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ABSTRACT 

Activity concentrations of radionuclides in rocks and minerals are of vital importance in 

geosciences and health physics especially that primordial radionuclides constitute the main 

source of radiation exposure risks externally in soil, rocks and minerals. In this study, 

samples of four (4) economic minerals, namely dolomite, feldspar, limestone and calcite, 

were collected from quarry sites in Igarra area, Edo State, Nigeria and analysed using gamma 

ray spectrometric technique. From the analytical results, the specific activity concentrations 

of 226Ra, 232Th and 40K for dolomite ranges from 0.79±0.1 to 4.3±0.24 Bq/kg, 0.27±0.09 to 

3.65±0.30 Bq/kg and 27.4±1.91 to 505.19±8.19 Bq/kg with respective mean of 2.88 Bq/kg, 

1.61Bq/kg and 227.33 Bq/kg. In feldspar, the activity values range from 0.69±0.09 to 

2.01±0.15 Bq/kg for 226Ra, 0.52±0.11 to 1.06±0.15 Bq/kg for 232Th and 49.29±2.30 to 

248.42±4.99 Bq/kg for 40K with respective mean of 1.40, 0.76 and 152.28 Bq/kg. Also in 

calcite, the activity concentration ranges from 0.54±0.09 to 10.57±0.41 Bq/kg for 226Ra, 

1.28±0.19 to 6.12±0.44 Bq/kg for 232Th and 81.37±3.32 to 795.16±11.02 Bq/kg for 40K with 

respective mean of 5.54, 3.81 and 466.62 Bq/kg. Similarly, in limestone, the activity 

concentrations range from 0.63±0.09 to 3.91±0.22 Bq/kg for 226Ra, 0.67±0.13 to 2.67±0.26 

Bq/kg for 232Th and 57.49±2.60 to 421.39±7.17 Bq/kg for 40K with respective mean of 2.05, 

1.59 and 220.02 Bq/kg. Mean specific activities of 226Ra, 232Th and 40K in the four economic 

minerals were below the world average values of 30, 35 and 400 Bq/kg respectively as stated 

by the United Nation Scientific Committee on the Effect of Atomic Radiation except calcite 

that exceeded slightly the value of 40K. Mean absorbed dose computed for dolomite, feldspar, 

calcite and limestone are 9.99, 7.08, 23.58 and 10.70 nGy/h respectively, which are below the 

world average of 58 nGy/h. Computed mean annual effective dose equivalent outdoor 

(occupational) for dolomite, feldspar, calcite and limestone are 0.02, 0.01, 0.04 and 0.02 

mSv/y respectively, with corresponding average indoor (residential) values of 0.05, 0.04, 

0.12 and 0.05 mSv/y in sequence. Mean external hazard index computed for dolomite, 

feldspar, calcite and limestone are 0.06, 0.03, 0.12 and 0.05 respectively, which are below 

unity. Similarly calculated excess lifetime cancer risk for both residential and occupational 

exposures to dolomite, feldspar, calcite and limestone are (0.06, 0.14, 0.43, 0.21)×10-3 and 

(0.22, 0.04, 0.13, 0.06)×10-3 respectively. These values agree with the worldwide average 

value of 0.29×10-3. The usage of these economic minerals as aggregate of building materials 

or for any domestic purposes does not pose any risk to the public from the point of radiation 

protection. Continuous radiological check of the economic minerals is however 

recommended to always ensure that the radiation doses are as low as reasonably achievable.  
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CHAPTER lONE 

1.0  l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l lINTRODUCTION 

1.1 Background lto lthe lStudy 

Natural loccurring lradioactive lmaterials l(NORM) lare lacceptable land lcommonly lused 

lwords lto lexpress lsubstances lthat lcontain lradionuclides lof la lnatural lsource. The 

lprimordial lradio-nuclides l
40K, l

238U, l
235U, l

232Th land ltheir lradioactive ldecay lproducts are 

typically recognized as NORM. lThese lradio-nuclides lare lall lover lin lthe lsurroundings 

land lthey lpresent, lwith la lbroad ldistinction lof lconcentration llevels, lin lraw lrocks, lminerals, 

lmaterials, lby-products, lproducts, lequipment, lresidues land lwaste, las lwell las lin lseveral 

lindustrial lprocesses. lIndividual lradionuclides lcomprise lmuch limportance lin ldifferent 

laspects lof lradiological land lmedical lsciences. lDolomite, lfeldspar, lcalcite land llimestone 

lherein lcalled leconomic lminerals lcontain lnatural lradioactive lmaterials l(UNSCEAR, 

l2000). lExposure lto lthis lionizing lradiation lemitted lby lindividual lNORM lcan lbe lharmful 

lto lboth lthe lliving land lnon-living lthings lin lthe lsurroundings especially at level above the 

threshold. lThe lradiation lgamma ldose lrate lowing lto lexposure lto lNORM lis lgenerally lsmall 

lin ltheir lundisturbed lstate lin lthe lsurroundings (lFabiano let lal., l2011); lnevertheless, lcertain 

lhuman lactivities lcan lenhance lthe lconcentration lof lNORM land/or lalter lexposure 

lcircumstances. lExamples lare lmining land lquarrying. lSubsequently, lthese lcan lgive 

lincrease lto labove lbackground lemission ldose lrate lto lreceivers. lSuch lexposures lneed lto lbe 

lstudied land lalso lcontrolled lthrough lregulations lby lvarious lbodies lto lensure lthat ladequate 

lprotections lare lgiven lto lindividuals lboth loccupational land lresidential las lwell las lto lthe 

lenvironment. l 

Though, lmore lthan lthree ldecades, lthere lhas lbeen la lrising lconsciousness lresulting lfrom 

lthe lidentification lof lamplified llevels lof lNORM lin lnon-nuclear lindustries, lsuch las 

lphosphate lmining, coal and petroleum industriesl (Kolo l2014; lFabiano let lal., l2011; 
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lHazou let lal., l2018; Kolo let lal., l2016; Ali land lIbraheem, l2017). lThe lstudy land lcontrol lof 

lexposure lrate lencompasses lboth lindoor land loutdoor lsurroundings, lwhether lin ldwellings 

l(residential) lor lin lworkplaces l(occupational), las lwell las lin lmanufacturing lcompanies 

linvolving lNORM l(such las lcement, lconstruction land lglass lcompanies). l 

Estimating lthe activity llevels lof lNORM lplays la lcrucial lrole lin lthe ladministration lof 

lradiation lexposure lrate. lIn lfact, lthe ldetermination lof lactivity lconcentration lis la 

lprecondition lat lall llevels lof la lregulation lsystem, lbeginning lfrom lthe ltesting lof lradio-

nuclides lto lintermittent lmonitoring lchecks. lIt lis lfurthermore lessential lfor lthe lappraisal lof 

lradiation ldose lrate lreceived lby lnon-human lbiota lor lcertain lgroup lof lhumans. lHowever, 

lthe lmeasurements lof lNORMs lare lconnected lwith llimitations land ldifficulties lsince lthe 

lwider lrange lof lradio-nuclides lconcerned lare lin lhuge lvariations lin ltheir lphysical land 

lchemical lproperties l(UNSCEAR l2000). lGenerally lspeaking, lquarry lsites lall lthe lglobe 

lare ltransit lpoint lfor lNORM las lthe lcase lwith lIgarra larea lbut loccupational lradiological land 

lsubsequently lthe lresidential lradiological lhazards lmust lbe lquantified, lso las lto lknow lthe 

llevel lof lexposure lof lthese lgroup lmentioned labove. lThese leconomic lminerals lare lselected 

lbecause lof ltheir luses lwhich lrange lfrom lmedicine, lanimal lfood, lcement laggregates, 

lbuilding lmaterials, lglasses, lornament, lkitchen lutensils, lto linterior ldecorations lin lour 

lhomes. lObviously, lthere lis lneed lto lquantify lthese lradiological lhazards lso las lto lbe lable lto 

ladvice lthe lgeneral lpublic lof lappropriate lmeasures lto lbe ltaken in limiting exposures rates. 

Human lbeings lexposure lto lnatural loccurring lradiations larises lprincipally lfrom ltwo 

ldiverse lorigins l(UNSCEAR, l2000). lThe lprimary lsource lcomes lstraight lfrom lcosmic 

lradiation lfrom lthe louter lspace; lthe linteractions lof lcosmic lray lparticles lin lthe latmosphere 

lcan lgenerate la lnumber lof lradioactive lnuclei lsuch las l
3H, l

14C land l
7Be. lThe lsecondary lmain 

lcontributor lis lthe lterrestrial lradioactive lsubstances lthat lbegin lfrom lthe lconfiguration lof 

lthe learth land lare lavailable luniversally lin lthe learth’s lcrust land lin lthe lhuman lbody litself. 
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lAbdu let lal., l(2017) lhas lreported lthat l“exposure lrate ldue lto lexternal lradiation lis lcaused 

lmostly lby lthe lactivity lconcentrations lof lradio-nuclides lof lnatural lorigin lof luranium 

lseries, lthorium lseries land lnatural lpotassium. lThese lprimordial lradio-nuclides lhave llong 

lhalf-lives, lthey lhave lsurvived lsince ltheir lformation land ldecaying lto lachieve lthe lsteady 

lstate land lproduce lionizing lradiation lin ldifferent ldegrees. lThe lstudy lof lthe lradioactive 

lmechanism lin lsoil, lrocks land lminerals lis la lfundamental llink lto lthe lunderstanding lof lthe 

lbehavior lof lradioactivity lon lthe lecology lsince lthese lsubstances lemit lradiation lby lthe 

lnatural ldisintegration lof lnatural lradio-nuclides land ladded lto lthe lentire labsorbed ldose lrate 

lvia linhalation, lingestion land lexternal lradiation. 

Aside lthe lnatural lexposure lfrom ldirect lcosmic lrays land lcosmogenic lradionuclides, 

lnatural lexposures lalso larises lmainly lfrom lprimordial lradionuclides lthat lare lspread 

lbroadly land lare lavailable lin lnearly lall lgeological lsubstances l(dolomite, lcalcite, lfeldspar 

land llimestone) lin lthe learth’s lsurroundings (UNSCEAR, l2000). 

The lgreater lpart lof lthe lnatural loccurring lradionuclides lbelong lto lthe lradio-nuclides lin lthe 

l
238U l(226Ra lwhich lis lthe ldaughter), lThorium l323 lseries, land lthe lsingle ldecay lradio-

nuclides, l
40K. lThose lradionuclides lwhich lemit leither lbeta lor lalpha lparticles lcan lbe lfed 

linto lthe lbody lby linhalation lor lingestion land lcan lgive lgrowth lto linternal lexposures. 

lFurthermore, lnuclear lspecies lof lsome lkinds lcan lemit lgamma lrays lfollowing ltheir 

lradioactive ldecay; lthese lrepresent lone lof lthe lmain lorigins lof lexternal l(whole-body) 

lexposures lto lhumans lsystems l(UNSCEAR, l2000). 

Environmental lproblems lallied lwith lNORM lin lsolid lmineral lmines lsuch las ldolomite, 

lcalcite, lfeldspar land llimestone loccurs lduring lthe lprocesses lof lblasting, ldrilling, lgrinding, 

lhandling, lstorage, lleaching, ltransportation lof lmineral lrocks/ lores land lthe luse lof lwaste 

lmedia lwithout lcontrols lor lcontaminated lequipment. lThis lfrequently lleads lto lthe lstretch 

lof lNORM lcontaminating lthe lsurroundings, lleading lto lpotential lradiation lexposure lof 
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lgeneral lpublic. lAn linstance lof lnegative lconsequence lof lcontaminated lenvironment lon 

lhumans, las la lresult lof lmining land lquarry lactivities lwas lreported lby lUNEP l(2010). 

Dolomite, lcalcite, lfeldspar land llimestone lare lamong lthe lnumerous natural rocks that 

contains lnaturally loccurring lradioactive lmaterials l(NORM) ltoday, lthese lNORM lor 

lsources ldeliver la llarge lcollective ldose lto lthe lworld lpopulation lthan ldo lall lman-made 

l(artificial) lsources lcombined (Fabiano let lal., l2011) . 

However, lrocks lcontain lhigh lactivity lconcentration lof lradionuclides llike luranium, 

lradium, lpotassium land lthorium. lThorium land luranium lare lintegrated linto lthe lrocks lin lthe 

lcrystallization lof lthe lprevious lmagma land lresidual lsolutions lsince ltheir llarge lionic lradii 

lstop lthem lfrom lcrystallizing lout lin lthe learly lsilicates l(Shiva let lal., l2008). lQuarry 

lactivities, linvolving lNORM lare lpotentially lsources lof lradiation lexposures lto lworkers 

land lthe lmember lof lthe lgeneral lpublic l(Mustapha let lal., l2007). 

Besides, lthe lradio-nuclides lcontained lin lthese lrocks lemit lionizing lradiation lto lthe 

lenvironment laround lthe lquarry; lthe lworkers lare lalso lsubjected lto lradiation lexposure land 

lalso lthe lfarming lcommunities. lThe linhabitants laround lsuch lsites lare lalso lsusceptible lto 

lradiation lexposure. 

In lorder lto lprotect land lmonitor lthe lhealth lof lthe lpublic land lstaff lagainst lthe lradiation 

lhazards loriginating lfrom lNORM, lin lthese lcases, ldolomite, lcalcite, lfeldspar land 

llimestone, ltherefore, lit lis limportant lto lmeasure lthe lradiation lexposure lrate llevel lat lthese 

lquarry lsites. 

1.2 Statement lof lthe lResearch lProblem 

Quarry land lmining lactivities lcan lenhance lthe lradiation lexposure llevel lby lbringing lout 

llarge lamount lof lburied lmaterials lcontaining lnatural loccurring lradionuclide lmaterials 

l(NORM) lon lto lthe lsurface lof lthe learth l(Saleh let lal., l2007; lKarangelos let lal., l2004). 

lBlasting, lcrushing land lprocessing lof lthese leconomic lminerals lreleases radionuclides as 
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that paticles at the lquarry lsites. these ldust lparticles lsuspended lin lthe latmosphere lforms 

lparticulate lmatter lof ldifferent lsizes land lare ltransported lto lvarious llocations lsuch las lwater 

lbodies, lcommunities, lfarm llands land lsettlements lby lair lcurrent, lthus lexposes lthe lgeneral 

lpublic land lthe lworkers lto linternal land lexternal lradiation lhazards. lThe lworkers lin lthese 

lquarry lsites land lthe lgeneral lpublic lare lexposed lthrough lingestions land linhalations lof 

lthese lradio-nuclides lemanating lfrom lthe lNORM lat lthese lquarry lsites. The ingestion and 

inhalation of these radioactive dust particles could lead to serious health concern if the 

radioactive level of the dust is high. Furthermore, the use of calcite for drugs and 

limestone for animal feed and other consumer goods suggests that these mineral stones 

can become a source of internal radiological contaminant. Also, the use of some of these 

economic stones for building material implies that they can act as a source of external 

radiological risk. The radiological levels of these materials (dolomite, feldspar, calcite 

and limestone) from Igarra area, Edo State, Nigeria have not been reported in the 

literature so far. This study thus lintends lto lestablish lthe lpresence, lactivity lconcentration 

lof lradio-nuclides lmaterials land lthe lradiological lhazard lin lthese leconomic lminerals lform 

lthese lquarry lsites lusing lgamma lray spectrometric technique so lthat lthe lgeneral lpublic 

land lstaff lof lthese lquarry lsites lcould lbe leducated lon lthe lpotential lthreats lpose lby lthese 

lradiological lpollutants land lto lalso lprovide lbaseline ldata lfor lfuture linvestigation land lfor 

lregulatory lbodies. 

1.3 Justification lof lthe lStudy 

This lresearch lis lbasically laim lat lassessing lradiological lhazards lindices lfrom lNORM lat 

lselected lquarry lsites lin lIgarra larea, Edo State, Nigeria. lIt lis limperative lthat lradiation 

lexposure lemanating lfrom lthese lminerals lare linvestigated land lmeasured, lto lensure lthat 

lthe lradiological lconditions lof lthese lminerals, lquarry lworkers land lend lusers lremain 

lacceptable. lThe ldata lfrom lthe lstudy lwill lhelp lto lput lin lplace lthe lappropriate lcontrol 
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lmeasures lwith lrespect lto lbasic lradiological lprotection land lwill lalso lserve las luseful 

ldatabase lfor lregulatory lbodies, lquarries loperators land lthe lgeneral lpublic. l 

1.4 Aim land lObjectives lof lthe lStudy 

The lresearch lis laimed lat lassessing lthe llevel lof lexposure lof lquarry lworkers land lthe 

lgeneral lpublic lto lionizing lradiation ldue lto lquarry lactivities lof leconomic lminerals lin 

lIgarra larea, Edo State, Nigeria lusing lgamma-ray lspectrometric technique. 

The lobjectives lof lthis lstudy lare lto; 

i. determine lthe lactivity lconcentrations lof l
226Ra, l

232Th and l
40K lin lselected lminerals 

l(dolomite, lfeldspar, lcalcite land llimestone) lfrom lthe lquarry lsites lin lIgarra larea, 

ii. evaluate lthe labsorbed ldose lrate land lradiological lhazard lindices ldue to the 

lradionuclides lin lthese economic minerals, and 

iii. evaluate lthe loccupational land lresidential lexcess llifetime lcancer lrisk larising lfrom 

exposure. 

1.5 Scope lof lthe lStudy 

The lresearch lwas lconducted lat ltwo lmajor lquarry lsites lin lthe lStudy lArea. lThe lfirst lquarry 

lsite lis llocated lat lIgarra ltown lcalled lGeoWorks lPlc, lwhich lhouses lother lquarry 

lcompanies. lThe lsecond lone lis llocated lat lEkpeshi ltown lcalled lBees lPlc, lstill lwithin lthe 

lIgarra larea, Edo State, Nigeria. lSamples lare lcollected lat lthese lsites land lthe lradiological 

lanalysis lwas lrestricted lto lthe lmeasurement lof lthe lthree lprimordial lradionuclide l
40K, 

l
232Th land l

226Ra lusing gamma spectrometer. 
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CHAPTER lTWO 

2.0  l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l lLITERATURE lREVIEW 

2.1 Background lStudy lof lthe lEconomic lMinerals l 

These leconomic lminerals l(dolomite, lfeldspar, lcalcite land llimestone) lare lused lfor lso 

lmany lthings; las lan laggregate lin lroad lconstructions, ltreatment lof lpoisoned lwater lbody, 

lmanufacturing lof lglasses land lfor ldrugs. lHence, lthese lminerals lare use llocally land 

linternationally, lthese lminerals lare lexported lto lother lcountries, lbecause lof ltheir leconomic 

lvalues lof lthese lminerals. The lfalling lcrude loil lprice had made lNigeria lto lbegin lto lfocus 

lher lattention lon lthe lsolid lmineral lsectors land lsubsequently, lthe lFederal lUniversity lof 

lTechnology, lMinna, lhas lestablished la ldepartment lin lthis lfield lrecently. lPlate l2.1 lshows  

lhow lthese lminerals lare lpackaged lto be lmoved lto lother ldestinations lfrom lthe lstudy 

llocations l(Plate l2.2). 

 

Plate l2.1: lPackaged leconomic lminerals lfrom lone lof lthe lquarry lsite 
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2.1.1 Dolomite lrock lcomposition, lphysical lproperties land luses 

Dolomite lis la lregular lrock-forming lmineral. It lis la lcalcium lmagnesium lcarbonate lwith la 

lchemical lcomposition lof lCaMg(CO3)2. lIt lis lthe lprincipal lcomponent lof lthe lsedimentary 

lrock lidentified las ldolostone land lmetamorphic lrock lknown las ldolomite lmarble. 

lLimestone lthat contains lsome ldolomite lis lidentified las ldolomitic llimestone.  

l

 

Plate l2.2: lTruck lbeing lloaded lfor lonward ltransportations lto lother ldestination 

Dolomite lis lvery lakin lto lthe lmineral lcalcite lwhere lcalcite lis lcomposed lof lcalcium 

lcarbonate l(CaCO3), ldolomite lis lcalcium lmagnesium lcarbonate l(CaMg(CO3)2). lThese lare 

ltwo lminerals lthat lare lone lof lmost lcommon lpairs lto lpresent la lmineral lclassification 

lchallenge lin lthe lfield lor lclassroom l(www.geology.com). lTable l2.1 lshow lthe lchemical 

land lphysical lproperties lof lthe lminerals lstudies lin lthis lstudy. 

Dolomite lrocks lare lused lfor lroad lbase lmaterial, lan laggregate lin lconcrete land lasphalt, 

lrailroad lballast, lcements, lacid lneutralizer, lglass, lbricks land lceramics 

l(www.geology.com). 
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2.1.2 Feldspar lrock lcomposition, lphysical lproperties land luses 

It lis the name lof la llarge lassembly lof lrock-forming lsilicate lminerals lrock lthat lmake lup 

lover l50% lof learth’s lcrust. They originate in ligneous, lsedimentary land lmetamorphic 

lrocks lin lall lpart lof lthe lworld. Feldspar lminerals lhave lvery lakin lstructures, lchemical 

lcomposition land lphysical lproperties. Common lfeldspar lincludes lorthoclase l(KAlSi3O8), 

lAlbite l(NaAlSi3O8) land lanorthite l(CalAl2Si2O8). Feldspar lminerals lhave llots lof luses lin 

lthe lindustry; lthey lare lused lto lproduce la lwide lrange lof lglass land lceramics lproducts lalso 

lfillers lin lpaints, lplastic land lrubber lindustries l(www.geology.com). l 

Table l2.1: lChemical lcomposition land ltheir lvarious lproperties lof lthe lstudied lmineral 

(source: lwww.geology.com) 

 Dolomite l Calcite Feldspar l Limestone l 

Chemical 

lcomposition 

CaMg(Co3)2 CaCo3 X(Al1Si)4O8 

X lcan lbe 

lpotassium. 

lSodium lor 

lcalcium 

Same las 

lcalcite 

Color White, lcolorless, 

lgray, lpink, 

lblack, lgreen, 

lyellow, lblue, 

lbrown, lorange 

White, 

lcolorless, 

lgray, lred, 

lgreen, 

lyellow, lblue, 

lbrown, 

lorange 

White, lcolorless, 

lgray, lred, lgreen, 

lyellow, lblue, 

lbrown, lorange, 

lblack, lpink 

Same las 

lcalcite 

Specific 

lgravity 

2.8 l– l2.9 2.7 2.5 l– l2.8 Same las 

lcalcite 

Crystal 

lsystem 

Hexagonal Hexagonal l Triclinic, 

lMonoclinic 

Same las 

lcalcite 

Luster Vitreous, lpearly Vitreous l  Same las 

lcalcite 

 

2.1.3 Calcite lrock lcomposition, lphysical lproperties land luses 

It lis la lrock-forming lmineral lhaving lthe lchemical lformula lof lCaCO3. lIt lis lexceptionally 

lcommon land lfound lthroughout lthe learth lin ligneous, lsedimentary land lmetamorphic 

lrocks. lIt lis lconsidered l‘ubiquitous lmineral’ l– lone lthat lis lfound lin lall lplaces lby lgeologist. 

lIt lis lthe lprimary lconstituent lof llimestone land lmarble. lIt lproperties lmake lit lone lof lthe 
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lmainly land lwidely lused lmineral. lIt lis lused las la lconstruction lmaterial, labrasives, 

lagricultural lsoil ltreatment, lconstruction laggregate, lpigment, lpharmaceutical, lbuilding 

lmaterial, lacid lneutralizer, land lmore. lTable l2.1 lshows lthe lchemical land lphysical 

lproperties lof lcalcite. lIn larea lwhere lstreams lare lplagued lwith lacid lexcavate ldrainage; 

lcrushed llimestone lis ldispensed linto lthe lstreams lto lneutralize lthe lwater. lIt lis lalso luse lin 

lmedicine lfor lstomach lacid lneutralizer land lsorbent lmaterials l(www.geology.com). 

2.1.4 Limestone lrock lcomposition, lphysical lproperties land luses 

Limestone lis la lsedimentary lrock lcomposed lprincipally lof lcalcium lcarbonate l(CaCO3) lin 

lthe ltype lof lthe lmineral lcalcite. lIt lis lcommonly lforms lin lclear, lwarm, lshallow lmarine 

lwaters. lIt lis lusually lorganic lsedimentary lrock lthat lforms lfrom lthe lgathering lof lshell, 

lcoral, lalgal, land lfaecal ldebris. lObviously, lit lhas lthe lsame lchemical lcomposition land 

lphysical lproperties las lcalcite l(see lTable l2.1). lLimestone, lby ldefinition lis la lrock lthat 

lcontains lat lleast l50% lcalcium lcarbonate lin lthe lform lof lcalcite lby lweight land lit lalso 

lcontain lat lleast lfew lof lother lmaterials lincludes lfeldspar, lquartz, lclay lmineral, lsiderite, 

lpyrite land lmore. lIt lis lused lfor lroad lbase, lrail lroad lballast, laggregate lin lconcrete, lcement, 

lfloor ltiles. LIt is used for heat - lresistant lcoating lon lasphalt-impregnated lshingles land 

lroofing, lacid lneutralizer, lfertilizer, lmedicine, lpaints, ltoothpaste, lornaments, lfeedstock 

land lmany lmore l(www.geology.com) 

2.2 Radioactivity 

Subsequent lto lthe ldiscovery lof lradio-activity lin l1896 lby lA. lH. lBecquerel l(Allisy, l1996), 

lthe lsciences lof lradio-activity land lradiation lhave lbeen lcomprehensively lstudied. 

lRadionuclides lare lthe lsources lof lradio-activity land lemit lionizing l(nuclear) lradiations 

lwhich lhave lbecome lcomponent lof lour ldaily llives. lRadioactivity lcan lbe lsaid lto lbe lthe 

lspontaneous lnuclear ltransformations lin lunstable latoms lthat lresult lin lthe lcreation lof lnew 

lelements. lThese ltransformations lare lcharacterized lby lnumerous lmechanisms, lwhich 
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linclude lalpha-particle lemission, lbeta-particle land lpositron lemission, land lorbital lelectron 

lcapture. lIt lis lworth lnoting lthat lradio-activity land lradioactive lproperties lof lradio-nuclides 

lare ldetermined lby lnuclear lconsiderations lonly land lare lindependent lof lthe lchemical land 

lphysical lstate lof lthe lradio-nuclides l(Cember land lJohnson, l2009). lHumans, lliving lon lthe 

lEarth’s lsurface, lhave lalways lbeen lexposed lto lnatural lionizing lradiations lsuch las 

lterrestrial land lextra-terrestrial lradiations. lThe lorigin lof lterrestrial lradiation lis lowing lto 

lthe lpresence lof lnaturally loccurring lradio-nuclides lsuch las lpotassium land lthe ldecay 

lchains lof lthorium land luranium, lthat are lin lvarying lamounts lin lrock-forming lminerals 

land lsoils; lwhile lextra-terrestrial lradiation lis lowing lto lhigh-energy lcosmic-ray lparticles. 

lIt lis lwell lknown lthat lthe lEarth’s lsurface lis lcovered lwith lrock land lrock-forming lminerals 

lsuch las ldolomite, lgranite, lmarble, lfeldspar land lothers and lthese lare lthe lprincipal 

lterrestrial lsources lof lradiation lin lthe lsurroundings lthat lcontribute lto lnatural loccurring 

lradio-nuclides l(NOR) l(Nanjundan let lal., l2018). lNaturally loccurring lradio-active 

lmaterials l(NORMs) lof lThorium lseries, lUranium lseries land lPotassium lseries lare lpresent 

lall lover lin lthe learth’s lsurface land ltheir lconcentration ldepends lon lthe lcomposition lof 

learth lmaterials and lall lthese lradio-nuclides lproduces lradiological lhazards leither lbelow lor 

labove lrecommended llimits l(Ali land lIbraheem, l2017). lRadiological lexposure lto lthe 

lgeneral lpublic larises lfrom ltwo lpathways: lexternal land linternal lradioactive lsources. 

lIrradiation lof lthe lhuman lbody lby lexternal lsources lis lmainly lowing lto lgamma lradiation 

lfrom l
238U l(226Ra) land l

232Th ldecay lseries land l
40K lseries. lAt lundisturbed lstate lof lthese 

lNORM, lthe llevel lof lnatural lenvironmental lradioactivity lis llow lcompared lto lworld lmean 

lactivity lconcentrations lof l
226Ra, l

232Th land l
40K lgiven lby lUNSCEAR l(2010) lbut lit lcan lbe 

lincreased lby lanthropogenic lactivities l(Dallou let lal., l2017). lThe lproperties lof lradiations 

lhave lbeen lextensively lapplied lto ldiverse lpurposes lsuch las lhealth, lbiology, lindustry, 

lagriculture, lmedicine land lelectric lpower lgeneration l(Eisenbud land lGesell, l1997). lAs la 
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lresult lof lthe luses lof lradiation, lhuman lbeings lcan lbe lexposed lto lthe lradiation lemitting 

lfrom ldifferent lradioactive lsources ldepending lupon ltheir lactivities land lthe lenvironments 

l(Klement, l1982). lHowever, lnot lall lof lthe linhabitants lis lsubjected lto lall lthe ldiverse 

lsources lof lradiation lexposure. lFor linstance, lpatients lwho lare ltreated lwith lhealth 

lirradiation lor lmembers lof lthe lstaff lwho lwork lin lthe lquarry lindustries lmay lreceive lhigher 

lradiation lexposure llevels lthan lmembers lof lthe lpublic l(Watson let lal., l2005). 

Nearly lall lnoticeable lradiation lsources lto lwhich lall lpersons lare lexposed l(both lin lworking 

land lpublic ldomains) lare lthe lionizing lradiation loriginating lfrom lradio-nuclides lin lthe 

learth’s lsurface land lthe linteraction lof lcosmic lrays lon lthe learth’s lsurrounding 

l(UNSCEAR, l2000). lAccording lto lthe lNational lCouncil lon lRadiation lProtection land 

lMeasurements l(NCRP) lthe lforemost lsource lof lradiation lexposure lto lhuman lbeings lis 

ldue lto lradiation lof lnatural lorigin lin lthe lenvironment l(NCRP, l1975). 

2.2.1 Radioactivity ldecay llaw 

The lspontaneous ltransform lof lan lunstable lnuclide linto lanother lis lcalled lradioactive 

ldecay. lThe lunstable lnuclide lis lcalled lthe lparent lnuclide lwhile lthe lnuclide lthat lresults 

lfrom lthe ldecay lis lidentified las lthe ldaughter lnuclide. lThe ldaughter lnuclide lpossibly lwill 

lbe lstable, lor lit lmay ldecay litself. 

The lradiation lcreated lduring lradioactive ldecay lis lsuch lthat lthe ldaughter lnuclide llies 

lcloser lto lthe lband lof lstability lthan lthe lparent lnuclide, lso lthe llocation lof la lnuclide lrelative 

lto lthe lband lof lstability lcan lserve las la lguide lto lthe ltype lof ldecay lit lwill lundergo lAlthough 

lthe lradioactive ldecay lof la lnucleus lis ltoo lsmall lto lsee lwith lthe lbare leye, lwe lcan lindirectly 

lview lradioactive ldecay lin la lsetting lcalled la lcloud lchamber. 

2.2.2 Types lof lradioactivity 

Figure l2.1 lshow lbriefly lthe ltypes lof lradioactivity. 
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Figure l2.1; lSummary lof lthe lform lradiation, lnuclear lequation, lrepresentation, land lany 

lchanges lin lthe lmass lor latomic lnumbers lfor ldifferent ltypes lof ldecay 

l(https://opentextbc.ca/chemistry/chapter/21-6-radioactive-decay/) 

 

2.3 Gamma lRay lSpectrometer 

2.3.1 Gamma l- lray lspectrometry ltechnique 

Gamma lray lspectrometry lis la lradio-chemistry lmeasurement ltechnique lthat lestimates lthe 

lenergy land lcount lrate lof lgamma lrays lemitted lby lradio-active lmaterials. lGamma 

lspectroscopy lis lan lexceptionally limportant lmeasurement. lA lcomprehensive lanalysis lof 

lthe lgamma lray lenergy lspectrum lis lused lto lestablish lthe lidentity land lquantity lof lgamma 

lemitters lavailable lin lthe lsamples. lThe lapparatus in lgamma lspectrometer lincludes la 

gamma ldetector, la lpulse lsorter l(Multi lChannel lAnalyzer) land lassociated lamplifiers land 

ldata lreadout ldevices. lThe ldetector lis la lsodium liodide lNaI(Tl) lthallium lscintillation 

lcounter. 

2.4 Radiation lPhysics 

Radiation lcan lbe ldefined las lthe lpropagation land lemission lof lenergy lin lthe lappearance lof 

lrays lor lwaves lfrom lthe latoms land lmolecules lof la lradioactive lsubstance las la lresult lof 
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lnuclear ldecomposition. lIt lis lsaid lto lbe lclassified linto ltwo lmajor ltypes; lnamely lionizing 

land lnon-ionizing. lIonizing lradiation lis lthe ltype lof lradiation lthat lis capable lof lionizing lan 

latom. Ionization occurs lwhen lone lof lthe lorbital lelectrons lof lan latom lis lbeen lentirely 

lremoved. lRadiation lor lradiological lphysics lcan lbe lstudied lnaturally lin ltwo lparts: lphysics 

lof lthe latomic land lnuclear lphysics. Radiological lphysics lis lthe lstudy lof lthe lscience lof 

lionizing lradiation land lits linteraction lwith lmaterial lmatter, lwith lunique linterest lin lthe 

lenergy lthat is labsorbed. lRadiological lphysics lhas lit lorigin lwith lthe ldiscoveries; lof 

lradioactivity lby lHenri lBecquerel, lthe lx-rays lby lWilhelm lRontgen, llof lradium lby lthe 

lCuries lin lthe l1890s. Within la lvery llittle ltime lboth lx-rays land lradium lbecame luseful 

lapparatus lin lthe lpractice lof lmedical lscience. lThe lhistorical ldevelopment lof lradiological 

lphysics lsince lthen lis lin litself linteresting land lhas laided lscientists lin lunderstanding lthe 

lquantities land lunits lused lin lthis larea ltoday. l 

2.5 Radiations lAssociated lwith lRock lTypes 

Radioactivity lof la lnatural lorigin lis lwide lstretch lin lthe learth’s lsurroundings land lit lexists lin 

lvarious lgeological lformations lin lsoils, lrocks, lwater, lplants land lair l(Kolo let lal., l2017). 

lThe lmajor lradioactive lmaterials lare llong-lived lradio-nuclides las llisted l
238U, l

232Th, land 

l
40K lknown las lNORM. lThese land lother lradio-nuclides lcomprise lthe lterrestrial lsources lof 

lionizing lradiation. lThe lactivity lconcentrations lof lthese lradio-elements lranges 

lconsiderably land ldepend lon lthe lformation ltypes lof lthe lmineral lrock. For lexample lin 

lsand lstone land llimestone lregions, lthe lconcentrations lare lmuch llower lthan lin lgranite 

lareas. lAll lhuman lbeings lare l lexposed lto lthis lionizing lradiation lby lexternal lsources l(e.g. 

lterrestrial land lcosmic lradiations) lwhich lirradiate lthe l lhuman lbody lwith lgamma while lthe 

linternal lhazard lrequires lthe lintegration lof lradioactive lmaterials linto lthe lbody lthrough 

lingestion lor linhalation. 
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In laddition lto lthe linevitable lnatural lbackground lradiation lsources, lman lis lexposed lto 

lvarious lother lsources lof lradiation lresulting lfrom lman-made lhuman lactivities lsuch las 

lmining, lblasting, lmedical luses lof lradiation, lradioactive lwastes land loccupational 

lexposures lfrom lnuclear lreactors, lquarries land lnuclear lfacilities. lIn lcurrent ltimes, lthere lis 

la lbetter lawareness lof lthe leffects lof lenvironmental lbackground lradiation lfrom lnatural 

lradioactivity lwhich lhas lbeen lincreased lby lsome lenvironmental lfields lsuch las lsoil, lrocks, 

lair, lwater, lmining land lquarry lactivities. lAttention lhas lbeen lset lto lradioactivity lcontents 

land lradiation lexposure llevels lin ldifferent ltypes lof lsolid lmaterials lowing lto lnatural 

loccurring lradioactivity. lRadiation, lby lits lvery lcharacter, lis ldetrimental land lalso luseful lto 

llife. lDepending lon lthe ldoses, lit lcan linduce lcancer, lgenetic land lorgan ldamages, lkilling lof 

lcell land lalso lrapid ldeath. 

Gulcin let lal. l(2017) lstudied lthe lradioactivity lconcentration llevels land lradiological lrisk lin 

lsome lbuilding lmaterials l(limestone, lclay, ltrac, liron lcore, lgypsium land lother) lat lthe 

lprovince lof lKars, Turkey land lthe lstudy lshows lsome llevel lof lhazards lpresent lin lthe larea 

lalso lthe lsame lapproach lwas lalso lused lin linvestigating lthe lradiological limplication lof 

lcoal-mining lat lMaiganga lcoalfield lby lKolo let lal. l(2017) land lfound lpresence lof 

lradiological lhazards leven lthough lless lthan lthe lworld lstandard. 

Assessment lof lthese lradio-nuclides lin lsoil, lrock land lbuiding lmaterial lin lnumerous lparts 

lof lthe learth lhas lbeen lon lthe lincrease lin lthe lpast lfew ldecades lbecause lof ltheir lhazards lon 

lthe lhealth lof lthe lgeneral lpopulation l(Belivermis let lal., l2009; lMc-Aulay land lMorgan, 

l1988; lSesana let lal., l2006; lGbadebo land lAmos, l2010; lMatiullah let lal., l2004; lTahir land 

lAlaamar, l2008; lVeiga let lal., l2006, lPenabbei let lal., l2018). Through lthe lpast lfew lyears, 

lparticular lattention lhas lbeen lcommitted lto lthe leffect lof lnatural lradiation lin lconstruction 

lmaterials l(dolomite, lgranite, lcalcite, lfeldspar land lothers) lin lAsian, lEuropean land lsome 

lAfrican lCountries l(Shittu let lal., l2015; lEbiad land lBakr, l2012; lAdagunodo let lal., l2018). l 



24 
 

Rafique let lal. l(2014) lreported la lstudied ldone lin lthe lAzad lKashmir lstate, Pakistan, la lstate 

lthat lis lrich lin lthree lin lthese lrock ltypes, lnamely; lmetamorphic, lsedimentary land ligneous 

lrocks. lThese lrocks ltypes lcontain lextensive ldeposits lof lgraphite, llimestone, lmarble, 

lquartzite, ldolerite, lgranite land lsandstone, lthat lare lcommonly luse lin lconstruction 

lindustries lin lAzad lKashmir, Pakistan. lThe lreport lshows lthat lthirty l(30) lrock lsamples 

lwere lcollected lfrom ldiverse lgeologic lformations lof lthe lMuzaffarabad lDivision, lAzad 

lKashmir land lthe lspecific lactivities lconcentration lof l
226Ra, l

232Th land l
40K lin lthem lwere 

ldetermined lusing la lP-type lcoaxial lhigh-purity lgermanium ldetector. lIt lwas lobserved lthat 

lthe lhighest lgamma ldose lrate lvalues lfor lmetamorphic, lsedimentary land ligneous lrocks 

lwere lfound lto lbe l83.16 l± l1.08, l135.87 l± l1.18, land l115.98 l± l1 lnGy/h, lrespectively. lThe 

lradium lequivalent lactivity l(Raeq) lvaried lfrom l23.76 l± l1.15 lfor ldolomite lsample l(igneous 

lrock) lto l293.69 l± l2.60 lBq/kg lfor lmarble l(metamorphic lrock). lThe lRaeq lvalues lof lall lrock 

lsamples lwere llower lthan lthe llimit lmentioned lin lthe lOrganization lfor lEconomic 

lCooperation land lDevelopment l(OECD, l1979) lreport l(370 lBq/kg, lequivalent lto lγ-dose lof 

l1.5 lmSv/y). lThe lexternal l(Hex) land linternal lhazard lindices l(Hin) lvalues lwere lless lthan 

lone l(1). lThe laverage loutdoor land lindoor lannual leffective ldose lequivalents lare l0.073 

lmSv/y land l0.29 lmSv/y, lrespectively. lThe laverage l(over lall ltypes lof lrock lsamples) lannual 

leffective ldose lequivalent lwas lreported las l0.36 lmSv/y. 

 lTzortzis let lal. l(2003) linvestigated lthe lgamma-ray lmeasurements lof lnaturally loccurring 

lradio-active lsamples lfrom lCyprus lcharacteristic lgeological lrocks lusing lhigh lresolution 

lgamma lray lspectroscopy l(HPGe) ldetector land lfound lout lthat lthe lspecific lactivity 

lconcentrations lfor l
232Th lranges lfrom l(1.3 lto l52.8) lBq/kg, l

238U lfrom l(0.9 lto l90.3) lBq/kg 

land l
40K lfrom l(13 lto l894) lBq/kg. lThe lgamma labsorbed ldose lrates lin lair l(outdoors) lwere 

lcalculated lto lbe lin lthe lrange lof l0.1-50 lnGy/h lwith lan lgeneral laverage lvalue lof l14.7±7.3 

lnGy/h. lThe lequivalent leffective ldose lwere lalso lestimated lto lbe lin lthe lrange lfrom l0.1-



25 
 

61.4 lµSv/y lwhich lis lbelow lthe lworldwide lmean lvalue lof l70µSv/y l(UNSCEAR, l2008). 

lThe lstudies lconcluded lthat lthe linhabitants lof lthe lIsland lare lopen lto la lradiation lexposure, 

lthat lis lnot lsignificant. 

El-Arabi let lal. l(2007) lexamined lthe lassessment lof lterrestrial lradiation ldoses lrate llevel lfor 

lsome lEgyptian lgranite lrock lsamples land lfound lout lthat lthe lmean ldose lrates lvalues lfor 

loutdoor land lindoor lair lfor lgranites lof lEgypt ltripple lthe lworld laverage. lwhile lthe 

lcorresponding lmean lvalues lfor lQash lAmir land lHamra ldome lgranites l(both lin lEgypt) lare 

lfive land lsix ltimes lgreater lthan lthe lworld laverage lrespectively. 

Ebiad land lBakr l(2012) ldid la lcomprehensive lstudies lon lthe lradiological lhazards lresulting 

lfrom lgranite land lmarble lthat lare lused lin lbuilding lindustries lin lEqypt lusing lHPGe land lthe 

lstudies lshowed lthat lthe lspaecific lactivity lconcentrations lof lnatural lradio-nuclides lin lthe 

lcollected lsamples lwere lwithin lthe lmeasured lvalues lwhen lcompared lwith lsimilar lsamples 

lstudied lin lEgypt land lother lcountries. lThe labsorbed ldose lrate llevel lin lmost lof lthe lsamples 

lcollected lwere lhigher lthan lthe lworld laverage lvalue lowing lto lthe lhigh lactivity lof l
40K. 

lOther ldose lrate lcriteria, lthat lis lradium lequivalent l(Raeq), lexternal lhazard lindex land 

lgamma lindex lwere llower lthan lthe linternational lsafety lrecommendations. lIt lwas lobserved 

lthat lneither lthe lmarble lnor lgranite lsamples lunder lstudied lshown lany lindications lof ldoses 

lexceeding lthe lregulatory lrestrictions. 

Ibrahim let lal. l(2014) ldid lcarried lout lthe lassessment lof lnatural lradioactivity lof lsome 

lquarries lraw lproducts lin lthe lGovernorate lof lEl-Minya, lEgypt lusing la lhigh lpurity 

lgermanium l(HPGe) ldetector. lThe lstudied lwas lconducted lin l(10) lquarries lsites llocated lin 

l5 ldifferent ldistricts lat lEl-Minya land lfound lout lthat lthe lactivity lconcentrations lof l
238U, 

l
232Th land l

40K lranged lfrom l(25.0±0.3 lto l68.0 l± l0.9) lBq/kg, l(37.0 l± l0.4 lto l88.0 l± l2.0) 

lBq/kg, land l l(480.0 l± l11.0 lto l820.0 l± l13.0) lBq/kg. lThe lresearch lrevealed lthat lthe lhighest 

lactivity lconcentrations lof l
232Th land l

238U lwere lfound lin lGabal lEl-Tire lwhereas l
40K lwas 



26 
 

lfound lin lNazlet lHussain. lThe llowest lactivity lconcentration lof l
232Th, l

238U land l
40K lwere 

lobserved lin lZawyet lSultan. 

Alnour let lal. l(2012) lcarried lout lthe ldetermination lof lthe lactivity lconcentration lof lnatural 

lradio-nuclides lin lthe lgranite lfrom lselected lquarry lsites lin lthe lstate lof lJohor, lMalaysia 

land ltheir llikely lradiological leffects lusing lgamma lspectrometry ldetector. lThe lstudies 

lfound lout lthat lthe lactivity lconcentrations lof l
238U, l

232Th land l
40K lin lthe lareas lstudied 

lwhich lindicated lvarying lvalues lof l
238U, l

232Th land l
40K. lThe lmaximum lvalues lof l

238U land 

l
232Th lconcentrations l(67±1 land l85±2 lBq/kg) lrespectively land lwere lobserved lat lKamad 

lQuarry l(IJM), lwhereas lthe lmaximum lvalue lof l
40K lconcentration l(722±18 lBq/kg) lwas 

ldetected lin lKim lSeng lQuarry, lwhile lthe lvalues lof lactivity lconcentration lare lminimum lin 

lHanson lQuarry lProducts l(Kulai) l(25±0.5 lfor l
238U, l24±0.5 lfor l

232Th land l429±11 lfor l
40K). 

lGenerally, l
40K lhas lthe lmaximum lspecific lconcentration lin lthe lgranite lrocks lof lthe lquarry 

lsites. lThe lgamma labsorbed ldose lrate lwas lfound lto lbe l75 l± l2 lnGy/h land leffective ldose 

lranged lfrom l58 lto l137 lμSv/h. lMoreover, lthe linternal land lexternal lhazard lindex lvalues 

lwere llower lthan lunity. 

Kinyua let lal. l(2011) linvestigated lthe lactivity lconcentration lof lprimordial lradio-nuclide lin 

lstone lquarries lin lKenya lusing la lP-type lintrinsic lgermanium ldetector. lStones lat lvarious 

ldepths lwere lcollected lfor lthe lgamma lspectrometry lanalysis. lThe lresults lof lthe 

lradionuclides lconcentration of l
238U, l

232Th land l
40K lobtained lvaried lat ldifferent ldepth land 

llocations. According lto ltheir lfinding lthe lvariation lof lnatural lradioactivity llevels lat 

ldifferent lsampling lsites lwas ldue lto lthe lvariation lof lconcentrations lof lradio-nuclides lin 

lthe lgeological lformations. lFurthermore, lthe lconcentrations lof lthe lprimordial lradio-

nuclides lwere lall labove lthe lworldwide lvalue las lrecommended l(UNSCEAR, l2010). lThe 

lpresence lof lsuch lhigh lradioactivity lwas lascribed lto lthe lpresence lof lmineral lrocks lsuch las 

lzircon, liron loxides, lfluorite land lother lradioactive lassociated lminerals lalso lCaspah let lal. 
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l(2015) lstudied lthe lradiological lhazards lindex larising lfrom lgold lmine ltailings lin lthe 

lGeuteng lprovince, lSouth lAfrica, lwhere lit lwas lfound lthat lthe lparameter lcalculated 

lexceeded lthe lrecommended lsafe llimits, lposing lserious lhealth lrisk lto lhumans land lthe 

lenvironment. l 

Penabbei let lal. l(2018) linvestigate lthe lradiological lhazards lassociated lwith lsome 

lconstruction lmaterials lat lMayor-Kebbi lregion lin lChad lwhich lconfirmed lthat lbricks 

l(soils) lfrom lsome lparts lof lthe lcountry ldid lexceed lthe lrecommended lsafe llimits lbut lthis 

lsame lmethod lwas lused lfor lthe linvestigation lof lbuilding lmaterials lat lBangladesh land it 

was lfound lthat lthe lhazards lindices lwas lbelow lthe lrecommended lsafe llimits l(Khatun let 

lal., l2018). 

In lNigeria, lseveral lmeasurements lof lradiation llevels lin lsome lparts lof lthe lcountry lhave 

lbeen lcarried lout lby ldifferent linvestigators. lAdagunodo let lal. l(2018) lobserved lhigh 

lpesence lof lthorium lat lIfonyintedo lkaolin lmining lsite land lUsikalu let lal. l(2018) lalso 

lrevealed lthe lradiactivity lconcentration land lit lradiological limplication lon lthe ldwellers 

lwhich lfell lbelow lthe lworld lstandard. lGbenu l(2011) lexamined lthe lradiological leffects lof 

lquarry lproducts lin lsouthwestern, lNigeria lusing lNaI(Tl) ldetector. lFive l(5) lquarry 

lproducts l(gravels/dust) leach lwere lcollected lat lten l(10) lquarry lsites lin lOgun, lOyo, lOsun, 

lEkiti lState land lOndo. lThe lresults lobtained lshows lthat l
40K lhas lthe lhighest lactivity 

lconcentration lranged lfrom l(20.76 l± l2.64 lto l2003.70 l± l12.08) lBq/kg, l
238U lranges lfrom 

l(5.35 l± l0.44 lto l71.35 l± l1.13) lBq/kg, lwhile l
232Th lranges lfrom l(11.04 l± l7.59 lto l560.59 l± 

l37.90) lBq/kg. l lAlso lthe lannual leffective ldose lequivalent lof lall lthe lsamples lcollected lat 

lthese lquarries lwere lbelow lthe lsafety llimit las lsuggested lby lInternational lCommission lon 

lRadiological land lProtection l(ICRP, l2010), lexcept that of Igede lquarry lwhich lis labove 

lthe lsafety llimit land lcould lpose la lhealth lsituation lto lthe lmember lof lthe lpublic. 
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Gbadebo l(2011) lexamined lthe lassessment lof lradiation llevel lwithin land laround lstone 

lbridge lquarry lsite llocated lclose lto lIbadan, lSouth-western, lNigeria lusing la lradiation 

lmeter. lRadiation lmeasurements lwere ldone lat la ldepth lans at a distance of l2.0m lup lto 

l500m laway lfrom lthe lquarry lsites. lThe lradiation llevel lwas lfound lto lbe lhigher lin lthe 

lfreshly lquarried lcoarse laggregates lthan lpreviously lquarried lcrude lrock laggregate land 

lalso lhigher lin lmuscovite lcoarse laggregate lthan lin lbiotite lcrude laggregate. lThe lstudy lalso 

lreveals lthat lthe ldose lrate land lannual leffective ldose l(47.7 lnGy/h land l58.5 lµSv/y) lwere 

lbelow lthe lrecommended lvalue. LThe study lconcluded lthat lhabitual lmonitoring lof lthe 

llevels lof lradiation land ldetermination lof ldiverse ltypes lof lradio-nuclides lin lthe larea lis 

lrecommended lin lorder lto lput lin lposition lsuitable lpolicy lon lhealth lof lthe lpopulace. 

Ademola l(2011) linvestigated loccupational lexposure lrate lin lquarry lindustry ldue lto lthe 

lpresence lof lNORM lusing lgamma-ray lspectroscopy ldetector land lfound lout lthat lthe 

lannual leffective ldose lequivalent lof lworkers lthrough ldifferent lexposure lpathways lvaried 

lfrom l21.48 lto l33.69µSv/y. l 

Odunaike let lal. l(2008) lmonitored lradiation lexposure lto lworkers land lvillagers lin land 

laround lsome lselected lquarry lsites lin logun lstate lof lNigeria land lrevealed lthat lthe lhighest 

lannual ldose lrate lor lexposure lof l49.1 lµSv/y lwas lmeasured lwhich lis lbelow lthe 

lrecommended llimit lof l70 lµSv/y. 

Ademola let lal. l(2010) lreported lan lincrease lin lthe lactivity lconcentrations lof l
238U, l

232Th 

land l
40K lin lmineral land lsoil lsamples lfrom la lmining lsite lin lIbadan, lSouth-Western 

lNigeria. lThe lresults lshow lthat lgamma lemitting lradio-nuclides lare lassociated lwith lrocks 

land ltheir lactivity lconcentrations lcould lbe lmore lthan lthe lworld lbenchmark lvalues lfor 

lradiation lsafety. Essien land lAkpan l(2016) lstudied land linvestigated lthe lsoil laround 
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lselected lquarry lsites lin lpart lof lAkwa lIbom lState lNigeria lfor lradiological lhazards land 

lfound lthat lit lwas lbelow lthe lrecommeded llevel. 

Ndinwa land lOhwona l(2014) lreported lthe lenvironmental land lhealth limpact lof lquarrying/ 

lmining lin lIgarra lArea. lThe lreport lrevealed lthe lstate lof lhealth lhazard lemanating lfrom lthe 

lexploration lof learth lresources lby lquarrying ltechnique land lsubsequent lprocessing, 

lnotable lamongst lother lhealth lchallenges lare lradiological lhealth lchallenges, lhence lthe 

lreport lsuggested lthat lprominence lshould lbe lshift lto lsustainable lexploration lof lthe learth’s 

lresources lwhile lthe lenforcement lagencies lshould lensure lthat lquarrying land lmining lof 

lthese leconomic lminerals lby lprospectors lare lin lline lwith lquarry lact lof lNigeria l1979. 

Similarly lOsahon land lAbiola l(2014) lassessed lthe lbackground lgamma lradiation lof 

lGeoWork lquarry lsite lin lIgarra lArea lusing ldigital lGeiger lcounter lGCA-07 lmodel, 

lcalibrated lwith lcesium l-137 l(137Cs) lwith la lradiation lmonitor. lIt lwas lfound lthat lthe 

lradiation lvalue lwere llower lthan ldose llimit lprescribed lby lICRP lfor lall lpersons lother lthan 

lthose loccupationally lexposed. lThe lreport lhowever lconcluded lthat lthe lcontinuous 

lexposure lof lthe lstaff, lenvironment land lthe lgeneral lpopulace lmay lconstitute lhealth 

lhazards lin lthe lnear lfuture. 

Also lAdemila l(2018) lreported lthat lfeldspar lis lrich lin luranium land lthorium, la lresearch 

ldone lat lIkole lEkiti lState, lNigeria. The report lrevealed lthat the absorbed lgamma ldose 

lrate, the lexternal lhazard land the linternal lhazard lindex as well as the lannual leffective 

ldose lequivalent lof lthe lstudy larea lwere lbelow lthe lworld lstandard llimit lfor lradiological 

lhazard lstudies. 

In lEgypt, lMohamed let lal. l(2016) ldetermined lthe lpresence lof lradionuclide lin lraw lmaterial 

lused lin lcement lmanufacturing lin lEqypt. lThese lraw lmaterials lare llimestone, lclay, lslag 

land lgypsum. lThe lstudy lrevealed lthat llimestone lhas lvalues l
238U l(0), l

232Th l(47x10-5
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lBq/kg) land l
40K l(682x10-5

 lBq/kg) lwith lexternal ldose lrate lof l85 l(nSv/h) lwhich lshows lthat 

llimestone lcomponent lof lthe lraw lmaterial ldoes lnot lposes lany lrisk lto lthe lpublic. 

lElsaman let lal. l(2018), ldid la lstudy lon lthe lnatural lradioactivity lof lsome lselected lEqyptian 

lmaterials luse lin lglass lmanufacturing land lceramic. lThese lmaterials lincludes llimestone, 

lfifteen lsamples lwere lcollected lat lfive llocation. lThe lactivity lconcentration lwas 

ldetermined lusing lgamma-ray lspectrometer. lThe lmean lvalues lof lthe lactivity 

lconcentration lranged lfrom l28±2 lto l163±12, l2.8±0.7 lto l40±3 land lfrom l49±4 lto l1337±47 

lBq/kg lfor l
226Ra, l

232Th land l
40K, lrespectively. lThe lvalues lof lgamma labsorbed ldose lrate, 

lradium lequivalent land lannual leffective ldose lequivalent ldue lto l
226Ra, l

232Th land l
40K 

lrespectively lare lranged lfrom l22.05 lto l101.59 lnGy/h, l45.90 lto l224.22 lBq/kg land l27.04 lto 

l124.89 lμSv/y, lhence lthe lstudy lshow lthat llimestone las lone lof lthe lmaterial lwould lnot lpose 

lany lconsiderable lradiological lhealth lhazard. 

In lTurkey, lYapici let lal. l(2017) ldid la lradiological linvestigation lon lsome lselected lstones 

l(calcite, ldolomite, llimestone land lothers) lin lTurkey land ldiscovered lthat lthe laverage 

lactivity lconcentrations lof l
226Ra, l

232Th land l
40K  lmeasured were l28.9, l30.8 land l355.0 

lBq/kg lrespectively. lFor leach lstone lsamples, lthe lactivity lconcentration lindex, lthe 

labsorbed ldose lrate land lthe lannual leffective ldose lwere lestimated land are shown to lmeet 

lthe lexclusion lannual ldose lcriterion with the exception of sample “Aksaray 1”. 

In lYemen, lMohamed let lal. l(2016) lreported lthe lnatural lradioactivity lconcentration lof 

lPrecambrian lrocks l(gneissic lgranite, lalkali lfeldspar lgranite land lpegmatite-apltes) and 

revealed that the labsorbed ldose, lthe radium lequivalent, lthe external l land lthe internal 

lhazard lindices, lthe gamma lrepresentation lindex land lthe excess llifetime lcancer lrisk lfor 

lalkali lfeldspar lgranite lwere l148.28 lnGy/hr, l279.94 lBq/kg, l0.81. l0.98. l1.32, l7.19, 

lrespectively. These results shows lthat lthe lpotential lof lpeople lhaving lcancer lis lvery llow. 
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 lShittu let lal. l(2015) linvestigated lhazards lemanating lfrom lgranite lat lselected lquarry lsites 

lin lFCT lAbuja, Nigeria lusing lgamma lspectrometry ltechnique and lshowed lthat lthe 

lactivity lconcentration lof lthe l
226Ra, l

232Th land l
40K lwere lgreater lthan lthe lsafety llimits 

lwhile lradium lequivalent l(Raeq) land lannual leffective ldose lequivalent l(AEDE) lwere 

lbelow lthe lsafety llevel. Kolo l(2014) carried out gamma spectrometry technique on 

lphosphate lrock and lfound lthat lall lthe lstudied lhazard lparameters lwere lgreater lthat lthe 

lsafety llimits, lalso lAborisade let lal. l(2018) lusing lthe lsame ltechnique lon sample from a 

lmining lsite lin lNasarawa lstate, Nigeria ldiscovered lthat lthe lannual lgonadial ldose 

lequivalent land lother lhazards lindices lwere lgreater lthan lthe lsafe llimits las lrecommended. 

Abdullahi let lal. l(2018) showed lthat lthe lsafety llevels lwere lnot lexceeded lby ltheir 

evaluated lhazard lparameters lof ltiles lin lMalaysia. lKolo let lal. l(2017) lworked lon a samples 

from a lmining lsite lat lMaiganga, Nigeria land lthe linvestigated lhazard lparameters lwere 

lbelow lthe lsafety llimits. 

2.6 Effects lof lRadiation lin lBiological lSystem 

When lthe lhuman lbeing lis lexposed lto lsome lradiation, lof leither lexternal lor linternal 

lsources, lexcitation land lionisation lof latoms land lmolecules lcan lbe lformed. lSubsequently, 

lthe linteraction lof lradiation  lwith lbiological lorganisms lcan lresult lin lthe lharm land ldeath lof 

lliving lcells land lor lthe lmutation lof lgenetic lsubstance. lThe lvariation lof lthe lbiological 

leffects lof lradiation ldepends lon lform lof lradiation land lits lenergy lthat lis ltransferred lto lthe 

lirradiated lparts lof ltissues land lorgans lduring lthe lexposure ltime l(Noz land lMaguire, l2007). 

lThe lquantification lof lthe ltotal number of lionisation lwhich loccurred land lthe lenergy 

labsorbed lby lparticular lcells lrelated lwith lbiological leffectiveness lcan lbe lconsidered lin 

lterms lof lradiation ldosimetry. 
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2.6.1 Ionizing land lnon-ionizing lradiation 

There lis la lgreat ldifference lin lthe ldegree lof lthe leffects lon lbiological lsystems lof lnon-

ionizing lradiation l(for lexample, llight land lmicrowaves) land lionizing lradiation l(Figure 

l2.2) lthat lhas lenergy lenough lto lremove lelectrons lout lof lmolecules l(for lexample, lα land lβ 

lparticles, lX-rays, lγ lrays land lhigh lenergy lultraviolet lradiation). lEnergy labsorbed lfrom 

lnon-ionizing lradiation lspeeds lup lthe lmovement lof latoms land lmolecules, lwhich lis 

lcomparable lto lheating lthe lsample. lAlthough lbiological lsystems lare lreceptive lto lheat l(as 

lwe lmight lrecognize lfrom ltouching la lhot lstove lor lspending la lday lunder lthe lsun lin lMinna, 

lNigeria), la lhuge lamount lof lnon-ionizing lradiation lis lrequired lbefore ldangerous llevels lare 

lreached. lIonizing lradiation, lon lthe lother lhand, lmay lcause lmuch lmore lsevere lharm lby 

lbreaking lbonds lor lremoving lelectrons lin lbiological lmolecules, ldisrupting ltheir lstructure 

land lfunction l(https://opentextbc.ca/chemistry/chapter/21-3-biological-effect-of-

radiation/). 

 

 

Figure l2.2; lIonizing lradiation land lnon-ionizing lfrequency 

l(https://opentextbc.ca/chemistry/chapter/21-3-biological-effect-of-radiation/). 

 

2.6.2 Physiochemistry lof lbiological leffects lof lradiation 

The lrise lin lthe luses lof lradioisotopes lfor lmedical lpurposes land lNORM lin lvarious lhome 

lhave lresulted lto lincreased lconcerns lover lthe leffects lof lthese lresources lon lbiological 

lsystems. lWhen lthis lradiation lencounters lliving lcells, lit lcan lcause ldamages lsuch las 
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lheating, lbreak lchemical lbonds, lor lionize lmolecules. lThe lmost lserious lbiological ldamage 

lresults lwhen lthese lradioactive lemissions lfragment lor lionize lmolecules. lFor lexample, 

lalpha land lbeta lparticles lemitted lfrom lnuclear ldecay lreactions lpossess lmuch lhigher 

lenergies lthan lordinary lchemical lbond lenergies. lWhen lthese lparticles lstrike land lpenetrate 

lmatter, lthey lproduce lions land lmolecular lfragments lthat lare lextremely lreactive l(Figure 

l2.3). lThe ldamage lthis ldoes lto lbiomolecules lin lliving lorganisms lcan lcause lserious 

lmalfunctions lin lnormal lcell lprocesses, ltaxing lthe lorganism’s lrepair lmechanisms land 

lpossibly lcausing lillness lor leven ldeath l(https://opentextbc.ca/chemistry/chapter/21-3-

biological-effect-of-radiation/). 

 

Figure l2.3; lSchematic ldiagram lof lhow lradiation lcan ldamage lbiological lsystems lby 

ldamaging lthe lDNA lof lcells. l(https://opentextbc.ca/chemistry/chapter/21-3-biological-

effect-of-radiation/). 

 

2.7  lRadiation lDosimetry 

Radiation ldosimetry ldeals lwith lthe lmeasurement lof lthe labsorbed lgamma ldose lor lgamma 

ldose lrate lresulting lfrom lthe linteraction lof lionizing lradiation lwith lmaterial lmatter. l lMore 

lgenerally lit lrefers lto lthe ldetermination l(i.e., lby lmeasurement, lestimation lor lcalculation) 

lof lthese lquantities, las lwell las lany lof lthe lother lradiological lrelevant lquantities lsuch las 

lexposure lrate, lfluence, lkerma, ldose lequivalent, lenergy limparted land lso lon. lA ldosimeter 

lcan lbe ldefined as lany lgadget lthat lis lcapable lof lproviding la lreading l(r) lthat lis la lmeasure 
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lof lthe labsorbed ldose l(D) that is ldeposited lin lits lsensitive lvolume l(V) lby lionizing 

lradiation. l(Frank, l2004) 

2.7.1 Types lof ldosimeter 

Radiation lsurvey is lassociated lwith lthe ldetection lof lradiation lcontamination, 

lmeasurement lof lnatural lradiation llevels, lmonitoring lthe leffectiveness lof lshielding 

larrangements las lwell las lmeasuring lradiation lexposure lto lstaff. lThere lare ltwo lmajor 

lcategories lof lradiation lmonitoring ldevices. lThey linclude lgas lfilled land lscintillation 

ldetectors. lGas ldetection lequipments lare lbased lon lthe lprinciple lthat lions lare lcreated lwhen 

lradiation lgoes lthrough la lgas-filled lchamber. lElectrons lreleased lin lthe lchamber lare 

lattracted lto lthe lcenter lelectrode l(anode) lby la lpositive lvoltage lpotential lwhile lpositive 

lions lare lattracted ltowards lthe lwalls l(cathode) lof lthe lchamber. lThis lcreates lan lelectrical 

lpulse lor lcurrent lwhich lcan lthen lbe ldetected land lrecorded lby la lscaler lor lratemeter 

l(Handloser, l1959; lPrice, l1964; lFenyves land lHaiman, l1969; lOuseph, l1975). lGas lfilled 

ldetectors lare lof lthree ltypes; lnamely lproportional lcounters, lionization lchambers land 

lGeiger-Mueller ldetectors. lThe lprincipal ldifference lbetween lthese ldetectors lis lthe lapplied 

lvoltage lto lthe lchamber, land lthe lclass lof ldetector lto lbe lused ldepends lon lthe lintensity land 

lthe ltype lof lradiation lfield lencountered l(Martin land lHarbison, l2016). l 

 lIonization lChambers l- lIonization lchambers lfunction lat lvery llow lapplied lvoltage. lAt 

lvery llow lvoltages, lion lpairs lproduced lby lradiation lpassing lthrough lthe lchamber lmay 

lrecombine lbefore lthey lare lcollected land lcounted. lAs lthe lvoltage lof la lgas lfilled ldetector 

lis lincreased, lvirtually levery lion lpair lproduced lby lthe lincident lradiation lwill lbe lcaptured. 

lThe lelectric lcurrent lflowing lthrough lthe lmeter lis ltherefore ldirectly lproportional lto lthe 

lactivity lof lthe lsource. lThis lfeature lmakes lionization ldetectors lvery luseful las lradiation 

lmonitoring ldevices. lSurvey lequipments loperating lat lthis lvoltage lare lcalled lionization 

lchambers. lSince lalmost lall lion lpairs lare lcollected, lthis lequipment lis lused lwhen lit lis 
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lnecessary lto laccurately lestablish lexposures lrate. lIonization lchambers lstill, lare lrelatively 

lineffective lfor lmeasuring lrates lless lthan l1 lmR/hr, land lare lslow lto lrespond lto lchanging 

lfields. lFor lthis lreason, lion lchambers lare lnot lhelpful lfor ldetecting lradiological 

lcontamination. lThey lare lprincipally lused lto ldetermine lexposures llevel lin lareas lof lhigh 

lradiation lintensity l(Noz land lMaguire, l2007; lCember land lJohnson, l2009; lLilley, l2001). l 

Proportional lCounters l- lAs lthe lapplied lvoltage lof lthe ltube lis lincreased, lelectrons lare 

laccelerated lquicker land lachieve ladequate lenergy lto lcreate lsecondary lionizations lin lthe 

lgas. lThis lmagnification lis lcalled lan lavalanche land ldramatically lincreases lthe lsize lof lthe 

lelectrical lpulse lat lthe lcentral lanode. lGas lmultiplication lcan lcreate lmillions lof lion lpairs 

lper lionizing levent, lin lcontrast lto lthe lionization lchamber lwhich lcreates lone lion lpair. lEven 

lthough lan lavalanche lhas loccurred, lgas lmagnification lis lproportional lto lthe lenergy lof lthe 

linitiating levent lin lthis lvoltage lregion. lRadiation lmonitoring lequipments loperating lin lthis 

lstate lare ltherefore lcalled lproportional lcounters. lWith ladequately lthin lwindows, lalpha 

lparticles lwhich lproduce la llarge lnumber lof lions lin lthe lgas, lcan lbe ldistinguished lfrom lbeta 

lparticles. lIn laddition, lthe lcounter lcan lbe lused lto lmeasure lthe lenergies lof lincoming 

lgamma lrays l(Noz land lMaguire, l2007; lCember land lJohnson, l2009; lLilley, l2001). l 

Geiger-Mueller l(GM) lCounters l- lThe lGeiger-Mueller lcounter lis lthe lmost lcommonly 

lused larea lsurvey lequipment lfor lthe ldetection lof llow-level lradioactive lcontamination land 

lexposure. lIt lis lvery lsensitive, lrugged land lrelatively linexpensive. lRadiation lpassing linto la 

lGeiger-Mueller ltube l(naturally lcontaining lhelium, lneon, lor largon) lproduces lions lthat lare 

laccelerated lby la lhigh lvoltage lpotential lof lapproximately l1200 lvolts. lSecondary 

lionizations lare lproduced lfrom lcollisions lwith lthe laccelerated lions. lThese lions lare lalso 

laccelerated land lachieve ladequate lenergy lto lform ladditional lions. lThis lpractice 

leventually lproduces lan lavalanche lof lbillions lof lion lpairs lfrom lthe linitial lionization land 

lcreates la llarge lelectrical lpulse lat lthe lanode. lThe lmagnitude lof lthe loutput lpulse lis 
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lautonomous lof lthe lnature lof lthe lparticle lor lits lenergy lbecause lgas lmagnification lhas 

lreached lits lmaximum lpotential l(Noz land lMaguire, l2007; lCember land lJohnson, l2009; 

lLilley, l2001). 

A lkey ldisadvantage lof lGeiger-Mueller lcounters lis ltheir llimitation lto llow lradiation lfields, 

ltypically lbelow l200mR/hr. lThis lis lhowever lwithin lthe lexpected lvalues lfor lradioactivity 

lfrom lnatural lorigin. lOnce lionizations lhave lbeen linitiated lin la lGeiger-Mueller ltube, lit 

lbecomes linsensitive lfor la lshort ltime, ltermed lthe ldead ltime, land lwill lnot lrespond lto 

lfurther lionizing levents. lSubsequently, lthe lnumber lof lcounts lrecorded lwill lbe lless lthan 

lthe ltrue lcount lrate. lThis lerror lis lrelatively lvery lsmall lat llow lradiation lintensities l(Noz 

land lMaguire, l2007; lCember land lJohnson, l2009; lLilley, l2001). 

Scintillation lDetectors l– lThese ldetectors loperate lon lthe lprinciple lthat lsome lmaterials 

lscintillate lor lgive loff llight lwhen lsubjected lto lradiation. lScintillation ldetectors luse la 

lcrystal lthat lreleases llight lwhen lexposed lto lX-rays lor lgamma lrays. lThere lare ltwo lforms lof 

lscintillation ldetectors lnamely; lliquid land lsolid. lNearly lall lsolid lscintillation lcrystals lare 

lmade lof lsodium liodide lwith la llittle lamount lof lthallium ladded las lan l"activator". lThe 

lcrystal lis lcoupled lto la lphotomultiplier ltube lthat lconverts lthe llight lflashes lto lmagnified 

lelectrical lpulses land lmagnification lfactors lof la lmillion lor lmore lare lachieved. lThe 

lnumbers lof lpulses lare ldirectly lproportional lto lthe lintensity, land lthe lsize lof lthe lpulse lis 

ldirectly lproportional lto lthe lenergy lof lthe lincident lradiation. lThese lpulses lcan lthen lbe 

lanalyzed lby la lcounter, loscilloscope, lspectrometer lor lcomputer lprograms l(Noz land 

lMaguire, l2007; lCember land lJohnson, l2009; lLilley, l2001). 

Since lscintillation lcrystals lare lsolid, lrather lthan lgaseous, ltheir lhigher ldensity land latomic 

lnumber lmakes lthem lvery lefficient land lsensitive lequipments lfor lthe lmeasurement lof lx-

rays land lgamma lrays. lThe lcrystal lin la lsolid lscintillation ldetector lcan lbe lthick lor lthin. lThe 

lthick lcrystal lhas la lrange lfrom labout l50KeV lto l1 lMeV lwhile lthe lthin lcrystal lhas lan 
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lenergy lrange lof lapproximately l10-60 lKeV. lScintillation ldetectors, lare lnot las lrugged las 

lGeiger lcounters lbecause lthe lcrystal lis lhygroscopic land lcan labsorb lwater lfrom lthe 

latmosphere. 

Liquid lscintillation ldetectors luse lorganic lcompounds lthat lgive loff llight lwhen lradioactive 

lsubstances lare ladded lto la lliquid lscintillation lcocktail l(LSC). 

Material lfrom la lswipe lis lsuspended lor ldissolved lin lthe lsolution, land lnearly lall lof lthe 

lemitted lradiation lpasses lthrough lsome lportion lof lthe lscintillator. lThe llight lis ldetected lby 

lphotomultiplier ltubes, lanalyzed land lcounted lin la lmanner lcomparable lto lsolid 

lscintillation ldetectors l(Noz land lMaguire, l2007; lCember land lJohnson, l2009; lLilley, 

l2001). 

2.7.2  lBasic lradiation lquantity land lunit lof lexposure 

The l‘roëntgen’ l(R) lis lthe lunit lto lexpress lthe lradiation lexposure lthat lcan lbe ldefined las lthe 

lamount lof lionisation lthat lX- lor lradiation lproduces lin lair. lThis lunit laccounts lfor lthe 

lproduction lof l1esu lof lelectrical lcharged lof leither lsign lin l1 lcm3
 lor l0.001293 lg lof lair lat 

lstandard ltemperature land lpressure. lSince l1 lesu= l3.3 lx l10-10
 lcoulomb, lthe lexposure lunit 

lcan lbe lexpressed lin lthe lSI lsystem las l(Knoll, l2000). 

  

 l l l               l(2.1) 

The lexposure lunit lis ldesignated lonly lfor lrestricted lenergy lrange lX- lor l lradiation 

linteracting lwith lair. 

2.7.3 Absorbed ldose 

One llimitation lof lthe lexposure lunit lis lthat lit ldoes lnot lreflect lthe lbiological lsignificance lof 

lthe lradiation. lA lunit lconsidering lthe lquantity lof lenergy labsorption lby lany lform lof 

lionising lradiation lin lany lkind lof lmaterial lwas lintroduced. lThe labsorbed ldose lis lmeasured 
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lin lunits lof l‘gray’ l(Gy) lwhere l1Gy lequals lto lone ljoule lof labsorbed lenergy lper lone 

lkilogram lof lirradiated ltarget l(Cember land lJohnson, l2009). lThe labsorbed ldose lcan lbe 

lexpressed lin lanother lunit lcalled lthe l‘rad‘(radiation labsorbed ldose). lThe lrad lis lthe 

loriginal lunit land lis ldefined las lan labsorbed lenergy lof l100erg lper lgram. lIt lis lrelated lto lthe 

lgray las lfollow: 

Since l1 lJ l= l107ergs.   

 l    l l l l  l l l l l l l l l l l l l l l l l l l l l l              (2.2) 

The ltotal labsorbed lenergy lis lnot lthe lonly lfactor lwhich ldetermines lthe llevel lof lbiological 

ldamage lfrom lthe lradiation. lThe ltype lof lradiation land lits lenergy lalso lhave lto lbe 

lconsidered. lIn lgeneral, lthe lbiological leffect lof lhighly lionizing lradiation lin la ltissue lis 

lmore lsevere lper lunit labsorbed ldose lthan lthose lof lradiation lwhich lproduce llow 

lionization. lFor lthis lreason, lthe lterm lrelative lbiological leffectiveness l(RBE) lwas 

lintroduced las la ldimensionless lquantity lof lthe lamount lof labsorbed ldose lof lionising 

lradiation lrelative lto lthat lof lX- lor lradiation lof la lparticular lenergy lto lprovide lthe lsame 

lbiological lresponse l(Cember land lJohnson, l2009). lDue lto lthe ldifficulty lin lapplying lsuch 

lcomplicated lfunctions lof lenergy, lRBE lhas lbeen lnormalized lto la lfactor lknown, las lthe 

lradiation lweighting lfactor l(WR) lby lthe lICRP land lNCRP l(Noz land lMaguire, l2007). lThis 

lfactor lis lderived lfrom lthe lRBE lover lthe lrange lof lenergies lfor la lparticular ltype lof 

lradiation. L 

2.7.4 Equivalent land leffective ldose 

In lorder lto ldetermine lthe leffect lof lthe lnature lof lthe lradiation lby lthe lweighting lfactor, la 

lunit lcalled lthe lequivalent ldose l(HT) lis lspecified. lThis lis lthe lamount lof lthe ldose l(DT,R) 

labsorbed lover la ltissue lor lorgan l(T) ldue lto lradiation l(R) land lis lgiven lby l(Cember land 

lJohnson, l2009). 
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        l l l l l l l l l l(2.3) 

The l“Sievert” l(Sv) lis lused lto lexpress lthe lequivalent ldose lwhen lthe labsorbed ldose lis lin 

lunits lof lGray l(Gy); lthus lone lSievert lis lalso lequal lto lone ljoule lper lkilogram. lAn lolder lunit 

lof lthe lequivalent ldose lis lthe l‘rem’ l(radiation lequivalent lman) lwith lthe labsorbed ldose 

lexpressed lin lunits lof lrad, lhence, l1Sv equals l100rem l(Knoll, l2000). 

In laddition lto lthe lradiation ltypes land lenergy, lthe lbiological leffect lto lradiation lis 

lconcerned lwith lthe lsensitivities lof lirradiated lorgans lor ltissues. lThe lvariation lof lradiation 

lsensitivity lof leach lorgan lis ltaken linto laccount lin lthe lcontribution lof lthe lequivalent ldose 

lin lall ltissues land lorgans lof lthe lbody. lThe lnew lterms lthe leffective ldose l(E) land lthe ltissue 

lweighting lfactor l(WT) lare lintroduced. lThe ldefinition lof lthe leffective ldose lis lthe lsum lof 

lthe lequivalent ldoses lweighted lby lthe ltissue lweighting lfactors lfor leach ltissue, las lgiven lin 

lthe lfollowing lexpression l(Cember land lJohnson, l2009; lNoz land lMaguire, l2007; lMartin 

land lHarbison, l2006).  

        l l l l l l l                                 l        l                              l(2.4) 

Considering lequations l2.3 land l2.4, 

  

       l l l l l l l l l                                                l(2.5)

  

2.8  lSources lof lRadiation lExposure 

Human lbeings lare lunavoidably lexposed lto lionising lradiation leither lfrom lexternal 

lexposure larising lfrom lradioactive lsources loutside lthe lbody lor linternal lexposure lwhich 

lcomes lfrom lradioactive lsubstance linside lthe lbody l(UNSCEAR, l2000; lUNSCEAR, 

l2010; lMartin land lHarbison, l2006). lBoth linternal land lexternal lradiation lexposure lto 

lliving lthings lmainly larises lfrom lthe lnatural lsources. lIn laddition lto lthe lnatural lsources, 

lthe luse lof lradiation land lradioactive lsubstances lby lhuman lactivities lis lan ladded lsource lof 

lradiation lexposure lto lliving lthings l(UNSCEAR, l2000). 
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2.8.1  lNatural lsources 

The lnatural lsources lof lradiation lexposure lare lcosmic lradiation lfrom lthe louter lspace land 

lradioactive lmaterials lpresent lin lthe learth’s lenvironment land lwider lenvironment, 

lincluding lthe lbody lof lhumans litself. lAbout l85% lof lthe laverage lannual lexposure ldose 

lrate lof l2.4 lmSv lreceived lby lthe lworld linhabitants lis lfrom lthe lsharing lof lthese lnatural 

lradiation lsources l(Lilley, l2001; lWNA, l2011; lUNSCEAR, l2008). Fifteen percent (15%) 

lof lthe ltotal ldose lfrom lnatural lsources lis lowing lto lcosmic lray linteractions lat lsea llevel. 

Latitude land lparticularly laltitude lare lthe lparameters lwhich lgive lrise lto ldose lrate 

lvariations lfrom lthese lenvironmental lexposures l(UNSCEAR, l2010). lExposure ldose lfrom 

lcosmic lradiation l/rays lat lthe lcruising laltitude lof lcommercial lor lother laircraft lis 

lconsiderably lhigher lthan lthose lat lthe lsea llevel l(Lilley, l2001; lUNSCEAR, l2010). lIn 

laddition lto lcosmic-ray linduced lradiation, lprimordial lradio-nuclides lare la lmajor 

lcontribution lto lthe lannual lexposure ldose lowing lto lnatural lsources. lThese lnaturally 

loccurring lradioactive lmaterials linclude lradio-nuclides lwhich lbelong lto lthe luranium land 

lthorium ldecay lchains, land lnatural lradioactive lpotassium l(40K) lare lpresent lin lat lleast ltrace 

lamounts lin llargely lgeological lmaterials lin lthe learth’s lcrust l(NCRP, l1975). lGamma 

lradiation larising lfrom lthese lradio-nuclides lis lthe lmajor lsource lof lnatural, lbackground, 

lexternal lexposure lto lhuman lbeings. lThe lconcentrations lof lsuch lradio-nuclides lat 

ldifferent lplaces lare la lfactor lin lthe lvariation lof lexternal lexposure ldue lto lgamma lradiation 

lfrom lone lplace lto lanother l(UNSCEAR, l2000; lUNSCEAR, l2010). lIngestion land 

linhalation lof lprimordial lradio-nuclides lcan lgive lrise lto lirradiation lof lorgans linside lthe 

lbody. lAirborne lradio-nuclides, lsuch las l
222Rn lfrom lthe l

238U ldecay lchain, lcan lenter lthe 

lhuman lbody lby linhalation land lsymbolize la lsignificant lsource lof linternal lexposure lto 

lhuman lsystem l(Lilley, l2001; lUNSCEAR, l2010). l 
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2.8.2  lArtificial lsources 

Human lactivity linvolving lthe luses lof lradiation lis lanother lsource lof lradiation lexposure lto 

lhuman lbody. lSome lof lthese lactivities lcan lgive lrise lto lan lenhance llevel lof lexposure lfrom 

lnatural lsources lsuch las lthe ldischarge lof lradioactive lmaterials linto lthe lenvironment lfrom 

lnuclear lpower lplants, lthe lglobal ldispersion lof lradio-nuclides lfrom lthe lnuclear lweapon 

ltesting lor lthe latmospheric lfall-out lresulting lfrom lthe lnuclear lreactor laccidents lat 

lChernobyl l(Martin land lHarbison, l2006; lUNSCEAR, l2010) land lmore llately lFukushima. 

lNevertheless, lthe lmain lartificial lsource lof lthe lannual ldose lrate lreceived lby lthe 

lworldwide lpopulation lis lthe lapplication lof lradiation lin lmedical land lhealth lsectors 

l(UNSCEAR, l2008). lAlso, lsome lspecial lgroups lof lpeople lwho lwork lin lradiological 

lindustries, lmedicine land lresearch lmay lbe loccupationally lexposed lto lradiation lused lin 

ltheir ldaily lactivities. 

The lmean ldose lrate larising lfrom loccupational lexposure lis lrelative llittle lwhen lcompared 

lwith lthe lradiation lexposure lfrom lnatural lorigin l(UNSCEAR, l2008). l 

2.9  lRadiation lProtection land lDose lLimits 

Since lionising lradiation lcan lharm lbiological lsystems lor lorgans lin lthe lhuman lbody, lthere 

lhave lbeen lnumerous lstudies lrelating lto lthe lbiological leffects lof lradiation. lThe laims lof 

lthese lstudies lwere lto linstitute ldose lrate llimits lin lorder lto lprotect lradiation lworkers land 

lthe lgeneral lpublic lfrom lradiation lexposure. lA llot lof lthe lunderstanding lof lradiation 

leffects lon lhumans lhas lbeen lobtained lfrom la lgroup lof lpeople lwho lsurvived lfrom lthe 

latomic lbombs lin lHiroshima land lNagasaki land lthose lpersons lwho lreceived lradiation 

lexposure lfrom lschedule lwork lor laccidents l(Eisenbud land lGesell, l1997; lCember land 

lJohnson, l2009). lThe lcorrelation lbetween lbiological leffect land lradiation lexposure lwas 

linvestigated lby lthe lBiological lEffect lof lIonising lRadiation l(BEIR) lin lharmony lwith lthe 

lUnited lNations lScientific lCommittee lon lthe lEffect lof lAtomic lRadiation l(UNSCEAR) 
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land lthe lInternational lCommission lon lRadiological lProtection l(ICRP), las lshown lin 

lFigure l3.6. lEarly lreports lused la llinear lrelationship lbetween lthe leffect land lthe lamount lof 

lexposure l(shown lin lcurve lA) las la l‘linear, lno-threshold’ lhypothesis. lFurther lreports lalso 

lallowed lthe lpossible lhypothesis lof la ldifferent ltrend l(curve lB) lwith lthe lradiation lexposure 

lat lvery llow llevels lnot lsignificant lto lcause lharmful leffects; lthis lis lreferred lto las lthe 

l‘threshold leffect’. lCurve lC lrepresents lthe lhypothesis lwith lthe lopposite leffect, lwhere 

labsorbed ldoses lof lionising lradiation lat llow llevels lare lextra ldangerous l(Cember land 

lJohnson, l2009; lNoz land lMaguire, l2007). 

The lconsequence lof lradiation lexposure lcan lbe lclassified linto ldeterministic leffects land 

lStochastic leffects l(Cember land lJohnson, l2009; lNoz land lMaguire, l2007; lMartin land 

lHarbison, l2006). lThe leffects lwhich lcan lbe lseen lwhen lorgans lof lthe lbody lreceived la 

lcertain llevel lof ldose lor lthreshold lare lcalled ldeterministic leffects, lless lthan lthis lthreshold, 

ldetrimental leffects lare lnot lseen. lThe lresponse lof lthe leffect lis lsimilar lto lcurve lB lin lFigure 

l2.4. 

The lbrutality lof lthe lconsequence lincreases lwith lthe lsize lof lthe ldose llevel l(Cember land 

lJohnson, l2009; lMartin land lHarbison, l2006). lStochastic leffects loccur lhaphazardly land 

lthe lprobability lof loccurrence lis ldependent lof lthe lsize lof ldose l(Cember land lJohnson, 

l2009). lCancer linduction land lgenetic leffects lin lupcoming lgeneration lare lthought lto 

lpossibly loutcome lfrom lthese ltypes lof lthe leffects. lThe lexpected lassociation lbetween lthe 

lprobability lof lthe lstochastic leffect land lthe lsize lof ldose lis lalong lthe llines lof lcurve lA lin 

lFigure l2.4. 

To lavoid lavoidable lexposure lcausing lthe lbiological leffects lof lradiation lto lradiation lstaff 

land lthe lpublic lin lgeneral, lall ldoses lhave lto lbe lkept las llow las lreasonably lachievable 

l(ALARA) lwith lthe ldose llimits lsuggested lby lthe lICRP l(Cember land lJohnson, l2009). lThe 
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lrecommendations lof lthe lICRP lfor lradiation lprotection lprinciples lare lbased lon lthree 

lbroad lprinciples las lfollow: 

1. lJustification l– lany lpractice lwhich ldoes lnot lproduce lan ladequate lbenefit lto lthe lexposed 

lindividuals lshould lnot lbe ladopted. 

2. lOptimisation l– lall lexposures lwithin la lpractice lshall lbe lkept las llow las lreasonably 

lachievable l(ALARA) lconsidered lwith leconomic land lsocial lfactors. 

3. lDose llimitation l– lindividuals lshould lreceive lexposure ldose lwithin lthe lrecommended 

llimits. 

 

Figure l2.4: lPossible ltheoretical ldose-response lcurves, las lcited lby l(Shittu, l2014) 

These lcurves lshow ltheoretical lassociations lbetween lradiation lexposure land lthe 

lbiological leffect. lCurve lA lshows lthe llinear lrelationship lbetween lthe leffect land lthe 

lexposure. lThe lthreshold leffect lrepresents lthe lcut-off lcurve lat lthe llow llevels lof lradiation 

lexposure las lshown lin lcurve lB. lCurve lC lshows la lpossible lincreased leffect lat lthe llow llevel 

lof lexposure l(Noz land lMaguire, l2007). 
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CHAPTER lTHREE 

3.0  l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l lMATERIALS lAND lMETHODS 

3.1 Sample lSite 

The llocation lof lthe lstudy larea lis lIgarra lArea lin lEdo lState lof lNigeria. lThe lIgarra lArea llies 

lwithin lLatitudes l7o24′5″N-7o30′N land lLongitudes l6o00′E-6o10′5″E lat lthe lnorthern lfringe 

lof lEdo lState, lNigeria. l lIt lis lthe lheadquarters lof lAkoko lEdo lLocal lGovernment lArea 

l(Figure l3.1). lThe lmain lpublic lroad lin lthe lstudy larea lruns lfrom lAuchi lthrough lIkpeshi, 

lIgarra lto lIbillo l(Oloto land lAnyanwu, l2013). 

The lstudy larea lis lsituated lin the lsouthern lregion lof lNigeria and lis lunderlain lin lthe lnorth 

lby lPrecambrian lBasement lComplex land lin lthe lsouth lby lCretaceous land lTertiary 

lsediments. lThe lrocks lin lthe larea lconsist lof llargely lcrystalline lrocks lof lslightly 

lmigmatised lto lunmigmatised lschist lbelt l(compose lmica lschist, lquartz-biotite lschist, lcalc-

silicate land lmarble, lquartzite land lquartz lschist land lmetaconglomerate) lwhich lare 

lenclosed lby lthe lmigmatite-gnesis lcomplex land lintruded lin lsome lplaces lby lthe lpan-africa 

lolder lgranite lform la lgood ltopography l(Obiadi let lal., l2012). 

According lto lOlaniran land lOgbonnaya l(2018), lIgarra larea llies l(Figure l3.2) linside lthe 

lschist lbelt lof lSouthwestern lBasement lComplex lof lNigeria land lthe lrocks lin lthe lstudy larea 

lcan lbe lseparated linto lthree lmain lgroups las lfollows: 

1. Migmatites, lbiotite land lbiotite-hornblende lgneisses. 

2. Low lgrade lmetasediments l(calc-silicate lgneisses, lschists, lmarbles, lpolymict 

lmeta-conglomerate land lquartzites). 

3. Syn-to-ate ltectonic lporphyritic lbiotite land lbiotite-hornblende lgranodiorites land 

ladamellites lcharnokites land lgabbros lunmetamorphosed ldolerite, lpegmatite, 

lphyllite land lsyenite ldykes. l 
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Igarra larea lhas lundergone lmore lthan lone lepoch lof lmetamorphism land ldeformation, 

lshearing lmovements land lstress laction. lMigmatite lgneiss lis lmost llikely lthe loldest lrock 

lgroup land lmight lbe lthe lfoundation lrock lfor lthe lmetasediments l(quartzites, lschists, 

lmetaconglomerate land lcalc-gneisses). lMetasediments lis lsimilar lto lfine lgrained lflaggy 

lgneiss, lmetaconglomerate land lquartz-biotite lschist. lMarble lis lthe learly lformed lby 

lprobably lmedium lgrade lmetamorphism lfrom lpre-existing lrocks lsuch las largillaceous, 

larenaceous land lpellitic lrocks land lthese lmetasediments loccur las lsupracrustal lcovers lon 

lthe lmigmatites lgneiss. lThe lmetasediments lare llater lintruded lby lporphyritic land lnon-

porphyritic lvarieties lof lgranites land lother ligneous lrocks. lMagmatic lintrusion linto lthe 

lpre-existing lrocks lled lto lthe lformation lof lsyenite, ldolerite land llamprophyle loccurring las 

ldykes land lsills. l 

 

 

Figure l3.1: lThe lLocation lmap lof lthe lstudy larea l(Olaniran land lOgbonnaya, l2018) 
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Figure l3.2: lGeological lmap lof lthe lstudy larea l(Olaniran land lOgbonnaya, l2018) 

 

3.2 Sample lCollections 

The lminerals las lidentified lby lthe lgeologists land lstaff lon lthe lsites of collection are shown 

in Table l3.1.  

Table l3.1: lPhysical lexamination lof lthe leconomic lminerals 

Sample lname Sample lidentity Colour l Specific ldensity 

Dolomite l DLM White 2.8 

Dolomite l DLM Gray l 2.9 

Feldspar l FLP White l 2.6 

 FLP Brown l 2.8 

Calcite l CLT White 2.7 

 CLT Gray l 2.7 

Limestone l LME White l 2.7 

 

lPlates l3.1 lto l3.4 gives the physical representation of four economic minerals used in this  

study 
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Plate l3.1: lSolid ldolomite lbefore quarry activity 

 

 
 

Plate l3.2: lSolid lcalcite lform lbefore lquarry lactivity 
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Plate l3.3: lSolid lfeldspar lbefore lquarry lactivity 

 

 
 l 
Plate l3.4: lSolid llimestone lbefore lquarry lactivity 

 

3.3 Sample Preparation 

Plate 3.5 to 3.7 shown the machines used to pulverized all the economic mineral samples.  

lTen l(10) lsamples leach lof lthe pulverized leconomic lminerals lwere lcollected lfrom lthe lquarry l. 
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lThe lcollected lsamples lwere lpacked lin laccurately llabelled lpolythene lbags (Plate l3.8), lsealed 

land lthen ltransported lto lthe llaboratory lfor lfurther lprocessing. 

l  

 

Plate l l3.5: lSide lview lof lthe lquarry lmachine lat lIpeshi 

 

 
 

 lPlate l3.6: lFront lview lof lthe lquarry lmachine lat lipeshi 
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Plate l3.7: lQuarrying lmachine lat lIgarra 

 

 

Plate l3.8: lSamples lcollected land llabelled lat lthe lpoint lof lcollection l 
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The lcollected lsamples lwere lair ldried lat lroom ltemperature lin lthe llaboratory, lsieved land 

lhomogenized. An amount of l50±0.1g lof leach lsample lwas lfilled linto lsample lcontainers 

l(Plate l3.9) lwhich lwere lthen lhermetically lsealed using masking tape to lavoid lthe lescape lof 

lairborne l
222Rn land l

220Rn lfrom lthe lsamples l(Plate l3.10). An empty container was weighed 

and sealed for the measurement of the background. 

 lThe lsealed lsamples lwere lstored lfor lat lleast l28 ldays lprior lto lmeasurement lin lorder lto lattain 

lradioactive lsecular lequilibrium lbetween l
226Ra land l

228Ac land ltheir lshort llived lprogeny 

l(Olarinoye let lal., l2014). lAfter lthe lsecular lequilibrium lwas lattained, lthe lgamma 

lspectrometry lmeasurement lof lthe lsamples lwas lcarried lout lat lthe lLadoke lAkintola 

lUniversity lof lScience land lTechnology, lOgbomosho l(LAUTECH). 

 

 

Plate l3.9: lThe lempty lcontainers lused lfor lthe lpackaging l l 
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 lPlate l3.10: lFinal lpackage lbefore lthe llaboratory lanalysis 

3.4 Instrumentation 

3.4.1 Sodium lIodide lThallium lNaI(Tl) lGamma lSpectroscopy 

In lthis lstudy, lthe lactivity lconcentration lof lradionuclides lin lthe leconomic lminerals lsample 

lwas lanalysed lusing lNaI(Tl) lscintillation ldetector. The experimental set up is shown lin lPlate 

l3.11. lIt lwas lcoupled lthrough lan lamplifier lbase lto la lGS-2000-Pro lplus lMultichannel lanalyser 

lused lfor lsamples lanalysis. lThe ldetector lwas lenclosed lin la l10 lcm lthick lcylindrical llead lshield 

lto lreduce lthe lbackground lradiation lfrom lvarious lnatural lradiation lsources land lto lisolate lit 

lfrom lother lradiation lsources lused lin lnearby lsurroundings. The crystal size 3 inches by 3 

inches. lEach lof lthe lsamples lwas lmounted lon lthe ldetector lsurface land leach lcounted lfor 

l36,000 lseconds. lThe lconfiguration land lthe lgeometry lwere lmaintained lthroughout lthe 

lanalysis. lA lcomputer-based lmultichannel lanalyzer l(MCA lGS-2000-Pro) lwas lused lfor lthe 

lacquisition land lanalysis lof lgamma lspectra lusing lcomparative lmethod lof lanalysis. lThe 

lactivity lconcentration, lexpressed lin lBq/kg, of l
232Th lconcentration lin lthese leconomic 
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lminerals lwas ldetermined lby lthe l2614.7 lKeV lgamma llines lof l
208TI lwhile lthe l

226Ra 

lconcentrations lwere ldetermined lby lthe l1764.5 lKeV lgamma llines lof l
214Bi. The lactivity 

lconcentration lof l
40K lwas ldetermined lfrom lits lcharacteristic lgamma lline l1460.0 lKeV. 

 

Plate l3.11: lLaboratory lSetup lof lthe ldetector 

 

Plate l3.12: lRSS8 lGamma lSource lSet 
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3.4.2 Energy lcalibration lof lSodium lIodide ldetector 

In lorder lto lappropriately lidentify ldifferent lpeaks lin lthe lspectrum, lthe lSodium lIodide ldetector 

was lcalibrated lfor lits lenergy land lefficiency. l 

Standard lenergy lsources lwith lrecognized lgamma-ray lenergies land lactivities lthat lare lbroadly 

ldifferent lfrom lthose lto lbe lmeasured lin lthe lunknown lspectrum, lsupplied lby lthe lRSS8 

lGamma lSource lSet l(Plate l3.12), lSpectrum lTechniques, lLLC, lUSA, lwere lused lfor lthe lenergy 

lcalibration lof lthe ldetector. lThese lstandard lcalibration lsources lused lfor lthe lcalibration lare 

137Cs and 60Co. lThe lsources lwere lcounted for 10 minutes lto lobtain la lwell ldefined lphotopeak 

lwhereas lthe lgain lof lthe lsystem lwas ladjusted lso lthat lthe lphotopeak lof l
137Cs lwas labout lone-

third lthe lfull lscale. lThis lensured lthat lthe lrange lof lall lradio-nuclides lof linterest lwas lcovered. 

lThe lchannel lnumber lthat lcorresponds lto lthe lcentroid lof leach lFull lEnergy lPeak l(FEP) of the 

radionuclide lwas lnoted land lrecorded, las shown in Table 3.2. lThe lrecorded lvalues lwere lused 

lto lobtain lthe lcalibration lcurve lshown lin lFigure l3.3. 

The lenergy lcalibration lcurve lassures lan lprecise lcomparison lof lthe lknown lfull lenergy lpeaks 

l(FEP) lof lthe lstandard lwith lthe lunknown lFEP lin lthe lsamples. 

Table l3.2: lData lfor lenergy lcalibration lof lNaI(Tl) ldetector 
 

Radionuclide Energy l(keV) Channel lNumber 

137Cs 662 236 

60Co 1173 408 

60Co 1332 461 
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Figure l3.1: lEnergy lcalibration lcurve 

 

 

 

 

 

 

 

 

 

 

Figure l3.3: lEnergy lcaliberation lcurve lof lthe lsource 

 

3.5 Measurement lof lRadionuclide lConcentration 

lEach lof lthe lsample lwas lcounted lfor l36,000 ls lin lorder lto lget lappreciable lcounts lunder lthe 

lphotopeaks. lCanberra lS100 lgamma lray lacquisition lsoftware lwas lused lfor lthe lgamma 

lcounting lprocess lafter lwhich lthe lspectra linformation lwas lretrieved land lthe lanalysis lwas 

lcarried lout lusing lthe lcomparative lmethod.  

In comparative method, the lspecific lactivity lof la lradio-isotope lis lobtained lby ldirect 

lcomparison lwith lthe lsame lradionuclide lin la lgiven lstandard. lThe lspecific lradioactivity lCx lin 

lthe lsample land lthe lcorresponding lspecific lradioactivity lCs lin lthe lstandard lare lcalculated 

lusing lthe lfollowing lformula l(Gbenu, l2011). 

 l l l l l l l l l l l l l l l l l l l l l l 

                                                                                                                 l(3.1) 
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where lx ldenote lthe lsample, ls lthe lstandard, lwhile lM land lA, lare lthe lmass land lthe lnet larea 

lunder lthe lpeaks lrespectively. This lmethod lis lused, lthe lsample lcontainers lare lof lthe lsame 

lgeometry las lthe lstandard land lthe lcounting ltimes lare lthe lsame. lEach lsealed lsample lwas 

lplaced lon lthe lshielded lNaI(TI) ldetector land lcounted lfor l36000 ls. The IAEA reference 

sample (IAEA-TECDOC-1472, 2005) and the sealed container were counted for 36000 s. 

This ldata lanalysis lroutine lsubtracted la llinear lnet lbackground ldistribution lfrom lthe 

lcorresponding lnet lpeaks larea lfor la lparticular lradionuclide lin lthe lspectra lof lthe lsamples. 

3.6 Uncertainty 

Uncertainties lin lgamma lray lspectrometry lcould lbe las la lresult lof lerror lin lthe lestimation lof lthe 

lnuclides’ lspecific lcounting lefficiency land lthe lstatistical lcounting lerrors. lThese lerrors lwere 

lnoted lin lthe lfinal ldetermination lof lradio-nuclide lactivity lconcentration lfrom lthe llaboratory. 

3.7 Assessment lof lRadiological lHazards 

One lof lthe lcentral lobjectives lof lthe lradioactivity lmeasurement lin lenvironmental lsamples lis 

lnot lbasically lto ldetermine lthe lactivity lconcentrations lof l
226Ra, l

232Th land l
40K lbut lalso lto 

lestimate lthe lradiation lexposure ldose lrate land lto lassess lthe lbiological leffects lon lhumans land 

lenvironment. lThe lassessment lof lradiological lthreat lcan lbe lconsidered lin ldiverse lprovisions. 

lIn lthe lcurrent lstudy lnine l(9) lrelated lparameters lwere lestimated, lthese lbeing: l(i) lthe labsorbed 

lgamma ldose lrate l(D) lin lair lat l1 lmetre labove lthe lground lsurface; l(ii) lthe lradium lequivalent 

lactivity l(Raeq), l(iii) lthe lannual leffective ldose l(outdoor) lfrom lterrestrial lgamma lradiation, 

l(iv) lthe lannual leffective ldose l(indoor) lfrom lterrestrial lgamma lradiation, l(v) lthe lexternal 

lhazard lindex l(Hext), l(vi) lthe linternal lhazard lindex l(Hin) l(vii) lgamma lindex land l(viii) lexcess 

llifetime lcancer lrate lfor lresidential land l(ix) lexcess llifetime lcancer lrate lfor loccupational 

ldwellers. lThese lradiological lparameters lare lcalculated lfrom lthe lmeasured lactivity 
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lconcentrations lof lthese lthree lmajor lprimordial lradio-nuclides lin lthese leconomic lminerals, 

lusing lthe lequations l3.2 lto l3.9 las lstated lbelow. 

3.9.1 Absorbed ldose lrate lin lair l(D) 

To lassess lany lradiological lhazards, lthe lexposure lto lradiation lresulting lfrom lradionuclides 

lpresent lin lrock land lmineral lcan lbe ldetermined lin lterms lof lnumerous lparameters. lA ldirect 

lrelationship lbetween lradioactivity lconcentrations lof lnatural lradio-nuclides land ltheir 

lexposure lis lrecognized las lthe labsorbed ldose lrate lin lthe lair lat l1 lmetre labove lthe learth lsurface. 

lThe lmean lactivity lconcentrations lof l
226Ra, l

232Th land l
40K l(Bq/kg) lin lthe linterpreted 

l(analyzed) lsamples lwere lused lto lcalculate lthe labsorbed ldose lrate lfollowing lthe lformula 

l(UNSCEAR, l2010); 

 l l l l l l l l l l l l l lD(nGy/h) l= l(0.462CRa l+ l0.604CTh l+ l0.0417CK) l                  l l l l l l l l l l l l l l l l l l l l l l l l(3.2) 

where lCK, lCRa, land lCTh lare lthe lactivity lconcentrations lof l
40K, l

226Ra, land l
232Th lrespectively 

land l0.0417, l0.462 land l0.604 lare lthe ldose lconversion lfactors lfor l
40K, l

226Ra land l
232Th lin lunits 

lof lnGy/h lper lBq/kq. 

3.9.2 Annual leffective ldose lequivalent lfor loutdoor l(AEDEo) 

In lorder lto lconvert lthe labsorbed ldose lin lair lto leffective ldose lreceived lby lgrown-up lhuman, 

ltwo lconversion lfactors lprovided lby lUNSCEAR l(2010) lare lemployed. lThey lare l0.7 lSvG/y 

lconversion lcoefficient land l0.25 l(6hours/24hours) lfor lthe loutdoor loccupancy lfactor lsince lthe 

lworking ldurations lin lthe lquarry lsite lis lsix lhours lshift, lthis lfactor lsuggested lthat lan lindividual 

lspends lan laverage lof l20% lof lhis/ lher lday loutdoor. lThe lannual leffective ldose lequivalent lis lin 

lunit lof lmSv/y lwas lobtained lusing lthe lformula l(UNSCEAR, l2000; lTzortzis let. lal., l2003): 

AEDE l(mSv/y) l= lD l(nGyh-1) lx l8760h lx l0.25 lx l0.7 lx l10-6  l l l l l l l l l l l l l l l l(3.3) 
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3.9.3 Annual leffective ldose lequivalent lfor lindoor l(AEDEi) 

Also lUNSCEAR l(United lNations lScientific lCommittee lon lthe lEffects lof lAtomic lRadiation 

l(UNSCEAR l1993 land l2010) lused l0.7SvG/y lfor lthe lconversion lcoefficient lfrom labsorbed 

ldose lin lair lto leffective ldose lreceived lby lgrown lup lhuman land l0.8 lfor lthe lindoor loccupancy 

lfactor, lthis lfactor lsuggested lthat lan lindividual lspends lan laverage lof l80% lof lhis/ lher lday 

lindoor. lThe lannual leffective ldose lequivalent lis lin lthe lunit lof lmSv/y lwas lobtained lby lusing 

lthe lfollowing lformula l(UNSCEAR, l2000; lTzortziset. lal., l2003): 

AEDE l(mSv/y) l= lD l(nGyh-1) lx l8760 lh lx l0.8 lx l0.7 lx l10-6   l l l l l l l l l l l l l l l l(3.4) 

where lD lin lequations l(3.3 land l3.4 l) lhas lbeen lcomputed lusing lequation l(3.2) 

3.9.4 Radium lequivalent lactivity l(Raeq) 

Due lto la lnon-uniform lcirculation lof lnaturally loccurring lradio-nuclides lin lenvironmental 

lsamples, lconsistency lwith lrespect lto lthe lexposure lto lradiation lhas lbeen ldefined lin lterms lof 

lRaeq lmeasured lin lBq/kg lto lcompare lthe lspecific lactivity lof lmaterials lcontaining ldifferent 

lamounts lof l
226Ra, l

232Th land l
40K. lRaeq lis lcomputed lusing lthe lequation l(Beretka land lMathew, 

l1985): 

Raeq l(Bq/kg) l= lCRa+1.43CTh l+ l0.077CK     l l l l l l l l l l l l l l l l l l l l l l l l l(3.5) 

where lCRa, lCTh land lCK lare lthe lrespective lactivities lconcentration lof l
226Ra, l

232Th land l
40K lin 

lBq/kg lrespectively. lThe lallowable lmaximum lvalue lof lthe lradium lequivalent lactivity lis 

l370Bq/kg, lwhich lcorresponds lto lan leffective ldose lof l1mSv/y lfor lthe lgeneral lpublic 

l(UNSCEAR, l2000). 

3.9.5 l l l lExternal lhazard lindex l(Hext) l 

The lexternal lhazard lindex lis lan lassessment lof lthe lhazard lof lthe lnatural lgamma lradiation 

llevel. lThe lprincipal lintention lof lthis lindex lis lto llimit lthe lradiation ldose lto lthe lacceptable 

lpermissible ldose lequivalent lof l1 lmSv/y. lThe lexternal lhazard lindex lmust lbe lbelow lunity l(1). 



59 
 

lThe lexternal lhazard lindex lowing lto lthe lemitted lgamma-rays lof lthe lsamples lis lcalculated 

lfollowing lrelation l(Huda, l2011): 

 l   l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l          l l l l l(3.6) 

3.9.6 Internal lhazard lindex l(Hint) 

The linternal lhazard lindex lmust lalso lbe lless lthan lunity lto lpresent lsafe llevels lof lradon land lits 

lshort-lived ldaughters lfor lthe lrespiratory lorgans lof lpersons lliving lin lresidential llocation. lThe 

linternal lhazard lindex lshould lbe lless lthan lunity lfor lthe lradiation lhazard lto lbe lconsidered 

lnegligible laccording lto lHuda l(2011) lrelations 

 l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l                   l l(3.7) 

3.9.7 Representation lGamma lIndex 

This lindex lwas lestimated lbased lon lthe lEuropean lCommission lstandard. Gamma lindex l(Iγ) lis 

lthe lfactor lthat lassesses lthe lγ-radiation lhazard(s) lassociated lwith lthe lnaturally loccurring 

lradio-nuclides lin la lgiven lmaterial. lThe lIγ lis ldetermined lusing lthe lEquation l(Kolo let lal., 

l2017). 

Iγ l= l0.3333CRa l+ l0.0050CTh l+ l0.0003CK l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l(3.8) 

where lCRa, lCTh land lCK lare lthe lsame las lfor lprevious lestimated lhazards. lThe lpermissible 

lrange lof lthe loutdoor lannual leffective ldoses’ lcontributions lto lthe lγ-radiation lis l0.3 lto 

l1mSv/y. lOutside lthis lrange it lshould lbe lexempted lfrom luse as a lfinished lproducts lor las lraw 

lmaterials l(Adagunodo let lal., l2018). 

3.9.8 Excess llifetime lcancer lrisk 

Excess llifetime lcancer lrisk lELCR lis ldefined las lthe lprospect lthat lan lindividual lwill ldevelop 

lcancer lover lhis lor lher llifetime lof lexposure lto lradiation. lThe lexcess llifetime lcancer lrate lwas 



60 
 

lcomputed lusing lthe lequation l(Kolo let lal., l2017) land lwas lused lto lestimate lthe loccupational 

land lresidential lexposure lof lpublic. 

ELCR l= lAEDE lx lDL lx lRF l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l(3.9) 

where lDL lis lthe laverage llifespan l(70 lyears) land lRF lis lrisk lfactor l(Sv−1) lwith lvalue lof l0.057, 

lfor lstochastic leffects lfrom llow-dose lbackground lradiation, lthe lpermissible llimits lis l0.29 lx 

l10-3
 l(Kolo let lal., l2015; lKolo, l2014). 
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CHAPTER lFOUR 

4.0 l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l lRESU lLTS lAND lDISCUSSION 

4.1 Activity lConcentration 

The lspecific lactivity lconcentrations lof lthe lradionuclides226Ra, l
232Th land l

40K lin lthe lselected 

leconomic lminerals lat lselected lquarry lsites lacross lIgarra lArea, lin lAkoko-Edo lLocal 

lGovernment lArea lof lEdo lState, lSouthern lNigeria lare lpresented lin lTable l4.1 lto l4.4: lThe 

lactivity lconcentrations lof ldolomite l(DLM) lsamples lare lpresented lin lTable l4.1. lThe lactivity 

lconcentration lof l
226Ra lranges lfrom l0.79 lto l4.30 lBq/kg lwith lan laverage lvalue lof l2.88 lBq/kg, 

the activity of l
232Th lfrom l0.27 lto l3.65 lBq/kg lwith lan laverage lvalue lof l1.61 lBq/kg lwhile that 

of l
40K lranges lfrom l27.41 lto l505.19 lBq/kg lwith lan laverage lvalue lof l227.33 lBq/kg. These 

values lare lbelow lthe lworld lwide laverage l(Table l4.5) lby lUNSCEAR l(2010). l  

Table l4.1: l lActivity lconcentration lof lthe ldolomite l(DLM) lsamples 
Mineral    ID 226Ra (Bq/kg) 232Th (Bq/kg) 40K (Bq/kg) 

DLM 1 BDL 0.27±0.09   202.62 ± 3.19 

DLM 2 4.21±0.23 3.65±0.30   454.93 ± 7.46 

DLM 3 4.3±0.24 2.29±0.25 505.19± 8.19 

DLM 4 0.79±0.10 1.19±0.18 267.82±5.96 

DLM 5 3.28±0.21 BDL 27.41±1.91 

DLM6 BDL BDL 199.19±4.98 

DLM7 2.56±0.19 BDL 97.36±3.64 

DLM 8 BDL 0.99±0.17 214.34±5.52 

DLM 9 3.05±0.16 0.35±0.11 243.24±1.04 

DLM 10 1.97±0.20 2.56±0.28 36.52±2.11 

Mean 2.88 1.61 227.33 

Min 0.79±0.10 0.27±0.09 27.41±1.91 

Max 4.3±0.24 3.65±0.30 505.19±8.19 

 
BDLl= belowldetectablellimit. 
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Similarly lthe lactivity lconcentration lof lfeldspar l(FLP) lsamples lare lpresented lin lTable l4.2. 

The lactivity lconcentration lof l
226Ra lranges lfrom l0.69 lto l2.01 lBq/kg lwith lan laverage lvalue lof 

l1.39 lBq/kg, l
232Th. The activity concentration 232Th ranges lfrom l0.52 lto l1.06 lBq/kg lwith lan 

laverage lvalue lof l0.76 lBq/kg lwhile that of l
40K ranges lfrom l49.29 lto l248.42 lBq/kg lwith lan 

laverage lvalue lof l152.28 lBq/kg. These values lare lbelow lthe lworld lwide laverage l(Table l4.5) 

lby lUNSCEAR l(2010). 

Table l4.2: l lActivity lconcentration lof lthe lfeldspar lsamples l 

 
 

Mineral    ID 

 
226Ra (Bq/kg) 

 
232Th (Bq/kg) 

 
40K (Bq/kg) 

FLP 1 
BDL BDL 139.93±3.91 

FLP 2 
0.69±0.09 0.78±0.13 224.47±4.95 

FLP 3 
1.28±0.11 1.06±0.15 248.42±4.99 

FLP 4 
1.06±0.11 0.75±0.13 212.45±4.86 

FLP 5 
BDL 0.52±0.11 164.17±4.16 

FLP 6 
1.88±0.15 BDL 58.55±2.55 

FLP 7 
BDL BDL 117.66±3.52 

FLP 8 
2.01±0.15 BDL 49.29±2.30 

FLP 9 
1.32±0.14 0.83±0.13 121.61±4.05 

FLP 10 
1.51±0.11 0.61±0.15 186.28±3.97 

Mean 1.40 0.76 152.28 

Min 
0.69 0.52 49.29 

Max 
2.01 1.06 248.42 

BDLl= belowldetectablellimit 
Also, lthe lactivity lconcentrations lof lcalcite l(CLT) lsamples lare lpresented lin lTable l4.3. lThe 

lactivity lconcentration lof l
226Ra lranges lfrom l0.54 lto l10.57 lBq/kg lwith lan laverage lvalue lof 
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l5.54 lBq/kg. l
232Th lfrom l1.28 lto l6.12 lBq/kg lwith lan laverage lvalue lof l3.81 lBq/kg land l

40K 

lfrom l81.37 lto l795.16 lBq/kg lwith lan laverage lvalue lof l466.62 lBq/kg, lwhich lshows lthat lthe 

lactivity lconcentrations lare lbelow lthe lworld lwide laverage l(Table l4.5) lby lUNSCEAR l(2010). 

 

Table l4.3: l lActivity lconcentration lof lthe lcalcite lsamples l 

 
 

Mineral    ID 

 
40K (Bq/kg) 

 
226Ra (Bq/kg) 

 
232Th (Bq/kg) 

CLT 1 
438.77±7.63 3.79±0.23 3.02±0.29 

CLT 2 
795.16±11.02 10.57±0.41 6.12±0.44 

CLT 3 
402.18±7.31 BDL 3.01±0.28 

CLT 4 
261.13±5.89 0.54±0.09 1.28±0.19 

CLT 5 
633.83±9.17 7.79±0.33 4.82±0.36 

CLT 6 
437.47±7.38 4.01±0.23 2.94±0.27 

CLT 7 
81.37±3.32 BDL BDL 

CLT 8 
678.06±9.81 8.33±0.35 5.15±0.39 

CLT 9 
416.95±7.42 3.09±0.21 3.11±0.30 

CLT 10 
521.32±8.02 6.22±0.29 4.86±0.35 

Mean 
466.62 5.54 3.81 

Min 
81.37±3.32 0.54±0.09 1.28±0.19 

Max 
795.16±11.02 10.57±0.41 6.12±0.44 

BDLl= belowldetectablellimit 

In lthe lsame lvein, lthe lactivity lconcentrations lof llimestone l(LME) lsamples lare lpresented lin 

lTable l4.4. lThe lactivity lconcentration lof l
226Ra lranges lfrom l0.63 lto l3.91 lBq/kg lwith lan 



64 
 

laverage lvalue lof l2.05 lBq/kg. The activity concentration of l
232Th lfrom l0.67 lto l2.67 lBq/kg 

lwith lan laverage lvalue lof l1.59 lBq/kg lwhile that of l
40K ranges lfrom l57.49 lto l421.39 lBq/kg 

lwith lan laverage lvalue lof l220.02 lBq/kg. lAll lthe lmean lvalues lwere lbelow lthe lworld lwide 

lmean lactivity lconcentrations lof l
226Ra, l

232Th and 40K lwhich lare l35, 30 and l400 lBq/kg 

lrespectively lexcept l
40K l(Table l4.5) lcontent lof lcalcite lthat lexceeded lslightly l(UNSCEAR, 

l2010). 

Table l4.4: l lActivity lconcentration lof lthe llimestone lsamples l 

 
 

Mineral l l l lID 

 
226Ra l(Bq/kg) 

 
232Th l(Bq/kg) 

 
40K l(Bq/kg) 

LME l1 

0.63±0.09 0.92±0.15 231.61±5.32 

LME l2 

0.85±0.10 1.41±0.18 209.2±4.96 

LME l3 

BDL BDL 147.51±4.43 

LME l4 

2.46±0.17 BDL 57.49±2.60 

LME l5 

2.08±0.16 BDL 58.88±2.74 

LME l6 

3.91±0.22 2.22±0.23 398.03±6.84 

LME l7 

0.95±0.11 0.67±0.13 236.33±5.27 

LME l8 

3.8±0.22 2.67±0.26 421.39±7.17 

LME l9 

2.1±0.16 1.25±0.17 300.14±6.05 

LME l10 

1.67±0.14 2.01±0.20 139.6±4.20 

Mean 

2.05 1.59 220.02 

Min 

0.63±0.09 0.67±0.13 57.49±2.60 

Max 

3.91±0.22 2.67±0.26 421.39±7.17 

BDLl= belowldetectablellimit 

From lTable l4.1 lto l4.4, lthe lmean lactivity lconcentrations lof lthe l
226Ra, l

232Th and l
40K lin lthese 

leconomic lminerals lsamples lcollected lfrom lthe lselected lquarries lare lbelow lworldwide lmean 
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lby lUNSCEAR l(2010), as can be seen in table 4.5 lexcept lcalcite lthat lexceeded lslightly lits 

lpotassium lcontent lby l66.62 lBk/kg. lThe lradium, lthorium land lpotassium lconcentrations lin 

lmineral lrocks lsamples lvary, lwhereas l
40K lhas lthe lhighest lconcentration lin lall lareas lof lthe 

lstudy ldue lto lits lrelative labundance. lThe lhigher lconcentrations lof lradionuclides lin lsome lof 

lthe lsamples lcollected lmay lbe lascribed lto lgeological lareas lconsisting lof lgranites land 

lgneisses, lwhich lhave lhigher lconcentrations lof lthorium land lpotassium l(Shittu, l2014). 

Table l4.5: lMean lactivity lconcentration lof lthe leconomic lminerals lcompared lwith lworld 

laverage 

Sample lID 226Ra(Bq/kg) 232Th(Bq/kg) 40K(Bq/kg) 

DLM 2.88 1.61 227.33 

FLP 1.39 0.75 152.28 

CLT 5.54 3.81 466.63 

LME 2.05 1.59 220.02 

UNSCEAR(2010) 33 45 420 

 

4.2 Assessment lof lRadiological lHazard lIndices 

4.2.1 Absorbed ldose (D) 

From lTable l4.6 lto lTable l4.9, lthe lestimated lvalues lfor lthe labsorbed ldose lrate lranges lfrom 

l2.66 lto l24.44 lnGy/h lwith lan laverage lof l9.99 lnGy/h, l2.98 lto l11.59 lnGy/h lwith lan laverage lof 

l7.06 lnGy/h, l3.39 lto l41.74 lnGyh lwith lan laverage lof l23.58 lnGyh land l3.42 lto l20.94 lnGy/h 

lwith lan laverage lof l10.70 lnGy/h lfor ldolomite, lfeldspar, lcalcite land llimestone lrespectively, 

lwhich lare lless lthan lthe lworld lwide lmean lof l58 lnGy/h las lseen lin lTable l4.10 l(UNSCEAR, 

l2010). lHence, lthe lstudied leconomic lminerals ldo lnot lpresent lany lradiological lproblem 

lpresently. 
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4.2.2   Radium equivalent l(Raeq) 

The lresults lfor lthe lcalculated l(Raeq) lfrom lthis lwork lare lpresented lin lTable l4.6 lto l4.9. lThe 

lvalues lof l(Raeq) lranges lfrom l5.39 lto l46.47 lBq/kg lwith la lmean lof l19.04 lBq/kg, l6.39 lto l19.09 

lBq/kg lwith la lmean lof l13.35 lBq/kg, l6.27 lto l80.55 lBq/kg lwith la lmean lof l45.27 lBq/kg land 

l6.61 lto l40.07 lBq/kg lwith la lmean lof l20.38 lBq/kg lfor ldolomite, lfeldspar, lcalcite land 

llimestone lrespectively. lIt lcan lbe lobserved lthat lthe l(Raeq) lvalues lfor lall lthe lmineral lsamples 

lin lthis lwork lare llower lthan lthe lsafe llimit lof l370Bq/kg las lrecommended lby lthe lOrganisation 

lfor lEconomic lCooperation land lDevelopment l(OECD, l1979) las lseen lin lTable l4.10. 

lTherefore, lthe luses lof lthese lmineral lrocks lproducts las lraw lmaterials lfor lornamental, ldrug, 

lanimal lfeed, lbuilding land lconstruction lpurposes ldoes lnot lpose la lhealth lrisk lto lan lindividual, 

lgeneral lpublic land lthe lenvironment. 

4.2.3 Annual leffective ldose lequivalent lfor loutdoor (AEDEo) 

The lannual leffective ldose lequivalent lfor loutdoor lis las lpresented lin lTable l4.6 lto l4.9 lvaries 

lfrom l0.004 lto l0.037 lmSv/y lwith laverage lmean lof l0.017 lmSv/y, lfrom l0.005 lto l0.018 lmSv/y 

lwith laverage lmean lof l0.011 lmSv/y, lfrom l0.005 lto l0.064 lmSv/y lwith laverage lmean lof l0.036 

lmSv/y land lfrom l0.005 lto l0.032 lmSv/y lwith laverage lmean lof l0.016 lmSv/y lfor ldolomite, 

lfeldspar, lcalcite land llimestone lrespectively. lThe lmean lannual leffective ldose lrate lin lall lthe 

lsamples lwere llower lthan lthe lworldwide laverage lvalue lof l0.07 lmSv/y l(UNSCEAR, l2010) 

land lalso lare lless lthan l1 lmSv/y lwhich lis lthe lannual leffective ldose lrate llimit lfor lthe lpublic 

lexposure las lrecommended lby l(ICRP, l2010) las lseen lin lTable l4.10. lIt limplies lthat lthe 

lmembers lof lthe lgeneral lpublic lwhich lincludes lthe lworkers lin lthe lquarry lvicinity lare lwithin 

lthe lsafety llimit. 
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4.2.4 Annual leffective ldose lequivalent lfor lindoor (AEDEi) 

The lannual leffective ldose lequivalent lfor lresidential lis las lpresented lin lTable l4.6 lto l4.9 lvaries 

lfrom l0.013 lto l0.120mSv/y lwith laverage lof l0.05 lmSv/y, lfrom l0.015 lto l0.057 lmSv/y lwith 

laverage lof l0.035 lmSv/y, lfrom l0.017 lto l0.205 lmSv/y lwith laverage lof l0.116 lmSv/y land lfrom 

l0.030 lto l0.097 lmSv/y lwith laverage lof l0.051 lmSv/y lfor ldolomite, lfeldspar, lcalcite land 

llimestone lrespectively. lThe lmean lannual leffective lequivalent ldose lrate lfor lresidential lin lall 

lthe lsamples lwere llower lthan lthe lworldwide laverage lvalue lof l0.07 lmSv/y lexcept lcalcite 

lwhich lhas lvalue lhigher lthan lthe lworldwide laverage l(UNSCEAR, l2010) land lalso lare lless 

lthan l20 lmSv/y lwhich lis lthe lannual leffective ldose lrate llimit lfor loccupational lexposure 

lsuggested lby l(ICRP, l2010) las lseen lin lTable l4.10. lIt limplies lthat lthe lmembers lof lthe lstaff lin 

lthe lquarry lvicinity lof lthe lby-products lfrom lthese lmineral lrocks lare laveragely lwithin lthe 

lsafety llimit. 

4.2.5  External lradiation lhazard l(Hext) lindex 

The lexternal lhazard lindex lfor lthese leconomic lminerals lare lpresented lin lTable l4.6 lto ltable 

l4.9, lwas lcalculated lusing lEquation l(3.6). lThe lvalue lvaries lfrom l0.01 lto l0.12 lwith la lmean 

lvalue lof l0.05, l0.02 lto l0.06 lwith la lmean lvalue lof l0.03, l0.02 lto l0.21 lwith la lmean lvalue lof l0.12 

land l0.02 lto l0.11 lwith la lmean lvalue lof l0.05 lfor ldolomite, lfeldspar, lcalcite land llimestone 

lrespectively. lThese values lare llower lthan lthe lacceptable lmean lvalue lof lunity l(ICRP, l2010) 

las lseen lin lTable l4.10, land hence lthe lminerals ldo lnot lpose lany lradiological lchallenge 

lpresently. 

4.2.6  lInternal lradiation lhazard l(Hint) lindex 

The linternal lhazard lindex lfor lthese leconomic lminerals lare lpresented lin lTable l4.6 lto l4.9, lwas 

lcalculated lusing lEquation l(3.7). lThe lvalue lvaries lfrom l0.01 lto l0.12 lwith la lmean lvalue lof 

l0.05, l0.02 lto l0.06 lwith la lmean lvalue lof l0.04, l0.02 lto l0.25 lwith la lmean lvalue lof l0.06 land l0.02 
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lto l0.12 lwith la lmean lvalue lof l0.01 lfor ldolomite, lfeldspar, lcalcite land llimestone lrespectively. 

These lare llower lthan lthe lacceptable laverage lvalue lof lunity l(ICRP, l2010) las lseen lin lTable 

l4.10 

4.2.7 Representative lgamma lindex l(Iγ) 

This lestimates lthe lgamma lradiation lhazards lconnected lwith lthe lnatural lradio-nuclides lin 

investigated lsamples land lassociate lthe lannual ldose lrate lowing lto lthe lexcess lexternal lgamma 

lradiation lcaused lby lsuperficial lsubstances. lIt lcan lbe la lvetting ltool lfor lidentifying lminerals 

lthat lmight lbecome lof lhealth lchallenge lwhen lused lfor lconstructions, las lthese lmaterials 

lstudied lhere lare lused las lcomposite lin lthe lconstruction lindustry. lThe lrepresentative lgamma 

lindex lpresented lin lTables l4.6 lto l4.9 lwas lcalculated lusing lequation l(3.8) las lgiven lby lOECD 

l(1979). lThe lvalue lvaries lfrom l0.06 lto l1.60 lwith la lmean lvalue lof l0.68, l0.04 lto l0.69 lwith la 

lmean lvalue lof l0.37, l0.02 lto l3.79 lwith la lmean lvalue lof l1.64 land l0.04 lto l1.43 lwith la lmean 

lvalue lof l0.69 lfor ldolomite, lfeldspar, lcalcite land llimestone lrespectively, lbut laveragely lcalcite 

lexceeded lthe lstandard llimit lof lunity l(Table l4.10). lHence, lcalcite should lbe lexempted lfrom 

lbeen luse las la lraw lmaterials lfor lbuilding lresidential lstructures. 

4.2.8 Occupational lexcess llifetime lcancer lrate (ELCRo) l 

This lreveals lthe lpossibility lof lthe lworkers lin lthe lquarry lsite lto ldevelop lcancer lover la llifetime 

lat la lcertain lexposure lrate. lThe loccupational lexcess llifetime lcancer lrates lare lpresented lin 

lTables l4.6 lto l4.9 land lwere lcalculated lusing lequation l(3.9). lThe lvalue lvaries lfrom l0.05 lto 

l0.48 lwith la lmean lvalue lof l0.22 for dolomite; l0.02 lto l0.06 lwith la lmean lvalue lof l0.04 for 

feldspar; l0.02 lto l0.22 lwith la lmean lvalue lof l0.13 for calcite land l0.02 lto l0.11 lwith la lmean 

lvalue lof l0.06 lfor llimestone. lAs lshown lin lTable l4.10, lthese lare lall lless lthan lthe lsafety llimit 
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and this limplies lthat lthe lworkers lin lthe lquarry lsites lare lfree lfrom lradiological 

lcontaminations. 

4.2.9 Residential lexcess llifetime lcancer lrate l(ELCRr) l 

This lreveal lthe lpossibility lof lthe lworkers land lgeneral lpublic lwho lare lthe lend lusers lof lthe lby 

lproducts lfrom lthe lquarry lactivity lof ldeveloping lcancer lover la llifetime lat la lcertain lexposure 

lrate. lThe lexcess llife lcancer lrate lpresented lin ltables l4.6 lto l4.9 lwas lcalculated lusing lequation 

l(3.9). lThe value varies from 0.01 to 0.13 with a mean value of 0.06 for dolomite; 0.06 to 

0.23 with a mean value of 0.14 for feldspar; 0.02 to 0.69 with a mean value of 0.43 for 

calcite and 0.07 to 0.41 with a mean  value of 0.21 for limestone.  

 

Table 4.6: The calculated absorbed dose rate and hazard indices for dolomite 

Sample 

ID 

 D 

(nGy/h) 

Raeq 

(Bq/kg) 

AEDE (mSv/y) H 

 

Iγ 

 

ELCR(x10-3) 

Out  In  Internal  External  In   Out   

DLM 1 8.61 15.99 0.013 0.042 0.044 0.04 0.06 0.17 0.05 

DLM 2 23.12 44.46 0.035 0.113 0.132 0.12 1.56 0.45 0.12 

DLM 3 24.44 46.47 0.037 0.120 0.138 0.12 1.60 0.48 0.13 

DLM 4 12.25 23.11 0.019 0.060 0.065 0.06 0.35 0.24 0.07 

DLM 5 2.66 5.39 0.004 0.013 0.023 0.01 1.10 0.05 0.01 

DLM 6 8.31 15.34 0.013 0.041 0.042 0.04 0.06 0.16 0.04 

DLM 7 5.24 10.06 0.008 0.026 0.034 0.03 0.88 0.10 0.03 

DLM 8 9.54 17.92 0.015 0.047 0.049 0.05 0.07 0.19 0.05 

DLM 9 11.76 22.28 0.018 0.058 0.069 0.06 1.09 0.23 0.06 

DLM 

10 

3.98 8.44 0.006 0.020 0.028 0.02 0.68 0.08 0.02 

Mean 9.99 19.04 0.017 0.05 0.06 0.05 0.68 0.22 0.06 

Min 2.66 5.39 0.004 0.013 0.023 0.01 0.06 0.05 0.01 

Max 24.44 46.47 0.037 0.120 0.138 0.12 1.60 0.48 0.13 
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Table 4.7: The calculated absorbed dose rate and hazard for feldspar  

Sample 

ID 

 D 

(nGy/h) 

Raeq 

(Bq/kg) 

AEDE (mSv/y) H 

 

Iγ 

 

ELCR(x10-3) 

Out  In  External  Internal  Out  In  

FLP 1 5.84 10.77 0.009 0.029 0.03 0.03 0.04 0.03 0.11 

FLP 2 10.15 19.09 0.016 0.050 0.05 0.05 0.30 0.06 0.20 

FLP 3 11.59 21.92 0.018 0.057 0.06 0.06 0.51 0.06 0.23 

FLP 4 9.80 18.49 0.015 0.048 0.05 0.05 0.42 0.05 0.19 

FLP 5 7.16 13.39 0.011 0.035 0.04 0.04 0.05 0.04 0.14 

FLP 6 3.31 6.39 0.005 0.016 0.02 0.02 0.64 0.02 0.07 

FLP 7 4.91 9.06 0.008 0.024 0.02 0.02 0.04 0.03 0.10 

FLP 8 2.98 5.81 0.005 0.015 0.02 0.02 0.69 0.02 0.06 

FLP 9 6.18 11.87 0.010 0.030 0.03 0.04 0.48 0.03 0.12 

FLP 10 8.83 16.73 0.014 0.043 0.04 0.05 0.56 0.05 0.17 

Mean 7.08 13.35 0.011 0.035 0.03 0.04 0.37 0.04 0.14 

Min 2.98 6.39 0.005 0.015 0.02 0.02 0.04 0.02 0.06 

Max 11.59 19.09 0.018 0.057 0.06 0.06 0.69 0.06 0.23 

 

As shown in Table 4.10, they are all less than the safety limit except calcite that exceeded 

the limit; it implies that the general public are free from radiological contaminations 

originating from dolomite, feldspar and limestone while calcite and its by-products are not 

safe for use in the construction of residential building. 
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Table 4.8: The calculated absorbed dose rate and hazard indices for calcite 

Sample 

ID 

 D 

(nGy/h) 

Raeq 

(Bq/kg) 

AEDE (mSv/y) H 

 

Iγ 

 

ELCR(x10-3) 

Out  In  External  Internal  Out  In  

CLT 1 
21.87 41.89 0.034 0.107 0.11 0.12 1.41 0.12 0.43 

CLT 2 
41.74 80.55 0.064 0.205 0.21 0.25 3.79 0.22 0.82 

CLT 3 
18.59 35.27 0.029 0.091 0.09 0.10 0.14 0.10 0.36 

CLT 4 
11.91 22.48 0.018 0.058 0.06 0.06 0.27 0.06 0.23 

CLT 5 
32.94 63.49 0.051 0.162 0.17 0.19 2.81 0.18 0.64 

CLT 6 
21.87 41.90 0.034 0.107 0.11 0.13 1.48 0.12 0.43 

CLT 7 
3.39 6.27 0.005 0.017 0.02 0.02 0.02 0.02 0.07 

CLT 8 
35.23 67.91 0.054 0.173 0.18 0.21 3.01 0.19 0.69 

CLT 9 
20.69 39.64 0.032 0.102 0.10 0.12 1.17 0.11 0.41 

CLT 10 
27.55 53.31 0.042 0.135 0.14 0.16 2.25 0.15 0.54 

Mean 
23.58 45.27 0.036 0.116 0.12 0.14 1.64 0.13 0.43 

Min 
3.39 6.27 0.005 0.017 0.02 0.02 0.02 0.02 0.07 

Max 
41.74 80.55 0.064 0.205 0.21 0.25 3.79 0.22 0.69 
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Table 4.9: The calculated absorbed dose rate and hazard indicesfor limestone 

Sample 

ID 

 D 

(nGy/h) 

Raeq 

(Bq/kg) 

AEDE (mSv/y) H 

 

Iγ 

 

ELCR(x10-3) 

Out  In  External  Internal  Out  In  

LME 1 10.51 19.78 0.016 0.052 0.05 0.06 0.28 0.06 0.21 

LME 2 9.97 18.98 0.015 0.049 0.05 0.05 0.35 0.05 0.20 

LME 3 6.15 11.36 0.009 0.030 0.03 0.03 0.04 0.03 0.12 

LME 4 3.53 6.89 0.005 0.017 0.02 0.03 0.84 0.02 0.07 

LME 5 3.42 6.61 0.005 0.017 0.02 0.02 0.71 0.02 0.07 

LME 6 19.75 37.73 0.030 0.097 0.10 0.11 1.43 0.11 0.39 

LME 7 10.70 20.11 0.016 0.05 0.05 0.06 0.39 0.06 0.21 

LME 8 20.94 40.07 0.032 0.103 0.11 0.12 1.41 0.11 0.41 

LME 9 14.24 27.00 0.022 0.070 0.07 0.08 0.80 0.08 0.28 

LME 

10 

7.81 15.29 0.012 0.038 0.04 0.05 0.61 0.04 0.15 

Mean 10.70 20.38 0.016 0.051 0.05 0.01 0.69 0.06 0.21 

Min 3.42 6.61 0.005 0.030 0.02 0.02 0.04 0.02 0.07 

Max 20.94 40.07 0.032 0.097 0.11 0.12 1.43 0.11 0.41 
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Table 4.10; Mean radiological hazard indices compared with world mean 
 

Sample 

ID 

Ranges  D 

(nGy/h)  

Raeq 

(Bq/kg)  

AEDE 

(mSv/y) 

H  Iγ ELCR(x10-3) 

Out  In  External  Internal  Out  In  

Dolomite Mean 9.99 19.04 0.017 0.05 0.06 0.05 0.68 0.22 0.06 

Min 2.66 5.39 0.004 0.013 0.023 0.01 0.06 0.05 0.01 

Max 24.44 46.47 0.037 0.120 0.138 0.12 1.60 0.48 0.13 

Feldspar  Mean 7.08 13.35 0.011 0.035 0.03 0.04 0.37 0.04 0.14 

Min 2.98 6.39 0.005 0.015 0.02 0.02 0.04 0.02 0.06 

Max 11.59 19.09 0.018 0.057 0.06 0.06 0.69 0.06 0.23 

Calcite  Mean 23.58 45.27 0.036 0.116 0.12 0.14 1.64 0.13 0.43 

Min 3.39 6.27 0.005 0.017 0.02 0.02 0.02 0.02 0.07 

Max 41.74 80.55 0.064 0.205 0.21 0.25 3.79 0.22 0.69 

Limestone  Mean 10.70 20.38 0.016 0.051 0.05 0.01 0.69 0.06 0.21 

Min 3.42 6.61 0.005 0.030 0.02 0.02 0.04 0.02 0.07 

Max 20.94 40.07 0.032 0.097 0.11 0.12 1.43 0.11 0.41 

Safe limit  58 370 1 0.3 1 1 1 0.29 0.29 
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CHAPTER FIVE 

5.0                                         CONCLUSION AND RECOMMENDATIONS 

5.1        Conclusion 

The natural radioactivity content of four economic minerals in Igarra area of Edo State, 

Nigeria namely dolomite, feldspar, calcite and limestone were assessed using gamma-ray 

spectroscopy technique which employ NaI(Tl) detector. The possible radiological effects 

due to the usage of these materials were also computed. The results obtained show that 

mean activity concentration of 226Ra, 232Th and 40K for dolomite, feldspar, limestone and 

calcite were 2.88, 1.61 and 227.33 Bq/kg, 1.40, 0.76 and 152.28 Bq/kg, 5.54, 3.81 and 

466.62 Bq/kg, 2.05, 1.59 and 220.02 Bq/kg respectively. From these results it is clear that 

the mean values of the activity concentrations were below the recommended safe limit 

except calcite that has its mean in 40K exceeding the limit slightly. The mean radiological 

hazard indices (absorbed dose rate, radium equivalent, annual effective dose equivalent for 

both indoor and outdoor, external and internal hazard index, representation gamma index 

and excess life cancer rate) estimated show that the mean absorbed dose for dolomite, 

feldspar, calcite and limestone are 9.99, 7.08, 23.58 and 10.70 nGy/h respectively, which 

are lower than world average of 58 nGy/h according to UNSCEAR (2010). The mean 

radium equivalent for dolomite, feldspar, calcite and limestone are 19.04, 13.35, 45.27 and 

20.38 Bq/kg respectively, and these values are lower than world average of 370 Bq/kg 

according to OECD (1979). The mean annual effective dose equivalent outdoor 

(occupational) for dolomite, feldspar, calcite and limestone are 0.02, 0.01, 0.04 and 0.02 

mSv/y respectively, and these values are lower than worldwide average of 1 mSv/y 

according to UNSCEAR (2010) The mean annual effective dose equivalent indoor 

(residential) dolomite, feldspar, calcite and limestone are 0.05, 0.04, 0.12 and 0.05 mSv/y 
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values that are lower than world wide average of 0.3 mSv/y (ICRP, 2010). The mean 

external hazard index for dolomite, feldspar, calcite and limestone are 0.06, 0.03, 0.12 and 

0.05, while the internal hazard index are 0.05, 0.04, 0.14 and 0.01 respectively and all these 

values are below the worldwide average of 1 (IGRP, 2010). The gamma representation 

index for dolomite, feldspar, calcite and limestone are 0.68, 0.37, 1.64 and 0.69 and they 

are below worldwide average of 1 except for the value for calcite that exceeded the limits 

by 0.69 (UNSCEAR, 2010). The residential excess lifetime cancer risk for dolomite, 

feldspar, calcite and limestone are 0.06, 0.14, 0.43, 0.21 respectively while the occupational 

excess lifetime cancer risk 0.22, 0.04, 0.13, 0.06 respectively are below the world wide 

average of 0.29 except calcite which exceeded the limit slightly in residential structures, 

hence it should not be use as a raw material for building.  

In conclusion, the findings in this study show that the activity concentration and radiation 

exposure levels of the studied area are averagely below the world wide average except for 

calcite which possess radiological challenge to the workers on the quarry site. 

5.2 Recommendations 

The evaluation of radiation dose indices of these economic mineral samples from selected 

quarry sites in Igarra area suggested that the workers and inhabitants with the end-user of 

the by-product originating from these mineral rocks in the study areas are safe from 

radiation hazards presently. 

Consequently, in line with radiation protection and recommendation by (ICRP, 2010) for 

best practices, in such areas, it is recommended that: 
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(i) Constant radiation monitoring exercise of the economic minerals and other mineral 

are carried out from time to time so as to ensure that these minerals and quarrying 

are within as low as reasonably achievable (ALARA). 

(ii) Radon gas level of the quarry environment be monitored constantly both at mining 

and quarry sites. 

(iii) The principle of time, distance and shielding (wearing of mask and protective 

clothing in some cases) should be employed to reduce occupational exposure. 

(iv)  Further study should be done on the mining sites where these economic minerals 

are native such as in-situ measurement of the background radiation and more. 

(v) Radiological hazard studies should be done on the quarry environment such as the 

soil and background in-situ measurement in other to know the level of radiological 

contaminations of quarry site. 

(vi)  Calcite and its by-products be discouraged and discontinued as a raw material in 

building constructions since they pose radiological hazards. 

(vii) Finally, the water bodies around the mining and quarry sites in Igarra area 

should be investigated to ascertain the level of radiological contaminations. 
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