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Abstract Though use of herbal medicine is increasing

dramatically worldwide, environmental pollution espe-

cially with heavy metals poses serious problem on quality

of medicinal plants and their products. In Ethiopia, where

more than 85% of the population relies on traditional

medicine, data on heavy metals level of plants is unavail-

able. The purpose of this study was to assess Pb and Cd in

plants grown in different parts of Ethiopia. Out of 26

samples analyzed, four for lead (15.4%; 11.56 ± 1.07 to

98.19 ± 1.05 mg/kg) and seventeen for cadmium (65.4%;

0.38 to 1.83 ± 0.06 mg/kg) were found to contain con-

centrations above WHO limits (10 mg/kg and 0.3 mg/kg

respectively).

Keywords Medicinal plants � Heavy metal
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The use of herbal medicines is increasing alarmingly in

both developing and developed countries due to their rea-

sonable price and above all due to the assumption that

natural products are safe (Rai et al. 2005). In some parts of

the world, they are the only options for primary health care

to poor peoples like in Ethiopia where more than 85% of

the population rely on herbs for primary health care (BBC

News 2006). To get the desired therapeutic outcome, the

quality of the finished products and plant raw materials

must be ensured. Many reports have shown that one of the

major quality problems frequently encountered is high

heavy metals content of herbal medicines that can be

associated to extensive pollution of the environment where

medicinal plants used as raw materials grow (Gasser et al.

2009; Barthwal et al. 2008; Naithani and Kakkar 2006;

Wong et al. 1993). Pollution of the atmosphere and soil

with Pb and Cd from polluted irrigation water, automobile

and industrial exhausts, pesticides and fertilizers play

important roles in contamination of medicinal plants

(Caldas and Machado 2004; Jarup 2003; Zaccaroni et al.

2003). Higher levels of Pb and Cd cause variety of acute

and chronic health problems including cancer, brain and

kidney damage, heart problems, liver dysfunction, damage

to reproductive system, memory impairment, even death

and can cross the placental barrier, with potential toxic

effects on the fetus (Agoramoorthy et al. 2008; Kadir et al.

2008; Kwon et al. 2003).

Therefore, it is mandatory to assess Pb and Cd con-

centration in medicinal plants before using them for herbal

drugs preparation. Though similar studies have been con-

ducted in different parts of the world (Street et al. 2008;

Ang et al. 2003; Rai et al. 2001; Chuang et al. 2000), there

is no report on flora originated from Ethiopia. With this

notion the work was done to measure the two most com-

mon and toxic metals, Pb and Cd, in plants commonly used

for preparation of herbal medicines and food items in dif-

ferent parts of Ethiopia with the objective to compare the

Pb and Cd accumulation in different plant species and its

variation in the same species collected from industrial and

rural places.

Materials and Methods

Atomic absorption spectrophotometer grade stock solutions

of 1,000 mg/L Pb (NO3)2 and CdCl2 supplied by BDH,
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England were used to construct calibration curves for Pb

and Cd respectively. Distilled-deionized water was used for

all analytical works. All glasswares were washed with 2%

Extran solution, soaked in 3 N HCl for 24 h, and rinsed

with distilled-deionized water before use. Perkin-Elmer

A-Analyst 600 Graphite Furnace Atomic Absorption

Spectrophotometer (GFAAS) with appropriate hollow

cathode lamps was used for analysis of samples (with cal-

culated detection limits of 0.0019 for Pb and 0.0022 for Cd).

A total of 26 samples belonging to 8 different plant

species were collected in fresh form from four different

places in Ethiopia (Addis Ababa, Kombolcha, Shirka and

Bonga). The places were chosen on the basis of the pos-

sible presence and absence of extensive environmental

pollution. Shirka and Bonga were selected to represent

industry free (rural and green) areas while the other two

were suspected to contain high level of environmental

pollution due to high traffic and presence of industries. The

studied plants were selected based on their frequent use by

the society for the preparation of herbal drugs and as food

additives and the most commonly used part of each plant

was considered as experimental target.

Freshly collected plant samples were stored separately

in polythene bags and transported to the laboratory for

processing. The plants investigated, sites of collection, and

plant parts analyzed are given in Table 1. The plant sam-

ples were washed using distilled water and dried under

shade.

The protocol used to determine levels of the metals in

the plant samples was a modification of the method pro-

posed by Rai et al. (2001, 2005). In summery, washed,

dried and finely powdered samples (2.00 g each) were

digested in Nessler tube containing 15 ml of a mixture of

nitric acid and perchloric acid (3:1 ratio) for 2 hours on a

water bath at 80�C until formation of brownish gas ceased

and volume finally adjusted to 25 mL using distilled-

deionized water. Solutions prepared were then diluted with

distilled-deionized water until concentrations fall with in

the calibration range and stored in labeled acid-washed

glass vials. Pb and Cd analysis was carried out immediately

on the resultant digests using GFAAS, with the use of

prepared standards (run before each batch) to determine

sample concentrations. Analyses were carried out in trip-

licates to ensure precision of results. Metal concentrations

were calculated from each replicate absorbance value,

which was then used to calculate an average sample metal

concentration. All metal concentrations were expressed in

mg/kg on a dry-weight basis of the plant sample. All

analyses were run in batches, which included known

standards, method blanks, and plant samples. The absor-

bance of a blank sample was determined for background

correction. Accepted recoveries ranged from 85% to 105%,

and batches with recoveries less than 85% were reanalyzed.

Precision and accuracy of analysis were ensured through

repeated analysis of samples.

Results and Discussion

Concentrations of Pb and Cd in the plant samples investi-

gated are presented in Table 2. All the 26 analyzed samples

were found to contain detectable levels of the two metals.

Evaluation of the results obtained was done basically

according to three measuring parameters, namely type of

studied metals, plant species and site of collection.

Concentrations of Pb in 4 of the samples (15.4%) were

observed to exceed the limit of 10 mg/kg specified by

WHO (2005) showing obvious signs of environmental

contamination.

According to our result, plant samples highly contami-

nated with lead were A. sativum (14.773 ± 0.785 mg/kg),

T. serrulatus (98.192 ± 1.054 mg/kg), and H. abyssinica

(13.905 ± 0.166 mg/kg) from Addis Ababa and T. ser-

rulatus from Kombolcha (11.562 ± 1.068 mg/kg). Both

areas were expected to be potentially polluted due to high

industry, vehicle and population density. The results also

Table 1 Plants investigated, places of collection, and parts analyzed

Plant name Area of collection Part analyzed

Addis Ababa Bonga Kombolcha Shirka

Allium sativum 4 4 4 4 Bulb

Dodonea angustifolia 4 4 4 4 Leaves

Hagenia abyssinica 4 NAa NAa
4 Flowers

Ocimum lamifolium 4 4 NAa
4 Leaves

Ocimum utricifolium NAa
4 4 NAa Leaves

Ruta chalepensis 4 4 4 4 Leaves

Thymus serrulatus 4 4 4 4 Leaves

Zingiber officinale 4 4 4 NAa Rhizome

a Place where the plant is not available
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showed that 3 of 4 samples, highly contaminated by Pb,

were collected from Addis Ababa indicating relatively

higher degree of pollution in the capital.

Comparison of the data for Pb content in the same

species collected from different areas revealed that, sam-

ples from Addis Ababa contained maximum amount of Pb

within each species except for Z. officinale and R. cha-

lepensis. This shows that the environmental factors seem to

exhibit more influence on the specific accumulation of Pb

than genetic factor (Gross et al. 1987).

Among the Addis Ababa samples, lowest Pb content

was observed for Z. officinale (0.342 ± 0.015 mg/kg). On

the other hand, among the Z. officinale and R. chalepensis

samples, highest lead content was observed in the samples

collected from Kombolcha. Samples taken from Shirka and

Bonga were found to contain Pb in concentrations signifi-

cantly lower than the WHO limit. The maximum Pb level

observed for samples taken from shirka was 4.042 ±

0.170 mg/kg in H. abyssinica. This may be a good indi-

cator for the contribution of vehicle exhaust to Pb con-

tamination as the samples were taken from the sides of a

road. A. sativum was found to contain maximum amount of

the metal among the samples collected from Bonga

(1.451 ± 0.105 mg/kg) for which the reason was not clear.

Generally, all samples taken from Addis Ababa except Z.

officinale were found to contain the highest amount of Pb

and R. chalepensis samples from Kombolcha were shown

to contain significant amount of Pb though it is less than

that of samples for Addis Ababa.

With regard to Cd content, 17 of the 26 samples (65.4%)

contained the metal in concentrations above the limit rec-

ommended by WHO (2005) for medicinal plants. Among

the samples analyzed, the highest concentration of Cd

(1.833 ± 0.057 mg/kg) was observed in D. angustifolia of

Addis Ababa and the least in A. sativum (0.125 ±

0.007 mg/kg) obtained from the same area. The results in

Table 2 clearly indicate that all samples of O. lamifolium,

O. utricifolium, T. serrulatus, R. chelapensis and D. an-

gustifolia contained the metal beyond the WHO limit but

samples of A. sativum, Z. officinale and H. abyssinica

contained Cd in concentrations well below the toxic limits

irrespective of the area of collection. This could be taken as

Table 2 Summary of results of

Pb and Cd concentrations in mg/

kg ± SD (n = 3)

Plant Collection site Pb(II) Cd(II)

Ocimum lamifolium Addis Ababa 0.76 ± 0.01 0.75 ± 0.00

Bonga 0.39 ± 0.05 0.79 ± 0.06

Shirka 0.44 ± 0.05 0.75 ± 0.00

Ocimum utricifolium Bonga 0.36 ± 0.08 0.83 ± 0.04

Kombolcha 1.12 ± 0.11 0.67 ± 0.06

Allium sativum Addis Ababa 14.77 ± 0.79 0.13 ± 0.01

Bonga 1.45 ± 0.11 0.25 ± 0.00

Kombolcha 0.89 ± 0.02 0.17 ± 0.04

Shirka 1.04 ± 0.07 0.21 ± 0.01

Thymus serrulatus Addis Ababa 98.19 ± 1.05 0.46 ± 0.02

Bonga 1.12 ± 0.02 0.58 ± 0.05

Kombolcha 11.56 ± 1.07 0.58 ± 0.06

Shirka 1.05 ± 0.01 0.54 ± 0.05

Zingiber officinale Addis Ababa 0.34 ± 0.02 0.17 ± 0.06

Bonga 0.36 ± 0.03 0.25 ± 0.01

Kombolcha 0.42 ± 0.02 0.25 ± 0.00

Ruta chalapensis Addis Ababa 1.30 ± 0.06 0.58 ± 0.04

Bonga 0.41 ± 0.08 0.63 ± 0.01

Kombolcha 1.42 ± 0.08 0.63 ± 0.02

Shirka 0.17 ± 0.05 0.71 ± 0.06

Hagenia abyssinica Addis Ababa 13.91 ± 0.17 0.25 ± 0.00

Shirka 4.04 ± 0.17 0.29 ± 0.02

Dodonea angustifolia Addis Ababa 4.81 ± 0.10 1.83 ± 0.06

Bonga 0.92 ± 0.03 0.46 ± 0.03

Kombolcha 0.62 ± 0.01 0.42 ± 0.05

Shirka 1.13 ± 0.04 0.38 ± 0.00
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an indicator for selective accumulation of heavy metals in

certain plant species regardless of the area where they

grow. This signifies that on the level of species, the accu-

mulation of Cd seems to be dominated by genetic factors

rather than by environmental factors (Gross et al. 1987). In

addition, most samples collected from rural areas such as

Shirka and Bonga were found to contain appreciable

amount of Cd; most of them being in toxic levels. This may

be associated with extensive use of Cd based fertilizers,

pesticides and herbicides as the areas are performing

extensive agriculture.

Generally, the concentrations of Pb and Cd found in this

work are inline with those reported from different parts of

the glob. In Poland, lead content up to 110.2 mg/kg and

cadmium level up to 2.9 mg/kg was reported by Królak

(2003) and Bloniarz et al. (2001) reported that 70% of

herbal preparations for Cd and 42% for Pb were found to

contain the metals beyond the acceptable limits. In

Malaysia, up to 20.72 mg/kg lead was reported in herbal

preparations by Ang et al. (2003). In India, many research

outputs including Agoramoorthy et al. (2008) and Barthwal

et al. (2008) reported how threatening the problem is in the

country. Moreover, similar results were reported from

different parts of Africa like Street et al. (2008) from South

Africa and Abou-Arab and Abou Donia (2000) from Egypt.

Data were statistically treated by correlation matrix and

ANOVA. The results of the treatments are summarized as

follows.

Correlation between Cd content and samples of the same

plant species collected from different areas was strong

(r-values [ 0.900) where as the correlation was relatively

loose (r-values \ 0.720) for lead with in species. But this

loose correlation was significantly improved when results

of A. sativum, T. serrulatus, and H. abyssinica are ignored.

Possible reason for this being the maximum lead content

was registered in these plant species that can make the

correlations different. Metal contents of different species of

Ocimum are highly correlated both within the same species

and between the two species irrespective of the area of

collection. Correlation between metal ions in the green

areas (Bonga and Shirka) and those considered as ‘pol-

luted’ areas (Addis Ababa and Kombolcha) was also

examined. In this combination lead was poorly correlated

with Cd. Correlation between Pb and Cd concentration

within the same area of collection was generally found to

be poor though it was positive in all cases.

One way and two-way ANOVA treatments were made

at 95% confidence interval. There is a significant difference

between metal contents when all the areas of collection and

plant species are considered in the calculations (calculated

F-values are greater than the tabulated F-values). Except

samples taken from Addis Ababa, there was also a signif-

icant difference in the metal content of different plant

species collected from the same area. On the other side,

there was no significant difference in the metal content of

the same plant species collected from different areas except

D. angustifolia samples where significant difference was

observed.
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