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IiEALTH Ih3YIToWTNC OF SAWPLFS FcW P -10 OXID& 

The i n s t a l l a t ion  of 8 tritium separation p l an t  a t  1IanfoI.d posed numerous 

health monitoring problem which were eomeuhat fomi@ to pas t  experience. 

work had been carried out w i t h  soft beta emitters such as C-14, S-35, etc., t h i s  

?;a3 the f i r s t  serious contact w i t h  beta rays on the order of 5-15 kev. 

of mnitoring n a b r  waste smqles t o  be disposed of i n  c r ibs  w i t h  possible trans- 

fsi  t o  the Columbia River wa3 given to the Methods Group of t h e  Developnent Divisi 

The chief d i f f i c u l t y  a t  t h e  s t a r t  appoared t o  bo monitoring for tritiuq oxide 

Altho 

The proble 

since dissolved tritim coXld be measured by b a i l i n g  the  water and col lec t ing  the 

evolved gases in 011 ion  chambr o r  proport ional  counter. The presence of tritium 

oxide rat3 not  th;u&ht to be v e r y  pro’lsablo at t h e  tiam production was s t a r t ed  bu t  

opera tbn  of the  uni t  and subsequect personnel monitoring indicated the presence of 

radiological s ignif icant  amuits of the oxidc. 

A a h p l e ,  r e l a t ive ly  r rp id ,  proceduro for the aeasurcment of tritium oAde 

waste saqples has been davcloped. md epp3.led to biological  meesuremcnts &rid nith. - 

modifications &to t h e  determination of tritium. 

I. Sumnary 

h ion chanber of one o r  two l i t e r s  mime is  used t o  contain a gaseous sample 

produced from the suspected watef. 

duced L r ~ 4 . l ~  of %he chamber is a q l i c i e d  bj a ViSrating Rsed olectimneter. 

Tha ion cur ren t  from the beta p a r t i c l e s  pro- 

I n i t i a l  attempts to use hydrogen, l i j c re tcd  bj e lec t ro lys i s  o f  the mter, re- 

.-\ 0. sulted i n  gross contamination of tho chernber, Acceptable y io lds  wre obtained by 
. .  . 

measuring tlie a c t i v i t y  i n  occtylelie jcnerated from tho water by calcium cerbide, 

No coxiteminntion resultod unlcss EOX nol2culflr t r i t iuin was present.  

Tho m t ~ , € r n i i r n  ; .mcn~t. ? o t . e r k t . l e  iz r?!:::-t e::: sc/l.iLyz af l i q - d d  s z i q 2 ~ ;  ii F ~ X I J  

20 t i m s  b2lo:v tho o s t i m t e d  concentration i n  tlicl body f o r  t!io presently aCCopt& 

tolerance v d u e .  One operator n i t h  O R . ~  i n s t m o n t  con unelyze about f iva  t o  aoven 



_. .. ..--.. 

aampleo por day. Adaptotlone of the technique to mear;urcment of air s q l e e  

to  tritium detorminatione 0n3 noted. 
0 

0 11. Instrumentation 

T!Ie ionization chambers wed for all measurements wore constructed from one 4 

two liter round b o t t o m  boiling flasks w i t h  8 ground @8ss joint. 

cock was sealed to the nack for evacuation and f i l l i n g .  

Ehoning the insulation, elcctmdcs end method of m u t i n g  is @veri in Ficwo 1. 

90 volt ? o t o n t i n l  is placed across tho chamber while i n  oporation. Tests with 

various voltokeea indicated that B conetai t  ionizat ion c imont  was obtdned  above 

67.5 V O l t 3 .  

A t h r e o  8 

A skotch of th3.s ~ S R O  
v 

(1 1 

The foaizet ion current ras mecsured v i t h  o. Vibrating RQed electmmtor 

tho rate of drift nethod wherein t h o  ti= reql i rcd t o  co l lac t  a given clietrgo i8 

qoted. 

Eatsrlino-&?gus rocord ( w i t h  tho collcctinE elcctrodo not gmundod). Tho S C S l 8  is 

chosen 80 tiint a fu l l - sca le  doflect ion roquires 20-30 minutes allcwing the  operato 

to prcprc  tkc  c o d  sample vrhilc t h o  fimt is still bohg measured. 

This r a t e  2s obtaincd 'oy iEasWin6 t h o  slope of the output l i no  on an 

8 

' J  

Yith a tE'3 liter Chmb8r, tack@ounds usually rmgo on Vno ordor of 2-5 x 

loof5 Papems (in a Counting h m  r i t h  concreto walls one foot th ick) .  For all 

of tho %o;.k reporhd, the  instnunuct was operated with regulated voltage in an a i r  

conciitionod rrxn with the t e q o r a t u r e  controllod b t n e e n  72 and 76T,  and the ro- 

lative humidity a t  5%. 
5: 

Orig ina l  c t l ibrat ior is  of t h e  oqufpxnt  were calculated and those calculated 

values a m  used throa@out thia roport. 

hstanptiona t 

(1) 

(2) Averago cnorEy o f  th3 beta p?rt , icles i s  5.65 kev,('+) 

The calculations involvcd are below: 

Escrgr rcqujrod t o  producz ono icln pais in a i r  is  32.5 GV. 

= 1.03 x lo'= arpcroe/uc 



To f i t  Vibrating 
];end i!ead 

I 



to occur in a i r .  If tho maxim ranfc?. of tho Lata piirticlcr is acccatccl a= 4.'2 

the w c l l  e f fec t  xill bo l eos  than lO$ and has h e n  i e o r e d  in the f inal  re 

ci.iLt. A conparison between the  energies roq-d t o  produco one Lon p a i r  In a i r  

an6 i n  acetylene was mado bj readfng the  ionizat ion current f r o m  n 1% d/m Pu-239 

sourco m m t o d  in tho center  of tho e h o n b r  5.n an atmosphere of a i r  and acctyleno 

The r e su l t s  of thi3corrptrir;on a m  given in  Tabla 1. 

TABU 1 
COKPARISON CF A I R  AN!  ACEZYIEIIE 

-.._I 

Thsoratical C u r r  

---- 

These r e su l t s  indicate l i t t l e  Cifferonce boti;.con a i r  r.nd acotyleno in the cur- 

r e n t  producod far a g i w n  aLiur,t of !.oniztition. 

calcu1.ated vnlue an3 t.he nmourzd n k o  is probably duo t o  h'kccurato ca l ibra t ion  

of tho the olectrome+&r and u.ILso:m c l o c t r i c a l  capacity of thc  chamber. 

Tho 359: discrqoncj .  betnoen tho  

A smple of Ective na t c r  m s  rzcoivcd from D r ,  A. :i, 3rtlc-8 of tho Armnno 

Kstionbl hbora t a r j  a8 Y i i s  roport ~ E S  about roaiij for iosue. 

bot t lo  irdicntod 3 tritium oxide conteat of one mc per nl. 

to a c t i v i t i e s  of 5 uc/l, 20 uc/l, 50 uc/l, and 100 uc/l and tho sornplas analyzed 

by t he  acetylone t echn iqp .  

a cumnary of the  results IO d v c z  I:, ~ a b l c l  11. 

Tho l a b e l  on tho 

Di iu t ions  wm d o  

Three t o  f i v e  analyses wore nmdo on occh solut ion and 

I .. *,' 
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TABU3 I1 

The overa l l  average of the 17 samples is 57.6% Rith a standard devis t ion .of  

4.@. Theso values a p e e  reasonably well rlth estLintes  made b~ measuronenf of 

plutor.iun source. 

e tc .  

111. Development of Kcthod 

9 t; 
Further monouremonts are planned to e l 5 d n a t e  QJ p i p t t h &  er rors , ’  

Tracer amounts of triti& oxido rere obtdned f r o m  a p e l l e t  of  lithium fluorid 

which was submitted to t h i s  laboratory f o r  nn analysis  for o+Aer a c t i v i t i e s .  

saturated aith m t e r  vapor, m s  pesssd over the p e l l e t  a t  7OOoC i n  the  pi-esenco of. 

a platinum catalyot and tho resulting tritiun oxide and water vapor collected in 8 .  

t r a p  cooled with dry ice. 

Oxy 

0 
0 
0 

Liberntion of hydrogen Qr e lec t ro lys i s  crnd Ly decorcpositlon 011 hat ne ta l s  we 

u t i l i zed  to obtain g ~ s  €or Ioniz i t ion  ncasurement,s. S l e c t r i l y t i c  experiments orera - 
U 

a 6v storage battery.  

meyer flesk by water displacerent ,  

constant by control1ir.g t ho  water  dic?iccenent with assiphon. 

The hydropn cvolved 1~6s collected i n  a th ree  l i t e r  orlon- 

Ti12 pxssure on both s ides  o f  t h e  c e l l  was kep 
.-. 

Aftcr  a suitablo 

ionix. t icn chanbr  and t h a  hy4rQger. fc rcc2  k i t s  i h ~  ch&tihwr ky water displaccrncnt . 
rho pressure! i n  the chmber x n s  adjurtcc? t e  760 pm by ncms of n br.loncin(j colum 

of wrcter. 





vas heatod to 600%) and the water evolved was co'ile=.tod and used t o  pmduco rca 

CY lcnc. Thre? cycles wcre run on t l i i s  process d t h  no enrichcient or d q l o t i o n  indi 

data fro3 Cieso runs (ire c;ivcn in Table IV. 

W 

, ..-. " c _- .. ,. . . ~ r  _... -- 
2 - .  

A- 
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reacts Kith two moles of mter to prduce ono9mle of czlcium hydroxide e.Ld one 

mole of acetylene3 Although tm moles of water are required, one mlo is usod in 

producing calcium hydroxide. Thus the one mle of acetylene represents one mole o 

0.0892 moles of na4;er or 2.6 pamp, and t h e  acetylene ,.irodumd mprer;ents the  h p  
w 

Crogsn gram*] 

Tv, Aupllc?tim 0.' Y'othod. 
0 

T'nls mtho.$ h a  b e n  usod for running various trpcs of mnltor ing s ~ z ~ ~ p l o s  ob- 
@ 

t d a e d  fro3 the tritim area. O r i ~ i n e l l g ,  bacL.@-ounds mer0 mnsured boforo d 
c: 

c 
paring the s a q l o  to t h o  svorsee of all bsckyounda over the 2mcedlng seven da;fs, 

If onc background is high, tho c.hadmr i s  not  used untll the di f f icu l t :  is found 

end rot?cdie&& </ 0 

lec-hed b7 pcrsshg tho Oir over or thr~)u_E)) culc im chloride. The sa;l?p'los cre then -' 
flushad nitii nitro'&eii to rerave e n t r r i n c d  kydroEcn, hcctod to LOOOC m d  t h e  evolved - 

:e> 
gmca 6 w e ~ h  nith nftrogon over p d s d i m  bleck to rerove trcccs of hydmgm. These, 

F a e s  am then passed thmu& c e l c i m  c9xbido end collectad in tho c h a L 1 b o r  for nea- 

surement .  

taming thm i n  e s t x a n  of .:ir s u t w c t &  v i t h  r i a to r  vapor. 

over cnlciun c z b i d c  cn2 t h e n  Into t h o  chisnbor$ Othcr sanplcs s u e .  1 s  pieces of 

gloss, cloth, .  Lt.c. wore crialyzc? hjr obvfouz rmdificctionse,  223ults of SJCG of these .. 

s-miss a m  @\?en in Table Y. 

(5 

Stopcock grcess r.nd ?UT cil smplcs  * x r a  r-rlnl;.zcd f o r  'totel tritiuii by 

The @.sas $7~31'8 pssed 
!e? 

,-. 
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1 7-13-49 

t rap  on the pq3cess Ur.0 to test for %ho prosence oy tritium oxide. A five ml. 

&ample of the'-bntor was d i l t i d  to 30 de, sa tura ted  ydth sodium chlor ide od d 

tilled tvice under vocvm t~ rerovo m.y cntrninod gas. 

one the sniiz1.e vas b o  a c t i v e  to mad on t h z  equipmt then cvailr.ble. 

Ciaztes *it tho G c t i v i t y  WCB grea ter  than 50 nill icurios ir, the  ton nl. s 
'' 

J 

D 

m o r  a di lu t ion  of 2 

T i s  in- 

0 
Appllccttion of tho acthod to bldl:,gicjl szmples was first =de fo l lodng  ~ f l  

implosion in &&a. Personnel woriiln~ 5x1 tile m@on submi tbd  0 urine .sa.;;;! :.'.: 
'rrhich gam, i n  one w e ,  an ion iza t ion  cur ren t  siepificantlS; above t?aclrg.oW. 

pJ.es =re tsken fro=: other eriiplojrees at F-10 and three !ieslth I n s t w c t  

I?l.rfzftzs' 2;;; i;~t iii 

fimtly M&cr t h  t h o  b c k p d  &$le~. W O O ~  stmplcs w o r e  instituted to 

6 0 ~ ~ 3  as a chock on the perscnnel. 

the 'opera t ion  nos stonped to e . l l o ~  c?-cages in t h o  pmcsss. 

were aontinuod on all pcrsomel Kith h i &  v d u o s  i n  m clttonpt t o  mclsure t h o  ex- 

area. Four oi tho s i x  mon fmn P-10 ~ v o  values si&- 

: 

/-- 

S50rtly af',or 4210 mekly ssrpJe3 '-I KSQ skirted, .- 
1 3  

The me- SDZ@S 

. .  

cro t ion  rtto&: Tho x s u l t s  of t h i s  t e s t  ?.ra gl-rcn in Tablo VI+ 
,--. . 
* n  
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such as h tho o lginal nothod of ronding, tho  s t a t i s t i d  llnit of dect lon on 

9C$ confidonco levo1 is  about 0.7-0.8 uc / l i t c r  on tho bnsis of the  calculated 

bmt ion .  Vith l e s s  frequent backgrounds (c?lrrcjnt procodwo) t h o  sensitivity is 

about 1.2 uc/l.itar on tha a m  basis. 

body s quote2 a t  1.0 nc.(4) Assunink a stm’dard r n ~  of 70 kg r i t h  a body n a t c r  

contcnt of 50 kg, tho nenn vnluo would be 20 uo/l l ter .  

u r h e  is rcprosmtat ivo of tho  body nator, tho sons i t i v i ty  linLt is a b u t  1/20th 

of tolcrznca,  . 

s 
e 0 

Tho tolernbla mount of t r i t l d n  oxide 2n th 
Q 

b 
A g n h  a s s a g  thnt tho 

0: 4 

Tho sourca of the tritium oxidz i n  the process hcs not bocn detornined. 

(1) .Diffusion of,, t r i t i u n  through the hot  f b n a c e  

Se 

eral p o s s i b i l i t i e s  exlcc: 

folloneZ bjr conbinntlon with ow go:^ st tilo surfcco; (2) tho lines a 3  f i l l c d  rith 

a b  betwecn runs, tho res idunl  a l r  n f to r  evacuation i s  s u f f i c i e n t  t o  produco a 

r a d l o l o d c c l  a i g l i f i c m t  m u n t  of oxide. Tho second p o s s i b i l i t y  i s  supported by 

tho  analysis  of the  m t e r  sniqlo colloctcd f;.on tho p r o & s g l i n e s .  
0 

A nursber of addi t ionnl  p o s s i b i l i t i e s  f o r  tho use of t h i s  m n i t o r i n g  mt‘bd 
0 

G X h t .  

by t h e  use of a d o s s i c u t  or  refr igerated t r ap  t:, c o l l s c t  tha  s q 1 o .  T r i t i u n  .. 

nay be messwed by col lect ion 3n pa l lad im black folloaod by conbustion Pnd con- 

version t o  acet.jfeno. A scni-continuous nonitor has h e n  pr&sed which wogd cola. 

l e c t  the tritim oxide on calcium chloride and tho tritium on p n l l a d i m  black i n  

clltornote periode. 

i ~ g  i~ Q c k ~ k i r  -wvuid foilon nutomtical ly .  

Qumt i t a t ivo  mnsuronent of tho tritiuq oxido i n  a i r  smFles is  proposed 
c 

+ 

J * 

Tho ovoliition of th,o gzscs, comorsion t0 ecotylono, and read 

8 
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0 
0 
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