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Abstract 

This study was carried out at Otofure, Asoro, Ikhueniro and Iguomo municipal dumpsites 

while the control was a parcel of land located in Obe in Edo state, Nigeria. Species 

population and biodiversity studies were carried out using quadrat method and Shannon-

Wiener diversity index respectively. Plant growth parameters were measured and 

analyzed using inferential statistics. Soil physicochemical, microbial, heavy metal as well 

as plant heavy metal analyses were carried out using standard methods. Results showed 

that the control was more species diverse than all the dumpsites except Ikhueniro 

dumpsite. Amaranthus spinosus, Chromolaena odorata and Panicum maximum were 

common to all the dumpsites. Growth studies revealed that these plants grew better in 

the dumpsites than in the control. The results of physicochemical analyses revealed that 

the dumpsites contained C, N, P, Ca, Mg, Na and K within the ranges of 2.67% - 5.81%, 

0.15% - 0.22%, 5.10% - 6.48%, 1.78 meq/100g - 3.07 meq/100g, 0.63 meq/100g - 

1.74meq/100g, 0.31 meq/100g - 0.68 meq/100g and 0.34 meq/100g - 0.87 meq/100g 

respectively. The control site had lesser values as follows; N (0.08%), P (1.90%), Ca (0.83 

meq/100g), Mg (0.45 meq/100g) Na (0.18 meq/100g) and K (0.22 meq/100g). The results 

of soil microbial analysis revealed that the control site recorded more microorganisms 

than the dumpsites. Amaranthus spinosus growing on the dumpsites were found to 

contain heavy metals within WHO limits except Fe. It was concluded that though the 

plants on the dumpsites grew better, the presence of heavy metals even at low 

concentrations may bio-accumulate and pose public health hazard. 
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Introduction 

A dumpsite refers to an area of land 

where waste materials are disposed and it 

is the oldest form of waste treatment. 

Historically, dumpsites have been the 

most common method of unorganized 

waste disposal leading to environmental 

pollution and remains so in many places 

around the world (Abdul-Salam, 2009; 

Abdul-Salam et al., 2011). 

Environmental pollution can be described 

as an undesirable change in the 

environment through harmful substances; 

waste materials and resources, caused by 

man’s activity or natural disaster which 

also leads to the degradation of the 
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environment with its attendant 

consequences on soil composition, 

biodiversity and plant growth (Ityavyar 

and Thomas, 2012).  

Most dumpsites are located within the 

vicinity of living communities and 

wetlands (Abdul-Salam et al., 2011). 

Landfill leachates have been reported to 

contain a wide range of metals. The 

contamination of soil with heavy metals 

even at low concentrations are known to 

have potential impact on environmental 

quality and human health as well as 

posing a long-term risk to groundwater 

and ecosystems (Smith et al., 1996). 

Sources of these heavy metals range from 

industrial to municipal generation, 

automobiles to agricultural and land 

practices (Uba et al., 2008).  

Dumpsite soils provide a suitable 

substrate for the growth of crop plants 

(vegetables). This is as a result of input 

of waste materials which mostly 

ameliorate the soil conditions as in the 

use of compost which enhances plant 

growth. Some plants not only thrive in 

and colonize waste dumpsite but also 

accumulate heavy metals from the 

substratum provided by the sites. The 

uptake and accumulation of these 

substances by plants have public health 

implications especially when the plants 

are edible to man and livestock (Obute et 

al., 2010). Plants such as Amaranthus 

spinosus and Luffa aegyptiaca were 

dominant species which took up Cd and 

Pb in amounts higher than the ambient 

conditions of the dumpsites (Ndukwu et 

al., 2008). Inhabitants of surrounding 

communities are no doubt exposed to 

these heavy metals especially when such 

plants are consumed.  

Apart from the threat to public health, 

indiscriminate waste disposal degrades 

the environment and reduces the estate of 

properties (Lal and Kang, 1982; 

Sherlock, 1986). The dumping of refuse 

also alters the appearance, the plant 

composition and diversity and the 

microbiological and physicochemical 

composition of the sites (Obute et al., 

2010; Tripathi and Misra, 2012). In this 

study, the changes in plant diversity, 

microbial composition, physicochemical 

properties at the dumpsites and their 

effect on plant growth were examined. 

Since Amaranthus spinosus is used for 

culinary and medicinal purposes, the 

heavy metal content of those found 

growing on the dumpsites was analyzed 

and compared with World Health 

Organization standards. 

 

Methodology 

Study Area 
The study was carried out at 

dumpsites in four different locations 

around Edo state, Nigeria. These areas 

were Otofure (site A) which lies on 

latitude 6.44°N and longitude 5.59°E), 

Asoro (site B) which lies on latitude 

6.32°N and longitude 5.58°E, Ikhueniro 

(site C) which lies on latitude6.33°N and 

longitude 5.75°E and Iguomo (site D) 

which lies on latitude 6.36°N and 

longitude 5.71°E. The control (site E) 

was a piece of land at Obe (latitude 

6.58°N and longitude 5.62°E) devoid of 

refuse dump. Plant and soil samples were 

collected from all the sites.  
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Fig. 1: Map of Edo State, Nigeria showing the study area 

 

Sampling and Sample Preparation 
Field reconnaissance visits and 

sampling were carried out at Otofure, 

Asoro, Ikhueniro, Iguomo and Obe. At 

each location, 20m x 20m portions were 

marked out and a 1m x 1m quadrat was 

thrown randomly ten consecutive times 

and species in each quadrat thrown were 

counted and recorded. Those species that 

could not be readily identified were 

collected and identified with the 

assistance of a plant taxonomist. Three 

soil samples were collected randomly 

from each site at a depth of 15 cm and 

mixed. This random collection and 

mixture were done to give a uniform 

representation of soil sample from each 

dumpsite. Measurements including leaf 

area, plant height, number of leaves, stem 

girth were taken in situ while root length 

measurement was taken ex situ. Visual 

assessment of the landscape was made to 

assess the changes brought about by 

refuse dumping. Plant and soil samples 

were also collected and taken to the 

laboratory for heavy metal, and microbial 

and physicochemical analyses 

respectively.  

Growth Measurement 
A quantitative expression of the 

amount of growth accomplished by some 

selected plants found growing around the 

sites was considered. The principal index 

employed was for vegetative traits. These 

traits included plant height, number of 
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leaves, leaf area, stem girth and root 

length. 

Soil Physicochemical and Microbial 

Analyses 
Physicochemical analysis was carried 

out on soil samples to know the physical 

and chemical properties of the soil. These 

properties included pH and electrical 

conductivity, nitrogen, organic carbon, 

available phosphorus, cation exchange 

capacity and particle size.  Soil samples 

were also analyzed to determine the 

composition and abundance of microbes 

that thrived in them using standard 

microbiological procedures. 

Heavy Metal Analysis 
Both plant and soil samples were 

ground into fine powder. 2g portions of 

the samples were weighed accurately and 

10ml of concentrated trioxonitrate (V) 

acid was added to each. The samples 

were digested on a hot plate for 15 

minutes. The digest was cooled and 5ml 

of concentrated nitric acid was added and 

heated for additional 30 minutes. The 

later step was repeated and the solution 

was reduced to about 5ml without 

boiling. The sample was cooled again 

and 5ml of concentrated hydrochloric 

acid and 10ml of distilled water were 

added and the samples were heated for 

additional 15 minutes without boiling. 

The samples were then cooled and 

filtered through a Whatman.No.42 ash-

less filter paper and diluted to 60ml with 

distilled water. Metal content in the 

digested samples were analyzed for 

copper, zinc, cadmium, magnesium, 

calcium, lead, manganese and nickel 

using atomic absorption 

spectrophotometer. 

Statistical Analysis 
The results of growth measurements 

were subjected to one way analysis of 

variance (ANOVA) to determine if there 

was statistical significance in the 

vegetative trait measurements on various 

dumpsites. The Statistical Package for 

Social Sciences (SPSS version 20) 

software was used. 

 

Results and Discussion 

Species Composition and Diversity 
The number and distribution of plant 

species in the different dumpsites are 

shown in Table 1 while the biodiversity 

indices are presented in Table 2. The 

control site had more plant species 

diversity (1.28) than the dumpsites (1.03 

– 1.16) except for site C which had 

slightly higher biodiversity index (1.32). 

This conforms to the findings of Obute et 

al. (2010). The dumping of wastes may 

have released substances that altered the 

soil substrate thereby restricting the 

survival of certain plant species as in 

sites A, B, and D or enhancing their 

survival as in site C (Ndukwu et al., 

2008; Obute et al., 2010). Amaranthus 

spinosus, Chromolaena odorata and 

Panicum maximum were present on all 

four dumpsites. However, A. spinosus 

was not present on the control. The 

observed differences in the distribution 

frequencies of the various species (Table 

1) show that all the species are different 

in their tolerance and absorptive capacity 

in the studied sites (Obute et al., 2010). 
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Table 1: Plant species growing on sample stations and control  
Plant species Site A Site B Site C Site D Site E Frequency (%) 

Panicum maximum 

Amaranthus spinosus 

Ipomoea ivoluncrata 

Croton hirtus 

Axonopus compressus 

Cyperus rotundus 

Cleome utidosperma 

Cyperus haspan 

Physsalis angulata 

Ipomoea sp. 

Aspilia africana 

Dioscorea bulbifera 

Centrosema pubescens 

Mariscus alternifolius 

Euphorbia heterophylla 

Chromolaena odorata 

Sida acuta 

Paciflora foetida 

Mimosa pudica 

Alternanthera sessilis 

Oldenlandia corymbosa 

Asystasia gigantica 

Eleucine indica 

Cyperus longibracteatus 

Sida rhombifolia 

Boreria verticillata 

Tephrosia pedicellata 

Cynodon sp. 

Synedrela nodiflora 

Sclerocarpus africanus 

Urena lobata 

Aeschenomene indica 

Setaria barbarta 

Malvastrum choromandelianum 

Trema orientalis 

Carica papaya 

Talinum triangulare 

Gomphrena celosioides 

Dactyloctenium aegyptium 

Laportia aestuals 

Cyperus sp. 

Commelina benghalensis 

Kyllinga erecta 

Cyperus ivia 

Solanum melongena  

Ficus sp. 

Celosia argentia 

Phyllantus amarus 

Mariscus longibracteatus 

Euphorbia hyssopifolia 

600 

360 

80 

160 

120 

200 

40 

120 

40 

120 

120 

120 

120 

80 

80 

200 

280 

- 

- 

- 

- 

- 

160 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

10 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

40 

160 

- 

920 

1640 

- 

- 

- 

- 

- 

- 

- 

120 

- 

- 

160 

280 

280 

1040 

1200 

120 

640 

80 

160 

40 

160 

120 

400 

320 

120 

80 

560 

80 

80 

2 

6 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

200 

240 

- 

- 

320 

80 

520 

- 

120 

- 

- 

- 

- 

80 

- 

400 

- 

- 

- 

320 

280 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

8 

240 

160 

200 

160 

120 

360 

40 

240 

80 

40 

160 

200 

40 

120 

240 

200 

120 

- 

- 

- 

- 

- 

240 

- 

440 

- 

- 

- 

- 

400 

- 

200 

- 

- 

- 

1340 

- 

40 

- 

- 

- 

- 

- 

80 

- 

- 

- 

- 

- 

8 

120 

- 

- 

- 

- 

120 

- 

- 

- 

- 

- 

80 

- 

- 

400 

- 

280 

160 

- 

440 

200 

- 

- 

- 

160 

160 

160 

440 

- 

160 

160 

- 

- 

- 

- 

- 

- 

- 

400 

- 

- 

- 

320 

- 

- 

- 

- 

- 

- 

- 

- 

- 

600 

- 

440 

- 

- 

- 

- 

- 

- 

160 

- 

- 

5.06 

5.50 

0.94 

5.06 

9.75 

1.31 

2.64 

0.56 

1.87 

0.56 

2.62 

0.56 

1.12 

0.75 

0.37 

5.44 

2.62 

2.25 

4.87 

7.12 

1.87 

9.28 

1.12 

0.94 

0.19 

0.75 

0.56 

1.87 

1.50 

0.94 

0.37 

2.64 

0.37 

0.37 

0.01 

0.15 

1.69 

0.75 

0.94 

0.75 

0.56 

2.25 

0.19 

1.12 

0.37 

0.19 

0.75 

1.31 

0.19 

0.56 
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Cucumeropsis manii 

Cleome spermatida 

Chloris spinosa 

Digitaria horizontalis 

Tridax procubens 

Chasmanthera dependens 

Brachiara deflexa 

Schrankia leptocarpa 

Sida darckeana 

Mitracarpus villsus 

TOTAL NUMBER OF 

SPECIES 

TOTAL NUMBER OF 

INDIVIDUALS 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

19 

3010 

 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

26 

8808 

- 

- 

- 

- 

160 

- 

- 

- 

- 

- 

26 

4888 

720 

120 

80 

80 

- 

- 

- 

- 

- 

- 

18 

4628 

- 

- 

- 

680 

- 

200 

300 

160 

160 

160 

22 

6600 

3.37 

0.56 

0.37 

0.37 

0.75 

3.03 

4.54 

2.42 

2.42 

2.42 

 

 

Table 2: Plant biodiversity indices of the study areas 

Treatment Number of species Number of individuals Diversity index 

Site A 

Site B 

Site C  

Site D 

Site E 

19 

26 

26 

18 

22 

3010 

8808 

4888 

4628 

6600 

1.156 

1.160 

1.322 

1.031 

1.279 

Diversity index used is the Shannon-Wiener diversity index. 

 

Plant Growth Parameters 
A. spinosus was found on the four 

dumpsites but not on the control site. The 

control site had the least (and very low) 

concentrations of carbon and nitrogen 

which are essential for optimum plant 

growth (Holm et al., 1977). Phosphorus, 

calcium, sodium, potassium and iron 

which form part of the biomass of this 

plant were equally low in concentration 

(Duke and Ayensu, 1985).  

Since Amaranthus spinosus, 

Chromolaena odorata and Panicum 

maximum were present on all four 

dumpsites and had relatively high 

frequencies, their growth were measured. 

Figure 2 shows the height (cm) of the 

selected plant species. A. spinosus and C. 

odorata grew tallest on site A. P. 

maximum grew tallest on site B. The 

plants on the control were remarkably 

shorter. 
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Fig. 2: Height (cm) of selected plant species 

 

Figure 3 shows the number of leaves of the selected plant species. The numbers of leaves 

of A. spinosus growing on site C had the most leaves, C. odorata and P. maximum growing 

on site A had the most leaves. The leaves were more for plants growing on the dumpsites 

than on the control. 
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Fig. 3: Number of leaves of selected plant species 

 

Figure 4 shows the leaf area (cm
2
) of selected plant species. A. spinosus on site D had the 

broadest leaves, while C. odorata and P. maximum on sites A and C respectively had the 

broadest leaves. Plants on the control had the least leaf area except for P. maximum.   
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Fig. 4: Leaf area (cm

2
) of selected plant species 

 

Figure 5 shows stem girth measurements of selected plant species. A. spinosus and C. 

odorata on site C had the widest girth. P. maximum with widest girth was on site D. The 

plants growing on the control had the least girth.   

 
Fig. 5: Stem girth (cm) of selected plant species 

 

Figure 6 shows the root length (cm) of the selected plant species. The root lengths of A. 

spinosus, C. odorata and P. maximum were highest on sites D, A and B respectively with 

values of 67cm, 62.5cm and 43.5cm. Again the control site recorded the least values.  
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Fig. 6: Root length (cm) of selected plant species 

 

C. odorata was found on all sites 

including the control. Growth 

measurements revealed that this plant 

grew significantly better on the 

dumpsites than on the control. This may 

be due to the higher amounts of C, N, P, 

Ca, Mg, Na and K in the dumpsites soil 

(Anyasi, 2012). Similarly, P. maximum 

though on all the sites had the least 

growth on the control and could also be 

attributed to the lower amounts of 

nutrients (Vicente-Chandler et al., 1959; 

Grof and Harding, 1970; Teitzel and 

Bruce, 1972). Generally, the better 

growth of plants in the dumpsites could 

also be due to higher moisture content, 

temperature, particle combination and 

texture which enhance conductivity 

(Anderson-Cook et al., 2002) and are 

essential for enhanced plant growth 

(Kirmani et al., 2011). This variation in 

growth parameters of the selected plant 

species could be attributed to the varying 

nutrient mixes of the soil from the 

various dumpsites (Obute et al., 2010). 

Soil Physicochemical Status 
Table 3 shows the results of 

physicochemical analysis of the soil 

samples. These results show that the soil 

samples from the dumpsites were 

generally richer in nutrients than the 

control. Wastes deposited in dumpsites 

altered the physicochemical properties of 

the soils making them moderately 

alkaline (Obute et al., 2010). Anderson-

Cook et al. (2002) elucidated that 

conductivity varies depending on 

moisture, soil particle size and texture. 

Therefore, the higher conductivity of the 

dumpsites soil than the control could be 

due to the fact that they contained higher 

moisture.  This could have been due to 

release of moisture contained in the 

decomposing wastes and other readily 

degradable organic matters as well as 

retention of rainwater runoff percolating 

in the organic matter (Obute et al., 2010). 

Furthermore, the higher amount of clay 

in the dumpsite soils made it possible for 

much water to be retained (Talha et al., 

1979). The high organic carbon content 

of the dumpsites was as a result of the 

high organic content of the wastes while 

the high total nitrogen may be attributed 

to high nitrogenous garbage deposited at 

the dumpsites (Obute et al., 2010).  
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Table 3: Results of physicochemical analysis of the soil samples 

Parameters  Site A Site B Site C Site D Site E 

pH 7.50 7.90 8.20 7.50 6.50 

Conductivity (mhos/µs) 41.30 24.60 24.50 8.30 4.30 

Carbon (%) 4.02 3.31 2.67 5.81 0.93 

Nitrogen (%) 0.21 0.15 0.22 0.18 0.08 

Phosphorus (%) 6.47 5.10 6.48 5.71 1.90 

Sand (%) 72.01 69.67 60.26 62.99 72.90 

Silt (%) 1.26 2.95 6.81 3.74 10.50 

Clay (%) 26.73 27.38 32.93 33.27 16.60 

Ca (meq/100g) 1.78 2.96 3.07 1.80 0.83 

Mg (meq/100g) 1.53 0.89 1.74 0.63 0.45 

Na(meq/100g) 0.68 0.31 0.67 0.45 0.18 

K(meq/100g) 0.87 0.46 0.82 0.34 0.22 

Ni(mg/kg) 4.26 2.10 1.37 5.90 0.58 

Mn(mg/kg) 41.15 31.40 18.69 35.70 0.10 

Cr(mg/kg) 1.07 0.86 0.64 1.19 0.10 

Cd (mg/kg) 0.83 0.18 0.25 0.73 0.02 

Lead (mg/kg) 5.02 2.82 2.39 6.71 0.17 

Zn (mg/kg) 72.13 50.73 35.50 93.14 13.12 

Fe(mg/kg) 1104.37 582.60 413.92 417.60 17.63 

Cu (mg/kg) 5.62 3.96 3.21 6.54 1.09 

 

Microbial Composition of Soil Samples 
The microbial count of the soil 

samples as well as their occurrence and 

distribution are presented in Table 4. It 

was observed that the dumpsites had 

lower populations of bacteria and fungi 

than the control site. In this study, the 

degree of acidity (pH) of the dumpsites 

ranged from 7.5 - 8.2 while that of the 

control was 6.5. When waste is dumped 

on land, soil microorganisms including 

fungi and bacteria, readily colonize the 

waste carrying out the degradation and 

transformation of degradable materials in 

the waste (Stainer et al., 1989). Obire et 

al. (2002) reported that in the first 2 to 3 

days of the degradation, the initial pH of 

solid waste drops to 5.0 or less and then 

begins to rise to about 8.5 for the 

remainder of the aerobic process. Also, 

their study revealed that viable aerobic 

bacterial and fungal counts were highest 

in the soil with higher pH. In this study 

however, bacterial and fungal isolates 

were highest in the control site which had 

the lowest pH (6.5). This may be due to 

the lesser amounts of heavy metals in the 

control site than in the dumpsites 

(Oliveira and Pampulha, 2006; 

Wyszkowska et al., 2008).  

Generally, the bacterial counts were 

higher than the fungal counts. This was 

so because the pH of all the sites, both 

control and dumpsites (pH 6.5 to 8.2) 

favoured the proliferation of bacteria than 

fungi (Obire et al., 2002).  

 

 

 

 

Ethiopian Journal of Environmental Studies and Management Vol. 11 no.2 2018 



241 

 

Table 4: Occurrence and distribution of the microbial isolates in soil samples 

Sample code Bacterial isolates Bacterial counts 

(cfu/g) 

Fungal isolates Fungal counts 

(cfu/g) 

Site A Enterobacter sp. 

Bacillus sp. 

Escherichia coli 

Klebsiella sp. 

1.5×10
4
 Aspergillus sp. 

Penicillium sp. 

Rhizopus sp. 

2.1×10
3
 

Site B Pseudomonas sp. 

Klebsiella sp. 

5.5×10
4
 Aspergillus sp. 

Penicillium sp. 

Mucor sp. 

Yeast  sp. 

3.2×10
3
 

Site C Bacillus sp. 

Streptococcus sp. 

Pseudomonas sp. 

Klebsiella sp. 

2.9×10
4
 Penicillium sp. 

Aspergillus sp. 

Trichoderma sp. 

1.1×10
3
 

Site D 

 

 

 

 

Site E 

Flavobacterium sp. 

Pseudomonas sp. 

Bacillus sp. 

Micrococcus sp. 

Klebsiella sp, 

Bacillus sp 

Micrococcus sp. 

Streptococcus sp. 

Pseudomonas sp. 

8.7×10
4
 

 

 

 

 

1.28×10
5
 

Fusarium sp. 

Mucor sp. 

Aspergillus sp. 

Penicillium sp. 

Trichoderma sp. 

Aspergillus sp. 

Penicillium sp. 

Fusarium sp. 

4.6×10
3
 

 

 

 

 

2.3×10
4
 

 

Heavy Metal Content of Plant Species 
The results of heavy metal analysis of 

A. spinosus (Table 5) in this study 

showed that Zn, Cu, Ni, Pb and Cr were 

within the limits recommended by WHO 

except for Fe (Table 5). Fe ranged from 

196.47 mg/kg - 614.84 mg/kg and 

exceeded WHO limits which is 20 

mg/kg. According to Rout and Sahoo 

(2015) Fe is essential in plants for 

chlorophyll synthesis and chloroplast 

maintenance. Nonetheless, it is 

potentially toxic and can promote the 

formation of reactive oxygen-based 

radicals damaging vital cellular organs 

(Laan et al., 1991). Despite their low 

concentrations, they pose public health 

hazard because these heavy metals tend 

to accumulate in human and animal 

tissues over time when such plants are 

consumed (Khan and Frankland, 1983; 

Dosumu et al., 2003). Tuzen and Soylak 

(2007) reported on the toxicity of these 

elements even at low concentration when 

consumed for prolonged period of time. 

 

Table 5: Heavy metal content of Amaranthus spinosus growing on the dumpsites  

Parameters Site A Site B Site C Site D WHO Limits Source 

Fe(mg/kg) 614.84 293.10 196.47 462.06 20 WHO (1998) 

Cd(mg/kg) 0.31 0.17 0.12 0.24 0.02 Nazir et al. (2015) 

Cr(mg/kg) 0.48 0.43 0.36 0.52 1.30 Nazir et al. (2015) 

Pb(mg/kg) 1.01 0.86 0.74 1.07 2 Nazir et al. (2015) 

Ni(mg/kg) 1.08 0.79 0.61 1.16 10 Nazir et al. (2015) 

Zn (mg/kg) 11.07 10.70 8.92 13.48 50 Shah et al. (2011) 

Cu (mg/kg) 1.14 1.57 1.15 1.96 10 Nazir et al. (2015) 
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Conclusion 

The dumping of refuse at dumpsites 

alters the plant composition and diversity, 

microbial and physicochemical 

composition of soil. These changes have 

a positive impact on the growth of plants 

such as A. spinosus, C. odorata and P. 

maximum which are commonly found 

around dumpsites. However, heavy 

metals are also released into these soils 

soils and become available to plants. 

Plants in the bid to take up nutrients 

equally take up trace amounts of these 

heavy metals. Though A. spinosus only 

took up small amounts, these substances 

could find their way up the food chain 

through human consumption. Therefore, 

the consumption of crops growing on and 

around dumpsites should be discouraged. 
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