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ScintillationCounter
ScintillationCounterisaninstrumentthatisusedformeasuringionizingradiation.“It
comprisesofthescintillatorthatgeneratesphotonsinresponsetoincident
radiation”,aPMTtubeisusedtoconvertanelectronicsandelectricsignalto
processthesignal.

Ascintillationcounterisusedtodetect gammarays andapresenceofaparticle.It
canalsomeasuretheradiationinthescintillatingmedium,theenergylossorthe
energygain.Themedium caneitherbegaseous,liquidorasolid.Thescintillator
counterisgenerallycomprisedofthetransparentcrystallinematerialsuchas
glasses,liquidsorplastics.Onesectorofthescintillatorsisplaced(opticalcontact
)withthepincode.

Achargedparticlelosesenergywhenpassingthroughthescintillatorthusleaving
thetrailofexcitedmoleculesandatoms.Arapidinteratomictransferofelectronic
excitationenergyfollows,whichleadstotheburstofscintillatormaterial
(luminescencecharacteristic.Thescintillationresponse, whenaparticlestops
leadingtothelightoutput.Theenergylossofaparticleismeasuredwhenaparticle
passescompletelythroughascintillator.

ApplicationsofScintillationCounter

1.ScintillationCountersarewidelyusedinradioactivecontamination,radiation
surveymeters, radiometricassay,nuclearplantsafetyandmedicalimaging,
thatareusedtomeasureradiation.

2.Thereareseveralcountersofmountedonhelicoptersandsomepickuptrucks
forrapidresponseincaseofasecuritysituationduetoradioactivewasteor
dirtybombs.

3.Scintillationcountersdesignedforweighbridgeapplications,freightterminals,
scrapmetalyards,bordersecurity,contaminationmonitoringofnuclearwaste
andports.

4.ItiswidelyusedinScreeningtechnologies,InvivoandELISAalternative
technologies,cancerresearch,epigeneticsandCellularresearch.



5.Italsohasitsapplicationsin Proteininteractionanddetection,academic
researchandPharmaceutical.

6.LiquidScintillationCounterisatypeofscintillationcounterthatisusedfor
measuringthebetaemissionfrom thenuclides.

Liquidscintillationcounting

Aliquidscintillationcountergenerallyisnotportable.Liquidscintillationcountingis
themostwidelyusedtechniqueforthedetectionandquantificationof radioactivity.
Thismeasurementtechniqueisapplicabletoalltypesofemissions,thoughitis
mostoftenusedforbetaparticles.Liquidscintillationcountingisananalytical
techniquethatmeasuresactivityofradionuclidesfrom therateoflightphotons
emittedbyasample.

Samplestobecountedarepreparedbyaddingascintillationfluid(cocktail)tothe
betaemitter.Asbetaparticlesarereleasedandinteractwiththefluid,photonsof
lightareproducedandmeasured.Theintensityofthelightisproportionaltothe
energyofthe betaparticle;therefore,thespectrafordifferent-energybetaemitters
aresomewhatunique.

Liquidscintillationcounting(LSCounting)isalaboratory-basedtechniquethatusesaLiquidScintillationCounter(LSC)tocountthe
radioactiveemissionsfrom aliquidsample.Itisoftenusedinthebiologicalsciencestomeasuretheuptakeofradioactiveisotopes
intobiologicalmaterials.Thedifferentformsofanelementarecalledisotopes.

Forinstance,thenucleusoftheelementphosphorushas15protonsbutitmaycontaindifferingnumbersofneutrons.Ifithas13
neutronsitiscalled 28P(15+13=28)andifithas19neutronsitiscalled 34P.Infactphosphorusexistsas7differentisotopes:

28P, 29P, 30P, 31P,32P, 33P, 34P

31P isthemostabundantform andisstablewhereastheotherisotopesmaybeunstableandemitradioactivity.Inthecaseof 32P,a
betaparticleisemitted.

LSCisamethodofcountingradioactiveemissionsfrom alimitedrangeofradionuclides.Thecommonisotopesusedinclude:

Isotope Half-Life Decay
125I(Iodine) 60days γ
3H(Hydrogenalsocalledtritium) 12.3years β
14C(Carbon) 5730years β
35S(Sulphur) 87.4days β
32P(Phosphorus) 14.3days β

Noticethatallexcept 125Iarebetaemitters.Betaemissionsareoftenloworverylowenergyandalthoughtheemissioncansometimes
bedetectedbygammaradiationdetectionequipmentsuchasaGeiger-MuellerCounter,theenergycaneasilybeabsorbedbythe
compounditself,bythesurroundingsandcoversondetectionequipment.

Liquidscintillationcountingwasdevelopedtodetecttheselowenergybetaemitters.



Thebetadecayelectronemittedbytheradioactiveisotopeinthesampleexcitesthesolventmoleculewhichinturntransferstheenergy
tothesolute(calledafluorasitemitslight).Thefluoremitsaphotonoflightthatisdetectedbythephotomultipliertubeandconverted
intoanelectricsignalanddetectedbytheapparatus.

Thesampleisdissolvedinaliquidscintillationcocktailthatistypicallycomposedofthefollowingcomponents:

Component Reason Exampleofacomponent

Solvent Tosolubilisethefluorandthesample. Toluene,xylene,pseudodocumene

Emulsifier Adetergenttoensurepropermixingofaqueoussamples. TritonX-100

Fluor Emitslightphotonwhenexcitedbyabetaparticle. PPO,POPOP

TherearemanycommerciallyavailableLScocktailsthataremoreenvironmentallyfriendlyandcontainlesshazardoussolventsthan
thoselistedabove.Manyareformulatedtoallowupto40%v/vadditionofsampletothecocktail.

InterferingProcesses
ThereareanumberofphysicalprocessesthatmaydisruptLSC.Theseinclude:

Process Explanation Examples ReduceProblem By

Chemiluminescence Spuriousgenerationoflightdue
tochemicalprocesses.

Bleachingagents,dioxane-based
scintillators

Equilibratesampleforaperiod
oftimeintheLSC

Photoluminescence Emissionofphotonsfrom
excitedmolecularspecies.

Vials,caps,othermaterialsin
theLSC.Somesamplessuchas
proteinaceousmaterialswhen
dissolvedinalkalinesolubilisers
suchashyamine.

Acidifysamples;avoidexposure
tosunlightorfluorescent
lighting.Darkadaptsamplesfor
severalhoursbeforecounting.

Background Radioactivitythatdoesnotarise
from thesample.

Chancecoincidence,cosmic
rays,Cerenkovradiation,natural
radioactivitysuchasthorium,
potassium-40anduranium.

Usingappropriateblanksto
correctforbackground.

Quenching Reductioninthescintillation
countrate.

Photonquenching,chemical
impurityquenching,colour
quenching(seediagram below).

UseInternalStandardsto
accountforquenching.A
standardwithaknown
CPM/DPM isaddedand
measuredandthereductiondue
toquenchingadjustedforinthe
measuredsamples.



TheoutputoftheLSCiseitherinCPM orDPM.

CPM (Countsperminute)-givesarawvalueforthenumberofradioactiveeventsmeasuredperminute.Oftenthesampleiscounted
foralongerperiod(5–10minutes)toaccountforanyaberrationsinshortercountsduetotheradioactiveeventsbeingarandom
process.

DPM (Disintegrationsperminute)-adjustedCPM valuetotakeintoaccounttheefficiencyoftheLSC.Forinstance,theLSCdoesnot
countallradioactivedisintegrationsastheyoccurinallthreedimensionsaroundthesamplecontainerandthedetectorisnotableto
measurethem all.

ExamplesoftheuseofLSCounting

1. ViralProteins: Proteinsproducedbyviruseswhentheyinfectacellareproducedinverysmallamountsandaredifficultto

detectandpurify.Ifvirus-infectedcellsarefedaradioactiveaminoacid,theneachtimethataminoacidislinkedtoform the

growingproteinaradioactive‘label’isattachedtotheprotein.Thisradioactive‘label’isthenusedtomonitorthe

identificationandpurificationoftheviralprotein.Aminoacidscontaining 3H, 14Cand 35Sareoftenusedtolabelproteins. 35S

isparticularlyusefulassulphurisonlyfoundintwoaminoacids–methionineandcysteine.

2. EnvironmentalMonitoring: Checkingfor 3Hspillsinthelaboratory.Tritium issuchaweakemitterthatitspresencecannot

bedetectedbyaGeiger-Muellercounter.Wipetestingisusuallyused.Thisiswheresuspectsurfacesarewipedwithapiece

oftissue.ThetissueisplacedinLSCocktailinaLSvialandcountedintheLSCounter.

SolidScintillationCounter–PrincipleofOperation



Apparatuswithascintillatingcrystal,photomultiplier,anddataacquisitioncomponents.

A scintillationcounter or scintillationdetector isaradiationdetectorwhichusestheeffectknownas scintillation.
Scintillationisa flashoflight producedinatransparentmaterialbythepassageofaparticle(anelectron,analpha
particle,anion,orahigh-energyphoton).Scintillationoccursinthescintillator,whichisakeypartofascintillation
detector.Ingeneral,ascintillationdetectorconsistsof:

 Scintillator.Ascintillatorgeneratesphotonsinresponsetoincidentradiation.

 Photodetector.Asensitivephotodetector(usuallyaphotomultipliertube(PMT),acharge-coupleddevice
(CCD)camera,oraphotodiode),whichconvertsthelighttoanelectricalsignalandelectronicstoprocessthis
signal.

Thebasicprincipleofoperationinvolvestheradiationreactingwithascintillator,whichproducesaseriesofflashesof
varyingintensity.Theintensityoftheflashesisproportionaltotheenergyoftheradiation.Thisfeatureisveryimportant.
Thesecountersaresuitedtomeasuretheenergyof gammaradiation(gammaspectroscopy)and,therefore,canbe
usedtoidentifygammaemittingisotopes.

ScintillationCounter–PrincipleofOperation

Theoperationofscintillationcountersissummarizedinthefollowingpoints:



 Scintillation
Counter–PrincipleofOperation.

 Ionizingradiation entersthe scintillator andinteractswiththescintillatormaterial.Thiscause electrons tobe
raisedtoan excitedstate.

 Forchargedparticlesthetrackisthepathoftheparticleitself.

 For gammarays (uncharged),theirenergyisconvertedtoanenergeticelectronviaeither
the photoelectriceffect, Comptonscattering or pairproduction.

 Theexcitedatomsofthescintillatormaterial de-excite andrapidly emitaphoton inthevisible(ornear-visible)
lightrange.Thequantityisproportionaltotheenergydepositedbytheionizingparticle.Thematerialissaidto
fluoresce.

 Threeclassesofphosphorsareused:

 inorganiccrystals,

 organiccrystals,

 plasticphosphors.

 Thelightcreatedinthescintillatorstrikesthe photocathode ofa photomultipliertube,releasingatmostone
photoelectronperphoton.

 Usingavoltagepotential,thisgroupof primaryelectrons iselectrostaticallyacceleratedandfocusedsothat
theystrikethefirst dynode withenoughenergytoreleaseadditionalelectrons.

 These secondaryelectrons areattractedandstrikeaseconddynodereleasingmoreelectrons.Thisprocess
occursinthephotomultipliertube.

 Eachsubsequentdynodeimpactreleasesfurtherelectrons,andsothereisacurrentamplifyingeffectateach
dynodestage.Eachstageisatahigherpotentialthantheprevioustoprovidetheacceleratingfield.

 Primarysignalismultipliedandthisamplificationcontinuesthrough10to12stages.

 Atthe finaldynode,sufficientelectronsareavailabletoproducea pulse ofsufficientmagnitudeforfurther
amplification.Thispulsecarriesinformationabouttheenergyoftheoriginalincidentradiation.Thenumberof
suchpulsesperunittimealsogivesinformationabouttheintensityoftheradiation.


