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INTRODUCTION

Ghana’s mining sector contributes approximately 6—-8% to the
country’s GDP; accounting for about 40% of total export earnings,
with gold mining alone contributing nearly 95% of these earnings of
about $20 billion. However, these mining activity activities are
directly linked to environmental contamination and dispersion of
naturally occurring radionuclide in environmental media such as the
air, water resources, soil, plants and animals with the human
population the ultimate endpoint to ionizing radiation and its
associated risk. The furtherance of illegal mining activities in the
affected areas have led to land and soil degradation, contamination of
surface water resources that serve as drinking and irrigation water
resources and locally grown rice farms within these mining
communities. This would have grave effect on surface water irrigation
resources and rice cultivation as rice it is the second most consumed
stable food in Ghana with about 1.7 million metric tons annual
consumption rate.

Some unfolded mines with leaching facilities have also left sites with
huge amounts of leftover heap pad without proper decommission and
reclamation of the site. Hence there was consideration of determining
their suitability to be incorporated into building materials while
helping to properly decommission and reclaim the site.

The migration of these naturally occurring radionuclides into these
environmental media has the potential of leading to the public
externally and internally exposed to ionizing radiation of the natural
radionuclides and or subsequent decay daughter radionuclides as well
as the potential or increasing risk of developing radiological health
related cancers.



OBJECTIVES

This study objective of the study is to assess the concentrations of
natural radionuclides of #**U, #*2Th, and “K in soils and leftover heap
pads; ?*°Ra, ?**Th, and “’K in surface water resources used for drinking
and irrigation; screen borehole water resource for gross alpha and beta
activity as a means of alternative drinking water; and ***Ra, *?Th, and
YK in locally grown rice within selected illegal mining affected
communities, including the evaluation of soil-to-rice and water-to-rice
concentration ratios. Additionally, to determine the associated
radiological risks through the estimation of external and internal
effective doses and excess lifetime cancer risk (ELCR); and to
ascertain the radiological suitability of soils and heap materials for use
as building materials, as well as the safety of surface water,
groundwater, and locally produced rice for consumption and
agricultural purposes.

METHODOLOGY

Soil, leftover heap pads, surface water, borehole water, and locally
grown rice were systematically sampled from selected illegal mining
affected communities. This was followed by laboratory analysis using
gamma spectrometry fitted with a HPGe detector to quantify 2**U,
226Ra, #2Th, #**Th, and “°K, in the soil, heap pad, surface water and
rice samples. Whereas an automatic gasless gross alpha/beta counting
system fitted PIPS detectors was used to screen the borehole water
samples. Quality assurance was ensured through calibration,
background correction, and reference materials. After measurements,
the activity concentrations, radiological risk indices including external
and internal effective dose and excess lifetime cancer risk (ELCR),
were determined and transfer factors (soil-to-rice and water-to-rice)
were also calculated. The results were compared with

international guideline values to evaluate public safety and suitability
for construction, consumption, and agricultural use.

THESIS POINTS OF THE DOCTORAL (PHD) DISSERTATION
I. Thesis

I investigated the distribution of naturally occurring radionuclides of
2381, 22Th, and *°K in soils, within artisanal and small-scale mining
affected communities in Ghana. I found mean activity concentrations
in soils of 24+3 Bqg/kg (**%U), 25+3 Bq/kg (***Th), and 328+63 Bqg/kg
(*°K), with maximum values of 87, 72, and 1168 Bq/kg, respectively.
The calculated Raeq of 85+12 Bq/kg; absorbed dose rate of 4046
nGy/h; indices below 1 and annual effective dose 0.05+0.01 mSv/y
generally remained below international safety thresholds, with some
localized hotspots exceeding UNSCEAR (2000) world averages and
of low-risk radiological concern.

I1. Thesis

I investigated the distribution of naturally occurring radionuclides of
2381, 22Th, and *°K in heap pad soils. Heap pad soils showed lower
levels of 11-29 Bg/kg for *3U and #**Th, and 213-236 Bg/kg for K,
with absorbed dose rates of 30-32 nGy’/h, Raeq dose rates of 66—70
Bg/kg, gamma index, external hazard index and internal hazard index
below 1, and effective doses of 0.15-0.16 mSv/y, confirm that
radiological properties of the heap pad soil fall well within the EU-
BSS and TAEA safety criteria for unrestricted reuse in building and
construction applications. Hence the heap soils are a radiologically
sustainable resource that can be incorporated into building materials
without exceeding the public dose limit of 1 mSv per year.



II1. Thesis

I assessed radionuclide concentrations in water resources (surface
waters, boreholes, and hand-dug wells) from the same mining
communities. Mean activity concentrations were 1.15+0.21 Bq/L
(**Ra), 1.60+£0.35 Bq/L (**®Th), and 20.70+3.60 Bg/L (*°K). The
committed effective dose from water ingestion averaged 0.4140.08
mSv/y, about four times higher than the WHO guideline of 0.1 mSv/y,
with maximum values reaching 1.64 mSv/y. Excess lifetime cancer
risk (ELCR) averaged 1.59%1073, above the recommended threshold
of 0.39x1073, presenting an increasing risk for developing cancer if
water from these surface water sources are used as drinking water.
However, water samples from the borehole and wells screened for
gross alpha and beta activities were within WHO and Ghana
Standards Authority guidelines making them radiological safe for
drinking water.

IV. Thesis

I investigated the possible transfer of radionuclides into rice cultivated
in the study areas. Mean concentrations of *Ra, 2**Th, and *°K were
5.03£1.75 Bqg/kg, 1.76+£0.57 Bqg/kg, and 39.10+10.12 Bg/kg, with
maximum values of 10.63, 3.80, and 63.88 Bq/kg, respectively. The
estimated annual committed effective dose from rice ingestion ranged
between 0.016—0.151 mSv/y, well below the 0.3 mSv/y ICRP limit for
ingestion, with an average ELCR of 0.291x1073, significantly lower
than the global average of 1.16x10 for ingestion (ICRP, 2007). This
finding indicates that the current dietary habits of the population do
not pose a significant radiological risk or risk of developing cancer
hence the consumption of rice from the district does not pose a
significant radiological health risk to the population.

V. Thesis

I assessed the possibility of natural radionuclides transfer from soil
and irrigation water to rice. The findings of the transfer metrics
indicated the presence of distinct uptake pathways for the
radionuclides. ?°Ra demonstrated a high water-to-rice concentration
ratio (CRw=4.37), thus indicating that irrigation water is an important
pathway. In contrast, “°K exhibited a higher soil-to-rice transfer factor
(TF=0.12), and possible additional uptake from the irrigation water
(CRw~1.89) which is consistent with its uptake from soil as an
essential nutrient. Conversely, the **Th exhibited both a low TF=0.07
and a CRw=l1.10, suggesting suboptimal bioavailability. These
findings suggest that rice may be used as a bioindicator of
environmental radioactivity for radium uptake from water and
potassium uptake from soil but is not a reliable bioindicator of
thorium.

VI. Thesis

I evaluated the overall radiological risk from soil, water, and rice in
the studied communities. Although the total annual effective doses (<
I mSv/y) were within ICRP (2007) limits; the continuous illegal
mining with relative high concentration of radium and thorium in the
surface water and the irrigation water to the rice farms highlight a
potential long-term health risk. This work provides critical baseline
data for radiological risk assessment in artisanal mining environments
in Ghana and emphasizes the need for regular monitoring, remediation
measures, and regulatory oversight to safeguard environmental and
public health.
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