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Abstract

This study examined the radioactivity levels of soil sasyphhin selected solid mining sites in Nigeria using
high purity germanium (HpGe) detector. Sixty soil samled! were collected from the ten solid mineral mining
sites investigated and six samples were collected as ceatrglles from non-mining environment for analyses.
The results of the activity concentration values obtainetfg 2°Ra and?*?Th are 100.22 Bq kj 33.15 Bq kg
Land 77.31 Bq kdrespectively. Thé*Ra and*’K activities were found to be within the United Nation Sci@mti
Committee on the Effects of Atomic Radiation (UNSCEAR) ataalp permissible limit, but th&?Th mean
value was above the permissible limit of 30 Bd kgy the public. In comparisoffK, 22%Ra and’®*?Th soil samples
mean activity concentrations were higher than the contiblsamples values by 48.6%, 43.7% and 62.3%
respectively. The results of estimated radiation hazaditds indicate average values of 150.72 Bd, kg
68.40D) U 83.6uSvytand  454.7QuSvy! for  the Radium Equivalent (Ra.)),
Absorbed Dose RatéD), Dose Equivalent (AEDE) and Annual Gonadal Equivalent DosésHB)
respectively. The mean values for External Hazard Indices, (Hi@), Representative Gamma indexi and
Excess Life Cancer Risk (ELCR) were 0.41, 0.50, 1.@60a29 x1 respectively. The statistical analysis shows
positive skewness.

Keywords: Radioactivity, Mineral, Soil, Percentage contribution, Minarga

1.0 Introduction

Assessment of background radioactivity level plays a significa@timahe protection of man
from excessive radiation exposuggbodunrin et al., 2017)Natural background radiation
levels are likely to vary with human activities and natural procegsesy also change with
locations due to different mineralogical, deformational and climatitofs responsible for the
syngenetic processes for mineral formation. Although natural backgradration level is
time dependent, it does not depend on any constant level, because isisdkeed cosmic
induced (Ahmed et al., 2020)Radioactivity levels are evaluated as part of national and
international survey at different areas and countries of the worldd@tion protectionNlane

et al. 2014; Ugbede, 2020)
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Naturally occurring radionuclide materials (Norms) are inheremany geologic materials
and consequently encountered during geologically related activitiese Satioactive
materials are prevalent in many minerals and soil formationratiet water that meets them,
extraction and processing of these mineral resources that emanatbdsansources exposes
and raises the concentration of naturally occurring radionuclide in the enviroffwaenrt, et

al., 2012) Exposure to high radiation level causes a wide range of health protlemss
cancer of the lung, bone and skin, kidney ailments and blood infe¢iieasaratikoon, et al.,
2013; UNSCEAR, 2016pther problems associated with high exposure to ionizing radiations
to health include; alteration in the structure and functions of theeared organs, deterministic
effect, stochastic effects, irritations, sensitization, embryonic sffett. The knowledge of
radionuclide distribution in the environment is therefore of immense beimeéitsessing the
effects of radiation exposure, thus, monitoring of radioactive materialsofamprimary
importance to man and for the protection of the environméhtaviri et al., 2012; Emelue et
al., 2014: Dolchinkov and Nichev, 2017)

Most mineral deposits are associated with radionuclide like uraniumurhaand its’
progenies. Primary uranium ore minerals when weathered, oxidized or pesmend form
secondary uranium minerals which on interaction with groundwater ddftantaminate the
soil, water and aquatic bodies, even some distance away from the original(sdiyitcet al.,
2015) They are also found in conglomerates, shale, limestone, sedimenydnodanbon
(Xhixha et al., 2015)Because minerals are found in within a host rock, there is the tgndenc
that the immediate soil when weathered these minerals are founatcant@ppreciable
amount of radionuclides found in these minerals due to radioactivitydraBsil radioactivity
concentration is one of the main determinants of the natural auguadiation(Agbalagba et

al., 2012; Ugbede, 2020Measurement of the radioactivity level of some rock samples,
potential sources rocks of hydrocarbons have been conducted in differerdf gheswvorld
(Silo et al., 2013; Guidotti et al., 2015)hey reported that the radioactivity concentrations of
the radionuclides from the eastern region were generally low comfzatedt of the other
regions, but Th-232 was identified as the major contributor of the doseahdte received

from the environment.

When minerals are disintegrated through either natural or anthropogeooesses,
radionuclides are liberated into the soil by rain infiltration andgdation processg3 askin et
al., 2009) It has been established from previous studies that some of these soiharalam

such as monazite, pyrochlore and xenotime, which are obtained as bypafdutiRining
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are radioactive(Eroglu and Kabadayi 2013, Ekeocha, 2016; Kritsananuwet et al., 2015;
Omotehinse and Ako, 201%xposure to radiations emitted by some of these radioactive
minerals is a major source of health hazé@isarro et al., 2013; Todorovic 201L%lowever,
some of these mining sites had persons do business and living in hunts around tlsbm, whi
overtime have developed into hamlets and villages where elevatedfi@adiation has been
recorded. Literatures abound on research works that have been underpakeisédy quantify

the amount of radioactivity levels in different soil and solid milsdaund in Nigeria in recent
time (Avwiri et al., 2010; Sadiqg and Agba, 2011;Agbalagba et al., 2012; Ademola and Onyema,
2014; Azionu et al., 2019; Babatunde et al., 20#h)Yl some countries of the world for
radiation protectioffRagheb, 2007; Belivermis, 2012; Charro et al., 2013; Kovacs et al., 2013;
Santawamaitre et al., 2014; Guidotti et al., 2015; Milenkovic et al., 2015; Todoed\al.,
2015; Kavitha et al., 2016)n the Northern and Western Nigeria, a sizeable number of research
work have been conducted in this regahdémola and Obed, 2012; Innocent et al., 2013;
Ademola et al., 20)4while little or nothing has been done in the eastern region of the gountr
with rich solid mineral present. It is worth mentioning that investigabin the level of dosage
and excess level of radiation in the risk of cancer in this aasden reported in previous
studies(Wahsha et al., 2016: Ugbede and Echeweozo 2017; Ugbede, 2020; Ugbede and
Osahon, 2021)This has necessitated the focus of this research work on the Eagiemaf
Nigeria. Moreso, most of these studies focused on radioactivity concentrasiolidi mineral

with little or no attention given to the measurement of radioagtievels in the soil where the
minerals are found and which the public make greater contact with fantgrbuilding and

other domestic uses.

The government of Nigeria in recent time are making deliberébeteto revamp mining
activities in these long abandoned mineral resources mining sites to beoisitdrnally

generated revenues (IGR) of these States and for regional del/eloghéntegration, though
according to the Nigerian Mining Act (2007), all mineral resourcgartdess of where they
are occurring it is under the control of the Federal GovernmenthBwgrowing concern of
the radiation safety and health status of those living and workingwiitese mineral mining
environments are always not put into consideration in the planning andriembgion of

mining companies and government. This lend credence to this research worke besalis

obtained will serve as baseline data in these study areas and datadaitaihbe sources of
reference for future radiological impact evaluation studies, servingasase which may be

incorporated to Nigeria Nuclear Regulatory Agency (NNRA) resesufar National Planning.

3
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2.0 Materials and Methods

2.1 Location of Study Area
Mineral resources abound in different part of Nigeria, proper hargesfsine resources based

on the host rocks as presented in the Figure 1, hence giving rise tod¢hendifypes of mineral
deposits as shown in Figure 2. To conform to international best practices isc#ttesy
challenge of the industry (see Figure 2). This study was conducted idstern Geopolitical
Zone (Made up of Abia, Anambra, Ebonyi, Enugu and Imo States). The reggdretween
longitudes 7 6" E and 7 54" E and latitudes%56' N and 6 52' N. It encompasses an area of
about 7161krhwith elevation ranging from 32.0m to 590.2m abmesan sea levéDsimobi

et al., 2018) The region has two main landforms viz; a high relief central withaundulating
hills and ridges and lowland area. The high relief zone is geologiasfigciated with the
syncline composed of Ajali Sandstone and Nsukka Formation, while the eastern lowland zone
is associated with rocks of Asu River group, Eze Aku Shale group, Awgusbid8hale group,
Asata/Nkporo Shale group and parts of Mamu Formd@mimobi et al., 2018)

2.2 Sample Collection and Preparation Techniques

Soil samples were collected from coal and silica mining sites inikweochukwu in Abia
State, glass-sand mine in Mbara-Ozu sand sites in lhiala in AnanalbeallBhestone and iron-
stone mine in Akpuoach and Ishiagu sites in Ebonyi State. Soil samgtesalso collected
from bitumen, coal and gypsum mine Ezeagu, Udi and Aninri sites in Enuigy &td clay
and kaolin mine Isu and Okigwe sites in Imo State. A total of feidi# soil samples were
collected in all, and one control sample each from a non-mineral nidgagon from the five
states. The soil samples were collected at depths of 0 to 10 cm (wpiesents the soil
permeability to particle settlement depth variation), within theedgfit mineral mine sites in
black paper bags (to prevent interaction with sunlight to avoid breakingn ddwthe
radionuclides present). The soil samples collected were spread on statillesheets at
ambient temperature for seven days to dry in a controlled environmeravienpfocal dust
contamination. Samples were further dried in an oven at regulatpdri@ore of 68C to attain
a constant weight.

The dried samples were then grounded using mortar and pestle to pulverizendbthem
filtered using 100-mesh sieve. At each interval of pulverizationpéstie and mortar were
clean using methylated spirited to avoid crossed contamination. The drieshé@ously
pulverized samples with dry-weight of 250 g were filled in air tighhdrical plastic container
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(Marinelli beaker) that is of the detector geometry, and stored fariod of 28 days before
counting to allow for secular equilibrium to be attained betvi&&a and its short livetf’Rn
progeny(Zarie and Al Mugren, 2010;Avwiri et al., 2012; Ononugb et al., 2017; Wang, et al.,
2017; Ugbede, 2020).

2.3 Radioactivity Analysis of Samples

The soil samples analysis for the natural radionuclide concentraimnaarried out using a
computerizedUray spectrometry system with high purity germanium (HpG&atier. The
relative efficiency of the detector system was 39% and reésolaf 1.8 kev at 1.33 MeV of
Co-60. The spectrometer was attached to conventional electronics connectedltichannel
analyzer (MCA) card installed in a laptop computer. MAESTRO-32 softyargram was
deployed to accumulate and analyze the data of the natural radioaycident in the samples.
The detector is located inside a cylindrical lead shield of 5 24 om x 60 cm geometry. The
metal (lead) shield was lined with different coatings of coppmipeum and Plexiglas, of
thickness 3 mm each. A counting time of 10 hours was adopted from the syditenation
result for the acquire samples spectral data.

The high resolution of the HpGe detector made it possible to identifyy n¥rays of the
analyzed samples. The radioactivity levels of the uranium seriesobtamed usingUray
emissions of“Pb at 351.9 keV (35.9%) art'Bi at 609.3 keV (44.9%), for thid°Th-series,
the emissions of?®Ac at 911 keV (26.6%Y1%Pb at 238.6 keV (43.2%) artfTl at 583 keV
(30.2%) and were used as the radionuclide emission probabilitiels ®he*K activity levels
was acquired straight from its emission line of 1460.8 keV (10.7%). Tdlekmund spectra
measured were used to correct the computed sample activities cammemraccordance with
standard procedurdarie and Al Mugren, 2010, Avwiri et al., 2012 and Ononugbo et al.,
2017).

The radioactivity content#3 in Bq kg' of the radionuclides were computed after decay

correction was made using the expresgfutamu et al., 2013).

=— _  $MEC (1)

nRe &eile o
Wherea s the sample activity concentratiof; is the net peak area of a peak at enelgyg,

WKH HIILEFLHQF\ Rl WKH GHW H FWHR the Isaropl®massEOUBRIR | L QW H

counting time andy is the emission probability of radionuclide of interest.
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2.4. Radiological Hazard Indices

2.4.1 Radium Equivalent Activity € £ )

The radium equivalent (R@activity is the measured number of activities of the natural
radionuclides (Radium, Thorium, Potassium) and is established on the provédrafdcBg
kg! of 22°Ra, 0.7 Bq kg of 2°2Th, and 13 Bq kg of “°K generate equal radiation dose rates
(Osimobi et al., 2018)Radium equivalent (Rg equates the specific activity levels of the
sample contained in the three natural radioacti¥ttg, ?®Ra anc?*?Th) by a sole amount and
account for the radiological rigRhgbalagba et al., 2012 he index is very useful in regulating

safe allowable standards and is estimated using the exprdsaiothg et al., 2016)
435+ %ot 1.43%g+ 0.077% (2

where 4 7, {Bq kg? 9 is the radium equivalengs ¢ % and %are the activity levels (Bq kg
1y of 22°Ra, 222Th, and*K respectively. Every material or environment whoseg yalues

exceed 370 Bq kbis strongly advised to be avoid@®/ang et al., 2017)

2.4.2 Absorbed Dose Rateq)D
The outdoor (R) is the gamma emission in air which represents an even dispef$al°Ra
and?32Th. The outdoor (B) value is computed using the guidelines giverUblSCEARand
is expressed gashraf et al., 2010; UNSCEAR 2010)

& L ravxph raxtg%h rarvsy % (3)
where &:( R) U ?D is the outdoor dose ratép, % ¢ %, are the activity content levels in
(Bg kg?) for 4%K, 22°Ra andP3?Th, respectively.
UNSCEAR (2010)eported that the global permissible limit value of absorbed dosédor t
public should be 59 nGy*h

2.4.3 Annual Gonadal Equivalent Dose (AGED)

Protecting the vital organs outer layers is of key importance toatthation community
(UNSCEAR 2000; 2010The AGED is estimated using equation 4:

msqp L Uau&o YayAa& UaUUYo Y

where AGED is the Annual Gonadal Equivalent Dose (m3yand % ¢ %g, and % (Bqg kg

1y are the radioactivity levels étRa,?3?Th, and*’K, respectively.
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2.4.3 Hazard Index (External, »)

The hazard indekt ;) was a derivative of the Rgacalculation with the assumption that the
maximum permissible value agrees with the 370 By kgper limit of Raq value, with its
equivalent radiation dose value limited to 1.0 mSv Vhe (t .5 index is computed applying

the expressiof\Wang et al., 2016)

*a6 %M70 +  PH259 + J4810 (5)
where *zds the external hazard indeXBg kg®d & f«1a&%% =J @% are the
radioactivity levels in (Bq k) for “°K, 22%R and**Th respectively.

2.4.5 Internal Hazard Indekt . )
The internal index t ;) is estimated a@Kavitha et al., 2016)

*ui %4185 + %259 + WA810 (6)

where *; is the internal hazard index(Bq kg’9 & f « tpa %A % are radioactivity levels

in (Bq kg') for 4%, 2?°R and®*°Th, respectively.* 3 LPSOLHV QHJOLJLEOH UD

Internal exposure to radon is very hazardous and can result to lung slileassthma and
lung cancer.

2.4.6 Representative Gamma)(l

7KH UHSUHVHQWDWLYH JDPPD ZDVGIRDW XRP@ WHBGNWIRL @ MWGEG P\

natural radionuclide samples being investigated. It is an analyialdbr categorizing samples

that might cause radiological implications if deployed for constru¢Agbalagba et al 2012)

Values of +” FRUUHVSSR Q B¢ R " LV ZLWKLQ DQ DQQXDO HII

rau | §Wang etal 2017)
The +is expressed g&shraf et al., 2010)
H fpswr Ejg¥%srr E 4500 (7

where +is the representative gamma indexBq kg”9 & f « 1,4 B6a % are the

radioactivity content values (Bq kg for 2?°R, 222Th and**K respectively.

2.4.7Annual Effective Dose Equivalent (AEDE) Outdoor
The AEDE keeps control on the effects of radiation on reproductive organs. This hazard index
received outdoor by an individual is given(Aswiri et al., 2012; Ononugbo et al., 2017)

#'&'(1QP@KK&4 § zyxr 3 ray&’rat § sr (8)
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Where;
#'&'(1QP @KdeNw< 1t «<?°ARR BJ J$0.70s the dose conversion factor given
<o 5RYSUzyxr S <o =St <o f >t f™*7fiathe accdpascy factor for outdoor.

2.4.8 Excess Lifetime Cancer Risk (ELCR)
Excess lifetime cancer risk estimates the likelihood of contractimger over a lifetime at
specific exposure rate. It is the estimated number of extra cancers prisbeath population

of persons on exposure to a radiation at a specific dose.
The ELCR is computed using the expresgibaskin et al., 2009)
%4 L #'& H &. H 4( 9)

where'.% 4 D=0 JKARDHE®A defined in equation 8, the average Duration of Life (70
years) is the DL, while RF is known to as the Risk Factor, ethal cancer risk per Sievert
(SvY). ICRP recommend RF as 0.05 for stochastic effects for the §liak&in et al., 2009)

In order to further understand our results, statistical analysespgeformed using the SPSS
software tool for mathematical/statistical data analysis. Thetede; SkewnesKurtosis,

mean, median, mode, standard deviation, minimum and maximum values.

2.5 Total Effective Dose
The total effective dose parameters depicting the occupational dkatad gas workers and
the public’ were estimated employing relevant conversion coefficianéslable in the
literature (Table 3) using the equatidik®la et al., 2016)
External exposure () to gamma radiation from mine site and the exposed tailings, is
calculated using the equation:

et Aty De8H (10)
Internal exposure (g) from inhalation of solid mineral dust and contaminated air, is estimate
using the expression

va A#u% &uad & (11)
Internal exposure (k) from any accidental ingestion of solid minerals, is estimated using the
equation:

vadP#Ho%adBau® (12)
where Ais the specific activity of nuclidé€in Bq kg?, Cex;, is the effective dose coefficient
for the nuclide in the contaminated surface measured in@®ghgt, Gnn, is the dose

coefficient for inhalation of the nuclide measured in S¥ Bgn is the breathing rate measured

in m® h, and D is the dust loading factor,ifg is the dose coefficient for ingestion of the
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nuclide measured in Sv Bq ing is the ingestion rate for adults, measured inkad T is
the exposure duration in yegt€RP, 1991, 1996).

3.0. Results and Discussion

3.1 Results of Radioactivity Analysis

The results of the soiliray spectroscopy analysis in the ten solid mineral mine sitee e
eastern states of Nigeria are presented in Tables 1. Table 2 presents tteysomthne
analyzed radionuclides and the radiation risk indices while Table semiréghe computed

occupational risk estimation to workers in the solid mineral mine sites

3.2. Discussion of Results
3.2.1 Specific Activity Concentration

The specific radioactivity levels obtained for the three natadibnuclides’’K, ??°Ra and
232Th in the investigated soil samples collected within solid mineral sites are shown in
Table 1. The analyzed data obtained for the Iron-stone mine sitctuity concentration in
Ebonyi State, shows activity value range of 32.45- 80.58 B R9- 30.66 Bq kgand
25.88-67.61 Bq kgfor “°K, 2?°Ra and?*2Th respectively. Their mean values are higher than
the control values by 47%, 5% and 46% respectively, while the ri&&h activity
concentration of 77.28 Bq Kgpbtained is above tHERP, IAEAandUNSEARrecommended
permissible limit of 30 Bq kgfor the public. This may be attributed to the parent rock material
from which iron- stone was formdtddNSEAR 2010; IAEA, 2011)he activity concentration
range for the kaolin mine sites soil samples in Imo State are 18.19-4pKtf* B54.33-91.64

Bg kg! and 37.46-142.42 Bq Kg for 2?°Ra, 2*°Th and*’K, respectively, while their mean
percentage elevation over the control values are 45%, 37% and 62% rebpeCtne
elevation over the values obtained from the control sample can be attribulbe presence of
these solid minerals within and around these sampled soils. At tremile site in Abia
State, the range of activity concentration of the soil samplesettare 127.08-289.79Bq kg

1 36.61-71.01 Bq k§and 72.04-112.45 Bq Kgfor 4K, ?2°Ra and?®?Th respectively and the
degree of their mean values elevation over the control value are 54%,ad8% 7%
respectively, with the mean activity concentration value€%®fa (52.64 Bqg kg) and?*?Th
(97.68 Bq kd') exceeding thellCRP maximum permissible limits for the publiCRP, 1996)
These high values may be attributed to the influence of thesenuatides presents in solid

minerals that are within the sampled soil environment. The percentaggcgiafd’K, 2?°Ra
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and?*Th activity concentrations in the soil samples of the bitumen mine siatigu State
over the control sample are 29 %, 41% and 62% respectively. Thenambtactivity
concentrations in the soil samples from these mining sites comparedafalyoaind agreed
with the value reported from river sand sediment from across EnuguneBsugu state
(Ugbede, 2020)The?*°Th (68.79 Bq ki) mean value was found to be well above the ICRP
recommended permissible limitSimilarly, the percentage increase 9K, ??Ra and®**?Th
radioactivity levels in the sampled soil for the coal mine &tEnugu state over the control
sample are 43%, 47% and 66% respectively, #fifh activity concentration grossly exceeded
the global permissible limit for the public. This high valué®th in the soil samples can be
attributed to the high content©fTh in coal minera{Faanu et al., 2011; Innocent et al., 2013;
Wang et al., 2017)

The radioactivity content range in the sampled solil at the diag sites in Imo State are 34.84-
275.58 Bq kg, 17.55-46.40 Bq kg and 36.25-84.87 Bq Kgin “K, 2?°Ra and?3?Th
respectively. These range of values agrees with the reported nativigl esncentration value
in soil samples from SlovenigK¢vacs et al., 2013)Their mean activity concentration
percentage elevation over the control values is 51%, 50% and 47% respestiael3*Th
(58.91 Bq kg') mean activity concentration still exceeding the global permissible bmihé
public. The percentage elevation*dk, 2?®Ra anc?2Th activity levels in the sampled soil of
the gypsum mine site at Enugu State over the control sample are 61%,n6383%
respectively. Thé?®Ra (49.46 Bq kg), and 2°Th (67.25 Bq kg) mean activity levels are
above the global permissible limit 35 Bkfpr 22°Ra and 30 Bq kg for 232Th for the public.
At the coal mine site in Abia State, the activity concentratiogeah the sampled soil obtained
are 25.67-174.22 Bq Kg 15.38-27.12 Bq k§ and 37.99-64.36 Bq Kgfor *°K, 2?°Ra and
232Th respectively. The percentage mean radioactivity levels elevat@mthe control value
are 55%, 28% and 54% respectively, with mé&mh (55.31 Bq kg) value observed to be
above UNSCEAR recommended permissible limits for the general UMNIECEAR, 2000)
The activity concentration range of sampled soil at the limestone site in Ebonyi State as
obtained are 23.73-313.74 Bqkd.8.73-48.26 Bq kdand 29.70-70.41 Bq Kg for *°K, ?*°Ra
and?*2Th respectively. Their mean percentage elevation over the coatugsvis 62%, 60%
and 64% respectively with’Th (48.78 Bq ki) mean activity concentration agreeing with the
value reported at Ezillo paddy rice field in Ebonyi State, but alseesing the global
permissible limit for the general publ{t/gbene and Osahon, 20215imilarly, the activity

concentrations range for sampled soil at the glass stone mineAitarnbra State as measured

10
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are 21.00-70.10 Bq kig14.19-28.90 Bq kdand 74.18-588.93 Bq Kgior *°K, ?2Ra and®?Th
respectively. Their mean percentage rise*dK, 2°°Ra and*?Th activity concentrations in the
soil samples over the control sample are 39%, 58% and 82% respeetitieR?°Th (189.11
Bq kg?) activity concentration grossly exceeded the public permissible limit.

The soil specific activity levels obtained in the entire surroundshghe mining sites for the
different solid mineral clearly indicate th&t’Th radioactivity concentration is higher and
exceed the three naturally occurring radionuclides examined p@iailssits for the public.

This is an indication that most of the solid minerals are lacedradgioactivity with thorium
activity most prominent, which may be attributed to the geologicaldbon of the subsurface
rocks of the studied area and the weathering processes that talkedtplas observed that

the mean activity of?®Ra and*K reported in this study-areas are above many reported values
in literatures in similar environment within Nigeria, West Afrarad other parts of the globe
(Faanu et al., 2011; Gonzalez-Fernandez et al., 2012; Innocent et al., 2013; Wang et al., 2017).
Moreover, the?®Ra value obtained in this study is well within reported values in literatures in
similar solid mineral mining environments in Nigeria and in other mdrtise world(Amrani

and Tahtat, 2001; El Afifi et al., 2006; Kam and Bozkurt, 2007; Al-Hamarneh and Awadallah,
2009; Ademola and Obed, 2012; Avwiri et al., 2013; Kovacs et al., 2013; Ademola et al., 2014;
Hannan et al., 2015).

3.2.2 Radiological Hazard Parameter Statistical Analysis

Table 2 shows the summary of the result of the statisticallyzedhlspecific activity levels

and radiation hazard/ risk indices. The eight radiation risk paranveéeescomputed using
reported standard and internationally established equations in literghsheaf et al., 2010;
UNSCEAR, 2010; Avwiri, et al., 2012; Gang, et al., 2012; Sivakumar, et al., 2014; ¥{ang,
al., 2016) From the result, the estimated Radium Equivaldri), varied from 87.51 Bq kg

! to 300.13 Bq kg with a mean and mode values of 150.72 B}, kand 87.51 Bq k§
respectively with a standard deviation of 61.25 Bd.KBhis 4 g sresult obtained is above
reported value obtained in s solid mineral mine site in south-western Nigeria and sanipled soi
valued obtained in some cities and towns in Nigekigbé@lagba, et al., 2012; Avwiri, et al.,
2012; Innocent et al., 2013; Ademola et al., 2014; Aliyu et al., 2015; Ononugbo et al., 2017;
Ugbede, 2020; Ugbede and Osahon, 20Zhge Absorbed dose rate (D) has a minimum value
of 38.96 D) UDand a maximum measured value of 133.0) U bwith 68.40 D) U Pbe

the mean. The mean absorbed dose value recorded exceedd&iNEE@EAR, (2010)
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recommended worldwide ambient value of B9 U’D The outdoor Annual Effective Dose
Equivalent (AEDE) has its values varied from 48.26 Sto/160.78 pSvy with the mean
and mode values of 83.65 uSvgnd 48.26 uSvy respectively across the study-area and a
standard deviation value of 32.66 uSvyhe estimated average value of the outdoor Annual
Effective Dose Equivalent of 83.65 uSvyorrespond to the reported values obtained in
measured soil samples in Bethlehem Province of Palestine andsoibfren landfills site in
Rivers State Nigeria, but it is higher the worldwide annual effectbs® equivalent value of

6 Yior outdoor(Agbalagba et al., 2012; Mohammad et al., 2014; Ononugbo et al., 2017;
Vukasinovic et al., 2017; Ugbede, 2020).
The estimated value of the Annual gonadal equivalent dose (AGEDJ yiaome 263.62 puSvy
1to 879.51 pSvy with a mean value of 454.70 pSkyrhe estimated value recorded is above
the ambient level recommended world permissible value of 3008wy values obtained in
reported research of wasteland soil in Namibia, but they are hblwalues reported in
southern dump site sampled soil and Northern soil samples from solid minerag mini
environment Nigeria as reported in literatufgslSCEAR, 2010; Aliyu et al., 2015; Ononugbo
et al., 2017; Onjefu et al., 202Ihe accumulative dose rate at the present exposure rate over
a twenty years’ time may impair the reproductive organs (ovarieteatis)) of those working

and living around these mine sites if not properly shielded.

The mean results of the estimated health hazard indices indicatéxtyatal hazard index

(* z)x has a mean value of 0.41, while the estimated Internal hazard(ihggxalue is 0.50
and the Representative gamma indey (had a value of 1.06. The results are comparable
favourably with the values reported in Wasteland soil of Okakarafdaimibia, the shore
sediment of North dune beach in Namibia and the values reported anda@kdiment of Al-
Nigella in Egypt{(Onjefu et al., 2017; Ahmed et al., 2020; Onjefu et al., 20119 mean hazard
indices values obtained forgz and *; are less than the 1.0 (critical value), the general public
recommended permissible limit, however, Representative gamma indexalue of 1.06
obtained was slightly above the UNSEAR recommended value for the lggndac
(UNSCCEAR, 2010 hese obtained estimated values of the Excess Life Cancer RGR)E
result ranged from 165.45 x $@0 559.31 x18 with a regular value of 289.14x20This mean
ELCR value 0f289.14x107‘ obtained is approximately the recommended ambient public
permissible limit 00.29x10? (UNSCEAR, 2000Y his implies that the likelihood of radiation
induced health risks among residence and workers in the environs of thessitesnis

probable, especially for prolong and continuous radiation exposures from thesed st

12
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minerals sites. The statistical analysis of the results of radionueltethe radiological risk
indices are indicated in figure 3, while figure 4 shows the sequentidldibibution of the
three natural radionuclides investigated with the radiological riskigeas examined. It was
observed from figure 3 that the histogram showing the spatial dispefsspecific activities
of the three natural radionuclidé8K, ?°Ra anc?*2Th) in the analyzed soil samples from the
investigated sites, were asymmetrical distribution with the skewness of 0.19, 0.61, 2.53
respectively. The median values 8K, 22°Ra and®®*’Th were 99.80, 32.23 and 68.34 Bq'kg
respectively, thus data obtained in this study were accepted aserdimblise in the
determination of the radiological rigKessaratikoon et at., 2019 rom figure 4, the two rigs
in the sequence chart are an indicative of the areas of high atignegf the activity
concentrations and areas of strong correlation of activities concentratioradiological risk

parameters.

3.2.3 Occupational Risk Estimate

This model account for the occupational hazard associated with worlkmment, which in
this study is the solid mineral mining sites. As a result of constarking at the sites and in
most cases not wearing the appropriate Personnel Protective EquipmentwBiRE)s are
often exposed to radionuclide. The three major paths for this exposure@udirag toKolo et

al. (2016)

The total of these three different paths of exposure gives theettaative dose which is the
concerned parameter. To be within the safe ICRP limit, the Totettisf€ Dose from these
three pathways must not be more than 1.0rhf8ythe public(ICRP, 1991)

The result presented in Table 3 of the Occupational Risk Estinditates that the external
exposure to gamma radiatione(d) has the highest Occupational risk ranging from 0.51mSv y
1to 1.3 mSv ¥, followed by Internal exposure from inhalation of radiation from swliceral
dust and contaminated air i(F) ranging from 0.01 mSvito 0.99 mSv ¥ and the least is
Internal exposure from any accidental ingestion of radiation from solidatsn®ng) ranging
from 0.08 mSv ¥ to 0.24 mSv ¥. The reason for this result distribution is obvious as one in
a mining site would be exposed externally on the skin and inhalation lesfenehaving to
experience accidental ingestion. This result indicates that thenaixtegans like the eye and
skin of the people working at these mining sites may be at risleadr@y skin radiation related
infections. However, the overall results suggests that the effetbgrther is within control
limit as the whole organs of the body fights together to wear thddabe effect from one

pathway.

13
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Conclusion

The evaluation of natural radioactivity levels of sampled soil from smieeted solid minerals
mining sites and soil from non-mineral mining areas (control) in the Eastern rediiogeot,
has been investigated using gamma spectroscopy analysis. The measuntiities af*°K,
226Ra and?®*2Th were deploy to compute the percentage gamma radiation elegatiothe
control sample and the risk parameters. Radioactivity analydie &fampled soil shows that
some radionuclides values measured exceeded their standard lingt@véiall average
percentage rise K, 22Ra and*?Th value in the mine sites soil samples over the control soil
samples are 48.6%, 43.7% and 62.3% respectively, with thorium having the higbestape
rise. This affirmed previous research report®th be the major contributor of the dose that
can be received from the terrestrial environment. The occupatickakstimation results
indicate that the external organs of the people working and living atbesd mining sites are
at risk which may lead to eye and skin radiation related infections Xde=&ing of global
recommended permissible and ambient limits of certain radiatiorrchamdices estimated
compared to previously reported values from similar mineral miningramment is an
indication of a radiologically contaminated environment, which is ataiide to the solid
minerals mining and processing in the studied areas. The researcbfréheecommends that
proper kitting of workers and discouragement of people residing around thesg Biias to
reduce the radiation impact on people and the environment.
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18 Table 1: Activities (Bq kg' ) of 4°K, 226Ra, 232Th from solid mineral mining soils
19 in South-Eastern Nigeria
S/N  geographical ~ Mining Mineral 4K (Bq kg™?) 22tRa (Bq kg?) Th (Bq kg?)
location State found
Mean (Range) Mean (Range) Mean (Range)
1 NO6® " Ebonyi Ironstone 54.26 (32.45-80.58) 20.45 (7.29-30.66)  48.18 (25.88-67.6
EOO7 -
2 NOE° Imo Kaoline 81.65 (37.46-142.42) 31.83(18.19-40.72)  71.08 (54.33-91.64
EOO7
3 NO6° Abia Silica 179.15 (127.08-289.79) 52.64 (36.61-71.01) 97.68 (72.04-112.4
EOO7 -
4 NOE o Enugu Bitumen 34.80 (21.93-60.46)  32.66 (21.25-40.41)  68.79 (48.74-91.0
EOO7 -
5 NOG° Enugu Coal 1 117.03 (64.11-238.10) 36.37 (26.09-43.73)  69.94 (60.87-80.0
EOO7 -
6 NOG® e Imo Clay 117.34 (34.84-275.58)  35.23 (17.55-46.40)  58.91 (36.25-84.87
EOO7 -
7 NOE° Enugu Gypsum 136.0 (87.40-161.82) 49.46 (41.24-53.65) 67.25 (42.08-90.5
EOO7
8 NO6° Abia Coal 2 82.58 (25.67-174.22) 22.47 (15.38-27.12)  55.31 (37.99-64.3¢
EOO7 -
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30.66 (18.73-48.26)  48.78 (29.70-70.4

9 NO6° o " Ebonyi Limestone  155.68 (23.73-313.74)
EOO7” o "
10 NO6° o " Anambra Glass- 48.02 (21.00-70.10) 19.85 (14.19-28.90)189.11 (74.18-588.93)
EQ07 o " sand
Overall Mean Value 100.22+8.20 33.15+£3.31 77.31 £6.10
Control (Mean) 28.60 19.63 25.92
Global Re 400 35 30

commended Value (UNSEAR 2010

1

2 Table 2. Risk Estimate for workers in solid mineral mining site

Variables K-40 Ra-226  Th-232 Raeq D AEDE AGED Hex Hin ELCR

(Bakg?) (Bakgh) (Bakg®) (Bakg?) (DUIF)  (&Swh  (iSwyh x10°
Mean 100.22 33.15 77.31 150.72 68.40 83.65 454.7041 0 0.50 1.06 289.14
Median 99.80 32.23 68.34 136.45 60.61 74.33 409.4037 0.0.46 0.95 260.17
Mode 34.80 19.88 44.30 87.51 38.96 48.26 263.62 4 0.2.29 0.61 167.24

Std. Deviation 48.71 11.18 43.34 61.25 26.63 32.66 179.23 0.17 7 0.D.43 114.30

Skewsoilness  0.19 0.61 2.53 1.81 1.73 1.73 1.71 181 1.18 1.80.731
Kurtosis -1.14 -0.33 6.94 3.67 3.34 3.34 3.26 3.67.281 3.64 3.34
Minimum 34.80 19.88 44.30 87.51 38.96 48.26 263.62 0.24 9 0.2.61 165.45
Maximum 179.15 52.65 193.11 300.13 133.00 161.80 879.51 1 0.8.86 2.10 559.31

Table 3: Occupational Risk Estimate for workers in solid mineral mining sies
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Code Mineral Ra-226 Th-232 (Bq K-40 (Bq Dext Dinn Ding (Sv Total Eff. Dose
Name Mined (Bg kg™?) kg?) kg?) (mSvyh (mSvyh vy (ASvy?h
LS Limestone 30.63 48.87 155.68 0.97 0.50 00.1 51.30
CL1 Coal 36.37 69.96 117.03 0.99 0.71 0.13 402
CcY Clay 35.23 59.10 117.34 0.97 0.01 0.12 761
BN Bitumen 32.66 69.44 34.80 0.73 0.71 0.12 4Z1.
IS Ironstone 20.45 47.98 54.26 0.53 0.48 0.08 9.2&4

SC Silica 52.64 97.72 179.15 1.47 0.99 0.18 10.11
KL Kaolin 31.80 70.04 81.65 0.82 0.71 0.12 22.0
GM Gypsum 49.49 67.25 136.04 1.30 0.69 0.15 141.
GS Glass-sand 19.88 193.11 48.02 0.51 0.02 0.24 19.27
CL2 Coal 22.48 53.31 82.58 0.64 0.54 0.09 4.73

List of Fiqures
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Figure 3: Histogram and Skewness plot of some Radiation parameters.
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