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Studies of polluted soils have shown heavy metals contamination of the soils as well the uptake of these 
toxic elements by plants. Consequently, there are reasons for concern over elevated concentration levels of 
heavy metal/toxic elements in polluted soils. This can ultimately result in high human and animal exposure 
to these toxic elements through food-chain transfer, ingestion of wind blown dust or direct ingestion of 
soils. The toxic effects caused by excess concentrations of heavy metals in living organisms include 
competition for sites with essential metabolites, replacement of essential ions, reactions with –SH groups, 
damage to cell membranes and reactions with the phosphate groups. 
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INTRODUCTION 

 
It has been the interest of the public to know whether 
vegetables, fruits and food crops cultivated in polluted 
soils are safe for human consumption especially now the 
environmental quality of food production are of major 
concern (Chiroma et al., 2003). The understanding of the 
behaviour of heavy metal in soil-plant system seems to 
be particularly significant. The sources of heavy metal in 
plants is their growth media (air, soil, nutrients) from 
which heavy metals are taken up by roots or foliage. 
Although some heavy metals such as Cu, Zn, Mn, and Fe 
are essential in plant nutrition, many heavy metals do not 
play any significant role in the plants physiology. Plants 
growing in a polluted environment can accumulate the 
toxic metals at high concentration causing serious risk to 
human health when consumed (Vousta et al., 1996; 
Alloway, 1990; Kabata-Pendias, 1984).  

There is considerable variability in actual uptake by 

plants of these elements from soil depending on such  
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properties as pH and organic matter content, cationic 
exchange capacity, binding to different soils components 
and the plant species involved (Nyles and Ray, 1999; 
Kabata-Pendias and Pendias, 1984). Heavy metals have 
been reported in crops grown in abandoned polluted 
areas (Okoronkwo et al., 2005a; Jeanne and Sidle, 1991; 
Ihenyen, 1991; Ndiokwere, 1984) and also in soils 
irrigated with sewage water (Chiroma et al., 2003).  

The uncontrolled input of heavy metals in soils is 
undesirable because once accumulated in the soil, the 
metals are generally very difficult to remove (Smith et al., 
1996). Subsequent problems may be toxicity to the plant 
growing on the contaminated soil and uptake by the 
plants resulting in high metals levels in plant tissues. 
Since one of the main sources of these heavy metals 
contamination includes discharge of metal polluted 
wastewater to land, attempts have been made by various 
researches to find more effective means of eliminating, 
controlling or managing these heavy metal discharges 
from industrial effluent, sewage water, etc. However, 
since most industries still do not obey the regulations on 
treatment and management of effluents before discharge, 
these heavy metals still find their way to soil. An improve- 
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ment on the conventional methods of treatment 
(coagulation, precipitation, reverse-osmosis, etc) (Faust 
and Aly, 1987; Ali et al., 1998; Hsisheng and Chien,1998) 
have been applied, which includes the use of maize cob 
and husk (Igwe and Abia, 2003; Igwe and Abia, 2005, 
Igwe et al., 2005) cassava waste (Abia et al., 2003) 
banana pith (Low et al., 1995), sunflower stalks (Gang 
and Weixing, 1998) caladium bicolor (Wild cocoyam) 
(Horsfall and Spiff, 2004a, b), and coconut fiber and 
sawdust (Igwe et al., 2005b).  
It is, therefore, the main objective of this paper to review 

the studies on the plant-uptake of heavy metals in 
polluted environment: abandoned waste dump sites, 
abandoned battery factory sites and soils irrigated with 
sewage water and point out the risk and health 
implications posed to living organisms on consumption of 
plants cultivated on such soils. 
 

 

HEAVY METAL UPTAKE BY PLANTS 

 

The accumulation of heavy metals by plants; roots, steam 
and leaves grown in polluted soil have been reported. 
Okoronkwo et al. (2005a, b) reported the levels of Pb, Ni, 
Cr, Cd and As present in the soils and also the uptake of 
Pb, Ni and Cd in the roots and leaves of cocoyam 
(Colocesia esculents) and Cassava ( Mannihot esculent 
Cranz) harvested from an abandoned waste dump soils 
in Umuahia, South-Easten part of Nigeria. The average 

mean concentration of Pb was 111.7517.78 and 

76.6319.94 mg/kg, respectively, in leaves and roots of 
cassava. The concentrations of Ni and Cd in both roots  
and leaves were 24.471.88 and 4.10 mg/kg, 
respectively. For cocoyam, the concentrations of Pb were 

83.0227.84 and 105.3745.37 mg/kg in the root and 
leaf, respectively, while the root and leaves had similar 
values of 22.59 and 4.10 for Ni and Cd, respectively.  

Anikwe and Nwobodo (2002) also reported high level of 
heavy metals (Pb, Fe, Cu and Zn) in their study on long 
term effect of municipal waste disposal on soil properties 
and productivity of sites used for urban agriculture in 
Abakaliki, South eastern part of Nigeria. Amusan et al. 
(1999) studied plant uptake of heavy metal on a similar 
site at University of Ife garbage dump and found out that 
Pb uptake by water leaf (Talinum triangulare) and okra 
(Albennucus esculentus) increased in leaves and roots of 
waterleaf and in the fruit of okra relative to those grown in 
non-dump sites. These investigators recorded 83.92 
mg/kg Pb content of waterleaf (leaves) in the dump site 
soil against 3.99 mg/kg from a non-dump site soil. Similar 
work by Ademoronti (1995) showed that vegetable 
accumulate considerable amount of heavy metal (Pb, Cr, 
Cu, Zn) in roots and leaves. Arsenic (As) has been 
detected in roots of cassava (Okoronkwo NE, 
unpublished data). Furthermore, Alloway and Ayres 

 
 
 
 

 

(1997) reported that Cd, although present in quite low 
concentration (<10 mg/kg), is relatively taken up by food 
crops especially leaf vegetables and enters the human 
diets.  

Nwoko and Egunojobi (2002) studied lead 
contamination of soils and vegetation in an abandoned 
battery factory site in Ibadan, Nigeria, and reported the 
presence of Pb in the tissues of plants, with roots 
containing higher residual Pb than shoots in most cases. 
Jeanne and Sidle (1991) reported the presence of heavy 
metals in vegetables grown on abandoned Pb-Zn tailings 
pond. Also Pb was reported on vegetables grown near 
busy traffic highways (Ihenyen, 1991; Ndiokwere, 1984)  

Chiroma et al. (2003) studied heavy metal 
contamination of vegetable and soils irrigated with 
sewage water in Yola, Nigeria and reported high 
concentration of the metals (Fe, Zn, Cu, Mg, Mn and Pb) 
suggesting heavy metal contamination of the soil irrigated 
with sewage water and their accumulation in different 
parts of plants cultivated in the soil. They also showed 
that the metal concentration vary in the different parts of 
the plants. Moreover, the result indicated that Fe tends to 
accumulate in roots and leaves but Zn accumulates in 
roots and translocates gradually to the leaves while Mn 
and Mg shows greater accumulation in unwashed leaves. 
There was also the tendency of high metal concentration 
on the unwashed plants compared to the washed plants. 
Similar work by Sonuhmacher (1993) who studied on the 
levels of Cr, Cu and Zn in washed edible vegetable 
reported the same range of level present in the crops.  

Furthermore, studies have revealed that Pb does not 
readily accumulate in the fruiting part of vegetable and 
fruit crops (e.g. corn, beans, squash, tomatoes, straw, 
berries, apples); higher concentrations are most likely to 
be found in leafy vegetables (e.g. lettuce) and on the 
surface of root crops (Rosen, 2002). Also Spitter and 
Feder (1979) reported lead contamination in vegetables 
grown on contaminated soils. 

 

HEALTH IMPLICATIONS OF HEAVY METAL 

ACCUMULATION 
 
An important part of estimating the risks of health effects 
from exposure to toxicants involves extrapolation from 
experimentally observation data, and identification of the 
hazard source is also very important. Many metals act as 
biological poisons even at parts of per billion (ppb) levels. 
The toxic elements accumulated in organic matter in soils 
are taken up by growing plants (Dara, 1993). The metals 
are not toxic as the condensed free elements but are 
dangerous in the form of cations and when bonded to 
short chains of carbon atoms (Bairds, 1995). Many 
metals with important commercial uses are toxic and 
hence undesirable for indiscriminate release into the 
environment (Bunce, 1990). 
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Chaney (1980) and Smith et al. (1996) cautioned on the 
use of wastes in crop production since it may be possible 
for heavy metal from the waste to accumulate in soils and 
thereby enter the food chain, contaminate surface and 
underground water thus cause health hazard. Lead 
contamination of biota is well documented (Boon and 
Soltanpour, 1992; Odukoya and Ajayi, 1987; Bearington, 
1975). Lead is usually ingested through food, water and 
cigarettes (Krenkel, 1974; Sax and Sax, 1975). Lead is 
very toxic and has very chronic health implications even 
at very low concentration (Meittinien, 1975; Bryan, 1976). 
Ingestion of Pb could cause metal retardation in children 
(Huges et al., 1980), colic anemia and renal diseases 
(Fisherhbein, 1992). Lead replaces Ca in the bone (Mills, 
1971; Bryce-Smith, 1971). Its effect is cumulative and 
long term exposure has been noted to cause serious 
health hazard (Essien, 1992) which include inhibition of 
the synthesis of haemoglobin and also adversely affect 
the central and peripheral nervous system as well as the 
kidney (Bhata, 2002). Human being may be exposed to 
nickel by eating contaminated food containing nickel. 
Foods naturally high in nickel include soya-beans, nuts 
and oat meals. Miller and Miller (2002) noted that Zn and 
Cu are toxic to plants before they accumulate in sufficient 
concentrations to affect animals or human. Consequently, 
high concentration of Zn and Cu kill or stunt plants 
growth.  

Cadmium adversely affects several important enzymes. 
It can also cause painful osteomalacia (bone disease), 
destruction of red blood cell and kidney damage. 
Cadmium is chemically very similar to zinc and are found 
in the +2 oxidation state. It is believed that much of the 
physiological action of cadmium arises from its chemical 
similarity to zinc. Specifically, Cd may replace Zn in some 
enzymes thereby altering the stereochemistry of the 
enzyme and impairing its catalytic activity. Disease 
symptoms ultimately results. Arsenic forms a number of 

toxic compounds. The toxic As2O3 is absorbed through 

the lungs and intestine. Biochemically, arsenic acts to 
coagulate proteins, and inhibits the production of 
adenosin triphosphate (ATP) in essential metabolic 
processes. 

Generally, at the biochemical levels, the toxic effects 
caused by excess concentrations of heavy metals include 
competition for sites with essential metabolites, 
replacement of essential ions, reactions with –SH groups, 
damage to cell membranes and reactions with the 
phosphates groups (Alloway and Ayres, 1997). 
 

 

CONCLUSION 

 

The high risk of exposure to heavy metal due to plant 

uptake of these toxic elements makes the use of polluted 

soils; abandoned waste dump site, irrigated soils with 

sewage water or any other form of polluted soils, 

  
  

 
 
environmentally risky for agricultural purposes. However, 
a clean-up procedure could be embarked on to reduce 
the heavy metal concentration in the soil either by use of 
bioremediation, particularly phytoremediation which 
involves the use of plants in the detoxification of the soil 
to reduce the concentration levels of heavy metals in the 
soil or the land can be reclaimed by top soiling with 
uncontaminated soils from offsite to a depth that would 
minimize uptake of heavy metal by vegetations. 
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