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Abstract

The main focus of this research was to investigate the environmental effects of the use of
mercury, a potent neurotoxicant, by artisanal miners processing gold at Uke mining sites in
Nassarawa State. The research adopted multidisciplinary research approach involving analytical,
quantitative and geospatial methods. The samples analyzed for both seasons includes, 10 fish
samples,39 water samples, 24 plants samples, 20 soil (wastes) tailing samples,20 agricultural soil
samples and 3 river sediments. The mercury concentration was measured using Direct Mercury
Analyser (DMAS80) and USEPA 7473 standard method. Moreover, remote sensingechnique
was adopted to process satellite imageries to extract NDVI values and Land use for the
area. Results showed concentrations of mercury in fish within WHO al e human
consumption limit of 0.5 mg/kg, with bioaccumulation order within the® % as follows;
gills>liver>intestine >muscle>bone. The values in soil ranges from 0.016&%&58 mg/kg in wet
season while the dry season ranges from 0.025 to 4.125 mg/kg which is above the crustal average
of 0.003 mg/kg. The tailings have 0.003 to 0.142 mg/kg in dry, n*while 0.011 to 0.314
mg/kg in the wet season which is above expected limit. Plants m ncentration confirmed
that Rice, Pepper and Sweet Potato are above the allowable range of 0.03-0.1mg/kg and should
be a concern for food safety in the area. The mercury in ri @ e is above WHO threshold of
0.002 mg/kg. The result indicates positive correlation “‘k low NDVI values and stressed
vegetation. The Geoaccumulation Index and Conta ion Factor Values, confirmed low
contamination with the soil tailings as a point sou. s work developed a GIS-based model
using the weighted method in ARCGIS to help ict mercury migration and produce pollution

vulnerability map for risk management. 0
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Chapter One
Introduction

1.1 Background to the Study

Mineral resources have been one of the pillars of economic sustainability of many nations. It has
provided primary raw materials for the industrial development in most countries, resulting in the
ceaseless demand for it, towards economic growth and development!22*26, In spite of its positive
benefits, the improper management and control of mining activities have resulted in wanton
damage to the environment'. In most advanced countries mining has played a pivotal role in the
sustainable development of the economy but a carefully planned environmental management
plan in most cases have reduced the emerging hazards from mining*>!192%25, This is not the case
in most developing countries where unregulated mining activities is mostly carried out by
artisanal miners who are driven by poverty and practice artisanal small-scale mining (ASM) as

an alternative to live hood?¢"7.

The gold ore processmag involves the addition of elemental mercury crushed to primary ore to
constitute an.almagam'! 1215 This mixture is subjected to heat via a stove or local made fire
which subsequently results into the extraction of mercury from the gold. At this point, exposure
to mercury is detrimental to both the miner and the immediate community. This is because
elemental mercury is highly volatile and its inhalation by the humans results into severe health
issues such as impairment to nervous, and other sensitive body systems. Moreover, the discharge

of mercury into the environmental media through the anthropogenic activities of the artisanal



miners eventually results into disruption into the food web via mercury contamination of

mercury!31419,

In Nigeria, Gold occurrences spread across over twelve states along a metallogenic province,
called the Schist belt*. It covers majorly the South western and North-western parts of the
country; it spreads from Ilesha in Osun state to Gausau in Zamfara state*!. The gol uction
in these states are predominantly done by artisanal miners. In trying to diversif%%)economy of
the nation from oil, previous administrations have laid emphasis on the miing sector as one of
the focal sectors for national development, for this reason the H@}or gold has reached

unprecedented levels. Thus, igniting the quest for its explorati(éﬂr over the country?’.

Consequent upon the above, ASGM activities has w@ tremendously prompting the use of
large amount elemental mercury for gold proce@i&w. The unregulated discharge of mercury
to the environment often results into w. toQ(lémage to the ecosystem*?*. This is because the
biogeochemical cycle of mercury er%bﬂ it to occur in different forms, elemental mercury in
particular is volatile and can e%)be dispersed into the various environmental media but
become more toxic und naerobic environment, where it is converted via microbial
activities and metl;{ into organic mercury. e.g., methyl-mercury (MeHg)!>?°. The health
effect of exp%gq methyl mercury is catastrophic since it causes harm to the central nervous
syste Qhemical characteristics of this potent neurotoxin enables it to dissolve easily in
lipids enabling easy access to biological membranes. Moreover, bioaccumulation and
biomagnification in food chains are accelerated by the protein binding quality of MeHg” 2*. The
global attention was drawn to the lethal effect of MeHg during the Minamata Bay and Agano

River mercury poisoning episode, where several lives were loss, as a results of contamination of



fish by methyl mercury, during the 1950s and 1960s!>!6, Several other studies have narrated the
menacing health effects of mercury contamination such as neurological damage, kidney, memory
loss, heart and even death. To this end, this study focused on the gathering of baseline data to
assess the various risk associated with the discharge of mercury to the ecosystem during gold
processing by artisanal miners in Uke, Nassarawa state ,Nigeria. This research be@gwe very

important to provide baseline data for managing such risk all over Nigeria®'2. Q'}\

1.2 Statement of the Research Problem s n

The application of mercury in gold processing, majorly by artisand )@Q has been a source of
concern globally®!®. Uncontrolled use of mercury have resulte@severe health implications due
to exposure to miners and mining communities in a@ﬂs of the world. It has therefore
become imperative that extensive study on safe bg%)r tices by artisanal and small-scale during

their gold processing operations be carried c@j\\‘

Mercury is commonly used as an e%%la part of the almagam in the extraction of gold by
miners. The anthropogenic relea&this harmful metal into the environment often results into
contamination of the ecc@ an poses great danger to human existence. The sustainable
management of tlg'{‘ ard requires the acquisition of veritable baseline data to ensure

monitoring a@opment of mitigation measures by researcher and policy managers®*. There

is pau;@ata on this project site which necessitated the need for this project.

Accordingly, it has become pertinent that a critical understanding of the various complex
scenarios such as socio-cultural, technological, topographical factors are considered, to be able to

provide mitigation measures to mercury pollution menace. It is believed that the data generated



from this project would form part of the national repository database on mercury which can form

the basis for better decision making in risk management of the hazard'.



1.3  Justification of the Study

The Lead poisoning incidence in Zamfara State Nigeria in 2010, where children were lost due
to negative mining practices, led to a clarion call for safe mining practices amongst artisanal
miners, especially the use of mercury during ASGM mining activities®. In order not to witness
such unprecedented national disaster again, there is an awakening campaign to. address the
growing application of mercury in gold processing?’. This has become pertir@»\sfnce gold
mineralization is very prominent in states such as Osun, Oyo, Zamfara, Ke . 13 oto, Kaduna,
artisanal miners. &%‘\\’
Q

According to a World Health Organisation report, an ,000 Nigerians are vulnerable to
e

Nassarawa, Kogi etc., the gold resources of these states are in mosj%s?s being extracted by

mercury poisoning due to activities of artisanal mi ing mercury to process gold*’. The use
of mercury to process gold has made c@jﬁ}‘a million Nigerians vulnerable to mercury
contamination. This pose a great danger'@ublic health of these communities and countrywide.
In a related research on mercué\oaqéle burden of Disease (BoD), Nigeria ranks among the
countries in Africa with the hta%e&t number of artisanal miners and highest Disability weight!-?6.

The outcome of this @DQ QXpected to outline strategies expected to curb the possible health

impact from g@eontamination.

The les from this study includes production of risk maps and GIS based mercury

vulnerability map for monitoring mercury contamination.
1.4  Aim and Objectives of the Study

The aim of this work was to evaluate the levels of mercury concentration in the environmental
media such as fish, stream sediment, agricultural soils, edible plants surfacewater (river water)

5



and underground-water systems in the project area and to carry out the human health risk

assessment of the community. Remediation measures are also to be suggested.
The specific objectives were;

1) Evaluate the mercury content in soils, plant, surface, groundwater systems and fish from
the Uke River; &
ii)  Determine risk and human health assessment of the area of study; : QO
iii) Produce Risk Maps of mercury and develop GIS decision support system.
. \‘ “
1.5 Research Questions @

The research was geared to resolve the following questiom@
1. Does the mercury values within the ecosyst&ch as soil, water, plants and fish within
the safe WHO, EPA threshold limitst\\*
2. Does the mercury from the gold ssing activities of ASMG have direct impact on the

mercury contamination oﬂ@vironmental media?

3. Does the mercury usag%bx miners pose a risk to human health and environment in the

community? QQ
O

1.6 Sign@of the Study

The a@y of relevant basic data is essential to management of pollution and other hazards
to human existence. Consequently, this study is necessary to collate vital geochemical dataset
required to manage possible threat to the ecosystem through the activities of artisanal miners in

Uke. This will culminate into the design of remediation measures to manage the hazard.



1.7 Scope of the Study

The research covered the assessment of the mercury concentrations in soil, ground water,
tailings, plants, stream water as well as characterization of associated risks. The work entailed
the use of analytical, geospatial and quantitative methods to investigate mercury contamination
affecting the artisanal miners and community.
The details of this work included: Q’}\

e The use of Landsat imagery processing of study area for land use : %studies

e Reconnaissance survey: carried out seasonal field mappm Q%[B{iy site for collection

samples and interview of correspondents. &%

e Carried out sample collection and preparation dur1 et and dry seasons (sample media

includes, stream, plants, sediments, soils, an@? and groundwater.

e Execution of geochemical analysis ts)%p% from the study site. The interpretation of

the analytical data. %

e Produce and design depi@rcury concentration maps within the ASGM system.
e Integration of Varioux%m{natlc dataset such as slope, flow accumulation, elevation,

NDVI to deve@i%based mercury venerability model.

1.8 Limita io@&the Study

This paucity of aftalytical infrastructure for mercury was a limiting factor in this work. This was
later @ with the identification of an appropriate laboratory. Consequently, the high cost of
analyzing samples also restrained the numbers of samples analysed in this work since it was not
sponsored.  Nevertheless, conformity with conventional sampling standard was never
jeopardized. Secondly, the uncooperative attitude of artisanal miners in the release of their urine

for analysis also constitute a major constraint in this research work.



Lastly, the correspondents used in the questionnaire survey were restricted to the immediate

environment of the gold processing center.
1.9 Operational Definition of Terms

Environment: The natural world in which people, animals and plants live, as a whole or in a

particular geographical area especially as affected by human activity. &

Pollution: The presence or introduction into the environment of a substan% ich/have harmful

or poisonous effects. ‘\%0}

Artisanal Mining: informal mining activities carried m%@ using low technology or

rudimentary tools. Most times employing the use of h (k@

Toxicity: The toxicity of a substance is the degr@which it is poisonous.

\

Risk Assessment: is the possible occurré&el n undesired outcome.

Mercury Methylation: is the ceg‘R forming methylmercury (MeHg). The methylation of

mercury can occur abioticall;%dqiotically. Biotically, the primary methylators of mercury are

sulfate-reducing and @)@ging bacteria.

Mercury An‘@ion: a process of extracting metals (as native gold and silver) from their
ores by :E@d'tion of small quantities of mercury to the stamping or grinding unit so that the
resulting @imalgam is caught on mercury-coated copper plates from which it is then scraped, the

precious metals in it being recovered by distilling off.



Phytoremediation: is a plant-based approach, which involves the use of plants to extract and
remove elemental pollutants or lower their bioavailability in soil. Plants have the abilities to
absorb ionic compounds in the soil even at low concentrations through their root system.

Normalized Difference Vegetation Index (NDVI): is a widely-used metric for quantifying the
health and density of vegetation using sensor data. It is calculated from spectrometric data at two
specific bands: red and near-infrared. The spectrometric data is usually sourced from remote

sensors, such as satellites.

Google Earth Engine: Google Earth Engine combines a mulﬂ%\abyvté catalog of satellite
imagery and geospatial datasets with planetary-scale analysis f@bl ities. Scientists, researchers,
and developers use Earth Engine to detect changes, ap@hds, and quantify differences on the
Earth's surface. Earth Engine is now available for comiti€rcial use, and remains free for academic

=

and research use.

Land Use and Cover Change (LU@S the study of land surface change. Land use (such as

agriculture, pasture, or plantatior}fggcribes human use of land, while land cover (such as forest

.\
or desert) describes the bt@i | characteristics of the land surface.

N
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Chapter Two
Literature Review
2.1 Conceptual Framework

Great economies are maintained on a long-term basis for nations of the world possessing and
developing significant mineral resources sectors. Excellent business senses are also achieved
from these developments when strict sense of stewardship on environmental . (h‘gement
practices is adopted at such mine sites. Extraction of minerals from earth’s %JS constitutes
mining activities and is second only to agriculture as the world’s oldest and important activity
which spans from the Stone Age. Africa is well endowed with m@l zources. It harbors the
world’s largest mineral reserves of platinum, gold, gi%&& chromite, manganese, and
vanadium'-!°, However, some of these unpattern abl f@} activities on surface and subsurface
has tremendous impact on the environment, }V'st&%e end product of reduction of forest cover,
erosion of soil, pollution of air, water a d@lg\ﬁnd affect ecosystems in general. Gold mining
and smelting activities and the long—@, cessive application of fertilizers and agrochemicals
over time have been identified aM anthropogenic releases. These are possible activities that
exacerbate contamination 1@5\:&6, and ecological risk level of trace metals in riverine surface
sediments in minin‘{‘ 6Q2. Mercury contamination has pervaded many artisanal gold mining
communitieSad gworld, especially in developing countries. In Africa, the prevalence has
become-distutbing as these poses a threat to the biodiversity and inherent ecosystems. In Ghana,
an_evaluation of the potential risk of mercury pollution in soils and other eco-media of an
artisanal gold mining community was carried out®. Enrichment Factors classified the soils of the
study area as being moderately to extremely severely contaminated with mercury. The spatial

distribution shows the contamination of mercury is highest at residential facilities and decreases

through the community to the outskirts covered by vegetation®.
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2.2 Review of Previous Work

Significance of contamination risk posed by artisanal gold mining is also highlighted by various
researchers highlighting the hazardous nature of mercury and other heavy metals in Peru, China,
Ghana, Indonesia and Nigeria where the release of mercury into the environment has caused
catastrophic effects on the ecosystem?*7:861L14 " Particularly in Nigeria, in year 2010, the
unregulated artisanal mining of gold in Zamfara State, North-Western Nigeria resulted in a Lead
poisoning epidemic, which led to the death of not less than 400 children under the age of five'2.
Consequently, irrespective of the local and international interventions in the affected
communities, the death toll rose even higher in year 2013 and is considered to be the worst case

of lead poisoning in modern history®.

Other related works carried out mercury contamination through artisanal mining in gold bearing
arcas of Ilesha, Anka, and Zamfaral>'?%}. n most of these studies emphasis was on
determination of health and ecological*tiskKs especially the carcinogenic effect due the exposure
to mercury. Moreover, the studieSyfocused assessing the impact of mercury on water, soil,
sediments, fish and plants, A\l he $amples were subjected to different analytical techniques using
AAS and ICPMS to“determine concentration of mercury in the environment. The pollution
indices commenly™used in assessing the contamination impact includes Hazard index, Hazard
Quotientyy Geoaccumulation, Contamination, Carcinogenic indices. Threshold limits were
determined using the W.H.O permissible limits and the USEPA models. In most cases, polluted

media pose very high ecological risks resulting in health risk on humans.
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In South America, increase of mining activities has negatively impacted on ecosystems®'. A
review conducted in Columbia, analyses national information levels on coal and Hg in
island/coastal/marine as well as freshwater ecosystems and human groups using fishery
resources as a framework®!°®. While considering a choice of fish is because fish are the main

source of animal protein in marine coastal-island and mainland communities. . %

Out of 32 Colombian departments 15 have records of total mercury@g) in water,
sediments, fish, and human communities. Around 205 ton/year of mercuryx was discharged into
the ecosystem. In human hair for example (15.3 to 50.15 ‘@?nercury exceeds the

international maximum levels allowed (ILA) and the nationzk rd (5.0 pg/g). Mercury levels

in freshwater fish show 3.3 pg/g of THg and levels in@@yand coastal-island fish are 1.2 pg/g
th

THg exceeding the ILA (0.5 pg/g) standard for fis

O

have a THg between 0.04 and 2.55 pg/g su@g bioaccumulation and magnification of heavy

will be consumed. Carnivorous species

metals'®. Prolong anthropogenic activi(%‘%articularly Mining) would have negative effects on

the soil chemistry that may need %‘gl%)nd appraisals.

.\
A similar system@:stigation performed to assess the pollution and risk level of

trace metals in rive;\s‘gia‘nents located in the greatest gold production base in China'4. The geo-
accumulatiov%& was used to assess the contamination degree. The sediment quality
guideli Qi potential ecological risk index were employed to complete an ecological risk
assessment. Correlations and principal component analyses were applied to check relationships
among trace metals and ascertain potential pollution sources. The results suggested that the
sediments in the river were most polluted by As, Cd, and Hg followed by Cu, Pb, and Zn. There

could be effects of suspended sediment and metal pollution on riverine ecosystem and fish

15



population can be responsible for genetic changes and population extinction as the risks from
mining activities and fish population decline!>. On a long-term basis, the accumulation of
mercury contaminants in aquatic habitats not only is a treat to aqua culture but has a potential of
total diminishing of aquatic heritage. The geochemistry of sediments in receiving environments
indicates the potential for Hg-methylation to form highly bioavailable Hg species. An Qs&c’ssment
on the contamination threat from consumption of local seafood, samples of fis luscs and
crustaceans were collected from the Namlea fish market and analyzed f@g ncentrations.
Result showed that river, estuary and marine ecosystems downstreg&f'ASGM operations on
Buru Island (Indonesia) are exposed to dangerously high Hg con&%atlons which are impacting
aquatic food chains, and fisheries resources’®. Health w1se®s widely acknowledged that there
is a myriad of health risk associated with ArtisanalNand small-scale mining (ASM) obviously
from Mercury (Hg) contamination is an iss .G&o ern®!2, A scoping review of peer-reviewed
publications, harnessed available electronte, databases ranging from PubMed, Scopus, Academia
and Web of Science from incep%%%’arch 2022. Relevant information with emphasis on

human and environmental exposyres and health effects in a context of ASM, Mercury and

ASGM were put togegu“.

X

-
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23 Local Geology

The basement rocks represented in the area are mainly rocks of the migmatites gneiss complex,
metasediments and meta-igneous rocks and Pan African granitoids’. There is also the presence
of intrusive veins of quartz and pegmatites, which host some gem-stones like black tourmaline

&P

The rocks of migmatite gneiss complex comprises of various types of gngis&?ﬁging from

associated with most of the major rocks.

thinly laminated gneisses to the banded gneisses. There are also the lﬁ@c gneisses and
biotite garnet gneisses. The Pan African granitoids are represented @gﬁants of granites from
porphyritic biotite granite with large phenocrysts of K-feldsp® the medium — fine grained

S

biotite, observed some parts of the area’7>76, ®

Structural trends in the crystalline basement. conlplex rocks are dominantly NNE/SSW with
significant associated NNW/SSE and mi@w and N/S trends dipping 60°NW?3. These
structural lineaments in the basement ex rocks are believed to be ancient structural trends.
Intermittently active since at leMe Precambrian times. These ancient lines also serve as

possible zones of emplacer@f}old, base metal, and other mineral occurrences like garnet, k-
feldspar’. \( Q)

The study aré%e is generally underlain by basement rocks represented mainly by rocks of the
migm gheiss complex, metasediments and meta-igneous rocks and Pan African granitoids.

There is also the presence of Intrusive of vein quartz and pegmatites.

Three distinct lithologies were identified within the project area and described as follows;

medium to coarse grained Biotite Granites and Pegmatites/quartz, as minor intrusions.

17



Plate 2.1: Biotite Granites rock in the Area with Gold Bearing Quartz Veins

Source: Author’s Field Work, 2023
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The medium - coarse grained Biotite Granites occupied about 70% of the area, underlying the
entire western flank and stretches to southeast and northwest of the quadrant. They are generally

light to dark grey in colour (Plate 2.1).

The Pegmatite intruded the medium to coarse grained biotite granite. On the scale of 1: 1000, the
pegmatite was mapped in details. The largest intrusion is about 120m x 65m trendm@W SE
direction. Boulders of pegmatites abound around Tudun Tafa with clear % ts with the
granites. Also, contact between medium to coarse grained granite and pe ite intrusion was
exposed at Daban Nemu. The Pegmatites occupies just about 10’/@9 area. Pegmatites and
quartz occur as vein and vein filling respectively and travers%ﬂbe granites in the northeastern
quadrant of the project area. The pegmatite shows a xa; f composition; from the quartz to

quartz-mica veins. The latter appear to be the gold hosting rock as evident from existing work

(Plate 2.2). Cj\\‘
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A
Plate2.2 : The Medium - Coarse Grained Biotite Granites

Source: Author’s Field work, 2023
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2.4  Environmental Impact of Mining

Human activities such as industrial production, mining, agriculture and transportation, release
high amounts of Potentially Harmful Elements (PHE) into surface and groundwater, soils and
ultimately to the biosphere!!> 7°. Their toxicity depends on several factors including the dose,
route of exposure, and chemical species, as well as the age, gender, genetics, and nutritional
status of exposed individuals. Because of their high degree of toxicity, even in traceable levels in
living organisms, As, Cd, Cr, Pb, and Hg rank among the priority metals that are of public health
significance. These metallic elements are considered systemic toxicants that are known to induce
multiple organ damage, even at lower levels of exposure'?. They are also classified as human
carcinogens (known or probable) according to the U.S. Environmental Protection Agency, and
the International Agency for Research on Cancer.

The presence of PHE (also referred to as potential Harmful Elements) in the water may
have a profound effect on the microalgae which constitute the main food source for bivalve
mollusks in all their growth stages, zooplankton rotifers, copepods, and brine shrimps and for
larval stages of some crustacean and fish species. Moreover, bio-concentration and magnification
could lead to high toxicity of these metals in organisms, even when the exposure level is low!> 7
8, Human exposure to PHE is inevitable, and studies have reported toxicity can result in brain
damage or the reduction of mental processes and central nervous function, lower energy levels,
damage to DNA, and alterations on the gene expression, skin and liver, muscle, blood
composition, lungs, kidneys, heart, and other vital organs for humans and other living
organisms®-!%:11:16

Long-term exposure to PHE may result in slowly progressing physical, muscular and

neurological degenerative processes that mimic Alzheimer's disease, Parkinson's disease,
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muscular dystrophy, multiple sclerosis, gangrene, diabetes mellitus, hypertension and ischemic
heart disease?. High-dose heavy metals exposure, particularly mercury and lead, may induce
severe complications such as abdominal colic pain, bloody diarrhea, and kidney failure. On the
other hand, low-dose exposure is a subtle and hidden threat, unless repeated regularly, which
may then be diagnosed by its complications, e.g., neuropsychiatric disorders including fatigue,
anxiety, and detrimental impacts on intelligence quotient (IQ) and intellectual function in
children.

These Heavy metals have been excessively released into the environment due to rapid
industrialization, manufacture of fertilizers and to the high production of industrial waste
originated from metal plating, mining activities, smelting, battery manufacture, tanneries,
petroleum refining, paint manufacture, pesticides, pigment manufacture, printing or photographic
industries!>?’. This has created a major global concern because they are non-biodegradable and
can be accumulated in living tissues, causing various diseases and disorders within the food
chain. During gold mining operations other elements are often present and also dissolved include
Cu, Pb, Zn, Fe, Co, Hg, with geologically enriched environments containing high
concentrations!’.

Analyses of human biomarkers have been used to demonstrate occupational or
environmental exposure to toxic elements. Urine, blood, hair and nails reflect metal mean level
in human body. This section confirms that globally the activities of artisanal miners has
remained a major anthropogenic source of mercury which is often associated with lead , both
heavy metals causes environmental contamination resulting into hazardous effects on the health

of th vulnerable population.
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2.5 Artisanal and Small-Scale Mining (ASM) in Africa

Mining has been one of the key primary industries since the development and civilization of
mankind. Mining is done in large scale, medium and artisanal and small-scale mining. The large
scale and medium scale mining is dominated by corporations from developed countries and
economy. Artisanal Small-Scale mining (ASM) is typically undertaken by the dev.el(%%tlg cand

and under developing countries mostly in Africa. Q’}\

In definition Artisanal Mining is that which is characterized by maﬁ%}our, or zero to
minimal mechanization; zero to minimal geological knowledge; zer ety low start-up capital;
is usually unfavorable due to lack of adequate specific poli%gcna\regulatory frameworks; is
sometimes formal (with precarious mining passes/car s@ostly informal while Small Scale
Mining is usually formal (with mining title);é-mechanized; has limited geological

knowledge; low to medium start-up capital@%ﬁﬂtﬁi by the Mining Code; required to produce

an environmental impact assessment stud!

There are about 30 million le involved in ASM in 80 countries worldwide, 30 — 40%
of whom are in Africa®. %?ﬂ 35 different minerals which make a significant contribution
to the world’s produ@ of critical mineral products are those in ASM mine and process. For
instance, in Q% of the gold production (400 — 600 t/a) valued at approximately 20 billion
USD @dertaken by ASM. The ASM activity generates and supports secondary
activities/€conomies of close to 100 million people with the sector supporting direct and indirect
livelihoods of 120 — 150 million people. Several studies report that there are at least 9 million
women and 2 million children involved in Artisanal Small-Scale mining ASM activities
worldwide'*7¢4, The main commodities mined by artisanal and small-scale miners in terms of

value are gold and diamonds which are produced by 15 million ASM (for gold only). ASM
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produces about 10 - 15% of the world’s mined gold; between 15-20% of mined diamonds and
approximately 20-25% of tin and tantalum; and about 80% of precious and semiprecious stones

(coloured gemstones)®?.

Africa hosts more than one third of the world’s mineral resources, and has potential for
exploitation of more resources as a great part of the continent has not been prope'rl@nplored.
This potential is not yet harnessed for the benefit of the Africans. Although %ntinent has
natural/mineral resources, it lacks adequate human capital; financial \resources; industrial
linkages which would promote competitive markets for the mineral @Sges; infrastructure; and

to some extent the political systems, fiscal and mining regime@&t would address the key issues

in this regard. Q’Q\

It is estimated that about 12 million peq@re involved in ASM and produce a variety
of mineral commodities with promine ceQ)\erms of value to gold, diamonds, coltan and
coloured gemstones. ASM contrib@mgniﬁcanﬂy to the economic development of the
countries where it is practiced?l&?ome countries it constitutes the only mining activity and
produce 100% of the me@ ?neral commodities. However, in Africa the mining sector is
faced with numerog& enges related to the informality of its economic streams; illegal mining

conduct; env@tal disruptions; poverty; vulnerability to trade in conflict minerals; slavery

and fo%@our; child labour and human rights abuses in the mining camps'®'.
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2.6  Artisanal and Small-Scale Mining in Nigeria

Nigeria is enriched with over forty (40) types of minerals including marble, gypsum, lithium,
silver, granite, gold, gemstones, bentonite, iron ore and talc. The mining and solid mineral sector
of the extractive industry in Nigeria has always been a viable green-field particularly since the
descent of gold mining after it peaked from 1935 — 194172, Due to poverty,. overbearing

government regulations and lack of adequate financial support, gold mining is ma@onducted

by artisanal miners in Nigeria. ,%\QO

According to recent findings, the mining of solid minerals in%wﬁ is performed in over
90% by ASM while the remaining 10% represent mining %ﬁ%}tructure minerals such as
limestone, aggregates, shale and laterite”. Other operat@lude the Small-Scale Miners and
the Large-Scale Miners. The Small-Scale Minerg registered enterprises/limited liability
companies that carry out mining operationsé)m‘}a%isanal, Alluvial and other forms of mining
operations involving the use of low-lev'@echnology or application of methods not requiring
substantial expenditure and op@within Small-Scale Mining Lease Areas. The country
reports having 179 ASM sites\, where at least 400,000 miners exploit a variety of minerals.

Nigeria has also 1.5 eljgp;ople indirectly involved in mining, of whom 300,000 are service

providers to th; A@Nﬂining sector!?’,
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2.7 Gold Occurrences in Nigeria

The reliance on the economic benefits of gold has placed high priority in the exploration for gold
deposits and possible occurrences. Geochemical pathfinders are minerals that often formed in
close association with gold. Therefore, their presence even in seemingly gold-barren rock opens
up the possibility of locating a nearby gold deposit. Examples of minerals that are.geochemical
pathfinders for gold include silver, copper, lead, zinc, cobalt, nickel, arsenic, antir@gy\(,?‘ellurium,

selenium and mercury. These minerals are an important tool in gg@%@'aﬁon. Their

identification can help explorers determine the ‘\%

\ possibility of gold occurrence in a particular environm%& Structurally, primary gold

'\

mineralization is associated with veins, stringers,@%fs and similar bodies of quartz,
quartz-feldspar and quartz-tourmaline rocks in both supracrustal rocks and basement. The
veins usually range in thickness from sev@i eters to few meters, and often displaying
lenticular or pinch and swell (boudina@wcture and invariably steeply inclined occurring as

isolated body or as parallel or ec% ins system.

In Nigeria, several researc %\?e stated the association of Nigerian gold with the schist belts.
A study reported tha@mineralization is found mainly in the Archean to Lower Paleozoic
Basement ro @the schist belts and gneisses which are confined to the western part of
northw @e and are commonly found in quartz veins and reefs within several lithologies with
their &mlogical types including bed concordant veins or discordant vein system!-37:64, Also,
another study observed there is a spatial relationship with some schist belts although gold quartz
veins also occur in gneisses (e.g. Malele, Diko and Iperindo), and some gold bearing quartz veins
carry some sulphides, galena and pyrite being the most common and the veins are very often

conformable with the general N—S to NNE-SSW structural grain of the basement and occur in a
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variety of geologic settings which suggests that there was more than one period of
mineralization’?. Moreover another author noted that gold occurs both as placers (alluvial and
eluvia) and primary vein deposits within the schist belts of northwest and southwestern Nigeria.
About 90% of Nigeria’s total gold production has been from alluvia deposits derived from
primary gold mineralization in the basement. Some of the most important occurrellﬁ are at
Maru, Anka, Kwaga, Gurmana, Birnin-yauri, Okolum, Dogon-Daji and Ipe.rind(%&}, and are
all associated with the schist belts, and several new artisanal workings w@%ushaka schist
belt at places like Gusoro, Zumba, Maitumbi-Minna, Pago and Mqh@ﬂllage which is almost
at the contact between the basement and the Nupe sandstone. QS&%\

The different types of host rocks of Nige 'ap@)}Qd showing different petrographic
characteristics as earlier researcher stated that co Q‘.O several period of mineralization was
controlled by deep seated curvilinear tran@uj‘\} racture system. These deep-seated fracture
systems, Anka-Yauri-Iseyin (AYI]) and(@ugai—Zuru—Ifewara (KZI) as shown in Figure 2.1 are
believed to serve as conduits to t@gidiary fractures which are linked to these major fractures
and form sites of gold d ‘%5}1 The major commercial gold deposits and some smaller
occurrences are show@ure 2.2 and Table 2.1 respectively. According to most of the authors

gold is assoc‘i@ the schist belts of northwest and southwest Nigeria.

QQ
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Table 2.1 State and Some Locations of Gold Occurrence in Nigeria

S/n  State Location

1. Zamfara Anka, Maru, Malele N ®

2. Kebbi Bin Yauri, Mararaba, Waya, Rafin Bakin Dutsi, Laka§ s@@'n Hawal

3. Kaduna Tsohon Birnin Gwari and Kwaga . ‘\%o\

3
4. Niger Gurmana &

S. Kogi Okolom-Dogondaji, and Egbe&%ﬁ&rea

6. Kwara Bishewa, Ologomo, .&robiri, Degeji, Ndanaku, Mari, Oputa,

Lokomosi, Tunga %}, Gbajubo, Giloadi and Birnin Ruwa

7.  Osun Iperindo (Ilé@)
.\

NS

9. Oyo Q haki and Irawo areas

10 %Q Ljero
11

Cross River Oban Massif area

12 FCT, Kano, Kastina, Kwara

Source”’
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2.8 Gold Processing Methods

The mining method employed by artisanal gold miners depends on the types of deposit
being exploited and its location. Alluvial gold mineral is mixed with the sand and gravel of rivers,
streams and lakes. Running water washes it from upstream and deposits as sand. The mineral is
usually in the form of fine grains or small nuggets. Gold mineral can also be found .in ‘ggalu"tz and
can be extracted after crushing the rock!3°. Q’}\

Over the years, miners have adopted many methods for mining. As a result : %oor financial
base of small-scale miners, the majority relies solely on the tradit{onaj&e{bod of mining, which
are largely artisanal, featuring simple equipment like shove&@’ckaxes, pans, chisels and
hammers as in the case of Zamfara'3!. The methods thdt{é\ mostly employed by small-scale
mining can be categorized into the following groupsQQ

2
2.8.1 Shallow Alluvial Mining (Sluici gd)\VVashing) Method

This method is also known a%%g and wash” techniques'32. It is used to mine shallow
alluvial deposits usually found 'rk?eys or low-lying areas in depths not exceeding three meters.
Vegetation is initially c@z the soil excavated until the mineral-rich layer is reached.
Mineralized materi&gpamoved and transported for processing. As a result of the relative ease
of reaching %q%osits and treating such ores, a significant proportion of the industry’s

opera@ of this type. For similar reasons, illegal workings are predominant in this area.

2.8.2 Deep Alluvial Mining Method

It is used to mine deep alluvial deposits found along the banks of major rivers. It involves
excavating a pit and digging until the minerals bearing gravel horizon, which is typically located

at depths of 7 to 12 meters is reached. Terraces or benches are constructed along the sides of pits
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to prevent collapse and then the mineral bearing units are removed and processed to recover the

minerals.

2.8.3 Hard Rock (Lode) Mining Method

It is used to mine bearing reefs which can be located close to the surface or deep-seated minerals.
Holes are sunk to intercept the mineral reefs and when accomplished, the reefs are )@%‘d along
the strikes®. Where such reefs are weathered, small-scale miners use chg él% hammers to

break the ore. In case the ore is hard, explosives are commonly used.

. "
&
2.9  Methods of Processing/Recovery of Gold . QQ)
S
2.9.1 Panning

Panning is one of the simplest met .'éﬁscovering alluvial gold. The prospector fills
the pan with gold sand from the river or'@eam and then washing the gold mineral by swing it
around the stream. Since gold m@ heavier than sand, so it settles to the bottom of the pan.
By plunge a pan of dirt aI'OUGK[hﬁ water, the lighter sand materials are washed away, leaving

required gold minera@gg is a fairly slow process as an experienced panner can process

only about 10 ian@ our!”0,

2.9.2 Sluicing

This includes the use of a sluice box. A sluice box is a long, narrow trough made out of
wood, metal or plastic. It is placed in running water with a slight downhill tilt, so that water
flows through the box. The prospector shovels gravels into the top of the box where the water

enters. As the water runs through the box, it washes away the lighter gravels and sediment,
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leaving concentrated minerals behind. A sluice box allows a prospector’s process five to 10

times the amount of materials he can pan in a day'”.

2.10 Gold Amalgamation

The use of mercury to recover gold, a process known as amalgamation, is a common and
simple method of gold recovery that had been in existence for centuries. It W%"ﬁ}t used in
Spain as early as 200 B.C and subsequently used extensively by the o.ﬁﬁ?‘@ud Egyptians
around 50 B.C”. According to UNEP, amalgamation method is now, e,{nost commonly used
method in more than 80 countries to recover gold in more tl&%\ﬁo million ASGM sectors,
resulting to the release of hundreds of grams of mercury iﬁ@e air, soil and water®*.

A study described amalgamation as a process of mi@% gold particles with mercury to form
a compound known as amalgam (an alloy @y and gold). The amalgam is then heated
with a blow torch or over an open flamexto Vaporize mercury leaving the gold behind®?. World
Health Organisation advised mir% oid whole-ore amalgamation, where mercury is mixed
with all of the ore mined'*®. hig 1s because almost 90% of the mercury used is lost to the
environment, thereby L@evere health exposure problems to the miners and their environs.
UNIDO suggested &&ge)mative to whole-ore amalgamation as pre-concentrating the ores, using
gravity separatiofi(sluice and centrifuge) before adding mercury, which allows the miners to mix
merc@@a much smaller amounts of ore that contains a higher concentration of gold and
reduces the mercury losses to about 10%%.

A study investigation shows that over 90% of mercury vapor was escaping into the atmosphere

which accounts for 300 metric tons per year worldwide when amalgam burns in an open air

without using retort, but when retort is properly used, over 95% of mercury used was recovered
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and only very little as low as 0.5% was lost to the environment thereby reducing human health

risks to the miners and their families®2.
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2.11 Mercury in the Environment

Mercury is a naturally occurring metal found throughout the environment, concentrations
have been enriched due to mobilization by humans for thousands of years into the atmosphere, as
well as aquatic and terrestrial ecosystems!®. According to the U.N Environment Report Mercury
occurs naturally in the environment and exists in several forms which can be org.anized under
three headings: metallic mercury (also known as elemental mercury), inorgani%%cmy, and
organic mercury’’. Metallic mercury is liquid at room temperature, is a shi . g‘»%@—white metal.
Metallic mercury is the elemental or pure form of mercury (i.e.,.it i&)gcombined with other
elements). Metallic mercury metal is the most common liquid @\used in thermometers and
some electrical switches. At room temperature, some of tl{%qe?allic mercury will vaporize and

form mercury vapors. Mercury vapors are colorless @%less. The more temperature intensity,

the more vapors will be released from liquid G«;@nercury

Individuals who have breathed mereury vapors reported a metallic taste in their mouths.
Metallic mercury has been di:{%v%ﬂ at 714 hazardous waste-sites nationwide. Inorganic
mercury compounds occur “mercury combines with elements such as chlorine, sulfur, or

oxygen. These mer ry%m ounds are also called mercury salts. Most inorganic mercury

compounds ar w@mowders or crystals, except for mercuric sulfide (also known as cinnabar)
anﬁ

which is reé

forms t ompounds called "organic" mercury compounds or organomercurials. There is a

turns black after exposure to light. The combinations of mercury with carbon

potentially large amount of organic mercury compounds; however, the most common
encountered organic mercury compound in the environment is methylmercury (also known as
monomethylmercury). Dimethylmercury, at the same time, is a colorless liquid. Various forms of

mercury occur naturally in the environment. The most common natural forms of mercury found
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in the environment are metallic mercury, mercuric sulfide (cinnabar ore), mercuric chloride, and
methylmercury. Some microorganisms (bacteria and fungi) and natural processes can change the
mercury in the environment from one form to another?®. The most common organic mercury

compound usually generated by microorganisms and natural processes from other forms is the

methylmercury. . %
D

Methylmercury is of particular concern because it can accumulate in Q%ﬂl freshwater
and saltwater fish and marine mammals to higher levels greater than levels in the surrounding
water’*. Mercury mined as cinnabar ore, which contains mercurié¢ @?The metallic form is
refined from mercuric sulfide ore by heating the ore to temper@ss above 537.8 degrees Celsius.
This evaporates the mercury in the ore, and the vap @1@11 captured and condense to form
the liquid metal mercury®’. There are several use;{n quid metallic mercury. It is used in the
production of chlorine gas and caustic soda@)\ﬂ the extraction of gold from ore or articles that
contain gold. It is also used in then‘g&%(ers barometers, batteries, and electrical switches.

Silver-coloured dental fillings ty[w contain about 50% metallic mercury?’.

Metallic mercury @sed in some herbal or religious remedies in Latin America and
Asia, and in r1tua1s& tual practices in some Latin American and Caribbean religions such as
Voodoo, Sanﬁ% d Espiritismo. These uses pose a health risk from exposure to mercury both
for th d for others who may be exposed to mercury vapors in contaminated air. Certain
inorganic mercury compounds are used as fungicides. Inorganic salts of mercury, including
ammoniated mercuric chloride and mercuric iodide, have been used as ingredient in skin-
lightening creams. Mercuric chloride is a topical antiseptic or disinfectant agent. In earlier times,

mercurous chloride was widely used in medicinal products including laxatives, worming
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medications, and teething powders. Has recently been replaced by safer and more effective
agents. Other chemicals containing mercury are still used as antibacterials. These products
include mercurochrome (contains a small amount of mercury, 2%), and thimerosal and
phenylmercuric nitrate, which are used in small quantity as preservatives in some prescription
and over-the-counter medication. Mercuric sulfide and mercuric oxide may be use%o color

paints, and mercuric sulfide is one of the red coloring agents used in tattoo dyes. Q;&

Methylmercury is produced primarily by microorganisms (bac?e%a}d fungi) in the
environment, rather than by human activity?. Until the 1970s befotﬁ@&/erse health effects of
methylmercury were known, methylmercury and ethylme.rcur@'gmpounds were used to protect
seed grains from fungal infection and the usage of me @ury and ethylmercury as fungicides
was banned. The use of phenylmercuric compo&ds antifungal agents in both interior and

exterior paints, was also banned in 1991 bec@ﬁ\mercm’y vapors were released from these paints.

2.12  Global Impact of Mercury i@ Mining and Minamata Convention

The use of mercury in smalizs¢ale mining is a global issue that has devastating effects on
life in general. Since Feb Qg(')b9, when 92 countries reached an agreement and signed the
Minamata Convention,on) Mercury (Treaty). In the 2020 Convention on mercury the Treaty had

registered 1 ignatory countries'®’

. The Treaty is named after the city of Minamata, Japan,
which @@location of the first, well documented and widespread case of mercury related

poisonings.

In Minamata, local villagers began to notice that large numbers of dead fish and birds
were appearing in the bay near the town. Also, other strange occurrences were taking place, such

as birds losing their ability to fly and cats dying due to uncontrolled convulsions. Soon after
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these strange events started taking place, a large number of babies, being the most vulnerable to
methylmercury poisoning, being born were showing similar unexplained symptoms such as
ataxia, numbness in the hands and feet, general muscle weakness, narrowing of the field of
vision, and damage to hearing and speech. In extreme cases, insanity, paralysis, coma, and death

follow within weeks of the onset of symptoms*2. . %

The Treaty aims to ensure that adverse effects are prevented and.haé%é purpose of
protecting others from suffering the same fate as those in Minamata through reducing the release
of methylmercury into the environment by enacting proceduré‘\%%yaed to reduce global
mercury use, supply, and trade. The Treaty, recognized the pr@m associated with illegal and
informal industry, and have recommended meas e@at are meant to lead to global

formalization of small-scale mining operations suring that the miners have access to

training, credit, and cleaner technologies. < \)

The Treaty stressed the impc@e of financial, technical, technological, and capacity-
building support, particularly Meveloping countries, and countries with economies in
transition, in order to str@e .\national capabilities for the management of mercury and to
promote the effecti<e" lementation of the Convention. Article 7 of the Treaty specifically
applies to sv@e gold mining and processing in which mercury amalgamation is used. The
Treaty, that where such activities occur steps to reduce and possibly eliminate the use of
mercury and also requires the mining party should develop strategies to prevent the diversion of
mercury or mercury compounds used; educate, promote research sustainable non-mercury

alternatives, provision of technical and financial assistance, and partnership to assist the

implementation of this Article.
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2.13 Mercury Sources and Environmental Exposures

Mercury is naturally occurring element of about 80 pg/kg in the Earth’s crust. Over
geological time, it has been distributed all over the environment by natural processes, such as
volcanic activity, fires, movement of rivers, lakes, and streams; oceanic upwelling, and
biological processes. Since the development of humans, and particularly since t.he industrial
revolution of the late 18th and 19th centuries, anthropogenic sources have b%@}’ a major
contributor to the environmental distribution of mercury and its compounds .’%imates of the
total annual mercury releases that result from human activities range Qne—third to two-thirds
of the total mercury releases and its ranked third among the most @substances in the world by
United States Government Agency for Toxic Substances a@lsease Registry!®#!. As with other
components of the lithosphere, natural global cycliﬁ%&ﬂso been primary contributor to the
presence of chemical elements in water, air, 's% nd sediments®®. This process involves off-
gassing of mercury from the lithosph g\‘a hydrosphere to the atmosphere, where it is

transported and deposited onto | nd,@c‘lce water, and soil, depending on varying factors that

includes the chemical form &f ercury present, stack height, characteristics of the area

.\
surrounding the emitt@%pography, and meteorology>*.

Categoricalhy)»the primary sources release Hg from the lithosphere to atmosphere while
e%

secondary 16

words, an activities that involving mercury such as; mining operations ASM, industrial

irs re-emit the deposited mercury from the surface into the atmosphere in other

processes, combustion of fossil fuels (especially charcoal), production of cement, and
incineration of municipal chemical and medical wastes, gold production, steel and iron

production®,
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Fossil fuel combustion, mining, and smelting, and from solid waste incineration is the source of
approximately 80% of the elemental mercury released to the air. About 15% of the total is
released to the soil from fertilizers, fungicides, and municipal solid waste (e.g., waste that
contains discarded batteries, electrical switches, or thermometers). An additional 5% is released

from industrial wastewater to waters in the environment. ASGM** has the largest sha@&of 32%

cement industry was 10.8%°. ‘%\
. \%'\

2.14 Mercury Mobilization and Transportation

of Hg into the air, and Mercury share estimated from metallurgy sector was !@&ﬁ\and from

Mercury through anthropogenic activities or natural %&%\es, can be mobilized from
natural deposits into the biosphere. It can travel long @ces within air masses and water
currents, undergo methylation into Methylmercury (@g: CH3Hg"), and bio-magnify and bio-
accumulate in food chains to levels that cané)@ous. The major sources of Methyl Mercury
in the aquatic environments are terr%ial and runoff, particularly from wetlands and
atmospheric deposition. Also, 4@%(2‘1 global industrialization has been increasing Hg

deposition which will have eta'srbnmental consequences. Forest soil are considered among the

main sources of CH}E@JQCI atic environments®,

Atm @ Hg is dumped onto the cryosphere and emitted back to the atmosphere.
This (@ﬂ of Hg due to its high mobility in the cryosphere is linked with the process of
atmosphefic Hg depletion events during the polar spring. Snowmelt is also strongly considered to
be a main source of Hg release into lakes and water sources. Ice and melted water containing Hg
are indicative of its net deposition onto snow packs. However, long-rang transport of CH3Hg" is
reported in polar regions, Arctic, Antarctic, Tibetan plateau and the Himalayas, more

investigation are required to estimate the net Hg deposition during specific periods*. In addition,
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meteorological changes also contribute largely to the Hg reservoirs. Stabile Hg in soil outflows
after becoming labile into fluvial systems. Alterations of hydrological and meteorological
conditions induce the entrance of Hg into rivers which is then introduced into the marine
environment. The CH3Hg" can be biomagnified and bio-accumulated through the aquatic food

web’ and fishes® and enters into the human body*’.

eﬁ\
g\
2.15.1 Sources of Mercury

According to the 2018 Global Mercury Assessment by UNF,@rcury sources are grouped

as follows:

1) Natural sources released due to the l mobilization of naturally occurring
mercury from the Earth’s crust 4%[or example, volcanic activity, geothermal
activity or rock weathering ( eCD) deposited in plants can also be re-emitted and
remobilized during forest ﬁ@'

i1) Current anthropogenie, (htthan activity-related) releases from the mobilization of
mercury impuritieg raw materials (including fossil fuels — especially coal but also
gas and oil);

ii1) remobilizaQy of historic anthropogenic releases previously deposited in soils,
s@aters, landfills or waste piles®*.
Accordin QW O anthpogenic sources of mercury are;
2.15.2 Avrtisanal and Small-Scale Gold Mining (ASGM): Mercury is an essential material
used in the almagamation process during gold processing by Artisanal Small Small Miners.The

Mercury is mixed with whole ore and processed to free gold.The Mercury is subsequently

discharged with tailings into the environment.

2.15.3 Biomass Burning (domestic, industrial and power-plant energy production

Emissions from biomasss are important source of mercury to the atmosphere.Biomass
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2.154

2.15.5

2.15.6

2.15.7

2.15.8

is the oldest and most widely used renewable energy source.Biomass burning involves
agricultural residues and fuelwood.Also forest fires,grassland fires and crop residues
are important sources of biomass.

Cement Production (raw materials and fuel, excluding coal): The production of
cement is a source of anthropogenic emmssion of mercury. This is because mercury is
present in the raw materials e.g., limestone and in the fuel (coal) used in cement

manufacturing process. The major pathway for mercury releases from ce%&hdustry

is via emmissions to the atmosphere. . Qﬁ
Cremation Emissions: Mercury is emitted into the atmaosp@ n individuals
with dental almagam fillings are cremated. %

Chlor-Alkali Production (Mercury Process): The me@»c
three manufacturing processes used by the chloralk@s@ctor to produce chlorine and

0\

11 process is one of the

caustic soda. This process remains a signiﬁcant. & f mercury globally and can be an
important source of mercury releases to th€ environment.

Oil Refining: Low mercury emm@ is released during refining process of
petroleum products and natural gds pr\gr to combustion.

Pig Iron and Steel Producti@Primary): Iron and steel production is one of the
main anthropogenic sour%%f mercury (Hg) emission and release. Oxidized and
particulate Hg discharged\ffom iron and steel enterprises deposit into surrounding soil,
which accumulat introduce environmental risks.

CJQ

S

2.16.1 Mercu ife Cycle

Under ‘%‘; the relationship between local condition and mercury levels in the environment is

key to predicting changes in the concentration of mercury and its ability to be absorbed by living
things. Mercury emitted to the atmosphere from natural cycling (e.g., forest fire), geogenic (e.g.,
volcanoes, rock weathering) and anthropogenic activities. Mercury deposited on earth’s surface

can be transformed through microbial processes and fishes’>’!. The mercury life cycle is an
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illustration relating the transformation processes of mercury from the sources, atmosphere and

methylation in aquatic environment®’.

Organic sois: 150 000 {15%)

Mireerad sails: £00 000

b:c
Figure 2.3 @e ury life Cycle
Source
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2.16.2 Human Exposure to Mercury

Point sources of anthropogenic mercury release, transformation and re-volatilization from
environmental media, sorption to soil and sediment particles, and bioaccumulatioﬁ@he food
webs contribute to further distribution and subsequent human exposure49=.50’5Q%ﬁe degree of
mercury in the atmosphere (i.e., the air you breathe in the general environment) has been
increasing and this continuous release of mercury has resulted in lé\%,%? are currently three to
six times higher than the estimated levels before the 1ndust&e(23&a atmosphere. About 10 to 20
nano-grams of mercury per cubic meter (ng/m?) of 10% been measured in urban outdoor
atmosphere2. These levels are hundreds of tlmes chan levels still considered to be “safe”

to breathe. Background levels in non- urba@gs are even lower, generally about 6 ng/m? or
less. Mercury levels in surface water a@erally less than 5 parts of mercury per trillion parts
of water (5 ppt, or 5 ng per litewater), about a thousand times lower than “safe” drinking

.\

water standards. Normal soj Is'range from 20 to 625 parts of mercury per billion parts of soil
(20625 ppb; or 20,0@, 00 ng per kilogram of soil). There are three primary categories of
mercury and i @pounds: Elemental mercury, which may occur in both liquid and gaseous
states; | r%ﬁ mercury compounds, including mercurous chloride, mercuric chloride, mercuric
acetate, ald mercuric sulfide; and organic mercury compounds. Organic mercury compounds are
formed when mercury combines with carbon which occurs when microscopic organisms in water
and soil convert elemental and inorganic mercury into an organic mercury compound,

methylmercury, which accumulates in the food chain®®. Thimerosal and phenylmercuric acetate

are other types of organic mercury compounds made in small amounts for use as preservatives.
44



Elemental mercury is the main form of mercury released into the air as a vapor through natural
processes. Direct exposure occurs in occupational use of mercury, majorly in mining and gold
extraction, chlor-alkali industries, dentistry, pharmaceutical industries, pesticide production and

seed treatment37-23-26:63,

Exposure by the general population and in occupational settings is primarily thro'q.@nhaling
mercury vapours/fumes, food-chain, and consumer products®®. The average lergQatmospheric
mercury is now approximately 3— 6 times higher than the level estimated for preindustrial

ambient air. Dental amalgam constitutes a potentially signiﬁcant‘@%gf human exposure to

27 pg/day, the majority of dental amalgam h@@ﬁng exposed to less than 5 pg

mercury/day®6.
&

2.17 Mercury Effect on Human H«@'

2.17.1 Health Effects \;()

elemental mercury, with estimates of daily intake from am@&cestorations ranging from 1 to

Several adverse health eff&ﬂ@rg been reported by many researchers!3®!3, Studies have shown
elemental and metl)1<‘ ury are toxic to the central and peripheral nervous systems'>”15%173,
The inhalat@ercury vapor can produce harmful effects on the nervous, digestive and
immu ms, lungs and kidneys, and may be fatal. The inorganic salts of mercury are
corrosive to the skin, eyes and gastrointestinal tract, and may induce kidney toxicity if ingested.
Other symptoms metallic taste, nausea, abdominal pain, vomiting, diarrhea, tremor, irritability,

headache, weakness, chest pains, dyspnea (shortness of breath), cough, sore throat, fever,

45



pneumonitis (inflammation of the lungs), palpitations, albuminuria (kidney dis-function), skin

irritation, death*®-6891,
2.17.2 Mercury Symptoms

Neurological and behavioral disorders may be observed after inhalation, ingestion or dermal
exposure of different mercury compounds. Symptoms include tremors, insomnia, %&try loss,
neuromuscular effects, headaches and cognitive and motor dysfunction. '1K%dinical signs
of central nervous system toxicity can be seen in workers exposed to a ﬁltal mercury level
in the air of 20 pg/m?® or more for several years. Numerous rese x%he neurological impact
assessment of mercury on adults have been reported, ﬁn%@ show general deficits such as
numbness, imbalance, memory, impairment, @lesturbance hearing impairments,
paraesthesia, static and dynamic imbalance, pQO;{:ﬁ&or coordination and reduction in visual field,
cognitive and motor deficits, color visio arQJ)sual deficits, insomnia and memory loss has also
been reported in occupational expos research on neurological effects on children due to
parental exposures revealed defiGits motor and language development, decreased mental
development and psycho@ \?elopment index and visual-motor integration deficits, working
memory deﬁcits,\ 1 comprehension deficits, auditory processing and reasoning
impairment?3 %dney effects have been reported, ranging from increased protein in the urine
to kid re. Several studiesexamining children in ASGM communities have also found
associations between mercury levels and increased deep tendon reflexes, poor leg coordination,
decreased performance on visuospatial organization tests, and reduction in motor function,

attention, visual contrast sensitivity and manual dexterity?>23-!,

2.17.3 Human Biomarker
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Mercury exposures in humans can be estimated by measuring contamination levels in various
body tissues®. These measurements of pollutants and/or their metabolites, also known as
biological markers (or biomarkers), are useful as tools for human exposure assessment, and as
surveillance tools for monitoring mercury exposure in individuals and populations. Several
researchers have shown that hair, blood, urine are biomarker for determining ,th@bl‘evel of

N

mercury exposures in the human body?%?%2%3%, Further details are explained ig@immediate

sections. ‘%\

2.17.4 Hair Scalp ‘%\%ﬂ

Hair scalp is generally the preferred choice to document meQ&cuw exposure as it provides a
simple, integrative and, non- invasive sample. Grow@%@incorporates methylmercury during
its formation and the levels contained show a IKfa‘%/ely direct relationship with blood mercury
level. Because once mercury is incorpor. eoQ)\\air it cannot return to the blood, thus it provides
a good long-term marker for exposur g.

N
%w

Mercury in blood re@cﬂgcposure through ingestion of contaminated fish or drinking water,

2.17.5 Blood

inhalation of e x‘l vapor in ambient air, and exposure through dental amalgam and medical

treatment. '@ resence of mercury in the blood indicates recent or current exposures to mercury.
2.17.6 Urine

Mercury in Urine are usually considered the best measure of recent exposures to inorganic or

elemental mercury vapor, as urinary mercury is thought to most likely indicate the present
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mercury level in the kidney and because it accumulates in the kidney and is slowly excreted

through the urine it also the best measure for past exposure>%%4,

2.18 Mercury Reference Level

Based on risk assessments and other considerations, several countries and international
organizations have established levels of daily or weekly methylmercury or mem@intakes
estimated to be safe (or without appreciable risk to health)*"!. The World He @Fganization
report on Guidance for Identifying Populations at Risk from Mercury ‘%}re complied the

tolerable intake for total mercury which does not pose appreciable ri&@tﬁ‘e human health37:66:67,

The Joint FAO/WHO Expert Committee on Food Addjti&@‘ECFA), which also evaluates
chemical contaminants in the food supply, has estab h@ﬂovisional tolerable weekly intakes
(PTWIs) for total mercury at 5 pg/kg body yvei and for methylmercury at 1.6 pug/kg body
weight!”!, To assess possible risks due to i@on exposures, the USEPA established an RfC
for elemental mercury of 0.3 pg/m?, b n a lowest-observed-adverse-effect-level (LOAEL)
(adjusted for intermittent exposur 9.0 ug/m? and an uncertainty factor of 30 (to account for
sensitive human subpopul %)?md database deficiencies) and Reference Doses (RfDs) for

mercuric chloride OQ)} ug/kg/day and methylmercury 0.1 pg/kg/day. The JECFA also

established a@f 1.6 pg/kg body weight/week for methylmercury?*.

The al tolerable weekly intakes (PTWI) is the amount of a substance that can be
consumed weekly over an entire lifetime without appreciable risk to health and is an end-point
used for food contaminants, (such as heavy metals with cumulative properties). Its value
represents permissible human weekly exposure, protecting the most susceptible part of the

population, to those contaminants unavoidably associated with the consumption of otherwise
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wholesome and nutritious foods®!>%3, Reference Dose (RfD) or (Reference Concentration RfC)
is an estimate (with uncertainty spanning perhaps an order of magnitude) of a daily exposure to
the human population (including sensitive subgroups) that is likely to be without appreciable risk
of deleterious noncancer effects during a lifetime. It is not a direct estimator of risk but rather a
reference point to gauge the potential effects. Table 2.2 shows a number of Governments and
other organizations that have estimated the tolerable weekly intake/rc.:fe%%s'&\levels for
methylmercury exposure that are intended to be protective against adverse%gx.

. \\‘%w

N

Table 2.2: Reference Levels for Methylmercury : \Q
A\
Country/Organization Reference Q}%ﬁ Year Adopted

(mg MeHg/kg bw/, W{@

\

Canada 0.0014 'Q,V 1997

Japan 0.002 Q) 2005
Netherlands 0.00Q7 o 2000
United States Q@% 2001
JECFA \ 0.0016 2003

AQ

Source!%

QQ

49



. \%'s
The World Health Organization collected data on be%@xposure in the occupational from
studies'®. According to the report, the

national biomonitoring studies and from cross-sectio

European Union limit set by the Scientific c@jﬁ}é on Occupational Exposures limits (SCOEL)

arc: (b%

Q

e TLV:0.025 mg/m? as TWM‘[ classifiable as a human carcinogen)
'\

e EU Occupational @e Limit: 0.02 mg/m® as TWA

e MAK (inhalab ction): 0.02 mg/m>.

And accordm@lerican Conference of Governmental Industrial Hygienists (ACGIH):

o %Qntal and inorganic forms: TWA: 0.025 mg/m?3
e Alkyl compounds: TWA: 0.01 mg/m?;
e Short-term exposure limit: 0.03 mg/m?
e Aryl compounds: TWA: 0.1 mg/m?
According to International Labour Organization:
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e TLV:0.025 mg/m?, as TWA; (skin),

e MAK: (inhalable fraction): 0.02 mg/m?
The time-weighted average (TWA) is the average exposure within the workplace to any
hazardous contaminant or agent using the baseline of an eight-hours-per-day or 40-hours-per-
week work schedule. The TWA reflects the maximum average exposure to the dB%ardous

contaminants to which workers may be exposed without experiencing signiﬁcag@erse health

effects over the standardized work period. ‘%\

The short-term exposure level (STEL) is the acceptable average e@g%ver a short period of
time, usually 15 minutes as long as the TWA is not exceeded reshold limit value (TLV) is

a level to which it is believed a worker can be exp%@after day for their working lifetime

without adverse effects. 6

Biomonitoring program has shown mer centrations in adult is higher than in children,
reported that blood mercury levels in@is were approximately 2.1-fold higher than in children,
and this varied across age groustfg. For example, in the second cycle (2009-2011) of the
Canadian Health Mea ur@ﬁ?, median blood mercury levels in Canadians increased with
age as follows: 0.2 gﬂ for children aged 6-11; 0.19 pg/L for young people aged 12-19; 0.5
ng/L for adu%g 20-39; 1.0 pg/L for adults aged 40-59; and 1.2 pg/L for adults aged 60—79.
Even c%‘\ any reports are available on the adverse effect of mercury on human health there

1s no exact established limit or threshold.

2.19 Mercury Effect on Exposed Animals

In an animal model of acute toxicity, exposure to Hg vapor (550 pg/m?) resulted in mercury

deposits in different parts of the brain and also in the spinal cord®. In mice Mercury vapor
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exposure can cause a 70% increase in brain metallothionein (a metal binding
protein)'®>. Mercury accumulation in the brain was also observed in treated rats. Renal injury
can also occur from chronic mury vapor exposure. Investigation of kidney tissues of Wistar rats
exposed to 1 mg/m? Hg vapor per day revealed histological alteration of the kidneys after
45 days®>. However, the renal mercury deposition might be slow by the inhibi?g} of v-
glutamyltranspeptidase, resulting in increased urinary Hg concentration. The @} for such
reduction refers to the role of y-glutamyltranspeptidase in the reuptakel%}cq@y-glutathione
conjugate in glomerulus. Following renal injury related to HgCl, th@dxidative system of the
rat kidney is compromised. Decreasing glutathione peroxidase é)&%t\y and increased contents of
oxidative lipids and proteins occurred as well as morphofo@l changes in renal tissue 72 hours
after intoxication. After four days of oral exposure t@cury compounds (HgCl> and Me-HgCl)
in rats caused intestinal fluid accumulation, . @njuries, and diarrhea. Administration of Hg
(5 mg/kg) reduced mRNA and downregulated aquaporin in the rat gastrointestinal tract. Impaired
aquaporin expression seems to i&‘ked in the GI tract harmful effects related to mercury
consumption. Mercury induced\hepatotoxicity was shown in an HgCl, treatment animal model.
The hepatotoxicity o@@% was determined by histopathological analysis and investigating
elevated liver e s level including alanine transaminase (ALT), aspartate transaminase
(AST), and ‘aﬁle phosphatase (ALP). An Hg-induced hepatotoxicity study showed gender
differe@% Wistar rats and female rats had higher levels of Hg accumulation in the liver. It
was suggested that sex-dependent effects of liver damagevia Hg exposure be related to the
organic anion transporter 3 (Oat3). Male rats showed decreased expression of Oat3?’. The
decrease in the Oat3 abundance will limit Hg intake into the liver, leading to lower
hepatotoxicity in males. It seems that the organic anion transport is regulated by sex
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hormones. The expression of Oat3 protein is strongly elevated by testosterone. The expression of

these transporters may be regulated by sex hormones.
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2.20 Exposure and Contamination of Lead and Mercury in Gold Mining
Lead is a harmful environmental pollutant which has high toxic effects to many body

organs! 04107

. Even though Pb can be absorbed from the skin, it is mostly absorbed from
respiratory and digestive systems. Pb exposure can induce neurological, respiratory, urinary, and
cardiovascular disorders due to immune-modulation, oxidative, and inflammatory m.echanismsm.
Furthermore, Pb could disturb the balance of the oxidant-antioxidant systeé}(d induce
inflammatory responses in various organs. Exposure to Pb can r. Iteration in
physiological functions of the body and is associated with many di;%@. Pb is highly toxic
which has adverse effects on the neurological, biological, ®ognitive functions in the
bodies*=*. The international level-of-concern for Pb po'i@ig is 10 pg/dl in the blood'#!!42,

Adulteration of opium with Pb has been considered @1 eat to human health in recent years.

2.21 Lead Effects on Exposed Animals < ; @
1

Daily administration of lead acetate (Pb mg/kg, ip) for 2 weeks in pregnant Wistar female
rats induced pro-inflammatory ¢ okr% including IL-1p and TNF-a in the hippocampus and IL-
6 in the forebrain of immatqﬁrq brain?®. These results suggested that chronic lead exposure
causes inflammation it ral nervous system (CNS) of immature rat brain which might be
through activatio%ﬁ(‘glial cells. Lead exposure (0.1-0.4 MPD) increased serum endothelin-1
(ET-1), serum~nitric oxide (NO), and eosinophil peroxidase (EPO) accompanied with lung
patho\@l changes in ovalbumin (OA) sensitized and non-sensitized guinea pigs’. Exposure to
PbA (0.1-0.4 MPb) increased serum total protein, histamine, and total and differential white
blood cells (WBC) counts of guinea pigs. Hemological effects of chronic toxicity of the PbA
(0.4%) in drinking water for 12 weeks in adult male rats showed significantly decreased red

blood cells (RBC) count, while increasing total and differential WBC counts. Sub chronic
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exposure to Pb at 10 and 100 times the normal concentrations via drinking water in rats increased
activities of AST, ALP, and levels of urea nitrogen and creatinine. Besides, exposure to Pb
induced necrotic changes in brain, liver, and kidneys’. Intraperitoneal administration of PbA
(10 mg/kg, bw) to induce hepatotoxicity in rats enhanced hepatocyte abnormalities and increased
acid phosphatases (APs), ALP, AST, ALT, and lactate dehydrogenase (LDH) levels, Eae&(')sure of
rats to PbA significantly reduced antioxidant parameters such as glutathione pe '{dase (GPx),
catalase (CAT), superoxide dismutase (SOD), and glutathione S-transfer@s@‘fﬁd decreased
glutathione (GSH) content in hepatocytes and erythrocytes. ln‘&don, Pb significantly
increased oxidative parameters including malondialdehyde (M nd H>O, concentrations as
well as expression of cyclooxygenase-2 (COX-2). Adult.m@ rats exposed to PbA (500 mg/L)
showed significant elevation in the levels of serum , AST, urea, uric acid, and creatinine.
PbA also increased lipid peroxide and red .d‘\gS%, SOD, CAT, and GPx levels in liver and
kidney tissues of induced animals. Admi@ratlon of Pb (1 mg/kg, bw, ip.) in rats for a period of
4 weeks significantly increased lipid ‘peroxide level in the liver, but antioxidant parameters such
as SOD and CAT activities fot change statistically. Subcutaneous administration of PbA
(100 mg/kg, bw) in r@@%ed the levels of lipid peroxidation (LPO) including MDA and 4-
hydroxyalkena @HDA) levels in the liver and kidneys compared to the control animals.
Moreover, PbA\ decreased SOD and total GSH in the liver and kidneys of rats!°!. It has been
report@? PbA (500 mgPb/L) in drinking water promoted apoptosis by activation of
mitochondria cytochrome C release and inhibited Bcl-2 proteins and activation of caspase-3 in
kidneys of the exposed rats*. In a study, administration of PbA (25 mg/kg, bw, ip.) for 5 days in
rats increased urea and creatinine levels while it decreased total protein and albumin in the serum.
The reduction of antioxidant parameters including GPx, CAT, and SOD and induction of
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hyperlipidemia resulted from lead induced toxicity*?. Furthermore, hemorrhage in the renal
tubules, degeneration in epithelial cells, disruption of Bowman’s capsule, and necrosis area in
kidney tissue were observed?. Orally administered PbA (30 and 60 mg/kg, bw) 3 days in a week
for 3 months in rats reduced testicular weight, sperm count, and testicular ALP activity. PbA also

induced abnormal sperm count, seminiferous tubules necrosis, and disap,peeglce of

N

2.22 Environmental Impact of ASGM s -
. \%'\

seminiferous tubular epithelium in a dose-dependent manner.

2.22.1 Environmental Impact

The environmental costs of ASGM are in general higher than ﬂ@)f other types of mining’®.
This means that ASGM is dirtier unit of out than any otﬁ@edium-sized or large and modern

mining operations!'®?

. Another problem of ASGM 18th¢ great individual number of polluters,
normally concentrated in a specific area, i 4%uses significant local impacts. It is very
difficult to control or monitor environme@wolations or enforce regulations because of the lack
of resources and the inaccessible.nat most operations. ASGM harms the physical and social

environment during the sta qﬁ mining (exploration, exploitation, processing and closure).

Some major environr@‘;@pacts of ASGM are discussed hereunder®!%4,

2.22.2 Forest e@dation

ASGM in\@/ clearing of land for mineral detection and settlement of the miners®!. This
involv@e cutting down of valuable trees and massive destruction of the trees with fire
instituted by the miners. In most cases settlements of Artisanal and Small Scale Gold Miners in
the newly discovered rich vein gold often lead to rampant deforestation, but also the import of
social evil associated with urbanization which include alcohol abuse, prostitution, child labor,

land use conflicts among local communities as well as water pollution, land contamination, lead
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poisoning and other diseases. The extensive deforestation in the area also causes a reduction in

bioiversity!6?.

2.22.3 Land Degradation

Artsanal small scale gold mining in most cases degrades lands and forests and destroys the
vegetation, including economic trees and the ability of natural forest to regenera\ 8. Land
degradation threatens the economic and physical survival of the environme Q}lb’h leads to
household and national food insecurity'>*. Artisanal small-scale gold minﬂ%\he area involves
the removal of top soil and movement of huge volumes of rock ma\@"?g. This disfigures the
topography and surface drainage that causes deforestation and %&%@}ion, dust generation, long-
time compaction, subsidence and reduced agricultur%%ductivity. The accumulation of
environmental impacts of numerous ASGM ope}bs in the area has left uncovered and
unprotected open pits!”’. C.j\\‘

2.22.4 Water Pollution (é‘é'

Medecins Sans Frontieres noted'ﬁo&g activities of ASGM in Zamfara state have the potential
to promote water pollution epletion of both surface and natural underground sources as they
are highly dependent@e 15, The miners carry out their sieving and amalgamation process
on the river b v@: leads to siltation, colouration and chemical pollution of stream and rivers
that provi(bdr ing water for mining communities and animals!®!%%1°2 The operation of
ASGM erates a lot of waste stockpile that dumped on top soil or water body. These wastes
contain significant amounts of contaminants that dissolve and leach out by precipitation into
local streams and community water sources'. The impact of water pollution of ASGM on the
ecosystem and people could be so severe resulting to contamination of available surface and

underground water. ASGM inmost cases is associated with the mushrooming of unplanned
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squatter camps located close to water courses with poor or no sanitary facilities. This

development has high chances for considerable amount of water pollution from human waste'6!.

2.23  Socio-economic Impact of ASGM

There are a lot of socio — economic factors that are negatively affects the operations of artisanal

gold mining across the world. These includes: . \‘b‘

Most miners in the communities where they mined are .ﬁ‘&m who do not have a

2.23.1 Unregulated Migration in Mining Areas

legitimate claim in the areas where they operate. The mass &%on of miners in a newly
discovered rich area has often resulted in the displacen{e&he original inhabitants and the
disturbance of local customs and long-established e(@ic activities in the host community®’.
2

2.23.2 Land Tenure and Resource Us (@}s

The tendency of miners to swarm aro@a deposit area often results in conflicts in mining rights
and resource uses which often lewviolent confrontations between and among them as well as
with the local residents. @ Eing up of mining for large-scale mining companies has also

resulted in increasiq{gnfrontations between these companies and small-scale miners®®.

Q
2.23.3 @d Access to Health and Basic Amenities
Most mining communities also have either no or little access to clean water or basic health care
services. Break out of diseases like malaria and diarrhea have been documented in several
mining areas. Other diseases frequently experienced by miners include tuberculosis, skin

diseases, pneumonia, cough and upper respiratory tract infections®”'%!. There are also reported

cases of venereal diseases like gonorrhea. Transportation to these areas and other infrastructures
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like hospitals, electricity, housing, educational institutions (above primary level) are either non-

existence or in a sorry state.

2.23.4 Exposure of Miners to Occupational and Safety Hazards \(b‘

Basic safety equipment like helmets, safety boots, gloves and dust masks a@fe be of low
priority among miners; hence their exposure to health risks ranging fro e effects of poor

ventilation of exposure to dust and toxic chemicals!'®. ‘ \%ﬂ

2.23.5 Exploitation of Workers \
Lack of capital and formal sources of credit has forc@ne workers to deal with local financiers

under terms dictated by the latter. This has " @he workers at the losing end of the bargain.
Miners, including minors, also work undeég hazardous environments and receive compensations

which are often not commensura@)tae strenuous work rendered!%2.

N
2.23.6 Absence of S ’a@ty Benefits for Miners
Notwithstanding t Kﬂ) encountered by the mine laborer and the meager income they receive
from exposid%\Qife and limbs to the dangers of the trade, they do not have any health or life
insura Q any social security benefits where contractors are required by the partner
corporation to provide labor-mandated benefits to their workers. Absence of these security

benefits, miners merely cling on the verbal assurance of financiers and customary practice that in

case something onward happens to them, the latter will be financially responsible®®.
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2.24 Risk Assessment

Risk is the possible occurrence of an undesired outcome. It is defined as “the likelihood that a
harmful consequence will occur as the result of an action or condition. It involves the combined
evaluation of hazards and exposure”. There are many types of risk assessment (RA): Health RA,

A

lihood or

Environmental RA, Ecological RA, Disaster RA, etc.

Environmental Risk Assessment (ERA) is defined as- “an estimate of t
probability of an adverse impact on the environment resulting from hurﬁ%}wties”. In other
words, it is a formal procedure for identifying and estimating the ria@)eﬁvironmental damage.
This has become an integral part of the planning phase of V@%\projects, particularly those
involving manufacturing. It provides insights on the e. %mental concerns encountered by
various organizations. Proper assessment leads to agerstanding of the likely adverse impacts
and the risks imposed on the environme@d by various operations of an organization.
Health Risk Assessment (HRA) is the pr@s of estimating the nature and probability of adverse

health effects in humans who rﬁg& exposed to environmental contaminant!!'!. It is also a

process used to estimate healﬂb%ﬂ“ﬁcts that might result from exposure to carcinogenic and non-

carcinogenic contamiéant@‘. >V

Human health ri stessment is a process used to estimate the health effects that might result
from e @ to carcinogenic and non-carcinogenic chemicals. Health risk assessment has been
used ﬁtablish the probably of adverse health effects in humans exposed to hazardous
chemicals in contaminated environments both national and international level 12, According to
the WHO guidelines, health risk assessment uses on health hazard characterization and health
impact assessment!®®, The health characterization process involves the identification and

assessment of the hazard in the environment and its effects on the human health based on the
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evidence from epidemiology studies while health impact assessment involves the quantification
of contaminant (hazards) concentration and releases, the identification of exposed populations,
the identification of potential exposure pathways and the estimation of contaminants intakes for
each pathways for a range of scenarios and land uses'¢®!72. Four basic steps involved in the risk

assessment process are: hazard identification, exposure assessment, toxicity (dQse(g’sponse)

hazard is the source of risk”’. ‘%\

Hazard Identification basically aims to investigate what contamiﬂ)&f{g%se'3 present at a site, their

assessment, and risk characterization. Risk is defined as the probability of suffes@rm while

concentrations, and their spatial distribution'!®. The purp@f exposure assessment is to

measure or estimate the intensity, frequency, a ,@Mion of human exposures to an

environmental contaminant. 4%

Dose-Response Assessment estimates ercity, considering adverse effects and exposure
levels of carcinogenic and noncarcin@lc contaminants'?’. The carcinogen slope factor (CSF)
and the reference dose (RfD), aNo principal toxicity indices used. RfD values are derived
from animal studies usiné’lQ“ .2) observable effect level” principle. For humans, RfD values

are multiplied 10-fi d@ccount for uncertainties!!”.

Q

Risk Characterization predicts the potential cancerous and noncancerous health risk of the
popul@% integrating all the information gathered from hazard identification, exposure
assessment, and toxicity assessment to arrive at quantitative estimates of cancer risk and hazard

indices!7+173,

Generally, Risk assessment techniques are systematic design and checklist for identifying

potential hazard concerns and at the same providing information to decision-makers about the
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possible consequences of actions, source treatment, disposal and remediation options, as well as

clean-up standards of contaminated sites'!.

2.25 GIS and Remote Sensing Applications in Natural Resources

In identifying landscape characterization to disturbance, GIS and Remote Sensing has proved to
be powerful tools in landscape ecology by means of mapping disturbance zones in Wystem
quantifying its impact on the biodiversity and detecting land cover changes QO perlod of
time!'*®, To understand the cause effect of disturbance on flora, a tlﬂ@ on land cover
change is needed. Recent studies have shown that blodlversuy\@eﬁestrlal ecosystem is
expected to be mainly affected by land use changes within t@ t 100 years!®. Land cover

changes are local and site specific yet their collective :m& one of the most important facets

of global environmental change!>. Since the local e stems are linked to prevailing climatic

conditions, any change in climate is expec@%t changes in the ecosystems. On the other
hand, a change in the local or regional e tems can cause variations in the climatic condition,

particularly with their role as caﬂ@xide sink or their effect on greenhouse gasses'?.

Information about a give Qoa;gtem might be collected both by ground-based and remote
sensing methods. G@gased methods of data acquisition include field observations and
gathering in-gsit @1, while data collection using remote sensing is based on the use of image
data acqui y sensors of different types. Remote sensing technology is used to collect data on
inaccessible or dangerous sites, which are not easily accessible using ground methods. This is
because remote sensing enables to collect data about the area at a distance without direct contact
with the object under investigation. Information is acquired by measuring the interaction of
electromagnetic radiation with the earth’s surface and data are stored as images, and

interpretation is possible using GIS software!?°.
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Information obtained from features and processes on the land, water, and atmosphere make use
of characteristic absorption and reflection of various wavelengths of light within the EMR
spectrum. Environmental remote sensing typically refers to detailed field-based measurements
(e.g., field spectrometry); airborne imagery; and satellite imagery. Specifically, the type of data
acquired in remote sensing makes use of the visible, near infrared (NIR), and shortwa\(%i'nfrared
(SWIR) parts of the electromagnetic radiation (EMR) spectrum!4>!44, Environm @%nonitoring
using remote sensing depends on selecting the variation index extrae%}%ique, remote
sensing platform, remote sensing satellite that provides high spatigl@u@ion images and long-
time data series of consistent and comparable data. Remote Qa)&%n\g of vegetation is mainly
performed by obtaining the electromagnetic wave reﬂec{a@ information from canopies using
passive sensors. It is well known that the reﬂectan@ light spectra from plants changes with
plant type, water content within tissues, .® intrinsic factors!'**. The reflectance from
vegetation to the electromagnetic spect%l (spectral reflectance or emission characteristics of
vegetation) is determined by che%a%hd morphological characteristics of the surface of organs
or leaves'#’. The main applic ions for remote sensing of vegetation are based on the following
light spectra: (i) the Qr@o% region (UV), which goes from 10 to 380 nm; (ii) the visible
spectra, which r%%mposed of the blue (450—495 nm), green (495—570 nm), and red (620-750
nm) wavelength regions; and (iii) the near and mid infrared band (8501700 nm)'3°. The
emiss@ate of the surface of leaves (equivalent to the absorptivity in the thermal waveband)
of a fully grown green plant without any biotic or abiotic stress is generally in the range of 0.96—
0.99 and is more often between 0.97 and 0.98. On the contrary, for dry plants, the emissivity rate
generally has a larger range going from 0.88 to 0.94. Vegetation emissivity in the near and mid
infrared regions has been widely studied within plant canopies. Indices extracted from this light
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spectrum range can attributed to a range of characteristics beyond growth and vigor
quantification of plants related to water content, pigments, sugar and carbohydrate content,
protein content, and aromatics, among others. Different applications are dependent on the
reflectivity peaks or overtones for specific compounds within the visible and near/mid infrared
regions of light spectra. Plant reflectivity in the thermal infrared spectral range ((86}4 m)
follows the blackbody radiation law, which allows interpreting plant emissio.n a @y related
to plant temperature. Hence, indices obtained from this spectra range ¢ %as a proxy to
assess stomata dynamics that regulates transpiration rate of plants.@efore, the later indices
can be used as indicator of plant water status and abiotic/bioticqa}@levels”?

One of the most used and implemented indices cal u@rom multispectral information as
normalized ratio between the red and near ig%& bands is the Normalized Difference
Vegetation Index (NDVI)!*°. A direct use @I is to characterize canopy growth or vigor;
hence, many studies have compared it @he Leaf Area Index (LAI), where LAI is defined as
the area of single sided leaves pég apea of soil'*®. Vegetation information from remote sensed
images is mainly interpret differences and changes of the green leaves from plants and
canopy spectral char%%cs known as allometric measurement. The most common validation
process is th irect or indirect correlations between VIs obtained and the vegetation
characte 's@ of interest measured in situ, such as vegetation cover, LAI, biomass, growth, and
vigor gssment. More established methods are used to assess VIs using direct and

georeferenced methods by monitoring sentinel plants to be compared with VIs obtained from the

same plants for calibration purposes.
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Normalized difference vegetation index (NDVI) have been used to monitor vegetation growth
changes at different times, and analyzed the potential factors related to vegetation growth.
Landsat series data were implored to explored the changes in NDVI in coal mine in Dongsheng
District, Inner Mongolia, China, to monitor their vegetation coverage and growth, and analyze
ecological changes in various condition used the NDVI time series from the satellite data to
evaluate the vegetation status and analyze the impact of mining on soil charact@m. They
also applied the standard deviation vegetation index (SDVI) to reduc N?Qct of climate
factors on mining on time series. The use of vegetation coverage to e, vegetation is another
commonly used method. A study took the Malanzhuang Iron @ of Tangshan Shougang as
their research region in China, and utilized Landsat TM/.Ei&f data and the difference analysis
method to explore the ecological restoration effects%he mining region based on vegetation
coverage!”. Eventually, they obtained the eq.fzeal estoration effect. Some researchers studied
the relevant types of mine vegetation, '@t e relationship between the growth of the mine
vegetation and the surrounding sQil gd%eavy metals, and monitored the ecological restoration

of the mine. In this study an ny others, NDVI have been employed to monitor environmental

contamination of me @0;) gold mining activities and vegetation changes over a time series

of five years151’153%5\.

QQ
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2.26 The Legal, Policy and Institutional Framework Governing ASGM in Nigeria

In considering how to address mercury use and lead poisoning linked to artisanal mining, an
overview of the roles of various government institutions at the federal and state level, as well as
their respective legal and regulatory authorities. In Nigeria, solid mineral extraction falls
exclusively under the purview of the Ministry of Mines and Steel Development, ofher agencies
have a role in regulating corollary aspects of mining activities, including the use o%émry itself.
For instance, issues associated with the environmental impact of mining tl. i 1ls under the
jurisdiction of the Federal Ministry of Environment and various sfate%@gonmental authorities.

State and local authorities (including Emirates and Local Go@ent Areas) can also exert

some authority over mining-related activities. N QQ)

2.26.1 Overview of Key Regulatory Institutions Q

The legal framework governing minin 'a@kzs and their environmental impacts is
implemented primarily by two federal'@nmes — the Federal Ministry of Mines and Steel
Development (MMSD), and the ed%‘k/[inistry of Environment (FMENV). MMSD according
to the 2007 Minerals and Mi g.ﬁAct administers Nigeria’s mining laws and regulations, while
FMENV according t@%tional Environmental Standards and Regulation Enforcement
Agency (NESRE%@ct, administers the country’s general environmental protection law. The
Ministry of Mines and Steel Development was established in 1985 to spur development of the
count@hd mineral resources. It is the principal actor with respect to information, policy, and
regulatory oversight of the country’s solid minerals sector. Its roles include formulating policy;
providing information and knowledge to enhance investment in the sector; regulating operations;

and generating appropriate revenue for the government.
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The Ministry administers the 2007 Minerals and Mining Act and the 2011 Minerals and Mining

Regulations. It contains four primary technical departments:

1.

The Mining Cadastral Office (MCQ) - established for the purposes of administering
mineral titles and maintaining cadastral registers. Other functions of the MCO include but
are not limited to: considering applications for mineral titles and perrh@ssuing,
suspending and revoking mineral titles; receiving and disposing «of %wations for
renewal, extension of areas of, transfer and relinquishment of min kles; maintaining
a chronological record of all applications in respect of mm@%ﬁ%s; and maintaining a
priority book and general registry book. i é%

The Mines Inspectorate Department (MI @s the sole duty of supervising all
reconnaissance, exploration and mining ngtl s for the purposes of ensuring that they
comply with the provisions of the @er functions of the MID include: supervising
and enforcing compliance by r@ title holders with all mining regulations relating to
health and safety, condué&e}nvestigations and inspections necessary to ensure that all
conditions relating nt of mineral titles as well as the requirements of the Act are
complied with, d" review programs for controlling mining operations for
recom ré\lf)n to the Minister.

Th@’l nes Environmental Compliance Department (MECD) - has various
résponsibilities which include monitoring and enforcing compliance with all
environmental requirements imposed by the Act and the Regulations, periodical audit of
all environmental requirements provided by the Act, the Regulations and any other law

for the purposes of making recommendations on same to the Minister, and review of all
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plans, studies and reports on the mining environment prepared by holders of mineral titles;
and

4. The Artisanal and Small-Scale Mining Department (ASSMD) - The ASSMD has the
responsibility of assisting, and supporting small scale and artisanal mining operations in
the country. Other functions of the ASSMD include provision of extension s?&ces for

mining cooperatives and small-scale miners, including organizing, suppo ass1sting

ASM miners on exploration, exploitation, mineral processm%%trepreneurlal
training, and assisting artisanal and small-scale miners tq\' @ss the Solid Mineral
Development Fund established by the Act. &%\
The ASM Department aims to facilitate healthy relationshi tween miners and the community
as well as between miners and large-scale corporat .%addulon the Department is tasked
with coordinating involvement with inte ﬁvemments and multi-lateral organizations

(including UNEP, the World Bank, and t@epartment for International Development).

P

The Federal Ministry of Environ Was established in 1999 to ensure effective coordination of

all environmental matters dates include, among other things:

1. and enforcing all environmental protection related matters;
il. ®1bmg standards and enacting regulations on water quality, effluent
QQ limitations, air quality, atmospheric protection, ozone protection, noise control,
and the removal and control of hazardous substances;
iii.  Cooperating with Federal and State Ministries, Local Government, statutory
bodies, and research agencies on matters relating to the protection of the

environment and the conservation of natural resources.
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2.26.2 Mining Law, Policy and Regulations
The primary legal framework administered by MMSD consists of the 2007 Minerals and Mining

Act and the 2011 Minerals and Mining Regulations. Three policy documents 2:’0— the 2008
National Minerals and Metals Policy, the 2009 Vision 2020 National Technical W\hg Group
on Minerals and Metals Development Report, and the 2012 Road Map for . elopment of
[the] Solid Minerals and Metals Sector — provide further guidanc?. Tge,%egal and policy tools
address artisanal and small-scale mining to varying degrees.'@ﬁe they cumulatively give
MMSD a wide range of authority to support artisanal 'q@mall—scale miners, in reality the
Ministry's assistance to small-scale and artisanal @%S been predicated on the lawful 18
existence of mining cooperatives, which arcf)@er than the number of unregistered miners

currently engaged in mining activities. é

Minerals and Mining Act of %@d 2011 Minerals and Mining Regulations Seeking to
strengthen practices in the mining\sector, Nigeria passed the Minerals and Mining Act of 2007,
to be administered b@ SD through its five departments. The Act, which repealed the
Minerals and @g Decree of 1999, vested title in all mineral resources to the federal
govemmen@m‘%ioritized mining over other land uses. The Act established a Mining Cadastral
Ofﬁce@dminister mineral titles and maintain registers of mining leases. It also created an
Inspectorate Department and an Environmental Compliance Department, established a mine
permitting system, and sets forth requirements relating to environmental protection and
community benefits. The Act empowers MMSD to issue six types of permits, licenses, and

leases, as described below. Permits generally convey non-exclusive use rights, while licenses
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provide exclusive rights for a limited purpose and leases provide exclusive ownership rights for a

broader purpose.

(1) Reconnaissance Permits—right to access land to search for mineral resources on a
nonexclusive basis
(2) Exploration Licenses—right to explore mineral resources on an exclusive ba'si‘{bcluding

right to erect machinery and plants, along with the right to conduct bulk %ﬁling and sell

>

samples

(3) Mining Leases—right to exclusively use, occupy, and caﬂ'@rﬁineral exploitation in

the area covered by the lease, not to exceed 50 km QS&

(4) Small-Scale Mining Leases—right to expk%m@ﬁls in area between 5 acres and 3
square km using low level technology or zgjic 1on of methods not requiring substantial

¥

(5) Water Use Permits—right to use@r for exploration, mining, or quarrying

expenditure

(6) Quarry Leases—right t(&@ove and dispose of any quarriable minerals, including
necessary excavatio c.é)nstruction, in area not exceeding 5 square km

Under the Act, purch@g f gold are also required to apply for a license to purchase minerals.

The Act speci c@' requires that gold obtained under a Small-Scale Mining Lease (which

includes_a "ﬁmined gold) be sold to a licensed Mineral Buying Center. Although most of

the Act 1Qirected at large-scale, commercial mining activities, it does include a short chapter on

Small-Scale Mining, following the example of its predecessor, the 1999 Decree.

The Act defines artisanal mining as a subset of small-scale mining; as such, artisanal mining is

included in the requirements governing small-scale mining. Both artisanal and small-scale
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miners can apply for a small-scale mining lease (with artisanal miners first required to form a
cooperative), but there is no lease available under the Act specifically for artisanal mining

activities. The specific requirements for a small-scale mining lease are discussed further below.

In May 2011, MMSD finalized the Minerals and Mining Regulations under the 2007 Act. The
regulations include a brief section on —Artisanal and Small-Scale Mining Oper'a@; which
allows miners to register as artisanal and small-scale mining cooperatives and%&n extension
services from the Ministry, including assistance in securing financial support from the Solid
Minerals Development Fund. As noted above, artisanal mining cd@&es are also eligible to
apply for mineral titles in the form of a small-scale mining @e Small-Scale Mining Leases
Under the 2007 Act, the Mining Cadastre Office gra @ﬂ—scale mining leases for operations
between three acres and five square kilometers. 4%ﬁed above, the small-scale mining lease
covers both artisanal and small-scale minin@‘\\fty. Each small-scale lease application must be
accompanied by a showing of technic@o"%hpetence (at minimum, a certificate in mining or a

related field) and financial capability (evidence of sufficient working capital through a bank

statement or reference 16@1’13 addition, applicants must provide a land survey and a

prefeasibility study. ( Q)

A small-sc ng leaseholder cannot engage in extensive and continued use of toxic
chemi %mot dig more than seven meters, and cannot continually use explosives. In practice,
the Mining Cadastre Office encourages small-scale (and artisanal) miners to form cooperatives in
order to decrease transaction costs and formalize mining practices. Small-scale mining leases last
five years, after which the lease must be renewed. All leaseholders must apply in order to export

minerals for commercial purposes. An annual surface rent is payable to the owner or occupier of
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the land subject to the lease. The holder of the small-scale mining lease (and any other mineral
title holders) must also pay compensation to the occupier or owner of the land for any
disturbance to the surface of the land. In addition, a small-scale mining leaseholder may apply to
transfer the ownership of the mineral title, subject to the fee below. Fees for small-scale mining
leases are as follows (all in Naira): .
N
&

e Application Processing Fee: 10,000 . QO

e Annual Service Fee: 10,000 ‘%\
Q)

e Renewal Processing: 30,000

e Tailing Deposit Application: 10,000 %\
e Application to Abandon Work: 20,000 QQ;&

e Application for Transfer: 50,000 Q@

e Permit to Export Minerals: 10,000
Mine operators are also required to ensure tfa&\@gﬂings are properly treated before disposal,
0

although in practice, many tailings ar or further processing. In addition, all mineral

processors must ensure that toxic r@ls are stored and used in a safe and secure manner.

Mine health and safety are I@d through periodic inspections (conducted by the Mines

Inspectorate) that ant;g% er each mine is in compliance with technical requirements.
S

During extraction, \ l-scale leaseholder must keep detailed records and must pay royalties

based on pr@% The royalty is three percent for gold mining. All leaseholders must submit
an apIA to the Mines Environmental Compliance Department prior to mining, along
with rehabilitation and environmental protection plans. The EIA is submitted to the Federal
Ministry of the Environment with participation from the Mines Environmental Compliance
Department. In addition, every leaseholder must contribute to an Environmental Protection and

Rehabilitation Fund, in proportion to potential adverse impacts from that particular operation. All
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small-scale miners must also submit a Community Development agreement, outlining the rights

and arrangement between the miner and the community representatives.

2.26.3 2008 Minerals and Metals Policy

The 2007 Act served as a springboard for development of the 2008 Minerals and Metals Policy,
which reflects a stated desire by the Ministry of Mines to expand the solid minerals %tor and
capitalize on increasing global minerals prices. The 2008 Policy calls for &prehensive
approach to mineral resources development that supports artisanal a@élgscale miners.
Related objectives include the promotion of small-scale mining actiyities and the formalization
of informal mining activities, as well as the development of Q:@ and regulatory framework
reflecting international best practices. The Policy also 'd:q\\ es social equity and benefit-sharing
for mining communities, in addition to the contr{ﬁ of ASGM to sustainable livelihoods,

among its bases for action. Notably, it direc@

support artisanal and small-scale miner organizing, supporting, and assisting small-scale

anal and Small Scale Mines Department to

mining operations; providing e&{r&én services to ASM operators, improving sustainable
livelihoods in ASM comr&%ﬁes; facilitating strong relationships between miners and
communities; registe@g)@l operators and mineral buying centers; and maintaining ASM
records and re o@@he Policy also identifies seven specific objectives for government action,
including a@es to funding, needs-driven research, training opportunities, information sharing,
promc@small-seale mining activities, facilitating co-existence of large and small mining
operations, and establishing the Solid Minerals Development Fund. Road Map for the
Development of Solid Minerals and Metals Sector Released by MMSD in April 2012, the Road
Map sets forth the goal of establishing a vibrant minerals and metals industry and outlines a set

of policy priorities for the solid minerals subsector (including a shift from low-level technology
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mining to modernized mining and processing; forming linkages between ASGM miners and
expected medium and large-scale mining investors; promoting a participatory policy process;
and ensuring community benefits, among other things). It also identifies challenges to
development of the solid minerals sub-sector, which include a number of ASM-related factors
such as the high proportion of ASM operations leading to environmental degradation @&1 health
hazards; the occurrence of illegal mining activities; mineral smuggling; and 2.1 lac ppropriate
technology. In addition, the Road Map presents a set of nine performa%}r ts. While the
performance targets do not directly address ASGM issues, one Iagﬁﬁtails —protecting the
rights of host communities and ensuring that mining actié:k%\ead to greater economic
empowerment of the people. Although not an ofﬁcfa!@)licy, the Vision 2020 National
Technical Working Group on Minerals and Metals Devglopment Report, released in July 2009,
presents a blueprint for improving Nigeria’ N ‘\%&; and metals sector. The report includes an
assessment of Nigeria’s minerals and r@s sector, a 2020 vision and strategic plan, and an
implementation roadmap and it&ﬂg framework. It also addresses the ASM sector in part,
emphasizing the need to minimizethe adverse environmental impacts of artisanal mining and the
importance of helpin@@%rs form cooperatives and participate more formally in the mining

artisanal and s

sector. Its reco r@dations include a provision calling for MMSD to —control and strengthen
%—seale mining operations by;

1. e;ouraging the formation of mining cooperatives with a view to empowering them
towards sustainable growth in the industry;
ii.  establishing license buying centers to serve as an interface between mining

cooperatives/licensed miners, local users and export markets;
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iii.  providing extension services to artisanal and small-scale miners in the form of technical
assistance and support services; and

iv.  providing micro-credit to artisanal and small-scale miners.

2.27 Federal Environmental Laws, Policies and Regulations EI
In 1999, Nigeria replaced the Federal Environmental Protectio &y with the Federal
Ministry of the Environment. Then, in 2007, under the authori@éection 20 of the Constitution,

Nigeria passed the National Environmental Standa ;@s} Regulation Enforcement Agency
a

(NESREA) Act, which supplanted FEPA as the pri aw governing environmental protection.
NESREA is a parastatal organization of the@& inistry of the Environment (FMENV) that
conducts environmental impact asse&&%ts and has a mandate to enforce international
environmental agreements such&&% Minamata and Basel Conventions'®’. Environmental
Impact Assessment Under nvironmental Impact Assessment Decree No. 86 of 1992, the
Ministry of the En irogg must complete pre-construction review of activities raising
environmental 0@&3. No activity falling under the mandatory list provided in the Decree,
includin @in activities in new areas exceeding 250 hectares, in addition to ore processing
(inclu@concentrating for gold), can be executed without an EIA.100 The Minerals and
Mining Act and its regulations supplement the Decree by mandating a pre-construction EIA for
all mining leases. All completed EIAs are reviewed by the Ministry of the Environment and the

Mines Environmental Compliance Department within the MMSD. Under the Decree, EIAs must

include a description of the activity, the potential affected environment, and the practical
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alternatives, along with an assessment of likely or potential environmental impacts, identification
and description of mitigation measures, and an indication of gaps in knowledge®’. Mining-
specific requirements include a surface infrastructure plan (including water pollution

management), and surface water, groundwater, and air pollution analysis.

In addition to complying with requirements from the Minerals and Mining Act '&K%he EIA
decree, mining operations must comply with background environmental law ed out by the
Ministry of the Environment through NESREA. The NESREA Act t the Ministry of
Environment with passing regulations with the purpose of ‘ﬁ\‘\%};ﬁg public health or
welfare.104 With respect to mining, the FMENV passed regul@w in 2009 governing Pollution
Abatement in Mining and Processing of Coal, Ores trlal Minerals.105 The regulations
seek to minimize pollution from the mining and pr §ng of coal, ores, and industrial minerals
and contain emissions limits for specifi po‘\fants among other things'®. However, the
regulations do not address mercury uS@SGM activities and Nigeria does not currently have
any laws or regulations that resﬁgt)nercury use in ASGM. Refer to National Environmental
Standards and Regulation rcement Agency platform further information; Artisanal and

Small-Scale Gold P@lﬂ@ in Nigeria Recommendations to Address Mercury and Lead

Exposure®. Q
i~
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2.28 Land Reclamation or Remediation

These two words “reclamation and remediation” are usually used interchangeably by many
professionals. Reclamation in surface mining is defined as the reinstating of the natural fertility
and value of land which otherwise could have been lost as a result of mining activities to
normalizing the natural environment while the duo defined remediation as impr(zvement of a
contaminated site to prevent, minimize, or mitigate damage to human health or h@'&&ronment.
Notably remediation involves the development and application of a a. proach that
removes, destroys, contains or otherwise reduces the availability (1f cg%uginants to receptors of

&

concern. The land may be reclaimed into an agricultural l@orestry, tourist attraction,
reservoir for different purposes, residential and industrial é@s .
Land reclamation in surface mining should be ca simultaneously as mining progresses

since is considered as an integral part of mi @Peration& A group of trained specialists are

usually assigned to carry out reclamatio%ll areas of surface mining activities such as waste

6

dump sites, mine site acreage, op@eld, tailings ponds and so on'¢.

.\

2.28.1 Steps for Site :nv@on and Remediation Process

Almost all countrie‘s\" a contaminated site program have a similar stepwise procedure for the
contaminate Qvestigation and remediation decision — making process, namely discovery
and i@reliminary assessment, site investigation, clean-up decision making (including
remedial " investigation and options development, remedial design), and site completion
(including remedial construction and remedy completion)®. While some of the process steps have
different titles in various countries, they generally appear in the following order with the

associated activities.
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2.28.2 Site or Contamination Discovery

This step covers the initial time period following discovery of contamination. Recognizing
contamination sources and sites, site evaluation based on complaint, citizen’s reports,

stakeholder interest and government agencies. &

2.28.3 Preliminary Assessment/Historical Review s

This step usually involves a review of available information and ﬁu@%gords with minimal, if
any, additional sampling and analysis. Such information r.nii@%ude land use and facility type
and operation, including information from envir m%}l or other permits, reports from
inspections or other required submissions (chemgﬁnagement and storage, occupational or
safety issues), current and past photographs@%eological information, and existing data from
sampling and analysis of soil and gro er. Analysis of Historical Review activities may be
undertaken to: identify potential%@hminants and environmental concerns at a site; identify the
need for further investigati %r't\icularly at sites where little existing information is available;
and/or establish the @ary site characteristics and develop a program or work plan for the

>

subsequent site’

Site Inv st@ti n:
This s@ often divided into two levels — preliminary and detailed site investigation.
a. Preliminary Site Investigation: This is used to determine the presence or absence of
suspected contaminants and to characterize the physical site conditions, including
geology, hydrogeology and hydrology. If the results of the Historical Review have

identified a potential environmental concern, a preliminary site investigation should
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be undertaken to qualify and quantify those concerns. Where present, the preliminary
site investigation will provide the degree, nature and extent of the contamination. The
preliminary site investigation should also provide the necessary level of information
to support management decisions regarding future investigation needs and

requirements. . %
Detailed Site Investigation: If the results of the preliminary sitéwestigation

indicate that significant contamination exists at the site, a dé%\’l investigation
may be required. Generally, the detailed site investigqtﬂiﬂ concentrate only on
those areas of concern identified by the prelimin%%\einvestigation and address
issues such as information gaps and data deﬁo@ies. A detailed site investigation
may not be required if the preliminary 8ite)investigation was adequate to scrap a

remedial action plan; or did not e@on‘[aminan‘[s at concentrations that exceed
|

any of the chosen Environm

>

detailed site investig@e: to target and delineate the boundaries of identified

uality Guidelines. The specific objectives of the

contaminants; to 18¢, in greater detail, site conditions required to identify all
contamina{)@%ays, particularly with respect to risk assessment; to provide
con r@u‘[ and other information necessary to finalize remediation guidelines or
risk\assessment; and to provide all other information required to develop a

giemediation Plan and input to specifications and tender documents.

2.28.4 Investigation of Remedial Design and Development

Based on a detailed site investigation and associated evidence of public health and environmental

risks additional information at the level of detail of volumes of soil likely to be contaminated or

quantity and flow of groundwater needing remediation may need to be gathered. Such analysis
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would also include a review of impacts on site as well as off site from the project. At the same
time, engineering options for risk management can be developed'®. For soil and sediments, these
may range from excavation and disposal (on or off site) to treatment in place (or off site) with
biological, chemical, or physical processes. Similarly, groundwater management options can
include pathway interruption (for example by using permeable reactive barriers), in s(i&(below

N

ground) treatment with biological, chemical, or physical technologies, hydra l@ntainment
involving pumping and treating, partial treatment with long-term restrieti Xchcess or use,
and possibly pumping and treating above ground. These options w.oq{lﬁ influenced by whether

the groundwater impacts only the subsurface or also adjacent s&nﬁ%\waters.

2.29 Types of Remediation Technology @

In order to rehabilitate or reclaim degraded &U ecially mined lands, various methods and
technologies have been utilized globally.Rentediation technologies of contaminated soils can be
classified into three categories o ha@lleviaﬁng measures:

e Gentle In-Situ Remedi iog;

e In-Situ Harsh i@%ctive Measures; And

e In-Situor @itu Harsh Soil Destructive Measures.
The goal of the last two harsh alleviating measures is to avert hazards either to man, plant, or
anima@e the main goal of gentle in situ remediation is to restore the mal-functionality of soil
(soil fertility), which allows a safe use of the soil. USEPA has broadly classified remediation
technologies for contaminated soils into: source control and containment remedies. Source
control involves in situ and ex situ treatment technologies for sources of contamination. In-situ
or in-place treatment means that the contaminated soil is treated in its original place (unmoved,
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unexcavated) remaining at the site or in the subsurface. The in-situ treatment technologies treat
or remove the contaminant from the soil without excavation or removal of the soil.
Ex-situ treatment means that the contaminated soil is moved, excavated, or removed from the
site or subsurface to the treatment area. Implementation of ex-situ remedies requires excavation
or removal of the contaminated soil. Containment remedies involve the construction @Svertical
engineered barriers (VEB), caps, and liners used to prevent the migration o@n‘[aminants.
Bradshaw® broadly classified reclamation methods into: ‘%\%
(1) Traditional methods of isolation, covering or removal of q&nﬁnated materials; and
(i)  Decontamination techniques which remove contami&ﬁ)%%om contaminated land and

water. ‘ $

2.29.1 Isolation, Covering or Removal of Contan@? Materials

The most commonly used techniques for.d with contaminated soil is to cover the
contaminants while the excavation and%geal of the contaminants from the soil are also
frequently used. None of the tec ni(@e(pwgrades, or destroys the contaminants and therefore is

not environmentally friendly.

%w
2.29.2 Decontaminati @mques

Interstate Technol% d Regulatory Council (ITRC) broadly divided decontamination
treatment in%(ge categories for soil and two categories for water while pare broadly
classi Qecontamination techniques into thermal, separation, solidification/stabilization,
chemical and biological techniques®*. An author stated further that decontamination techniques
may be carried out in — situ (decontamination process takes place in the ground) or ex — situ

(decontamination takes place in excavated material). Ex — situ techniques may be implemented
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on-or off-site. According to ITRC the technical and regulatory guidance and decision trees for

contaminated site are given in Figure 2.3.

2.29.3 Thermal treatment

There are three broad categories of thermal treatment: incineration, thermal deso%‘on and
vitrification. Q’}\
I.  Incineration: This is a destructive technique which destroys bo \Q@tammant and
the matrix in which it is contained. So, for contaminated s011 gﬂegi by incineration, soil
structure and function are lost, as well as the contamma&@nerator produces waste in

the form of emissions and ash!'®. According to USB&common incineration methods are

given as; @
a. Rotary Kiln: Refractory-linij@%yd tube which is slowly rotated whilst the
h

material within is heated&

oxidizing cond1t10 S pes within the kiln or through the shell of the vessel.

rotation ensures that the heating is done under

Retention tim %;\e dlfferent depending on the waste being treated and are

affecte '%

wast‘é&can be treated and the kilns are capable of a high throughput, but some

iln angles of inclination and speed of rotation. A variety of

‘%Ies e.g. clays can form clods during treatment'?®. The exhaust gases contain

Q the volatile fractions of the waste undergoing treatment (e.g. Contaminants and

water and these are subject to secondary treatment (gas scrubbing and particulate
collection) before being emitted to the atmosphere®®.

b. Infrared: Infrared lamps are used to irradiate contaminated materials passing

under them on a conveyor belt. The furnaces are run under oxidizing conditions
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II.

and the exhaust gases have to undergo secondary treatment similar to that in
rotary furnaces before emission to the atmosphere. The systems can run on
transportable units
c. Fluidized Bed: Fluidized bed systems maintain a bed of fluidized solids fuelled
as necessary to maintain high temperatures. The retention time is s.ho%md any
incompletely combusted particles are returned to the bed. These @;}ave been
used in a limited way to treat contaminated soils, but thro%;p\s%f 450t/h have
been achieved for waste tar from coking plant opera‘tig&ﬂ
Thermal Desorption: This is a process of rem%%\volatile and semi-volatile
compounds from contaminated materials. As in ih@@fation, desorbed compounds have
to be collected before exhaust gases are @d to the atmosphere. Some common
methods of thermal desorption as pr. 'm‘é&% Table 2.3. Thermal treatments are effective
way of destroying the contami%tls in soil but their effectiveness is dependent on
grinding the feedback to %@Variability and careful control of operational parameters

such as temperature sesidence time. Disadvantages are that thermal tretments are

very energy-i@k@xhaust gases have to be cleaned and soil materials are destroyed

or dam ge%\,
=
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Figure 2:4 Treatment Technologies For Contaminated Land And Water
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III.  Vitrification Processes: These involve the mixing of silica particles or other vitrifying
materials such as sand or fly ash with contaminated waste and then applying intense heat.
The heat drives off the volatile compounds and causes the solid material to vitrify,
forming a glass-like compound. The vitrified material is chemically inert and can be used
in construction. Vitrification may be performed ex—situ or in-situ althpu%in—situ
processes are preferred due to the lower energy requirements and cost Q'}\
Vitrified material with certain characteristics may be obtained by %tlves such as
sand, clay, and/or native soil. The vitrified waste may be re:@i’md used as clean fill,
aggregate, or other reusable materials. As with other meﬁ%s the exhaust gases have to
be treated before emission to the atmosphemSV itrification is not a classical
immobilization technique. The advantages inclad
° easily applied for reclamatio@)ﬂk&%y contaminated soils (Pb, Cd, Cr, asbestos,

and materials containing a'%.stos),

o in the course of a@ this method qualification of wastes (from hazardous to

neutral) could %hﬁﬂged.

2.29.4 Separa ioéechniques

The techniqu r separating contaminants from soil particles or groundwater, or more
conta particles from less contaminated particles include vacuum (or vapor) extraction,

soil washing, solvent extraction, electro-kinetics, and leach, pump and treat.
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2.29.5 Solidification/Stabilization

Solidification is the fixing of contaminants in a resistant solid matrix. Stabilization is the
treatment of contaminants to make them less available or toxic to targets. Solidification most
commonly uses concrete-based materials or thermoplastics as the cementing medium, but
silicates and lime are also used. The general approach for solidiﬁcation/stabilizati.on treatment
processes involves mixing or injecting treatment agents to the contaminated %';g.\lnorganic

binders, such as clay (bentonite and kaolinite), cement, fly ash, blast‘@g lag, calcium
carbonate, Fe/Mn oxides, charcoal, zeolite and organic stabilizer.s ‘S{’ﬁw bitumen, composts,
and manures, or a combination of organic-inorganic amendme@my e used. The dominant
mechanism by which metals are immobilized is by prec:‘p@on of hydroxides within the solid
matrix. Solidification/stabilization technologies @ useful for some forms of metal
contamination, such as species that exist as o @i (e.g., Cr207, AsO3") or metals that do not
have low-solubility hydroxides (e.g., H idification/stabilization may not be applicable at
sites containing wastes that in%&anic forms of contamination, especially if volatile
organics are present. %.\

Pre—treatment of non- l®erials may be necessary to separate the contaminant into a solid
phase by, for exa grﬁe use of clay minerals. The process of solidification usually involves
mixing slurrys\of*contaminated material and solidifying medium, and then solidification in
mould@%ization by chemical means is less well used, but the most promising methods use
oxidizing agents. Principal limitations are that, because of the antagonistic effect of some
contaminants on the solidifying medium, a greater volume of material may result after

solidification and that disposal of the solidified material has to be achieved. Heat and gases may

be generated during treatment, and these have to be controlled. Solidified materials may have
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greater structural properties than the original material and be disposed of on-site, increasing the
construction properties of the site.

2.29.6 Chemical Methods

These are the processes of using a chemical to destroy the contaminants in a soil or to make them
less toxic. An example is the use of ozone to destroy hydrocarbon contaminants. Tllis technique
is expensive because of the energy costs of producing ozone and the fact thalé}(e will be
consuming oxidizing, non-contaminating, organic compounds such .%anic matter.
Dechlorination is another technique which has received limited use. Thi teg;hnique is intended to
dechlorinate contaminating halogenated hydrocarbons such as P&@nd dioxins. Dechlorination
is carried out using reagents such as potassium hydroxid polyethylene glycol, but can be
adversely affected by high humidity and clay contents, o %s.
S

2.29.7 Biological Methods C)\

Biological treatment uses natural &ical degradation processes to degrade organic
compounds; the most developed “teChniques, making use of micro-organisms. The aim of
biological treatment is to»@p?ze those factors that stimulate biodegradation. The critical
factors are: tempeg{ %ater, pH, nutrient supply, the presence of appropriate microBPAI
populations @nce of microBPAI inhibitors. The compounds most amenable to degradation
are th@have a degree of aqueous solubility, so compounds such as the heavy fractions of
coal tar ‘which have negligible solubility are resistant to biological degradation, whereas
compounds such as light mineral oils which have some aqueous solubility are amenable to
biological treatment. In situ biological treatment is achieved through the circulation of ground-
water dosed with amendments to stimulate biological activity. The contaminated area may have

to be ‘batched’ for treatment by use of vertical barriers or boreholes. Off-site treatment is quite
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popular in some countries because it allows permanent facilities for treatment of leachates and
collected volatile compounds to be installed. Off-site treatment also has the advantage that
commencement of other site works does not have to wait until the soil has been treated by
biological means which can take some months. Excavated soil may be returned to the same site
after treatment or sent to another site or sent to landfill. . %
>

&
2.30 Phytoremediation QO
Soils that are heavily contaminated by metals may pose health ris mans and to other
living organisms in an ecosystem®>?3, Current techniques used to@ﬂe metal contaminated
soils include excavation, chemical stabilization, soil washmg&%oﬂ flushing, but these methods
are expensive and impractical. Need to develop cos@ﬁ%e efficient and sustainable methods
for soil remediation is necessitated. The reve etu@of these sites proves to be the most suitable
method for long term land reclamation iﬁ)‘l

ain plants can improve nutrient soil conditions.

This approach can lead to the estabh@nt of a self-sustaining vegetative cover, which in turn

.\

can prevent soil erosion®. Ph&re diation is a low-cost and solar (sun) driven approach that is
performed in situ. Phici&a ion can be employed to remove, stabilize and detoxify organic

and inorganic poll% including heavy metals from air, soil and liquid substrates''®. Plant
species seled@and reclamation should be able to grow and spread fast and also establish an
effecti «%h cover. Therefore, it is important to search for plants that have spontaneously
colonized these disturbed environments. Moreover, heavy metal contaminated mining sites
exhibit physiochemical characteristics that are not suitable for the vast majority of plant species;
hence the colonization of these sites is slow. However, plants that are resistant to this toxic

environment can easily spread since there is a lack of competitors. It has been demonstrated that
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annual species have an extensive adaptive capacity compared to perennial genotypes due to their
long-term natural selection. Phytoremediation is composed of five main subgroups:
phytoextraction, phytovolatilisation phytostabilization, phytodegradation and rhizofiltration'>2.
Phytoextraction is a process by which plants extract metals from soil by accumulating them in
their aerial biomass. These plants can be harvested and metals can be extracted fiom their
tissues!'®®. Plants that accumulate metals in their aerial tissues have be.en '@%d in the
phytoextraction of several metals including Cd, Cr, Cu, Hg, Pb, P%ﬁ\a Zn'%2. The
accumulation of metals by plants is interesting from an environm or agronomic point of
view. In mining or industrial sites, as well as their surr%%\g areas, heavy metals are
responsible for severe soil contamination'®*. In these case.s@umulator plants could be used for
phytoremediation as they are likely able to remove@ls from soils. Since some heavy metals
are also essential minerals that can be de ’eﬁ@taple food crops, genetic determinants of

hyper-accumulation could be utilized in l%lfortiﬁcation to improve the nutritional value of these

Crops. \)Q)(b

Through the process is kno %Bhytovolatilization, these metal accumulating plants could also
convert metals and reQSjQ‘em in a volatile form. Phytostabilization is a method that uses plants
with a low abi \fnetal uptake to stabilize the contaminated soil thus preventing erosion and
also limitmh metals from entering the food chain. Plants can also be utilized for
phytodegradation since they can in combination with microorganisms degrade organic pollutants.

Finally, Rhizofiltration is a process by which plant roots absorb metals from waste streams

2.30.1 Coping Mechanisms of Plants to Metal Contaminated Soil
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It has been established that heavy metal contaminated environments act as stress factors on
plants, which causes physiological reaction change that reduces or inhibits plant vigor and
growth. An injured or dying plant due to metal stress is deemed sensitive to its environment.
Likewise, resistant plants can survive and reproduce under metal stress conditions'?4%. In
general, plants can achieve resistance to heavy metals by either one of two ways whi,ch(eé? by;

Avoidance or Tolerance. Q'}\

Avoidance s n

Avoidance occurs when plants restrict the uptake of metals wi‘&rbot tissue by several
strategies. In environments where the soil metal contaminati%&%\eterogeneously distributed,
plants can prevent metal uptake by exploring less cc@w‘[ed soil'?’. Another avoidance
strategy involves mycorrhizal fungi, where they cah.éxtend their hyphae outside the plants
rooting zone up to several tens of meters a .t&s’f the necessary elements to the plant. Also,
these metal tolerant fungi can increase C%‘ metal resistance by changing the metals speciation
or by restricting the metal transﬁ\i}% the plant. It was also found that mycorrhizal Trifolium
pratense (red clover) plants lﬂexlﬁg in acid soils had lower levels of Mn in their roots and shoots
as compared to the n@n@o rhizal plants. Certain plants can also restrict contaminant uptake
in root tissues yé&nobilizing metals for example through root exudates in the rhizosphere. A

role of root.gxudates is to chelate metals and stop their entry inside the cell. The cell wall has

also b&und to be involved in restricting metal uptake into the cell’s cytoplasm.

Tolerance

In situations where avoidance strategies cannot be applied, some plants can grow and survive in
soil contaminated with toxic levels of heavy metals which are otherwise lethal or detrimental for

growth and survival of others genotypes of the same or of different species. Plants exhibiting
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tolerance are internally protected from the stress of metals that have entered the cell’s
cytoplasm!®’. Metallophytes (metal tolerant plant) can function normally even in the presence of
higher plant-internal metal levels. Plants adapt to their environments by developing heritable
tolerance mechanisms. Tolerance to specific metals has evolved independently several times in

different species from local non tolerant ancestral plant populations'>®

. Plants, c?&exhibit
tolerance to metals that are present in surplus in the soil. Each metal is under co &}of specific
genes. Most species are in a state of genostasis. It is the restriction of g@%ﬁbiliw which
limits the evolution of the population/species. In the absence Qf idance pathways, metal
contaminated soil acts as a selection force on a population, w@h&%\nly the plants with tolerant
genotype can survive and reproduce. This leads to a botzlsQ k, where few individuals survive
and reproduce. In turn, metal tolerant populations%volve rapidly following a disturbance
such as contamination of soil with heavy~n ‘&%Plan‘[ adaptation to these sites occurs in

populations for which tolerance Variabil%';llready exists prior to the contamination. Genes for

the tolerance of metals are pre-e)@ a low frequency in non-tolerant populations of certain

plant species'®®. %o\

Plants have to mod@r physiological processes in order to be able to survive in the
environment 1 @t\ch they have germinated. In turn, the survival of a population to the
contaminat%lﬁvironment is dependent on the inheritance of favorable traits. Tolerance
mechanisms are heritable and variable, resulting from genes and gene products. Variation in the
evolution of metal tolerance exists over species, populations and clones. Some species do not

show variation in tolerance and accumulations.
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2.31

Ground Improvement Techniques

In order to overcome the constraints of contamination, reclamation techniques have to provide

suitable ground conditions for new uses of the site. For ‘hard’ end-uses the techniques for

providing suitable conditions for construction are known as ground improvement techniques.

The principal aim of these techniques is to decrease the variability in the physical conditions of

the ground and provide enough strength to support new construction on-site. Belo&details of

some of the ground improvement techniques in use. . S\QO

ii)

. \ |
Dynamic Compaction: Deep compaction of the @affected by the repeated
dropping of a heavy weight using a crane e.gi&%—tonne weight dropped from a
height of up to 20m on a grid pattem.@t ent may be carried out using high-

energy impacts for the primary a:d{% dary grids, the latter being offset from the

former. Craters formed by theN ts are filled using earth moving equipment and a
second stage of more %ﬁ“ reatment is carried out using a reduced drop height.
An alternative method of treatment for shallower fills is to use a rapid impact

.\
compactor, @wolves dropping a 7-tonne weight from a height of 1.2m onto a

circular g} ate.
V%‘Fechniques: Vibro techniques involve the compaction of granular soils or the

@mation of stone columns using a vibrating cylindrical poker suspended from a

crane. The poker may be 300-450mm diameter and can weight up to 4 tonnes.
Treatment depths of around 6m are typical, but depths up to 30m have been achieved.
The poker penetrates the ground as a result of the vibratory action assisted by flushing

jets in the nose cone and sides. Compressed air is generally used for flushing,
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iii)

although water may sometimes be employed. Vibro treatment is carried out on a grid
patter using closer grid spacing where higher bearing capacities are required e.g.
beneath pad foundation or edge beams.

‘Vibrocompaction’ is the term generally used to describe the densification of granular
soils using vibro techniques. Additional material may be introduced from the top of
the hole as part of the compaction process. An alternative in unstable d is to use
the bottom feed process whereby stone is introduced direcﬂ%\h e top of the
poker via a feed pipe ‘Vibrated stone columns’ is the t@mﬁd for stone columns
introduced and compacted by the vibro process &:&%\er to improve the bearing
capacity. ’ \Q

Preloading: Preloading involves ov&solidation of the fill by temporary
surcharging to improve the b enzg\o%bacity prior to construction taking place.
Surcharging is usually carrie%l’lt using several meters of fill material placed using
earthmoving equipment al%eft in situ over a period of two to three months.

Excavation and .Re-eompaction: This method involves the treatment of loose

granular f@%«l by excavation and re-compaction in thin layers under controlled

coniitggusing conventional earthmoving equipment.

QQ
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2.32.1 Stages in Mine Land Reclamation

Reclamation is the process through which the environmental impacts created by mining are
minimized and where environmental disturbance caused during mining is remedied'®®. The
reclamation process starts prior to minerals being removed from the ground, and must be planned
from the outset. Reclamation efforts should address issues of land productivity, \.)vater and air
quality, and the long-term social and economic sustainability of a regionwl.é&sing the
condition of the land, and the land use practices present before mining b 1. ) ides a guide
to the options which may be available for future land uses aft.er e closure. Mining is a
temporary land use, and mine planning should be integrated WiL{@sequent land use planning.
A mine’s potential environmental footprint needs to be* d{%‘n@med in the beginning, and the

objectives for the post-mining landscape need to@%ne. Regardless of the final use of

reclaimed land, the end goal is to create landéj&ﬁ'%%
(1) safe and stable; h

(i1))  restored as closely as p ssilQe(p(‘) its pre-mining condition, or to some other useful

purpose to meet a speci% %oal (i.e. recreation); and

(ii1))  Safeguards enc'j@%a resources.

Government policik&based on ‘best practices’ tend to encourage reclamation projects that are
safe, non—po‘l@, and create stable conditions that can sustain agreed upon land uses''.
Succe@%d reclamation requires professionals with strong expertise and technical skills in
soil conservation, slope management, re-vegetation and biodiversity, etc., and it also requires the
knowledge, opinions and values of local citizens. Reclamation is a long and complex process

involving specialist technical skills and detailed planning. However, it can be summarized in a
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number of steps implemented at appropriate stages of a specific mining operation. These steps

can be categorized into six major stages as described below.

1)
(i1)
(iii)

(iv)

)
(vi)

Baseline environmental assessment and information gathering;
Reclamation strategy planning;
Landform design and reconstruction of a stable land surface through gra,dilggnd soil

replacement; Q;&
Revegetation or development of alternative land use regime%l\?preconstructed

landform; . "
N

Improvements to drainage and watershed damage aré&){%tamination; and

Ongoing environmental monitoring of the suc@ and integrity of the reclamation

Nk
process.

Typical monitoring programs that support a ,n@ure program can include:

(a)
(b)

(©)
(d)

Baseline monitoring in the ea%mne life phases;

Monitoring, recordin@ understanding of all potential impacts during the

operational phase Q%ﬁ»{ling;

Document% e reclamation operations carried out; and

Initi §1 %wre monitoring conducted within one to two years of reclamation.

2.32.ining Effectiveness of Soil Reclamation

It is pertinent that an assessment should be made to determine the next steps once the

reclamation plan is complete and vegetation has established. It is to determine how closely the

reclaimed site functions, in comparison to similar undisturbed sites, as an ecosystem.

Reclamation of mined — out land is a very complex process. Most researchers agree that
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reclamation success must be measured by more than the presence of vegetation on the site.
Several parameters must be considered in order to determine the state and functionality of the
soil system since no individual parameter provides sufficient information for ecosystem
reclamation'. Both the activation of basic soil biological processes and the rearrangement of

soil particles into stable aggregates are key factors related to the soil functionality.,Soil enzyme

soil in the reclamation process?!. ‘%\

2.32.3 Standard Submission Requirements for a Reclamation Pl "

activities have been used as sensitive indicators for reflecting the degree of quali'ébached by a

Reclamation plans for contaminated sites include the following @ements:

i Proposed lifespan of the mine; . QQ)
il. Schedule for progressive mine reclamation; ®
iii. Time-line for the completion of ﬁnal\@mation and closure;
iv. Existing land use; \
V. Range of post mine land l%% evaluate;
vi. Technical and socio&on ic factors associated with the range of post mine land uses
%

to evaluate; Q’Q
G

Vil. The pro& ost-mine land use (natural, conservation or redevelopment);

viil. i Qeatures of environmental significance;
iX. cription of any planned biodiversity offsets (if applicable);
X. Scaled figures and maps depicting the projected maximum footprint of the proposed

mining area over the life of the mine;
xi. Detailed plans for progressive mine reclamation;

Xii. A conceptual final reclamation plan for the final closure of the mine;
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Xiii. A mitigation and monitoring plan for subsidence, spontaneous combustion and acid
rock drainage where appropriate;

Xiv. Summary of any public issues raised in relation to mine reclamation and how they
have been addressed; and

XV. A detailed cost estimate associated with reclamation. . %
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Chapter Three
Methodology

3.1 Study Location

O

The study site is Uke, a town 52 kilometers to Keffi in Nassarawa state, where gold&\
mineralisation and ore processing is prevalent>?. The project area is situat W\ Uke Area,

Karu Local Government in Nassarawa State, North Central part of Ni ria It is located within

) 0 0 ) 0 ‘\t
latitudes 8 52’50’ and 8 55 44N and longitudes 7 40°12” anq& 54”E. It is very
accessible through Keffi — Nyanya — Abuja express road. I@Qﬁerlamed geologically by schist
rock. The population of the area is over 20,000 peop@

The extraction of gold from primary ore by Q@niners involves the application of mercury
to separate gold. This unregulated discha%’o ercury into the environment could lead to
contamination of the ecosystem??2, %‘béure of mercury through the conventional pathways of
inhalation, ingestion, dermal ld\results in risk to health of the members of the community.
This research is geare o@ evaluating the bioaccumulation of mercury in the ecosystem and
the resulting health‘f@k to the community*’48, The work involves the application of multi-
displinary approach to the assessment of the human and health risk associated with the use of

mercxtract gold ore through almagamation??. It engaged the use of field questionnaire

survey to know the perception of the miners and community residents on the use of mercury.
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Figure 3.1: Location Map of Study Area

Source: Author’s Field Work, 2023
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3.2 Study Design

Field surveys were executed during dry and wet seasons; both seasons entails the analytical
phase involving, sampling, and geochemical analysis. Furthermore, in order to deepen the study,
transactional approach was adopted involving collection of socioeconomic data to compliment
the analytical data. This involved the use of questionnaires probe into the perc?ption of the

community and miners’ groups living around the immediate vicinity of the area O@eness on

risk of mercury usage in terms of knowledge, attitude and perception. S’\QO

The samples collection was done within a year from June 2021- Jw\&ﬂ The Samples were
carefully chosen to reflect proximity to the processing site a@g discharge area to the Uke
rivers/streams. The sampling density outside the point & s were located in a 2 km radius
from artisanal gold mining area to ensure accuracy“ef results from anthropogenic discharge.
Samples were also collected close to the po &

es especially along the effluent receiving

water body. The control samples for so’de water were collected at extremes away from the

discharge or point source. \;()
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3.3 Method of Sampling and Sample Preparation
The stage entailed the collection of different samples to determine their mercury concentrations.
Hence, soil samples, edible plants, surface water (river), groundwater, tailings were collected on
and around the gold processing site using various convectional standards. They were
subsequently sent to the laboratory for analytical examinations and results com ed with

international standards such as WHO and EPA>!- The sampling points are sho s@e map in

Figure 3.2. ‘%\

3.3.1 Sampling of Plants and Preparation \

Sampling of vegetables and edible plants were carried out m and within the vicinity of the
Uke River, the mercury effluent receiving stream ay of vegetable and edible plants

sampled especially at farmland close radious to omt source,
Samplings were done at random and'&lgerily packaged into sample bags for laboratory

N

3.3.2 Sampling of Soil, Sedhﬂint and Mine Waste (Tailing)

preparation.

Sampling of river se@%s was carried out during this study along river uke . The sediment
samples wer@t depths below the water surface and were carefully packaged into sample
eing sent to the laboratory. Three sediments samples were collected upstream,

bags befor

midstrear’and downstream section in this regard.

Sampling of soil was carried out at the vicinity of gold processing site using 500m spacing as
sample density were used at the extremes.”?”!® The samples were picked at a depth of 50cm

using a hand auger. Deliberate efforts was made to sample the soil and plants jointly to
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determine bioaccumulation and transfer factors with respect to nutrients uptake and mercury
concentration from soil to plants?®?”2%, The soil samples were carefully treated, put in clean
sample bags and forwarded for laboratory analysis. Mine waste (soil tailings) were collected per

s€ason.
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3.3.3 Water Sampling Methodology

The sampling of surface (river)water carried out along the course of River Uke because it is the
effluent receiving stream. At each sampling point, water samples were taken at a shallow depth
from the river while groundwater sampling was done directly from the borehole or wells. The
water samples were put in plastic bottles and sealed with addition of concentrat O3 to

preserve it before forwarding to the laboratory. 20 no water samples werg c &d each for

surface and groundwater each season’>2%4°. és

3.3.4  Fish Sampling .%\%ﬂ
N

Ten fish samples, Tilapia (3) and catfish (7) species were c&&%ed for the purpose of this study

The samples were preserved with ice to preservd@ ternal organs for accurate mercury

evaluation?*4. . ©
G

3.4  Exposure Assessment Procedur%

In this study, exposure to the h rd%erived from mercury via the exposure pathways such as
inhalation, ingestion and derm,%oqntacts was carried out through quantitative method via direct
interviews with mine{h)@%eenters and the community. The characterization of the hazards as
done after the, a is of the mercury concentration in the environmental media. Pollution
indices were‘ﬁ to calculate the contamination factor and geoaccumulation index. These
factor@ large extent helped to evaluate the human and health risk to the community. This
eventually would help to recognize the danger posed by mercury exposure to the at-risk

population23,47,48,25,1 7
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3.4.1 Hazard Identification

This procedure involved the identification of threats to the ecosystem and human health
derivable from mercury contamination. The mercury concentration in each of the eco-media
would be compared to convention threshold limits to identify threats to human health.
Furthermore, the risk assessment was calculated through the hazard and risk quotients for the

community. Hazard index, carcinogenic and non-carcinogenic indexes was calc&@ for the at-
[ ]

risk population20523»2&48_ ; \

. \‘%ﬂ

3.4.2 Dose-Response Assessment %

This stage of the study involved comparing the magnitude Qag-ﬂosure and how they affects the
health of the at-risk population. The refence dose@ly intakes of the metal and toxicity
limits became critical at this stage!®1722, . 6
3.5 Geochemical Analysis of Sampl%
3.5.1 Heavy Metal Concentra%})etermination Using Direct Mercury Analyzer

The analytical 1nvest1gat1%Qt e samples were carried out at the University of Port-Harcourt,
Department of Ani cience and Environmental Biology laboratory. The Direct Mercury
analyser (D @ was used to measure mercury contained in the samples?**. The
metho@ involves  Thermal  Decomposition (Gold)  Amalgamation  Atomic

Spectrophotometer (TDA/AAS)?*? 2. The equipment measures mercury directly devoid of wet

chemistry. Results are confirmed within five minutes of application.
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3.6  Health Risk Assessment Analysis

The antropogenic release of mercury results into its dispersion into the environment which
causes threats to the food chain through biomagnification and becomes lethal to humans. In this
work, the risk to human health was estimated using the pollution and risk assessment indices

such as geoaccumulation index (Igeo) and contamination factor(CF). The deﬁgion of

parameters and estimation are as follows®7-234748, Q;&

3.6.1 Geo-accumulation Index (Igeo) ‘\%

Geo-accumulation index is conventionally engaged in the evaluati%@;ntially harmful metal
contamination®’ and the formula is expressed as: where Cn @%easured in the study area and
Bn is the background value of the same element in @ustal values, with 1.5 as a factor for
possible variation adjustment in the backgroup@les as a result of lithologic differences 14 .
The adopted equations are in line with the er of Qingjie>” . The degree of contamination can

be classified into seven categories ba the Igeo value for each trace elements;

Igeo = Log> (15 ) %.\
Igeo <0 (prao@apgbontaminated),

0< Igeg contaminated to moderately contaminated),
0x?2

1<

(moderately contaminated),

€0 < 3 (moderately to heavily contaminated),

<Igeo <4 (heavily contaminated),

<Igeo <5 (heavily to extremely contaminated) and

Igeo > 5 (extremely contaminated).

124



In this study exposure and health risk assessment: was also calculated by identifying the exposure

pathways and calculating the risk to human health using the formulas listed below?346:47:48,

ADDingne = (—————>—"—) x10¢
N
ADDinhnc = ( . - 242 . ) . Q}&\
&%
ADDdermalne = (—— """ x 10

° \%'\
ADDvapour = . = \
() &

Health risk is also measured when the value of haza%@&sured with the formula below.

HI=Y HQI (b:é.

S
S
N
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3.6.2 Contamination Factor (CF):

The soil degree of Contamination (otherwise contamination factor) was evaluated for the study

area using the formula:
CF = Cu/Cy [1]

Where Ci, is the concentration of the metal and Cy is the baseline concentratioé&\he heavy

et %\%

The Contamination Factor values classification is as listed ; . \‘%"

Ct'< 1, low contamination; . QQ)

1 < Cf< 3, moderate contamination; @
3 < Cf < 6, considerable contamination; an@

6 < C{, very high contamination. (b"é'
%w
ig

3.7 Quantitative Q)@

The socioecon '&ata research in this study was carried out through the design of a well-
structured gs ionnaire and direct interview involving about 100 respondents. The composition
of the@t population is largely made up of two main groups: the artisanal miners and the
community. The artisanal miners consist of all the women, men and children of all ages. While
this work focused on community members living at the proximity of gold processing site. In

summary, 50 miners and 50 stakeholders were recruited, giving a total of 100 for this study.
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3.7.1 Questionnaire Survey Procedure

The quantitative approach to this study involved the use of semi-structured questionnaires. The
target population included 50 miners and 50 members of the community. The Community
outreach was carried out through door-to-door surveys to gather socioeconomic data and how the

ASM activities affects the environment and the human health.%®

and observations.

This research examined the exposure of artisanal miners to workplace haz r@i%):afety ethics
were identified. These data were documented through direct intervi‘e%
Moreover, the health officials in the three clinics in the tN ere interviewed and

questionnaires administered to have an insight into the healt@ﬁ& of the community.

3.7.2 Statistical Processing of Data @

The data collected from the questionnaire &C:)%‘w%re analyzed using the statistical software,

SPSS. A single dependent variable wa%e for this study i.e. Mercury and the independent
variables are: Social—Demogr@‘Q‘gemder, Age, educational level, marital status);

Occupational exposure (Num Q;f years on processing site, amalgamating with mercury, use of

personal protective ec@@g,' health symptoms and safety measures.

N
QQ%Q
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Table 3.1: Description of Water Samples used for Mercury Analysis

Field Number Y X Sample Type Description
UP1 8.090361 7.071294 Surface Water

MSI1A 8.090178 7.070747 Surface Water

Borehole Water 8.090056 7.070025 Borehole : \‘b
AT -03 962841 360773 Borehole \

AT - 04 981426 360773 Borehole ‘%

AD- 05 984014 358958 Bor@

AT -10 983712 358398 @5 ole

AT -23 984110 35880Q Borehole

DS 01A 8.903158 7 70 33 Surface Water

UPSB3 985583 QS} 63 Surface Water

MSB1 984322 358280 Surface Water

DS2 984&) 357303 Surface Water

DS3 @9 356768 Surface Water

DS4 C)Q 984965 357007 Surface Water

UPSB1 ,%6\ 985014 358515 Surface Water

UPSB Q 985402 358621 Surface Water

BH1 984021 359227 Borehole

BH2 983964 359115 Borehole

BH3 983899 358420 Borehole

Source: Author’s Field Work , 2023
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Table 3.2: Description of Soil Samples used for Mercury Analysis

Field Number Y X Sample Type Description
SS1A 8.090361 7.071294 Soil

SS1B 8.090406 7.071322 Soil . \(b
SS1C 8.080888 7.078508 Soil . Q%&
SS3 8.090194 7.070722 Soil ‘%\

AT - 06 (SS 02) 983814 358958 Soil s @'3

AT -11 985613 356872 %&%

AT -13 984892 356317 Q\QSOH

AT -15 985590 3573&9Q Soil

AT -16 984720 @4 Soil

AT-017A 985224 (&ét 358630 Soil

AT -018 984&?) 395162 Soil

AT - 019 08 360109 Soil

AT - 020 C)Q 983208 361151 Soil

AT -21 6\' 984042 360473 Soil

AT -2 Q 983826 359497 Soil

DSS1 984692 357303 Soil

DSS2 984895 356731 Soil

UPSS1 985529 358586 Soil

Source: Author’s Field Work , 2023
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Table 3.3: Description of Tailing Soil Waste used for Mercury Analysis

Field Number Y X Sample Type Description
TS1 8.090075 7.070746 Tailing Waste
TS2 8.090139 7.070639 Tailing Waste
TS3 8.090139 7.075833 Tailing Waste ‘ ®
TS4 8.090139 7.076556 Tailing Waste « Q%&
AT - 07 (SS 03) 983967 357688 Tailing Wast \
AT — 08A (SS 04) 984058 357436 Tail%\%}%
N

AT — 08B (SS 05) 983972 357314 &Qai)ling Waste

N
TSS1 984739 35@ Tailing Waste
TSS2 984395 QS%B Tailing Waste
TSS3 983980 %(b 357911 Tailing Waste

S
@'\

Source: Author’s Fie{&% Data, 2023

Qﬁg
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Table 3.4: Description of Fish Samples used for Mercury Analysis

Field Number Sample Type Description

FF1A Fish Gill

FF1A Fish Intestine

FF1A Fish Bone : {b’
FF1A Fish Liver . Q?
FF1A Fish Flesh ‘%\
FF1B Fish Gill ‘ @“

FF1B Fish Intestine . QQ‘)&%

FF1B Fish Bone Q@

FF1B Fish Liver %

FFIB Fish Flesh Q)‘\\‘

FF1C Fish Gill %’

FF1C Fish Tate t(l?e‘

FF1C @Bone

FF1C C)Q Fish Liver

FF1C 6\' Fish Flesh

~

Source: ut@’s’Field Work, 2023
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3.8 Geospatial Methodologies

In this study, focus was on the use of remote sensing and geographic information technologies to
carry out the assessment of the effect of mercury contamination on the environmental media. The
ARCGIS version 10 and ENVI software were used extensively to process the various dataset
using different methodologies listed below; . \(b‘
&
3.8.1 Digital Elevation Model ‘%\%

A digital elevation model, or DEM, is a depiction of the topographi face of the earth's bare
ground (bare earth), devoid of any trees, structures, or oth%g%r}ace items60. A DEM is a
particular kind of raster GIS layer; it consists of rast@s of the Earth's surface that are
referenced to the vertical datum, or the surface at z levation, to which scientists, insurers,

and geodesists relate heights. Cj\\a

The United States Geological Survey's @8) Earth Explorer website was utilized to obtain the
elevation data (The DEM) that w 1lized. The study area shapefile was used to clip the DEM
data, and the clipped DE %J.Eiataset was then used to create a fill surface. A surface raster
called the fill smooths,out)minor data flaws, producing an elevation surface result that is far more
accurate. In ordei\to) create the slope and other crucial analyses, the fill result had to be used in

place o @rmal elevation data that had been clipped.

3.8.2 Slope

The Slope tool identifies the steepness at each cell of a raster surface. The lower the slope value,
the flatter the terrain; the higher the slope value, the steeper the terrain. The study area slope

surface was created using the slope tool and the fill raster dataset as input.
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3.8.3 Flow Accumulation

The Flow Accumulation tool calculates accumulated flow as the accumulated weight of all cells
flowing into each downslope cell in the output raster. This parameter considers the zone of
accumulation of water flow entering a basin. The flow accumulation is obtained through the
processing of DEM data to get the flow direction which is used with the DEM data as input in
the flow accumulation tool to generate the flow accumulation zone. Qi&\(b'

3.8.4 Normalized Differential Vegetation Index . QO

The NDVI process creates a single-band dataset that mainly repfesegysegetation density and
vigor. The differential reflection in the red and infrared (IR) @\s enables you to monitor
density and relative vigor of vegetation growth using the we&ﬁg)reﬂectivity of solar radiation.
The NDVI was created using the google earth engin%%orting the image collection (Landsat)

and clip the study area, filter the date an @cover. The filtered image is then used to

N
calculate the NDVI with the formula N IR - R)/(NIR + R))

>

e NIR = The Near infrared band)(Band 5)

e R =The red band (Ban%)\

This scientific index @Qs values between -1.0 and 1.0, which represents vegetation density
and vigor. Ne i@ lues are mainly generated from clouds, water, and snow, and values near
Zero are m@ly generated from rock and bare soil. Very low values (0.1 and below) of NDVI
corresp%to barren areas of rock, sand, or snow. Moderate values (0.2 to 0.3) represent shrub

and grassland, while high values (0.6 to 0.8) indicate temperate and tropical rainforests.
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3.8.5 Land Use/ Land Cover Classification

The term "land cover" describes the plants, buildings, water, bare soil, and other surface
coverings on the ground (earth). The land cover of a certain study region is observed and
identified during several epochs to establish the acquired data for operations like thematic
mapping and change detection analyses. Land use refers to the use of land for, re@b’ational,
wildlife habitat, agriculture, urbanization, or construction purposes. Q'}\

When the terms "Land Use" and "Land Cover" are used together, the QQnd Use Land
Cover" (LULC) refers to the categorization or classification of W’actlwties and natural
elements on the landscape within a specific time frame based o&% techniques and approaches
of analysis of appropriate source materials. An examm@ of land use and cover that is
performed more than once yields a single, good@d of the changes that have occurred
throughout the course of the year up to the ’ O‘Q\a

The shapefile of study area was impo@ as assets into google earth engine to define the
boundary of the study area. Th&@ﬁ were pre-processed due to cloud effect and noise that
effects on the imagery. "

The Image collectio{)o@%different years needed was instantiated using the google earth
engine Javasl%ém and the data were filter by date and percentage cloud cover of less than

5%. The satellite imagery was classify using the Supervised classification method, training
sampl@re picked using the polygon tool to select pixels of the images that fits the classes
define. The classes include Developed area, Bare Lands, Water Body and Vegetation.

The polygons represent the training dataset, the training dataset is a feature with a property
storing the class label and properties storing predictor variables. Random forest and Cart

Algorithm were used to classify the imagery base on the training set, the result of the two-
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classification algorithm was compared and the Random Forest has the highest accuracy. The
output of the classification was exported to the google drive as a TIF file format. All the data
were imported into ArcMap for better for final processing and visualization. No data value are
removed using ArcMap reclassify tool, the class name properties were used to symbolized the
maps. All these processes were carried out for each year analysis.

Qi&\%‘

Heat map symbology displays the relative density of points as a dyna;%‘ster visualization

3.8.6 Heatmap

using a color scheme to indicate density values. Ideally, the colorsé@{?s a smoothly varying
set of colors, ranging from cool (sparse density of points) to hq;%hl h density of points. Select a

point feature layer in the Contents pane. Under Feat:r@,yer on the Appearance tab, in the

Drawing group, click the Symbology drop- down d click Heat Map.

3.8.7 Point to Value

This tool is designed to retrieve Valu@maﬂly from the tool or another stack/collection of
Gaussian Geostatistical SimulatiN}raster’s) at specified point locations or within specified
raster cell (Slope, Elevatie@j).)\ﬂ). Retrieval is of all the simulated values, not summary
statistics, as the curreQi'mplementation of Gaussian Geostatistical Simulations already has this
capability as @ts postprocessing options.

The sa @0 can extract values at point locations; however, each record in the output table
conta&e raster values (Slope, Elevation, NDVI) for each point location which is used for

statistics.
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3.9  Weighted Overlay Analysis

Overlay analysis is a group of methodologies applied in optimal site selection or Vulnerability
modeling. It is a technique for applying a common scale of values to diverse and dissimilar
inputs to create an integrated analysis. Vulnerability models identify the best or most preferred
locations for a specific phenomenon. . (b‘

Overlay analysis often requires the analysis of many different factors. the factors i@our analysis

may not be equally important. ‘@
. \‘%'3

S
3.9.1 Weighted Table &

The table was created on excel with input of the fa \isidered for the pollutant migration
such as topography (Elevation, Slope), hydrolc.)gKa ow Accumulation, Flow direction), Ecology
(Land Use, NDVI), Distance (Point of is@rﬂxto mercury, distance to community), Mercury
value. The input factors value we&) ed on scale of (1-5) which represent range of

vulnerability, the factors were alsowyeighed based on their percentage of importance in the pollutant

migration to sum up 100%. .@“

N
QQ%Q
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3.9.2 Weighted Overlay Procedure

Based on the ranked scale in weighted table, the input layer values are reclassified using the
reclassify raster tool into scale of 1 — 5. The reclassified layers with their weighted percentage

are input into the weighted overlay tool to produce the Vulnerability layer.

Overlay analysis is commonly used for optimal site selection or Vulnerability m@g. It is
method involving integration of datasets using a common scale of v lue\%)diverse and
dissimilar inputs. The datasets are ranked by certain factors and subj ecte‘dﬁls processing for

vriuos outputs. Vulnerability models identify the best or most pre ocations for a specific

phenomenon. QQS&
The details of steps are elaborated below; @

¢ Integration of datasets using the weighted 0\)@ method in ARGIS (Elevation, Slope, Flow
Accumulation, Flow direction, ND&( nd Use land cover, Distance to community,
Distance to discharge, Mercu

+¢ The value of each factor w, &ped into 5 classes and ranked base on the vulnerability of
the values.

+ The factors w gs)gned weight which must sum up to 100% base on their hierarchy in
contrlbuﬂ%%e contamination and migration.

o T of each factor was reclassified on ArcGIS based on the ranked values assigned.
The result of the weighted overlay table gives the risk map of value 1 — 5 in which the values
represent their vulnerability.

« The reclassified layer for each factor was imputed into the weighted overlay tool in Arcgis

toolbox alongside with the weight assigned to each of the factors.
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Table 3.5 Ranking Parameters

Feature Value Description Rank Subdivison
Elevation 256 -291m Lowland 1 Very high
Vulnerability
292 -314  Moderately Low 2 Hrﬁ@b

315-338  Moderate ‘% 3 Moderate
. "
&)\\‘ Vulnerability
339-368  Moderately High QQ 4 Low

® Vulnerablility
369—-443  Highland. @ 5 Very low
§) vulnerability

d
4\)

2"
Source: Author’s Fielf 2\)23)

N
QQ%Q
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Table 3.6: The Ranking Scale

Rank Subdivison
1 Very high Vulnerability
2 High Vulnerability
3 Moderate Vulnerability &
4 Low Vulnerablility . é’
5 Very low vulnerability s
VAL
Source: Author’s Field Work, 2023 )\\.X
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Chapter Four
Results, and Discussion of Findings

4.1 Results of Findings
This chapter enumerates the results derived from the methods employed in the assessment of the
mercury in the environment and attempt to benchmark these outputs with conventi(@%ndards

especially with reference to their impact on human health perspectives. Th r@vere x-rayed
'n%

along the objectives earlier stated in this work and compared with other si global researches

[ ) ﬂ
to ensure best practices; thus presentation of the result is shown be 0@

The bioaccumulation of mercury in soil, plants, wate assessed through analytical methods

4.1.1 Mercury Bioaccumulation in the Ecomedia

within the study area are presented in line wéjﬁ&&t dy objectives;

Study Objective 1: To evalute Mert@oncentration in Soils, Plants, Fish, Surface and

groundwater from Uke \)Q)
.\

One of the associated @nental risks emanating from the uncontrolled discharged of
mercury during artiQ nd small-scale operations in Uke is the possible contamination of the
Aquatic eco@specially River Uke where the waste from gold processing is discharged.
This %tains high level of mercury which pose a threat to the environment including the
fish and other aquatic organisms present in the river. In several studies on mercury
contamination in fish, the elemental mercury easily methylated to organic mercury through a
bacterium into methylmercury and biomagnifies at different levels of the food chain with fish as

,20,21,31,32,

the primary target'® 3339 Fish is the major source of protein to the uke communities and
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the consumption of mercury contaminated fish will constitute a health risk to the community.
Results from the present study revealed that the mercury concentration are within the W.H.O
maximum permissible threshold of 0.5 mg/l for humans. A critical examination of the result of
bioaccumulation of mercury in the tissues of both species, identified the gill as the tissue with the
highest mercury concentration. Results from Uke confirmed the mean concentration fer gills to
be 0.01774 mg/l with the maximum concentration found in the catfish bein Q}} and the
minimum in the tilapia fish 0.0024, as shown in Table 4.1 and Fig 4.1. Th@n oncentrations
of mercury in the gills, intestine, bone, liver and flesh were in the i&mof 0.01774, 0.00747,
0.00206 , 0.01182 , 0.0071,respectively, with an overall mean @)9248 compared to that of
the surrounding water of river Uke 0.0092429. Moreovév@e simple explanation for the high
mercury value in the gills could be as a result of the«%t at the gill is the organ that filters the
mercury directly from the contaminated ’ ‘Sm e river and act as an interface. Gills are
pathway for metal/ion exchange from @r, because gills have very wide surface area that
fastens diffusion of metals rapidly 3% 1Hence, it is suggested that metals bioaccumulated in
gills are basically concentr drom water. This is in agreement with the results of other
authors’>767882. In 0@)@%@ carried out, the biomagnication of mercury through trophic
levels revealed tk@u&:rcury concentration were higher in the muscles or flesh but factors such
feeding habi‘t%ecie, age, weight could be a determinant in the uptake of mercury by the
differe@sues in the transfer and biomagnification of mercury?2%363771 1In the study area,
mercury  gradation in the tissues and organs of fish are as follows
Gill>Liver>intestine>Muscle>Bone. In a similar study, carried out in the Manyera river in Niger
state, Nigeria, where gold activities is also ongoing, the mean concentration of mercury was
0.008, which is near to the 0.009248 derived in this study!?.
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Several similar research works in other countries have demonstrated a correlation between gold
mining activities, environmental contamination of Hg, and the human exposure through
consumption of local fish, e.g., Ghana'%, Peru’®, Brazil*>} and Malaysia*’. Subsequently, this does
not merely deserve attention in the Amazon as evaluated in the present study, but also in other

areas with (historical) gold mining activities. . (b‘

Variations in metal concentrations were recorded in the internal organs of the st@%& fish species.
Metal accumulations were higher in the liver followed by gills and flesh. Health risk analysis of
heavy metals in the edible parts of the fish indicated safe levels @g?nan consumption and

concentration in the flesh are generally accepted by the @ational legislation limit for

essential metals. Q’Q\

In conclusion though the mercury accumulaﬁq&the various tissues differs, the health risk
assessment of the fish from the river c I(Qe)safe in the interim but continuous discharge of

mercury into river Uke can lead to @se in biomagnification and bioaccumulation and thus

pose as a threat to the immediate%ﬁ%nunities.

S
S
N
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Table 4.1: Mercury Concentration in Different Organs of Fish from River Uke

Components Gill Intestine Bone Liver Flesh

Catfish 1 0.0041 0.0033 0.0011 0.034 0.025

Catfish 2 0.0039 0.0022 0.0012 0.0027 0.0019 Q
Catfish 3 0.021 0.0018 0.0008 0.0017 0. 0012 Q)

Catfish 4 0.047 0.011 0.01 0.024 \QO

Catfish 5 0.032 0.015 0.002 0.017

Catfish 6 0.026 0.012 0.002 0.014 | 1&5)03

Tilapia 1 0.035 0.023 0.001 0. O 0015

Tilapia 2 0.0024 0.0019 0.0012 °@| 0.0013

Tilapia 3 0.0031 0.0022 0.00Q2 % 0027 0.0013

Tilapia 4 0.0029 0.0023 0.0027 0.0013 Total Average
Minimum 0.0024 0. OOI8CJ % 0.0017 0.0012 0.0002
Maximum 0.047 0. 02 0.034 0.03 0.047
Average 0.01774 (@M 0.00206  0.01182  0.00715  0.009248
Median 0.01255 VOOZ?B 0.00115 0.00835 0.0017 0.00531
Std. Dev. 0.016%&53 0.007406 0.002839 0.011252 0.010853 0.009792563

Source: Author’s Flwx, 2023
¥
Q
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4.2 Mercury Values in Soil, Sediments and Mine Waste (Tailings) within the Uke and
its Environs

The soil is one of the environmental media that is under threat during mercury pollution. It is
usually reported as a sink for heavy metals during pollutant migration. The results are contained
in Table 4.1 while Fig 4.3 and 4.4 showed the graph for the two seasons. In the dry season
samples, recorded very low mercury concentrations with sample AT20 has a consp%%ly high
contamination of mercury (0.046 kg/mg) in contrast to the low values obser\ﬂed@ler samples.
A sharp demarcation as observed in the wet season which has a mercury value range of 0.0013-
0.031kg/mg with average mean of 0.0172 kg/mg with standard de{f))éqn V?llue of 0.0097 mg/kg.
Most of the results derived in both seasons are above tlle @abundance average threshold
limits of 0.003 mg/kg and the USEPA residential @:reening level of 0.0023 mg/l. In
particular, the maximum mercury concentrati(:n in dry season and majority of the samples in the
wet season are above the threshold WHO @\Jf 0.05kg.it is important to stress that soil is a
critical resource in food supply. The se variation in the bioaccumulation of soil in the area,
especially the low mercury cont%)the dry season could be as a result of low gold processing
activities while the high ¢ %Rl the wet season could be accentuated by the runoff and the
porosity of the soil vQBB area. This result was compared with similar studiesbut locally and

globally and ar V@in considerable limits!#430:44:46.65.79.45

42.1 @g Waste (Tailings):

In an effort to identify the risk due to human exposure to mine waste, 20 samples of mine waste
or tailings were analyzed for mercury content. The results are contained in Table 4.3 and Figures

4.5,4.6 . The statistical variation also shows a minimum value of 0.011mg/kg to a maximum of
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0.314 mg/kg in the dry season while 0.003mg/kg to 0.142mg/kg in the wet season and a mean

value of 0.0871mg/kg to 0.0625mg/kg in the dry season (Table 4.3).

The tailings samples collected from within the research area are contaminated with high
mercury from 0.11 to 0.142mg/kg (Figure 4.5) above the WHO limit in the dry season sampling.
The wet season results equally showed high mercury content from 0.12mg/kg up fq@k)mg/kg

(Figure 4.6). This has a dangerous implication to human health in the study areaqg)
4.2.2 Sediments

. \ “
Mercury content in the sediments are derived from eroded so‘@i the river which contains
mercury particulate and mercury discharged directly from %sanal miners into the uke river.
The mercury accumulates in the river sediments é@nately affects the aquatic ecosystem

especially plants, fish and animals. In thi '@hree (3) stream sediments samples were
collected to reflect the midstream which g)point source, the downstream and upstream. The
results of the mercury concentra 'on@ontained in (Figure 4.7 and Table 4.5). The mercury
value 0.018 is the highest val ar;gl represent the point of discharge of mercury into the uke river
during gold processin@@% y to note that mercury concentration in the river sediments is a
pointer to the ex%f%re of communities and especially those that consume fish. The aquatic
ecosystem hea usually dictated by the mercury value in the sediments because it serves as a
sink @ercury. The values for the three sites indicates that the mercury value increases

upstream. The results obtained is similar to the value of sediments in the Manyera river in Niger

State while the mercury value is lower than other locations with similar researches!?33-5%.72.
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Table 4:1 Statistical Variation of Mercury in the Soils for Wet and Dry Seasons

Minimum
maximum
Average
Median
STDEV
Source: Author’s Field Werk, 2023

Wet season
0.012
0.022
0.014

0.0013
0.031
0.03
0.021
0.012
0.023
0.025
0.0023
0.013
0.0013
0.031
0.017216667
0.0175
0.009737541

158

Soils (mg/kg)

Dry season
0.02
0.01

0.002
0.004
0.003
0.017
0.032
0.012
0.002
0.02
0.003
0.427
0.002
0.427
0.046
0.011
0.120354023
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Table 4.3: Mercury Concentration in Tailings all Season

Tailings (mg/kg)
Wet season Dry season
0.034 0.142
0.024 0.132
0314 0.14
0.114 0.11
0.014 0.004
0.015 0.003
0.111 0.004
0.12 0.031
0.114 0.027
0.011 0.032
Minimum 0.011 0.003
Maximum 0.314 0.142
Average 0.0871 0.0625
Median 0.0725 0.0315

Source{ Author’s Field Work, 2023
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Table 4.4: Determined Mercury Level in River Sediment

River Sediment

Sample ID Determine Mercury level (mg/kg)
RD1 0.012
RD2 0.018
RD3 0.014
Source: Author’s Field Work, 2023 . N
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4.2.3 Mercury Values in Plants

The uke community is agrarian as such most members of the community engage in farming. In
line with this fact, this study critically examined the effect of mercury discharge from ASM
operation of gold processing especially along the banks of the Uke river to adjacent farmlands.
Mercury bioaccumulation in plants may come as a result of uptake through the soil or mercury
particulate from atmospheric mercury. Moreover, the result from analysis of surﬁ%}ater from
the Uke river showed mercury concentration above the WHO limits of O . g. This work
collected plants samples from farmlands within a radious of . 1k tQ\ the river bank and
investigated mercury absorption and health risk assessment to tl&@?ﬂmunity. The absorption of
mercury by plants in the study area are contained in TaBl@g)T he results of twenty-four (24)
different varieties of plant for all seasons (dry a@% were presented. The edible plants

examined includes: Groundnut and Ugw;']!\ﬁBoth have concentration of mercury of

0.0057ppm for the dry season (Figure 4. ava a root tuber is 0.01ppm, waterleaf 0.012ppm
and 0.011ppm for pepper, 0.02 g/k@' rice and spinach, while garden egg has 0.011mg/kg.
Other such as scent leaf, bitter&af otatoes and watermelon has least mercury contamination in
0.002mg/kg, 0.002 m Q%lmg/kg and 0.0015mg/kg. The edible plants samples analyzed in
the wet season inc)&d‘es, Guava, cassava, bitter leaf, jatrop, amaranth, corn and sweet potatoes.
These all hae%igh threshold of mercury contamination (Figure 4.8 and 4.9). The differences
in th@y concentration are depicted as seen from the statistical distribution (Table 4.5),
from minimum value of 0.0012mg/kg to maximum value of 0.1044 mg/kg for the wet season and
0.001 to 0.02 kg/mg for the dry season, whereas the mean value of 0.0177 mg/kg in the wet

season to 0.0075mg/kg in the dry season. The Uke River provides all season water source for

farming during the dry season and thus since it has been established in this work that mercury
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contamination is evident within the river, using the water from the river for irrigation would
contaminate the plants. This is buttressed by the high mercury value in the rice, pepper and sweet
potatoes. Consequently, variety of the plants have mercury contamination high above the
expected WHO standards which is 0.03mg/kg. This result is in consonance with the work of
several authors, some of who confirmed some of the crops such as beans, groundnut corn as
bio accumulators, an indication that mercury will be bioavailable can easily be ab§drbed by these

plants and transferred to humans through the food chain via consump@i could pose a

health risk to such communities!#2420-39.60.68.90_ )\%'\
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Table 4.5: Mercury Concentration (mg/kg) in the Plants

Plants (mg/kg)

Wet season Dry season

0.1044 0.009

0.014 0.01

0.015 0.012

0.026 0.011

0.0024 0.002

0.0012 0.002

0.022 0.002

0.003 0.02

0.0022 0.001

0.019 0.002

0.0022 0.01

0.0015 0.01
Minimum 0.0012 0.001
Maximum 0.1044 0.02
Average 0.017741667 0.00758333
Median 0.0085 0.0095
STD 0.028750161 0.0058225

Source: Author’s Field-Work, 2023
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4.2.4 Mercury Values in Surface Water (River Uke) and Groundwater
The results revealed that during the dry season, samples 1, 2, 7,8,9,10,13,14,15,16 of the total 19

samples has high mercury concentration, mostly as surface water collected from river Uke (Table

4.6 and Fig 4.3). Most of the results from Ground water (Boreholes and wells) such are within

acceptable threshold limits. The results of the surface water(river) also show concer@l above

the WHO limits with mercury concentration of 0.021ppm, 0.017ppm, ‘g&] 0.022ppm,

0.012ppm, 0.012ppm, 0.012ppm and 0.014ppm (Figurel0 - 14).

This study was compared to other similar results and the results L@erate 17,37,52,66,82,85,86
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Table 4:6 Statistical Parameter for the SurfaceWater and Groundwater

Surface Water Hg(mg/kg) Borehole Water HG(mg/kg)
WSI 0.001 WBI1 0.0021
WS2 0.0011 WB2 0.002
WS3 0.0011 WB3 0.0011
WS4 0.0013 WB4 0.0013
WS5 0.0012 WB5 0.0011
WSe6 0.0011 WB6 0.012
WS7 0.0013 WB7 0.021
WSS 0.001 WBS8 0.0012
WS9 0.021 WB9 0.0021

WS10 0.001 WBI10 0.0014
WS11 0.011 Borehole Water 0.001
MSI1A 0.021 AT - 03 0.001
DS 01A 0.022 AT - 04 0.0012
DS2 0.021 AD- 05 0.0041
DS3 0.017 AT - 10 0.012
DS4 0.019 AT — 23 0.011
MSB1 0.002 BH1 0.001
UPSB3 0.014 BH2 0.002
UPSBI1 0.012 BH3 0.001
UPSB2 0.012 Minimum 0.001
UP1 0.012 Maximum 0.021
Minimum 0.001 Average 0.0041895
Maximum 0.022 Median 0.0014
Average 0.0092429 Standard 0.0055931
Deviation
Median 0.011
Standard deviation 0.0084481

Source: Author’s Field Work, 2023
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Study Objective 3: To Carry out the Risk and Exposure Assessment of the Uke Community

The risk assessment of mercury contamination was examined in this study amongst the miners
and community by studying the mercury characteristics in the environment and evaluating their
potential threat. In the previous section, the mercury values in the various eco-media were
compared to global standards. This in turn facilitate the derivation of the exposure assessments
through responses from questionnaires and the use of exposure assessment g@ such as
geoaccumulation index and Contamination factor. Uke is highly vulner .ﬁ&» his mercury
ecosystem threat because highly densely populated settlements ir: sugh ageas as Angwan Tofa,
and Tundun wada respectively (Figure 4.10). The veritable Gs\flts from this work have
confirmed that the tailings are the major source of corﬁgﬂ\%%l)lonl”’”’gz This poses a major
health alert because of, the rate of tailing re—usabilﬁy@’%ﬂding and construction. Most of the
innocent community members used this SOi§E®O plaster their huts and hence become very

exposed to high indoor mercury.Cons% the exposure assessment in this study was

calculated for soil and tailing usi%@ard index and quotients

S
>
N

15,17,66
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4.3 Human and Health Risk Assessment

Objective: To Identify and Characterize any Associated Human Health Risk Assessment
This objective was achieved in this research as stated below:

4.3.1 Human and Health Risk Assessment of Uke &

The assessment of the health and risk exposure are in most case derived threu g@lg)ous methods
as stipulated in many studies in this particular context the c n‘t%ation factor and

[ ) w
geoaccumulation index have been applied to carry out these tasks5g’§“ 64,70, 71,73,

Degree of Contamination (otherwise contamination factqr) &aluated for the soils using the

formula is: Q’Q\
CF = Cuw/Cy [1] C)©

Geoaccumulation index was adopted t@)uate the harmful potential of the metal mercury in

accordance with the work of Qir%%)
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4.3.2 Health Risk Assessment of Uke Soils
The exposure assessment of the community to the soil in uke was carried using pollution indices
such as Geoaccumulation index (I-geo) and Contamination factor.The results are expressed in

Table 4.7
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Table 4.7: Soil Wet Season Result CF and I-geo

ID Hg level CF I-geo
SD1 0.012 0.15 -3.3219
SD2 0.022 0.275 -2.4475
SD3 0.014 0.175 -3.0995
SD4 0.0013 0.01625 -6.5284
SD5 0.031 0.3875 -1.9527
SD6 0.030 0.375 2
SD7 0.021 0.2625 -2.5146
SD8 0.012 0.15 -3.3219
SD9 0.023 o 0.2875 -2.3833
SD10 0.025 0.3125 -2.263
SD11 0.0023 0.02875 -5.7053
SD12 0.013 0.1625 -3.2065
Min 0.01625 -6.5284
Max 0.3875 -1.9527
Average 0.2152083 -3.2287

Source: Author’s Field Work, 2023
Q°
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Table 4.8: Soil Dry Season result CF and I-geo

ID Hg level CF I-geo
SSI1A 0.02 0.25 -2.585
SS1B 0.01 0.125 -3.585
SS1C 0.002 0.025 -5.9069
SS3 0.004 0.05 -4.9069
AT - 06 (SS 02) 0.003 0.0375 -5.3219
AT -11 0.017 0.2125 -2.8194
AT -13 0.032 0.4 -1.9069
AT -15 0.012 0.15 -3.3219
AT -16 0.002 0.025 -5.9069
AT-017A 0.02 0.25 -2.585
AT -018 0.003 0.0375 -5.3219
AT -019 0.035 0.4375 -1.7776
AT - 020 0.33 4.125 1.45943
AT -21 0.021 0.2625 -2.5146
AT -22 0.041 0.5125 -1.5493
Min 0.025 -5.9069
Max 4.125 1.45943
Average 0.46 -3.2366

Source:Author’s Field Work, 2023
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4.3.3 Health Risk Assessment of the Tailings in Uke
The exposure assessment and vulnerability of the community to mercure contamination via
tailings was carried out using standard pollution indices such as Contamination factor and

geoaccumulation indexes.The results re contained in Tables 4.9 and 4.10.
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Table 4.9: Tailings Wet Season Result CF and I-geo

ID Hg level
ST1 0.034
ST2 0.024
ST3 0.314
ST4 0.114
STS 0.014
STé6 0.015
ST7 0.111
ST8 0.120
ST9 0.114
ST10 0.011

Min
Max
Average

Source: Author’s Field Work, 2023
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CF
0.425
0.3
3.925
1.425
0.175
0.1875
1.3875
1.5000
1.425
0.1375
0.1375
3.925
1.08875
Ol
&
\

O

I-geo

-1.81943
-2.32193
1.38773
-0.074
-3.09954
-3
-0.11247
0

-0.074
-3.44746
-3.44746
1.38773
-1.25611



Table 4.10: Tailings Dry Season Result CF and I-geo

ID Hg level CF I-geo

TS1 0.142 1.775 0.242857
TS2 0.132 1.65 0.137504
TS3 0.14 1.75 0.222392
TS4 0.11 1.375 -0.12553
AT - 07 (SS 03) 0.004 0.05 -4.90689
AT — 08A(SS 04) 0.003 0.0375 -5.32193
AT - 08B (SS 05) 0.004 0.05 -4.90689
TSS1 0.031 0.3875 -1.95269

TSS2 0.027 0.3375 -2.152
TSS3 0.032 0.4 -1.90689
Min 0.0375 -5.32193
Max 1.775 0.242857
Average 0.78125 -2.06701

Source: Author’s Field Work, 2023
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In the same vein, the Human health risk assessment of toxic elements on children and adults for
Uke soils and tailings expressed through the Hazard quotients and Hazard index are contained in

Table 4.11 and Fig 4.14 below.
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Table 4.11: Health Risk Assessment of Hg in the Study Area Calculated for Child and

Adult

Adult
Min
Max

Average

Child
Min
Max

Average

Source: Author’s Field Work, %Q)

ADDingnc

0.0023
0.025

0.015825

9926.4333
236707.26

131461.61

ADDinhnc

2.291E-11
5.464E-10

3.035E-10

2.291E-12
5.464E-11

2.878E-11

>
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HQ-ING

3.17E+10
7.55E+11

4.19E+11

33088111
7.89E+08

4.38E+08

HQ-INH

2.67E-07
6.38E-06

3.54E-06

2.67E-08
6.38E-07

3.36E-07
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Table 4.12: Sample Distances to Mercury Discharge Point

ID Medium Hg Conc Distance
WSI Surface Water 0.001 1318.019
WS2 Surface Water 0.0011 1609.549
WS3 Surface Water 0.0011 1679.222
WS4 Surface Water 0.0013 810.5277
WSS5 Surface Water 0.0012 685.2218
WS6 Surface Water 0.0011 858.305 .
WS7 Surface Water 0.0013 973.5269
WS8 Surface Water 0.001 1118.292 .
WS9 Surface Water 0.021 450.8523 ‘:\ \QO
WS10 Surface Water 0.001 509.5852
WSI11 Surface Water 0.011 618.0215
WBI Borehole 0.0021 3362.57*}\\, "
WB2 Borehole 0.002 1150.
WB3 Borehole 0.0011 149%%6
WB4 Borehole 0.0013 .83994
WB5 Borehole 0.0011 4.036
WB6 Borehole 0.012 184.036
WB7 Borehole 0.02 1882.549
WBS Borehole D@ 1731.01
WB9 Borehole Qg 1590.12
WBI10 Borehole 0.0014 1189.619
SD1 Soil 0.012 1318.019
SD2 Soil 0.022 1609.549
SD3 Soil 0.014 1521.732
SD4 Soil %.\ 0.0013 810.5277
SD5 Soil Q 0.031 783.8168
SD6 Soil Q)Q 0.03 785.0478
SD7 Soil 0.021 811.9861
SDS Sail 6\. 0.012 973.5269
SD9 i 0.023 1087.332
SD10 @o' 0.025 1147.562
SD11 oil 0.0023 2507.984
SD12Q Soil 0.013 509.5852
ST1 Tailings 0.034 616.0431
ST2 Tailings 0.024 616.0431
ST3 Tailings 0.11 685.2218
ST4 Tailings 0.114 685.2218
STS5 Tailings 0.014 685.2218
ST6 Tailings 0.015 450.8523
ST7 Tailings 0.111 450.8523
ST8 Tailings 0.12 542.5514
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Table 4.12 Contd: Sample Distance to Mercury Discharge Point

Hg

ID Medium Conc Distance
ST9 Tailings 0.114 542.5514
ST10 Tailings 0.011 618.0215
VGl Plant 0.011 1521.732
VG2 Plant 0.021 810.5277
VG3 Plant 0.021 810.5277
VG4 Plant 0.012 783.8168
VG5 Plant 0.0017 783.8168
VGo6 Plant 0.014 783.81
VG7 Plant 0.015 783. §*
VG8 Plant 0.0012 7‘%68
VG9 Plant 0.026 Q’Qs 478
VGI10 Plant 0.017 85.0478
VGl11 Plant 0.02 785.0478
VGI2 Plant % 785.0478
VG13 Plant 785.0478
VG14 Plant 022 785.0478
VG15 Plant Q)(b‘o 0032 785.0478
VG16 Plant \) 0.022 785.0478
VG17 Plant 0.003 785.0478
VGI18 Plant %.\ 0.0022 811.9861
VG19 Plant QQ 0.0031 811.9861
VG20 Plant C) 0.019 811.9861
VG21 Pl ntQ 0.0022 811.9861
VG22 0.0018 811.9861
VG23 él 0.0024 1147.562
VG2 ant 0.0015 1147.562
VG2QQ Plant 0.026 811.9861

Well water 0.001 1763.858
WW2 Well water 0.001 616.0431
RDI River sediment 0.012 973.5269
RD2 River sediment 0.018 1118.292
RD3 River sediment 0.014 1306.842

Source: Author’s Field Work 2023.
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4.4  Observation and Interpretation of Results on Risk Exposure and Health Assessment

The Contamination Factor for the soils and tailings were carried out because soil is regarded as
the sink for metals during pollution. The evaluation of the degree of contaminati{%for soil
obtained during the wet season indicated that the minimum value was 0.0162 ;ag while the
high value was 0.3875 mg/kg which is classified as unpolluted unde@tegories earlier
discussed. On the other hand, the values obtained during the dry @ﬁ\ indicated the lowest
degree of contamination to be 0.025 while the maximum contaégce@}n was found at the sample
AT-20 close to the mineral processing site with a p@xlue of 4.124 mg/kg. This is an
indication of considerable contamination. This is CQ the point source and is a confirmation
of the direct impact of the mercury processié)a%g\it at the site. The contamination pattern with
respect to distance to the discharge point'éontained in Table 4,12 . It shows a general pattern of

outward increase of mercury cor@ion away from the discharge point.

.\
1. The appraisal of conta@ evaluation of the tailings is even more interesting. The results

in Table 4.9 cora\gd) high spike in the contamination value in both the wet and dry seasons.
The maxi% lue derived in the wet season was 3.925mg/kg with the minimum value at
0.1 g with an average mean of 1.0875 mg/kg. The value during the dry season also
indicated the highest factor to be 1.775at ST1, with other high values at TS2-1.65,TS3-
1.75;TS4-1.375mg/kg with 0.0375mg/kg as minimum and 0.78125 mg/kg as average. The
overall implication is that the tailings are the major sources of mercury contamination

especially during the wet season.
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2. The geoaccumulation table in Figure X for soil revealed maximum i-geo index value to be -
1.9527 with an average value of -3.2287. This is an indication that the geoacummulation
index for the soil in wet season is very low and confirmed that the soil is unpolluted. In the
dry season the highest geoaccumulation index maximum value 1.45943 at the AT020 sample
site, which confirmed the site to be moderately polluted and encroachment of anths&opogenic

influence. The average value for soil in the dry season is -3.2366 which @hssiﬁed as

unpolluted overall. ‘%\QO

3. The geoaccumulation for the tailings confirmed minimum Valué{%)g -5.32193, average -
2.06701 and maximum value 0.242857 for dry se.aso&éb%the wet season the highest
geoaccumulation index value 1.38773 at site ST3; -1.25611 and minimum -3.44746.
The implication of the result is moderate po.lh‘&a site ST3.

4. The health risk and exposure assessm& \he study area was assessed using contamination
indices capable of determining t%%posure dimension to mercury which could be from
average o high level of ¢ ntg\ylation. To this end, hazard quotient was calculated for
children and adult i@udy area to reflect the ADDingestion and ADDinhalation.
Moreover, the %gxgcinogenic health risk index (HI) of Hg calculated for the adults and
children W%oth above 1. This is an indication that Hg pose a threat to the health of the

QO
pe
4.5.1 GIS Environmental Risk Maps
In this study, the geospatial technologies, especially the remote sensing and GIS technologies

were deployed to examine risk assessment of uke and environs!'®224%33, Specifically the NDVI

(Normalized Difference Vegetation Index) was adopted to determine the vegetation stress factor
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to measure the greenness and health based on the reflectance of near-infrared and red light. To
this end, NDVI processing for the test site uke was carried out with the mercury values plotted
on them for a period of ten years. The observation in Figures (16,17, 20, 21and 22) revealed that
the mercury high values correlate with the white patches which are indication of vegetation with
NDVI values below one. This is a confirmation that NDVI can be used to effectlye assessed
mercury contamination as was done in similar studies which buttress the fact th @llte image
processing and GIS technologies are effective in monitoring the stab%& environment.

Furthermore, the Landsat imageries of the test site uke and a contr.o\é%(i{efﬁ) which is devoid
of ASGM gold processing subjected to NDVI processing to dem&%}VI values and comparison.
It worthy to note that the standard classification of NDVI w@; implies that values less than one

is an indication of a stressed vegetation while mlues@e one is for healthy vegetation.

In view of the above, equal spacing of 30 @n}e points on Uke and Keffi NDVI map (Figure
4.18- 4.19) and extracted values to poé-& d examined the NDVI statistics for Keffi and Uke
during both the dry and wet seasons. The results of this activities especially the statistical

variations between the test @fftrol sites are narrated in details in the next section of this write

up. Q
O

Descriptive a%{ 1 measures for each season and location based on the mean, showed that
Keffi er NDVI values compared to Uke in both the dry and wet seasons Table 4.12
showed details of the extracted NDVI vales for both Uke and Keffi while Figure 4.18 and 4.19
presents a graphical display of the two sites with respect to their NDVI values. These results
clearly showed the control site(keffi) having a higher measure of vegetation greenness and health

based on the reflectance of near-infrared and red light due to more green plant cover. The
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implication is that the NDVI values are more than one cumulatively and the reason being no
pollutant interference such as mercury. This is contrary to the Uke test site where the average
NDVI value are lower. This implied that the vegetation in Uke showed signs of stress which
could possibly be as a result of the mercury discharge into the ecosystem. This assertion is
buttressed from the other elements of the statistics as the median NDVI values generally follow
the same pattern as the mean values, with Keffi having higher values comp.are % ke in both
seasons. Although the median represents the middle value in a set of data@' s affected by
extreme values however, it provides an alternative measure of ce tendency. The standard
deviation measures the dispersion or variability of the NDV%{%\S around the mean. Higher
values indicate greater variability. In this case, Keffi has .h'@r standard deviations for both the
dry and wet seasons compared to Uke, indicating a@ range of NDVI values and potentially
more variability in vegetation cover. Th .3%1% variance is a measure of the spread or
dispersion of the data. It is calculated as'@ squared standard deviation. Similar to the standard
deviation, the sample variance i ig@ﬁ%r Keffi in both seasons compared to Uke, indicating a
wider range of NDVI values, Kustosis measures the shape of the distribution. Positive values
indicate a relatively (@k)@ribution with heavy tails, while negative values indicate a flatter

distribution. In_ t se, Keffi has higher kurtosis values in both seasons compared to Uke,
suggesting tﬁ% NDVI distribution may be more peaked and have heavier tails. Skewness
measu@x?symmetry of the distribution. Negative values indicate a left-skewed (asymmetric
with a longer left tail) distribution, while positive values indicate a right-skewed distribution. In
this case, Keffi has negative skewness values in both seasons, indicating a tendency towards
lower NDVI values. Uke, on the other hand, has negative skewness in the dry season but positive

skewness in the wet season, suggesting a shift towards higher NDVI values during the wet
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season. The range represents the difference between the maximum and minimum values in the

dataset. It provides an indication of the spread of the NDVI values.

In this comparison, we can observe that Keffi generally has a wider range of NDVI values
compared to Uke in both the dry and wet seasons. This suggests that Keffi exhibits a greater
variation in vegetation cover. The minimum value represents the lowest NDVI Valu'e.&rved in
the dataset. It indicates the presence of areas with minimal vegetation coves. ]%ﬂ case, Keffi
generally has lower minimum NDVI values compared to Uke in both seasons, suggesting that
Keffi may have areas with relatively less vegetation during th)\‘s&and wet seasons. The
maximum value represents the highest NDVI value observecéryt e dataset. It indicates areas
with dense and healthy vegetation cover. In this case ﬁ generally has higher maximum
NDVI values compared to Uke in both season @sﬁng the presence of areas with more
abundant and healthier vegetation. The surr@pj ‘35 the total accumulation of NDVI values in
the dataset. It provides an overall mea@f the amount of vegetation in the area. In this case,

Keffi has higher sums of NDVI“alues compared to Uke in both seasons, indicating a larger

overall extent of Vegetatim@%ount represents the number of data points or observations in

the dataset. < Q)

For both Keﬁ%&ke in both the dry and wet seasons, the count is 30. The count indicates the
sampl Qsed to calculate the statistics. In this case, both Keffi and Uke have the same

number of observations, ensuring a fair comparison between the two locations and seasons.

In summary, the comparison of NDVI statistics between Kefti and Uke during the dry and wet
seasons reveals that Keffi generally exhibits higher mean, median, standard deviation, sample

variance, range, maximum, and sum of NDVI values compared to Uke. Additionally, Keffi
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shows higher kurtosis and negative skewness in both seasons, indicating a potentially more
peaked and left-skewed distribution of NDVI values. These findings suggest that Keffi has a
greater extent and variability of vegetation cover compared to Uke in the given seasons. There
could also be a pointer to the variability in land, use land cover; whereas the dispersion in NDVI
within Uke may have nose-dived in both seasons, results have linked this to the rate of leaching
of contaminants within the A and B horizon where water infiltrates through the ore spaces
that have leached more elements as distributed from the main Uke W%Xa ments. This
however may not have been common within Keffi where the plage@tﬁamely a built-up area
and where least activity of mining is seen around to spur up rel&a)%%:ontaminants.
-
S

O
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4.5.2 Results and Findings of Mercury Risk Vulnerability Map of Uke

This work attempted the use of the mercury concentration derived from all the environmental
media and fish to predict vulnerability of possible hazards emanating from gold processing in
this area. Consequently, the weighted overlay method in ARCGIS was used to integrate input
dataset such as flow accumulation, slope, elevation, distance from point source.f%nercury
discharge, NDVI, land use cover, distance to community and mercury Valu.e. I @ﬁ\lar studies
carried out to design dispersion models using the emission, topograp@t and mercury
releases to the eco-media, the location of the mercury discharge p%dﬁrces played a crucial
role in the prediction of mercury dispersal patterns and %%\re assessment. This study
concurred with this assertion as the mercury Vulneralz@isk map has proved valuable in
identifying population at risk from exposure. A clo amination of the risk map (Fig 4.15)
pointed out that the most vulnerability to . Q& ntamination is shown in red color which is
the area around the gold processing Cent he other colors as indicated in the legend shows the
degree of vulnerability and can b@)as a veritable tool to monitor and communicate mercury
risk by regulators. This modd%iﬂ also help to understand the correlations between the different
factors such as land@)\%%getation, climate, topography in the identification of mercury
hotspots and p ed@hg the mercury transport model necessary for effective management of the

=

menacing % fect of mercury contamination in community. In a similar development a study
condu@n Peru’® examining wildlife vulnerability to mercury pollution from artisanal and
small-scale gold mining, a geospatial model was designed to identify pollution risk from mining
sites. Similar multicriteria evaluation was carried out using datasets such as flow accumulation,

42,5658 The results

distance from mining area, sediments to arrive at the vulnerability risk map
opined that there is need for further research in these areas’ to protect with high biodiversity
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vulnerability. In particular this work engaged the used of satellite imagery Landsat 7 and 8 to
carried out a land cover time series analysis of the uke area. The results revealed that from 2010-
2022 (appendices 2-4) and discovered that In 2010, the area land use distribution pattern were as
follows bare land 67,700,191 sq/km; water 18,895245 sq/km; vegetation 2,313129 sq/km;
developed area 14,583812 sq/km. on the other hand in 2022 when this work was carried out the
bare land covered an area of 73,956256 sq/km and vegetation 2,522514 sq/k{n w, &bhe develop
area covered about 25,449,602 sq/km; water 1,565556 sq/km. It would be@%serious gold
mining started in Uke about 5 years ago which is indicated by inqr@n’developed areas from
14,583,812 possibly due to migration of miners to the site and@e land also increasing from
67,700,191 sq/km to 73,956256 sq/km. The increase in '@e parameters is an indication of

increasing mining in the area. Moreover, deforesta ccording to similar studies carried out

globally also can exacerbates soil mercury @@Onm’”.
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Keffi Dry
0.22843
0.224269
0.225
0.235037
0.219188
0.206066
0.218049
0.242152
0.234653
0.204778
0.219928
0.239691
0.236617
0.260784
0.32854
0.245787
0.186959
0.091465
0.222825
0.222465
0.238589
0.103163
0.213939
0.281325
0.251506
0.219763
0.279593
0.217061
0.199431
0.214676

Keffi Wet
0.407525
0.344904
0.41259
0.507544
0.415013
0.296373
0.369831
0.511418

0.4777
0.416829
0.380223
0.366476
0.377371
0.418605
0.533349
0.435442
0.329344
0.089783
0.35866
0.416935
0.36076
0.132007
0.289942
0.521423
0.350791
0.378589
0.435741
0.384179
0.435544
0.395912

Source: Author’s Field Work, 2023

201

UKE Wet
0.151542
0.16111
0.142553
0.262057
0.312017
0.129596
0.170355
0.162908
0.202655
0.210069
0.127737
0.14095
0.154413
0.203001
0.203427
0.182628
0.114498
0.163515
0.148956
0.163503
0.182553
0.16212
0.148131
0.169606
0.236898
0.154046
0.175155
0.15776
0.156311
0.206151

Table 4.12: Statistical Comparison of NDVI Values at Uke and Keffi for Wet and Dry
Seasons

UKE Dry
0.142764
0.142553
0.15106
0.145707
0.176923
0.145024
0.147145
0.151413
0.143982
0.16664
0.129134
0.144647
0.128463
0.128953
0.146058
0.10951
0.146628
0.160885
0.13988
0.113698
0.150559
0.142197
0.12952
0.138534
0.142664
0.145374
0.146636
0.130445
0.145692
0.146553
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4.6  Descriptive Statistics of Uke Community Research Questionnaire
4.6.1 Ethical Considerations

Permission was sought from Ministry of Mines and Steel Development and the Ministry of solid
Minerals in Lafia. Moreover, the Community Chiefs in Uke were also informed. Informed
consent was sought from the individual participants after explaining to them the objective of the

study (Appendices 5-10). Confidentiality was ensured throughout the study. Qb}\(b

4.6.2 Data Management and Analysis % E
. \ |

The mercury values derived in the analysis of the eco-medi ¢ ‘subjected to statistical
processing using the Microsoft excel and SPSS version 264@31’6. The summary of results of
the cross -sectional survey of correspondents are@d in Fig.4.22 while details of the

descriptive statistics and other results are contaih@% the appendix section.

This is output of the survey identiﬁe%%t majority of the miners about 86% do not have basic
education, this is an indication hNS factor may be contributary to the abuse of mercury usage
and eventual contami at@;e environment. The result also confirmed that 78% of the
Miners are camp d{il)s, meaning they must have migrated from a distance to this present
venue. This ‘f%%t of implication on the socio-cultural nature of the miners and design of a
remedi ategy for mercury control. The survey also confirmed that the prevalent age group
among showed that (about 60%) the miners are between the age group 18-34. This is an
indication that the youth are largely involved in artisanal mining. About 66% are married which
further escalate the potential at risk population to include their immediate families. The survey

showed that occupational hazards is a high risk since about 98% do not use PPE. The apparent
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lack of awareness of mercury hazard is further confirmed since about 56% of the miners are not
aware of government policies put in place to mitigate mercury exposure. The results of the

survey are summarized in Table 4.13 and will be adequately discussed in the next chapter.

209



Table 4.13: Results of Socioeconomic Statistical Survey with Miners and Community

Questionnaire Survey

Questions Miners Percentage (100%)

Age group 25-34 32
Gender Male 92
Marital status Married 66
Level of Education Secondary school drop out 30
Are you mining Full time ° (b, 78
Source of mercury Buy »&\ 95
Mercury storage Site Q) 73
Mercury daily usage Two days % 46
Years of mining 1-5 years \ 80
Do you use PPE No 98
Is PPE important Yes 90
How often do you use PPE Never . \‘%'3 68
Daily work per week Seven days \ 54
Hours per day 08-Oct &% 48
How do you suck excess mercury Dry cloth Q) 88
Sources of drinking water Sachet water © Q 86
Do you eat fish Yes \ 64
How often do you eat fish More than onc & 76
Source of fish Market 91
Do you prefer any part of the fish No 82
If yes, which part Head .* S, 86
Hazard using mercury No Q 90
Red eyes health issues an 94
Cough Health issues N wer 91
Fever Health issues nswer 87
Headaches Health issues 0 answer 79
Fatigue Health issues \) No answer 96
Weight loss health issues No answer 96
Vision Problem Health issues %'\ No answer 98
Skin rashes Health issues Q No answer 75
Muscle weakness Health(issu No answer 85
Dizziness Health issues No answer 89
Symptoms frequenc SOMETIMES 64
Symptoms withinf\ast Six months Yes 69
Where do you r help Traditionalist 43
Typhoid Disease No answer 57
Diarrh‘ : @se No answer 94
Cough & No answer 92
Work Accident No answer 63
Conditions related to your work Yes 67
Can PPE prevent these diseases Yes 78
Are you aware of Government policy Yes 57
Government sensitization No 71
Training on Safety and Health No 80
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Table 4.14: Results on Socioeconomic Statistical Survey of Miners and Community

Questions Miners Percentage (100%)

Age group 25-34 32
Gender Male 92
Marital status Married 66
Level of Education Secondary school drop out 30
Are you mining Full time 78
Source of mercury Buy 95
Mercury storage Site 73
Mercury daily usage Two days 46
Years of mining 1-5 years 80
Do you use PPE No 98
Is PPE important Yes 90
How often do you use PPE Never 68
Daily work per week Seven days 54
Hours per day 48
How do you suck excess mercury Dry cloth 88
Sources of drinking water Sachet water 86
Do you eat fish Yes 64
How often do you eat fish More than once a week 76
Source of fish Market ¢ 91
Do you prefer any part of the fish No ,Q\' 82
If yes, which part Head Q 86
Hazard using mercury No 90
Red eyes health issues No ansy 94
Cough Health issues No K 91
Fever Health issues No @v} 87
Headaches Health issues answer 79
Fatigue Health issues swer 96
Weight loss health issues answer 96
Vision Problem Health issues Q)No answer 98
Skin rashes Health issues \) No answer 75
Muscle weakness Health issues No answer 85
Dizziness Health issues i No answer 89
Symptoms frequency SOMETIMES 64
Symptoms within last Si@ Yes 69
Where do you go to for h Traditionalist 43
Typhoid Disease K No answer 57
Diarrhoea Diseas Q No answer 94
Cough Disease No answer 92
Work Accid No answer 63
Conditi ed to your work Yes 67
Can PP vent these diseases Yes 78
Are you aware of Government policy Yes 57
Government sensitization No 71
Training on Safety and Health No 80

Source: Author’s Field Work, 2023
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It is very obvious from the analysis of the questionnaires that the perception!>?*48 index of the miners
and the community on the hazard of mercury usage is very low. This will help in the design of a template

for managing the environmental risk for the remediation of the hazard.

Comparative studies locally revealed that River Kaduna had a concentration ranging between 1.72-.2.50
while the values from others studies globally are far higher than this study. Table 5.1 lists s.uc?gtllues for

proper comparison. The values from uke river is far less than in most areas studied. Q‘)&\
°

The mercury values of similar studies globally are contained in Table 5.1 and‘@g in the current
study are lower. . ‘\%“
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Table 4.17: Global Comparison of Mercury Contamination in Ecomedia with Present

Study

Sample Type THg Location References

Gold tailing ng/g 5.2-200 Suriname 108
77-2917 Ghana 100
10-18 Brazil 112
100-27,610 ASGM Indonesia 101
16-4230 ASGM West Coast India 113
13-600 Chile 109
15-21 Nigeria, Minna 12
0.314 Nigeria, Uke This Study
2580 Guateng South Africa 111
5.8-1759 Tanzania 103
140-8900 Kenya 110
196-1187 Columbia 115
3770-54,600 Ghana 114
7500 ASM Senegal 104
20-2400 Senegal 106
38-726 ASM Cote D’Voire 107
1200-8470 Egypt 116
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Table 4.17(continued): Global Comparison of Mercury Contamination in Ecomedia with

Present Study

Sample type THg Location References
Surface water 8-10 Costa Rica 87

28.7-420 Ghana 100

0.022 Nigeria,Uke,Nassarawa State(This Study) This Study

14-25 Nigeria (Manyera River,Niger.) 12

220 Gauteng, South Africa 111

400-21,380 Burkina Faso 102

1000-47,800 Tanzania 103

22 ASGM Senegal 104

5.8-36-3 Senegal 105

6.6-53 Cote d’voire 106
Groundwater

14 ASGM Indonesia 101

223 Gauteng ,South Africa 111

0.021 Nigeria, Uke B This Study
Sediments 0.7-9.3 Pra River 100

0.10-0.017 Indonesia 117

0.096-0.402 Thailand 119

0.103-0.402 Kerala,India 120

0.018 Nigeria(mayera river) 12

0.3-0.9 Shaanxi,China 118

0.018 Nigeria , Uke This Study
Soil 0.26-5.553 Amazon, Brazil 99

0.427 Nigeria, Uke This Study
Fish 0.008 Nigeria,Mayera River 12

0.047 Nigeria, Uke River This Study

Source: Authors Field Workqw
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Chapter Five

Summary and Conclusion
5.1 Summary of Findings
This thesis has made an attempt to evaluate the environmental risk associated with the use of
mercury in the processing of gold in Uke, Nasarawa State, Nigeria. This work %&a multi

transaction research approach which entailed the use of analytical, geospa:ﬁalg@ quantitative

methodologies to assess the threat posed to the ecosystem and thxom unities within the
. \ “

The analytical method carefully identified possible risk V?IL@ each of the environmental media

jurisdiction of the study area.

examined. The mercury concentration in the soil dé@%ﬂing this study ranges from 0.0013-

0.031 with an average concentration of 0.01 @)during the wet season while the dry ranges
from 0.002-0.427 mg/kg with an ave%iy)oncentration of 0.046mg/kg. The environment
significance of the soil in polluti m@émem has been emphasized earlier in this work since it
serves as an important sink fo eqyy metals such as mercury and is a very critical resource in the
dispersion of mercury- @aquaﬁc ecosystem. Moreover, biosorption of metals is facilitated
through uptake of ml metals by plants. Hence, the crop growth is heavily reliant on the metal
composition 0 soil. The results in the wet season clearly revealed that most of the soil
sampl above the WHO threshold limits of 0.05mg/kg and the crustal average value of
0.003. Most of the mercury in the soil are deposited as particulates rom atmospheric mercury and
are further dispersed into the surface ecosystem through run off. Hence, the high mercury value

must have been as a result of the increase in gold processing activities by the artisanal miners

during the rainy season. It is also important to note that the mobility and toxicity of mercury is a
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direct function of its form. The high mercury value could also be attributable to the structure of
the soil such as the porosity and permeability factors which are critical to the migration of
mercury during the wet season. It should be noted that the soil samples considered in his work
were taken at a depth of 0.5m which literarily make it top soil usually susceptible to high

mercury concentration as confirmed in other related studies. The concentration o(fbr‘nercury

0

In a similar development, 20 samples of the mine waste derived from cru@lhe ore which got

obtained in this study.

accumulated as soil heaps or tailing were analysed during this st‘h@gﬁthe results confirmed
high mercury values ranging from 0.011 to 0.34mg/kg with %;age mercury concentration of
0.08 during the wet season. The values in the dry sea r@evealed the average concentration

%02 to 0.427 mg/kg. The high mercury

N

to be 0.0625 while the mercury values ranges fgx
value recorded in the dry season is due to t@ij\blh

y of the artisanal miners to extract most of

the gold due to the mechanical approac% during amalgamation. This research has confirmed

the tailings as the main source wzr%ury contamination in Uke. The results when compared
wer

with other global studies is :

The maximum ge cmtion index for the tailing in the wet season was 1.387 which is an
indication tm% were spots of moderate contamination while the value recorded in the dry
seaso @1 traces of contamination with a value of 0.242 The contamination factor calculated
for the wet season was 1.088 and the dry season 1.77, this clearly reflect a moderately

contaminated soil.

The work also observed that the stream sediments also recorded high mercury value of 0.018

which is positively correlated with the mean mercury concentration obtained from the soil in the
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wet season. This value also corresponds with the mercury concentration of the sediments of the
Manyera river in Niger state with 0.018 according but lower than the value derived from other
locations and studies in different parts of the world. The mercury concentration range of 0.012-
0.018 also revealed that the maximum value was derived at the point source where the

anthropogenic discharge of mercury during gold processing was prevalent. . %

Overall, the results of the mercury concentration on the soils, tailings and s%&nt reflected
some mercury concentration which can cause health concern to the community. The health risk
assessment carried out in this work using the non carcinogenic aﬁd)\ﬁk@ z?zard indexes revealed
that the ingestion and inhalation pathways are at comfoﬂa&@s@s but the sporadic pollution
caused by tailings and soil at area around the proc s@rea are a thing of concern. Hence

consistent gold processing in uke will lead to greater‘release of anthropogenic mercury which

can biomagnifies and causes great harm to t@l;\l\fh of the community.

The results of the stream/surface w. also a thing of concern with respect to the exposure
risk assessment in the communwhe mercury concentration ranges from 0.001 and 0.022
during the wet season an& ?0.021 during the dry season. The majority of the samples are
above the threshold Iimits set by WHO which is 0.002 mg/L. Communities such as Uke rely
greatly on %Qom the river for domestic use and drinking, meaning, the people are

Vulne%@nercury intoxication under exposure.

Fish according to many studies is vulnerable to mercury contamination especially the methyl
mercury. Fish is a staple diet in Uke and the community is at risk of exposure if it is
contaminated. The results from this work showed that the mean average concentration of the fish

ranges from 0.0002 — 0.047. The order of mercury bioaccumulation in the organs is
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gills>liver>intestine>muscle>bone. The WHO threshold limit for human consumption of Fish is
0.5kg/mg which confirms the fish are within safe limits. Comparative results from other research
work locally showed that the mercury concentration of fish in uke is higher that the fish from the
Manyera river in Niger which is 0.008 kg/mg. Nevertheless, the value is lower to other global

locations as listed in table. . %

This study also focused on the examination of the plants and vegetables within %ﬂcinity of the
gold processing center. The results shown confirmed that the mean concentration of mercury in
the wet season ranges from 0.0012 — 0.104 and dry season rang‘;\gxésrﬁ3 0.001-0.02mg/1. The
allowable range is 0.03-0.01 mg/kg. Some plants or Vege.table%&% as rice, sweet potatoes and

pepper have high mercury values which are a sourcw@%\m for food safety.

A deeper probe into the vulnerability of the gﬁstem to anthropogenic release of mercury
through gold processing activities in the Qg}area was corroborated with the adoption of
geospatial techniques. The remote ing techniques was adopted to ascertain whether the
vegetation in the area have expe%)ed stress due to possible heavy metal contamination in this
case mercury. Specifical e .\DVI techniques was applied to Landsat imagery to extract
values which coul Qﬁicative of stress on the vegetation. Moreover, the mercury values were
superimposed%% NDVI values while the Keffi sheet was selected as a control to compare
with v, rived from the Uke study site. The results of the low NDVI values correlated with
the areas of high mercury values. The comparison of the NDVI in the control (Keffi) sheet and
Uke also indicated that the values derived from the Uke study area showed stressed vegetation

than Keffi. This could be as a result of the introduction of mercury through gold processing to

the ecosystem.
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This research also explored the possibility of designing a risk management and communication
system capable of helping policy administrators to monitor mercury contamination.
Consequently, a GIS-based mercury vulnerability system was developed to predict mercury
hotspots. This system involved the integration of dataset such as flow direction, slope, distance
to community, distance from gold processing center, elevation, land use/land cove mercury
value and NDVI. These data were modelled using the weighted overlay me&o prepare a

mercury predictability risk map for the uke study site. ‘%\

The multidisciplinary approach to this work is complimented @&e use of quantitative
methodology to assess the perception of the artisanal mmers@%w community to the use of
mercury in gold processing. The results from the c&s@ are revealing as it confirmed that

there is low perception by both parties to the dan sing mercury in mining.

Overall, this research has been able to s s&)he community and policy makers about the risk
posed to the ecosystem on the unre@bed use of mercury in gold processing. The mercury
vulnerability map has emerged a&onitoring tool which can be adopted to manage mitigation

.\
programs and for risk cm@c tion in mercury contamination management.

>

5.2 Co@us n

This stu;y has revealed that the soil, tailings, stream water, some plants has been fairly
contaminated by mercury and above WHO approved limits. Most of the Eco media
contamination were seasonal contaminated mostly in the wet season when operational activities
of the artisanal miners were at its peak. The major threat to the environment came from the mine

waste(tailings) which had the high contamination factor (CF) and the geoaccumulation index was
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high to confirm the high risk to the health of the Uke community. This assertion is further
buttressed due to the fact that some of the community members used this material as the source
of plastering their locally constructed building. This further increase the indoor mercury
inhalation risk and a big hazard to inhabitants. In a similar development, the exposure assessment
also confirmed the vulnerability of the vegetable and plants to mercury contaminatipn(%f')ecially

QN

Rice and Pepper. The high mercury value in rice should be further investigat.ed i he general
believe is fish is generally regarded as the major gateway for organic mer %16 food chain.
Rice has been found in other related works to be vulnerable and co se a health risk to food
safety. Furthermore, the fish samples analyzed confirmed Qb)&gﬁ\to be within the human
consumption limit but the persistent gold process.iéimprove the risk of mercury
bioaccumulation and leading to mercury access to ood web through fish. This study also
reiterated the need for policy administrators ) @e the enlightenment of the artisanal miners
on the damage posed by mercury expos%ince the interaction with them showed high level of
ignorance on the matter. Moreo%@occupational hazard risk is exceedingly high due to lack

of use of face mask and otherprotective guards.

Development of a GI@ d mercury migration vulnerability model in this work is highly novel
and can be %v@ble tool in risk management and communication strategy for policy
administra@. he various risk maps are expected to be important in designing the mitigation

measures)for managing mercury contamination and exposure assessment.
5.3 Recommendations

There is no doubt that the effect of mercury on the environment is hazardous. This study has

meticulous carried out the identification of the dangers of hazards involved in the anthropogenic
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disposal of mercury during processing of gold at Uke. The results confirmed the silent negative
effect of artisanal activities of gold processing in the area and the following recommendations

will go a long way to abate the area from further delirious effect

e Immediately set up a monitoring mechanism to carry out a mercury balance

campaign to directly document the mercury consumption in the area \(b‘
e Adopt phytoremediation measures to clean mercury.h@tsy areas

e Upgrade mercury amalgam technology throuﬁ%'&ision of locally made retorts

e Encourage coexistence of mercury proc %s along with the miners to improve

the quality of processing and id@of cleaner technologies

e Promote the developm@ regulated cyanidation plants to improve mercury

capture. \)Q)
%w
S
N
Q
5.4 Co%ib tion to Knowledge

This stud; is novel in many ways in the country especially with respect to mercury and ASMG

e It is the first multi transactional study locally, involving the use of analytical, geospatial

and quantitative methodology
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e The development of mercury migration and vulnerability model will provide policy

administrators tools to monitor and develop mitigation strategies in mercury risk plan.

5.5 Suggested Areas For Further Research Q’)&\

X

QQ

Carry out a more detailed Perception Studys on mercury @Qe miners and
community. ‘\%

Carry out mercury speciation studies to id @ different forms of mercury

operational in the area through merm%@s study
Carry out studies on mercury f@nd effect on women and children

Carry out the air quality @ms to determine particulate mercury

Carry out further M and human risk analysis using biomarkers such as blood,

urine and @anal miners.

>
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Appendix 1

Statistical Comparison of Mercury Values in Fish, Boreholes and Surface Water

Media Fish Borehole water Surface water &
)
Minimum value 0.0002 0.001 0. l\Qa'
Maximum 0.047 0.021 0.022
. %w
Average 0.009248 0.0041895 %'\ .0092429
Median 0.00531 0.0014 . QQA} 0.011
Standard Deviation 0.009792563 0.0@ 0.0084481

S

Source: Author’s Field %k 12023
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Appendix II

Time Series Land Use bar Chart from 2010
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Appendix 111

Time series Land Use bar Chart from 2017

Bare 2574

Developed [ 19.148156

CLASS

Vegetation M 5.4437

Water [l 3.457502

0 10 20 30 40 50 60 70 80

Water Vegetation Developed Bare
ETotal 3.457502 5.4437 19.148156 75.442574

AREA (sg km)

.’
Source: Author’s Field W()Qd@?

>

QQ

270



v

CLASS

Series

Bare N '&\
N > é) Appendix
eveloped [INNEG_ ;

Vegetation [} Y Time-
:Land Use Cover
Water I Analysis 2022
0 20 40 60 80
AREA (sq km)

O

S

é 6\‘ Source: Author’s Field Work ,2023

271



Appendix V

Bar chart Source of Drinking water
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Appendix VI

Graph Showing Sources of Fish
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Appendix VII

Simple Bar Count of food production
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Appendix VIII

Simple Bar Count of age grp
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Appendix IX

Simple Bar Count of highest level edu
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Simple Bar Count of gender
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Appendix XI

Simple Bar Count of Negative Effect of mining on community
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Simple Bar Count of Gender
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Appendix XIII

Simple Bar Count of do you use PPE
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Appendix XIV

Simple Bar Count of Is PPE important
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Appendix XV

Simple Bar Count of how often do you use PPE
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Appendix XVI

Simple Bar Count of do you eat fish
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Appendix XVII

Simple Bar Count of Hazard using mercury
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Appendix XVIII

Online Dashboard for tracking Mercury Contamination in Uke
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Appendix XIX

Surface water Parameter Measurement
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Appendix XX

Field Operations of Miners
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Appendix XXI
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