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AN INVESTIGATION OF A BUBBLER 
TRITIUM SAMPLER 

Allen M. Valentine 

ABSTRACT 

Inves t iga t ion  of a ljubbler tritium sampler indicated 
c o l l e c t i o n  c h a r a c t e r i s t i c s  s imi la r  t o  reported human 
body uptake r a t e s  f o r  tritium gas  and t r i t i a t e d  water 
vapor. The bubbler e a l l & c t o r  consisted of a dry gas 
wash b o t t l e  with a f r i t t e d  glss's t i p  an t h e  i n l e t  and 
d i s t i l l e d  water a s  t h e  collecSing medium. 

Tes t s  were made under both laboratory and f i e l d  con- 
d i t i o n s ,  and t h e  e f f e c t s  of varying t h e  flow r a t e ,  
water volume, and water temperature were determined. 
A flow-through ionizat ion chamber instrument was used 
t o  measure t h e  tritium concentrations sampled, and 
'the co l l ec ted  t r i t i u m  was determined by l i q u i d  scin- 
t i l l a t i o n  counting. 

The observed co l l ec t ion  e f f i c iency  f o r  t r i t i a t e d  
wter vapor was >90% f o r  sampling' r a t e s  from 8 t o  10 
lpm, water temperatures from 25 t o  3 5 O ~ ,  and water 
volumes from 30 t o  50'cc. Trit ium gas was co l l ec ted  
with an e f f i c iency  of ~ 0 . 1 %  with t h e  same sampling 
r a t e s  and water volumes b u t  with a water temperature 
of laOc. 

This c o l l e c t o r  can s e l e c t i v e l y  sample t r i t i a t e d  
water vapor i n  t h e  presence of t r i t i u m  gas,  and a l -  
lows t h e  heal th  phys ic i s t  t o  make a better assess- 
ment of t r i t i a t e d  water vapor concentrations i n  a i r .  

I i INTRODUCTPON i u m  gas, t r i t i a t e d  water, and t r i t i e t e d  or-  

The abundance of tritium has increased ganic compounds a r e  t h e  most frequently 

used. 
during recent  years  because l a r g e r  quanti-  

t i e s  e x i s t  a t  most heavy water reac to r  f a c i l -  Health physics considerations increased 

i t i e s  and tritium has become e a s i e r  f o r  sci- a s  more s c i e n t i s t s  s t a r t e d  handling tritiym, 

entiate to Qbta in, ~ ~ i t i ~  is commercially 
The need f o r  improving tritium a i r  sam~:ing 

avar lab le  i n  many d i f f e r e n t  ' foma, bu t  trit- systems and techniques became apparent be- 



~ i g .  1. ~ w 4  bubbler Collectors. 

cause mst t r i t i u m  samplers could not, eelec- 

t ive ly  col lec t  o r  d i f ferent ia te  between 

tritium gas and t r i t i a t e d  water vapor in  

a i r .  The inabi l i ty  t o  selectively col lec t  

e i the r  tritium gas or  t r i t i a t e d  water is  un- 

deeirable because the body uptake ratesL 

and maximum permissible concentrations in  

a i r  (MPCa)' fo r  the two forms d i f f e r  greatly. 

~ r i t i a t e d  water vapor is  A 0 0  times more 

hazardous than tritium gas when present i n  

rhrr working atmosphere. 

The collector  evaluated i n  t h i s  report 

employs d i s t i l l e d  water a s  the  collecting 

mediumJ and selectively col lec ts  t r i t i a t e d  

water vapar. 

IL . DESCRIPTION 

A. General Technf ques 

The c ~ b l e c t o r  is cal led a "bubbler" be- 

cause of the  bubbling action tha t  occurs 

when a i r  passes through the water. The col- 

l ec to r  is a 125-cc dry gas wash bo t t l e  with 

a f r i t t e d  g lass  dispersion t i p  on the i n l e t  

and from 30 t o  50 cc of d i s t i l l e d  water a s  

the collect ing medium. Two collecting 

bo t t l e s  containing d i s t i l l e d  water a re  shown 

i n  Fig. 1. A low-volume gas pump and flow 

m e t e r  combination is  used t o  provide a known 

PUMP EXHAUST 

AIR 
I NTAKE 

Fig. 2. A bubbler sampler for  laboratory 
sampling of t r i t i a t e d  water vapor. 

a i r  flow through the system, 

T r i t i u m  is  collected i n  the d i s t i l l ed  

water when a i r  containing t r i t i u m  i e  bubbled 

through the  collector.  The tritium act iv i ty  

i n  the d i s t i l l e d  water is determined by ac- 

curately measuring the  t o t a l  water volume 

a f t e r  sampling and counting a 500-A aliquot 

of this water and tritium i n  a liquid scin- 

t i l l a t i o n  counter. The counter has a known 

counting efficiency for tritium under the 

counting conditiono. 

The cal leat ion effioiency of the col- 

lec tor  f o r  tritium gas and t r i t i a t e d  water 

vapor is evaluated by making laboratory t e s t s  

w i t h  known tritium cancentrations and firtld 

t e s t s  w i t h  tritium concentratione determined 

by an ionization chamber instrument. The 

ionization chamber inst-ent has beem em- 

ptriaalZy eaLibrate8 fur  tritium. The f i e ld  

t e s t s  included studies of the e f fo r t  of flow 

rate,  water volume, and water temperature 

on collection efficiency. 

B. Trit tated Water Vaoor Samliag 

1. Laboratory Sampling. Measured 

volumes of t r i t i a t e d  water of known specific 

ac t iv i ty  a re  evaporated and circulated 

through a bubbler col lector  (Fig. 2). Hot 

a i r  from a ha i r  dryer is  used t o  give uni- 

form evaporation for  the desired sampling 

t i m e s .  A constant a i r  flow is maintained 

through the eysten during each of four t e s t s t  
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Fig. 3. F ie ld  sampling system f o r  triti- 
ated water vapor.- 

An ion iza t ion  chamber instrument with 

a b u i l t - i n  gas pump and flowmeter was used 

t o  provide a i r  flow through t h e  system and 

t o  measure t h e  tritium concentration during 

each t e s t .  For most t e s t s ,  t h e  a i r  with 

t r i t i a t e d  water vapor f i r s t  passed through 

the  ionizat ion chamber instrument a f t e r  be- 

ing drawn from t h e  tanks and then through 

two bubbler c o l l e c t o r s  i n  se r ies .  The sec- 

ond c o l l e c t o r  re ta ined t h e  a c t i v i t y  l o s t  

from t h e  f i r s t  and indicated how e f f i c i e n t  

t h e  f i r s t  was f o r  t h e  t r i t i u m  sampled. 

Q 

however, the  r a t e  i s  d i f f e r e n t  f o r  each C. Tritium Gas Samplinq 
t e s t .  

A two-container system was used f o r  
The volumes of bubbler water and cold 

bubbler c o l l e c t o r  tests with tritium gas  
t r a p  condensate a r e  measured and analyzed 

( ~ i g s .  4 and 5).  The two containers were 
f o r  tritium a f t e r  each t e s t  t o  determine the  

gas- t ight  Plexiglas  boxes with volumes of 
co l l ec t ion  eff ic iency.  

0.05 and 1.09 ma. One c u r i e  of t r i t i u m  gas  
2. F ie ld  Sampling. The term "f ie ld  

was f i r s t  released i n  t h e  small box, and 
sampling" was used t o  denote sampling of a i r  

,J mti  was l a t e r  t r ans fe r red  i n t o  the  l a r g e r  
t h a t  contained unknown tritium concentration.  

box. The small box was then isola ted from 
A i r  containing unknown 'but measurable con- 

t h e  system, and c i r c u l a t i o n  was es tabl ished 
cen t ra t ions  of t r i t i a t e d  water vapor was 

through 'the ionizat ion chamber instrument 
sampled from metal tanks p a r t i a l l y  f i l l e d  

and l a r g e  box u n t i l  t h e  tritium gas concen- 
with t r i t i a t e d  water (Fig. 3 ) .  

BUBBLER 4 ELECTROMAGNET 
COLLECTORS CONTROL AND 

FILTER DRlERlTE 

EXHAUST ATlON CHAMBER 

No. 2 INSTRU M ENT 

- e r n  

---- - - -  - - - -  

Fig. 4. Schmatic of a bubbler tritium gas sampler. 

J - - 
ION IZATION L 

CHAMBER BUBBLER 
INSTRUMENT COLLECTORS 



2. Field Sam~Zinq 

(a)  Sampling Time IWp~ndWce, Samples 

were col lected for  from 5 t o  20 minutes, end 

the  r e su l t s  a r e  given i n  Table IT. For ea& 

sample, two bubbler c o l l e c t ~ x s  w e r e  ctnme~D- 

ed i n  series. 

The f i r s t  bubbLer co l lea tor  =etain& 

~90% of the t o t a l  tritium circulated through 

it fo r  a l l  four samples. Lass thsg 3% of 

the  t o t a l  tritium col lected was in t h e  second 

Fig. 5. A Bubbler t r i t i u m  gas sample .  bubbler when khe sample time was 15  minutas 

t r a t i o n  was uniform. Before t he  gas was re- 

leased,  dry a i r  had been c i rcu la ted  through 

t h e  system t o  minimize the oxidative conver- 

s ion  of t r i t i um gas t o  t r i t i a t e d  water. The 

ionizat ion chamber instrument was used t o  

measure t r i t i um concentrations i n  the  a i r  

sampled from the  large box during the  col- 

Aector tests. 

f11. RESULTS 

or lees, For a sample t i m e  04 20 minuten, 

&% nf t.he t ~ i t i u m  was i n  the aeoond collrbrztor. 

(b) Water Volume Dependence. A mini- 

mum water volume i s  desirable  beaause it de- 

creases the  d i lu t ion  of the tritium collected 

and allows higher a i r  flow r a t e s  &rough the 
col lector .  Increaeed a i r  flow i s  possible 

because it becomes more d i f f i c u l t  t o  blow 

water out of tha? bubbler col lector .  The a i s e  

of the  dry gas wash b o t t l e  a l so  d i c t a t e s  the 

A. T r i t i a t e d  Water Vapor Testa maxham watea volume t h a t  can be used f o r  a 

1. Laboratory Samglina. The r e s u l t s  given flow rate. 

The water volume was decreased from 5 0  and sampling conditions for  t he  Eour l a b r a -  
to 30 cc i n  5-cc increments t o  determine t h e  to ry  tests a r e  given i n  Table I. From 91 
e f foa t  09 water vol~ime Qn the ~ o l l e c t i m  ef- 

t o  95% of the  a c t i v i t y  passing through the 

bubbler co l lec tor  was collected. Water w e s  f f  ciewy. r e su l t s  givep i n  Tablg III 

v i s i b l y  blown out  of the  bubbler when flow indicate  t h a t  f o r  these t e s t  conditions Less 

r a t e s  g rea t e r  than 20 l/min were attempted. t h a t  a 5% Efifference i n  t he  tritium ao t iv i t y  

TABLE I 

R E S ~ T ~  OF x,mxui~rny SAMPTITNG 
OF TRZTIATED WATER VZIPOR 

Test T8Bt Ter t Taot 
Sauuplinq C o n d ~ t i ~ n ~  - NQ. 2 = ?  wo,3 No, 3 

I n i t i a l  a c t i v i t y  in  f lask  ( u c i )  
Flow r a t e  (l/min) 
Sampling time (min)  
Tni t i a l  volume i n  f l a sk  (ml) 
I n i t i a l  bubbler volume (ml) 
F ina l  bubbler volume (ml) 
Volume col lected i n  t r ap  (ml) 
Act ivi ty  c o l l e c t  i n  bubbler (uci) 
Act ivi ty  col lected i n  t r ap  ( u c i )  
Act ivi ty  col lected i n  bubbler (%) 



TABLE 11 TABLE IV 

SAMPLING TIME DEPENDENCE OF A, BUBBgER 
SAMPLER FOR TRITIATED WATER VAPOR 

T o t a l  A c t i v i t y  
Sample A c t i v i t y  i n  Second I n d i c a t e d  A i r  

Time C o l l e c t e d  C o l l e c t o r  C o n c e n t r a t i o n  
(min) ( W i )  (% (u c i /m3  ) 

a ~ l o w  r a t e , ,  8.5 l /min. 
Water volume, 50 m l .  
Water t e m p e r a t u r e ,  26Oc. 
I o n i z a t i o n  chamber measured c o n c e n t r a t i o n s  
from 36 t o  44 uci/mSa. 

c o l l e c t e d  was found f o r  volumes between 30 

and 50 c c .  The c o l l e c t i o n  e f f i c i e n c y  was 

>90% f o r  a l l  samples.  

(c) Water Temperature  Dependence. 

I c e -  and ho t -wate r  b a t h s  were used t o  main- 

t a i n  t h e  b u b b l e r  c o l l e c t o r  w a t e r  a t  tempera- 

t u r e s  between 8  and 3 5 ' ~ .  There  was some 

d i f f i c u l t y  i n  m a i n t a i n i n g  a  c o n s t a n t  w a t e r  

t empera ture  f o r  t h e  extreme t e m p e r a t u r e s ,  

and r e p o r t e d  t e m p e r a t u r e s  a r e  averages .  

The maximum change d u r i n g  t h e  10-minute sam- 

p l i n g  t ime  was 5 ' ~ .  

. The r e s u l t s  a r e  g i v e n  i n  Tab le  IV and 

TABLE 1'11 

WATER VOLUME DEPENDENCE OF A BUBBLER 
SAMPLER FOR TRITIATEu WATER  VAPOR^ 

Water T o t a l  T r i t i u m  I n d i c a t e d  A i r  
, Volume i n  Bubbler  C o n c e n t r a t i o n  
(ml) ( u c i )  (u c i /m3 ) 

asample t ime ,  5 min. 
Flow r a t e ,  8.5 l/min. 
Water t empera ture ,  2 6 ' ~ .  
I o n i z a t i o n  chamber i n s t r u m e n t  measured an 
average  c o n c e n t r a t i o n  o f  1 3 8  uci/m3,. 

WATER TEMPERATURE DEPENDENCE OF A BUBBLER 
SAMPLER FOR TRITIATED WATER  VAPOR^ 

Average Water 
Temperature  
O C  ' . O F  - - 

I n d i c a t e d  A i r  
C o n c e n t r a t i o n  

(uci/m3 ) 

asampling t i m e ,  1 0  min. 
Flow r a t e ,  8.5 l/min. 
Water volume, 50 cc. 
I o n i z a t i o n  chamber i n s t r u m e n t  measured a  
c o n c e n t r a t i o n  o f  44 uci/m3,. 

i n d i c a t e  c o l l e c t i o n  e f f i c i e n c i e s  o f  >9% f o r  

w a t e r  t e m p e r a t u r e s  between 20 and 3 5 ' ~ .  B e -  . 

tween 25 and 35OC, t h e r e  was l e s s  t h a n  a  lo?/, 
. . 

d i f f e r e n c e  i n  c o l l e c t i o n  e f f i c i e n c y ,  and 

t h i s  was l a t e r  'found t o  b e  w i t h i n  t h e  exper-  

i m e n t a l  e r r o r  f o r  sampling a t  a  c o n s t a n t  

, t empera ture .  

(d) .un i fo imi ty  o f  Sample R e s u l t s .  

The u n i f o r m i t y  o f  b u b b l e r  sample r e s u l t s  was 

e v a l u a t e d  by  hav ing  two exper imente rs  c o l -  ' 

lec t  samples From two d i f f e r e n t  s o u r c e s  o f  
. . .  

t r i t i u m  on s e p a r a t e  d a y s . '  The r e s u l t s  o f  

t h e s e  independent  sample e v a l u a t i o n s  a r e  

g i v e n  i n  T a b l e  V. The sample rssblto ag;eed 

t o  w i t h i n  and f l W  f o r  a sample time o f  

5  minu tes  and c o n c e n t r a t i o n s  o f  -20 MPCa 

and 1 0  MPC, , ' r e s p e c t i v e l y .  Some of  t h e  '+l9"/0 

v a r i a n c e  was caused by  changing t r i t i u m  con- 

c e n t r a t i o n s  d u r i n g  sampling and by poor  

c o u n t i n g  s t a t i s t i c s  due t o  t h e  low' t r i t i u m  

a c t i v i t y  c o l l e c t e d  d u r i n g  the 5-minnte sam-4 

p l e  t ime.  

B. T r i t i u m  Gas T e s t s  

Nine b u b b l e r  samples were c o l l e c t e d  

( w i t h i n  4 h o u r s  a f t e r  t h e  tritium g a s  was re- 

l e a s e d  i n  t h e  g a s  sampling sys tem.  The re- 



TABLE V TABLE V I  

UNIFORMITY OF RESULTS OBTAINED 
WITH A BUBBLER TRITIUM  SAMPLER^ 

Exper imente r  A Exper imente r  B  

Measured A i r  .. , Measured A i r  
Sample C o n c e n t r a t i o n s  S a i n p l e , C o n c e n t r a t i o n s  

NO. . (pci/m3) No. (pci/m3 ) " 

6  9 3  2  7 4  1 1 0  
7  0  3  6 7 5 130  
7 1 ' 4 1  76 120 '  
7 2 44 77 .' 120 
7 3 34 

. . - - 
Average 37 120  

asampl ing  t i m e ,  5  min. 
Flow r a t e ,  8 .5  l /min. 
Water t e m p e r a t u r e ,  .,26°~. ' 
Water  volume, 50 m l .  
A i r  t e m p e r a t u r e ,  ,20°c. 

s u l t s  a r e  g i v e n  i n  T a b l e  V I ,  and f o r  t h e s e  

samples  less t h a n  0.025% o f  t h e  t r i t i u m  cir-  

c u l a t e d  t h r o u g h  t h e  b u b b l e r  c o l l e c t o r  was 

c o l l e c t e d .  The l a r g e  box was i s o l a t e d  w i t h  

t h e  remain ing  t r i t i u m  i n  it a f t e r  t h e  n i n e  

s d ~ ~ ~ p l e s  smro collected. The box was l e f t  

u n d i s t u r b e d  and u n s h e l t e r e d  f o r  11 d a y s  be-  

f o r e  b e i n g  resampled.  T h i s  was done s o  t h a t  

t h e  e x t e n t  o f  t r i t i u m  o x i d a t i o n  c o u l d  be nb- 

s e r v e d  and t o  a l l o w  r e c h e c k i n g  o f  t h e  bub- 

b l e r  c o l l e c t i o n  e f f i c i e n c y .  A f t e r  11 d a y s ,  

a s i n g l e  10-minute  sample was c o l l e c t e d  

w i t h  two b u b b l e r  c o l l e c t o r s  i n  s c r i e s .  The 

f i r s t  c o l l e c t o r  r e t a i n e d  0.1% and t h e  second 

r e t a i n e d  0.02% o f  t h e  tritium c i r c u l a t e d  

t h r o u g h  t h e  f i r s t  c o l l e c t o r .  

I .  DISCTTS3ION 

The i n i t i a l  p u r p o s e  o f  t h e  s t u d y  was t o  

d e t e r m i n e  t h e  pe r fo rmance  o f  t h e  b u b b l e r  c o l -  

l e c t o r  f o r  samplirlg t r i t i u m  f i e l d  c o n d i t i o n s .  

The numbers r e p o r t e d  a r e  ' q u a l i t a t i v 8  and t h e  

c o l l e c t i o n  e f f i c i e n c i e s  a r e  r e p o r t e d  a s  >90"/. 

f o r  t r i t i a t e d  w a t e r  v a p o r  and ~ 0 . 1 %  f o r  trit- 

ium g a s .  However, t h e  e f f i c i e n c y  f o r  t r i t i-  

a t e d  w a t e r . i s  p r o b a b l y  >95% f o r  most  sampling 

T o t a l  T r i t i u m '  T o t a l  ~ r i t i u m  
C i r c u l a t e d  C o l l e c t e d  C o l l e c t i o n  

t h r o u g h  Bubbler  i n  Bubble r  ' , ~ f f  i c i e n c y  
( W i )  (uc i ) . .  (%) 

'Bubbler w a t e r  t e m p e r a t u r e ,  1 8 ' ~ .  ' 
 as-air t e m p e r a t u r e ,  1 0 " ~ .  
Sample t ia le ,  5 t o  1 0  min. 
Flow r a t e ,  8.5 l /min. 
Bubbler  w a t e r  volume, 30 t o  40 m l .  
I o n i z a t i o n  chamber i n s t r u m e n t  measured con- 
c e n t r a t i o n s  from 1800 t o  3060 uci/mo. 

c o n d i t i o n s .  

The b u b b l e r  c o l l e c t o r  s e l e c t i v e l y  c o l -  

l e c t s  t r i t i a t e d  w a t e r  v a p o r  from a t r i t i u m  

atmosphere ,  and cad  b e  c o n v e n i e n t l y  used t o  

sample a i r  from work areas  alld cxhauct  s t ~ c k s .  

However, r a d i o n u c l i d e s  o t h e r  t h a n  t r i t i u m  

can  b e  r o t a i n e d  i n  t h e  b u b b l e r  w a t e r  i f  t h e y  

a r e  P P ~ . G A ~  th rough  t h e  b u b b l e r  c o l l e c t o r .  

An e r roneous .  e v a l u a t i o n  o f  t h e  t r i t i u m  con- 

c e n t r a t i o n s  c o u l d  r e s u l t  i f  t h e s e  o t h e r  r a -  

d i o n u c l i d e s ,  i f  p r e s e n t ,  a r e  n o t  removed 

from t h e  b u b b l e r  w a t e r  t h a t  i s  coun ted  f o r  

f r i t & m .  

The time-consuming t a s k  o f  d i s t i l l i n g  

ur "millcing" t h e  w a t e r  o u t  o f  c o l d  t r a p  o r  

D r i a r i t e  c o l l e c t i o n  system i s  n o t  r e q u i r e d  

f o r  t h e  b u b b l e r  c o l l e c t o r .  The b u b b l e r  c o l -  

l e c t o r  e v a l u a t e d  i n  t h i s  s t u d y  would normal- 

l y  be used t o  c o l l e c t  samples  f o r  , l e s s  Lhan 

a  30-minute p e r i o d  auil would n o t  be e a s i l y  

a d a p t a b l e  f o r  u s e  a s  a  c o n t i n u o u s  c o l l e c t i o n  ' 

system.  

The. b u b b l e r  c o i l e c t o r  c a n  be  advan ta -  

g e o u s l y  used f o r  s p e c i f i c  a p p l i c a t i o n s  i n  



t h e  f i e l d  of  t r i t i u m  h e a l t h  phys ics  because 

of  i t s  s i m p l i c i t y ,  apparent  r e l i a b i l i t y ,  and 

s h o r t  t ime requirement  between c o l l e c t i o n  

and f i n a l  a n a l y s i s .  

V.  SUMMARY 

The bubbler  c o l l e c t o r  was t e s t e d  under 

varying condi t ions ,  and t h e  c o l l e c t i o n  e f  f i -  

c iency f o r  t r i t i a t e d  water  vapor was cons is -  

t e n t l y  >90"/, and t h a t  f o r  t r i t i u m  gas ,  <0.1%. 

Varying t h e  flow r a t e  d i d  n o t  markedly a f -  

f e c t  t h e  c o l l e c t i o n  e f f i c i e n c y  a s  long a s  

t he  water  d i d  no t  v i s i b l y  blow ou t  of  t h e  

bubbler  c o l l e c t o r .  Changing t h e  water  vo l -  

ume i n  t h e  c o l l e c t o r  d i d  no t  a f f e c t  t h e  co l -  

l e c t i o n  e f f i c i e n c y  when s u f f i c i e n t  water  was' 

used t o  g i v e  good bubbling a c t i o n .  The op- 

timum water  temperature range was from 25 t o  

35Oc. However, a t  1 5 O ~  t h e  c o l l e c t i o n  e f f i -  

c iency f o r  t r i t i a t e d  water  vapor changed on- 

l y  .from >90 t o  3096. Uniformity of  sampling 

r e s u l t s  was w i th in  f 10% f o r  concen t r a t i ons  

o f  '20 MPCa and a 5-minute sample time. 
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