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Introduction

Vegetables are part of daily diets in many households
forming an important source of vitamins and minerals
required for human health. They also act as
neutralising agents for acidic substances formed
during digestion (Thomson & Kelly, 1990). As human
activities increase, especially with the application of
modern technologies, pollution and contamination of
the human food chain has become inevitable. Heavy
metals uptake by plants grown in polluted soils has
been studied to a considerable extent (Wong, 1996;
Wong et al., 1996; Sukreeyaponse et al., 2002; Yusuf
et al., 2003).

It has been established that heavy metals in soil
are associated with various chemical forms that relate
to their solubility, which directly bear on their mobility
and biological availability (Xian, 1989).  Heavy metals
in soluble form have high relation to their uptake by
plants (Miller & McFee, 1983).  Vegetables can absorb
metals from the soil as well as from deposits on parts
of the vegetables exposed to the air from polluted
environments (IOCCC, 1996; Haiyan & Stuanes,
2003). In recent years, the amount of air pollution
caused by Lead has increased considerably due to
industrial and car emissions, affecting plants and
watercourses (Puchades et al., 1989; Igwegbe et al.,
1992; Wyatt et al., 1998; Banuelos & Ajwa, 1999). In
some cases even packaging materials have been found
to be sources of heavy metals found in foodstuffs

(Conti, 1997).  Surface applied liquid sewage sludge
can remain on grass leaf surfaces, leading to enhanced
direct intake of potentially toxic elements by the stock
(Aitken, 1997).

In many developing countries it is a common
practice to grow vegetables along banks of rivers
passing through urban centres. Waters of such rivers
have often been reported to be polluted by heavy
metals (Mashauri & Mayo, 1990; Kashem & Singh
1999; Othman, 2001). The extent of absorption of the
elements by the plant depends on, among other things,
the nature of the plant, chemical constitution of the
pollutant, concentration of the element in the soil, pH
and the interaction with other metals (Zurera et al.,
1989).  Chronic low-level intakes of heavy metals have
adverse effects on human beings and other animals
due to the fact that there is no effective mechanism
for their elimination from the body (IOCCC, 1996;
Bahemuka & Mubofu, 1999).  Metals such as Lead,
Cadmium, Mercury and Copper are cumulative
poisons. They have been reported to be exceptionally
toxic (Ellen et al., 1990). Lead has been associated
with intoxications leading to problems in the kidney
and liver, the central nervous system, reproductive
organs and anaemia (IOCCC, 1996). Although Copper
is an essential trace element in the functions of the
human body, chronic and excessive intake has been
linked with digestive tract problems and cirrhosis of
the liver (Oskarsson, 1989; Abdulla & Chmielnicka,
1990).

The present study aimed at establishing the levels
of contamination of Lead and Copper in two popular
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leafy green vegetables, Chinese cabbage and Pumpkin
leaves, which are grown and consumed in and around
the Morogoro Municipality in Tanzania.
Materials and methods

Study area
This study was carried out in Morogoro Municipality
(6o,49’S, 37o,40’E) in Tanzania. There exist a few
manufacturing industries around the town. Three
locations, namely, Mazimbu, Kihonda and Towelo
were selected for the study. Vegetable samples were
purchased from the three sites, which were selected
basing on the anticipated contamination of the water
used for irrigation.  Mazimbu is irrigated using a
watercourse passing by a metallurgical factory;
Kihonda is located near a residential estate and a
wastewater treatment area of a leather and textile
industrial estate; and Towelo is irrigated with water
flowing down a slopping catchment area of a
surrounding Eastern Arc mountain range.

Vegetables
The edible portions for the two vegetable varieties
(Pumpkin leaves and Chinese cabbage) were randomly
purchased on site from the cultivated areas. Sampling
was carried out over a period of two months during
the dry season (October-November) during which the
plots were irrigated. Two samples of each vegetable
were collected fortnightly making a total of eight
samples of each vegetable (16 per site, 48 in total for
the three sites) by the end of the two months period.
All samples were collected and stored in individual
polythene bags before being brought to the laboratory
for analysis.

Vegetable sample preparation
The method used by Bahemuka & Mubofu (1999) was
followed with some minor modifications. The
collected vegetable samples were all washed
thoroughly with distilled water to remove surface
pollutants.  The stalks were removed from the leafy
green vegetable portions.  All samples were then sliced
into small pieces and left to dry on paper for about 2
hours to eliminate excess moisture.  Each sample was
weighed and dried in an oven at 80oC to constant
weight. Each dry sample was ground in a mortar until
it could pass through a 65-mesh sieve.

The samples were then stored in clean dry
stoppered glass containers. A dry ashing technique was
employed followed by an atomic absorption
spectrophotometric analysis. One (1) g of the ground
sample was accurately measured in a crucible. The
crucible with its contents was placed in a muffle
furnace and ashed at 450°C for 12 hours. The ash was
digested with 5 ml of 20% (v/v) HCl solution. The
residue was filtered into a volumetric flask using a
Whatman No. 41 filter paper and the solution was
made to the 50 ml mark with deionised water.

A Unicam 919 Atomic Absorption
Spectrophotometer (Cambridge, UK) was used to
analyse the samples.  All stock standard solutions of
Lead and Copper were prepared as per instruction
manual of Unicam 919. A standard air-acetylene flame
was used in all determinations. A wavelength of 283.3
nm for Lead and that of 324.8 nm for Copper was
used while the corresponding slit widths were 100µm
and 45µm respectively.  The lamp current was 10 mA
for both metals.

Data analysis
Analysis of variance (ANOVA) of the means of the
detected quantities of each metal was carried out using
the SAS (1989) statistical software.

Results

There was no significant difference in the
concentrations of Copper in both vegetables from
Kihonda and Towelo. Samples from Mazimbu showed
significantly higher concentrations although there was
no significant difference between the levels in the two
vegetables from this site (Figure 1).

Chinese cabbage had higher values of Lead
compared to pumpkin leaves from Mazimbu and
Towelo (Figure 2). There was no significant difference
in Lead concentrations in samples from Kihonda. As
a general observation, samples from Towelo showed
lower concentrations in both metals in the two
vegetables. Both vegetables from Mazimbu had the
highest concentrations of the two metals. The range
of concentration varied from 0.885 to 1.39 mg/100g
dry weight for Copper and from 0.05 to 0.315 mg/
100g dry weight for Lead.

Figure 1: The concentration of Copper in cabbage
and pumpkin in Mazimbu (A), Kihonda (B) and
Towelo (C). Concentrations that do not bear the same
letter are significantly different (P< 0.05).  The error
bars represent standard deviations
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Discussion

The contents of both Lead and Copper reported in this
study are generally lower than the permissible levels
by FAO/WHO in vegetables.  These are 0.5 mg/100 g
dry weight for Lead and 4.0 mg/100 g dry weight for
Copper. However, the joint FAO/WHO Expert
Committee for Additives and Contaminants (JECFA)
(Codex Alimentarius Commission, 1995) has reduced
the value it had provisionally specified for adults in
1974, for tolerable Lead consumption per week
(provisional tolerable weekly intake – PTWI) from
0.05 mg/kg body weight to 0.025 mg. The
corresponding PTWI for Copper is 3.5 mg/kg. The
reason for the reduction is that research has revealed
further harmful potentials in Lead. This specification
taking into account the body weight implies that
children are more vulnerable to the effects of Lead
than adults.

Our study has shown that the concentrations of
Copper in both vegetables from the two sites of
Kihonda and Towelo were similar. However, samples
from Mazimbu showed significantly higher
concentrations. It has been reported that Copper
release rates from contaminated soils are
comparatively lower than those for Lead and some
other heavy metals (Wong et al., 1996;
Sukreeyapongse et al., 2002). This high tendency of
added Copper to remain in the soil could be the main
controlling factor for its uptake rates by plants.

Interestingly, Chinese cabbage had higher Lead
concentrations compared to Pumpkin leaves from
Mazimbu and Towelo. Recently, Wong et al (1996)
reported that Chinese cabbage picks up Lead more
readily compared to other heavy metals such as Cad-

mium, Copper, Nickel and Zinc.  It can be stated that
the site of growth noticeably influences the heavy
metal uptake by the two vegetable varieties. Samples
from Towelo had lower concentrations in both metals
in the two vegetables. This is most likely to be due to
the fact that the irrigation water for this site does not
pass near any industrial area and it does not go across
areas of high levels of human activity. It is thus free
from industrial effluents and also reasonably free from
domestic drainage, hence the relatively lower levels
of the two heavy metals. Contamination of the samples
from this site is then most probably from the parent
materials making up the soil at this location.

The concentrations of the two metals in both
vegetables from Mazimbu were comparatively higher
than those from the other two sites. As observed earlier,
many rivers passing through urban areas are polluted
with heavy metals. It has been reported that the major
sources of these heavy metals, including Copper and
Lead, are industrial effluents and indiscriminate
disposal of domestic or sewage directed to the rivers
untreated or partially treated (Bahemuka & Mubofu,
1999). Sewage and industrial waste streams from the
metallurgical factory are likely to find their way to
the nearby watercourse, which is subsequently used
for irrigation of vegetable gardening plots in this site.
On the other hand, contamination at Kihonda can be
attributed to the activities by the leather and textile
factories and the residential estate. Chromium, Lead,
Mercury and some gases are typical toxicants from
such factories (Mashauri & Mayo, 1990).

As regards to the metal uptake rates for the two
vegetable varieties it is discernible that the rate is metal
specific.  While Copper was taken at almost a similar
rate by the two vegetables, the situation was different
in the case of Lead. From the findings of our study it
is evident that the uptake of Copper and Lead by the
two vegetables is influenced by the soil on which they
are grown. Although the concentrations of the Copper
and Lead established for the vegetables are lower than
those permitted by FAO/WHO, what matters in the
long run is the quantities consumed and the frequency
of intake. As already noted, there is a cumulative effect
on sustained intake of heavy metals, as they are not
easily removed from the body. Many rural and urban
low-income families in Tanzania consume large
quantities of vegetables on a daily basis and this
exposes them to the health risks associated with heavy
metals ingestion.
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Figure 2: The concentration of Lead in the two veg-
etables for the three sites. Concentrations that do not
bear the same letter are significantly different (P<
0.05). The error bars represent standard deviations
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