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Abstract

The encroachment of mine tailing dams threatens residents' health due to heavy metals in tailings. The study
assesses the extent of heavy metal (Fe, Mn, Cu, Zn, As, Cd, and Pb) contamination and potential health risks of
communities sited near the Pompora tailing dam. Soil samples from eight (8) communities were examined for
the presence of heavy metals, and the extent of contamination was estimated using the contamination factor
(CF), pollution load index (PLI), geo-accumulation index (I-geo), and enrichment factor (EF). The hazard
quotient and hazard index were calculated to predict the potential adverse effects of heavy metals via ingestion
in children, adult females, and males. The concentrations of Fe (24,464.75-46,751.0 mg/kg), Mn (2,269.75—
4,911.0 mg/kg), As (55.4-90.93 mg/kg), and Pb (70.58-91.38 mg/kg) wetre above the wotld average, sub-
regional levels, and most reports within the Obuasi Municipality. The PLI indicated significant heavy metal
pollution (PLI > 1) in all communities near the Pompora tailing dam. In contrast, the contamination factor
indicated very high contamination (CF > 6) for Mn, Cd, and As, with the I-geo indicating strong As pollution.
The hazard quotient and index unveiled potential adverse health effects in children accruing from As pollution
in soil via ingestion, with communities closer to mine installations being most impacted. The study reveals heavy
metal pollution in the soil of communities near the Pompora tailing dam, with As pollution posing potential
health risks in children, consequently necessitating ecologically friendly intervention to safeguard public health.
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Introduction . . .
— exchange earner, stemming from the ever-increasing

The global demand for gold has increased mineralo-
gycal explorations, resulting in more tailing dams to
store wastes (tailings) (Araujo et al., 2022; Azam & Li,
2010; Guimaraes et al., 2023; Owen et al., 2020). Mine
tailings constitute a global conundrum due to their
complex composition, which requires diverse techni-
ques for decontamination (Araujo et al., 2022; Huang
et al,, 2012; Islam & Murakami, 2021; Jayapal et al.,
2023; Kaninga et al., 2020). Reports indicate that gold
mining has replaced cocoa as Ghana's highest foreign

spate of mining explorations, with a concomitant
increase in tailing dams and abandoned mine pits
(Kazapoe et al., 2022; Kumi et al., 2024; Mensah &
Addai, 2024). Although mining companies adopt
phytoremediation after the stabilization of tailings,
many dams are abandoned after a decade, leading to
failures, underground and surface water pollution, and
soil pollution (Amoakwah et al., 2020; Azizi et al,
2022; Gyamfi et al., 2019; Nkansah & Belford, 2017,
Petelka et al., 2019). Heavy metals such as cadmium,
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arsenic, lead, zinc, copper, manganese, and iron are
relatively non-biodegradable, persist in biological
systems, and are highly toxic at low concentrations
(Antoniadis et al., 2019; Bharti & Sharma, 2021; Fural
et al., 2020; Fu & Xi, 2020; Ojuederie & Babalola,
2017). The prevalence of malaria, organ failure, and
cancer associated with settlement encroachments
close to tailing dams is not uncommon in mining
towns, and the Pompora tailing dam, located near the
central district of the Obuasi municipality, is no
exception (Baah-Ennumh & Adom-Asamoah, 2019;
Kwaning & Atteh, 2022; Mensah et al., 2015). Asses-
sing the extent of heavy metal pollution could be
complicated; nonetheless, the contamination factor,
pollution load index, and geo-accumulation index
provide an unbiased evaluation of the state of heavy
metal pollution, with the hazard index and quotient
communicating their associated potential health
ramifications (Chen et al, 2022; Khan et al., 2021;
Krasavtseva et al, 2021; Rai et al, 2019). Studies
carried out within the Obuasi municipality have
mostly focused on As contamination in surface soil
without providing a broader scope of heavy metal
contamination assessment (Amonoo-Neizer et al.,
1996; Antwi-Agyei et al., 2009; Banson et al., 2020;
Bempah et al, 2013; Osei Akoto et al, 2018).
Moreover, these studies do not include health risks
associated with the heavy metals in surface soil, thus
limiting the possible intervention. Consequently, the
extent of heavy metal pollution in communities in the
environs of the Pompora tailing dam remains
unknown. Therefore, this study examines the extent
of heavy metal pollution in the surface soil of
communities, the potential sources and relationship
between metals, and their associated health risks in
communities within the catchment area of the
Pompora tailing dam.
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Materials and Methods
Study area and sampling

The Pompora tailings dam is located at Obuasi in the
Ashanti Region of Ghana with coordinates 6°13'11" —
6°13'19" N and 1°3925" — 1°38'24" W (Figure 1).
The landform is undulating and above 500 m and falls
within the Ashanti belt of the Pre-Cambrian and Biri-
mian formations noted for their rich gold ore body.
The soil type is forest ochrosol situated within Gha-
na's tropical rainforest zone with annual average pre-
cipitation of 142 mm and a mean temperatute of 26
°C. Obuasi experiences high humidity (75 — 85 %),
especially during the rainy season, which spans April
— September. Sampling was conducted in the dry
season (December — March) in eight settlements wi-
thin a 1 km range of the Pompora tailings dam cat-
chment area (Figure 1). Samples were collected 10 —
15 cm from the topsoil in four replicates into sterile
zip-locked bags and placed on ice before transport-
tation to the laboratory, where it was kept frozen (-4

°C) before drying.
Digestion and heavy metal determination

Soil samples were dried in an oven at 60 °C until a
uniform weight was obtained and sifted through a 2
mm sieve. Replicate samples were made ready for
heavy metal analysis after acid digestion using the US
EPA Method 3050B with modifications. One gram (1
@) of soil samples was introduced into Khedjahl tubes
and digested with an acid mixture of perchloric, nitric,
and hydrochloric acids (1:2:3 v/v). The mixture was
swirled gently on hot plate (100 °C) to complete the
digestion. The concentrations of heavy metals in soil
samples were measured using the Buck Scientific 210
VGP at the following wavelengths: As at 193.7 nm,
Cu at 324.8 nm, Cd at 228.3 nm, Fe at 248.3 nm, Pb
at 217 nm, Mn at 279.5 nm and Zn at 213.9 nm.

Figure 1

Image of the study
area showing
sanmpling points
and the Pompora
tailings dam

Google Earth
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Data, multivariate analyses and pollution
assessment

Analysis of variance (ANOVA) of heavy metals in soil
was conducted using the Tukey-b multiple compare-
son test in Statistical Package for Social Sciences (ver-
sion 20). Pearson correlation explored the relation-
ships between different heavy metals in soil, while
principal component analysis determined the main
contributing factors underlying heavy metal pollution
of soils in communities surrounding the Pompora tai-
lings dams. Graphs for the hazard index and pollution
load index were plotted in Origin Pro (version 2020).
Assessment of heavy metal pollution. The contamina-
tion factor of heavy metals in the soils of communi-
ties surrounding the Pompora tailings dam was esti-
mated using the following formula [1]:

Contamination factor (Cf) = Mx / Mb 1]

where Mx represents the concentration of heavy
metals in soil, and Mb represents the background
concentrations of heavy metals on the worldwide
average in soil (Kabatas-Pendias, 2011). Reference
values (mg/kg) are as follows: Fe (20,000), Mn (488),
Cu (38.5), Zn (70), As (6.8), Cd (0.2) and Pb (27). The
contamination factor was categorized using the
following criteria: Low contamination (Cf < 1),
moderate contamination (1 < Cf < 3), considerable
contamination (3 = Cf < (), and very high
contamination (Cf 2 6) (Abrahim & Parker, 2008; Li
et al., 2015; Mensah et al., 2021).

The pollution load index (PLI) integrates all the
contamination factors and assesses the extent of
contamination for a sampling site (Angulo, 1996;
Rinklebe et al, 2019; Yahaya et al, 2021). The
pollution load index was calculated wusing the
following formula [2]:

Pollution load index (PLI) = (Cf, x Cf,...Cf)'/» [2]

where Cf;, Cf,, and 7 are contamination factors for
heavy metals 1, 2, and n number of heavy metals
respectively. The pollution load index is regarded as
significant if it is greater than one or unity (PLI > 1),
whereas PLI < 1 is regarded as insignificant
(Weissmannova et al., 2019).

The geo-accumulation index (I-geo) determines heavy
metal pollution in soil (Muller, 1969). This index
compares the extent of contamination in the soil to
geochemical background levels; thus, it is used to
decipher the extent of anthropogenic contribution to
heavy metal pollution (Soleimani et al., 2023; Tume et
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al., 2022). The following formula was used to
calculate the geo-accumulation index, and Miller
(1969) proposed seven classes for the classification
of the geo-accumulation index (Table 1)

I-geo = log, (Cn / 1.5Bn) [3]

where Cn refers to the concentration of heavy metal
in soil, Bn refers to the heavy metal's geochemical
background concentration, and 1.5 is a factor
introduced the effect of potential
variations in geochemical background values.

to reduce

Table 1. Classification of geo-accummulation index

I-geo value  Category Description
>5 6 Extreme contamination
4-5 5 Strong to extreme contamination
3-4 4 Strong contamination
2-3 3 Moderate to strong contamination
1-2 2 Moderate contamination
0-1 1 Uncont.ami.nated to moderate
contamination
0 0 Uncontaminated

The enrichment factor compares the levels of heavy
metals in soil to uncontaminated background levels,
thereby estimating the extent of anthropogenic
impact on soil quality (Agyeman et al., 2023; Darko
et al., 2017) (Table 2). The enrichment factor (EF)
uses Fe or Al levels in the soil as normalizing
elements based on the assumption that their
presence in the soil is due to geogenic sources
(Abrahim & Parker, 2008; Li et al, 2015; S. M.
Shaheen et al., 2020). Thus, the following formula
was used to calculate the enrichment factor of heavy
metals in soil:

EF = (Cs x Fn) / (Cn x Fs) [4]

where Cs and Cn represent heavy metal concen-
tration in soil and uncontaminated background
samples, F's and Fn represent the concentration of
Fe in soil and Fe in continental shale, respectively
(Turekian & Wedepohl, 1961). The following shale
concentrations were applied as background values to

Table 2. Classification of the enrichment factor

Ensichment Classiﬁcz.ltio? of S<.)urc.c
factor value Contamination attribution

(Azizi et al., 2022) (Li et al,, 2015)
EF<1 No enrichment EF=05-1.5
BEF=1-3 Minor enrichment (Natural origin)
EF=3-5 Moderate enrichment EF>15
EF=5-10 Severe enrichment (Anthropogenic
EF > 10 Very severe enrichment origin)
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calculate the enrichment factor (As = 2, Cd = 0.1, Cu
= 14.3, Fe = 30,890, Mn = 527, Pb = 17, Zn = 52)
(Wedepohl, 1995).

Health risk assessments

The non-carcinogenic risk arising from ingesting soils
containing heavy metals was estimated using the US-
EPA (1986) health risk assessment model. The
average daily dose in children, adult females and males
(mg/kg day) via the oral route was calculated as
follows:

ADDingcstion:CX (URXEFXED] X 1 0_6)/(BWXAT) [5]

where ADD o refers to the average daily dose of
ingested heavy metal, the concentration of heavy
metals in soil, C; ingestion rate, IR (200 mg/day;
children, 100 mg/day; adult female and male),
exposure frequency, EF (350 days/year; children, 250
days/yeat; adult female and male), exposure duration,
ED (6 years; children, 25 years; adult female and
male); bodyweight, BW (15 kg; children,

68 kg; adult male, and 58; adult female); averaging
time, AT (2190 days; children, 9125 days; adult female
and male); unit conversion is 1 X 10-¢ (Li et al.,
2015; Mensah & Addai, 2024; Parlak et al., 2022;
Penteado et al., 2021).

The hazard quotients of heavy metals were also
estimated as follows:

HQ = ADD / RD (0]

where average daily dose of heavy metal, ADD;
reference dose of heavy metal, RD (mg/kg day) given
as follows: lead (0.0035); zinc (0.3); cadmium (0.001);
iron (0.7); manganese (0.046), copper (0.04) and arse-
nic (0.0003) as indicated in eatlier reports (Antoniadis
et al.,, 2019; Chen et al., 2022; Darko et al., 2017;
Rinklebe et al., 2019). The hazard index, which is the
sum of hazard quotients for heavy metals in the soil,
was calculated using the following formula [7]:

HI =X HQ [7]

The possibility of adverse impacts is minimal when

the hazard quotient (HQ) or hazard index is less or
equal to unity. Conversely, the possibility for adverse
effects to occur is high when HQ or HI is greater
than unity (HQ, HI > 1) (Li et al., 2015).

Results and Discussion

Levels of heavy metals in soil

The concentrations of heavy metals in the soils of
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communities surrounding the Pompora mine tailings
dam are presented in Table 3. The concentrations of
Fe in soil were higher than the other heavy metals
studied and ranged between 24,464.75 mg/kg -
46,751.00 mg/kg. Thus, the concentrations of Fe in
communities such as Kyekyewere and Nyamebe-
kyere were two - fold greater than the worldwide
average level of Fe in soil (20,000 mg/kg), and this
concurs with findings at other communities near
mine tailing dams (Antwi-Agyei et al., 2009; Gyamfi
et al., 2019; Hadzi et al., 2019). Mensah et al. (2020)
explained that arsenopyrite and scorodite are major
constituents of Fe in mine tailings, in addition to
high concentrations of magnetite and hematite in
typical Ghanaian soils. Again, leaching and acid mine
drainage of the Pompora mine tailings dam could
contribute partly to the high levels of iron in the
soils of the surrounding communities (Hammond et
al., 2020; Laker, 2023; Zuafiiga-Vazquez et al., 2023).
More so, the gangue components consisting of iron
are not impacted (transformed) during the chemical
seeding (reaction) process of gold extraction, thus
leaving large concentrations of Fe in mine tailings
(Cheng et al., 2014; Kastury et al., 2024). The results
also show that the levels of Mn in communities are
above regulatory and worldwide average in soil, with
values ranging between 2,269.75 mg/kg - 4,911.0
mg/keg (Kabata-Pendias, 2011; USEPA, 2002,
Wedepohl, 1995). Although Mn is a micro-nutrient
required for enzymatic activity, alleviating oxidative
stress and photosynthesis, concentrations above 500
mg/kg are harmful to living organisms (Bihanic et
al., 2021). The elevated concentrations of Mn in soils
could also be attributed to the humus-rich forest
ochrosol found in Obuasi, which has a strong
affinity for Mn (Kushwaha et al, 2015). The
concentrations of Cu in soil ranged from 47.98
mg/kg to 123.53 mg/kg; however, apart from
Obuasi Estate, which recorded the lowest value, all
sites had levels above regulatory limits of USEPA
(2004), and the average shale value proposed by
Wedepohl (1995). More so, the concentrations of
Cu observed are greater than reports of mining
communities in Ghana (Baah et al., 2023; Mensah &
Addai, 2024; Petelka et al., 2019; Wiafe et al., 2022).
Although copper is an essential component of
metalloenzymes in living organisms, concentrations
greater than 50 mg/kg could cause damage to plants
and reduce soil microbial community structure and
activity (Doku et al., 2024; Mir et al., 2021; Tang et
al., 2019). Zinc concentrations in soil ranged bet-
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Table 3. Concentrations of beavy metals in soil

Heavy metal concentrations (mg/kg)

Site
Fe Mn Cu 7Zn As Cd Pb
Kyekyewere Mean 46,751.0 2,283.50 88.63 67.04 61.03 11.83 75.00
SD 36.75 57.12 7.45 1.50 1.85 0.92 3.14
Max 46,784.0 2,350.00 95.60 68.90 62.50 12.50 78.90
Min 46700.00  2,224.00 78.50 65.44 58.50 10.50 71.50
n 4 4 4 4 4 4 4
Boete Mean 32,528.25  4,522.75 123.53 123.50 76.98 10.27 85.08
SD 40.14 20.58 2.43 3.42 1.51 1.68 2.75
Max 32,586.00  4,550.00 125.90 128.00 78.90 12.50 88.90
Min 32,500.00  4,500.00 120.50 120.00 75.21 8.58 82.50
n 4 4 4 4 4 4 4
Kokoteasua Mean 25,736.00  2,515.00 56.05 55.30 90.93 9.53 91.38
SD 35.31 14.51 3.01 0.62 1.26 0.67 2.39
Max 25,775.00  2,529.00 60.30 56.00 92.50 10.45 93.80
Min 25,700.00  2,495.00 53.40 54.76 89.50 8.90 88.50
n 4 4 4 4 4 4 4
Bossman Mean 34,768.25  2,902.75 116.10 72.69 55.41 8.65 77.70
SD 15.67 42.20 3.86 1.14 1.09 1.08 1.06
Max 34,788.00  2,950.00 120.50 73.80 56.80 10.20 78.90
Min 34,750.00  2,850.00 111.40 71.46 54.23 7.71 76.50
n 4 4 4 4 4 4 4
Tutuka Mean 42,579.75  4,911.00 111.95 106.38 74.50 9.73 83.50
SD 24.09 15.30 5.39 2.63 2.27 1.57 1.73
Max 42,609.00  4,925.00 120.00 110.00 77.00 12.00 85.90
Min 42,550.00  4,890.00 108.80 104.00 72.21 8.51 81.90
n 4 4 4 4 4 4 4
Akapostiso Mean 25,091.00  3,245.75 55.15 57.22 81.23 8.40 72.88
SD 30.12 24.06 1.26 091 1.41 0.34 2.03
Max 25,120.00  3,278.00 56.50 58.00 82.90 8.90 75.20
Min 25,050.00  3,225.00 53.80 56.36 70.70 8.11 70.80
n 4 4 4 4 4 4 4
Samsonkrom 1 Mean 26,823.00  2,482.75 71.25 58.11 77.23 7.92 82.33
SD 27.98 4.57 0.85 1.31 1.15 0.35 5.45
Max 26,850.00  2,488.00 72.50 59.50 78.50 8.30 88.00
Min 26,790.00  2,283.00 70.60 56.70 75.90 7.5 76.90
n 4 4 4 4 4 4 4
Obuasi Estate Mean 24,464.75  2,269.75 47.98 54.63 81.08 8.01 70.58
SD 5.74 11.24 2.82 0.95 1.36 0.26 1.47
Max 24,472.00  2,283.00 51.90 55.90 82.80 8.30 72.00
Min 24,458.00  2,257.00 45.40 53.76 79.80 7.69 68.90
n 4 4 4 4 4 4 4

ween 54.63 mg/kg and 123.50 mg/kg, with most sites
recording values less than regulatory limits (Kabatas-

Pendias, 2011; USEPA, 2002).The observed levels at
Boete and Nyamebekyre are higher than an earlier re-
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in the

port by Bempah et al. (2013), who also conducted
studies at the Pompora tailings dam. Sphalerite is a
mineral found

Ghanaian ore gangue,
contributing significant proportions of zinc in mine



E.T. Dokn, E.].D. Belford, S.B. Asiedn, F Adu-Tutu

DOI: 10.6092/issn.2281-4485/20002

EQA 065 (2025): 49-61

tailings (Amoakwah et al., 2020; Roussel et al., 2000;
Sey & Belford, 2019). Gankhurel et al. (2020)
observed a strong association or binding of As and Pb
to Fe-Mn oxides in mine tailings, which are
predominant in West African gold ore formations.
The obsetved levels of As (55.4 mg/kg — 90.93
mg/kg) and Pb (70.58 mg/kg — 91.38 mg/kg) exceed
the world soil, sub-regional averages, and earlier
reports of Obuasi (Akoto et al, 2023; Bempah &
Ewusi, 2016; Kabata-Pendias, 2011; Taylor, 1964).
More so, in tropical where higher
temperatures occur all year round, the toxic metal
ions in the liquid phase of tailings slurry dry up,
leaving particulate matter that is liable to wind erosion
and rainfall-induced percolation into deeper soil layers
and groundwater (Kaninga et al., 2020; Laker, 2023;
Nie et al., 2023). Unlike As and Pb, which bind to soil
organic matter, Cd binds to clayey particles and water-
soluble fractions in mine tailings, thus showing better
mobility and bioavailability in mine-impacted soils
(Gankhurel et al., 2020; Rinklebe et al., 2019; Zhang
et al, 2023). Thus, the continual release of heavy
metal tailing dams mainly
contributes to environmental pollution near mining
settlements globally (Chen et al., 2022; Hadzi et al,,
2019; Khan et al., 2021; Krasavtseva et al., 2021).

climates

contaminants from

Correlation and Principal Component Analyses
Factor analysis unveiled two major components ac-
counting for 75% of the variation in heavy metal con-
centrations of soils sampled from communities neatr
the Pompora tailing dam (Table 4). Fe, Cu, Zn, and
Cd constituted the first component (51.66%), while
Mn, As, and Pb formed the second major component
(25.46%). The component analysis results are consi-
stent with earlier findings of gold mine tailings dam-
impacted communities (Hadzi et al., 2019; Kazapoe et
al., 2022; Mensah & Addai, 2024). Ntiamoah-Agyak-
wa (1979) explained that the Obuasi gold ore-bearing
bodies are associated with manganiferous rocks, of
which the latter is considered a contaminant. Galena,
chalcopyrite, arsenopyrite, and sphalerite are the mi-
nor minerals associated with the pyrite body, which
undetrlie the preponderance of Fe, Cu, As, and Zn
minerals in Ghanaian tailings (Bempah et al., 2013;
Cuevas et al.,, 2023; Roussel et al., 2000). Similarly, Fe
showed positive correlations with Cu, Cd, Mn, and
Zn, but significant positive correlations were obser-
ved between Fe-Cd (0.786), Mn-Zn (0.896), and Cu-
Zn (Table 5). The correlation between Fe/Cd is con-
sistent with other findings; however, the binding of
Cd to oxides of iron forms a relatively less bioavaila-
ble complex in mine tailings, thus reducing its move-
ment into higher trophic levels (Liu et al., 2021; Suda
and Makino, 2016; Zufiiga-Vazquez et al., 2023).

) Percentage Heavy Table 2
Component  Eigen-value variance metal Component 1 ~ Component 2 Pﬂ'ﬂ@al component
analysis of heavy
1 3.61626 51.66 Fe 0.428 -0.341 T
meetals in soil

2 1.78215 25.46 Mn 0.376 0.402

3 0.92663 13.24 Cu 0.491 0.004

4 0.49489 7.070 Zn 0.458 0.289

5 0.14969 2.139 As -0.274 0.570

6 0.03026 0.432 Cd 0.358 -0.176

7 0.00097 0.001 Pb 0.148 0.532

Fe Mn Cu 7Zn As Cd Pb Table 3
Fe 1 Pearson linear
Mn 0315 1 mme/al‘z:m 0f heavy
metals in soil

Cu 0.655 0.669 1
Zn 0.463 0.896% 0.842% 1
As -0.680 0.029 -0.616 -0.167 1
Cd 0.786%* 0.196 0.441 0.422 -0.317 1
Pb -0.007 0.334 0.268 0.355 0.371 0.203 1
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Pollution Assessment

Assessing the extent of heavy metal pollution in soils
of communities around mine tailings depicts minera-
logical exploration's environmental impact (Kaninga
et al., 2020). The pollution load index indicated signi-
ficant levels of heavy metal contamination in the top
soils of all the communities surrounding the Pompora
tailings dam (Table 6). Specifically, As and Cd recort-
ded very high soil contamination factors from all the
communities examined. Similarly, the geo-accumula-
tion index (Table 7) and enrichment factors (Table 8)
indicated moderate — strong and severe pollution for
these metals, respectively, which are in consonance

with previous research on soils within the environs
of the Pompora tailings dam (Akoto et al., 2023;
Amonoo-Neizer et al., 1996; Antwi-Agyei et al.,
2009; Bempah & Ewusi, 2016). Moreover, the
elevated status of Cd contamination is attributable
to the mineralogical presence and seeding solutions
during the extraction process (Gankhurel et al,
2020; Ntiamoah-Agyakwa, 1979; Shen et al., 2019).
The pollution load index indicated significant heavy
metal contamination of soils in communities within
the catchment area of the Pompora tailing dam
(Cuevas et al., 2023; Shaheen et al., 2023; Tomlinson
et al., 1980).

Contamination factor of heavy metals BLI Table 6
Site Fe Mn Cu 7Zn As Cd Pb Contamination
Kyekyewere 234 468 230 096 8.97 5013 278 447 Jactor and pollution
Bocte 1.63 9.27 321 176 1132 5135 315 552 foad index: (PL)
of heavy metals
Kokoteasua 1.29 5.15 1.46 0.79 13.37 47.64 3.38 4.00
Bossman 1.74 5.95 3.02 1.04 8.15 43.26 2.88 4.42
Nyamebekyere 2.13 10.06 291 1.52 10.96 48.64 3.09 5.52
Tutuka 1.26 6.65 1.43 0.82 11.95 42.01 2.70 3.88
Akaporiso 1.34 5.09 1.85 0.83 11.36 39.61 3.05 3.93
Obuasi Estate 1.22 4.65 1.25 0.78 11.92 40.06 2.61 3.54
) Geo-accumulation index Table 7
Site Fe Mn Cu 70 As Cd Pb Geo-accummnlation
Kyekyewere 0.640 1641 0618 0647 2581 5301  0.889 index: of heavy
Boete 0117 2627 1097 0234 2916 5097 1071 oelals i soil
Kokoteasua -0.221 1.781 -0.043 -0.925 3.156 4.989 1.174
Bossman 0.213 1.988 1.007 -0.531 2.442 4.850 0.940
Nyamebekyere 0.505 2.746 0.955 0.019 2.869 5.019 1.044
Tutuka -0.258 2.149 -0.066 -0.876 2.993 4.808 0.848
Akaporiso -0.161 1.762 0.303 -0.854 2.921 4.723 1.023
Obuasi Estate -0.294 1.633 -0.268 -0.943 2.991 4.739 0.801
Enrichment factor Table 8
Site Mn Cu 7Zn As Cd Pb Enrichment factor of
Kyekyewere 6.56 9.38 1.95 46.18 178.97 6.68 heavy metals in soil
Boete 9.04 9.10 2.50 40.53 108.15 5.27
Kokoteasua 3.98 3.27 0.89 37.88 79.38 4.48
Bossman 6.20 9.14 1.57 31.18 97.38 5.14
Nyamebekyere 12.85 10.79 2.82 51.35 134.08 6.77
Tutuka 5.00 3.13 0.89 32.99 68.25 3.48
Akaporiso 4.09 4.33 0.97 33.53 68.79 4.21
Obuasi Estate 3.41 2.66 0.83 32.11 63.46 3.29
Health Risk Assessment lities tend to contaminate surrounding soils

Tailing dam failures release volumes of hazardous
metals into the environment; however, existing facili-

gradually, a condition that introduces severe health
implications such as cancer, skin diseases, and organ
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and systemic failures (Hadzi et al., 2019; Islam and
Murakami, 2021; Kaninga et al., 2020; Kiran et al,,

2021; Zhang et al,, 2023). Human health risk as- “7
sessment is relevant in controlling the impact of —

Adult male
Adult fem ale
C hildren

environmental hazards that may accrue through
heavy metal contamination (Antoniadis et al., 2019;
Chen et al., 2022; Doku et al., 2023; Penteado et al.,
2021). The hazard quotient of heavy metals in
children, adult females, and males from ingestion of
soils is shown in Fgure 2. The hazard quotient (HQ)
for children was the highest, followed by adult ’ 1
females and adult males (Tables 9, 10, 11). Specifi-
cally, the HQ for children was above unity for Mn at

Boete and Nyamebekyere. Again, the HQ was above W W W ’_l_ W I_r W
unity for As in all communities within the catchment Sie1 Site? Site3 Steé SteS Sie6 Ste7 Sites
area of the Pompora tailing dam. This outcome is

Hazard quotient

consistent with earlier studies, which suggest that

children could experience adverse health effects by Figure 2. Hazard quotient of aduls (male and fomale) and

children. Sitel (Kyekewere), Site 2 (Boete), Site 3 (Kokoteasua),
Site 4 (Bossman), Site 5 (Nyamebekyere), Site 6 (Tutuka), Site
7 (Akaporiso), Site 8 (Obuasi Estate).

ingesting soils contaminated with heavy metals
(Doku et al., 2023; Li et al, 2015; Mensah and
Addai, 2024; Shen et al., 2019).).

Site Fe Mn Cu Zn As Cd Pb Table 9
Kyekyewere 0.067 0050 0002 0000 0205 0012  0.022 Hazard quotient of
Boete 0.047 0.099 0.003 0.000 0.258 0.010 0.024 beayy metals in
Kokoteasua 0037 0055 0001 0000 0305 0010 0026 adult males
Bossman 0050 0064 0003 0000 018 0009  0.022
Nyamebekyere 0061 0108 0003 0000 0250 0010  0.024
Tutuka 0036 0071 0001 0000 0273 0008  0.021
Akaporiso 0039 0054 0002 0000 0259 0008  0.024
Obuasi Estate 0035 0050 0001 0000 0272 0008  0.020
Site Fe Mn Cu Zn As Cd Pb Table 10
Kyekyewere 0079 0059 0003 0000 0240 0014 0025 Hazard quotient of
Boete 0.055 0.116 0.004 0.000 0.303 0.012 0.029 beayy  metals in
Kokoteasua 0.043 0065 0002 0000 0358 0011 0031 adult forvales
Bossman 0.041 0003 0000 0000 0000 0000  0.000
Nyamebekyere 0072 0126 0003 0000 0293 0011 0028
Tutuka 0.042 0083 0002 0000 0320 0010 0025
Akaporiso 0.045 0064 0002 0000 0304 0009 0028
Obuasi Estate 0.041 0058 0001 0000 0319 0009 0024

Site Fe Mn Cu 7Zn As Cd Pb Table 11
Kyekyewere 0.854  0.635 0028 0003 2601 0151 0274 Hazard quotient
Bocte 0594 1257 0039 0005 3281 0131 0311 of heavy metals in
Kokoteasua 0470 0699 0018 0002 3875 0122 0334 children
Bossman 0.635 0807 0037 0003 2361 0111 0284
Nyamebekyere 0778 1365 0036 0005 3175 0124 0305
Tutuka 0458 0902 0018 0002 3462 0107  0.266
Akaporiso 0490 0690 0023 0002 3291 0101 0301

Obuasi Estate 0.447 0.631 0.015 0.002 3.455 0.102 0.258
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In summary, although some studies depict the
potential hazards in adults as a result of metal
contamination in communities within the catchment
areas of tailing dams, this study concurs with findings
suggesting a more significant adverse health impact in
children (Antoniadis et al., 2019; Ghosh et al., 2023;
Hadzi et al., 2019; Hou et al., 2023; Mensah et al.,
2020). The hazard index, which sums up the HQs for
different metals for a community, followed the trend:
Nyamebekyere > Boete > Kokoteasua > Tutuka >
Obuasi Estate > Akaporiso > Kyekyewere >
Bossman (Fig. 3).
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Figure 3. Hazard index of adults (male and female) and
children

Adult female Children

Similar to the findings of Amonoo-Neizer et al.
(1996), this study obsetrves that communities near the
tailing treatment dam had top soils containing higher
concentrations of heavy metals. Although Nyamebe-
kyere is farthest from the Pompora tailing dam, it
recorded the highest levels of metal contamination,
which may result from its closeness to the former
tailing treatment plant (Amonoo-Neizer et al., 1996;
Boateng et al, 2012; Osei Akoto et al, 2018).
Similatly, the marked soil contamination at Boete and
Kokoteasua is traceable to their proximity to tailing
dams operated by the Anglo Gold Ashanti mining
firm (Boateng et al., 2012).

Conclusions

This study investigated the extent of heavy metal
contamination and associated health effects within
the Ghanaian mining settlement of Obuasi. The Fe,
Mn, As, Pb and Cd levels in the communities' surface
soil are above the global average and regional crustal
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background, suggesting
Furthermore, pollution indicators revealed severe

anthropogenic  impact.
heavy metal enrichment in these communities from
mineralogical deposits and mining activities. Asses-
sment of health risks via ingestion of surface soil
from these communities showed that children are
most prone to adverse health ramifications, with the
hazard index unveiling potential health challenges
for communities close to tailing dams within Obuasi.
Thus, the study contributes information on the
current status of heavy metal pollution in commu-
nities near the Pompora tailing dam for environ-
mental monitoring, management, and potential
remedial action.
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