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HEALTH MONITORING OF SAMPLES FOR P-10 OXIDF

. The installetion of a tritium sepération plant at Hanford posed numerous
- health monitoring problems which were somewhat foreign to past experience, Although{'
work had been carried out with soft beta emitters such as C-14, S-35, etc,, this ‘
was the first serious contact with beta rays on the order of 5-15 kev, The problem’
of monitoring water waste samples to te disposed of in cribs with possible trans-
fer to the Columbia River was given to the Methods Group of the Development Division
The chief difficulty at the start appoared to be monitoring for tritium oxidevA
since dissolved tritium could be measured by ooiling the water and collecting the
evolved gases in an ion chamber or proportional counter, The presence of tritium
oxide was not thzught to be very probable at the time production was started but
operation of the unit and subsequert personnel monitoring indicated the presence of
radiological significent amounts of the oxide.

A simple, relstively repid, procedure for the measurcment of tritium oxide in

waste samples has been developed and soplied to biological meesurements and with -
modifications to the determination of tritium,
I, Summary

4n ion chamber of one or two liters volume is used to contain a gaseous samplei
produced from the suspected water, The ion current from the beta perticles pro-
duced inside of ‘the chamber is amplified by & Vibrating Reed oelectrometer,

Initial attermpts to use hydrogen, liberated by electrolysis of the water, re-

» sulted in gross contamination of the chember, Acceptable yields wore obtained by

(518000

mecasuring the activity in acctylene icencrated from the water by caleium carbdide,
] No contemination resulted unless sowo molzcular tritium was present,

Tha mirdimum cmount detecteble is abcout one ue/liter of liguid zampls; a valus

-

20 times below the ostimated concentration in thc body for the presently accepted

tolerance value, One operator with cn2 instrumont con analyze about five to seven
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samplea por day. Adaptations of the technique to measurcment of air aampiee~§p§~
to tritium determinations ere noted, '

* II, Instrumentation

A The ionization chambers used for all measursmonts wore constructed from one

ghoving the insulation, electrodes and method of mounting is glven in Fipwo 1, 4
90 volt potentisl is placed across tho chamber while in oporation, Tests with

various voltages indicated that 8 constant ionization current was obtained above

67.5 volts.(l)

The ionization current was mecsured with a Vibrating Reed electrometorcz) by -
tho rate of drift method wherein tho time required to collact & given charge is
noted., This rate is obtained by ueasuring the slope of the output line on an

) Esterlino-Angus rocord (with tho colleccting elcctrode not grounded), The scale is
chosen so that a full-scale deflection requires 20=-30 mirutes allcwing the operator
to prepare the noxt sumple while the first is still being measured,

With a two liter chamber, backgrounds usually range on the order of 2-5 x

lO'15 emperes (in a Counting Room with concrete walls one foot thick), For all

of the work reported, the instrument was operated with regulated voltage in an aif“
conditioned r.om with the temperature controllod between 72 and 76°F, and the rle

lative hum}?ity at 504.

Origigal calibrations of the cquivuent were calculated and these calculated

values are used throughout this roport, The caleulations. involved are given below:
: 4ssumptions:

(1) Eaergs required to produce one ion palr in air is 32,5 ev.(B)

(2) Average cnorgy of the beta particles is 5,69 kev.(A)
, |
5.69 x 10 [227 % 104 = 1,03 x 20722 anperos/uc

32,5 | 6.728 x 1008
i.p./dis, 1.p./scc/uc |
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In this calculation, the wall offect ia ignored and the fonization is assumed i

to oceur in eir. If thoe maximum range of tho beta particle is accepted as 4,12

The results of thi® comperison are given in Tablo 1,

TABLE 1
COYPARISON CF AIR AND ACETYIENE

Source Observed Current Theoretical Curront

Value 4ir i Acotylono T
_d&/m _ arpares anpegFcs amperes

102,8¢3.0 | (1.4¢0.1) = 100% | (1.420.1) x 10-34 2,1 x 1074 |

Thesa resultéwindicate 1little difference betveon air and acotyleno in the curs
rent producud for a glven am;unt of Jonization, The 35% discrepancy bstween the
calculeted value and the messured value 1s probably due to ineccurate calibration
of the the clectrometer and unknown cloctrical capacity of thc chamber,

A sample of ective water wvas riceived from Dr, 4, &, Brues of the Arpgonne
Nationel Laboratory as this roport wes ebout ready for issue, The label on the
bottle indicated n tritium oxide content of one mc per ml, Dliutions werc mode
to activities of 5 uc/1, 20 uc/1l, 50 uc/l, and 100 uc/l and the samples analyzed
by the acetylene techniquo, Three to five analyses werc made on each solution andv
a summary"of the results is given in Table II,

,é,‘
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TABLE I1

ANATYSTS OF STAMNDARD SAMPIE
O

- o —

Nominal lo. lieasured 1614 Standard Deviation of
Concentration | Samples Concentration Tie Yield
ue/1 K uc/1 ;4 ;4
5 3 3.4 68 10
20 5 11.4 56.9 3.2
50 L 30.3 60.5 61 o
100 5 49.8 49.8 5.5

;) fom e

I

The overall average of the 17 semples is 57,6% with a standard deviation.of

8.8%, These values asree reasonably wall vith estimates nade by measurenent of the
plutoriun source. Further measuremcnts are planned to eliminate pipetting errors,'
ete,
III. Development of kzthod

Tracer amounts of tritiunm oxide vere obtained from a pellet of lithium fluoride
which was submitted to this 1aboratory for an analysis for other activities. Oxygén
saturated with water vapor, was pessed over the pellet at 700°C in the presence of”
a platinum catalyst and the resulting tritium oxide end water vapor collected in a;
trap cooled with dry ice,

Liberation of hydrogen by electrolysis and bty decowposition on hot metals vere
utilized to obtain gas for ionization measurements., ZElectrolytic experiments were
run in a two ml, cepacity, H,-shaped eclectrolytic cell using platinum electrodos and
a 6v storage bettery, The hydrogen cvolved wes collected in a three liter orlone
meyer flesk by water displacement, The pressure on both sides of the cell was kept -
constant by controlling the water dicpiceement with a s siphon, After a suitable
amount of gns had been collccted, the entrunce tube was conncetoed to the evacuated
ionlzstion chamber and the hydrogen farccl into tho chamber ty water displacement,
fhe pressure in the chamber was adjurted to 760 mm hy nmeans of a bnlancing colunn

of wuter,.
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zifter an activobsémple had been placed in the chamber, subsequent background

gases, The lining of the chambe

applicd before acceptable btackgrounds could te obteined. Results of a typical run

are given in Table III.

RESULTS OF H23 NONITOSING SHOWING BACKGROUND DIFFICULTY

readings geve high values evon after repated evacuatlions end sweeping with other

r had to be removed and a new coating of graphite:

TABLE I3

‘o

—

Sample Reading Remarks
S Amperes
Initiel Backgrownd | 2.55 x 10715 Reading in air
Test Sample 100 x 1013 ]
Background 100 x 10-13 | Chambor evacusted and filled with air
Background 28 x 10713 {  Chamber aovacuated and filled three timesj;
| then ovacuated ovornight.
Background gs x 1013 | Chamber disassembled and blown with Hy
in attempt to displace Hp3
® Background 2.61 x 10"30'5 % Chamber lining replaced,

Decomposition of water to hydrogen with a metallic oxide was ;ccomplished by %
boiling the samplo, passing the cvolved steam over hot steel wool and collecting °
the hydrogon by water displacement; As would bo exgpcted background difficulties
wore agadn cnooumtored, pobln of these methods involving tritium gas wore slow and

§§ not well suitod to repid work,
«© The mothod finally adopted corsisted of cvolving acctylene from the liquid sam-?:
23 ple with cqlcium carbide and noting the ienization produced. The cquipnent con=

&

.
sists of a gas generctor, partially filled with calecium carbide into which the sam-

ple could bo forced. The genorator is connected throurh a condenscr and o glass

w

wool filtcr to a largs water fillcd {lask. 43 the ges is evolved, the water in

the flask is displeccd, Ths condensor rcturns the vepor produced in the sample
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from the heat of reaction, If the presence of active dissolved gases sucﬁ as

cu‘oz are suSpected, the sample may be distilled or the acetylene scrubbed with

'. : appropriate solvents. The acotylenc which was collected, is forcod into an evacu-
” .. atod chamber by water displacoment and the pressure adjustod to 760 mm Hg,
Peproducible results havo baen ottained., The chamber is easily cleaned, even

with extremely hot semples, unless some dissolved tritiun is prescnt in tho sanq:.ie_

Nccasionally several evacuations of the chember are noeded if an especially activo

<9
Q

gsemple is moasurcd,

in the sawe menner es the hydrogen in thae reaction,

” CaCy + 2i0 — > Ca(0H), + Cpli,
G/ /\

Iig-}this assumption is incorrect, it is possible that the acetylsne could be
A depleted or enriched in tritium coupared to the hydrogen-tritium ratio In the water

To cnswer this quesuon, acntjlenn was generated from tritiwa oxide laden wetor

end tho ionization current noted, Tie calcium hydroxide residue from this process:
was heatod to 600°C, and the water evolved was coileted and used to produce scetys=
o> lenc. Three cycles wore run on this process with no enrichment or deplotion indi.
o cating that the rsectivity of the two molecules in the reaction was the same, The:
~— data (gm::x these runs are glven in Teble IV,
o O
fon] TARLE-IV
TZST _QF PARTITICN OF HIDROGEXN AND TRITIUM
Cycle e Calculated Concentration
Aun 1 2un 2
e ye/uiter uc/Iiter
¢ Th T T -
' 1t eccetylene 62.5 NS }
2nd acetylcne 69,9 L4
a 3rd acetyleno €9.9 40

T
No attcrpt is made to measure tne valu, ¢ of liquid sample placed in the gencrae -

tor since itlhic amount of water oquivalont to one litur of acatylena iz easily cal~
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[V
drogen in 6@3 gmms@

culated
reacts with two moles of water to produce one@m(_ls of calcium hydroxide end one

mole of acetyleneg) Although two moles of water ;re required, one mole is used in
producing caleium hydroxide, Thus the one mole of acetylene represents one mole of
vaterg) Tc produce one liter of acctylene (1/22.,4 = 0,0446 moles) then requires

0.0892 moles of water or 1,6 gramp, and the acetylene produced represents the hy-

IV, Aprplicatior o. Yothod,

9
This method has been used for running various types of monitoring samples ob=-
°
tained froz the tritiun arec, Originelh, bacl'grmmda were measured boforo and
after each sample in order to evalucte accaratcly eny chenges resulting from induced-

charges on tha system or residusl cont-rination of the walls, Any semple signifi-

oantly higher than thoe background \m., rerun with now equipment to eliminate the
(&

possibility of the high result bei_r.é cdue to induccd charges. Tho current procedura

CJ .
is i{- evaluate the background by taking tve or threo peasurerents per dey snd com-
(o3

paring the sample to the avecrage of all backgrounds over the preceding seven days,

If onc backzround is high, the chambor is not used until the ::111‘1‘:!.::u1t§y is found

<]

and rencdiedy)

4 nunbor of dii‘fvront typos of samples have been enalyzed, Air samplos aro col-

® ) .
lec’ed by pussing the air over or through culecium chloride, The sasples cre then -

flushed with nitropen to retove entrained kydrogen, hezted to 4L00°C and the evolved.
gases swept with nitrogon over pa.l.ladium black to rerove traces of hydrogen, These

\_J
gases aro then passed through celeium carbide end collectsd in the chauber for npea-

surement., Stopcock greese and putp cil sanples wero snalyzed for votal tritiun by
burning then in 2 strcan of =ir saturat@ﬂ with water vapor. The gnses were passed
over calciun carbide end then into the charborg: Other samples such cs pieces of

glass, cloth,.ctc, woere ernalyzcd by obvious modificationsg Results of some of these'

amples are given in Table V, s
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TABLE ¥
, .______,__..--__"-_;,\______,_4-, TRITIUH =ZONITORING SMQ@@
Y Dato Typos Sample Rosult
- 5-11-49 4ir samples on CaCly - Exhaust hood- H230 present
) 5-26~49 Tij) of samplo receiver 75 uc B3
6-2-49 011 from #1 1ino hood #1 hyvac 2.8 uc H/nl
®6-16-49 CaCl, solutioffron exhaust hood 74 uc H/liter
7<1=49 4 air samplos on CaCl, - exhaust hood 41 x 102 uc/sanpléir
7-13-49 ' Cas sanmple from slug cutting 125 ue §3/sa.mple

®

4 semple of condensed water and mercury was removed fron the liqui:d nitrogen .
o :

trep on the process lire to test for the prosence o‘r.tritim oxide, A five ml,

=

cample of the “water was diluted to 30 nl,, saturated vith sodium chleride cnd dis

¢} .
s tilled twice under vacuun to rerove any cnitrained ges. After a dilution of 200 to.

one the snrple vas too active to rcad on tha equiprment then availrble, Tals in-

dlestes thot tho activity was greater than 50 millicuries in the ton ml, scmplo, |
[+)

? Applicetion of tho method to bidlogical sawples was first made following an

‘ = .
implosion in théﬁarea. Personnel woriing in the region submitted urine-sa<zi:s

©

-which gave, in one case, an ionization current significantly above background, Sam=

ples were taken fro.'.": cther employees at ©-10 and thres Leslth Instw:ment | K
Divizicns' zon not in the area, Four of the six mon fronm P-10 gave valuss signi-: _
ficently higher thon the background s.'.’;:-\;;’alcs. Hookly samples wore instituted to |
sorve as a choeck on the perscnnel, Shortly afier the woekly sanp_})es were st:xrted,
tﬁg’ operation was stooped to ellow changes in the process, The weekly semples

were continued on all personnel with high values in en attormpt to measure the ex-

0918000

crotion reteg. The results of this test oro glven in Table Vg

o

-
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TRITIUN EXCRETICN
&
) Tritiun Gxido Urine Cone, '
r Date
. Man #1 Msn #2 Mon #3
uc/1 uc/1 uc/L
C=l=L9 5.5 - -
5=9-L9 5.5 - -
5=13-49 5.4 2.2 ‘e 1.2 ©
5-23-49 740 l 3.3 7 1.5
5-27-49 . “ Shutdown ®;Date -
5=31=-49, 6.5 .0 -
6-0—49 - 3.7 -
€-7-49 2.0 - -
© 6=14-49 - ‘® ’ A
6-23-49 - - 2 3
6-27-49 i - -
T=1-49 1 1 -
L) (e
' ) ' A\_e' (\‘.‘_, Tl
Apperently tho elirineticn is considerably faster than that cxpected theoreti--
X cally from a 70 kg nen cxcreiting 2-3 1iters/day since the concentration dropped
S with a haif-life of 4-5 deys, It should be noted thaot these results were obtained

Q

-

1918000

,ge expected if the tritium oxldo is uniforn in the body wa‘&?r. The organic resi-
"-.,) o

in May and June of 1949. Thae anxirmun temperstire for the period Jund Ltk to Juns

7th was 102°F with meximun temperestures above 90°F on(%he othar days.
Cne blood somple was obtaiuud fron ¢ nan with a high urine result, This san

plo had the cemo volue as the urine within the error of the measuremcnt which vculd
éue from a dried snmple of this blood was washed and redried f£ive tires, burned in
oxygen, and the vapors passed over caleiun certdde into tho ionizztion chamber in'
an atterpt to determine whethsr eny oxchonge ocecarrcd botween tritium oxide and
C:H, N:H, cte, The sagpld’containcd no detccteble activity,
¢. Discussion L

The sensitivity of this method is linited by the backaround current obtalned

with no tritium present snd the variations in tkis currert luo to instlator leekage,

strains, induced charges, cte, ¥hen froquent b hockground measuvencris arce nede,
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bration. With less frequent backgrounds (current procodure) the scnsitivity is
about 1,2 uc/liter on t%g sanc basis, The tolerable amount of tritiun oxide in thgf
bodyés quoted at 1,0 nc.(4) Assuning a stondard man of 70 kg with a body watcr
content of 50 kg, tho mean value would be 20 uo/liter. Again assuming that the

urine is reprosontative of the body wator, tho sensitivity limit is about 1/20th’
: Py

i3 «

of toleranca,

Tho source of the tritium oxide in the process hes not been detcrmined, Sev-
eral possibilities exis€: (1) Diffusion of, tritium through the hot furnace wells
followed by conbinationywith oxygen at the surfeco; (2) the lines era £illed with -
air betwecn runs, the residunl air after evacuation is suffieient to produce a
radiologicel eignificant amount ;f oxide, The second possibility is supported by
the E%alysis of the water sample collucted fronm the proces§>lines.

A nunber of additional possibili+ies for the use of this nonitoring mctnod
oxist, Quentitative mrasurcnent of the triziun oxide in air samples is proposed
by the use of a dessicunt or refrigerated trap to colloct the sample, Tritium
nay be measured by collection on palladium black followed by combustion and cone -
version to acetyleno, 4 aeni-co;tinuous nonitor has been pr&posed whicy wog}d col.
lect the tritiﬁm oxide on calc;um chloride and the tritium on pallediun tlack in’i
alternate perlods, Tho ovolution of tho gascs, conversion to zcetylenc, and read-

L
-

vy L
.lb b

ouer would follow autometically,
[+

o
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