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SUMMARY

In the past few years, there has been increasing realisation of the importance of the possible role of geochemical
variables as causality cofactors of diseases of unknown *aetiology (DUA) as well as occasional disease outbreaks in
various geographical regions of Africa. This relationship has triggered a flurry of research initiatives on the Continent
in understanding the geochemical fluxes of both nutritional and potentially toxic elements (PTEs) in the groundwater-
soil-food crop continuum, that largely define the nutritional quality of the African diet, and hence the correct balance of
micronutrients and vitamins in metabolic processes.

WATER, SOIL AND AIR POLLUTION

By far the largest volume of applied geochemistry research in Africa over the last 3 to 4 years (2017 - 2020) has
centred around an understanding of the geochemical circulation of nutritional and potentially toxic elements (PTEs) in the
water, soil and air environments (Table 1). This is consistent with the growing realisation of the important role of nutritional
elements in shaping the diet, the criticality of their “optimal range” of intake in metabolic processes and hence, in warding
off disease (e.g., Failla 2003). In the same way, knowledge of the fluxes of PTEs in the water, soil and air environments is
essential for designing nutrient management strategies that would limit their (PTE) entry into the food chain.

Projects involving pollution studies of the water, soil and air environments have been conducted with respect to
the source of pollutants - from agricultural activities, industrial activities, mining, leachates from dumpsites, and so on.
These studies have been widely supported in recent years, thanks to a favourable shift in international funding policies.
For example, results from the completed UNESCO/SIDA funded IGCP 594 and 606 projects on: ‘Environmental Health
Impacts of Mining (on the water, soil and air environments) in Africa’ have been compiled in two Special Issues of the
Journal of Geochemical Exploration (JGE): (Kribek et al. 2014, v. 144, Part C; and Toteu et al. 2019, v. 204/205), both of
which have, since publication, experienced an extraordinary download rate.

Water Pollution

Groundwater obtained from wells and boreholes constitutes the main source of drinking water for many African
communities; but this water is often of low quality since many of these wells are located close to sanitary facilities (Fayiga
et al. 2018). Thus, much of the recent research on water chemistry and pollution in Africa has centered around the
detection of unacceptably high values of PTEs in water bodies; in particular, those from which drinking water is tapped.
The objective of these studies has been to decipher the health implications and proffer mitigative measures (e.g., Gilbert
et al. 2017; Enitan et al. 2018; Adewoyin et al. 2019; Nwankwo et al. 2020; Ricolfi et al. 2020).

Soil Pollution

Identified sources of soil pollution in Africa include agricultural activities, mining, roadside emissions, auto-mechanic
workshop effluents, leachates from refuse dumps and e-waste (Fayiga et al. 2018). Qil spills are a major problem in large
oil-producing African countries such as Nigeria and Angola.

Soil micronutrient (B, Fe, Cu, Mn, Mo, Se, Zn, ClI, Co, etc.) deficiencies are a major problem for crops, livestock and
people, and is a subject keenly researched at present (see e.g., Hengl et al. 2017). So also, are the consequences of an
excess of PTEs in the soil. The last few years have therefore seen a substantial rise in research effort in understanding
PTE fluxes in the soils, with the objective of assessing the health implications of unacceptably high levels of these
elements (see e.g., Dalton et al. 2018; Nde & Mathuthu 2018; Odukoya et al. 2018; Kapwata et al. 2020; Kihara et al.
2020; Okereafor et al. 2020). The British Geological Survey (BGS) Project (2015 - 2020): “Strengthening African capacity
in soil geochemistry to inform agriculture and health policies” (BGS, Updated 2020) clearly embodies these objectives.

Air Pollution

Despite the increasing awareness that has produced a surge in air quality research, there is still a dearth of air quality
data in Africa. Air pollution in African cities stems largely from sources that include particulates and smoke from fossil fuel
combustion, vehicular emissions, roadside dust containing pathogens and indoor radon concentrations in ambient air
(e.g., see Davies 2015).

* In the field of medicine, aetiology or cause is the reason or origination of a disease, or of a pathology (essential nature of disease) (Ross, 2018).

continued on page 14
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Table 1. Breakdown and ranking of Africa’s recent (2017 - 2020) applied geochemistry output (based on internet
searches of 07.09.2020)

Rank | Area of Activity (Field Output (%) | Remarks
Campaigns; Research;
Publications; etc.)

1 Water Quality 49.0 Proliferation of research on water chemistry and pollution has been a result of the need
to understand health risks posed by unacceptably high levels of toxic elements in potable
water supplies, as well as the realisation by all stakeholders that climate change would
exacerbate the already dire water quality situation that currently exists on the Continent
2 Air Quality 33.3 The upsurge in research effort on air quality is in line with global activities in the area of
atmospheric chemistry, to address climate change and health issues. In Sub-Saharan
Africa where most of the Continent’s mining activities are concentrated, the air quality
situation is most serious, especially with regard to radon entry into homes, and its
accumulation in deep underground mines

3 Soil Quality (Contaminated 10.2 The main sectors responsible for soil pollution in Africa are mining, agriculture and waste
Land) disposal. A huge research effort supported by international funding has been mounted to
address this, through measures such as phytoremediation. Much effort is being expended
in understanding the processes and mechanisms of uptake of nutritional and PTEs from the
soil through food crops, and their roles in mediating metabolic processes and influencing
immune system functions

4 Climate Change Chemistry 4.1 Aflurry of activities is taking place, in line with the trend of research on atmospheric
chemistry and global change phenomena

5 Medical Geology 1.5 As the Tink between geochemical cofactors and certain environmental diseases becomes
(Environmental clearer and more firmly established, we will continue to see a rise in research activities in
Geochemistry and Health) this field

6 Isotope Geochemistry; 0.4 A'significant rise in the use of chemostratigraphy and isotopic dating is realised, as
inorganic and researchers begin to appreciate the potential of both stable and radiogenic isotopes to
biogeochemical processes provide answers beyond the reach of geology

7 Geochemistry Aspects of 0.3 The geochemical aspects of hazardous and non-hazardous waste disposal in Africa remain
Waste Disposal [Including poorly researched. This is apart from the subject of acid mine drainage (AMD), which
Mine Wastewaters (AMD)] continues to be of immense environmental concern, particularly in South Africa - one of

few African countries with established institutional structures for articulating waste disposal
policies

8 Marine Geochemistry 0.3 The volume of research on marine geochemistry in Africa is very low. Surprisingly, little

geochemistry is applied in exploration for offshore resources, despite the many petroleum
discoveries made in the last few years

9 Geochemistry in 0.3 Research continues to grow in the area of chemical technology, that would help farmers
Agriculture improve yields, while at the same time limiting fertilizer use

10 Geochemistry in Mineral/ 0.3 Numerous geochemical exploration programmes were mounted or continued during the
(Ore) Exploration (GMOE) period under review, largely by mining companies. However, many geochemical and

mineral target maps that are generated are not put in the public domain, for reasons
of confidentiality, which, partly explains the unexpected low ranking of GMOE. Some
geochemical exploration work is also carried out by government geological survey agencies
and academics in universities; but this proportion, has declined significantly in recent years

11 Urban Geochemistry 0.2 Some data are available for the separate compartments of the water, soil and air
environments; but this area of AG research in Africa is still very much in its infancy
12 Extraterrestrial 0.1 The volume of research on Extraterrestrial Geochemistry is low compared to work done in
Geochemistry other continents; but awareness of its importance is growing [See below, Sections 2 and

3 of: The European Association of Geochemistry-The Geochemical Society (EAG-GS)
Outreach Programme to Africa on ‘Africa Initiative for Planetary and Space Sciences’]

100.0

The following quote from a new (2019) UNICEF Report, appositely summarises the present situation regarding air
quality: “Because air pollution is not monitored in Africa to the same extent as in other parts of the world, we are not
only potentially underestimating the impact - we might also not know how bad it is until it is too late. ... only about 6%
of children [in Africa] live near reliable, ground-level monitoring stations that provide real-time data on the quality of air
they are breathing - and it is likely that we are only scratching the surface in terms of understanding its full impact on
children’s health. This is compared to about 72% of children who live near reliable monitoring stations across Europe and
North America. Increasing the base of reliable, local, ground-level measurements would greatly aid effective responses
to this poorly-understood killer of children across the continent.” Exposure to airborne radon progeny in the domestic
environment, but also in deep underground mine settings, yields the largest source of exposure to ionising radiation of the
population.

continued on page 15
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Radon research in Africa

There is a dearth of studies on radon concentrations and its fate in the African geosphere. This situation is well
reflected in the data-deficient radon map (Zielinsky 2014; Fig.1) presented during a World Health Organisation project
launch of 2017. However, greater awareness of the severity of the health consequences of radon exposure in homes and
deep underground mines of Africa has brought about a rise in the number of studies on ‘Radon in Africa’ in the last 4 years
(e.g., Botha et al. 2017; Kamunda et al. 2017; Masevhe et al. 2017; Botha et al. 2018; Bezuidenhout 2019; Herbst/ CANSA
2019; Le Roux et al. 2019; Moshupya et al. 2019). Most of these studies address radon exposure situations and health
effects in South Africa. Thus, a lot more needs to be done to tackle radon exposure problems in other African countries,
especially in homes located in the neighbourhood of uranium and gold mining centres and over large areas of felsic
intrusive rock.

Fig. 1. Africa: Arithmetic mean of radon, by country. Credit: Zielinsky & Jiang. Source Zielinsky 2014.
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GEOCHEMICAL VARIABLES AS PLAUSIBLE CAUSALITY CO-FACTORS IN SUDDEN DISEASE OUTBREAKS AND
OTHER ‘DISEASES OF UNKNOWN AETIOLOGY’ (DUA)

Sudden physical and/or chemical changes in soil, water or air composition as a result of some geological/
geochemical/biochemical phenomena or some other geoenvironmental attributes such as latitude, altitude or seasonal
variations at specific localities, ought to be considered more deeply by teams investigating the causes of enigmatic
disease outbreaks whose aetiology cannot be immediately identified. Other categories of DUAs should also be considered
in a similar vein.

Nodding disease, observed in Southern Sudan and Noma, observed in many parts of Sub-Saharan Africa, are
examples of diseases for which the aetiological agents, until now, remain elusive. Some examples of DUA whose
aetiology may well be linked with a geochemical or other geoenvironmental cofactor are described in Table 2.

continued on page 16
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Recent applied geochemistry research in Africa... continued from page 16

The Africa Geochemical Database

THE AFRICA GEOCHEMICAL DATABASE
(AGD) project is the Africa component of a

PROJECT

multi-stage global project, ‘The International
Geochemical Mapping’, IGCP Project 259
(see Darnley et al. 1995), established to
consider how best to provide quantitative
data to portray the geochemical diversity

of the Earth’s land surface. A completed

Between 2017 and 2020, large-scale
geochemical activities involving sampling,

applications, not least in the field of Medical
analyses and data handling techniques

AGD would have a range of environmental
Geology.

related to the AGD were at a low ebb. Only
a few geological survey institutions (e.g.,
Geological Survey of Namibia; Council of
Geoscience of South Africa) recorded further
work on regional geochemical database
programmes. Reasons for the lowly position

of the AGD in geoscience agendas of African
countries are well articulated in the 2018
Annual Report of the International Union of
Geological Sciences Task Group on Global
Geochemical Baselines (IUGS-CGGB,
2019). A number of international workshops
with significant African participation were
held during the period under review, at which
various technical aspects of the Global
Geochemical Database Project, useful to the
AGD campaign, were highlighted.

In 2017, the GEO Group on Earth
Observations tabled for a second time, the

EuroGeoSurveys, IUGS/IAGC and others
geochemical baseline database for mineral
resource and environmental management”.
The Proposal also described a work

(GEO 2016). The Project’'s aim was:
“To develop a land base multi-element

Project Proposal (Activity ID77): “Africa
Geochemical Baselines”, analogous
to the AGD Project, for support by

information” and “To develop a geochemical

programme for the period 2017 - 2019. The
baseline database for the entire African
continent through systematic sampling
and chemical analysis according to the

Project is within the vision of GEO: “To
informed by coordinated, comprehensive

realise a future wherein decisions and
actions, for the benefit of humankind, are
and sustained Earth observations and

specifications of IGCP 259 International
Geochemical Mapping (Darnley et al.

1995). We propose using only one sample

continued on page 16
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medium, depending on terrain type, namely overbank or floodplain or catchment basin sediment, which is generally
alluvial (or agricultural soil).”

Analytical Geochemistry

Among the reasons given for the low scientific output in the AGD Programme (geochemical sampling, laboratory
analyses, data processing and data portrayal) is the problem of inadequate capacity in analytical instrumentation
across Africa; so also is the lack of technical expertise for its operation. Problems associated with the poor analytical
geochemistry performance of African laboratories are highlighted in the 2018 Annual Report of the IUGS Task Group on
Global Geochemical Baselines (IUGS-CGGB 2019).

The European Association of Geochemistry-The Geochemical Society (EAG-GS): Outreach Programme to Africa
Under the auspices of the EAG-GS, the following events were held during the period under review:

1. EAG-GS 2017 — The Short Course: “Early Earth Life and Mineral Systems” (presented by Assoc. Prof. Axel Hofmann,
University of Johannesburg, South Africa), explored the relationship between surface processes, evolution and
habitat of life, and the formation of mineral deposits on the early Earth. It investigated the geochemical, mineralogical,
environmental and biological evolution of the Earth’s surface and immediate subsurface from its volcano-sedimentary
record 4.0 to 2.0 billion-years-old.

2. EAG-GS 2018 — “Africa Initiative for Planetary and Space Sciences” produced two International Workshops held in
February, 2019 (First Africa Initiative for Planetary and Space Science Workshop, Addis Ababa, Ethiopia) and May,
2019 (Eastern Africa Global Navigation Satellite Systems and Space Weather Capacity Building, Pwani University,
Kenya), respectively.

The Workshops’ objectives were:

» To connect African Planetary and Space Scientists with their international peers;

» To build a road map for Planetary and Space Sciences in Africa, by identifying key research areas where African
scientists can make significant contributions;

» To solicit sponsors to support the development of this research domain in Africa;

» To contribute to sustainable development in Africa through research, education, and public outreach in Planetary
and Space sciences.

3. The 2019-2020 EAG-GS “Outreach Programme to Africa” (convened by Hasnaa Aoudjehane, Hassan Il University,
Casablanca, Morocco) took the form of a series of workshops and seminars on meteoritics and planetary sciences in
universities and institutes across Africa during 2019 - 2020.

CONCLUSIONS

The trend in applied geochemistry research in Africa during the last few years has been towards determining the
circulation of both nutritional elements and PTEs in the water-soil-food crop nexus, that enters the food chain. The prime
motivator of this approach has been the increasing realisation of the significance of the entry - largely through the diet - of
varying concentration levels of elements that may be bioavailable for negative interactions in metabolic processes that
produce diseases, some of whose diagnoses are still ill-defined (DUA).

It is clear that most DUA's are multifactorial diseases, caused by a complex interplay between genetic factors
(polygenic), immunological mediators (trace elements/metals) and various environmental factors, none of which factors
would cause the disease on its own. Based on an extensive literature survey on the subject, it is possible to proffer that
trace element dynamics/imbalances in metabolic processes may one day be found to play a far greater role in unravelling
the aetiology of DUA than has hitherto been realised.

It is suggested that correlation maps from a completed AGD [analogous to what exists for China (see Wang et al.
2007), England and Wales (see Rawlins et al. 2012), the USA (see Smith et al. 2019), and a few other countries] would,
among other applications, enable the depiction of areas where disease clusters overlie anomalous element distribution
(in water, soil or air), and so permit an evidence-based statistical assessment of the magnitude of any geochemical
component in the disease causative web.
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