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Abstract
Background and Objective: Accumulation of heavy metals in waste dumpsites affects soils and release concentrated leachate to the
environment which further enters the food chain. Heavy metals accumulation results in serious health and environmental problems
because of poisonous effects of these metals on plants and potential health implications to humans and animals consuming such
vegetables from these dumpsites. The objective of this study was to assess the concentrations of 5 heavy metals (Cadmium, zinc, lead,
chromium and copper) in leachates and crops grown around four selected waste dumpsites in the Sekondi-Takoradi Metropolis of the
Western region of Ghana. Materials and Methods: Leachates and crops samples were collected from the selected dumpsites, digested
and the heavy metals concentrations were determined by using Atomic Absorption Spectroscopy (AAS). Results: The mean
concentrations of the heavy metals in the leachates and the crops grown at the selected dumpsites were found to be high as compared
to Food and Agriculture Organization (FAO) and World Health Organization (WHO) permissible limits. Zinc and copper concentrations
were higher in leachates from Essipong waste dumpsite. Conclusion: Zinc and copper were the most abundant heavy metals in most of
the crops from the selected dumpsites. Heavy metals concentrations in crops must be monitored regularly since the detrimental effects
of heavy metal pollution manifest many years after exposure.
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has potentially harmful heavy metals7 and the current trend in

INTRODUCTION

municipal waste management and disposal practices may
give rise to heavy metal implications on soils and

Fast and relatively unorganized urban expansion and

groundwater8.

industrial development doubled with insufficient waste
management have a significant effect on the physical

Moreover, dumpsites create health hazard even to a

environment and increase the accumulation of municipal

passer-by and those living near the sites. This is as a

waste. One of the most critical concerns of urbanization in

result of unpleasant smell emitting from the activities of

Ghana is the management of waste (solid, liquid and

micro-organisms on the organic waste. Unchecked burning of

toxic). Some cities in the developing countries do not have

solid waste creates serious environmental pollution which is

proper solid waste regulation as well as proper disposal

detrimental to the health of solid waste workers and pickers.

facilities for toxic or radioactive waste.

Toxic and hazardous wastes when burnt with addition to solid
waste like asbestos fibre may introduce potential carcinogenic

Heavy metals accumulation persistently exists in waste

fibre to the smoke plume9.

1

dumpsites at environmentally dangerous level . This results in
serious health and environmental problems because of the

Landfill sites are considered a major threat to ground

poisonous effects of these metals in plants and potential

water resources, either through waste materials coming into

health implications to humans and animals consuming such

contact with ground water under flow or through infiltration

vegetables . According to Albores et al. , municipal waste may

from precipitation10. The land fill solid waste often releases

increase concentration of heavy metals in soil and ground

products that contaminate the water moving through the

water. This may have consequences on the host soils,

deposit as well as liquids containing several different organic

4

crops and human health . This indicates that the

and inorganic compounds that sit at the bottom of the

environmental impacts of municipal waste are largely

deposit and seep into the soil affecting its physical and

influenced by their heavy metal contents.

chemical properties11. Monitoring of heavy metals in leachates

2

3

The damage of environment with regards to heavy metals

and crops grown around waste dumpsites can facilitate the

come from various sources which can be grouped into urban-

recommendation of suitable management practices to these

industrial aerosols, liquid and solid wastes from animal and

dumpsites.

man, mining industries and agricultural chemicals . Heavy

The aim of this study was to assess the level of

metals are mostly present in electronic wastes especially

contamination of heavy metals in leachates and crops grown

copper from wires, chromium, nickel, zinc, cadmium and lead,

around waste dumpsites in Sekondi-takoradi, Western region

including other metals and elements that are rare on earth.

of Ghana.

5

High air emissions or leaked liquids result in significant
MATERIALS AND METHODS

amounts of metals that are concentrated in landfills or
dispersed in the environment after recycling6.
Waste dumpsites which have been abandoned are used

Study area: The study was conducted in Kojokrom, Effiakuma,

considerable as fertile grounds for cultivating vegetables

Ntankoful and Essipong in the Sekondi-Takoradi Metropolis,

though research has shown that the vegetables are capable of

Western region of Ghana from May, 2018 to July, 2019. Map of

accumulating significant levels of heavy metals from

study area is shown in Fig. 1. Sekondi-Takoradi is located

6

between latitudes 4E52'30"N and 5E04'00"N and longitudes

The decomposition of organic materials in municipal

1E37'00" W and 1E52'30"W. Bounded to the North of the

solid wastes by micro-organisms produces a hazardous liquid

metropolis is the Mpohor-Wassa district, to the south by the

known as leachate and its volume is influenced by surface and

Gulf of Guinea, to the west by the Ahanta West district and to

ground water and excess rain water passing through the

the east by Shama district. The metropolis happens to be the

waste layers. Landfill leachates are mostly composed of

smallest district in the region with a land area of 385 km2.

organic matter, inorganic macro-components and heavy

However, it is the most populated district. The metropolis

metals. The dispersion of heavy metals in landfill leachate has

is strategically located in the South-western part of the

indicated that significant portion of them is linked to waste

country, about 242 km to the west of Accra the capital city

derived dissolved organic matter. Research in landfill

and approximately 280 km from the La Côte dʼIvoire in the

have revealed that leachate is of specific interest because it

west.

contaminated and polluted soils .
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Fig. 1: Map of the study area
Source: GIS and Cartography Unit of University of Cape Coast12

pH meter and conductivity meter (PC 450), respectively. Each
leachate sample was acidified with 2 mL concentrated 65%
HNO3. Collected samples were labelled accordingly and stored
in a cooler containing ice cubes according to the standard
method of APHA14 and later transported to the Department of
Chemistry, University of Cape Coast, for analysis. At the
laboratory, the samples were stored in a refrigerator at 4EC
until analysis.

The population of Sekondi-Takoradi Metropolis,
according to the 2010 population and housing census is
559,548 representing 23.5% of the regionʼs total population.
Generally, the Metropolis does not experience severe weather
conditions. The climate of the Metropolis is equatorial with an
average annual temperature of about 22EC experienced
between January and March. Rainfall is bi-modal with the
major season occurring between March and July and the
minor season occurring between August and November. The
mean annual rainfall is about 1,380 mm, covering an average
of 122 rainy days13.

Crops sampling: At the Effiakuma waste dumpsite ayoyo
leaves (Corchorus olitorius), kontomire (Colocasia esculenta),
pawpaw (Carica papaya) and plantain (Musa paradisiaca) were
the dominant crops grown around the site. Dominant crops
grown at the Essipong dumpsite were pawpaw, plantain and
kontomire. Those grown at Kojokrom dumpsite were plantain
and kontomire and that of Ntankoful waste dumpsite were
pawpaw, plantain, orange (Citrus sinensis) and turkey berries
(Solanum torvum). Medium aged crop samples were taken
from different sampling positions and composited for each
waste dumpsite. The crops were kept in separate zip-locked
plastic bags, labelled accordingly and kept in box and
transported to the laboratory for analysis.

Sampling
Leachate sampling: Leachates were collected at various
points from each waste dumpsite and composited to give a
true representative of each site. The leachates were collected
into 1 L pre-cleaned high density polyethylene bottles. These
bottles were washed thoroughly with detergent, rinsed
several times with distilled water and soaked in 10% HNO3
overnight and finally rinsed with distilled water. The pH
conductivity and temperature were measured in situ using a
portable meter and recorded at the sampling site using Nisso
18
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Chemical reagents: Chemicals and reagents used were of

solution were as follows: 0.05, 0.1, 0.5, 1.0, 2.0 and 5.0 mg LG1

analytical grade. They included 65% nitric acid (Fluka Garanie,

for cadmium and zinc, 0.1, 0.5, 1.0, 2.0, 5.0 and 10.0 mg LG1 for

Sweden), 37% hydrochloric acid, (BDH Prolabo, France)

copper, chromium and lead. Calibration curves were drawn for

distilled water standard solutions purchased from Agilent

Cd, Zn, Cu, Cr and Pb by plotting absorbance versus metal ion

Technologies, USA.

standard concentration.

Cleaning of glassware: All apparatus were initially washed

Determination of heavy metals: The Atomic Absorption

with detergents then soaked in 10% nitric acid for overnight

Spectrophotometer (AAS) (SHIMADZU AA-7000, Japan) was

then washed thoroughly. They were rinsed with aqua regia

used for the determination of concentration of the metal ions

followed by tap water and then rinsed in distilled water. The

present in the samples by reading their absorbance and

glassware was then dried in a hot oven at 105EC.

comparing it on the respective standard calibration curve.
Three replicate determinations were carried out on each

Sample preparation: The crop samples were thoroughly

sample and same analytical procedure was employed for the

washed with tap water to remove any dirt and soil particles

determination of elements in digested blank solutions and for

from the surface and subsequently rinsed with distilled water.

the spiked samples.

The samples were cut into pieces with a stainless steel knife
and dried in an oven at 80EC for 48 h. The dried samples were

Limit of detection: The limit of detection for the heavy metals

ground in a stainless steel blade blender, transferred into

Cd, Cu, Pb, Zn and Cr was found to be 0.003, 0.01, 0.015, 0.002

air-tight plastic bags and stored in a desiccator until further

and 0.01 mg LG1, respectively.

analysis.
Quality control and quality assurance: Precautions were
Acid digestion of leachate and crop samples

taken to ensure the reliability of results. The samples were

Leachate digestion: Fifty milliliters of the well-mixed leachate

carefully handled to avoid any external influences that could

sample was transferred into a beaker which was previously

interfere with the integrity of the result. Blank and replicate

acid washed. Two milliliters of concentrated nitric acid and

samples were analyzed and compared to actual values

5 mL of concentrated HCl were added. The sample was

obtained. Before the analysis, equipment was calibrated by

covered with watch glass and heated on a hot plate at 95EC

using appropriate standards. Triplicate determination of the

until the volume was reduced to 15-20 mL. The sample was

samples was made and data presented as mean. All glassware

allowed to cool and the beaker walls and the watch glass were

and plastic bottles were soaked overnight in 10% (v/v) nitric

washed down with distilled water, filtered by using Whatman

acid and rinsed with distilled water and dried before use17.

filter paper into a 100 mL volumetric flask and diluted to the

Distilled water was used in the preparation of samples and

mark using distilled water15.

deionized water was used in the preparation of reagents.
The digestion method and atomic absorption spectroscopy

Crops digestion: Conventional aqua regia (i.e., solution of HCl

analysis were validated by recovery method. One gram of

and HNO3 with ratio of 3: 1) digestion was employed. This was

randomly selected ground crop samples was spiked with

performed in 250 mL glass beaker covered with watch glasses.

known concentrations of heavy metals each run in with the

A well-mixed sample of 1.0 g was digested in 12 mL aqua regia

AAS. This was followed by the digestion of the spiked

on a hot plate at 95EC and evaporated to near dryness. The

samples and determination of metal concentration by using

sample was allowed to cool, diluted with 20 mL of 2% nitric

AAS.

acid and transferred into a 100 mL volumetric flask by using a
Data presentation and statistical analysis: The obtained data

Whatman No. 42 filter paper and diluted to 100 mL with
16

distilled water .

were analyzed by using Microsoft Excel and Graph Pad prism
version 7. Results were expressed as mean±standard

Preparation of metal standard solutions: Calibration curves

deviation. Using ANOVA, the means were compared to

for each of the selected metals (copper, chromium, lead, zinc

determine whether there were significant differences in the

and cadmium) were prepared by using standard solutions.

heavy metals concentrations in the leachates and crops from

1

the sampling sites.

These standards prepared by dilution from 100 mg LG stock
19
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RESULTS

(a)

Physicochemical properties of leachates from the selected
waste dumpsites: The data related to the various
pH

physicochemical parameters (pH, Electrical Conductivity (EC)
and temperature) in leachates from the selected waste
dumpsites is presented in Fig. 2a-c. The leachates from these
sites were neutral to basic as the mean pH values for
Kojokrom, Essipong, Effiakuma and Ntankoful were 7.14, 8.06,
7.40 and 8.16, respectively. Electrical Conductively (EC) values
show different results amongst the four dumpsites. The
highest value was obtained at the Ntankoful waste dumpsite
with mean value of 7.01 mS cmG1 whereas, the lowest value
was obtained at the Kojokrom waste dumpsite with the value
of 0.31 mS cmG1. The highest value of temperature was
obtained at the Effiakuma whereas, the lowest value was
obtained at Kojokrom waste dumpsite (Fig. 2c).

10

0
(b)

1

EC (mS cmG )

20

Heavy metals concentrations in leachates from the selected

10

waste dumpsites: The mean concentrations of cadmium, zinc,
lead, chromium and copper in the leachates sampled from the
selected waste dumpsites in the Sekondi-Takoradi Metropolis
are shown in Table 1.
There were significant differences in the heavy metal
concentrations of the leachates from the various waste
dumpsites. The minimum and maximum mean concentrations
of cadmium in leachates were 0.03 and 0.10 mg LG1 from
Kojokrom and Essipong waste dumpsites, respectively.
Leachates from Effiakuma and Ntankoful waste dumpsites
recorded the same concentrations for cadmium (0.05 mg LG1).
The minimum and maximum mean concentrations of zinc in
leachates were 0.20 and 5.48 mg LG1 from Kojokrom and
Essipong waste dumpsites, respectively. Mean lead
concentrations in the leachate samples from Kojokrom and
Essipong waste dumpsites were the same. The minimum and
maximum mean concentrations of chromium in leachates
were 0.38 and 0.55 mg LG1 from Essipong and Effiakuma
waste dumpsites, respectively. The minimum and maximum
mean concentrations of copper in leachates were 0.17 and
0.90 mg LG1 from Effiakuma and Essipong waste dumpsites,
respectively.

0
40

(c)

Temperature (°C)

30

20
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Effiakuma Ntankoful

Fig. 2(a-c): Mean values of physicochemical properties, (a) pH,
(b) EC and (c) Temperature of leachates from the
various waste dumpsites
from one species of crop to the other. The crops contained

Relationship between heavy metals in leachates and crops

higher concentrations of heavy metals as compared to the

from the selected waste dumpsites: The concentrations of

leachate with the exception of copper which was below the

cadmium, zinc, lead, chromium and copper for leachates and
corresponding crops from each waste dumpsite are presented
in Table 2-5. The concentrations of heavy metals in the crops
analyzed differed from one dumpsite to another and varied

detection limit in plantain sampled from Kojokrom dumpsite
(Table 2). The most abundant metals found in kontomire
from this site were zinc and copper which were 673.52 and
263.84 mg kgG1, respectively.
20
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Table 1: Concentration (Mean±SD) of heavy metals (mg LG1) in leachates among the sampling sites
Heavy metals

Kojokrom

Essipong

Effiakuma

Ntankoful

p-value

Cd
Zn
Pb
Cr
Cu

0.03±0.03a
0.20±0.03a
4.97±0.02a
0.39±0.02a
0.41±0.06a

0.10±0.03b
5.48±0.45b
4.97±0.01a
0.38±0.05a
0.90±0.10b

0.05±0.01a
2.67±0.25c
5.11±0.02b
0.55±0.07b
0.17±0.04a

0.05±0.01a
4.23±1.37d
5.35±0.18b
0.43±0.05a
0.88±0.30c

0.022
0.000
0.003
0.015
0.001

Mean values with different superscript along the row are significantly different (p<0.05)
Table 2: Concentration (Mean±SD) of heavy metals in leachate (mg LG1) and crops (mg kgG1) in Kojokrom dumpsite
Samples
Leachate
Kontomire
Plantain
p- value

Cd

Zn

Pb

Cr

0.03±0.03
1.13±0.09
0.47±0.05
0.000

0.20±0.03
673.52±175.04
11.72±2.77
0.000

4.97±0.02
33.64±7.38
18.00±0.16
0.001

0.39±0.02
12.70±0.67
12.98±0.84
0.000

Cu
0.41±0.06
263.84±6.76
BDL
0.000

BDL: Below detection limit
Table 3: Concentration (Mean±SD) of heavy metals in leachate (mg LG1) and crops (mg kgG1) in Essipong dumpsite
Samples
Leachate
Kontomire
Plantain
Pawpaw
p- value

Cd

Zn

Pb

Cr

0.10±0.03
0.53±0.14
0.17±0.07
1.63±0.80
0.006

5.48±0.45
335.41±207.65
33.75±13.12
39.66±0.28
0.014

4.97±0.01
26.20±3.72
33.18±1.63
18.90±0.90
0.000

0.38±0.05
11.29±3.19
7.76±1.24
9.32±0.86
0.000

Cu
0.90±0.10
243.47±5.80
55.02±2.72
4.12±0.84
0.000

Table 4: Concentration (Mean±SD) of heavy metals in leachate (mg LG1) and crops(mg kgG1) in Effiakuma dumpsite
Samples
Leachates
Ayoyo leaves
Kontomire
Pawpaw
Plantain
p-value

Cd

Zn

Pb

Cr

0.05±0.01
0.92±0.10
0.53±0.14
1.34±0.21
1.44±0.16
0.000

2.67±0.25
405.33±50.26
217.36±27.67
123.93±20.21
43.52±8.68
0.000

5.11±0.02
BDL
BDL
8.69±1.37
19.41±1.36
0.000

0.55±0.07
9.07±0.56
0.52±0.25
10.41±2.06
3.29±1.01
0.000

Cu
0.17±0.04
133.04±4.73
1443.31±8.80
1213.76±2.46
157.14±9.38
0.000

BDL: Below detection limit
Table 5: Concentration (Mean±SD) of heavy metals in leachate (mg LG1) and crops (mg kgG1) in Ntankoful dumpsite
Samples

Cd

Leachates
Pawpaw
Turkey Berry
Plantain
Orange
p-value

0.05±0.01
0.86±0.35
0.78±0.32
2.93±0.46
1.28±0.32
0.000

Zn

Pb

Cr

4.23±1.37
161.08±25.18
62.65±14.88
20.16±8.13
22.37±0.86
0.001

5.35±0.18
5.76±1.70
34.17±3.63
1.28±0.31
21.24±0.72
0.000

0.43±0.05
2.77±1.63
14.82±1.96
11.45±1.19
5.65±1.06
0.000

Cu
0.88±0.30
1708.67±14.55
12.75±1.53
BDL
BDL
0.000

BDL: Below detection limit
Table 6: RMC for wastewater/leachate and permissible limits for vegetables
Heavy metals
Cadmium (Cd)
Zinc (Zn)
Lead (Pb)
Chromium (Cr)
Copper (Cu)

RMC for wastewater/leachate (mg LG1)

Permissible limit for vegetables (mg kgG1)

0.01
2.00
5.00
0.10
0.20

0.2
99.0
0.3
2.3
73.0

RMC: Recommended maximum concentration

Table 4 showed concentrations of heavy metals in
leachate and crops sampled from the Effiakuma dumpsite.
It was observed that the crops contained higher
concentrations of heavy metals as compared to the
leachate sample with the exception of lead which was
below detection limit in ayoyo and kontomire samples and

From Table 3, it was observed that the concentrations of
heavy metals in the crops sampled from Essipong dumpsite
were higher as compared to the leachate sample. Cadmium
levels in kontomire and pawpaw exceeded the permissible
limit set for vegetables of 0.2 mg kgG1 (Table 6) and that of
plantain was within the permissible limit.
21
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chromium level in kontomire 0.52 mg kgG1 was less than that
of the leachate sample and within the permissible limit of
2.3 mg kgG1 (Table 6).
The crops contained higher concentrations of heavy
metals as compared to the leachate with the exception of
copper which was below the detection limit in plantain and
orange sampled from Ntankoful dumpsite (Table 5). The
concentrations of cadmium in the crops sampled exceeded
the permissible limit of 0.2 mg kgG1 (Table 6).

within the recommended maximum concentration of
2.0 mg LG1 set for zinc28. Leachates from the other dumpsites
were above this limit. According to Peganova and Eder33, the
presence of zinc in landfill leachates are due to wastes from
cosmetics, dyes, dry-cell batteries, fungicides and soaps found
at these sites. Sucheckan et al.34 and Chofqi et al.31 also
reported zinc concentrations in leachates as 0.175-0.025 and
0.7-0.747 mg LG1, respectively which were within the
acceptable limit28. The lead concentrations from Effiakuma
and Ntankoful leachate samples of 5.11 and 5.35 mg LG1,
respectively exceeded the recommended maximum
concentration28 of lead 5.0 mg LG1. The presence of lead in the
leachate may be from lead-acid batteries, plastics and rubber
remnants, lead foils such as; bottle closures, used motor oils
and discarded electronic gadgets including televisions,
electronic calculators and stereos30 at the landfill sites.
Chistensen and Stegmann23 and Yoshida et al.26 reported lead
values of 0.0010-5.0 and 0.01-0.18 mg LG1 which were within
the limit set by World Health Organization. The mean
concentrations of chromium from all the waste dumpsites
were above the recommended maximum concentration of
0.10 mg LG1 set for chromium28. The presence of chromium in
leachates may be attributed to wastes from electroplating
industries, leather tanneries, textile industries and steel
industries35. Kjeldsen and Christophersen36, Chistensen and
Stegmann23 and Yoshida et al.26 reported similar values of
0.02-1.5, 0.02-1.5 and 0.14-1.80 mg LG1, respectively for
chromium in leachates. Aside the leachate from Effiakuma
being below the recommended maximum concentration28 of
0.20 mg LG1, the levels obtained from the other waste
dumpsites were above this limit. According to Momcilovic37,
presence of copper in leachates is due to products of
photovoltaic solar cells, plumbing pipes and electrical cables
found in these sites. However, levels of copper from all the
dumpsites agree with those reported by Kjeldsen and
Christophersen36 and Abu-Rukah and Al-Kofani32. They
reported levels of copper 0.005-10.0 and 0.04-19.4 mg LG1 in
leachates, respectively.
The concentrations of heavy metals in the crops analyzed
differ from one dumpsite to another and vary from one
species of crop to the other. This may be attributed to
differential uptake capacity of plants for different heavy metals
through roots and their further translocation within the plant
parts38.
The heavy metals concentrations in the crops at Kojokrom
dumpsite exceeded the permissible limits for vegetables39.
High levels of lead in the crops can be attributed to the
burning of lead containing products like scrap metals and
batteries in waste dumpsite and high level of copper in

DISCUSSION
In this study the physicochemical properties and
concentration of heavy metals in leachates and crops at waste
dumpsites were assessed. The results showed that there were
significant differences in the heavy metal concentrations of
the leachates from the various waste dumpsites. The pH and
conductivity of leachates are indicators of the abundance of
dissolve inorganic species or total concentration of ions18. The
pH of the leachates varies according to the age of the waste
dumpsites19. The pH of young leachate is less than 6.5 while
old landfill leachate20 has pH higher than 7.5. Initial low pH
may be due to high concentration of volatile fatty acids21. An
increase in pH suggested that a steady state was reached
between acid producing processes (e.g., cellulose and lignin
degradation) and acid consuming processes (e.g., methane
formation) at the landfill22. The pH values obtained for the
leachates from the study sites are in agreement with pH values
of 4.5-9.0 and 6.0-9.0 reported by Christensen and Stegmann23
and Banar et al.18, respectively. The EC of the leachates from
the Essipong and Ntankoful waste dumpsites were within
the range of values found in leachate from landfills24
(2.5-35.0 mS cmG1). The EC of the leachates from Kojokrom
and Effiakuma waste dumpsites were within the range
0.007-0.031 mS cmG1 reported by Al-Muzaini et al.25,
0.002-0.0342 mS cmG1 reported by Banar et al.18,
0.01-0.045 mS cmG1 reported by Yoshida et al.26 and
0.531-27.440 mS cmG1 reported by Maqbool et al.27.
The mean concentrations of cadmium from all the waste
dumpsites were above the recommended maximum
concentration of 0.01 mg LG1 set for cadmium28. The presence
of cadmium could be due to the discharge of municipal solid
waste at the dumpsites which contain nickel-cadmium
batteries, discarded consumer electronic products such as;
televisions, calculators, stereos and plastics29. Similar
ranges have been reported on cadmium by Im et al.30,
Chofqi et al.31 and Abu-Rukah and Al-Kofani32 in leachates
0.018-0.023, 0.0084-0.034 and 0.012-0.52 mg LG1, respectively
The mean level of zinc from the Kojokrom dumpsite was
22
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However, these values are in agreement with values reported

kontomire can be attributed to continuous dumping of
copper-containing electrical gadgets. However, this level is in
line with findings of Odai et al.40, who reported cadmium
values ranging between 0.68-1.78 mg kgG1 on urban waste
dumpsites in Kumasi. Nkop et al.41 also reported values of
0.11-0.80 mg kgG1 for cadmium in plants grown on waste
dumpsites in Nigeria. Nkop et al.41 also reported zinc values
ranging between 11.35 and 22.31 mg kgG1 in plants grown on
waste dumpsites in Nigeria. The cadmium levels in kontomire
and pawpaw, however, agreed with the finding of Odai et al.40,
who reported values ranging between 0.68-1.78 mg kgG1 on
urban waste dumpsites in Kumasi.
The zinc levels obtained from plantain and pawpaw were
within the permissible limit for vegetables39 of 99.0 mg kgG1,
while that of the kontomire much exceeded the required limit.
Zinc is a required nutrient and becomes toxic to plants only at
high concentrations. The concentrations of lead and
chromium in sampled crops far exceeded the permissible limit
of 0.3 and 2.3 mg kgG1, respectively39. However, this result was
in agreement with values reported for lead ranging between
<0.001 and 36.72 mg kgG1 in plants on waste dumpsite in
Accra42. The concentration of chromium in the sampled crops
falls within the critical range of 5.00-30.00 mg kgG1 given by
Radojevic and Bushkin43 and reported by Agyarko et al.44. The
copper levels in kontomire amongst the crops sampled
exceeded the permissible limit40 of 73.0 mg kgG1. According to
Maobe et al.45 high levels of copper can cause metal fumes
fever with flu-like symptoms, hair and skin decolouration,
dermatitis, irritation of the upper respiratory tract, metallic
taste in the mouth and nausea.
The cadmium levels in the sampled crops were above the
permissible39 limit of 0.2 mg kgG1. These levels agreed with
findings of Fosu-Mensah et al.42, who reported values of
cadmium ranging between 0.25 and 1.64 mg kgG1 for
vegetation on e-waste in Accra. This result was also in line with
the finding of Odai et al.40, who reported values ranging
between 0.68-1.78 mg kgG1 on urban waste dumpsites in
Kumasi. The high concentrations of cadmium might be as a
result of the burning of waste containing cadmium‒nickel
batteries, pigments and paints. Significant concentration of Cd
may have gastrointestinal effect and reproductive effect on
livestock46. Jabeen et al.46 reported that cadmium causes both
acute and chronic poisoning, adverse effect on kidney, liver,
vascular and the immune system. With the exception of
plantain which was within the permissible limit of
99.0 mg kgG1 for zinc, the rest of the crops sampled exceeded
the required limit. The levels of lead in ayoyo and kontomire
were below the detection limit whereas that of pawpaw and
plantain exceeded the permissible limit39 of 0.3 mg kgG1.

for lead ranging between <0.001 and 36.72 mg kgG1 in plants
on waste dumpsite in Accra42. The chromium concentration in
kontomire was within the permissible limit39 of 2.3 mg kgG1,
but the others had concentrations which exceeded the
required limit. The copper concentrations in all crops sampled
exceeded the permissible limit39 of 73.0 mg kgG1 and this can
be attributed continuous dumping of copper-containing
electrical gadgets.
With the exception of plantain having cadmium
concentration of 2.93 mg kgG1, the other crops are in line with
findings of Odai et al.40, who reported cadmium values ranging
between 0.68-1.78 mg kgG1 on urban waste dumpsites in
Kumasi. The high concentration of cadmium can be attributed
to burning of e-waste containing cadmium-nickel batteries,
pigments and paints. Significant concentrations of Cd may
have gastrointestinal effect and reproductive effect on
livestock45. The concentrations of zinc in the sampled crops
were within the permissible limit of 99.0 mg kgG1 with the
exception of the level in pawpaw (161.08 mg kgG1). The
concentrations of lead and chromium in the crops exceeded
the permissible limit of 0.3 and 2.3 mg kgG1, respectively.
However, these values are in agreement with values
reported for lead and chromium ranges <0.001-36.72 and
1.08-3.84 mg kgG1, respectively in plants on waste dumpsites
in Accra42. Agyarko et al.44 also reported critical range of
chromium as 5.00-30.00 mg kgG1 given by Radojevic and
Bushkin43. Aside plantain and orange having concentrations of
copper below the detection limit, turkey berry was found to be
within permissible limit of 73.0 mg kgG1 for copper and the
concentration of copper in pawpaw exceeded the required
limit.
CONCLUSION
The results of this study have demonstrated that
leachates and crops from the selected waste dumpsites are
contaminated with heavy metals. However, some crops were
below the detection limits for copper and lead from Kojokrom,
Effiakuma and Ntankoful dumpsites. For all the locations,
cadmium and chromium showed values above the acceptable
limits for leachates. Zinc and copper levels were also above
the acceptable limits for leachates with an exception of
Kojokrom and Effiakuma waste dumpsites. Essipong waste
dumpsite showed the highest zinc and copper concentrations
for the leachate samples. Zinc and copper concentrations
were also the most abundant heavy metals found in most of
the crops from the selected waste dumpsite.
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9.

SIGNIFICANCE STATEMENT
The study discovered high concentrations of heavy metals

10.

in the leachates and crops grown at the selected wastes
dumpsites in the Sekondi-Takoradi Metropolis in the Western
region of Ghana. Consumption of crops from the dumpsites
where significantly high concentrations of Cd, Zn, Pb, Cr and
Cu were detected poses a threat to human health. The
Environmental Protection Agency and Sekondi-Takoradi

11.

Metropolitan Assembly (STMA) should collaborate to create
awareness on the potential health risks people are exposed to
12.

from these waste dumpsites.
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