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Introduction

❖  Medical Geology is an ancient and re-emerging field of  

science that combines elements of  earth science and public 

health. 

❖ The focus of  medical geology is to decipher the impacts 

of  geologic phenomena and other environmental factors on 

human health and quality of  life. 

❖ Significant issues in medical geology today include toxic and 

deficient levels of  essential and nonessential minerals, 

exposure to radioactive elements, industrial contribution to 

toxic exposures, dust, and geologic events such as volcanic 

eruptions. 

❖ The goals of  medical geology are to identify sources of  

health hazards in the geologic environment and prevent or 

diminish their ill-effect on humans. 3



Introduction

4

Integrating health and environmental sustainability is important because it can improve people's 

health and well-being and reduce the environmental impact of  human activities.

Health benefits

•Reduced exposure to toxins

•Improved air quality

•Better mental health

Environmental benefits

•Reduced environmental impact

•Reduced climate change

•Conserved natural resources



Introduction

5

The emerging science of  “medical 

geology” assesses the complex 

relationships between geo-

environmental factors and their 

impacts on humans and 

environments and is related to the 

majority of  the 17 Sustainable 

Development Goals in the 2030 

Agenda of  the United Nations for 

Sustainable Development.

Source: Bundschuh et al. (2017)



Overview of  Sustainable Development Goals (SDGs)
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The sustainable development goals are a ‘to do list for the 
planet that will transform the world’. 

– Ban Ki-Moon, Former Secretary-General of  the United 
Nations



Overview of  Sustainable Development Goals (SDGs)
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❖ The Sustainable Development Goals ( also 

known as the Global Goals, were 

adopted by all United Nations 

Member States in 2015 as a universal call 

to action to end poverty, protect the 

planet and ensure that all people enjoy 

peace and prosperity by 2030.

❖ The 17 SDGs are integrated that is, they 

recognize that action in one area will 

affect outcomes in others and that 

development must balance social, 

economic and environmental sustainability



Millenium Development Goals (MDGs)
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❖ The MDGs did not consider 

environmental issues, e.g.

▪ Emissions of  greenhouse gasses

▪ Access to clean drinking water

▪ Management of  water resources

❖ New focus on the concept of  

‘sustainable development’

▪ Need to consider the relationship 

between nature and society

▪ Social, environmental and 

economic dimensions



Sustainable Development Goals (SDGs)
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Pillars of  Sustainable Development Goals (SDGs)
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Economic growth

Social inclusion

Environmental protection
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What is Medical Geology?

“Medical geography looks at the 

geographical distribution of disease

while not focusing on the underlying 

geology. It examines the causal

associations between specific diseases

and the physical and social 

environments.”

Medical geology/geochemistry looks 

at the effects of geochemical processes

and geological factors on the health of

humans, animals, and plants.
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Definition of  Medical Geology

Medical 

Geology/Geochemistry

is the study of  interaction 

between abundances of  

elements and isotopes 

and the health of

humans, animals, and 

plants.

Toxicology, Biology, Pathology, Hydrology, 

Epidemiology, Nuclear Analytical Techniques
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Medical Geology: Interaction Between Humans and Their Environment

“If  you want to learn 
about the health of  a 

population, look at the air 
they breathe, the water 

they drink, and the places 
where they live.”

 
 ― Hippocrates, 5th Century BC

The interaction between humans and their 

environment (Source: www3.uakron.edu) 
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Scope of  Medical Geology

❖ Medical geology covers a wide range of  
issues. 

❖ From planetary to microscopic.

❖ Global warming with its related health 
impact to how toxic heavy metals may 
cause cancer.

❖ Medical geology deals with the cause of  
the disease not its cure.
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Sources and Exposure Routes of  Contaminants

Metal-induced Effects

❖ Carcinogenic (can cause cancer)

❖ Teratogenic (can cause birth defects)

❖ Mutagenic (can cause genetic mutations, 

or changes, in an organism)

“All substances are poisons; there is none 

which is not a poison. Only the dose 

differentiates a poison and a remedy”. 

Paracelsus (1493-1541)
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Sources and Exposure Routes of  Contaminants

❖ Point sources:- 

Storage tanks, 

landfills, pipeline 

discharges etc. 

❖ Nonpoint 

(diffused) sources:- 

Agricultural activities

TIP: Runoff  is a major 

cause of  nonpoint-

source pollution

Medical geology deals with contaminants from only geogenic sources.
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Sources and Exposure Routes of  Geogenic Contaminants

Source: Bundschuh et 

al. (2017)
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Geophagy as a Source of  Geogenic Contaminants
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Causes of  Diseases

❖ Environmental 

❖ Genetics

❖ Lifestyle/behavioral

Ultimately represents an imbalance 
between chemical elements and the 
body. 
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Periodic Table Noting the Elements that are Potentially 
Harmful and those that are Essential to Humans 

Source: Data from WHO (1996)
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Patterns and Influence of  Elements
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Toxicity: Cancer Effects

Based on: Trace elements in environmental health and human diseases, Josè- Diversity of Trace Elements.pdf
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Toxicity: Arsenic-induced Effects

Pigmentation (hyper

and hypo)

Keratosis

Bowen’s disease

Squamous cell

carcinoma

Basal cell carcinoma

Based on: Trace elements in environmental health and human diseases, Josè- Diversity of Trace Elements.pdf
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Toxicity: Cardiovascular Diseases

Elements

❖ From epidemiological studies

Effect

❖Co, Hg, Se, Al, As, Au, 
Cr

Cardiomyopathy

❖ Fe, Se, Ca, Cu, Mg Atherosclerosis

Al, As, Hg, ❖ Pb Hypertension

Based on: Trace elements in environmental health and human diseases, Josè- Diversity of Trace Elements.pdf Atherosclerosis: Hardening

and thickening of walls of arteries with fatty degeneration

Armed forces
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Toxicity: Lung Diseases

Elements Effect

Asbestos fibers

Amphipbole types are 
more pathogenic than 

serpentine type

Beryllium Presence of granulomas

Iron;

Iron mixed with free 
silica

Siderosis; 

silicosiderosis

Based on: Trace elements in environmental health and human diseases, Josè- Diversity of Trace Elements.pdf
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Toxicity: Significant Endemic Diseases

Based on: Trace elements in environmental health and human diseases, Josè- Diversity of Trace Elements.pdf

Element Effect

Arsenic Skin lesions, Cancer

Fluoride Dental and Skeletal

Iodine Goiter and Cretinism

Selenium Kaschin-Beck disease:

Degenarative

osteoarthropathic disease 

Keshan disease: Chronic 

heart disease 

(cardiomyopathy)
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Diseases Due to Deficiency and Toxicity of  Some 
Elements

Based on: Trace elements in environmental health and human diseases, Josè- Diversity of Trace Elements.pdf

Element Deficiency Toxicity

Chromium

Cobalt

Disturbances in the 

glucose metabolism

Anemia , “White Liver 

disease”

Kidney damage (Nephritis)

Heart failure

Copper Anemia, poor growth, 

bone decreased in WBC

Idiopathic Cu toxicosis

Iron Anemia Hemochromatosis

Magnesium Convulsions, 

malfunctions of  the 

skeleton

Selenium Liver necrosis Muscular dystrophy

Zinc Dwarf  growth, retarded 

development of gonads

“Metallic” fever
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Role of  Geology in Promoting the SDGs
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What about Medical Geology?

❖ Medical geology 

plays a crucial role in 

promoting the 

Sustainable 

Development Goals 

(SDGs) by addressing 

the complex interplay 

between geological 

factors and human 

health.
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Role of  Medical Geology in Achieving SDG 1 - No 
Poverty

❖ By identifying geogenic 

health risks and mitigating 

their impact, medical geology 

helps reduce the vulnerability 

of  impoverished communities 

to health issues, contributing to 

poverty reduction. 

❖ Ensuring access to safe 

water and healthy 

environments enhances 

quality of  life and economic 

productivity, supporting efforts 

to eradicate poverty. Source: http://www.bgs.ac.uk/research/groundwater/health/fluoride.html
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Role of  Medical Geology in Achieving SDG 2 – Zero 
Hunger

❖ Medical geology contributes to 

understanding soil composition and 

its impact on agriculture. Addressing 

soil contamination and nutrient 

deficiencies promotes healthier crops and 

sustainable farming practices. 

❖ Ensuring that crops and water 

sources are free from harmful 

geogenic contaminants improves food 

safety and nutrition, contributing to the 

goal of  zero hunger.
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Role of  Medical Geology in Achieving SDG 2 – Zero 
Hunger

As and Li in 

agricultural soils 

(upper) and 

grazing lands 

(lower) in Europe.

Source: Finkelman et al. 

(2018) 
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Role of  Medical Geology in Achieving SDG 3 – Good 
Health and Well-being 

❖ By understanding 

the geochemical 

processes that 

affect soil and 

water, medical 

geology contributes 

to reducing 

exposure to harmful 

substances, thereby 

improving public 

health.

Source: Senne et al. (2025)
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Role of  Medical Geology in Achieving SDG 6 – Clean 
Water and Sanitation

❖ Medical geology 

helps in assessing 

and mitigating the 

impact of  geogenic 

contaminants (e.g., 

heavy metals, 

radionuclides) on 

water quality, ensuring 

safe drinking water for 

all.

Source: Toi Bissang et al. (2024)
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Role of  Medical Geology in Achieving SDG 6 – Clean 
Water and Sanitation

❖ Spatial distribution maps of  

groundwater contaminants can 

be generated to guide in water 

quality monitoring and decision 

making.

Source: Sunkari and Ambushe (2024)
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Role of  Medical Geology in Achieving SDG 11 – 
Sustainable Cities and Communities

❖ Medical geology aids 

in managing natural 

hazards (e.g., 

landslides, 

earthquakes) and 

urban planning, 

promoting safer and 

more resilient 

communities.

Source: Khan et al. (2023)
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Application of  the Disaster Cycle to Mitigate Natural 
Disasters

The Recovery Process

Primary concerns of  the disaster. 

• Relief: Satisfy the immediate and basic needs of  disaster 

survivors such as for food, clothing, shelter, medical care and 

emotional security.

• Rehabilitation: restoration of  the basic services necessary to 

enable the population to return to pre-disaster conditions, e.g. 

provision of  seeds or enabling the re-starting of  businesses.

• Reconstruction: Reconstruction of  buildings, with safety 

as an important element, bringing the situation to normal 

conditions. 

The Protection Process

Preparing against any future disasters, having learnt from the past. 

•Mitigation: It is a form of  preventative action for risk 

reduction. 

•Preparedness: Includes planning measures and  contingency 

measures.
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❖ Research in medical geology 

helps in understanding the 

geological aspects of  climate 

change, such as carbon 

sequestration and the impact of  

natural resources on greenhouse 

gas emissions.

❖  Medical geology plays a crucial 

role in achieving SDG 13 

(Climate Action) by identifying 

and mitigating health risks 

associated with environmental 

changes caused by climate 

change.

Role of  Medical Geology in Achieving SDG 13 – 
Climate Action

Source: https://ugc.berkeley.edu/background-

content/atmospheric-circulation/
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❖ Medical geology plays a 

crucial role in achieving SDGs 

14 (Life Below Water) and 15 

(Life on Land) by providing 

critical information about 

the geological factors 

impacting water quality, 

soil composition, and 

ecosystem health, which 

directly influence human 

health and the overall 

environmental sustainability 

of  both marine and terrestrial 

ecosystems

Role of  Medical Geology in Achieving SDGs 14 & 15– 
Life Below Water and Life on Land

Source: Li et al. (2020)



❖ Medical geology fosters 

interdisciplinary 

collaborations, bringing 

together geoscientists, 

health professionals, and 

policymakers to develop 

integrated solutions for 

sustainable development.

Role of  Medical Geology in Achieving SDG 17 – 
Partnerships for the Goals

40Source: Boulos and Le Blond (2016)
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Case Studies

My Research Team (Applied Geochemistry 

Research Group – AGReG) has published 

over 50 scientific articles predominantly in 

Elsevier and Springer Nature journals on all 

aspects of  Medical Geology in promoting the 

Sustainable Development Goals. 
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Max. F- in Northern Ghana = 4.0 mg/L

Max. F- in Southern Ghana = 0.8 mg/L

Max. F- in Bongo District, Northern Ghana = 

4.0 mg/L



Max F- in North East Region, Northern Ghana = 13.29 mg/L Max F- in Northern Ghana = 8.40 mg/L
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Max F- in Upper East Region, Northern Ghana = 4.10 mg/L Max F- in Vea Catchment, Northern Ghana = 3.95 mg/L

44
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Max F- in Bongo District, Northern Ghana = 4.0 mg/L Max F- in Saboba District, Northern Ghana = 4.70 mg/L
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Case Study in the Voltaian Supergroup

Location and Geology Map

Hydrogeochemistry and human 

health risk assessment of 

fluoridated groundwater in some 

parts of the largest semi-arid 

sedimentary basin in Ghana: 

Insights from a medical geology 

approach
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Objectives of  the Research

❖ To determine the physicochemical parameters and the hydrogeochemical characteristics of the 

groundwater.

❖  To establish the minerals contributing to enrichment of ions in the groundwater within the lithologies 

through petrographic and X-ray Diffraction mineralogical studies.

❖  To identify the sources of groundwater contamination and factors that influence the mobility of fluoride 

in the groundwater.

❖  To quantify how much fluoride is ingested by humans through drinking water and assess any possible 

health hazards linked to elevated F- concentrations through deterministic and probabilistic health risk 

assessment methods.

❖  To establish the relationship between local population health outcomes and groundwater F- levels, with 

a particular emphasis on dental and skeletal fluorosis through a health survey.
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Methods Used

Literature Review
Sample collection 

• Rock sample from outcrops.

Data Acquisition

• Secondary Hydrochemical data of existing 

boreholes;

• Data from health centers in the study area;

• Administering of questionnaire. 

• Boreholes log

Laboratory Analysis

• Major and minor ions;

• Petrographic thin sections;

• XRD.

Data Analysis

• Maps creation (ArcGIS 10.8);

• Trilinear Piper Diagram, Gibbs plots, and 

bivariate plots (AquaChem Software version 

4.0);

• FA, PCA, HCA, and correlation analysis(IBM 

SPSS statistics version 26.0);

• Monte Carlo Simulation for Health risk 

(Python).
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Methods Used Con’t....

Field and Laboratory Work



56

Results and Discussion 

Boreholes Log of  Some Drilled Wells
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Results and Discussion Con’t....

Photomicrograph of  studied samples (a) sandstone (b) siltstone (c) 

pisolite (d) mudstone. Quartz-qtz; Chlorite-chl; Plagioclase-plg; Albite-

alb; Biotite-bt; Zeolite-zlt; Hematite-hem.

❖ The mineral albite may be the possible 

source of  excess halite dissolution.

❖ Fluorite minerals, especially biotite mica, 

form the source of  fluoride ions to the 

percolating groundwater in respect to high 

pH value which favors alternation of  OH—. 

❖ KMg3 (AlSi3O10)F2 + 2OH KMg3

(AlSi3O10) (OH)2
- + 2F- + CO2

❖ Waters that are rich in sodium (Na+), 

potassium (K+), chloride (Cl-), and calcium 

(Ca2+) tend to have high fluoride 

concentrations.



X-Ray Diffraction Analysis

Refined Smart Lab Studio II XRD Patterns of the Studied Samples 58



Results and Discussion Con’t.... 

Summary Statistics of the Hydrogeochemical Parameters in Groundwater of the Study Area

59

Parameter No. Minimum Maximum Average WHO (2022)
Samples above

Threshold Value

pH 31 7.01 9.55 8.03 6.5-8.5 4

Colour 31 0.00 170 19.0 15 6

Temp 31 25.2 30.5 28.7 NA 0

EC 31 422 1251 762 1000 None

TDS 31 221 638 390 1000 None

Turbidity 31 0.00 232 17.8 5 7

Na+ 31 0.10 12.7 3.14 200 None

K+ 31 1.60 234 108 200 2

Mg2+ 31 0.34 68.5 30.5 150 None

Ca2+ 31 0.00 112 11.3 200 None

Alkalinity 31 33.6 631 347 - -

Cl- 31 0.35 14.7 2.09 250 None

SO4
2- 31 0.00 42.1 5.11 250 None

HCO3
- 31 40.9 628 343 - -

NO3
- 31 2.18 115 24.7 50 5

F- 31 0.23 19.5 4.71 1.5 27

As 31 0.10 1020 162 0.01 31

Mn 31 1.5 1677.87 147.77 0.08 31

Cu 31 0.25 618 96.25 2 11

Fe 31 0.01 616.4 106.34 0.3 22
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Results and Discussion Con’t.... 

Box and Whisker Plot of  the Major Ions Within the Groundwater.
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Results and Discussion Con’t.... 

Spatial Distribution Maps of  Parameters with Concentrations Exceeding their Guideline Values provided 

by WHO (2017).



62

Results and Discussion Con’t.... 

Trilinear Piper Diagram Showing the Hydrogeochemical Facies of  Study Area’s Groundwater

Geochemical Evolution of  Groundwater
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Results and Discussion Con’t.... 

Bivariate Scatter Plot Showing Evolution Processes in Groundwater Chemistry
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Results and Discussion Con’t.... 

Gibbs Diagram Showing the Major Hydrogeochemical Mechanisms Affecting Groundwater in the Study Area 
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Results and Discussion Con’t.... 

Sources of  Groundwater Fluoride Enrichment

(a) (b)

(c) (d)
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Results and Discussion Con’t.... 

Saturation Index (SI) for Various Mineral Phases Across Different Water Samples
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Results and Discussion Con’t.... 

Pearson Correlation Matrices of  the Hydrochemical Parameters (Values in Bold Indicate correlation 

Coefficients ≥ 0.7)

  pH Temp EC TDS Na+ K+ Mg2+ Ca2+ Cl- SO4
2- HCO3

- NO3
- F- As Mn Cu Fe 

pH 1.00                 

Temp 0.39 1.00                

EC -0.51 -0.22 1.00               

TDS -0.52 -0.23 0.99 1.00              

Na+ -0.31 0.21 0.07 0.09 1.00             

K+ -0.18 -0.29 0.49 0.47 -0.39 1.00            

Mg2+ 0.50 0.29 -0.19 -0.20 -0.27 -0.30 1.00           

Ca2+ -0.05 0.00 0.27 0.27 -0.14 -0.02 0.48 1.00          

Cl- 0.31 0.23 -0.07 -0.06 0.17 -0.39 -0.18 -0.16 1.00         

SO4
2- -0.08 0.27 0.01 0.00 -0.01 0.18 -0.01 -0.02 -0.14 1.00        

HCO3
- -0.27 -0.25 0.45 0.43 -0.29 0.89 -0.05 0.06 -0.64 0.19 1.00       

NO3
- 0.59 0.17 0.08 0.08 -0.39 0.11 0.17 -0.02 0.37 -0.11 -0.19 1.00      

F- 0.91 0.38 -0.30 -0.31 -0.20 -0.12 0.38 -0.05 0.45 -0.11 -0.22 0.52 1.00     

As -0.28 0.24 0.20 0.20 0.13 0.54 -0.48 -0.18 -0.10 0.34 0.46 -0.11 -0.23 1.00    

Mn 0.37 0.26 -0.32 -0.32 -0.08 -0.26 0.24 0.09 0.01 -0.06 -0.23 0.04 0.31 -0.21 1.00   

Cu -0.29 0.23 0.20 0.20 0.14 0.54 -0.48 -0.18 -0.10 0.35 0.46 -0.11 -0.23 0.99 -0.19 1.00  

Fe -0.35 0.22 0.28 0.28 0.21 0.49 -0.54 -0.20 -0.04 0.32 0.40 -0.10 -0.27 0.99 -0.22 0.99 1.00 
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Results and Discussion Con’t.... 

Rotation Plot Showing the Associations Between Ions 

in R-Mode Factor Analysis

Factor Analysis

Component 1 2 3 4 5

pH -0.111 -0.484 0.809 0.028 0.205

Temp 0.528 -0.263 0.342 -0.440 0.413

EC 0.097 0.960 -0.065 0.113 0.072

TDS 0.094 0.962 -0.072 0.095 0.060

Na+ 0.195 0.098 -0.375 -0.718 -0.084

K+ 0.391 0.393 0.067 0.774 -0.192

Mg2+ -0.277 -0.215 0.226 0.098 0.813

Ca2+ -0.134 0.332 -0.076 0.046 0.747

Cl- -0.078 0.091 0.554 -0.647 -0.287

SO4
2- 0.550 -0.112 -0.123 0.075 0.232

HCO3
- 0.364 0.293 -0.191 0.797 0.049

NO3
- -0.092 0.170 0.858 0.069 -0.030

F- -0.072 -0.278 0.844 -0.063 0.154

As 0.921 0.144 -0.072 0.122 -0.254

Mn -0.046 -0.426 0.159 -0.086 0.343

Cu 0.923 0.139 -0.080 0.122 -0.252

Fe 0.902 0.225 -0.094 0.030 -0.292

Extraction Method: Principal Component Analysis

Principal Components Analysis for the Groundwater Samples (Values in Red Show 

the Various Parameters and their Suitable PC’s)



69

Results and Discussion Con’t.... 

Hierarchical Cluster Analysis Performed Using the Within-Group Linkage Extraction Criterion with Results Shown 

Through a Dendrogram
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Probabilistic Human Risk Assessment

𝐸𝐷𝐼 =
𝐶𝑓 × 𝐶𝑑

𝐵𝑤

❖ The study categorized the 

population into four groups 

according to physiological and 

behavioral distinctions: infants 

(< 2 years), children (2 to < 8 

years), teenagers (8 to < 18 

years), and adults (≥ 18 years). 

  Bw (kg)   

Age Group  Karaga and Mion Gushiegu Cd (L/day) 

Adults 60.0 60.0       2.50  

Teenagers 50.0 50.0       2.00  

Children 10.0 17.0       0.85  

Infants 3.6 3.5       0.10  

 1 

Average body weight (Bw) and daily average consumption of  

drinking water (Cd) of  the varying age groups

Results and Discussion Con’t.... 
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Probabilistic Human Risk Assessment

Calculated EDI and Hazard Quotient (HQ) values among different age groups

Results and Discussion Con’t.... 
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Probabilistic Human Risk Assessment

Predictive Monte Carlo Analysis

a-b and c-d are plotted data from the 

100th and 500th iterations in the Monte 

Carlo Simulation, respectively.

Results and Discussion Con’t.... 



73

Spatial Distribution Maps of  (a) EDI and (b) HQ of  Children in the Study Area

Results and Discussion Con’t.... 



74

Community-based Health Surveillance 

Results and Discussion Con’t.... 

(a) Community-based Health Surveillance (b) Dental Fluorosis in Yishei (c) Dental Fluorosis in 

Wantugu (d) Teeth Appearance in Karaga (e) Skeletal Fluorosis? in Wantugu



75

Results and Discussion Con’t.... 

Surgically Operated Children in Yishei
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Community-based Health Surveillance 

Results and Discussion Con’t.... 

Surgically Operated Children in Yishei
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Challenges and Opportunities

Challenges

❖ Data Availability and Quality: Reliable and comprehensive data on geological factors and 

their health impacts are often lacking, making it difficult to assess risks accurately.

❖ Interdisciplinary Collaboration: Effective medical geology requires collaboration 

between geologists, medical professionals, and policymakers, which can be challenging due 

to differing terminologies, methodologies, and priorities.

❖ Public Awareness: There is a general lack of  awareness about the importance of  

geological factors in health, which can hinder public support and funding for related 

initiatives.

❖ Resource Allocation: Limited financial and human resources can restrict the scope and 

impact of  medical geology projects.
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Challenges and Opportunities

Opportunities

❖ Improved Public Health: By identifying and mitigating geological health risks, medical 

geology can contribute to better health outcomes and reduce healthcare costs.

❖ Sustainable Resource Management: Understanding the health impacts of  geological 

materials can lead to more sustainable mining and resource management practices.

❖ Policy Development: Insights from medical geology can inform policies aimed at 

reducing health risks associated with geological factors, supporting SDGs related to health, 

clean water, and sustainable cities.

❖ Innovation and Research: The field offers opportunities for innovative research and 

technological advancements, particularly in areas like water purification, soil remediation, 

and environmental monitoring.
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the Maluwe Basin, Savannah Region, Ghana: Implications for human health risk 

assessment

Name: Okai Caleb Okaitei

Level: BSc (2022)
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Students Trained So Far

Topic: Development of  a low-cost household defluoridation unit using 

thermally activated cow bone: A case study at North East Region

Name: Charles Mensah

Level: BSc (2022)

Topic: Assessment of  the Quality of  Groundwater for Drinking and Irrigation 

Purposes in the Bono East Region

Name: Emmanuel Prince Addo

Level: BSc (2021)
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Students Trained So Far

Topic: Geochemical Controls on High Groundwater Fluoride in the Bongo 

District and its Environs, Upper East Region: Implications for Human Health 

Risk Assessment

Name: Moses Boakye Okyere

Level: BSc (2021)

Topic: Hydrogeochemical Evolution and Assessment of  Groundwater Quality 

for Drinking and Irrigation Purposes in the Gushegu District and Some Parts 

of  the North East Region of  Ghana

Name: Timothy Abangba

Level: BSc (2021)
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Future Directions

1. Enhanced Data Integration and Analysis

•Big Data and AI: Leveraging big data and artificial intelligence to analyze complex interactions 

between geological factors and health outcomes can lead to more precise risk assessments and 

targeted interventions.

•Geospatial Technologies: Utilizing advanced geospatial technologies for mapping and monitoring 

geological health risks can improve early warning systems and response strategies.

2. Interdisciplinary Collaboration

•Cross-Sector Partnerships: Strengthening collaborations between geologists, medical professionals, 

environmental scientists, and policymakers to develop holistic solutions to health challenges.

•Community Engagement: Involving local communities in research and decision-making processes 

to ensure that interventions are culturally appropriate and sustainable.
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Future Directions

3. Policy and Regulation

•Evidence-Based Policies: Developing and implementing policies based on robust scientific 

evidence to mitigate health risks associated with geological factors.

•International Standards: Establishing international standards and guidelines for monitoring and 

managing geogenic contaminants.

4. Education and Capacity Building

•Training Programs: Creating specialized training programs for professionals in both geology and 

health sectors to build capacity and expertise in medical geology.

•Public Awareness Campaigns: Increasing public awareness about the health impacts of  geological 

factors through education and outreach initiatives.
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Future Directions

5. Technological Innovations

•Water and Soil Remediation: Advancing technologies for the remediation of  contaminated water 

and soil to reduce exposure to harmful geogenic substances.

•Health Monitoring Devices: Developing portable and affordable health monitoring devices to 

detect and measure exposure to geological hazards.

6. Research and Development

•Disease Etiology: Investigating the role of  geological factors in the etiology of  diseases with 

unknown causes to uncover new health risks and preventive measures.

•Sustainable Practices: Promoting sustainable mining and resource management practices to 

minimize environmental and health impacts.
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Conclusion

In conclusion, medical geology plays a pivotal role in achieving the Sustainable Development Goals 

(SDGs) by addressing the complex interactions between geological factors and human health. By 

leveraging interdisciplinary collaboration, advanced technologies, and innovative research, we can:

❖ Enhance Public Health: Identify and mitigate health risks associated with geological factors, 

leading to improved health outcomes and reduced healthcare costs.

❖ Promote Sustainable Practices: Foster sustainable resource management and mining practices that 

minimize environmental and health impacts.

❖ Inform Policy Development: Provide robust scientific evidence to inform policies aimed at 

reducing health risks and promoting sustainable development.

❖ Advance Education and Awareness: Increase public awareness and build capacity through 

education and training programs, ensuring that communities are well-informed and equipped to 

address geological health risks.

By focusing on these areas, medical geology can significantly contribute to the global effort to achieve 

the SDGs, particularly those related to health, clean water, and sustainable cities. As we move forward, 

continued investment in research, technology, and interdisciplinary collaboration will be essential to fully 

realize the potential of  medical geology in creating a healthier and more sustainable future.



Ongoing Research for Collaboration

❖ Groundwater-surface water interaction

❖ Hydrogeochemistry and groundwater exploration

❖ Application of  groundwater geochemistry in mineral exploration

❖ Speciation mechanisms of  PTEs in environmental media i.e. soil, 

water, and plants

❖ Medical geology

❖ Impact of  mining activities on water quality in mining and post-

mining areas

❖ Fluid inclusion studies and isotope geochemistry of  metallic ore 

deposits

❖ Ore textures, mineral paragenesis, and whole-rock geochemistry

❖ Geochemical exploration for critical mineral resources

❖ Petrogenesis of  auriferous granitoids in diverse geological terranes

❖ Application of  AI and multivariate statistical techniques in mineral 

exploration geochemistry 91

Hydrogeology

Hydrogeology

Environmental 
Geochemistry Environmental 

Geochemistry

Mining Geology
Mining Geology



Research Group Established
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❖ Applied Geochemistry Research Group (AGReG), University of  Mines and Technology, Ghana, 

2021
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