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ABSTRACT This paper presents findings on the concentration of different heavy metals namely copper, zinc, lead
manganese and lead in edible and fodder plants growing in sewage areas. Plants with potential of being used as food and/
or fodder were identified and their respective foliage samples were collected. Thereafter their respective green weights
were recorded. The foliage samples were subsequently sun-dried to constant weights, ground and analyzed in the laboratory
for their chemical compositions and concentrations. Results indicate that the samples recorded varied concentration of
heavy metals, with high copper, zinc and manganese in most of the samples viz. in kapok leaf, lucaena leaf, sesban leaf,
cocoyam leaf, manihot leaf. The highest recorded concentrations of heavy metals do not exceed published critical and
phytotoxic levels. However, continuous exposure to these metals might bring about bioaccumulation and thus harmful
health effects on the population.

1. INTRODUCTION

The dramatic increase in public awareness and
concern about the state of the global and local
environments, which has occurred in recent de-
cades, has been accompanied and partially
prompted by an ever-growing body of evidence
on the extent to which pollution has caused se-
vere environmental degradation (Alloway 1990).
The introduction of harmful substances into the
environment has been shown to have many ad-
verse effects on human health, agricultural pro-
ductivity and natural ecosystems. Amazingly, the
global environmental systems have been able to
remain resilient despite the precarious and heavy
burden of pollutants imposed upon them (Yap
2009). This resilience of the environment has
promoted an unsustainable rate of pollution from
human activities and there is an urgent need for
change in behavior. It is therefore imperative to
create as much awareness as for people to ap-
preciate the extent of pollution, its causes, and
the substances involved, their biological and en-
vironmental effects and method of controlling
and rectifying pollution (Odero 1998).

The pollution of soil aquatic ecosystems by
pollutants such as toxic heavy metals has recently
been taken as a central theme in developing coun-
tries. Semu (1997) highlights that the improve-
ment of the quality human life due to the advances
in science and technology on many occasions has

been parallel with the deterioration in the qual-
ity of the environment mainly the dispersion of
hazardous substances such as heavy metals to the
environment. The source of heavy metals pol-
lutants in urban environments may be divided
into pollutants from metal and chemical indus-
tries, automobiles and municipal wastes and their
incinerating plants (Komai 1981; Kabata-Pendias
2001).

A common perception is that vegetables fed
by surface and or wastewater, fertilized with
sludge and grown in air polluted areas bear a
health risk for consumer (Mlozi 1996). Depend-
ing on the origin and composition, sewage sludge
may contain variable amounts of toxic metals in
addition to beneficial nutrients. Conway and
Pretty (1991) stated that one of the major sources
of land pollution is sewage sludge. Long-term
application of sludge resulted in accumulation
of heavy metals including Cadmium, Copper,
Zinc, Mercury, Nickel, and Manganese in soils
and absorption of the metals by plants (Semu
1997; Chiras 2001). The most serious environ-
mental and health risks are noted in the use of
largely untreated effluent and wastewater for ir-
rigation. In the study area some households grow
edibles and fodders for human and animals re-
spectively around the sewage areas taking the
advantage of untreated effluent as the fertilizers.
To date, there is relatively scanty information on
environmental dynamics and health implications
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of heavy metals in plants grown in sewage areas
as a result of population increase and poor dis-
posal techniques. This study aims to fill in this
knowledge gap by assessing the occurrence of
heavy metals in edible and fodder plants grow-
ing in sewage areas.

2. MATERIAL  AND METHODS

2.1 Materials

For the present study, three species of trees
viz. Sesban (Sesbania sesban), Leucaen (Luca-
ena leucosiphala, Kapok (Ceiba pentandra);
three species of edible plants viz. Cocoyam (Co-
locasia esculenta), Sweet potato (Ipomea bata-
tus) Mpira (Manihot goetzea); two species of
sedges viz.Round cyperus (Cyperus rotundus),
Papyrus (Cyperus papyrus) and one species of
grass viz. Elephant grass (Pennisetum purpure-
um). The samples were collected from different
points at random of the two oxidation ponds of
Mazimbu campus. Eight samples of each spe-
cies were collected. Five heavy metals viz., cad-
mium, lead, copper, manganese, and zinc were
taken up for analysis in the present study.

2.1.1 Study Area

Solomon Mahlangu Campus (SMC)-Mazi-
mbu is one of the four campuses of Sokoine Uni-
versity of Agriculture. It is located on northern
suburbs of Morogoro municipality at the end of
Mazimbu road, about 5km from Municipal cen-
ter at latitudes 37° 17' E and 37° 42' E and longi-
tudes 6° 45' S and 7° 00' S. The elevation of the
area ranges from 500-600m above sea level. The
climate of Morogoro can generally be described
as sub-humid tropical climate. Most in the dis-
trict experience bimodal rainfall pattern charac-
terized by two rainfall peaks in a year with a defi-
nite dry season separating the short and long rains
(Kaaya et al. 1994). The average annual rainfall
is 890mm but this amount may increase slightly
with altitude. The dry season is between June and
October and temperatures range between 24ºC
(in December) and 20ºC (in July). History shows
that the onset of both rains and their distribution
are irregular and unreliable. The soil moisture
regime (SMR) in the area is thus ustic except
where there are local effects of flooding and water
logging (Kaaya et al.  1994).

2.2 Methods

2.2.1 Data Collection

Plants with the potential of being used as food
and/or fodder were identified and their respec-
tive foliage samples were collected. Thereafter
their respective green weights were taken. The
foliage samples were sun-dried to constant wei-
ghts, ground and analyzed in the laboratory for
their chemical compositions and concentrations
of five metals with potential for health risk these
are; Copper (Cu), Zinc (Zn), Manganese (Mn),
Lead (Pb), and Cadmium (Cd).

2.2.2 Data Analysis

The ground samples were qualitatively (con-
tents) and quantitatively (concentrations) ana-
lyzed for heavy metals Cu, Zn, Mn, Pb, and Cd
in the laboratory. The 1g of each finely ground
plant sample was weighed into a digestion tube.
To each of the digestion tubes 5ml of 68% HNO

3
was added using a measuring cylinder. The mix-
tures were left to stand over night. The digestion
tubes containing the mixtures were then placed
in a digestion block, temperature was set at 1250C
and the sample digested for one hour. The
samples were allowed to cool and 5ml of 30%
H

2
O

2
 was added to each mixture and heated to

about 700C on the digestion block until the reac-
tion stopped. The addition of 5ml 30% H

2
0

2
 to

each tube was repeated until the digests turned
colourless. The digests were further heated on
the digestion block at a temperature of 1800C,
almost to dryness. The digestion tubes were fi-
nally removed from the digestion block and al-
lowed to cool. A measure of 10ml 10% HNO

3
was added to each digestion tube and the mix-
ture transferred into a 50-ml volumetric flask
and filled to the mark using distilled water (Dey
et al. 1999). The solution was then subjected to
atomic absorption Spectrophotometry (Perkin
Elmer 3110). The sample preparation procedure
was followed as described by Dey et al. (1999).
Eight replicates of each of the samples were used
to confirm quantitative estimation of the ele-
ments and the mean values were taken into con-
sideration. The standard deviation (SD) of each
set results were evaluated.

3. RESULTS

Table 1 presents the concentration of copper
(Cu), zinc (Zn), lead (Pb), manganese (Mn) and
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cadmium (Cd) in different species of trees, ed-
ible plants, sedges and grass. The highest con-
centration of zinc was recorded in Manihot
goetzea leaf and Sesbania sesban leaf (40.16mg
and 16.75mg/Kg dry weight respectively). High
manganese was recorded in Manihot goetzea
and Colocasia esculenta (27.55mg/Kg and
27.49mg/Kg dry weight respectively) where in
other samples, the concentration varied between
1.29 to 25.22mg/Kg dry weight. Copper was re-
corded in various concentrations which ranged
between 0.9 to 16mg/Kg dry weight. The high-
est concentration of it was recorded in Ceiba
pentandra leaf, Sesbania sesban leaf and
Leuceana leucosiphala leaf (16.42mg, 8.75mg,
and 7.80mg/Kg dry weight respectively).  Simi-
larly, Lead was recorded in various concentra-
tions in all the samples .Ceiba pentandra leaf,
Ipomea batatus leaf and Manihot goetzea leaf
recorded high concentration of Lead in them
(0.6mg, 0.4mg and 0.4/Kg dry weight respec-
tively). High Cadmium was recorded in Ceiba
pentandra leaf Pennisetum purpureum, Ipomea
batatus leaf and Manihot goetzea leaf (0.5mg,
0.3mg, 0.2mg and 0.2mg/Kg dry weight res-
pectively).

4. DISCUSSION

The present study gives possible exposure to
toxic metals like copper, zinc, manganese, lead
and cadmium in fodder plants (trees, grass) and
edible plants (tubers). The observations suggest
that the trees and grasses, though contain all the
heavy metals examined in various concentrations,
their quantity is not high, especially in the case
of copper, zinc and manganese in trees. The high-
est recorded concentrations of zinc, copper and
manganese do not exceed published/ universally

Table 1: Concentration of heavy metals in some fodders, edibles and grass collected from the study area. All values
are in mg/Kg dry weight, Values after ± sign are standard deviations (SD)

Plants Cu Zn Pb Mn Cd

Fodder
Ceiba pentandra 16.42±0.2   7.45±0.26 0.60±0.05   1.64±0.79 0.5  ±0.065
Sesbania sesban   8.75±0.25 16.75±0.21 0.10±0.02 25.22±0.15 0.10±0.01
Leuceana leucosiphala   7.80±0.16 12.62±0.18 0.10±0.02   1.92±0.03 0.15±0.055

Edible
Colocasia esculenta   4.05±0.12   9.69±0.09 0.20±0.061 27.49±0.25 0.10±0.05
Manihot goetzea   7.00±0.19 40.16±0.35 0.40±0.04 27.55±0.27 0.21±0.06
Ipomea batatus   6.70±0.15 13.56±0.12 0.40±0.06   3.05±0.034 0.20±0.02

Grass
Pennisetum purpureum   2.30±0.51   7.46±0.12 0.20±0.04   3.53±0.05 0.30±0.07
Cyperus rotundus   2.00±0.04 10.95±0.30 0.40±0.02   1.29±0.01 0.10±0.01
Cyperus papyrus   0.90±0.02   9.75±0.021 0.20±0.011   5.17±0.03 0.12±0.012

acceptable critical and phytotoxic levels. Jarvis
(1981) reported that 30mgCu/kg, 50mgMn/kg in
plant tissue are the limit for most plants, above
which toxicity may be observed and if it is taken
above this level by human and animals via food
chain is hazardous. The highest concentration of
zinc in Ceiba pentandra can be considered as
low when compared to the normal content of 500-
1000mg/kg above which harm to human and ani-
mals can occur (King and Morris 1992). The con-
centration of cadmium in all the samples varied
between 0.1 to 0.5mg/Kg dry weight. This indi-
cates that the amount is well below the concen-
tration of 35mg/kg proposed by USEPA (1993).
This is possibly due to the fixation of soluble
lead to unavailable form by the crystal structure
of soils.

Furthermore, the concentrations of copper,
zinc, lead and cadmium in the samples of edible
plants are below the published critical and phy-
totoxic levels. Mynard and Hchmith (1997) sug-
gested critical concentrations for Cabbage and
Lettuce to be 10 and 15mgCu/kg, respectively,
compared with the published critical tissue con-
centration of 7.5mgPb/kg and 50mgZn/kg. Gar-
dener (1995) also recommended a maximum
concentration of cadmium in spinach as 0.5mg/
kg dry matter. Even though the concentrations
are well within the tolerable limit for a human
being, long exposure to these metals might bring
about bioaccumulation and thus harmful effects
on the population. For example lead occurs natu-
rally in soil in relatively low concentrations, but
through the addition of industrial lead, for in-
stance lead particles and chips from paints, au-
tomobile emission from leaded fuel and similar
other sources, the range can go up to 500ppm to
over 3000ppm. Chakraborty et al. (2004) ob-
served that soil near heavily traveled roadways
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is typically 30 to 2000 ppm higher in lead con-
tent than soil in a neutral area. Thus, it is an issue
of concern that a good number of fodder and
edible plants examined in the present study were
found to contain lead in them. The authentic
worry lies with the children, where the elevated
lead in their blood may not show any symptoms,
or may show a progression of non- specific symp-
toms (Zimmermann et al. 2006).

5. CONCLUSION

This study presents a preliminary observation
on concentrations of few heavy metals in some
common fodder and edible plants consumed by
human and animals of Mazimbu village. The
study showed presence of heavy metals in quan-
tities that are within the tolerable limit for a hu-
man being. However, long exposure to these
metals might bring about bioaccumulation and
become harmful to the health of the human popu-
lation.

6. RECOMMENDATION

Owing to long-term effects of sludge-borne
heavy metals to fodder, vegetables, crops and soil
due to accumulation effects, long-term experi-
ments on heavy metals accumulations are rec-
ommended.
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