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LEGAL NOTICE

This report was prepared as an account of Govern-
ment sponsored work. Neither the United States, nor the
Commission, nor any person acting on behalf of the Com-
mission:

A. Makes any warranty or representation, express
or implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this report,
or that the use of any information, apparatus, method, or
process disclosed in this report may not infringe privately
owned rights; or

B. Assumes any liabilities with respect to the use
of, or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in this
report.

As used in the above, “person acting on behalfof the
Commission” includes any employee or contractor of the
Commission to the extent that such employee or contrac-
tor prepares, handles or distributes, or provides access
to, any information pursuant to his employment or con-
tract with the Commission.

Printed in USA. Price 75 cents. Available from the

Office of Technical Services
U. S. Department of Commerce
Washington 25, D. C.
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ABSTRACT

The mostreasonablemethodof detectingtritiumin the body

is by urinalysis.A detailedprocedure, in use at LASL since

1953,is givenfor estimatingthewhqlebody exposure from a

knownconcentrationof tritiumin the bodywater. As presented

it is basedon 1956acceptedstandardsof a permissiblebody

burdenof 3.7 mc, a4.3.4kg criticalorgan (total.bodywater),and

a 1.7RBE for tritiumin the body.

-3-
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I %ryose-2.=..

It has been foundat the Ins AlamosScientificLaboratory(IASL)

thatpersonsworkingwith tritiuminevitablytake smallquantitiesof

tritiumintotheirbodiessooneror later. This intskeis the result

of inhalation,skin absorption,end ingestion.Althoughconsiderable

researchhas been.doneon the effectsof tritiumin the body,no

inethodshavebeenpublishedfor computingthewholebody exposure

resultingNom the intakeof thismaterial..In thispaper,the

methodin use at ML for computingthe wholebody exposureresult-

ing Nom the intskeof tritiumis presented.

‘Mitiumis usuallytakenintothe body in the formof tritium

water. It actsss normalwater and followsthe samebiological

processesas normalwater. It has beenreportedby Pinsonend

Langhamlthatthe tritiumactivityin sweat,insensibleperspiration,

expiredwatervapor,sputm, urine,end bloodwas foundto be the

Smeo ~herefore,the mostreasonablemethodof deticttigtriti~

in the body is urinalysis.

II. BasicPremisessnd Methodof Calculation..-..—..——-—..-—-—-——————

‘Over

sionasto

Slscasto

‘Untilsome

figurefor

the past severslyeerstherehas been considerablediscus-

the appropriatecompositionof the 70 kg stsndardman and

the R.EE(relativebiologicaleffectiveness)of tritium.

agreementon thesenumberscouldbe reached,an acceptable

the m~imum permissiblebody burdencouldnot be established.

-5-



Such a compromisewas reachedin 1956,end the resultssre discussed

fullyin the paper‘lPhysiolcgyend Toxicologyof Tritiumin M@ by

Pinsonand Lsmghsm.1

IIIthe 1953edition,the NBS Handbook52velue2of the .maxhum

permissiblebodyburdenof tritiumwas 10 mc; thiswas basedon an

RBE for the tritiumbeta particlesof 1.0 and the criticalorgen

beingthewholebody (70kg). The 1956compromiseset the total

bodywater (43.4kg) as the criticalorganand theRBE for tritium

es 1.7. Thesefiguresresultin amsximmpermissible constantbody

burdenof3.7 mc to give aO.3 re~wkdose to thewhole body. The

eliminationhalflife,basedon the43.4kg criticalorgsn,is 12.0

dsys. The3.7 mc body burden,43.4kg criticalorgan,and 1.7RB??

for tritiumare includedin aprepublicationcopyof the revised

NBS Handbook52.

At this Laboratorytritiumurinalysesare expressedin micro-

curiesper liter (l~Z/1).The constantbody concentration(MPC)body

whichwill deliver0.3 retiwkis

37 M mg-g = $5 /lC/l
43!?:k~ = 43.41

The problemin most casesis not that of constantlymaintainedbody

concentrationsof tritium. Ratherit is that of occasionalacute

body concentrationwhich is exponentiallyeliminated,andwhich

exposesthe body in an exponentiallydecreasingmanner. The

-6-



dose (Dt)at any timet afteran acuteintakeof tritiummay be

expressed as

(rem/wk)/(MPC)body t

%/
‘~.@3y/t~/2dy

‘t = ‘- -——- e
Wbody 0

where (rem/wk)/(MPC)body=

(MPc)body=

%=

‘1/2=

=

Integratingwehave

‘t = o.oo873~(1

0.3 rem/’wk

85 ;a/1

actualmeasuredacutebody concentration
~~:~~)in Waterof urineor otherbody

eliminationhalf life (std.man) in weeks

12/7= 1.71.4weeks

-o.693t/l.7U-e ) (1)

Att . w [i.e.,afterECU significanttritiumis eliminated)

D== 0.00873?3brem (2)

In some casesit is practicalto measurethe actualeliminationhalf

life exhibitedby the personreceivingthe exposure. In this case

the exposurereceivedis

D@ . ().()()&73~)(tl,~le’i’u = o.oo509Bbt~2 (3)

‘here‘1/2 is the observedeliminationhalflife express~ in weeks.

From theseconsiderationsa methodmay be devisedfor routine

calculationsof personnelexposuresfromurinalysisresults. The

routinemethodin use at LASL normallyestimatesthe dose received

untilelimination(Dm ) for en assumed1.2day eliminationhalf ~fe.

-7-



III. RoutineMethodof Dose Estimation-—- .— -— -—.— . ..—— -.— —-—

For simplicityof calculationtwo tablesare provided. These

appearhere as Table I, llFraction~pected in Wine Basedon 12 ‘~

HalfLife,’tendTable 11, 11Tot~ ~~holeBodyExposureAfterAll.Tritium

isl?liminated.’lA work sheetwas devisedto providea systematicand

orderlypresentationof data to be calculated(seeExhibit1).

The reporton tritiumurinalysiscontainsthe name and identi-

ficationof the person submitting the sample, the date the sample wss

submitted,snd the closestintegralnumberof I&/1 foundin the urine.

On occasionswhen a h$gh exposureis expected,severslsamplesere

submittedin a singledsy. The highestlevelencounteredin the

urineeachday is used for computationalpurposes. The accuracyof

the anslysisfor tritiumvsriesfrom 1 to 2 Lo#l at areported Ivc/1,

from9.5 to 10.5for a reported10 /lc,iljand from99 to 101 for a

re~rted 100j/c/l.3

The stepwiseprocedurefor evaluatingtritiumexposures,using

the work sheetshownin Exhibit1, follows:

1. Prepareawork sheetfor eachnewlyencounteredperson.

2. Shouldtherebe reportedseveralsnalyseswithin24 hcurs,record

the msximumvalue in #c/l es the acuteexposurefor an individual

for the date indicated.Do not enterthe otherlowervsl.ueson

the work sheet.

-8-



TABLE I

FRACTIONEXPECTEDIN URINEBASEDON 12 DAY HALF LI??E

Time
inD~s—.

1

;
4
5

6
7

;
10

11
12

z
15

16
17
18
19
20

21
22

2
25

Fractionof
Immediately
Preceding
Sample

0.94.
0.89
0.$4
0.79
0.75

0.71
0.67
0.63
0.59
0.56

0.53
0.50
0.4.7
0.44
0.42

0.40
0.37
0.35
0.33
0.31

0.30
0.28
0.26
0.25
0.2A

lime
in Days

26
27
28

%

31
32
33
34
35

3%37

39-40
41-42
43_44

45-47
48-50
51-55
56-58
59-63

64-72
73-91
92 on

Fractionof
Immediately
Preceding
sample

0.22
0.21
0.20
0.19
0.18

0017
0.16
0.15
Oou
o.13

O.u
0.11
0.10
0.09
0008

0007
0.06
0005
0.04
0.03

0.02
0.01
0.00
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TABLE II

TOTALWHOLEBODYEXPOSUREAFTERALL TRITIUMIS ELIMINATED
Basedon constantbodyburdenof
3.7 mc or 85 w/1 to give constsnt
O.3 rem/wkdose end a 1.2d~ half life—-— —.. ——— —.—

pc/1 in
Urine—.

o
1

;
4
5

6
7
8
9
10
20

30
40

E
70
80

90
ICQ
llo
g:

IJio

BodyExposure(rem)
hornAcuteDose until

Eliminated——

0.000
0.009
0.017
0.026
0.035
0.044

0.052
00061
0.070
0.079
0.087
0.175

0.262
0.349 ‘
0.436
0.52$
0.611
0.698

0.786
0.873
0.960
1.05
1.13
1.22

150
160
170
180
190
200

210
220
230
2+0
250
260

270
280
290
300
400
500

600
700

;:
1000

BodyExposure(rem)
tiom AcuteDose until

EIMnated -—————

1.31
1.40
bu3
1.57
1.66
1.75

1.83
1.92
2.01
2.10 “
2.18
2.27

2.36
2.44
2.53
2.62
3.49
4.36

5.%
6.11
6.98
7.86
8.73
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Film BadgeNo.: NoneName: JohnDoe

Z-Number: XXIXO

(1) (2) (3)

Group: &lo

(6) (7) (8)(4) (5)

/!.fc/l
.Present BodyDose
of Con- Llc/1 Due to T
centra- for for Cur-
tionfor Current rentDate,
LastDate Date rem—-

-- 35 0.306

Fraction
Present

pc/1 of Concen-
for Last trationfor
Date LastDate—— ——

No. of
hter-
vening
l)p3_

A1.c/l
Stated
in

Report

35

Date—-

1.2/28

I/u

l/26

2/2

2/14

2/25

3/10

3/1?

3/24

3/31

0 .---

12 19 0.16617 35 0.37

15 a Oeao38 31 0.501.2

38 0.6’7 25 0 07

$ 0 01.2 8 17 O*5O

3 0 03 8 0.471.3

1 1 0.0093 0.47.13 2

2 0.67 1 0 07 1

1 0.67 0 1 0.0097 1

0 0 01 0.677 0

Totalfor quarter 0.700rem

Exhibit1. Exsmpleof aRoutine TritiumEcposureEvaluation
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3.

4.

5.

6.

‘7.

In column1 enterthe date the urinessmple

statedon reportof tritiumurinalyses.Be

samplessre lhstedchronologically.

WSS submitted,

surethe dates

In column3 enterthe numberof

For analysesindicatedas ‘fless

(Note: In practice,thesefour——

reportof tritiu.rnurinalysesis

/Jc/lfor the corresponding

than”one (<1), recorda zero (0).

as

of

date.

stepsare completedwhenevera

received,snd the remainingsteps

ere completedafterthe report of finsl

year is received. See next sectionfor

exposures.)

a) For the firstrecordedsamplefor a

column2 (No.of InterveningDsys).

urineasssyeach quarter

nonroutine high acute

person,draw a dash (-)in

b). For the secondand successivesamplesfor a person,indicate

the numberof dsysbetweenthe currentand the immediatelypre-

cedingexposurein thesamecolumn.

a) For the firstsampleindicate

LastDate).

b) For the secondand successive

figureenteredin the immediately

as Statedin Report).

a zero (0)in column4 (#c/lfor

samples,copyin column4 the

precedingline in column3 (w/l

a) For

Present

b) For

the firstsample,draw a dash (-)in column5 (Fraction

of Concentrationfor IastDate).

secondand successivesamples,100Icup on TableI the

-12-
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!lFraction ~ected in Urinet’ corresponding Im the “No. of ~ter-

vening Days,f’and enterthisfigurein column 5.

8. a) :Forthe firstsamyle,draw a dash in column6 (#c/lPresent

of Concentrationfor LastDate).

b) For the secondand successivesamples,formthe product of

columns4 end5 (H@ for LastDate X FractionPresentof Con-

centrationfor LastDate). Then enterthe smsdlestwholenumber

of thisproductin column6 (w/l Presentof Concentrationfor

LastDate);e.g.,if productcomesout 17.99,enter17.

(Note: This techniqueof recordingthe smallestwholenumber,—..

while appearingmathematicallyunsound,is used to preventthe.—.—

underestimationof low exposures.-——-—-—— It, in reality,overestimates

the actualdosereceived.)

9. a) I?orthe firstsample,enterthe figurein column7 (w/l for

Cu.mentDate)whichhas previouslybeen enteredin column3.

b) l?orthe second~d successivesamples,subtractthe fiWe

in column6 (&c/lPresentof Concentration for Last Date)

the figure entered in column 3, and enterthisdifference

column7. If thisdifferenceis negative,enterzero (0)

placeof the negativefigure.

from

in

in

10. Lookup on Table II the ‘BodyExposure(rem)From AcuteDose

UntiLEliminatedncorrespondingto the figureenteredin column

7 and enterthis in column8 (BodyDoseDue to T for Current

-13-



Date,rem). The valuesin Table II are additive;i.e.,to find

the exposurecorrespondingto 323 #c/l add the exposuresof

300 ~~C/1,20 #c/l,end3 /-fc/l.

Il. For the totalexposuresresultingfromtritiumintakeduring

the quarter,sum the exposuresin column8.

IV.’S~ecislProceduresfor Hi..hAcuteExpgures.— ——————.—-.—. ———.- —

In orderto controltritiumexposuresin a similarmsnnerto

that of external.wholebody exposures,somepermissibleintakelevel

hed to be established.When this limitis exceeded,it is the current

practiceat thisLaboratoryto removethe personexceedingit from

allwork involvingthe riak of tritiumintake.

It was decidedto use thatbody concentrationwhich,if not

increesed,wouldresultin an exposureof 0.6 rem in the firsttwo

week periodfollowingthe int@e. UsingEq. 1, this is 1~ #c/l.

h actualpracticewhen aperson maintsinsa levelabout85 HC/1for

severaldsys,it is suggestedthathe leavethe area. However,no

specialcorrectionssremade in the exposureevaluation.

Usually,when the levelof 12% /-Lc/lis exceeded,it is groSsM

exceeded. In additionto removingthe personfrom the sreaof

potentialre-exposure,a specialevaluationprocedureis followed

at the end of the quarteryear. This consistsof computingthe

actualeliminationhalflife andmakingthe appropriatecorrection

to the routinelycomputedexposure(Exhibit2). In practice,the

-l.A-



Nsne: JohnDoe,

Z-Number: XXIX1

II FiLn BadgeNo.: None

Group: H-10

@/l
Present BodyDose
of Con- #c/l Due to T
centra- for for Cur-
tionfor Current rentDate,

Fraction
Present

of Concen-
trationfor
–LastDate

/42/1
Stated
in

~rt-—

17

u

540

430

305

240

198

160

139

3.20

97

66

48

35

25

Routine
Special

No. of
Inter-
vening
Jp —

--

10

7

2

3

2

2

3

2

2

3

7

7

7

7

#u.c/l
for Last
Date—.——

0

Date.—

1/26

2/5

2/12

2/l&

2/17

2/19

2/21

2/2z

2/26

2/28

3/3

3/10

3/17

3/24

3/31

LastDate Date--..— -— --- rem

O.ux

0.035

4.639

0

0

0

0

0

0

0

0

0.017

0.035

0.026

0●017

1?

4

532

0

0

0

0

0

0

0

0

2

4

3

2

-- --

9

8

480

360

271

213

166

142

123

100

64

44

32

23

17 0.56

I-3 0.67

540 0.89

430

305

240

0.84

0.89

0.89

198 0.84

160

I-39

120

0.89

0.89

0.84!+

97

66

48

0.67

0.67

0.67

35 0.67

Total 4.917

Exhibit2. ~nco~ectedEvaluationWork Sheet as Basisfor a
Evaluationfor HighAcuteTritiumExposure
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methodmsy becomecomplicatedby the observationof two or nmre

eliminationrates. The foil.owingstepwiseprocedureallowsfor the

simplecaseof high acuteexposurewhen thereis a singleelimination

rate (a),and for the more complicatedcasewhere’thereare two or

more eliminationrates (b). Ikhibits3 and4 demonstratethe in-

structionsfor situation(b).

1.

2.

3.

a) and b) From the occurrenceof the high exposure,plot the

w/1 end numberof days elapsedsinceoccurrenceof the ‘high~

ssmpleon a sheetof semi-logpaper (Ftiibit3). Plot the

vc/1 on the log scaleand the numberof days sincethe high

sampleon the lineerscale.

a) For the simplecase,where a singlestraightlinereasonably

fitsthp pointsplotted,draw this line and compute the elimina-

tionhalf lifein deys.

(Note: The eliminationhalf life is the numberof daysrequired

for the body concentration,as plottedon the graph,to fallto

one-halfof the originsllevel.)

b) For the more complicatedcase,where two or more strsight

linesare requiredto fit the pointsplotted,draw theselines

and computethe eliminationhalf lives (indeys)corresponding

to each.

a) Not applicable.

b) &k on the graphthe point(s)at which the slopechsn~es.-.

.16-
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DAYS SINCE HIGH SAMPLE

Exhibit3. Plot of Body Concentrationvsl)syssinceHighSamplefor
ComputingEliminationHalfLife. Procedural.Stepslb, 2b,
3b, 4b, 7b.



,

FilmBadgeh.: NoneName: JohnDoe,II

Group: H-lo
uc/1

Present
ofCon- pc(;
centre-

tion for current
L&Q$Q!Qr Date

--
9 4

Z-Number:XXIX1

FTaetion
tiesent
of(%ncen-
tirationfor
last Date

--
0.56

BodyDose
DuetoT
forCur-
rentDate,

rem
OIA’8
* Add

4.639
0
0
0

No.of
Inter-
vening
Dam
.-
10

M@
Stated

Re rt
-&
13

vc/1
for Uat
_R&_

17

0.67
0.89
0.%
0.89

532
48: o
360 0
271 0

6b 2/12
2/1’4

%
8b 2/20*

4%
305
w
232*

Theel..hinationhalf life fortheperiod2/2.2to2/20ma 6 days.
op2/2021.2{.LcI1was stillinthebody.

Dosagefrom21.2
Y6;x

9b,10b
4.639

-Lw
2.792
1.396 Add
1.847*

Ilb
12b
12b

-W $:*

2/%
2/26
2/28
3/3
3/5*

-- * 232R O* —* --* ~*
198 21.2 0.94 199 0

; 198 O.a 0
2 L? 160. 0.s9 : o

339 0.89 0
: 97 120 0.s4 100 0

&#i

Theeliminationhalf13feforthe period2/20~ 3/5 wss9.8 d~s.
On3/5 84 jk#l wasstillinthebody.

DosagefromS4M@
9.8/12X

---* &$* O* --* %*
84 0.’75 ii” 3

; : 0.67 44
::

4
0.67 &2 3

; 25 35 0.67 2
~+!

Ub,
15b 0

0
0
0
0

8b

9b,10b
1.s47
-~m
.
0.910Add

llb
12b

~~, Lib 3/5’
lfjb 3/lo

3/17
3/ti
3/31

8b 4/1*

0.733*
0.026
0.035
0.026
0.017

Theeliminationhalflifefortheperiod3/5 b 4/~wss~.9 dvs.
Cm4/124}&/lweastillinthebody.

Doeagefrom22$M@
14.9/12x

9b,10b
0.837

llb
12b
12b
17b

-o.210
6X5
0.779Add
3.268TotalCorrectedDose

for1stquartar

StartofSecondQuarter

4/1*

*Astericksindicateitemshouldbewritteninred.

EvaluationWork Sheetfor HighAcuteExposure
Than One K15minationRate

Exhibit 4. Corrected
with More

-18-



4. a) Nonapplicable.

b) Bycountingthedsys sincethe originalhigh sample,findthe

actualdatesin monthsand days (ofthe changeof slope)correspond-.——

ing to the pointsmarkedin Step3b.

5. a) sndb) Recopythe tritiumevaluationwork sheetto the occur-

renceof the high sampleand sun all exposures to thispoint; write

VAddU.~ the m~gin besidethis summation(Hhi.bit4).

6. a) Not applicable.

b) Recopythe tritiumevaluationwork sheetfrom the occurrenceof

the highexposureup to the date of the firstchsngeof slopeon

the graph.

7. a) Not applicable.

b) From the graphestimatethe He/l concentrationpresentin the

body at thistime.

8. a) Not applicable.“

b) In red (toindicatethat thisis not a measuredbody concentra-—...—— .—

tion),make thisnew entryon the evaluationsheetand date it the

date of the changein slope. (Forthispaper,use of red is indi-

cat&dhy asterisks.)

9. a) Not applicable.

b) Write a note on thework sheetstatingthe eliminationhslf

lifefor thisperiodand the tritiumconcentrationstillin the

body.

-19-



10. a) Addthe rem dosage

b) Addtheremdossge

.

for the entirequarter.

computedin the usual mannerfor the

portion of thework sheetcopiedin Step6b.

11. a) Not applicable.

b) Subtract the dosage (asfoundcn Table II) equivalentto the

tritiunconcentrationstillin thebody from the summeddosages

of Step 10. Show this subtractionon thework sheet.

12. a) Multiplythe sum foundin Step 10 by l/12thof the elimination

half

dose

note

made

life as foundin Step 2. Thisvalueis the ‘correctedremfl

due to this tritiumexposure. On thework sheetmite a

statingthe observedeliminationhalf life,the correction

for thishalf lifeend the ‘correctedreti’dose,and an ~Addfl

inthemergin.

b) Multiplytheresultof Step llb byl/1.2thof the elimination

half life as measuredin days for the firstportionof the ekhni-

nation. Indicatethismultiplicationon thework sheet. By the

answerof thismultiplication,writtenin the ~BodyDoseDue to

T for CurrentDate,rem” columnof the work sheet,write an ‘AddM

notation.

~= a) Not applicable.

b) On the next lineof thework sheetwrite again (inred) the

lastdate enteredend the tritiumconcentrationstillin the body.

~~ a) Not applic~le.

-20-



b)

the

15. a)

b)

Assumethisb be an initialdose,and proceedtc calculate

exposurein the routinerianm?r.

Not applicable.

Copy all additionalentriesof tritiumassaysuntil.the next

changeof slope,and againfollowprocedurefromStep7 on, until

end of quarteris reachedor until an approximate12 day elimina-

tionhalf lifeis resumed.

16. a)

is

of

in

endb) If at the end of the quarterthe urine concentration

stillabove124 /)c/1,breakoff the aboveprocedureat the end

the quarterand subtractthe dosagedue to the tritiumstill

the body. Correctthe differencefor the appropriateelimina-

tion half life. Recordthis‘correcteddifferenceflas the ~cor-

rectedrem” for the quarterin which the highexposureoccurred.

Write‘lAddflby this last‘correctedrem.fl

17. a) andb) Sum allof the

them. This is the ‘Total

18. At the end of the quarter

fiwes with the ~Addn

correctedrem” for the

intowhich the t.ritium-—.

was carriedover in excessof 124 L@, complete

evaluationprocedureas per theseinstructions.

v &lmmarr—.*...———

notationbeside

quarter.

concentration

the special

A detailedmethodis givenfor estimatingthewholebody exposure

from a known concentrationof tritiumin the bodywater.“As presented,

it is based.on a permissiblebodyburdenof 3.7 mc, a 43.4 kg critical
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organ (totalbodywater),and a RBE of 1.7 for tritiumin the body.

This methodwith differentveluesfor permissiblebodyburden,critical

org~, ~d RBE has been in use at LASL since1953•

1.

2.

3.

FtEFmcEs

Pinson,E. A. and Langham,W. H., Jotinalof AppliedPhysiology10:

No. 1, 1957.

Handbook52 of theNationalBureauof Standards,MaximumPermissible

Amountsof Radioisotopesin the HumanBody and Mximum Permissible

Concentrationsin Air andWater. For saleby Superintendentof

Documents,Washington25,D. C. (1953).

~~~lligm,M. K.; LASLGroupH-5. Privatecorrespondence.
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