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UNCIASSIFIEII
ABSTRACT

A studyhas beenmade of the bodyabsorption,distri@tion,

and excretionof trititnnin man and laboratoryanimalsfollowingex-

posureto tritiumin the form of HT and HTO. Bothrespiratoryand

onilroutesof exposurewere

the major portionof tritium

Very littletritiuminspired

axidimd mall smcuntsof HT

studied. The resultsindicatedthat

inspired as HTO ms absorbedin the body.

as HT was absorbed. Both rat d M

to HTO.

Fraa the resultsobtitiedit wouldappearthatfor man the

msximumpermissiblelevel of tritiumas HY!Oin inspired@ should

be 6 x 10_5>c/ce. I.asedon 0.3 rep./uk.end a 40

The maximumpermissiblelevelof tritlumas HT in

shouldba 0.6)lC/C(Z.In the IAtercaseradiation

hre/wk. ~SUTC$.

inspiredair

dosesto the lungs

is the limitingfactor. The principsldiluticmvolumeof tritium

as HT03nthebody of bothmanandanimsls on shortexposureMM

foundto be the total.body water. The mate of turnoverC& tritium

frau the bodyfluidsfollowingacuteexposurevas in keepingwith

the rate of turnoverof totalbody water. Mice excretedtritiun

fran bodyfluidswLth a biologicalhalf-timeof 1.5 to 2.0 daya,

rats 3 to 5 days,men 9 to U days.

Chronicexposured mioe to HTO uvera pericdof 5 month8

resultedIn tritiumbecomingdistributedh the bodywaterand in

scmeundetenuinedM& constituentsotherthan waterwhichhad a

biologicalhalf-timelongerthan one week. The studyfurthershwed
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that tritiumconcentrationas HTO in all the

excretaof man was essentiallythe same.

The rate of absorptionof HTO through

bodyfluidsand fluid

the gastreintestind

tractwas linear with time when givenamountswere ingested. Tritium

excretionas HTO fromthe bodyfluidsof man and animalswas exponential

with waterturnover. Absorpticmof HTO throughthe slclnof man was

studiedby immersim of the hand and forearmin watercontainingHTO.

Absorptionthroughthe skinwas foundto be approximatelyequalto

the mate of waterlossby tisensiblep=spimtion.

4

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



~ ‘NCLASS’
THE BODYABSORPTION,DISTRIBUTION,AND

EXCRETIONOF TRITIUMIN MAN AND ANIMALS

ErnestA. Pinson

Introduction

Tritiumis the radioactiveisotopeof hydrogenof mass three.

It has a half-lifeof 10.7yearsand emitssoftbeta ~rticles of

18 Kev.maxhum energy. No gammaradiationis emitted. It has been

usedas a hydrogentracerin the expdments here presentedin amounts

up to 3 mil.licuries.Variousphysiological.aspectsof its absorption

throughthe skin,the respiratoryand gastro-intestinalsystems,its

distributionwithinthe body,and its excretionfrcm the bodyhave

beenmeasuredin man and urhzals. From thesemeasurementscertain

conclusionsconcerningthe tolerancedose of tritiumfor man have

been drawn.

Ems rtientalMethodsand Results

The methcdused for tritiumassaywhen ~esentas HTO in body

fluidswas as follows:

Water fran the bodyfluldconcernedwas obtainedby completedis-

tillationin a vacuumat room temperature.0.1 co. of the -ter

samplethus obtainedwas allowedto eva~ate intoan emmzated system,

the vaporpass~ througha furnacefilledwith powderedzinc on glass

wool held at 400-410°C. The reducedhydrogenand tritiumwere pumped

Intoa 250 cc. Borkoweki-typeion chamberby means of a Toeppler

wP~ *ich pr~uced a pres~ of ab~t 3~ IIIIL Hg In the chamberat

roan temperature.The chamberwas then filledto about100 cm. Hg

-5-
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pressure with

the oontained

C02 in orderto obtainbetterionizationefficiencywitlxln

gas. The saturatedionizationcurrentwas measuredwitha

dynamiccondenserelectraneterwitha

observedionizationcurrentwas 1.5 x

backgroundof the ion chamberwas 2.4

sensitivityof 10-17ampere. The

10-~ ampereper microcurie.The

x 10-16ampereequivalentto

1.6 x 10”4microcurie(m disintegrationsper minute)of tritium. The

activitiesmeasuredusuallyrangedfrcau10 to 100 ttiesbackground.At

theselevelsduplicateanalysesdifferedby less than 5 per cent.

Ratswere exposedcontinuouslyto variousconcentrationsof tritium

in inspiredair for periodsup to 1.45hours. This was done in a closed

systemof approximately30 litersvolume. The HT exposureapparatus

used is sham in Fig. 1 with

bell jar removedso that the

The HT gas was exposedto no

the bell jar in placeati inl’ige2 with the

containedcagemay be seenmore clearly.

metalsin this system. Glass,lucite,rubber,

water,food,the rat,

(CaC~ and sodalime)

tactwhen the rat was
$

and the chemicalsrequiredto absorbwaterand C02

were the materialswith whichthe gas came in con-

exposedto HT. Qxygenwas bled into the bell jar

from the cxygensup@y tank througha one-wayvalveas the rat used

oxygenfran the bell.jar. When exposure to HTO vapor was made the floor

of the chamber was covered with a 0.5 N NaCH soluticncxmtaining~0 h

an amountto producethe requiredactivityIn the saturatedatmosphere

of the bell jar. The NaOHactedas C02 absorber. Urineamd feceswere

coXLectedintermittentlyfraa the bottlesbeneaththe chamber. Gas

sam@Leswere collectedfrom the chemberin an evacuatedion chamber,

throughthe tubeat the bottazextendingup intothe chamber,and

analyzedto detemine tritiumactivity. The enimal.may be exposed

UNCLASSIFIED
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mntinuouslyfor many days in this systemat an essentiallyconstant

tritiumactivity.

The tritiuxuconcentrationto whichratswere exposedin the

~ to 3 x lo~ #c/cc.abovedescribedappnatus was variedfrcm 6 x 10

in differentexpxtments. The lengthof exposureran from100 to 1.45

hours. One exposureof two hoursdurationto a tritiumactivityof

1.8#c/cc. was made in a similarbut smallerapparatw.

Fig. 3 showsthe buildup of tritiumconcentrationas HTO in

the baiyfluidsin two of theseexperiments,one in whichtherat was

exposedto HT and the otherto HTO. A summaryof all suchexposures

made on rats is givenin Table1.

=

RATE @’ APPEARAIWE~ BTO JN THE B(DXFLUIDSOF THE—— ———

RATAS A RESULTOF THE INSPIRATIONOF HT AND ~0.-—— — —.—

Rate of Jtppeamnceof
Tritium Inspired
Fom Amt.pc/cc. ‘02Q::hFtid’

HT 1.8 5ooilo-2

n 3.oxlo* 1.7XM+

n 3.ZO-3 2.Q04

W 1.oiLo-3 3.oilo-5

n 8.6i10-5 hdetectable

n 6.0kL04 n

HTo l.odo+ 4.QKLO-3

n 2.6d0-!$ 2.oiLo+
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u theseexperimentsthe rat used about 500 CC. of =ygen per

hour at roantemperatureand 59 m. Hg press~e● AS*W abs@ion

of ti of ~gen fran inspiredair this gavea volumeof n. 5 liters~

air inspiredper hour. Thus it appearsthatwhen tritiumwas pwsent

as HTO in inspiredair a major pmtion of all the activityinhaled “

was takenup in the bodyfluids,indicatingrapidexchangead absorption

of tritiumwateracrossrespiratorymembranes. H the tritiumactivity

was presentas HT in the inspiredair,less thanO.1$%of the inspired

activityappearedIn the bodyfluldsof the rat as HTO. Exceptin one

experimentthe rangeof activitiesto whichthe rat was exposedvia in-

spiredair was not high enoughfor absorptionof HT ~ & in body

fluidsto be detected. Apparentlybiologicaloxidationof HT to HTO

takesplacein the rat~sbody. This does not appearto be an exchsnge

of Ii’J!with ~0 for when HT was placedin a sealedglassbulbWIth oxygen

overa smsll

two or three

used in this

amcuntof H20 and allowedto standat room temperaturefor

weeks,no HTO appearedh the H20. Sincethe s=e @s ws

exposureas for the rat exposuresit also nulJifiesthe

possibilitythat the ET mighthave been contaminatedwith HTO. The HT

was passedthroughanhydrousmagnesiumperchlorateand througha liquid

nitrogentrapfor removalof HTO beforeuse in theseexperiments.

Respiratoryexposureof the rat to eitherHT or HTO took about

100 hoursfor HTO in the bodyfluidto reacha relativelysteadyvalue

(Fig.3). Beyondthis the HTO excretionthroughthe variouswater

excretoryroutesbalancedHTO uptakeby the

The equXLibrfumvaluereachedvaried10-15%

-$-

body throughthe lungs.

duringthe day due to short

~ UNCLASSIFIED
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most of its daily
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inthe waterturnover=te. The rat eats and drinks

waterturnwer at nightso thatthe tritiumactivity

in bodyfluids,on continuousexposureto a constantinspiredactivity,

was usuallylowestin the morningand highestin the evening.

After exposureof the rats was ccmpleted,they

the exposurechamber,placedin a metabolismcageand

HTO activityin bodyfluidsfollowed. Water and food

ad urinecollectionsweremade dailyfor analysisof

The resultsof one suchexperimentare shownin Figs.

were removedfrom

the declinein

izrtakewere noted

tritiumactivity.

4 and 50 It iS

apparentHTO eliminationfrau the body is an exponentialfunctionof

waterturnover. The ~ter intakeshownincludedwaterfrcm food as

well as H20 ingestedpr se. Otherexperimentson rats showeda bio-

logicalhalf-lifefw HTO rangingfrcan3 to 5 days dependingon the

rate of ~0 intake. The dilutionvolumerangedfra ~ to 72% of the

bcdyweight. Sincebodywaterconstitutesabout70% of the lean body

~ight, this suggeststhat bodywatermakesUp the major portionof the

bodyvolumewith whichHTO is diluted.

It seemedtiportantto attemfito determineif,

CXPSU=, tritiumQQ entirinto combinationwith bcdY

thanwaterand, if so, to what extentsinceotherbody

duringChrOlliC

constituentsother

constituentsmay

have biologicalhalf-livesdifferingfran that of ~ter. To do this

water containing4.I.4 p/cc. of tritium as HTO waaIfed to threemice

for fivemontnsin placeof nommilH20. men dilutedwithwater ob-

tainedfran the food this gavean

fluidsor the mouse of 2.8pc/cc.

averageHTO activityin the body

(Thebeta radiationfrcm this amount

+- hcLAssIFIED
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of tritiumrepresentsa

~ ~Nc~AsslFIED
ndiation dose of about6 rep. per week.) ~

weighingthe HTO and the food ingestedthe H20 resultingfran the food

was determinedby the degreeof dilutionnoted. It was foundthat

about 5@ of theweight of the food ingestedappearedin the mouse’s

body to dilutethe HTO whichthemouse drank. This figure-s wed to

calculatetotalwaterintake.

After five

~0. The decline

onemonth. DaXly

this period. The

monthsthe mice were takenoff HTO waterand given

inHTO activityin body fluidswas followedfar about

waterarilfood intakewas carefullymeasuredduring

restitsare shownin Figs. 6, 7 and 8. Initially

the decreasein HTO activityin the body fluidswas ve~ mpid$ showing

a biologicalhalf-lifeoverthe firstten days of 1.7, 2.0 and 1.5 Wys

in mice 1, 2, and

the averagevalue

duringthisfirst

3 respectively.Consideringwaterturnover in Fig. 7,

for the rese~oir calculatedfran the rate cons’knt

ten day period-s 83% of the bcdyweightof the mice.

Sincethis valuewas more than tie percentbodywater it suggeststhe

contributionof sometritiumfrom sanetissw or tissueswithinthe body

havinglongerhalf-livesthan thatfor bodywater. This was confirmed

subsequentlyin the experimentas the decaycurvebecameless and less

steep. Duringthe last 10 days of theexperimentthe apparenthalf-life

for HTO as measuredh the urinelengthenedto 7-10 days. At this the

sanebcdy constituentsotkr thanwaterhavinga half-lifein excess

of one weekwas undoubtedlycontributingconsiderablyto the HTO activity

measuredin the urine. It shouldbe notedthat by this time the activity

measuredin the urinehad decreasedto less thanO.5% of the value ob-

servedat the beginnhg of the periodof declineand maintainedduring

-1o-
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the fivemontnsperiodtne mice were drinkingHTO. Thus it seemsquite

apparentthatmice on long exposureto HTO integratesaneof the tritium

intobody constituentsotherthanwaterand l!rcmwhich constituentsthe

mice can eltminatethe tritiumwitha half-lifelongerthan oneweek.

At the end of the pe~iodshowntiFig. 6, the mice were sacrificed,

dissected,and variouscomponentpartsof the body sep3ratedso that

samplesof bone,muscle,fat, liver,etc.were obtained. It iS phanned

todrg thesetissues,burn the driedresidue,collectwaterfran the

combustion,

of the long

has not yet

Sane

ad analyzeit for tritiumin an effortto localizethe source

livedccnnponentsiwlicatedabove. This part of the experiment

been completed.

tritiumabsorptionand excretiondatawere also collected

frcmman. Inno casein thiswork was men exposedto a radiationdose in

excess

~ the

(CaCl~

of themsximum permissibledose of 0.3 rep. per week established

AEXJhealthsafetyrecamzendations.

In a dosed rebreathingsystemcontainingwaterand C02 absorbers

d sodalime)man was exposedtotritiumas HT inamouuts ranging

frcmO.llp3/co.

The Erwas dried

After dqcl. ngthe

to 9#co. of hspired air for periodsof two hours.

beforeuse by freezingwater out in a dry ice trap.

gas came in contactwith nometsls in the rebreathing

system. Qilyglass,lucite,and rubberwere used in enclosingthe system.

Undertheseconditionsman also appearedto oxidizeHT to HTOas did the

rat, althoughthe rate of this oxidationinmsn was much less pr unit

bodyweightthan in the case of the rat. The xwtits of one suchex-

perimenton man are shownin Fig. 9. b this shortperiodof exposure

-
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the increaseof HTO in body fluids”was linearwhen plottedagainsttime

sincethe amountexcretedduringthe expertientuas negligiblecanpared

to that producedin the body. The resultsof threeexposuresor man to

differentactivitiesof tritiumas HT in inspiredair are givenin Table2.

TABLE2

= ~ HTO APPEARANCEIN BCilYFLUIDS.——

OF MAN DURINGINSPIRATIONOF HT— —*

!CritiumActivityas BT Rate of HTO ApParance in
h InspiredAir#cc ● BodyFluidsJIC/CCO~O

9

0.6

O.SL

7.7iao-3

5,om-4

Indeteetable

For theselevelsof activityin inspiredair the HT dissolvedin

bodyfluidscan be detected. Hownrer,no procedurewas workedout at

this time for its accuratequantitativemeasurement.Therefore,HT was

removedfrcm the

temperaturein a

HT absorptionin

samplesto be anal~ed for HTO by waxmingto roan

vacuum. At sanefuturetime the rate and degreeof

the body will be studied. On the basisof absorption

of hydrogenin water at 37%. it may be expectedthat body fluidswill

absorbper unit volumeabout1.6% of the activityper unit volumeof

inspiredair.

The

on man and

canpositeresultsof the HT and HTO inhalationexpertients

ratsare shownin Fig. 10 in relationto a maximumpermissilile

-12-
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by man haveyet
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0.3 rep. per week. No experimentson inhalationof HTO

been done. It seemsfairlycertain,however,on the

basisof theoretical.considerationsand the resultsobtainedwith the

rat, that the curveshownfor absmption of HTO by man when inhaling

HTO is a realisticone, or at leasta conservativeone so far as a safe

pemnissibledose

for man basedon

air is indicated

is concerned.The mximum psnnissibledose of tritium

a @ hour per week exposureto HTO orHT in inspired

by the pointat

appropriatediagonalllne on the

dependentto a certainextenton

whichthe verticalllne crossesthe

graphshownin Fig. 10. The dose is

the rate of waterturn overbgman.

A waterturn overof 20 litersperweek fora 70 kg. man was assumed

in makingthe gram. This figurealso pointsto the conclusionthat

man _ing HT may reacha maximumpermissibledose of 0.3 rSPOto

the lungsbeforea maximumpmnissibledose of 0.3 rep. to the b~y

a

in generalis reacheddw to uxidationof

In one experimentthe arm of a man

in water captainingO.lmc/cce of tritium

fluidsrose at sucha rate as to indicate

throughthe skinof0.05mg./cm.2/minute.

HT toHTO.

was immersedup to the elbow

as HTO. HTO activityin body

an absorptionrate of water

This approdnatesthe rate

of insensiblepersp3mtionor waterloss out throughthe skindue to

diffusionwhen sweatglandsare inoperative.The z=te of entryof

tritiumintothe body of man throughthe alchis too slowto posea

serioushazardso far as maximumpermissibledosesare concerned.One

wouldhave to imerse the wholebody in water containing0.1 me/cc.of

tritiumas HTO for more than an hour in orderto absorban amountof

-13- UNCLASSIFIED

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



~ UNCLASSIFIED

HTO throughthe skimwhichwouldgivea radiationdose of 0.3 rep. per

week.

One experimentwas done cm

was ingestedin 200 cc. of water.

llnearwith time and was canpl.ete

man in which3 mc. of tritiumas HTO

Absorptionintothe blood streamwaa

in about45 minutes(Fig.11). The

tritiumwas dilutedwithabout 5@ of the bodyweight,suggestingthat

totalbodywateris the principaldiluent. Bodywaterturnoverwas

measuredovera pried & six days subsequentto this ingestionby

weighingsll fcod ad fhid intakeand all excretoryoutput. Water in-

take in focd includingmetabolicwaterwas calculatedand included. For

fcur days waterturnwer was kept near nomal (2.7litersper day).

Dux+ngthe last two dayswaterturn over was increasedto 12.8 liters

~r day. Duringboth periodstritiumactivityas HTO in the body fluids

decreasedalonga straightline when the log of the activitywas @Lotted

againstwaterturnover(Fig.1.2).The reservoircalculatedfran the

rate constantwas 57.5% of the body weight. Sincethis is essentially

the sameas the diluentper centfollowingingestionit againsuggests

body waterody as the principaldistributionvolumefor tritium.

!bitiumexcretionratesdeterminedon eightotherhuman subjectsin

whichwater turnoverwas measuredless preciselyindicatea reservoir

r- frcm 57 to 6& of the bodywight. Sane of thesedata wre “

reportedpreviouslyin LAMS -1099.

In the ~riment describedabovethe biologicalM-life for

tritiumduringthe four day perid af normal~ter intakewas about10

days. Duringthe last two days when the waterturn overwas increased

-u-
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to 1.2.8litersper day the tritiumhalf-lifein body fluidswas reduoed

to approximately2.4 days (Fig.13). In the eightotherhuman subjects

mentionedabovethe biologicalhalf-lifefor tritfumas HTO in bodyfluids

rangedfran 9.3 to 14 days cm & libitumwater intake.

In the courseof theseseveralexperimentson man the tritium

aotivi~ in waterfrom sweat,insensibleperspiration,expireduater

vapor,sputum,urineand liloodweremeasuredand compared. In all fluids

the trltiumactivitywas fouzxlto be essentiallythe same. This leads

to the generalizationthat isotopic

doesnot ocourto any markeddegree

Uith certdn limitationsimposed*

dilutianor concentrationof tritium

in any fluidanyvherein the body.

the elenentof timeauy of the above

mentionedfluidsmay be used as a measure

HTO in the bodyfluidsin general.

SUMMARY

of the tritiumactivityas

1. ‘I’he rat, and probably man, absorbedinto the body the major portion

of tritiuminspiredas HTO.

2. Both rat and man oxidizedtritiuninspiredas HT to ETO.

3. The rat oxidizedaboutOel$ of HT inspiredto ETO.

4. m =idlzed about0.004$of Ill!iuspkxl to HTO.

5. The principaldiluentof tritiumas HTO in the body of bothman ad

animalson she* axposureis tne totalbodywater.

6. Mioe on loag exposureto ETO showedtritiumh bodywater and in saze

undetermined body constituentsotherthanwateruhiohhad a half-life

longerthan one week.

UNCLASSIFIED
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8.

9.

10●

110

1.2.

Mice excretedtritiumfrcnubody fluidswith a biologicalhalf-the

of 1.5 -2.0 days;rats3 -5 *YS; men9 ‘UdWs.

For

For

air

man, the msxhum pmissible

(hsd on 0.3 rep./wk.~d a

man, the ~ permissible

(basedon 0.3 reP./wk.ad a

level of tritiumas IWO In inspired

@&o/wk. OXpOS~) iS 6x10_~ue/cce

levelof tritiumas HT in inspired

@ br./wk~o~) iS 006 UC/CCe

In this casethe radiationdose to the lungsis the limitingfaotor.

The tritiumconcentrationasHTO in all the body fluidsandfluid

excretaof man was essentiallythe me. With certainlimitations

imposedby the elementof time,any of the bcdyfluidsmay be used

as a measureof the tritiumactivityas HTO in the bodyfluidsin

general.

The rate of absorptionof HTO throughthe gastro-titestindtract

was linearwith time

Tritiumexcretionas

was exponentialwith

when a givenamountwas ingested.

HTO frcm the body fluidsof man and aninds

waterturnover.
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n
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FIG. 4 -Tritium Excretion vs Water Consumption for
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