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Abstract

Mining of minerals has caused huge environmental contaminations and grave health effects with little or no
detailed evident pathways in recent times. The impacts range from unabated contamination through particulate
radionuclide inhalation and ingestion, environmental degradation, worn-out of agricultural lands, increased
poverty among inhabitant and increased toxic burden on biodiversity, summing up to a huge human health
burden. To assess the perception and awareness of the inhabitants around mines being the stake holders in
potential contamination and its adverse effect of exposure, observational data were collected through two
separately structured questionnaires during identification of sample points between April 2015 and January 2016
across Gummi, Bukkuyum, Anka, Maru, Gusau, Tsafe and Zurmin Local Government Areas in Zamfara State.
The target audience were inhabitants around mines and health personnel in a stratified randomly sampled health
centers that attends to cases of related ailments as a result of these mines. The result of 217 respondents in the
ratio of 87 for health personnel across health centres to 130 for the dweller who participated in this survey is
presented in this paper. Based on the Likert scores, about 80% of the respondents are of the view that mining in
their localities could predispose them to numerous radiological impacts of health maladies and environmental
contamination. The responses of the health personnel also revealed that there are evidences of numerous
ailments ranging from widespread Upper Respiratory Tracts Infections (URTI) which is connected to aerosol
transporting particulate radionuclides from left over mines to heavy casualty inform of death. The result also
revealed that most of the inhabitant who responded to our correspondents have either undermined the
radiological impacts in their neighborhoods or are biased due to their direct or indirect involvement in the
menace. It is therefore recommended that further studies should be intensified on the perceptional analysis to
help bridge the potential gaps between the experimental findings and the opinion and perceptions of the
inhabitants in relation to the potential radiological future dangers.
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1. Introduction

As a result of mining activities exposing materials of naturally occurring radionuclides origin, mining localities
are deemed to face contamination of various degrees, giving rise to radiation exposure of people living or
working in these areas or in their vicinities. In North-Western Nigeria there are a number of private companies,
smelters and traditional miners called which have been classified as artisanal, active and inactive miner that
spread over unidentified locations in Sokoto (Iullemeden) Basin. Some of commercially mined elements
includes; Gemstones, Kaolin, Limestone, Gypsum, Phosphate, Iron Ore, Gold, Monazite, Bauxite etc. The
bottlenecks on this premise are the large number of artisanal, active and inactive mines that are in existence
unregistered and unaccounted for over a long time within the basin. This has recently strengthened the
declaration by the Nigerian Minister of Solid Minerals Development, Dr. Kayode Fayemi, “that the states are
now free to explore and exploit their mineral resources has been well received in many quarters. But there are
legal bottlenecks that have to be removed before this can become a reality” (Osagie et al., 2016). Until 2015, the
number (miners) triggered beyond mere accountability (Ugeh, 2012) and mining issues began to emerge since
the number of mines is increasing every year with little or no concerns on inhabitant’s health and environmental
catastrophe. Some studies have highlighted that mining was on the peak as a catalyst of last century’s numerous
breakthroughs and invention which marks the turning point for renaissance and industrial revolution where
abundant raw materials like sand, gravel, rock, talc, asbestos, limestone, lead, gold, diamond etc. were harnessed
for aggregates, concretes, roofing slates, cement, ornaments and were relatively enjoyed with high ignorance of
exposure to primordial radionuclide of health hazards and contamination to the environment (Bates, 1969;
Harben & Bates, 1984; Bender, 1986 and Ahijjo and Baba-Kutigi, 2015). Recently, a report in Daily Trust article
by Kabiru, (2016), was that radiation has been killing villagers in Adamawa State, Nigeria without much notice
from proper investigation and out of the radar of mainstream media.

On a global platform, organizations such as TAEA, (2003), DEP, (2006), COMARE, (2011) and NRSB,
(2012) have recommended that observational findings in this respect should be through correspondents in order
to achieve radiation contamination assessment. Other researchers like Beck and Miller, (1982) and Till and
Grogan (2008) have equally complemented their empirical findings with perceptional results from the
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stakeholders in the radiation contaminated communities investigated. Information on radiological profile of
mines in developing countries is generally scarce as noted by IAEA recently. For example, data in the IAEA
Technical Report Series Number 419 has been based on studies in Europe and North America. The report
observed that data from less developed countries is scarce (IAEA, 2003a). But until now a complete overview of
sites and contamination levels in North-western Nigeria does not exist. In many cases, available information is
limited so that extensive study is required. Thus, the aim of this study was to evaluate the awareness of the
public on the health impacts of radiation exposure level. It focused on assessing the level of radiation and
environmental impact profiles in the areas investigated through field survey and in-situ measurement.

2. Materials and Methods

In this study, the perception/awareness and opinion of the inhabitants on the radiological concerns of
environmental and health hazards of mining activities were sampled through questionnaires, interviews to
strengthen the in-situ and in-vitro results of radioactivity measurement conducted throughout Sokoto
(Iullemeden) Basin (Shamonda and Maduabuchi, 2014). The study is focused in Sokoto Basin (Kebbi, Sokoto
and Zamfara States), a subset of the famous Iullemeden Basin in West Africa, but only the result from Zamfara
state will be published in this paper.

The Iullemeden basin extends into this parts of Nigeria with about 60,000km? which is just 10.7% of the
Iullemeden basin in West Aftrica, covering an area of about 500,000km? and consists of Sedimentary deposits
rich in Limestone and other numerous metal of high economic values (Sharu et al., 2013). The major occupation
of the rural dwellers in Sokoto basin is farming activity. Until recently, when gold and other precious metals like
tantalite and columbite were discovered in a relative commercial quantity in the area (Tsafe et al., 2012a and
Ahijjo et al., 2015).

The Basin experiences low rainfall as compere to other parts of the country with mean annual figure below
600mm towards the Nigeria-Niger border and takes place mainly within four months of the year (June — Sept.)
with high temperatures and very low humidity prevalence in the area that results in high rate of annual potential
evapotranspiration (>1500mm) and potential anticipation of drought and desertification (Jonathan et al., 2010).
Sokoto (Tullemeden) Basin is characterized with rich Phosphate deposition from the incursion of phosphate rich
water from the Tethys Sea. The Tethys Sea during the late Paleocene covered parts of Libya, Sudan, Niger
Republic, Chad and Mali (Okosun, 1989; Shaw, 2005 and Merriam-Webster, 2011). The Sokoto phosphate
belongs to the Tethyan Phosphogenic Province. The Phosphate was precipitated from sea water during the
deposition of the Dange and Gamba Formations. The presence of the oolites indicates the occurrence of
acretionary growth phases during the phosphate sedimentation. The calcite found in the phosphate was
precipitated from sea water as microsporite. Some of the phosphate was also formed through the process of
diagenesis as a partial replacement of carbonate mud by apatite (Akande et al., 1988; Akande et al., 1999 and
Johnson et al., 2000). During the regression of the Tethys Sea due to sea level changes, the microsporite was
broken up by biological and physiochemical processes. This would have occurred when in a semi-lithified state
to be subsequently transported ultrabasinnaly. The bioturbations on the nodules indicates phosphate deposition in
shallow water probably within the upper shore face environment. The lack of structural traps from tectonism via
differential displacement of faulted blocks hindered economic phosphate accumulations (Kogbe, 1972; Kogbe,
1982; Okosun, 1989 and Danbatta, 2008).

2.1 Public Awareness and Perception

Structured questionnaires were used to gather data about the public awareness and perception of radiation
exposure due to mining activities of the study area. The questionnaires addressed awareness, observation and
evidence data to strengthen the subsequent study on the in-situ and in-vitro measurement of radioactivity. The
target audience of the questionnaires were local inhabitants (see Appendix II) and the health personnel from the
sampled localities (see Appendix II). The data collected were analyzed quantitatively by Likert scoring method.
This was to facilitate input from the real-world conditions, diverse populations and empirical results (Likert,
1932; ICRP, 1991 and Yablokov, 2013). Awareness assessment was carried out with a Likert scale, such as Yes
or No; Agree = [ ], Strongly Agree =[ ], Disagree = [ | and Strongly Disagree = ].

For objectivity, correspondents were employed to administer the questionnaires based on their fair
knowledge of the subject matter and their communication skill to the target audience and to also avoid
skepticism of the respondents (EU, 2001). During the sampling and identification of locations, GPS
measurement was conducted so as to serve as a frame of reference to the data and the results 1998).

2.2 Testing the Validity and Reliability of the Questionnaires

The validity and reliability of the questionnaire was established using a panel of experts and a field test
according to Esposito, (2002) and Radhakrishna, (2007) methods based on the EU, (2001) recommendation for
radiation protection, evaluation and assessment which involves questionnaire.
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3. Sampling and Distribution of Respondents

The process of stratifying the members of the population into homogeneous subgroups before carrying out the
sampling was used to stratify the states into Kebbi, Sokoto and Zamfara States respectively. The local
government areas distribution in table 1 were based on cluster sampling methods according to Bennet et al.
(1991). The sample points were based on accessibility issues arising in most locations of Zamfara State which
includes Cow rustling, Kidnappers, Arm banditries and communal clashes between Fulani-herdsmen and
Villagers. The questionnaires were administered to the respondents through a stratified random sampling by
proportion with the expression in equation 1.

S
z, Z;"(Nk) ()

Where zais the sum of the questionnaires distributed, Spis the number of sample points, O is the sum of the

sample points and N{sum of Questionnaires.

The strata were ensured to be mutually exclusive and collectively exhaustive; no member of the population
was excluded before randomizing (Singh and Audu, 2013). This was done to improve the representativeness of
the sample by reducing sampling error and biasness. The number of sample points for the radiation measurement
was used as a guide for the number of questionnaires allocated to any local government area in each state. This is
responsible for the variation of the number of questionnaires presented in the result shown in table 1.

Table 1: Distribution of the Respondents in Zamfara State

S/N  LGA S/Points Number of Questionnaires
Distributed to  Responded by Distributed to Responded by
Inhabitants Health Personnel
1. Gummi 10 38 38 22 20
2. Bukkuyum 10 38 34 22 20
3. Anka 6 23 12 14 10
4, Maru 8 30 20 18 15
5. Gusau 3 12 12 7 7
6. Tsafe 3 12 12 7 7
7. Zurmi 2 7 7 5 5
Total 42 160 135 95 84

Due to the proximity of most respondents to the mines and the proportions, 160 questionnaires were
distributed to the inhabitants and 95 for health personnel in the ratio calculated in table 1. 38 questionnaires were
administered to Gummi and Bukkuyum respectively based on stratified random sampling by proportion of mines,
30 for Maru LGA, 23 for Anka, 12 for Gusauw/K. Koshi and Tsafe and 8 for Zurmi LGA respectively for
inhabitant’s responses. On the other hand, 22 questionnaires were administered to Gummi and Bukkuyum, 18 to
Maru, 14 for Anka, and 7 each for Gusau/K. Koshi, and Tsafe and 5 for Zurmi LGA respectively for the health
personnel responses. A total of 219 questionnaires were responded to out of 255 administered.

4. Results and Discussion

Based on the result of this survey, figure 1 presents the background of the respondents in form of demographic
data. The percentage of the respondents from urban and rural settings were 17% and 72% respectively where
about 10% of the distributed questionnaires were returned without response. Empirically, this finding shows that
most of the mining activities are concentrated in the villages as compared to the cities. The percentages of male
to female respondents were 68% and 32%, respectively, which shows more male participation than female due to
the nature of mining being more mannish according to our correspondents. On their account of age distribution
of the people that are mostly engaged in mining, the result shows that about 65% of the miners are in their prime
age of 19- 39 years in contrast to 24% and 11% for the older ones that responded to this survey.
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Figure 1: A Stack bar Chart of the inhabitant’s demographic distribution

The data of their marital status shows that 61% are married and the rest 15%, 12%, 7%, and 5% were single,
divorced, widows, and widowers, respectively. The percentage of their literacy were 4%, 19%, 26% and 51% for
tertiary, secondary, primary and those who are not formally educated, respectively. Occupationally, most of the
inhabitants who responded are mostly farmers at about 57% in contrast to Civil servants, Businessmen and
Others who made up 8%, 18% and 17%, respectively on the Likert scale. This was due to the local influences of
tradition of the inhabitants and their overwhelming indulgence in subsistence farming. The prominent mining
activities was identified as artisanal type of mining which rates 64% against active and inactive mining that were
merely 22% and 14%, respectively.

4.1 Awareness and Perception of the Inhabitants on Environmental/Health Impacts

The result of the responses from the inhabitants around the mines in Zamfara State is presented in Figure 2.
Their awareness was scored 55% no and 45% yes. This means that the dangers of environmental and health
impacts of artisanal, active and inactive mining in these localities will continue unabated due to low level
awareness of the potential radiological impacts which might be responsible by their direct or indirect
participation in the mining activities.

Figure 2: A Bar Chart of the Inhabitants Response to the Survey on Radiation Exposure from Environmental
Impacts of Mining

The percentage of the respondent’s opinions based on agree, strongly agree, disagree and strongly disagree
was scored 33%, 28%, 27% and 12%, respectively shows a mixed perceptions which implies that potential
impact of the mining is dreadful but never the less ignored due to the immediate financial benefits that could be
derived. Their responses on the effects of radiation which could emanate from some environmental factors if not
properly handled, was also significant in agreeing and strongly agreeing to the potential effects at about 39% and
23% while they disagree and strongly disagree at 22% and 12% on their perceptions. This is also a reflection of
agreement between the respondent’s perceptions and their demographic accounts.
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Figure 3: A Stack Bar plot of the Inhabitants Response to Survey on Mining activities as a Means of Irradiation
Source from the Environment
External irradiations by commonly known Alpha, Beta and Gamma rays are of little or no much concerns
than internal irradiations which could be due to ingestion or inhalation of particulate radionuclides in the
contaminated air, food and water which could pose grave dangers to biological systems (Baba-Kutigi ez al., 2010
and Ahijjo et al., 2014). On this premise, the questionnaire was structured to gather perceptions of the potential
irradiation pathways to the inhabitants. Figure 4 is a chart of the result of the survey of the inhabitants
perceptions based on the Likert method of scoring. The percentage of the inhabitant’s awareness was about 33%
and 67% for those who affirmed and those who declined on what irradiation could be all about. The percentage
of perception for the irradiation pathways was also captured (seen Appendix I) in the survey, this was found in a
significantly agree and strongly agree at about 37% and 26% in contrast to disagree at 28% and strongly disagree
at 9%, respectively. The percentage of responses to potential medium of irradiation are 31%, 39%, 18% and 12%
on the bases of agree, strongly agree, disagree and strongly disagree, respectively. This means that the
inhabitants need an in-depth awareness and enlightenment on this caption due to the significant low awareness.

0] 20 40 60 80 100

Figure 4 (a - d): Bar charts of the results of inhabitant’s perception on radiological impacts of mining

Figure 5 (a —d) is the result of the inhabitant’s perception due to ionizing radiation based on their
interactions with the correspondents. This is to ascertain the inhabitant’s awareness on the subject matter, they
were scored based on Likert scale. Their awareness was significantly high at about 74% against 26%. This was
viewed to pave way for further productive survey on the other items in the questionnaire. In the same vein, their
opinions was surveyed by scoring 26%, 12%, 47% and 15% for those who responded to agree, strongly agree,
disagree and strongly disagree on the mines as the medium that could lead to irradiation by either inhalations or
ingestion. The relative low responses in this result were due to the inhabitant’s involvement in the mining
activities according to our correspondents.
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Figure 5 (a - d): Bar charts of the results of inhabitant’s perception on radiological impacts of mining

On the potential effects of ionizing radiations, their percentages were 27%, 38%, 15% and 20% for those
who agree, strongly agree, disagree and strongly disagree respectively. Which means that most of them are of the
perceptions that exposure to ionizing radiation is a potential risk that could result to a grave radiological impact.
Based on their perceived or active awareness on the level of casualties, the percentage scores were 32%, 41%,
5% and 22% for agree, strongly agree, disagree and strongly disagree respectively on the Likert scale. This
means that the respondents have a significant perception on the casualty that could result from the impacts of
ionizing radiation due to mining activities in their localities.

M S llliteracy Effect

Child Mortality

Figure 6 (a - d): Bar charts of the results of inhabitant’s perception on radiological impacts of mining

For the possible remedies, their perceptions were scored 44%, 22%, 32% and 2% on the bases of agree,
strongly agree, disagree and strongly disagree respectively. This is to say that the present approach could create
awareness, medium of communication and subsequent remedies to the dangers. To verify deeper, general
mortality rate was observed and scored 27%, 48%, 15% and 10% for agree, strongly agree, disagree and strongly
disagree respectively. Which indicates a significant mortality rates from the responses of the inhabitants in these
localities. Male mortality was scored 24%, 43%, 15% and 18% for agree, strongly agree, disagree and strongly
disagree on the Likert scale. The significant rate of the male mortality was directly or indirectly linked to their
indulgence in mining and farming according to our correspondents. Based on the Likert scale, the percentage of
the respondent’s perception on female mortality rate are 46%, 29%, 17% and 8% for agree, strongly agree,
disagree and strongly disagree. This shows that their perception is significantly high in contract to the male
mortality which could be due to female radiosensitivity over male according to a study reported by Wallace et al.,

(2003).
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Figure 7 (a - d): Bar charts of the results of inhabitant’s perception on radiological impacts of mining

On the bases of adult mortality their responses were scored 28%, 33%, 22% and 17% for agree, strongly
agree, disagree, and strongly disagree on the Likert scale. This shows that the adult mortality rate is significantly
high which was said to be contributed by factors like exposure to the impact of mining and poor health care in
most remote settlement. On the child mortality rate, their responses were scored 28%, 28% 21% and 23% for
agree, strongly agree, disagree and strongly disagree. This could also signal a negative radiosensitivity
tendencies of the children in contrast to adults. Miscarriages in pregnant women is often linked to radiation
exposure by most Oncologists that it leads to fetal death (Pamela and Stacy, 2010 and Abdallah and Elshikh,
2015), the survey on this concern revealed that about 38%, 39%, 13% and 10% respondents agree, strongly agree,
disagree and strongly disagree on the Likert scale. This means that there is a significant level of miscarriages due
to health impact of ionizing radiation level in these localities.
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25 62 18 28 41 12 47 10 4 38 11 6 9 37

Figure 8: A Bar Chart Illustrating the Demography of the Participants of the survey

During the survey, the level of illiteracy was also included so as to observe the relationship if improved
literacy level may serve a positive effect in the finding. This was scored 22%, 16%, 28% and 34% on the Likert
scale for those who agree, strongly agree, disagree and strongly disagree respectively. This shows that the
respondent is of the views that some impacts could be fairly connected to illiteracy level in the localities.
Government intervention was scored 25% yes and 75% no which indicates that there is insignificant level of
government intervention. This could be blamed on the widespread artisanal mining activities in the localities. In
order to ascertain that the research could improve the underlying questions, the inhabitants were scored 64% yes
and 36% no for their responses on research impacts. This shows that the interactions between our correspondents
and the respondents whose majority are stakeholder directly or indirectly in the mining activities through
questionnaires will save the environment or lives of the inhabitants.

Figure 8 is the result of the demographic data of the respondents from the sampled health centres in
Zamfara state. Based on the Likert scales, the percentage of the respondents from health centres in the cities and
villages were 24% and 59% respectively with 17% of the questionnaires not responded. This means that there
are more health centres in the villages that participated in this survey than in the cities. The sampled health
centres where categorized base on federal, state and local health centres which appeared 21%, 32% and 47% in
terms of the respondents that participated in the survey.
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This means that there are more respondents in the state and local health centres in participation. The
respondent from the units were also scored 14%, 54%, 11% and 21% on the bases of emergency unit, wards, labs
and clinical. This shows that more respondents from the wards participated than other respondents from other
units. This could be due to their relatively high numbers in presence in their centres than other personnel in other
units. To identify the respondent’s personality, their distribution was based on Doctors, Nurses, Lab Scientists,
Ward Attendants, and Pharmacists which were scored 5%, 44%, 13%, 32% and 6% respectively on the Likert
scale. This is in fair agreement with the scores of the distributions based on units which shows more respondents
in the wards than other units.

Based on their social status, in the order of higher, middle and lower status, it appears 10%, 47% and 43%
respectively. This means that only few of the respondents in the sampled health centers are lower rank officers in
contrast to the other respondents.

Figure 8 is the result of the responses of the health personnel from sampled health centers in Zamfara State.
Based on Likert scale, the ailment prevalence was scored, 9%, 13%, 9%, 6%, 23%, 22% and 18% for erythema,
cancer, cataracts, atrophy, sterility, learning disability and genetic effects. It means that the health personnel’s
perception on the ailment prevalence in these localities is significant for sterility, learning disability, genetic
effects and cancers.
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Figure 9: Bar Charts of the result of the Health Personnel Responses

For the treatment capacity, their responses were 45% yes and 55% no which means that there is low
treatment capacity in most health centres in these localities. The more specific ailments were identified as
learning disabilities 36%, cataracts 18%, cancer 16% and sterility 11% in contrast to less specific ailments which
were erythema 3%, genetic effects 7% and atrophy 8%. The frequency of the ailments reported was between 9-
12 month at about 32% and 6-9 months at about 25% in contrast to 21%, 18% and 3% for 1-3 months, 3-6
months and others that were not specified by the respondents. The most vulnerable ages between 0-9 years, 20-
39 years, 40-59 years and 60 upwards were 16%, 61%, 13% and 10%. Which shows that the most vulnerable age
range is within the prime age. Their responses to mortality awareness was 41% yes and 59% no which correlates
fairly with the inhabitants responses on mortality awareness.

For the frequency of mortality cases, the responses were 90%, 21%, 31% and 39% for monthly, quarterly,
Bi-quarterly and yearly reports. The most vulnerable gender was 52% male against 48% female from the
responses. Which could be due to the male’s active involvement in the practices that predisposes them to
radiation exposure than female. On their perceptions of possible prone practices, it was 41% farming, 20%
animal rearing, 7% government jobs and 32% for other that was left unspecified. The ailment survival rates
between 0-10years, 10-20 years, 20-30 years and 40-50 years were scored 9%, 10%, 25%, 22% and 33%
respectively. Which falls close to the average life expectancy of Nigerians of about 51 years according to
National Population and Housing Census, (2006) and WHO, (2014). Possible enlightenment campaign was
scored, where 39% responded yes and 61% responded no for awareness campaign. Based on the type of
campaign, their responses were 37%, 8%, 30%, 22% and 3% for elderly people, men, women, school pupil and
radio stations respectively. This shows that means of awareness is rendered negligible and could compound
dangers to the inhabitants.

4.2 Perceptional Result of Environmental Impacts

The prevalence of artisanal mines gathered from the responses is significantly 65% from this survey. The
inhabitant’s perceptions on environmental impacts ranges from land degradation, dramatic loss of farm land,
domestic water contamination, air pollution of various dimensions and unregulated cutting down of trees. The
severity of impact, however, varies depending on whether the mine is active or inactive. The implications of this
result is a buttress point in perfect agreement with the recent report by WHO, (2016), that over 90% of the world
inhabitant especially those in the rural areas are breathing contaminated air which is responsible for more than 6
million deaths a year.

From the questionnaire responses, it shows that about 79% of the inhabitants sampled agreed that activities
of mining generally are implicating to their natural environment. This indeed have revealed that most mining
localities have been facing domestic water contamination including rivers, streams, wells and seasonal ponds
which are the major sources of domestic water. A further assessment indicates that the radiological impacts
could also emanate from the piles of waste, abandoned excavated land from these mines. Excavated pits are left
unfilled which could serve as sources of generating contaminated particulate radionuclides in the environment
through aerosols that could hardly be settled by the force of gravity. Such factors become potential dangers to all
living systems in the environment. Hence, the objectives of the study which sought to assess the radiological
impacts of mining in Sokoto Basin through soil, water and vegetation from these mines is therefore justified.
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4.3 Perceptional Result of Health Impacts

Undisputable health effects of mining activities are remarkable from the environmental assessment discussed
above. The research revealed that high prevalence of ailments ranging from Upper Respiratory Tracks Infections
caused by inhaled dust, skin infections, Genetic disorder, Erythema and death among residents could be the
direct or indirect effects of the radiological burden due to mining activities in Sokoto Basin. Questions of
different structures were asked to confirm or decline the claim that people feel their health condition related to
the artisanal, active and inactive mines in their respective communities is in grave dangers, about 80% affirmed
while 20% declined. The results further establishes that about 80% of the sampled inhabitants perceived that the
high prevalence of some ailments is strongly correlated with these activities. It is also good to note as a recap
that the radiological health impacts of mining activities ramify the Likert scores on relatively low participations
of the health personnel in federal and state health centers which leaves high dependency on traditional health
providers, self-medication which could leads to drug abuse as coping strategies because of scarcity of health
facilities in most remote mining locations and crude application of herbs. It was also noted that the ailments
identified by the respondents formed part of the top ten radiological cases reported at the various health centers
within the reports of our surveys from April 2015 — January 2016. Despite the significant occurrence in a
relatively glaring mortality rates in all spheres of age groups reported in the responses of the participants of these
findings, most of the ailments enlisted still constitutes causes of deaths related to mining activities in the Sokoto
Basin which call for further and in-depth research.

5. Conclusion

The major findings in this study is a clear evident of environmental and health impacts due to artisanal, active
and inactive mining in the stratified sampled points. This result is directly a function of the sources of exposure
to some radiation from the mines which will be further buttressed by the result of the in-vitro analysis from soil,
water and vegetation. Most inhabitants who have responded to our survey lacks the basic awareness and
knowledge of the after mat of exploration and mining activities around their homes and living places, a key
observation in the survey. So this could be further complemented with the next result from the in-vitro
measurement. Several health and environmental issues related to the mining activities have been unveiled due to
relative level of illiteracy and means of livelihood that mining served to the inhabitants. Most of these areas
suffered from environmental contaminations due to activities which predisposes the inhabitants to radiological
health impacts and environmental risks as shown in the response by the inhabitants. Lastly, the spectrum of
sample points as well as the measured GPS locations in this study could serve as a source of reference for further
analysis and reviews.
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