harvested from the physic
garden (within KINUST campus) exceeded the maximum
safety limit for cadmium. The most common sources for
cadmium in soil and plants are phosphate fertilizers, sewage
sludge application, and combustion of fossil fuels. Thus,
there is the need for a proper and efficient waste disposal
system in and around the university community as cadmium
levels above permissible values may result in irreversible
kidney damage.!"”)

Table 6: Concentration of heavy metals (pg/g) in Cymbopogon citratus and Alchornia cordifolia

Minerals Cymbopogon citratus Alchornia cordifolia

RD AC RS FO PG RD AC RS FO PG
Lead 8.050 2.250 6.500 5.400 7.950 6.350 5.450 7.400 6.950 5.450
Cadmium <0.002 <0.002 1.200 <0.002 1.250 <0.002 <0.002 0.700 <0.002 0.700
Aluminum 89.575 108.075 44.400 26.350 <0.030 100.275 97.150 38.850 15.950 10.300
Mercury <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Arsenic 0.001 <0.001 <0.001 <0.001 0.001 <0.001 <0.001 <0.001 0.001 <0.001

RD=Refuse dump; AC=Around campus; RS=Roadside; FO=Forest; PG=Physique garden values with<=below detection limit of the spectrophotometer
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Figure 2: Levels of lead in plant samples in different geographical locations. RD = Refuse dump, AC = Around campus, RS = Roadside, FO = Forest,
PG = Physique garden values with<=below detection limit of the spectrophotometer
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CONCLUSION

Our study has shown that same species of medicinal plants,
growing in different geographical locations, cumulates
different levels of heavy metals. Concentration of heavy
metals also differed for different plant species collected
from the same geographical location. Amounts of heavy
metals detected in plants collected from the Bobiri forest
reserve were within permissible limits, whereas the levels

Pharmacognosy Research | April-June 2013 | Vol 5 | Issue 2

in other geographical locations exceeded the recommended
values. Thus, medicinal plants for the formulation of herbal
remedies should be harvested from pollution-free natural
habitat. Our findings further indicate that the medicinal
plants, used for local or pharmaceutical purposes, should be
collected from areas not contaminated with heavy metals.
Itis, therefore, advised that the metal content in medicinal
plants be checked for levels of heavy metals before their
use for local and pharmaceutical purposes.
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