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ABSTRACT

A smallapparatusof adequatesensitivityand more portablethan

that describedin ReportLA-1678has been developedfor the determi-

nationof tritiumin body fluidsand aqueoussolutions.The entire

systemis adaptableto operationby untrainedpersonnel.

The smallglasevacuummanifoldand ionizationchazberare evacu-

atedby meansof wateraspirationand filledto atmosphericpressure

with a ndxtureof hydrogen-tritiumgas. The hydrogen-tritiumndxture

is evolvedby droppinga liquid(sputum,urine,blood,or water)onto

metalliccalciumand passingthe gas througha dryingcolumnfilled

with indicatingDrierite. The currentproducedbytlw beta activity

withinthe ionizationchanberie meaeuredwith eitheran AppliedPhysics

CorporationVibratingReedElectrometeror a batterypoweredionization

chambercurrentinterdesignedby Los AlamosScientificLaboratory.The

methodhas a rangeof 10 to 10,000UC of tritiumper literof liquid,

dependingupon the sizeof the ionizationchamberand the measuring

instrument.
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1. Introduction

Many requirementsfor tritiumhealthmnitoring procedureshave

dictatedthe developmentof an apparatusmne portablethan that de-

scribedin ReportLA-1678. Althoughthe authorsare indebtedto the

basicwork in that document,a systemhas now been developedwhich elk

inatesthe need for liquidnitrogen,mercurymanometers,and a vacuum

PW*

A smallglassvacuummnifold and ionizationchamberare evacuated

by meansof wateraspirationand filledto atmosphericpressurewith a

mixtureof hydrogen-tritiumgas. The hydrogen-tritiummixtureis evolved

by droppinga liquid(sputum,urine,blood,or water)onto mtallic

calciumand passingthe gas througha dryingcolumnfilledwith indi-

catingDrierite. The currentproducedby the beta activitywithinthe

ionizationchanberis measuredwith eithera vibratingreed electrom-

eter or a batterypoweredionizationchambercurrentmeterdesignedby

the LQS AlamosScientificLaboratory.The methodhas a rangeof 10 to

10,OOOPC of tritiumper literof liquiddependingupon the sizeof

the ionizationchamberand the measuringinstrument.

The AppliedPhysicsCorporationionizationchamber,No. 3095,with

a volumeof 250 ml, is satisfactoryfor use with the vibratingreed

electrometer.However,it is not of sufficientvolumeto providethe

sensitivitynecessarywhen usingthe Model3 IonizationChamberCurrent

Meter,Figs.1 and 2 (hereafterreferredto as the ICCM),developed
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by LASLGroupP-1. Therefore,the authorsdevelopedthe l-liter E-d?*

chamber,Fig. 3, whichis easilyfabricatedand designedto be operated

with the vibratingreedas well as the ICCM.

The batterypoweredICCMoffersan instrument’whichwill give a

fieldmeasurementindicatingtritiumpersonnelexposuresof 0.3 rep

(250KC of tritiumper literof body fluid)and above,with a l-liter

ionizationchanber. The vibratingreed electrometerwill indicate

exposuresfrom 0.03 rep (25 PC of tritiumper literof body fluid)with

the samechamber.

2. Procedure

Reagents

MetallicCalcium- Noe 10 mesh. The calciumis a speciallypuri-
fied productobtainedfrom CMR.Division-ofLASL

ApiezonM StopcockGrease

Dow CorntiKHighVacuumGrease

!)OWcornin~ AntifoamA

TritiumStandard- A suitableseriesof standardsin the rangeof
physiologicimportance

IndicatingDrierite- Caso4,No. 8 mesh

Apparatus

GlassVacuumManifold- Fig.4

GlassGenerators- Fig. 5

%Eutslerand Robbfis
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Water Aspiratorand/orVacuumPump

IonizationChamber- Fig. 3

IonizationChanberCurrentMeter- Figs.1 and 2

VacuumPressureGauge-15 lb x 30 in.

PortableCarrying Case - Fig. 6

OperationalProcedure

The glassvacuummanifold,ionisationchanber,and generator,shown

in Fig. 7, are evacuatedby means of wateraspirationor a vacuumpunp

to a mercurypressurewithin2 in. of vacuumat barometricpressure.

Contraryto the statementon page 4 in ReportLA-1678,the authorshave

foundthatwateraspirationof the vacuummanifoldand ionizationcham-

ber is satisfactoryand reproducibleat all levels.

For evacuationof the qrstem,open stopcocksNo. 1, No. 3, and

No. 4,and closeNo. 2. Beforeevacuationof the system,add approxi-

~tel.y5 g of metalliccalciumto the glassgenerator. Ring the lower

part of the generatorwithantifoam. Greasethe glassjointand the

stopcockof the generatorwith suitablestopcockgreaseand assemble.

Also greasethe 18/9 male jointof the manifoldand fit the generator

to it. (Thegeneratoris held in placeby mans of foamrubberbeneath

it, thus providinga safetyvalve forany pressureexcess.)

When sufficientvacuumhas been achieved,closestopcockNo. 4.

Observethe vacuumpressuregaugeto ensurethereare no leaksin the

systemm
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Add the liquidsampleto the thistletube of the generator.

Slowlydropthe liquidonto the mstalliccalciumthroughthe generator

stopcock. The hydrogen-tritiummixtureevolvedis dried in passing

throughthe indicatingDrierite. When the pressureof the systemis

slightlyaboveatmospheric,closestopcockNo. 1 and remve the gener-

ator from the system. Floodthe generatorwithwaterand immerseit

in an organicsolvent(kerosene)to dissolvethe grease. Open stop-

cockNo. 2 momentarilyto the atmosphere, Closethe needlevalveor

stopcockon the ionizationchanber. The chamberis now ready for

counting.

3* OperatingInstructionsfor CountinR

Operatinginstructionsare usuallyprovidedwith the vibrating

reed electrometer;however,they nay also be foundon pages7-8 of

ReportLA-16178.Operatinginstructionsfor the batterypoweredICCM

are as follows.

10

2.

30

To turn instrumenton, hold down I!dischargetlbuttonand switch

from ltoffi~to %aml: to lI~ctl

After severalminuteslwarmup, depressIttischarge,lt be sure

MSl:~debackEl!is on zero,and set zeroon null meterwith

frontpanelzerocontrol. The instrumentis now ready for

currentreading.

Currentreadingsmaybe taken directlyacrossa resistive

inputelementor by rate-of-chargemethodwith a capacitance
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inputelemnt. In eithermethodthe null meter is bzvughtto

ze]?owith ‘SlidebackEl?dial. This dialreads1 volt full

scaleor 1 mv per smalldivision. Responseof the null meter

is slowwhen slidingback the voltagedevelopedacrossa large

resistiveelement. However,the null meterexcursionis

fairlylinear,and correspondsto aboutO.l voltper microampere

deflection,so one can makean intelligentappro~tion of

properslidebacksetting,wait,and then make a precisesetting.

Voltagereadingis rapidwhen masured acrossa capacitive

elemsnt. This rate-of-chargecurrentmeasurementinvolves

timinga certainvoltagebuildupacrossa capacitorand calcu-

latingthe currentfrom

I volts
= c farads seconds

4. place “inputelement”switchon 300ypf positionwhen changing

chambers. If possible,hold down ‘Idischargef;buttonwhen

connectingor disconnectingchatiervoltage. Thiswill elimi-

nate transientsappliedto the electrouter tube throughcham-

ber capacitance,and shouldhelp instrumnt stability.

50 Inst=nt leakageand grid currentsadd up to about10-~ amp.

This setsthe upperlimitof sensitivityfor thistechniqueof

currentmeasurement.Batterylife shouldexceed1500 hr of

continuousoperation.

CAUTION:To minimizetransientsfrompossibleholdovercharges,depress

l~dischargettbuttonwhen changinginputelementranges.
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IL Calibration

Each ionizationchambershouldbe calibratedin termsof the con-

ditionsforwhich the equipmmt is to be operated,i.e.,wateraspi-

rationor

Fill

ated from

vacuumpump for evacuationof

each ionizationchatierto be

distilledwater,as described

the system.

used with inerthydrogen,gener=

in the procedure,page 5. Read

the currenton the ICCMor vibratingreed as givenin the operatingin-

structions,Step 3. The scalereadingobtainedis the backgroundof

the ionizationchamber. Each chamberis then calibratedat appropriate

levelsof tritiumconcentrationand plottedon linearsquare-section

graphpaper.

5* summary

A smallreadilyportableapparatuswith a

ationhasbeen developedfor the determination

fluidsand aqueoussolutions. Usingthe ICCM,

simplesystemof oper-

of tritiumin body

measurementsof exposures

of 0.3 rep and aboveare attainable,whilemeasurementswith the

vibratingreed electrometerwill indicateexpozures0.03 rep and above.

Althoughthe systemwas designedto meet a need for tritium

personnelnrmitoring,it is possibleto countany gaseousbeta emitter

$nthe ionizationchamber.

Under certainconditionsthe E-R chambermay find

a grab samplerfor air suspectedof containinggaseous

applicationas

beta emitters.
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Fig 3. Cross sectionof E-R ionizationchazber.

11



r

n
EE

l’-0In

ii’Ilc5

1-

u
’)mg
’T

’C
9

12 1

a“1-(/’)

EE
tn

.

_ja
m

\



2 MM $ STRAIGHT
BORE STOPCOCK

FEMALE 18/7
SEMIBALL JOINT

—-—- -.—

g 55/50

SCALE = FULL SIZE

Fig. 5. Crosssectionof generatorflask.
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Fig. 7. Manifoldand generatorin assembledpositionin carryingcase.
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