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Abstract

The research work is aimed at estimating the exclfestime cancer risk due to
occupational exposure to ionizing radiation in seted marble mining sites in Igbeti,
Oyo State. The work scenario at the sites resulisbbth internal and external
exposure to ionizing radiation at the sites. Insimeasurement of the dose rate in the
pits, grinding sites and other locations in theeit was carried out using Gamma
RAE Il and LK3600 dosimeters placed at one meteroab the ground level for a
stipulated period of time. Radiation dose to ristrverter software designed by World
Information Service on Energy (WISE) was used tatigmte the excessive life time
cancer risk for artisan miners in the sites for aepgod of 10 years. The dose rate
ranges from the sites ranges from 8nGy/hr-140 nQy/fihe estimated annual Dose
rates range between 2&v/yr-170uSv/yr. The estimated excess life time cancer risk
for 10 years ranges between 0.003%-0.019% at wa'kiésk factor of 0.04 per Sv and
conversion factor of 0.7Sv/Gy Conclusively, theeeno significant risk of cancer for
all the workers at the mining sites. More workersagnbe employed to improve the
efficiency of the companies mining marbles theretempting to meet the national
and the global needs for marbles.

Keywords:Excessive Life Time Caner Risk, Occupational Expesnd lonizing Radiation.

1.0 Introduction

Soil contains radioactivity derived from the rocksich it originated. However, the majority of radaive element is
chemically bound in the earth crust and is not e of radiation exposure on the surface unldsssed through natural
phenomenon (e.g earthquake or volcanic activitied)uman activities (e.g mining or construction)nMg of marbles can
result in external gamma irradiation and inadveriegestion of dust at the mining and grinding sitérhese activities may
therefore increase radiation levels above backgtaatnthe sites. The increased radiation level wglhsequently lead to
increase of radiation exposure of workers in theaaihere is therefore the need to measure thati@dievels around the
sites for activities that can cause the enhancewfergdiation levels in order to assess workersatamh exposure. This is
important in order to ensure that workers do natex regulatory radiation dose limit recommendedQRP (20msv/yr)
[1]. Inhalation of radon and its decay productseisponsible of about half of the annual averagecéffe dose received by
the human due to natural sources of radigf®nOutdoor radon does not represent a significaaltindazard because high
concentrations are never reached. However, it besaproblem when released into a closed or pweerijilated enclosures
like dwellings, buildings and also caves and mirieadon and its decay products are found in varigblecentrations
indoors, outdoors, and in mining environments. Epitblogy studies have shown a direct link betwegtakie of high
concentration of radon and the incidence of caijde8].Inhalation of radon and its decay progemlayghters) is
responsible for half of the annual average effectiose received by humans due to natural souraesliaftion [9] and this is
peculiar to cave and underground mines .When raéoays after inhalation or ingestion, it releasergy that can damage
cells of sensitive organs like lungs and stomaah @an cause cancer. Two of themitting daughters d?°Rn ¢**Po and
Zp0) contribute to over 90% of the total radiatiarsel attributed to exposure to Radon [10].Many efattisan miners in
the business of exploring God endowed natural ressuare aware of the risk involved when minesapsk but are not
aware of the level of the risk involved due to esqpe to high level of radon concentration from ttegural decay of
radionuclide from rocks and soil during the workisario at mining sites with open pits comparedatees or underground
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mines . Work activities at the mining site invohegernal irradiation by gamma rays during diggafigits, carrying slurries
from the pit, internal dose due to inhalationadf contaminated with marble dust at the mining gnidding site and
inadvertent ingestion of radionuclide during theork activities. Many unemployed youths are afrafidaking up jobs with
mining sites because they are not well informethefdifference in level of exposure to high levkiamizing radiation from
caves and underground mines when compared withldgel ionizing radiation from open pits as the catgdy for the
research. This has resulted in many youths shunaimginvolvement in the lucrative business of artisnining spread
across the country. Sequel to the dwindling pricerode oil, an expert in the Mining Industry, Al Usman, popularly
called “Dan China”, has called on President MuhaghiBahari to ensure the inclusion of the Mining dvisherals sector in
his developmental agenda, saying if properly hame@sthe sector will generate five times what thgeNa is getting from
crude oil [11].The result of the research worlfafiorable can be a useful tool in achieving theadreof the present
administration by giving a sense of direction orevehto employ more of the teeming unemployed yoAdditionally, it can
also serve as base-line for future radiologicadlgtof the selected mining sites. Finally, the resdll also contribute to the
existing body of knowledge in this area of research
The purpose of the study is to estimate the exdessme cancer risk due to occupational expogor®nizing radiation in
selected marble mining sites in Igbeti, Oyo Statimgiradiation dose to risk converter software [T2je following are the
specific objectives of the work:

In-situ measurement of the dose rate in the optsrapid outside the pit.

Estimation of annual dose rate at the mining sites.

Estimate the excess life time cancer risk due toupational exposure to ionizing radiation from opeme in

marble mining site for a period of 10 years.

Alleviate the fear in the minds of unemployed yo(iflpossible) in working with open pit mining sitesuch as the

mining sites in Igbeti, Olorunsogo local governineinOyo State, Nigeria.

2.0 Methodology

In-situ measurement of the dose rate in the pitading sites and other locations in the sitesas warried out using Gamma
RAE Il and LK3600 placed at one meter above thaiggdolevel per locations of consideration at thessit for a stipulated
period of time (300sec). Gamma RAE Il R uses C#) §§ detector and Csl with combined with TI makesdevice a good
scintillator. It has in-built daily calibration capity and factory calibration is not required. Ejerange is 0.06MeV-
3.0MeV. LK3600 dosimeter use G.M tube in detectamgl measuring radiation. G-M counter compensatigroves the
low-energy response of the dosimeter and it hals $iémsitivity and will respond to radiation in thatural environment. It's
Measuring range for dose rate: 0.000usv/h—5msv/heandmulated dose up to 6-digit LCD display of thege 000.000—
999.999msv and energy response: <+30% (50KeV—1.3MeV)

Radiation Dose to risk software designed by Waénfdrmation Service on Energy (WISE) [12] was usedestimate the
excessive life time cancer risk of the workersha sites for a period of 10 years. The use of tagirdeters in the work is to
cater for low and high level of radiation dose tivarkers may be exposed to during the work actigitit the site.

The annual effective dose rate to the populationyés calculated by the formula:

L T D I D)
Where D is the average values of the in- situ \&ahfethe (dose rateSv/hr) measures at the sites, T is the occupanwy (i
T=f X 24 X 365.25h year") f is the occupancy factor with value of 0.2 an8 €or outdoor and indoor measurements
respectively and Hs the conversion factor

( 0.7 SvGy-1 ) [13]. Radiation Dose to Risk Congertalculator determines the health risk from aegivadiation dose
supplied to the software input interface as showitable 7. The dose or the dose rate is enteréapas parameters and
appropriate units ofiSv/hr was used for the work since in-situ dose magasured with the dosimeters ispgv/hr. The
occupancy determines the time in a year a persaxpssed at the given rate. It can be entered umshper year, or in
percentage of total time, or continuous exposurgetected from the software interface shown in &abl Typical work time
is 2920 hours per year was used since the artisa@rsnspend 8hrs per day for 6 days in a weekeasite. The number of
years entered allows for cumulative dose calculativer the whole work life or lifetime. The fatadrwcer risk factor per
Sievert for stochastic effect uses 0.04 for workard 0.05 for the public recommends 0.7Sv/Gy fartad.8 for children
and 0.9 for infants for dose factor for gamma réoligl,2]

3.0 Results and Discussion
This section presents the result of the researchk and appropriate pictorial representation ofréults.
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Table 1:Measured Dos®&ate At Mining Site /

GAMMA RAE Il R (uSv/h) LK3600uSv/h)
INSIDE PITS :Sv/h) 0.01 |0.01 | 0.01 0.01 0.062 0.047 | 0.109 | 0.015
OUTSIDE PITS gSv/h) 0.01 |0.01 | 0.01 0.01 0.062 0.015| 0.031 | 0.047
LOADING/ UNLOADING | 0.02 | 0.02 | 0.02 0.02 0.078 0.047 | 0.031 | 0.047
SITE uSv/h)

Peak Dose rate: 0.uSv/h Loading Site:Mean Dos
SUMMARY Minimum Dose Rate: 0.(uSv/h rate=(0.051+0.017)Sv/hi

Average Dose Rate inside Pit:0uSv/h Inside Pit: (0.058+0.03uSv/h

Average Dose Rate inside Pit:0uSv/h Outside pit: (0.039£0.01uSv/h

Average Dose Rate at loading

site:0.0:uSv/h

From Table 1,usingGamma RAE Il R, the peak doseisad.0.uSv/h(20.0nGy/hr),the dose rate inside the pit anside the
pit are the same with a value of QuBv/h(10.0nGy/hr).This may due to the fact that dagpen pit may be at the sa
atmospheric condition as outside the pit. The dage=at the loading and unloading site is highantimside and outsidhis

pit with a value of 0.02Sv/h (20.0nGy/hr).This may be caused by the ine@akist load at the site as a result of the v
scenario there which involves carrying the baggedbtes into the truck and unloading the bagged lesarbarried fron
mining sies by the truck. The estimated annual dose ra?2d.BSv/yr using the softwaréThe estimated excess life tir
cancer risk for 10 years is 0.002% at workers' fé&tor of 0.04 per Sv and conversion factor ofS¥/Gy [1,2] using the
highest dose rate of 0,@3v/h as the input dose rate for the software. Similewith the use of LK3600 dosimeter the me¢
dose rate for loading site A is 0.Q8v/h(51nGy/h) while the dose rate inside and oetsithe pits an
0.058.Sv/hr(58nGy/hr) and 0.03%v/hr(39.0nty/hr) respectively.The estimated annual dose mtéli2iSv/yr using the
highest value of dose rate of 58nGy/hr. The valhfethe annual dose rate is quite lower than theldvaide permissible
limit of occupational exposure of 20mSv/yr. Usirng tradation dose to risk software [L2he estimateexcess life time
cancer risk for 10 years is 0.007% at workers' fégtor of 0.04 per Sv, conversion factor of 0.78vand the highest dc

rate of 58nGy/hr [1,2].
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Fig 1: Dose Ratey(Sv/hr) at Mining Site A Using Gamma RAE lIDosime
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Fig 2: Dose Ratey(Sv/hr) at Mining Site A Using LK3600 Dosime

Table 2:Measured Dose-Raté @rinding Site A

LK3600 (uSv/h) GAMMA RAE Il R (uSv/h)
GRINDING SITE 0.078 0.031 0.047 0.015 0.01 0.01 | 0.01 0.01
RESTING/ EATING SITE | 0.00 0.031 0.109 0.094 0.04 0.04 | 0.04 0.04

Grinding Resting point at Grinding Site: | Peak Dose Rate: 0.uSv/h
SUMMARY Site:Mean Dos: (0.059+0.045)Sv/hr Mini. Dose Rate: 0.(uSv/h

rate=(0.043+0.

23) uSv/hr

From Table 2, using Gamma RAE Il R, the peak dase is0.04uSv/h (40nGy/hr), the dose rate at the grinding sitere
the machines are installed in the open is uSv/h(10.0nGy/hr).This may due to the fact that wackvities at the site take
place in open field with very good air circulatidrhe dose rate at the resting spot is 94hr (40nGy/hr).This may be e
to background radiation or any other unnoticource of radiation in the spot. The estimated ahdoae rate using tt
radiation dose to risk converter software is 43\/yr. The estimated excess life time cancer risk for éfry is 0.005%
workers' risk factor of 0.04 per Sv and conversfactor of 0.7Sv/Gy using the highest dose rate of (uSv/h
[1,2].Similarly, with the use of LK3600 dosimeter the mean dose f@tegrinding site A is 0.04385v/h(43nGy/h).The
estimated annual dose rate is 7&¥yr using the highest dose rate value of 59n. The value of the annual dose rat
quite lower than the world wide permissible limit@ccupational exposure of 20mSv/yr. Agathe estimated excess life
time cancer risk for 10 years is 0.009% using thiftware at workers' risk factor of 0.04 pev, conversion factor of
0.7Sv/Gy and the highest dose rate value 85thr [1,2]
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Fig 3: Dose Ratey(Sv/hr) at Grinding Site A Using Gamma RAE lIDosier
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Fig 4: Dose Ratey(Sv/hr) at Grinding Site A Using LK3600Dosime

Table 3:Measured Dos®&ate At Mining Site |

LK3600 (uSv/h) GAMMA RAE Il R (uSv/h)
OUTSIDE 0.195 0.156| 0.117 | 0.078 0.040.0< | 0.04 | 0.05
PIT
INSIDE PIT | 0.039 0.078| 0.010 | 0.00¢ 0.0B0.0% | 0.03| 0.02
LOADING 0.039 0.078| 0.156 | 0.117 0.040.0t | 0.05| 0.05
SITE
L/Site:Mean Dose Outside Pit:(0.137+0.044)Sv/hi Peak Dose Rate:0.uSv/h
SUMMARY | rate=(0.098+0.043) Inside Pit:(0.034+0.0285v/hi Mini. Dose Rate: 0.(uSv/h
uSv/hr Average Dose rate Inside Pit:0.(uSv/h
Average dose rate outside Pit:0.uSv/h
Average dose Rare at Loading site:0uSv/h

From Table 3, using Gamma RAE Il R, the peak dose radelEuSv/h (50.0nGy/hr), the average dose rate insidgithend
outside the pit are the same with a value of (uSv/h(43.0nGy/hr) and 0.048v/hr(48.0nGy/hr) respectively.This may ¢
to the fact thalarge open pit may be at the slightly differetrhaspheric condition as compared to outside thanmit there
may be other sources of radiation. The dose rateealoading and unloading site is higher thandesand outside this |
with a value of 0.048Sv/h(48.0nGy/hr).This may be caused by dust Idathiesite as a result of the work scenario tl
which involves carrying the bagged marbles int tfuck and unloading the bagged marbles carrieth fmining sites b
the truck. The estimated amal dose rate using the software is 613@yr with the highest dose rate of 50nGyiThe
estimated excess life time cancer risk using tHevsoe for 10 years is 0.07% at workers' risk faadd 0.04 per Sv
conversion factor of 0.7Sv/Gy and using highest dose rate [1,2)Vith the use of LK3600 dosimeter the mean dosefaoad
mining site B loading site is 0.0@8v/h(98.0nGy/h) while the dose rate inside and idetsthe pits an
0.034.Sv/hr(34.0nGy/hr) and 0.188%v/hr(137.0nGy/hr).The value may ldue to background radiation or any ot
unnoticed source of radiation. The estimated andasé rate is 168uBv/yr using the highest dose rate value for outie
pit. The values of the annual dose rate are qoited than the world wide permissiklimit of occupational exposure !
20mSvl/yr. The estimated excess life time cancer risk for é8ry ranges is 0.016% at workers' risk factor 0f Qer Sv
conversion factor of 0.7Sv/Gy and the highest dasevalue (0.137Sv/hr) [1,2.
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Fig 5: Dose Ratey(Sv/hr) at Grinding Site A Using Gamma RAE lIDosigr
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Fig 6: Dose Ratey(Sv/hr) at Mining Site A Using LK3600 Dosime

Table 4:Measured Dos®&ate At Grinding Sil B

Ajetunmobi andAjetunmobi J of NAMP

LK3600 (uSv/h)

GAMMA RAE IR (uSvih)

GRINDING SITE 0.062 | 0.109| 0.235/ 0.015 0.0z | 0.03 0.04 | 0.05
RESTING/ 0.047 | 0.094| 0.078] 0.109 0.0¢ | 0.04 0.04 | 0.04
EATING SITE

Grinding Resting point at Grinding Si Peak Dose Rate:0.uSv/h
SUMMARY Site:Mean  Dose (0.082+0.023)Sv/hi Mini. Dose Rate: 0.(uSv/h

rate=(0.105+0.082)
uSv/hr

From Table 4, using Gamma RAE Il R, the peak das is 0.05:Sv/h (50nGy/hr), the dose rate at the grinding sitere
the machines are installed inside the factory i83uSv/h(30.0nGy/hr).This may due to the fact that wackivities in the
factory such as heavy duties machine crushing aindigg the marbles takes place inside with ney\good air circulatio
when compared with the grinding site at A. The dade afthe resting spot is 0.0&v/hr(40.0nGy/hr).The estimated ann
dose rate is 61B6v/yr using the softwarThe estimated excess life time cancer risk for 4éry is 0.007% at workers' ri
factor of 0.04 per Sv and conversion factor of O/@y [1, 2]With the use of LK3600 dosimeter the mean dose oatsite
B grinding site is 0.1085v/h(105.0nGy/h).The estimated annual dose rat28sqSv/yr using the highest dose rate valu
105nGy/h. The value of the annual dose rate idawer than the wcd wide permissible limit of occupational exposufe
20mSv/yr. The estimated excess life time cancer risk for g@ry is 0.015% at workers' risk factor of 0.04 Ber
conversion factor of 0.7Sv/Gy and the highest dasevalue 0.1085v/hr [1,2.
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