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trometer and confirmed on an Agilent 7800 inductively coupled plasma-mass spectrom-
eter. Mercury was determined with a Lumex mercury analyzer. Mean concentrations of

Keywords: metals in soils were in the order: Zn (166 mg/kg). Cr (67 mg/kg) > Cu (32 mg/kg), Ni
Pollution index (22 mg/kg) > Pb (11 mg/kg) Cd (8.9 mg/kg) > As (4.2 mg/kg) > Hg (0.04 mg/kg) for
XRF Kronum; and Zn (558 mg/kg), Cu (347 mg/kg), Pb (288 mg/kg) > Cr (77 mg/kg) > Ni
Geo-accumulation index (35 mg/kg) > As (11 mg/kg) > Cd (3.0 mg/kg) > Hg (0.19 mg/kg) for Amakom. Pollution in-
Contamination factor dices (geo-accumulation, contamination factor, pollution load and potential ecological risk)

indicated very high contamination for arsenic, cadmium and lead at Kronum and arsenic,
cadmium, copper, lead and zinc at Amakom. Mercury recorded the least level of pollu-
tion for both dump sites. Regular monitoring of these abandoned dump sites is required.
Remediation programs in these sites should also be instituted.
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Introduction

Heavy metals are described as those metals with a specific gravity higher than 5 g/cm3 [1]. Heavy metals are stable
elements that cannot be metabolized by biological organisms and are also not biodegradable. As such they are passed up
the food chain to humans resulting in biomagnification. Some heavy metals, such as iron and nickel are essential to the
survival of all forms of life in low concentrations. However, others such as lead, cadmium and mercury are toxic to living
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organisms even in low concentrations and can cause anomalies in metabolic functions of organisms especially at higher
concentrations [2]. Heavy metals occur naturally in the ecosystem with large variations in concentrations. In modern times,
anthropogenic activities have also introduced some of these heavy metals into the ecosystem [3]. Human exposure to heavy
metal contaminated soils occurs through inhalation of contaminated dust, ingestion, and dermal contact [4].

Proper disposal of waste has been a serious problem in Ghana. In some cases, waste is dumped recklessly with no regard
to environmental implications, while at some dump sites, waste is burnt in the open and ashes abandoned at the sites.
The burning of waste gets rid of the combustible materials and oxidize the metals, leaving the ash richer in heavy metals.
After the process of oxidation and corrosion, these metals dissolve in rainwater and leach into the soil from where they are
picked up by growing plants, thereby entering the food chain [5]. Improper waste management methods either results in the
contamination of groundwater, or most of the metal contaminants are washed away by runoff into streams and rivers, thus,
contaminating the aquatic environment. Consequently, these metals can accumulate in fish and other aquatic organisms
posing a health threat to the consumers [6,7].

Dump sites also emit obnoxious odors and smoke that cause illness to people living near them. In a number of health sur-
veys in communities close to dump sites, a wide range of human health problems, including respiratory symptoms, irritation
of the skin, nose and eyes, gastrointestinal problems, psychological disorders and allergies, were reported [8]. Co-disposal of
agricultural and industrial hazardous wastes with municipal wastes can expose people to chemical and radioactive hazards.
Unconsolidated solid waste can also obstruct streamflow resulting in the formation of stagnant water bodies that become
breeding grounds for disease-causing organisms such as mosquitoes.

Only a small fraction of waste generated in the country is recycled [9]. Dump sites and landfills are the main recepta-
cles for domestic and industrial waste in Ghana. Dumping of refuse/waste is practiced in every community in the country.
Abandoned dump sites are usually turned into other land uses such as crop cultivation, recreational parks or building of
human residences. Sometimes, the soil is also excavated for soil amendments elsewhere because of the rich mineral and
organic content but without assessing the health risks they pose to organisms and the environment. However, despite their
widespread presence and the importance of dump sites in the country, they have been sparsely studied especially with re-
gard to their mineral and toxic content. The few studies so far conducted have focused on large landfills [10,11], dump sites
at light industrial hubs [12], and e-waste recycling sites [13,14]. Agyarko and his team [15] compared the concentrations of
an array of metals (including As, Cd, Co, Cr, Cu, Fe, Hg, Mo, Ni, Pb and Zn) in a dump site in an urban center to those in a
rural community in Ghana and adduced that metals loading in the urban dump site exceeded the threshold and therefore
posed health risks. On the other hand, a study on the impact of heavy metals and soil physicochemical properties of another
dump site [16] concluded that heavy metal contamination was within the FAO/WHO permissible limits. To make informed
decisions and policies on heavy metal contamination, stakeholders need to know how much metals the waste receptacles
(including waste dump sites) discharge into the general environment.

This study was undertaken to determine the concentrations of heavy metals (As, Cd, Cr, Cu, Hg, Ni, Pb and Zn) in soils
from dump sites at Amakom and Kronum, in the Kumasi metropolis, Ghana. Residents around these dump sites are per-
ceived to be at a considerable risk of exposure to the toxic metals. There is therefore the need to assess the pollution risks
(contamination factor, geo-accumulation index, pollution load, and potential ecological risk) the metals in the abandoned
dump sites pose to the environment.

Experimental
Study area

The study was conducted at 2 dump sites at Amakom and Kronum, suburbs of Kumasi in the Ashanti region of Ghana.
The Kumasi metropolis lies between latitudes 6.35-6.40° and longitude 1.30-1.37°, with an area coverage of about 299 km?.
Kumasi features a tropical wet and dry climate, a relatively constant temperature throughout the year and two different
rainy seasons: a longer rainy season from March through July and a shorter rainy season from September to November. The
annual average rainfall in the area is around 1,400 mm [17]. The dump site at Kronum which was once active has been
abandoned for about 15 years. It is situated near residential facilities. Although abandoned, both liquid and solid wastes are
still discarded at the site. It is currently used for farming activities due to the waterlogged nature of the site. Some of the
crops found on the site included cassava, plantain and cocoyam. The Amakom dump site falls between Akwatia line and
Dagomba Line (an emerging e-waste recycling hub in Kumasi).

Soil sampling and preparation

Samples were collected in October 2018 from several locations at 5 to 15 m apart using a stratified random sampling
approach. The soil samples were collected with the aid of clean plastic hand shovels at 0-10 cm below the topsoil and
placed into well labelled ziploc bags. The positions of the sampling points were recorded with the help of a geographic
positioning system. Duplicate samples were taken from every fifth sample point. In all, 70 soil samples were collected from
both sites. Figs. 1 and 2 show the sampling points at the Kronum and Amakom dump sites respectively. Control samples
were taken from the KNUST botanical gardens. The soil samples collected from each dump site were transported to the
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Fig. 1. Map of Kronum showing sampling points.
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Table 1

Descriptive statistics of metal concentration (mg/kg) and physicochemical parameters of soil from dump sites at Kronum and Amakom
Metals/Physicochemical Metho.d Kronum Dump site Amakom Dump site Reference Standards
Property detection - -

limit Max Average  SD Median  Max Average  SD Median  *[34] “[33]

As <23 9.8 4.8 1.5 4.5 50 12 9.6 9.4 12 29
cd <29 209 13 37 3.0 6.5 5.9 0.3 6.0 10 0.8
Cu <8.0 130 32 20 30 2395 347 404 182 63 36
Cr 4.6 147 66 31 69 232 77 39 70 64 100
Hg <0.005"* 0.10 0.04 0.02 0.03 1.01 0.2 0.2 0.14 6.6 0.3
Ni <71 69 26 12 20 60 34 14 33 45 35
Pb <2.7 86 13 17 2.0 333 309 410 182 140 85
ZIn <9.0 1121 166 201 98 1433 558 273 537 200 140
TOC 13 9.3 1.9 6.0 15 7.9 3.2 6.8
TDS (mgjl) 809 787 16 792 380 307 46 306
pH 9.1 7.8 0.6 7.9 8.3 7.5 0.5 7.5
EC (pS/cm) 1091 335 216 268 1486 637 385 568

Min - minimum value recorded; Max - maximum value recorded; SD: standard deviation of dataset
* CCME: Canadian Council of Ministers of Environment
** VROM: Dutch Ministry of Housing, Spatial Planning and the Environment
** Value determined with Lumex Hg analyzer, all other detection limits were found using XRF

laboratory, air-dried and homogenized. The dried samples were crushed with a clean mortar and pestle and then sieved
using a 2 mm sieve. The sieved soils were placed in ziploc bags and stored for laboratory analysis.

Total metal concentration analysis

Samples were examined using a Niton XL3t GOLD field portable X-ray fluorescence (FP-XRF) spectrometer following the
United States Environmental Protection Agency Method 6200 protocols [18,19]. A portion of the sieved sample was placed in
a small (~ 30 mm) polyethylene container with a propylene film so that it was three-quarters full. It was then placed in the
instrument shroud and scanned for 180 s [20]. Average recoveries obtained by running 3 reference material (NIST 2709a)
were always >7545%. Reproducibility tests conducted by analyzing 9 replicate samples generated average relative percent
difference of 21% for As, 11% for Cr, 7.5% for Cu, 9.2% for Ni, 13% for Pb, and 7.7% for Zn indicating satisfactory reproducibility.
Typically, the FP-XRF gives results of 24 elements but 8 toxicologically important ones were used in this study. The method
detection limits varied widely between the metals (Table 1)

Comparison of XRF data on ICP-MS

Nine samples, representing different settings and the locations, were acid-digested and analyzed using an Agilent 7800
inductively coupled plasma-mass spectrometer (ICP-MS) to validate the data obtained from the XRF. Prior to ICP-MS anal-
ysis 1 g each of the sieved soil samples were acid digested in 10 mL portions of 1:1:1 nitric acid-hydrochloric acid-water
mixture at 95 °C for 1 h on a heating block. The digested samples were then filtered and made to volume using dilute
hydrochloric acid before analysis based on the US-EPA standard method 6020B [21]. There was a strong linear correlation
between the XRF and ICP-MS data with the following r2 values, As (0.868), Cr (0.978), Cu (0.999), Pb (0.996), Ni (0.903), and
Zn (0.834); p<0.01 for all the elements. Cadmium concentrations in most of the samples were below detection and as such
were excluded from the statistical comparison.

Mercury analysis

Mercury concentrations in the samples were determined with an automatic mercury analyzer (Lumex RA 915M, St Pe-
tersburg, Russia) equipped with a pyrolysis unit (Lumex 92) for heating solid samples. The operational principle of the
instrument is based on the absorption of the 254 nm resonance radiation by mercury atoms using Zeeman correction for
background absorption [22]. A known mass (~ 0.3 g) of the dry sample was placed in the sample cell of the Pyro-915+ op-
erating at a heating temperature of 450 °C and airflow of 1 L/min [20]. The run time for signal peaking was about < 1 min.
The developed peaks were then integrated against a reference calibration (Cat: 500292: Lumex, St Petersburg, Russia) to
obtain the concentrations. The detection limit based on the signal/noise ratio of 3 was 0.0005 mg/kg.

Soil pH, TDS and electric conductivity

The pH, electrical conductivity (EC), and total dissolved solids (TDS) of the samples were determined using Milwaukee Mi
805 combined meter for pH, EC, and TDS/Temperature. Approximately 20 g of soil sample was added to 40 mL of distilled
water and thoroughly mixed. The mixture was allowed to settle for 1 h after which the pH, EC and TDS were read from the
probe.
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Total organic carbon

Soil samples were analyzed for total organic carbon using the loss on ignition method [23]. Two grams of the sample was
weighed directly into a crucible and placed in a pre-heated oven at 105 °C for 2 h. The samples were removed and cooled
to room temperature in a desiccator before weighing. The samples were then placed in a furnace and heated to 550 °C for
4 h. The samples were removed from the furnace and allowed to cool to room temperature in a desiccator and re-weighed.
Replicate measurements were carried out to ensure the reproducibility of results. Organic matter content was calculated as
the difference between the initial and final sample weight divided by the initial sample weight multiplied by 100%.

Data processing and evaluation

Data obtained from this work were analyzed using Microsoft Excel. Statistical analyses such as correlation analysis were
performed using Minitab® 16. Metal distribution map and box plots were drawn using Arc-GIS and Minitab®16.

Estimation of level of contamination

The extent of metal contamination can be evaluated by either comparing site-specific data to background reference data
or through the use of pollution indices and enrichment factors. In this work, contamination was assessed using the geo-
accumulation index, contamination factors, pollution load and potential ecological risk indices.

Geo-accumulation index (Igeo)

The geo-accumulation index (Igeo) was used as a reference in estimating the extent of elemental pollution in the soil
[24]. It was computed according to Eq. 1.

Cn
Igeo = log, 1580 (1)

Where Cn is the measured concentration of the examined metal in the sample, Bn is the geochemical background concen-
tration/value or reference value of the metal (n). The factor or constant 1.5 allows for the analysis of possible variations in
background values for a given metal in the environment as well as very small anthropogenic influences [25]. The value for
Bn of the metals were: As 6.5; Cd 0.52; Co 4.3; Hg 0.06; Ni 14.2; Pb 31; Cr 58.4 [17]

Contamination factor (Cf)

Contamination factor (Cf), which is the ratio of the concentration of a metal in the soil to background levels, was used
to assess the extent of metal contamination. The CF was calculated using Eq. 2.
Cf= Chim (2)
Ccrustal
Where Cf is the contamination factor of the heavy metal, Chm is the concentration of the heavy metal in the sample and
Ccrustal is the concentration of the heavy metal in the continental crustal average/baseline concentration [17].

Pollution load index

To estimate the overall pollution status of the samples, the pollution load index (PLI) of the metal contaminants was
calculated using Eq. 3.

PLI = (CF, x CE, x CE x ...CE,)'/ (3)
Where CF represents the contamination factor of metal, n represents a specific metal contamination factor. The PLI values

are used to classify samples as; unpolluted (PLI < 1), moderately polluted (PLI = 1-3), highly polluted (PLI = 3-5) or very
highly polluted (PLI > 5) [26,27].

Potential ecological risk

The potential ecological risk index (PERI) was used to assess the degree of heavy metal pollution in soils based on the
contamination factor of heavy metals (CF) and the response of the environment to the contaminant (TrF). The PERI was
calculated as the sum of individual risk indices (RI) from Eq. 4 as follows:

n
PERI = ) " (TrF x CF) (4)
i=1
Where TrF represent the toxic response factor of the metal, CF is contamination factor and n represent the number of metals
under study. Toxic response factor for metals are in the order of Zn = 1, Cr = 2, Co = Cu = Pb = 5, Ni = 6, As = 10, Cd = 30
and Hg = 40. The degree of ecological risk was classified as PERI < 40 (low risk), 40 < PERI < 80 (moderate risk), 80 <
PERI < 160 (considerable risk), 160 < PERI < 320 (high risk), and PERI > 320 (very high risk) [28].

5
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Results and discussion
Physicochemical properties

The descriptive statistics (mean, standard deviation, maximum, and median) values of the physicochemical properties of
soils from Kronum and Amakom dump sites are presented in Table 1. The pH is one of the main factors which determine the
availability, retention, and mobility of nutrients and heavy metals in soils. At low pH, metals are more bioavailable to plants
and hence could pose severe toxicity problems compared to alkaline soils. The pH of the soil samples ranged from slightly
acidic to slightly basic with most of the soil samples falling into the neutral range. The pH values obtained in this study
are similar to those reported for other dump sites [15,24,29]. The average TOC of the soils from the Kronum and Amakom
dump sites are similar to TOC observed from Meduma and Mampong dump sites in Ghana [15] but much higher than those
recorded in soils from Abrepo, Ayigya, and Buokrom dump sites in Kumasi, Ghana [29]. Organic matter may interact with
heavy metals, resulting in the formation of stable metal-organic matter complexes in soils. While immediately unavailable,
such complexes can be degraded under oxidizing conditions and make the metals bioavailable [30,31].

Heavy metal concentrations

The spatial distribution of the metals based on interpolations of the concentrations relative to the geospatial positions of
the sampled point [32] is presented in Fig. 3 (Kronum) and 4 (Amakom). As seen in Fig. 3, Pb was concentrated in the central
areas of the Kronum dump site whereas Ni was heavily concentrated in the upper west quadrant. Chromium is mainly found
in the far-east and far-west areas of the dump site. The central areas of the Kronum dump site is most concentrated with
Cd. For the Amakom dump site (Fig. 4), the eastern areas of the dump site were heavily concentrated with As, Cd and Ni.
Chromium and Pb were mostly found in the central areas. Metals that form part of the same concentration hotspot may
either be present in similar minerals in the soil or may have emanated from similar anthropogenic activity.

Descriptive statistics for the concentrations of heavy metals (As, Cd, Cr, Cu, Hg, Ni, Pb, and Zn) in the soil samples
along with the Dutch target values [33] and Canadian environmental soil quality guideline for residential land use [34] are
summarized in Table 1. On average, the total concentration of metals obtained from this study was high when compared
to international soil quality guidelines. For soils from Kronum dump site, the average concentrations of As, Hg, Ni, and Pb
were lower than the Dutch and Canadian limits. The average concentrations of Cr (66 mg/kg) in Kronum dump site soils
was higher than the Canadian guideline but lower than Dutch standards. For soils collected from the Amakom dump site
(Table 1), the average levels of Ni and Hg were lower than the guidelines. Average As concentration was about 2-folds higher
in Amakom than in Kronum but below the Dutch limit. The average concentration of Cd found in Amakom was half that
found in Kronum dump site soils but 7-folds higher than the Dutch standard. Cr levels were around the same value as
the Canadian limit but lower than the Dutch limit. The average concentrations of Cu, Pb and Zn in the Amakom dump site
samples however exceeded both guidelines. In general, the levels of all metals, other than Cd, were higher in Amakom dump
site soils than those found at Kronum. Whereas mean Hg concentration at Kronum was 0.04 mg/kg, the mean concentration
at Amakom was 0.2 mg/kg. For Cu, the mean concentration at Amakom was about 10 times greater than the Kronum mean
concentration. Levels of Pb at Kronum were also over 20 times less than that obtained from Amakom. The data suggested
the Amakom dump site was more contaminated than the Kronum dump site.

Pb is a toxic metal with exceptionally low mobility and high bioavailability. Pb is known to persist in surface soils for a
long time [20] and thus, dust is of particular concern in Pb exposure [35]. Although both Cu and Zn are essential elements,
human ingestion of high concentrations can lead to gastrointestinal diseases [35,36]. The high concentration of Cu, Pb, and
Zn in the soil samples from Amakom, therefore, presents a major concern. These high levels of Cu, Pb, and Zn in Amakom
dump site soils may be the result of improper disposal of metals scraps or other metal-containing products such as paints
and cosmetics. Pharmaceutical wastes are regularly deposited at some of these dump sites and landfills [37] and may thus
serve as a potential source of heavy metals. Herbal medicines are also known to contain heavy metals [38] and their indis-
criminate disposal may also contribute to the heavy metal load in the dump site. The concentrations of Cd at two locations
in Kronum were high and this may be from municipal waste, sewage sludge, nickel-cadmium batteries, and fertilizers. An-
other metal found in high concentrations is Cr which may have been introduced into the soil from the disposal of scrap
metals and products made from cement. The sequence of occurrence of metals is Zn > Cu > Pb > Cr > Ni > As > Cd > Hg
in soil samples from Amakom and Zn > Cr > Cu > Ni > Pb > Cd > As > Hg in soil sample from Kronum.

The high levels of Pb in the dump site soil from Amakom is comparable to results obtained from the analysis of soils
from other dump sites in Kumasi. Akoto et al., (2019) showed that about 25% (~3000 mg/kg) of Pb in soil from the Aboabo
dump site in Kumasi was available in fractions available to plants and other organisms. Interestingly, in that study, it was
shown that most metals were locked up in the residual fractions, indicating that they are locked up in crystalline structures
and thus unavailable for plant uptake or use by some living organisms [39]. However, the high concentrations of metals
observed at Amakom warrants immediate action to prevent exposure to humans and other organisms in the vicinity of the
dump site. Odai and coworkers [29] also reported low levels of Cd (1.86 - 2.87 mg/kg) in soils from dump sites at Ayigya,
Buokrom and Abrepo, all suburbs of Kumasi. It was also observed that the levels of Pb in the soils from Ayigya, Buokrom
and Abrepo dump sites were much higher than other metals, with concentrations between 51 and 55 mg/kg. A scan through
the literature on heavy metals concentrations in soils from landfills and dump sites regularly show high levels of Cr and Pb

6
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Fig. 3. Distribution pattern of heavy metals in soils from dump site at Kronum: There were high levels of Cd in most samples taken. The eastern part of the dumpsite recorded relatively high levels of As and Cr.
Ni was found mainly in the north-eastern part of the dumpsite.
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Fig. 6. Boxplots of Contamination factor for metals in soil at A. Kronum and B. Amakom dump sites. Most metals in Kronum recorded low contamination
factors whereas As, Cd, Cu, Pb and Zn recorded high contamination at Amakom.

in particular [8,15,26,39]. Even though most of these metals may be in forms that are not bioavailable, as shown by the
Akoto study [39], the regular presence of these metals in dump site and landfill soils is probably a reflection of the absence
and/or enforcement of regulations on the disposal of heavy metal-containing materials in Ghana. Many dump sites and
landfill sites in developing countries are usually operated without regard to acceptable standards, resulting in the release of
leachates and toxic gases into the environment [40]. The fact that some are situated near residential facilities, schools and
community playgrounds expose children especially to considerable risk.

Assessment of metal contamination

Geo-accumulation index (Igeo)

The calculated Igeo values are summarized as individual value plots in Fig. 5. The Igeo values for As, Cd, Cr, Cu, Ni, Pb and
Hg showed generally no pollution at Kronum (Fig. 5a). However, the Igeo values of Zn ranged from 0.11 to 1.58 at Kronum
indicating no pollution to moderate pollution. The degree of pollution or contamination of these metals follow the order of
Zn > As > Cr > Pb > Cd > Hg > Ni. At Amakom (Fig. 5b), the Igeo values for As, Pb, Cu and Zn ranged from 0.20 to 3.37,
1.00 to 2.62, 0.34 to 2.07 and 0.58 to 1.69 respectively. Thus, the degree of pollution in reference to As is classified as no
pollution to high pollution, that of Pb as moderate pollution to strong pollution, Zn as no pollution to moderate pollution
and no pollution to high pollution for Cu. The Igeo values of Cr, Ni, Hg and Cd showed no pollution. The degree of pollution
or contamination of metals at Amakom follows the order of Pb > As > Cu > Zn > Ni > Cd > Cr > Hg. It was generally
observed that Amakom was highly polluted with Zn, Cu, Pb and As whereas Kronum is highly polluted with Cd, As and Pb.

Contamination factor (Cf) and pollution load (PL)

The contamination factors (Cf) and pollution load indices (PLI) were calculated using Eqgs. (2) and (3) respectively and
are represented in a boxplot. Fig. 6a shows the boxplot for the contamination factor of the various metals in soils collected
from the Kronum dump site while Fig. 6b represents the contamination factor of metals in soils from the Amakom dump
site. The pollution load was calculated using background data from the KNUST botanical gardens and the results are shown
in Fig. 7. The PLI indicates the overall level of heavy metal toxicity in a particular sample and gives the combined effect
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.

Amakom Kronum

Fig. 7. Boxplots of Pollution Load of metals at both Kronum and Amakom dump sites. The PLI for Amakom is described as high whereas that of Kronum
is moderate.

Table 2
Potential Ecological Risk Index (PERI) Estimated for Soil Samples from Dump sites in Amakom
and Kronum

METAL Amakom Kronum

PERI Remarks PERI Remarks
As 271.37 High Risk 104.59 Considerable Risk
Ccd 218.51 High Risk 476.84 Very High Risk
Cu 773.11 Very high Risk 69.32 Moderate Risk
Cr 24.68 Low Risk 22.22 Low Risk
Hg 9.66 Low Risk 1.80 Low Risk
Ni 79.75 Moderate Risk 60.98 Moderate Risk
Pb 2949.37 Very High Risk 121.97 Considerable Risk
Zn 200.93 High Risk 9.34 Low Risk

Classification: PERI < 40 (low risk), 40 < PERI < 80 (moderate risk), 80 < PERI < 160 (consider-
able risk), 160 < PERI < 320 (high risk), and PERI > 320 (very high risk) [41].

of all elements analyzed. The results of the contamination factor showed that most of the elements in Kronum recorded
low contamination levels. Hg recorded extremely low contamination level while Pb recorded considerate contamination. At
Amakom, As, Cd, Cu, Pb and Zn recorded high contamination with Hg having low contamination while Cr and Ni fell within
moderate contamination range. The pollution load index (PLI) predicted high PLI for Amakom and moderate PLI value for
Kronum as depicted in Fig. 7.

Potential ecological risk

To get a more accurate assessment of heavy metal pollution in terms of ecological risk; potential ecological risk indices
were determined, and the results presented in Table 2. Potential ecological risk indices indicate overall pollution. The metals
exhibited increase in their risk indices at the various sampling points; ranging low risk to very high risk in the order: Hg<
Cr < Ni <Zn < Cd < As < Cu < Pb for Amakom and Hg < Zn < Cr < Ni < Cu < As < Pb < Cd. The overall ecological risk
for the metals was high.

Comparison of pollution indices with other studies

Soils from dump sites in Madina, Kumasi and Mampong were classified as being uncontaminated to moderately uncon-
taminated for Cd, Hg, Pb, Cr, Co, Ni and As based on geo-accumulation indices [15]. In another study from Aboabo aban-
doned landfill in Kumasi-Ghana, the Igeo values for Pb and Cr showed strong pollution which was similar to that estimated
for Amakom [39]. In a landfill site in Aba, Nigeria [8], the recorded Igeo value for Cd and As showed moderate pollution
similar to the Igeo obtained for Amakom. The Igeo for Cr and Ni also showed no pollution similar to the value calculated for
Kronum. Generally, the Igeo and contamination factor values of Cd, Cr, Ni, Hg found in Amakom and Kronum, Ghana were
lower. However, those of As and Pb were higher in Amakom and Kronum than in Aba.
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Conclusion

This study has established that there were moderate concentrations of heavy metals (arsenic, cadmium, chromium, cop-
per, lead, mercury, nickel, and zinc) in dump site soils at Amakom and Kronum with few of the metal concentrations ex-
ceeding International soil quality guidelines. The metals detected were found to be evenly distributed in the study area with
a slightly higher concentration of lead found at the Western and North-Eastern part of Kronum and Amakom dump sites
respectively. Index of geo-accumulation and contamination was found to be greatest for arsenic and lead at Amakom and
Kronum respectively. However, the overall pollution of metals for dump site at Amakom was extremely higher than that
of Kronum. This could be associated with the disposal of metal scraps, electronic waste, cosmetics, and drugs or from the
bedrock. Plants grown on the dump site at Kronum can accumulate heavy metals which can be transferred through the food
chain to man, posing a potential health risk. The toxic metals could also potentially impact the ecosystem negatively.
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