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Abstract

Onshore oil drilling activity is ongoing at Jubilee oil fields, Ghana. This activity could lead to heavy metal exposure
with consequential adverse effects on public health in nearby coastal communities. Therefore, we assessed heavy
metal levels and spatial distribution in soils and plants from the west coast of Ghana to obtain baseline values for
monitoring heavy metal exposure. Surface soils were collected from six coastal communities, and analyzed for
arsenic, cadmium, copper, mercury, lead, selenium and zinc using atomic absorption spectrophotometer. Mean
heavy metal concentrations in soil samples were 2.06, 6.55, 0.016, 21.59, 0.18 and 39.49mg/kg for arsenic, copper,
mercury, lead, selenium and zinc, respectively. Mean heavy metal concentrations in plants were 2.70, 17.47, 3.17,
91.74, 1.51 and 9.88mg/kg for arsenic, cadmium, copper, lead, selenium and zinc, respectively. Concentrations
of arsenic, cadmium and lead in plants exceeded WHO/FAO permissible limits. Enrichment factor for arsenic
was significant and extremely high for selenium, while geoaccumulation index showed moderate pollution for
selenium. Soil contamination factors for arsenic, lead, and selenium indicated considerable contamination. In view
of these findings remediation methods must be adopted to safeguard the communities. The data will be useful for
future monitoring of heavy metal exposure in the communities and to assess the impact of the ongoing crude oil
drilling activity on the environment.

Introduction Contamination of the soil ecosystem by heavy

Pollution of the natural environment with metals is a critical environmental challenge

heavy metals has received the attention of
researchers globally. This is mainly due
to their harmful effects on both plants and
(Forstner and Wittmann 2012).
Concentrations of heavy metals in coastal

animals

environment have been increasing rapidly
due to human activities that culminate in
their discharge into the environment (Ra et al.
2013). Activities of some industries result in
release of metals into the environment which
may bind with particulate matter and enter soils
and sediments and plants may also pick them.

because the metals persist in the environment
(Babatunde et al. 2014; Kirpichtchikova et al.
2006; Pakade et al. 2012). The soil is a major
source of contamination to the food web. Thus,
itis a preferred matrice for assessment of metal
contamination (Ra et al. 2013). Heavy metals
are ubiquitous in the soil environment. Due
to rapid urbanization and industrialization of
the coast of Ghana, it is anticipated that heavy
metals are being continuously introduced into
the environment from a variety of sources such
as discharge of domestic sewage, industrial
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waste water, and atmospheric deposition.

Ghana officially become an oil producing
country in 2010 with an initial estimated
reserve of 800 million to 1.8 billion barrels and
expected peak production of 120,000 barrels
per day (Acquah-Sam 2014; Ayensu 2013).
Prior to exploration of petroleum resources,
an offshore environmental impact assessment
was conducted by TDI-Brooks International
in collaboration with Tullow Oil Company,
Ghana, from 2008 to 2009. Therefore, it
is necessary to evaluate the distribution
of heavy metals in soils and plants in the
coastal communities, as intensive petroleum
exploration and extraction continues 60 km
offshore. This study determined the spatial
distribution and concentration of heavy
metals in soils and plants along the south-
western coast of Ghana. Different metal
assessment indices such as enrichment factor,
geoaccumulation index, contamination factor
and pollution load index were used to evaluate
the contamination status of the study area. The
Environmental Protection Agency of Republic
of Ghana will be informed of the communities
with unacceptable levels of heavy metals. The
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data generated from this study will serve as
baseline for future monitoring of the coastal
communities for heavy metal exposure.

Methods

Study Area

The study was conducted in six districts
bordering the marine coastal environment of
the Jubilee Oil Field in the Western Region
of Ghana. One community was selected from
each district. The six (6) study communities
were Atuabo in Ellembelle District, Half
Assini in Jomoro District, Lower Axim in
Nzema East District, Dixcove in Ahanta West
District, Shama in Shama District and New
Takoradi in Sekondi-Takoradi District.

The Western Region of Ghana covers an area
of 23,921 km?, which forms about 10 % of
Ghana’s total land size, is located in the south-
western part of the country and lies between
5°23°24.7128Nand2°8°42.0864 W (Figure. 1).
The total population of the region is 2,376,031
representing 9.6 % of the national population
(Ghana Statistical Service 2010). The region
has about 75 % of its vegetation within the
high forest zone of Ghana. The southwestern

Figure 1. Map of the study area showing the coastal communities
Soil and plant sampling
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part of the region is noted for rainforest
interspersed with patches of mangrove forest
along the coast and coastal wetlands, whereas
high tropical forest and semi-deciduous forest
is also found in the northern part of the region.
The region lies in the equatorial climate zone
characterized by moderate temperature of 22
°C to 34 °C at night and day, respectively. The
region is the wettest, with bimodal rainfall
pattern averaging 1600 mm per year. The
rainfall peaks fall between May to July and
September to October, and intermittent minor
rains are experienced all year round.

Soil samples were collected in the dry season
(late October) from six different communities
at 0-15 cm depth. In each community, five (5)
core soil samples were collected randomly,
using a soil auger. Each core sample was made
up of 5 composite samples that were bulked
together and well mixed. Representative
composite samples were collected and stored
in well labeled containers and then transported
to the laboratory for analysis. A portable
GERMIN GPS instrument was used to take
the coordinates of the sampling points. Ten
wild plant species in each of the communities
were collected for analysis, depending on
its dominance in the communities. A total of
sixty (60) plant samples were collected for
analysis. The names of the common wild
plants collected were Alchonea cordifolia,
Avicennia nitida, Chromolaena odorata,
Erythrina senegalensis, Ficus exasperata,
Ficus sagittifolia, Ficus umbellata, Terminalia
catappa, Thespesia populnea, and Senna

siamea.

Sample preparation

Soil samples were air-dried for 5 days, ground
using porcelain pestle and mortar, and then
sieved through a 2 mm mesh. Plant samples
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were washed with distilled water and kept in
an oven at 70 to 80 °C until constant weight
was attained. The samples were then milled
into a powder, sieved through a 2 mm sieve and
then stored in plastic polythene bags for acid
digestion prior to heavy metals determination.

Atomic Absorption Spectrometric
measurement

Soil samples (1 g) were digested with 10
mL of ternary mixture HCIO,:HNO,:H,SO,
(1:25:2.5) on a digestion block at 95 °C under
a fume hood. After digestion, the samples
were allowed to cool, before filtration using
Whatman No. 42 filter paper. Volumes were
adjusted with distilled water to 100 mL in
volumetric flasks. For plant sample, 0.5 g was
pre-digested, overnight, in 5 mL concentrated
H,SO,. Samples were then digested at 95 °C
on sand bath with the addition of drops of H O,
until they were completely oxidized. After
cooling, the digested samples were filtered
into 100 mL volumetric flask and brought up to
the mark with distilled water. Concentrations
of heavy metals were measured using Perkin
Elmer PINAAcle 900T Atomic Absorption
Spectrophotometer with air-acetylene gas
for cadmium (Cd), copper (Cu), lead (Pb),
selenium (Se), zinc (Zn) and argon gas for
arsenic (As) and mercury (Hg). Before sample
analysis was done, calibration curves were
prepared using the respective heavy metal
standards.

Triplicate measurements were

performed.

Assessment of soil contamination

Contamination status of soils were determined
using enrichment factor (EF), geoaccumulation
index (Igeo), contamination factor (CF), and
pollution load index (PLI). Enrichment factor
of metals were determined using Equation
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1 after the concentration of each metal has
been normalized using aluminum (Al) as the
reference element.

Where EF is the enrichment factor for the
element, Cx is the concentration of element of

interest in sample; Cref is the concentration of
the reference element used for normalization
in the sample. Bx is the concentration of
the element in the crust and Bref is the
concentration of the reference element used
for normalization in the crust (Ato et al.
2010; Cevik et al. 2009). Five contamination
categories are assigned on the basis of the
EF<2 =

minimal enrichment; EF=2-5 =

enrichment factor: deficiency to
moderate
enrichment; EF=5-20=significant enrichment;
EF=20-40 = very high enrichment and EF>40
= extremely high enrichment (Yongming et al.
20006).

The index of L., is widely used in the
assessment of contamination by comparing
the levels of heavy metal obtained to a
background level originally used with bottom
sediments (Atiemo 2011; Muller 1969). L., is

calculated using Equation 2.

where Cn is the measured concentration of
the element in soil being studied and Bn
the
concentration in fossil argillaceous sediment

represents geochemical background
(crusted average or average shale) (Akoto et
al. 2008). The constant 1.5 is introduced to
minimize the effect of possible variation in the
background values which may be attributed
to lithological variation in the sediments (Lu

et al. 2009). The following classification is
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given for Igeo:<0 = practically unpolluted,
0-1 = unpolluted to moderately polluted, 1-2
= moderately polluted, 2-3 = moderately to
strongly polluted, 3-4 = strongly polluted,
4-5 = strongly to extremely polluted and >5 =
extremely polluted (Lu et al. 2009).

The level of contamination of soil by metal
is expressed in terms of a CF calculated as
shown in Equation 3.

where Csample is contamination of sample,
Cbackground is background contamination

and the contamination factor CF<I1 refers to
low contamination; 1<CF<3 means moderate
contamination; 3<CF<6 indicates considerable
contamination and CF>6 indicates very high
contamination.

The PLI which the
contamination effects of the metals was

assesses mutual

computed using equation 4.

The PLI is the ratio of element concentration
in the study to the background concentration
of the abundance of chemical elements in the
continental crust. The PLI of each element
is classified as either low (PLI<1), middle
(1<PLI<3) or high (PLI>3) (Chen et al. 2005).

Statistical analysis

Data were subjected to statistical analysis
using SPSS version 20.0. One-way analysis
of variance (ANOVA) was used to test the
difference in metal concentrations among the
communities. The least significant difference
method was applied at the probability level,
p=0.05. Correlation of heavy metals in soil
was found using 2-tailed Pearson’s correlation
test.
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Results and Discussion

Heavy metals concentration in soil samples

Table 1 shows the mean concentrations of
metals in soil at the various communities.
The mean concentrations of heavy metals
in soil were 2.06 mg/kg for As, 6.55 mg/
kg for Cu, 0.02 mg/kg for Hg, 21.59 mg/kg
for Pb, 0.18 for Se and 39.49 for Zn. The
highest concentrations of Cu and Pb in soil
were recorded at New Takoradi whereas the
highest concentrations of As (4.43 mg/kg) and
Hg (0.027 mg/kg) were recorded at Shama.
On the other hand, the highest concentration
of Se (0.22 mg/kg) was found at Atuabo
and Lower Axim, respectively, while the
highest Zn concentration (57.51 mg/kg) was
recorded at Dixcove. Generally, the mean
metal concentration increased in the order
of Hg<Se<As<Cu<Pb<Zn. The ANOVA
revealed that there were significant difference
(p<0.05) in the concentration of As and Se
among the communities examined with the
exception of Cu, Pb, Zn, and Hg which showed
no significant difference (p>0.05). However,
Cd was not found in any of the soil samples.

The concentration of arsenic in the soil samples
anaylsed were below the WHO/FAO (2001)
permissible limit of 20 mg/kg. Antwi-Agyei
et al. (2009) recorded high values of arsenic
in soil which ranged from 84.53 to 1711 mg/
kg and attributed the high values of arsenic to
the presence of pyrites in the bedrock of the
area. Similarly, the concentrations of copper
recorded in soils were below the WHO/FAO
(2001) permissible limit of 100 mg/kg. The
values recorded were within the normal range
of copper concentration required by plants for
growth and development. The concentration
of copper recorded in this study was lower
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than earlier reported values of 47.0 mg/kg
reported by Fisseha et al. (2008) and 22.14
mg/kg around an oil depot at Jos in Nigeria
(Babatunde et al. 2014). Additionally, the
concentrations of lead in soils were below
the WHO/FAO (2001) permissible limit of
50 mg/kg. However, substantial amount of
lead concentration was recorded at the study
area indicating some anthropogenic source of
lead pollution in the environment. The values
recorded in this study were higher than of
14.13 mg/ kg and 13.53 mg/kg recorded in a
previous study (Babatunde et al. 2014).

The zinc content of soils analyzed was below
the WHO/FAO (2001) permissible limit of 300
mg/kg . However, the values of zinc recorded in
this study were within the normal range of zinc
required by plants. The concentration of zinc
observed in this study was lower than 237.96
mg/kg reported in an earlier study (Okunola et
al. 2007). A similar study conducted showed
that zinc concentration in an industrial area
was 49.7 mg/kg and 32.20 mg/kg in a rural
area (Srinivas et al. 2009). The concentration
of mercury recorded at the study area fell
below the WHO/FAO (2001) permissible limit
of 2.00 mg/kg. The mean value of mercury
(0.141 mg/kg) recorded in soils (Kpan et al.
2014) was higher than those detected in this
study. Mercury is an environmental pollutant
which induces severe alteration in the body
tissue and causes a wide range of adverse
health effects. The mean concentrations of
selenium recorded study area were below the
WHO/FAO (2001) recommended limit of 10
mg/kg in soils. A study reported similar values
in soils at the of selenium in soils as found in
our work, which ranged from 0.022 to 3.806
mg/kg Jian’an Tan et al. (2002).
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Heavy metal concentration in plant samples
Table 2 shows the mean concentration of heavy
metals in plant samples analyzed at various
communities. The mean concentrations of
examined heavy metals were 2.7 mg/kg for
As, 17.47 mg/kg for Cd, 3.17 mg/kg for Cu,
91.74 mg/kg for Pb, 1.51 mg/kg for Se, and
9.88 mg/kg for Zn. ANOVA revealed that
there were significant difference (p<0.05)
in the concentration of Cd, Pb, Se, and Zn
among the communities except As and Cu
which showed no significant difference
(»>0.05). From the WHO/FAO guidelines
the acceptable concentration of arsenic in
plants is 0.15 mg/kg (WHO/FAO 2007). The
mean concentration of arsenic was above the
permissible limit of arsenic in plant samples.
High concentration of arsenic in plants can
cause nausea, vomiting, diarrhea, cough,
headache and cardiovascular disease to
animals especially livestock (ATSDR 2007a;
Tchounwou et al. 2012).

The concentration of cadmium in plant
samples were above the WHO/FAO Ilimit
of 0.20 mgkg (WHO/FAO 2007). The
concentration of cadmium reported in this
study was higher than those reported by
Nazir et al. (2015). The high concentration
of cadmium could be as a result of domestic
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effluents or atmospheric deposition emanating
from industrial activities from the surrounding
areas. High levels of cadmium cause both
acute and chronic poisoning, adverse effect
on kidney, liver, vascular and immune system
and gastrointestinal and reproductive effects
(Maobeetal.2012). The normal copper content
in plant ranges from 2-20 mg/kg and WHO/
FAO recommended guideline value of copper
is 40 mg/kg (WHO/FAO 2007; Taber 2009).
The concentration of copper recorded in this
study fell within the range of copper required
by plants for growth and development.

The concentration of lead in plant samples
exceeded the WHO/FAO (2007) permissible
limit of 5 mg/kg by over 17-fold. The
consumption of high amount of lead can
cause anaemia, headache, brain damage,
and nervous system disorder to humans and
animals (ATSDR 2007b; Shi et al. 2011).
The permissible limit of zinc recommended
by WHO/FAO (2007) is 60 mg/kg, however
the mean of zinc concentration recorded were
below the limit. Zinc is one of the essential
trace elements which plays a vital role in
physiological and metabolic processes of
many living organism but can be harmful when
it reaches higher concentration (Tchounwou et
al. 2012).

TABLE 1
Concentration of heavy metals (mg/kg) in soil samples

Site As Cu Hg Pb Se Zn

Atuabo 1.00£0.36 4.59+3.46 0.01£0.00 20.10+5.23 0.22+0.01 48.65+21.13
Half Assini 1.2940.71 0.86+0.57 ND 18.98+11.15  0.19+0.02 26.39+6.18
Lower Axim  3.03+0.71 12.10+1.74 0.01£0.00 24.25+2.70 0.22+0.012 54.29+8.95
Dixcove 1.64+0.88 1.64+1.55 0.01£0.00 16.14+2.59 0.20+0.003 57.51+20.65
Shama 4.43+3.01 6.89+3.34 0.03£0.01 21.80+7.58 0.18+0.09 21.80+7.58
Takoradia 0.97+0.62 13.20+4.49 ND 28.28+19.60  0.05+0.04 28.28+19.60
Mean+SD 2.06+1.27 6.55+4.75 0.02+0.01 21.59+3.88 0.18+0.06 39.49+14.36

ND: Too low to determine; a, New Takoradi
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The concentration range of selenium of plant
is about 0.05 to 1.0 mg kg-1 dry weight (Terry
et al. 2000). The concentrations of selenium in
the plant samples analyzed were higher than
the recommended limit.

Relationship between the concentrations of
heavy metals analyzed in the soils

Pearson’s product moment of correlation
coefficient was used to determine the
association or relationship between the
concentrations of heavy metals in soils (Table
3). For correlation significance, the criteria
value of probabilities (p<0.05 and p<0.01)
was used. Strong positive correlation was
established between Hg/As and Pb/Cu which
suggests that when one metal concentration
increases the other also increases. Additionally
strong negative correlation was established

between Se/Hg and Zn/Hg suggests that
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when one metal concentration increases the
other decreased. Moderate correlation was
established between Se/Cu, Se/Pb, and Zn/Se
(Table 3).

Assessment of metal contamination status

The EF values for the metals in the soils
are presented in Table 4. Enrichment factor
is a useful tool in evaluating the degree of
anthropogenic metal contamination. Selenium
was the heaviest contaminating element. The
EF value for Se ranged from 12.45 to 50.57
with an average of 40.52. The highest EF
value of Se was observed at Lower Axim. On
the other hand, mean EF values of Cu, Hg, Zn
and Pb were less than 2 indicating minimal
enrichment of Cu, Hg, Zn and Pb. The mean
EF value of As was observed in the range of
5-20 indicating significant enrichment. The
extremely high EF value of Se suggests that a

TABLE 2
Concentration of heavy metals (mg/kg) in plant samples

Site As Cu Hg Pb Se Zn
Atuabo 3.414£2.63 18.37+2.47 2.80+1.68 87.3£5.09 1.5140.08 9.08+0.89
Half Assini 3.71£3.38 17.8+1.09 2.59+0.77 87.27+4.87 1.56+0.06 9.51+3.18
Lower Axim  1.65+0.56 16.65+2.10 4.03+1.41 85.56+8.63 1.50+0.13 9.75£1.52
Dixcove 1.58+1.27 16.89+1.18 3.30+£2.26 100.91+7.4 1.4240.08 10.89+1.38
Shama 1.68+0.70 19.06+1.07 2.49+0.73 92.35+4.01 1.54+0.09 10.80+0.95
Takoradi 4.19+3.58 16.04+2.15 3.79+1.28 97.02+6.16 1.54+0.04 9.22+1.11
Mean+SD 2.70+1.2 17.47+1.14 3.17+0.64 91.74+6.17 1.51+0.05 9.88+0.79

TABLE 3

Pearson’s product moment correlation coefficient between heavy metals content in soil

Element As Cu Hg Pb Se Zn
As 1.000
Cu 0.187 1.000
Hg 0.809° 0.012 1.000
Pb 0.059 0.946" 0.149 1.000
Se 0.255 -0.559 -0.921 -0.698 1.000
Zn -0.206 -0.085 -0.957a -0.343 0.515 1.000

sCorrelation is significant at the 0.05 level (2-tailed), "Correlation is significant at the 0.01 level (2-tailed)
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significant amount of it has being introduced
by anthropogenic sources such as fishing
activities and domestic effluents. At Atuabo,
Half Assini, Dixcove and New Takoradi,
the EF values of As were in the range of 2-5
indicating moderate enrichment, while Lower
Axim and Shama recorded EF values in the
range of 5-20 showing significant enrichment.
With regards to the EF values of Se, Atuabo,
Half-Assini,
Shama were greater than 40, signifying

Lower Axim, Dixcove and

extremely high enrichment of the metal.
However, soil samples from New Takoradi
showed lower yet significant EF values of Se.
The mean EF values increased in the order of
Cu<Zn<Hg<Pb<As<Se.

The I, values are shown on Table 5. With
regards to the I values, Se was the highest
contaminants among the six selected metals
studied. The Igeo values of As, Cu, Hg, Pb, and
Zn were below 1, indicating that the study
area was unpolluted with As, Cu, Hg, Pb and
Zn. On the other hand, Se was found in the
range of 1-2, indicating moderate pollution
of Se at the study area. Based on the L.,
values, Atuabo, Half Assini, Lower Axim and
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Shama were within the range of 1-2 showing
moderate pollution of Pb at the study area.
The mean L., of the metals increased in the
order of Cu<Hg<Pb<Zn<As<Se.

The pollution load index provides valuable
information and advice for policy and decision
makers to evaluate the pollution status of
an area. The CF and PLI values for the six
metals are presented in Table 6. Based on
the CF values calculated, Se was the heaviest
contaminant among the six metals studied. The
CF values of Se ranged from 1.09 to 4.44 with
an average of 3.55 indicating considerable
contamination of Se in the soils of the study
area. The CF values of As in the soil ranged
from 0.54 to 2.46 with a mean value of 1.14
showing moderate contamination of As in the
soils examined. Similarly, the CF values of
Pb range from 1.29 to 2.26 with a mean value
of 1.73 indicating moderate contamination
of Pb in the soils studied. However, Atuabo,
Half Assini, Lower Axim, Dixcove, and
Shama recorded CF values in the range of 3-6
indicating that these sites were considerably
contaminated with Se. The mean values
of CF of metals increased in the order of

TABLE 4
Enrichment factor of heavy metals for soil samples

Sites As Cu Hg Pb Se Zn

Atuabo 2.55 0.012 1.61 1.06 49.20 0.082
Half Assini 3.27 0.002 - 0.99 45.05 0.044
Lower Axim  7.69 0.033 1.57 1.28 50.57 0.091
Dixcove 4.16 0.005 1.76 0.85 45.46 0.096
Shama 11.24 0.019 0.34 1.15 40.36 0.046
Takoradi 2.47 0.036 - 1.49 12.45 0.060
Min 2.47 0.002 - 0.85 12.45 0.044
Max 11.24 0.036 1.76 1.49 50.57 0.097
Mean 5.23 0.018 0.88 1.14 40.52 0.070
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TABLE 5
Geoaccumulation indices of metals for soil samples
Sites As Cu Hg Pb Se Zn
Atuabo -1.55 -4.54 222 -2.45 1.52 -1.31
Half Assini -1.29 -6.88 - -2.66 1.39 -2.03
Lower Axim 0.13 -4.90 -5.34 -2.12 1.56 -0.97
Dixcove -0.97 -7.09 -4.95 -2.72 1.41 -1.01
Shama 0.22 -4.15 -6.09 -2.35 0.94 -2.14
Takoradi -1.76 -2.72 - -2.18 -0.31 -1.88
Min -1.76 -7.09 -6.09 -2.72 -0.31 -2.14
Max 0.22 -2.72 0 -2.12 1.56 -0.97
Mean -0.87 -5.05 -3.10 -241 1.09 -1.56
TABLE 6
Contamination factor and pollution load index of heavy metals for soil samples
Site As Cu Hg Pb Se Zn PLI
Atuabo 0.56 0.08 0.016 1.61 4.32 0.70 0.001
Half Assini 0.71 0.02 - 1.52 3.95 0.38 0.005
Lower Axim  1.68 0.22 0.015 1.94 4.44 0.78 0.006
Dixcove 0.901 0.03 0.017 1.29 3.99 0.82 0.0003
Shama 2.46 0.13 0.003 1.74 3.54 0.89 0.0004
Takoradi 0.54 0.24 - 2.26 1.09 0.51 0.038
Min 0.54 0.02 - 1.29 1.09 0.38 0.0003
Max 2.46 0.24 0.017 2.26 4.44 0.82 0.0380
Mean 1.14 0.12 0.009 1.73 3.55 0.60 0.008
Hg<Cu<Zn<As<Pb<Se. collected from six communities in the western

The PLI obtained was in the range 0.0003
to 0.038 (Table 6). When the PLI is greater
than 1, it implies that contamination exists.
However, if the PLI value is less than 1, then
there is no metal contamination. The PLI
value recorded at all sampling sites was below
1, indicated no metal contamination. The
lowest value (0.0003) of PLI was recorded at
Dixcove whiles the highest value (0.038) of
PLI was recorded at New Takoradi.

Conclusions
The spatial distribution of heavy metals
(As, Cu, Hg, Pb, Se, and Zn) in soil samples

coast of Ghana has been studied in this work.
The concentration of the metals in the soil
samples analyzed were in ranges of 0.97-
4.43 mg/kg for A-s, 0.86-13.20 mg/kg for Cu,
0.012-0.027 mg/kg for Hg, 16.14-28.28 mg/
kg for Pb, 0.05-0.22 for Se and 21.80-57.51
for Zn. The mean concentrations of most of
the heavy metals in the soil samples were
within their natural corresponding background
values. The mean EF values increased in
the order of Cu<Zn<Hg<Pb<As<Se, while
the mean Igeo of the metals increased in
the Cu<Hg<Pb<Zn<As<Se.
values of CF of metals increased in the order

order Mean
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Hg<Cu<Zn<As<Pb<Se. Our study has shown
that metal loading coastal communities
investigated is currently low with the
exception of As, Pb and Se, which recorded
considerable amount of pollution with
respect to their background values in soils.
Subsequent investigation should be conducted
intermittently to monitor environmental
pollution due to the on-going oil drilling
activities and evaluate the public health risks
associated with metal pollution. In view of
our findings, remediation methods should
be adopted by the Environmental Protection
Agency and District authorities to safeguard

the coastal communities.
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