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IntroductionIntroduction
Fast Fast neutronsneutrons producedproduced duringduring pateintpateint irradiationsirradiations withwith energeticenergetic protonsprotons interactinteract withwith thethe
oxygenoxygen and and nitrogennitrogen atomsatoms in in thethe airair producingproducing shortshort--livedlived positronpositron emittingemitting radionuclidesradionuclides, , 1515O, O, 
1313N and N and 1111C (Table 1). C (Table 1). ConsequentlyConsequently, , thethe fast fast neutronsneutrons collidecollide withwith thethe gantrygantry roomroom wallswalls, , ceilingceiling
and and floorfloor resultingresulting in in slowingslowing down (down (thermalisationthermalisation). The thermal ). The thermal neutronsneutrons areare capturedcaptured byby thethe
4040Ar Ar atomsatoms presentpresent in in airair (~ 3%) via (~ 3%) via thethe 4040Ar(n,Ar(n,))4141Ar Ar reactionreaction ((FigureFigure 1) 1) producingproducing 4141Ar, a Ar, a betabeta
and and gammagamma emitteremitter ((EE = 1.3 MeV) of a = 1.3 MeV) of a halfhalf--lifelife of 120 min (Table 1). of 120 min (Table 1). DueDue to to itsits longerlonger half lifehalf life
radiaoctive radiaoctive 4141Ar Ar couldcould reachreach a a longerlonger distance distance dependingdepending on wind on wind flowflow conditionsconditions and and 
cause cause radiationradiation exposureexposure to to publicpublic. . WeWe havehave experimenallyexperimenally estimatedestimated thethe 4141Ar Ar 
produtioninprodutionin thethe treatmenttreatment roomroom usingusing superheatedsuperheated emulsionemulsion ((bubblebubble) ) detectorsdetectors and and 
estimatedestimated thethe averageaverage activityactivity concentrationconcentration at at thethe exhaustexhaust point.point.

Table 1: Table 1: ShowingShowing tete radioactiveradioactive effluentseffluents producedproduced duringduring thethe operationoperation of of medicalmedical cyclotronscyclotrons. . 

FigureFigure 1: 1: DepictingDepicting thethe excitationexcitation functionfunction of of thethe
productionproduction of of 4141Ar. The Ar. The averageaverage neutronneutron capturecapture
cross cross sectionsection evaluatedevaluated to to bebe 630 630 mbmb.  .  

4141Ar Ar ConcentrationConcentration CalculationCalculation
ElucidatedElucidated in in FiguresFigures 2, 3, 4 2, 3, 4 

FigureFigure 3: 3: BubbleBubble dosimetry dosimetry summarysummary FigureFigure 4: 4: VerticalVertical cross cross sectionsection of of gantrygantry roomroom FigureFigure 5: 5: 4141Ar Ar activityactivity concentrationconcentration

V = 161 mV = 161 m33

The The pathwaypathway :  Treatment :  Treatment roomroom ((FigureFigure 6) =6) =>> Plant hall (Plant hall (FigureFigure 7) =7) => > Air (Air (4141Ar)Ar)--monitor (monitor (FigureFigure 8) =8) => > EEffluentffluent exhaustexhaust ((FigureFigure 9)9)

FigureFigure 6: One of 6: One of fourfour WPE treatmentWPE treatment roomsrooms FigureFigure 7: WPE plant (7: WPE plant (ventilationventilation) hall ) hall FigureFigure 8: 8: EffluentEffluent--monitormonitor FigureFigure 9: 9: Effluent  exhaustEffluent  exhaust at WPE at WPE rooftoprooftop

ResultsResults and and SummarySummary
FigureFigure 1010DuringDuring routineroutine patientpatient irradiationirradiation, , radioactiveradioactive effluentseffluents areare producedproduced duedue to to neutronneutron activationactivation

of of thethe airair in in thethe treatmenttreatment roomsrooms

FromFrom Health Physics (Health Physics (publicpublic exposureexposure) stand point ) stand point thethe radioactiveradioactive 4141Ar (TAr (T1/21/2 = 120 min) = 120 min) isis mostmost
criticalcritical, , hencehence, , thethe monitoringmonitoring of of treatmenttreatment roomroom airair becomesbecomes mandatorymandatory

At WPE At WPE thethe exhaustexhaust airair fromfrom all all treatmenttreatment roomsrooms and and cyclotroncyclotron vaultvault isis monitoredmonitored in in realreal--timetime
usingusing a a effleuenteffleuent ((airair) ) monitormonitor locatedlocated in in thethe plant hall. The plant hall. The dailydaily activityactivity concentrationconcentration of of 4141Ar Ar isis
evaluatedevaluated and and presentedpresented in a in a histogramhistogram ((FigureFigure 10) 10) 

The The estimatedestimated activityactivity concentrationconcentration ((thisthis workwork) of ) of 4141Ar (34.2 BqmAr (34.2 Bqm--33) ) foundfound to to bebe a a factorfactor of 0.17 of 0.17 
lowerlower thanthan thethe regulatoryregulatory limitlimit (200 Bqm(200 Bqm--33) and ) and agreesagrees well well withwith thethe histogramhistogram ((FigureFigure 10).10).
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