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REALTH HCNICORTHG QF SiMPTES FOit P10 (KIDE

The tnstallation of a tritium separation plont et Hanford posed pumsrcud
Loalth nonltoring problems which vwers somewhab foralgn to past experlence, Although.,
work had been carried out with soft teta emitters such ea C-14, $-35, ete,, this -
waa the Cirst serlous contact with Lata vays on the order of 5-13 kav, The problen
of monitoring water weste samplea to bw dispesed of fn cribs with possibvle trange
fer to the Columbia River was glven to the Methods Group of the‘Davalopment Division.}}:

Tho chief difriculty at the siort appoarud to be monitoring for tritium oxids
sineo diesolved tritium conld te weasured vy olling tiow water and collechlng the
svolved gases in an ion chuaber or proporticual counter, 'The prosence of tritium
oxide was not thought to Yta very probable at the tise production was astarted but
operation of the unit and subseguent personuol monitoring indicusted the presence of
radiological significent amowits of the oxide,

4 simple, relatively rapld, procedure Por the measurcment of tritinm cxide in
waste samples has been devsloped and goplied to biologleal weesurements and with -
modifications to the dotermination of tritlum,

I, Sumnary

Ln ion chanber of one or two litsrs volume ls uscd to contaidn a gasecus sample‘
produced from the suspected water. Tha lon current from the beta particles pro= |
duced inside of ‘the chamber is smnlified by a Vibrating Rsed olectromster,

Initianl attempts to use hydrogsu, libereted by electrolysis ol the water, re-

sulted in gross contemination of tho chember, Acceptable ylelds wore obtained by

measuring the activity in acctylene cneratcd from tho water by calelum cerbide, _
No contemination rasulted unless o welzeular tritiuwm was present.

Tha mindmom cmount detsctebla in shout one ue/liter of Iiguid sanmpls) a valus
20 times below Lhe ostimated conceatration in the Lody for the presently accepted

tolarance value, One operator with crs Instrumont cen analyze sbout flva to soven
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szaplog por duy, Adaptaticns of tho techniquo to measwiomont of elr sanples-énd

to trltium deteininstions uve noted,

II, Instrumentaticn
The ionization chambers ussd for &ll measuraincnta wore constructed from one oif
two liter round tottom tolling tlaaks with a ground glass joint, 4 three wvay stopé;
cock was sealed to tho nock for evacustlon end f£1lling, A skcetch of this ussomblji
showing the insulation, electrodes end method of mounting Is glven in Figae 1, &
90 volt potantiel is placcd acrogs tho chambor wiile in oporation, Testa with
various voltages indilcated thal a convtant lcnization current was obtained ebtove
67,5 volts.(l)
s 2

The icnizaticn currsnt ves mecsured with o Vivrating Read slectrometor by
the rate of drift rmethod wheroln the tims roguirzd to eollsct & given charge ds
woted, This wate s obtuined Uy weasuring ths slope of the outpud line on an
Esterlino-angus racord (with tho eollceting clocirods not grounded), The scale is
chosen so that a full-scale deflection ruquires 20-30 minutes allewing the operatér
to preparc the next sample while the fipst Is still Leing measured,

Hith o two liter chambor, Lackgrounds usually range on ths ordor of 25 x
10“15 ampéres (1n a Counting Room with concrete walls one fogt thick), TFor all
of the woik reported, tho dnstrument wes operated with repguletsd voltags in an air%
conditioned rcom with the tempereture controlled tetween 72 and 76°F, and the ro-
lative hum}dity at 504,

Origiﬂal calibraticng of the coulvacent wsrs caleulated and these calceulated

values ara ussd throughout this ropnrt, The culeulations. involved are given below:

hgsuwptions:

(3)

(1) Facrgy required to produce one lon pals In alr is 32,5 ev,

(2) Avernge cnorgv of the beta rarticles 15 5,69 kev,(A)
!
a8 69 3 “ 5 . . - .
2,09 x 10 '5—'.’_7, {‘__1_9/:..-_».',-__.____ ey e 1.03 x 10 12 [lmpCI‘GS/U.C
32,5 .28 x 1018
1.p./dis. i,p./sec/uc i

!
!
!



Ground Glass
Joint

PRSI

al

T

LS T

!../Hr

7

L Ll L

PO

BRIV N W}.\.A

e T

lags

i ¢

X
A

Y
N

~

.
A\

E

WL e e

yIone

Polyst

]

S

Jibrating
ad

it v

£
d

"
L

He

\Gi3

}

1

Filpura

CHANDLR

N~
[P0

v A
'OR_G

¢

T,

oy (*TE’ 4
v

(a2l
toae

sy

Bl

JLAT




e

L Y 1
In this calculation, tlie wall effect 15 ignorcd and the Jonization is eassumed”

to oceur in air. If tho maxiuwum range of the beta particlo is accepted as 4,12
9), tie well effect will be less than 10% and has been ignored in the final re=

’ cult, 4 comparison Letween the energies roquirsd to produco one lon pair in air

and in acetylens was msdoe by reading the ionization current from a 104 d/m Pu~239
source movnted in the center of tho chanbsr in an strosphere of ®ir and acctylone,
The rosults of thiy cowperison are given in Teble 1,

rABTE 1
COVPARISON CF AIR AND ACTTYIEIE

Source Observed Cuvre Theorotical Curront

Yelue Air | ncotylond -

h-

d/m ADDOYGA BIGERCS amperces

103,843.0 (1..‘_0 1) 7 107 | (1.420.1) x 10-14 2.1 x 10~H4

A e At LA WAL G P At R o = s e S et ettt s & i £ o6 e e o

S

Theso results’indicute little 24fferencs teotvweon alr end acotylenc in.tha cur-~

rent producud for a glven awourt of Jonization, The 35% discrepancy betwsen the
L caleulated value and the mecsurad value is probably dus to ineccurata calibration

of the the clectrometer end unknown cloctrical capacity of the chamber,

A swnnle of cetive water wns rzeolved from Dr, 4, i, Brucs of tho Arporno
Nutionel Laboratory as this voport wes sbout roady for isszue., Tho label on tha
Eottle indicated n tritiwa oxids content of cne me per ), Dilutions verc ncde
to activities of 5 ue/1, 20 uc/1, 50 uc/l, and 100 uc/l and the samulas analvzad
by the acetylene techniqus, Three to fivo analyses worc neds on each solution end

& gummpary of the rasults 1s given in Tablo I,

i
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' constant by controlling the watsr dicplecement with a’siphon, After a suitable -

ANALYSTS OF STAMNDARD SAMPTE

Nominal ' Ho. lieasured L61d | Stendard Deviation of
Concentration Saiples Concentration Yield ! Yield
'f ‘
uc/1 : ue/1 4 p2
5 3 3.2 €3 10
20 5 11.4 55.9 3.2
50 A 30.3 60.5 6.1
100 |5 £9.€ £9.8 5.5
4
ot | I

The ovcrall average of the 17 samples 1s 57,6% with & standard deviation of
3.8%., These values ecree ressonatly w31l vith astimates nsds by measwrement of thé:»
plutoriun socurce. Further measurements are plannegd to elimin#ta plretting errors,
ete,

IIT, Developwent of kethod

Tracer awounts of tritium oxdde wers oblained from a pallet of lithium fluoride.
which was submitted to this laboratory for an analysis for other activities, Oxygan;
saturated with water vapor, was pessed over ths pallet at 700°C 1n the presencs of
a platinum cutelyst and the resulting tritiun oxido end water vapor collectod in a-

trap cooled with dry ice,

Liberation of hydrogen by slectrolysis and by decompoaition on hot netals were

utilized to obtain gas for ionization measurements, Electrolytic experiments wers

run in a two wml, capacily, H,-shaped electrolytic cell using platinum eloctrodes ard
a 6v storage battery, Tuhe hydrogen cvolved was collected in a thres liter orlonw

L

meyer flesic by water displacement, Th2 pressure on toth sides of the cell was kept

amount of gns had been collceted, the entrence tube was conncetod to the evucuated

lonizetion chambor and tho hydrogen forccl into tho chawber by water displacement,

The pressure in the chamber was adjusted to 760 rm by neans of a balencing colunn

of wuater,
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‘After an activo sample had been placed in tha chamber, subsequent background

readings guve high values evon after reopated evacuations and sweeping with other

#a90s, Thoe lining of the chember had to bte removed and a nsw coating of graphite

applicd before accaptabla lLackgrownds could be cbteinod, Reaults of a typleal run

arg given in Table 111,

TABIE ITI

RESUTTS OF 1 3 BONTTOF,

NG SHOWING BACKGROWND DIFFICULLY

Sample Reading Remarks
. ArpGres
Initiel Background | 2.55 =x 10-15 Reeding in nir
Test Sanmple 100 x 10713
!
Background 100 x 19-13 Chamter evacuated end filled wilth aix
(E
Backgraund 83 x 10-13 ! Chembor ovacuated and f11led three timos;
% then evecuated ovornight,
|
Background 23 x 1013 | Chamber disassemtled end blown with H,
in attempt to diaplece H23
{vv  Background 2.61 z 10"1b ! Chambar lining renlecud,
|

Decomposition of water to hydrosen with & metallic oxids was accomplished by

toiling the samplo, passing the cvolved steam ovor hot steel wool and cgllecting

the hydrogon by watar dizplacemsnt,

—-wore ceadn engountsrsd,

Lo

conot well suitod to repld work,

L

&iple with calcium carbida and noting

sists ot a gas gorerator, partially
ple could hu forced, The genorator
wool filtcr to a largs water fillcd

the flask 13 displeaced,

ol of these methods

The muthod finally edopted corslstod of evolving acetylene from thoe liquid sam-

Ths condens

o

fap

A3 would ba e: xpocted background difficulties

involving tritium gas wors slow and

the ienizotion produced,

H

filled with calcium carbide Into which the same

The cquipmant con-

ig connected throurh ecopdengar and o

f1lask, 4a the gas 19 evolved, thoe water in

or rcturns the vepor produced in the samplae
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from the heat of rsaction. IS the proaance of active dissolved gusos such as’
C1402 are suspected, the samplo may te distillad or the acetyleno gcrubbed withl
appropriate solvenié. The acotyleno which was collected, is forcod int> an avacuf
ctod chemtor by water displacoment end tha pressure adjustoed to 760 mm Hg,
Loproducible results have boen otisined, 'The chamker 1s easily cleaned, even';
with cxtremely hot semples, unless some digsolved tritiua is present in thu samplé;
Jecasionally several evacuations of the chemb2r are needad ir aq especially active
semple iz moasured, ‘
! .
fne possible fault 1n”the procedurc wes the asswaption that the tritiun raacted

in tho saio manner es the hydrogen in tha riaection,
o L=
Caly + 2HH0 e t:s_(f'za)2 + Cly

1§“this ﬁssumption is incorrect, 1t is posgzible that the acetvlene could Lo
depleted or enriched in tritium coupared to the nylrogen-tritium ratio in the water
To enswer this qusstion, acotylcﬁé was genereted from tritiwa oxicde leden wator
ard tho ilontzation current moted, The enlcina hydroxido residus from this procass .
was heatod to 600°G, end the water evolved was coilezted ané used to produce acoﬁywu
iene, Three cycles wers run on this process with no enrichment or deplution indi;
cating that the rsactivity of the two moleculeés in the reaction was the snme;  Thc*
data ffom these runs are glven in Teble 1V,

x®)

TARLE=1Y

CTST OF PARTITICN OF HIDROGEN Al TRIT U

Cyclo s Caelculated Concentration
nun 1 Bun 2
i L ue/liter uc/liter
lst eecetyleno £2.5 L4
2nd acoetylenn 63.9 L4
3rd acetyleno _ £9.9 { 20
— —— - —— — — ———

No atterpt is made to measure tine volune of liquid sample placed in the genora-



reacts with two moles of water to procuce onegmql§ of colelum hydro:dde and one
mole of aceiylene,; Although two moles of water bra required, one molo is used in
producing calcium hydroxide, Thus the one wole of acetylene represents one wmolo of
vatory; Te producs cne liter of acctylens (1/22,4 = 0,046 woles) then rsquirea |

N,0892 roles of water or 1,6 pgramp, und the acctylone nroduced represents tue hy-

crogen in Q,@ gramsgy

IV, Aprplicatise 0. Vothod,

Tils mothed has been used for running vardous types of monitoring ssmples ob-
la)
\
talned from the tritlun area. Originelly, backgrounds vicre weasured bofore and

aftor each sample in order to evaluzte accurately eny chenges zesulting fron inducos
charges on tho gystem or residual cont-rination of the walls., Any sampls signifi-

(@gntly nigher than tho buekground was rerun with new equipment to eliminate the
— N (u ¢
possibility of tho high result beirg duc to induccd charges, Tho currant procodurcs
(@) :
is ¢t~ evaluate the background bv faking tva or threa measuroments per dey end con-
-~ - - £ L
5

paring the sumple to the averape of all backgrounds over the proceding seven deys,

If onc background is high, tho chambor is not used until the difficulty is fourd

[€]

and remedieq@\

& muatsr of diffsront typss of sarnlcs huve been enalyzed, Alr samplos aro cole

~-lected by pusslng tho aly ovor or through culeium chloride. The ssuples ere then
<D

coflushed with nitrogen to verove entrzined hydrogen, hented to L00°C end the evolved -

ol :

)

~Jgases swapt with nitrogen over pall:diu% black to rerove trsces of hydrogen, Theso

— W "

~—JEusGs ara then passed throuph calciun carbido end collectad in the chanbor for nea-

suremont., Stopcock grease end purn cil sanples vers annlyzed for total tritium by
148

burning thaen in & strcan of =ir satureidd with water vapor, The gases vere passed

over caleiun carbide end then into the chanbory Other sanples such es plecss of

glass, cloth,.utc, were enalyzcd by obvious modificctions, Hesults of some of these

uanmples aro given in Table V,



TABLL ¥

TRIT1UH_EONTTCRING CLAHPILS

J U O U U

Lato Typos Samplu Rogult (3

i 5-11-49 hir samples on CaCl, ~ Exhaust heed HEBO present

5~26-49 Tip of samplo recaivoer 75 uc B>
6-2-49 011 from #1 1ine hosd #1 hyvac 2.8 ue B/l

($¢.16-49 CaCl, soluticis fron sxhaust hood 3.1 uc i3/1liter

W

?~1-49 4 &ir samplos on CaCl, - exheust hocd 1 16-2 uc/sarple

7-13-49 l Gas snnplo from slug cutting 125 ue tHB/sanple

: ® ;
4 seuple of condensed wator and meorcury was rur'ovod tron the 1iq1L}d ritrogen

trep on the process 1lino to test for tho progence O:f'tl'itiu‘ﬁl oxide, 4 five ml,

¥

eample of the water was diluted to 30 pl,, seturated with sodium chlerlde end dise.
O k

tilled twdes under vacuun to rermovoe any cntralned gus, &fter a dilution of 200 to.
 one the sarple was too active to rcad on the equipment then aveilsble., This in~

cleates that the activity was greater than 50 millicuries in the ton rl, scmplo,

- dan
[3]

dpplicetion of tho method to biologicul saunples was first made following an

. ./‘-\‘ . :
implosion in the%rea, Personnsl working in the region submitted urine saxn!:.

which gave, in one case, en jonlzatlon currvent slgnificantly sebovs packground,
ples were taken from other employees at r-10 and three liealth Instrument

— s eamd e uuu .LJI

Plvizizng! aon Liw arca.  Four ol thoe six mon from P-10 gavo values slgnie-

= ficently higher than the background :m'm}c,s. Yookly semples wore instituted to

s sorve as a check on the perscnncl, Shortly af*or tho woekly sarples wers sturted,
- tha opemtion vias stopped to allow chnnges in the process, The weekly 532.';:;‘.108
o were continued on all personnel with high valucs in en atterpt to moasure the ex-

cration retog, The results of this test cro glven in Table VIa

i -
. Rl \n
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~ritiun Cxdde Urlne Cone,
Date

.Mzn {'1 = "‘9 idlan rr’a

uc/1 uc/L ue/I
£-l-L9 5.5 - -
5uf) LG 5.5 - l -
5"1.’:)"/09 5-16 2-2 a | -l--?- (S
5-23-49 7,0 l 3.3 , 1.5
5§34 "Snhnutdown VYs Datuwe . -
53145 | E.5 2.0 -
6-5-49 \ - 3.7 -
€-7-L9 2.0 - -

o 61445 - e ! A
6-25-1L9 - - 3
6-27-L9 1 - -
7149 1 1 -

) i.»é':

Apparenily tho elirinaticn is
cally from n 70 kg non cxcreting 2-3
with a haif-Ufe of 4-5 deys,

in May end June of 1949. The anxdoun
7th was
Cne blocd

plo had

~ae

7y
¥

duo from a dried sampla of this bBlood was washad

Xy gen,
an atterpt to dotermine whaethsr eny

The snople contedncd

v

c:4, NiH, ctec.

V. Discussion

The sensitivity of this metnoed 1is

with no tritium present and ths varl

et Trdniecd chinrees. cte. Ynoen

102°F with reximun temperatures above

sample was obtained fron o nan witnh a high
< 1 ~

+yg senms veluc as the urine within the errer ol the

Ye expscted if the tritium oxido i5 uniform in the body waigr,

.‘E’ ('

considerebly faster than that cxnected thaoret1u~
liters/day sinco the concentration dropped

Tt should b2 noted thot thess results were obtained

tenparatire for the verisd Junc 4ih to June

I
aP% gn the othor doys.

urine result, This san-
The orgonic rosl-

and rodricd £ive tires, burned in

and the vapors passud over calciun certide into the lonlzction chenber in

oxchonge occurrcd batmeen tritium oxdde and

no detcctehlo activity.

9

linited 17 thoe tockground current optained

stions in tiis currernt duo to irstlator leekage,

froenucnt b Yeground m2 wguvenierts arc nede,

mesasurencnt which wouwld.
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such as in the %giginal method of reading, tho statistical limlt of dection on a
90% confidonco level is about 0,7-0,8 uc/liter on tho baeis of the calculated caliw
. L .

bration., ¥ith less froquent tackgrounds (currsnt procodurs) the sonsitivity is
about 1,2 uc/liter on thu sare basis, The telerable amount of tritiun oxide in the'

0 :
bodyﬁ%s quoted at 1,0 nc.(A) Assuning 4 stondard men of 70 kg with a body water
centent of 50 kg, tho mean valuo would ta 20 uc/1liter, Agaln assuming that the
urine is reprosuntative of the body watoer, tho sensitivity 1imit is ahout 1/20th

| O
of tolerenca, ' -

The source of the tritium oxide in the process hes not boen detormined, Seve |
eral possibilities exis€: (1) Difrusion of tritium through the hot furnace wallslH
followad by combination with oxygen at the suriacs; (2) ths lines ars filled with
air tetwsen runa, tho rosidual air after cevacuation is sufficient to produce a
radiologicel eipnificant amount of oxide. The sscond possibility ls supported by

g)

O . -
the enalysis of the watur sarple collocted fron the procesd” lines,

A nunbsrt of additional possibilities for the usu of this ronitoring metnod

(V]
oxist. Quantitative meesuroment of the tritius oxido in air samnles is proposed

by the use of a dessicint or refrigerated trap to collact thé sarple, Tritium

nay be mansured by collection on pelladiun black followed Uy combustion end con-
version to acetyleno, A semi—cohtinuous nonitor has toen pr&pésed which wo&}d co}n
lect the tritiﬁm oxlds on calcium chloridz and the tritium on palladiunm black in -
clternate periods, Tho ovolution of ths gascs, conversion to cceotylono, and reud;

-

~ 4
"‘“O -de

no6 chanber would [ollow sutomatically,

, s o
Y o I
) -

»
&

(IS
J—
[
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