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H I G H  TEMPERATURE T E S T I N G  OF SMOKE DETECTOR SOURCES 

N. H. Cutshall, I. L. Larsen, and F. N. Case 

Radioisotope Department 
Operations Division 

Oak Ridge National Laboratory 
Oak Ridge, Tennessee 

A B S T R A C T  

The quantities of 241Am released from smoke detector 
sources when heated to temperatures up to 1200°C have 
been measured under laboratory conditions designed to 
simulate actual fire conditions. Sources removed 
from smoke detector units purchased on the open market, 
as well as sources obtained directly from source 
manufacturers, were tested. In addition, complete 
smoke detector assemblies containing sources were 
tested to determine whether or not the decomposition 
products produced during combustion of smoke detector 
unit materials of construction caused significant 
changes in the quantity of 241Am released from the 
source. The test methods and results are given in 
this report. 

I N T R O D U C T I O N  

Smoke detectors which provide early warning of incipient home fires have 
become extremely popular appliances with several million units now in use. 
The most widely used models operate on an air ionization principle that 
requires a source of ionizing radiation. Sealed sources containing 
americium-241 are most commonly used in home smoke detectors. Inevi- 
tably, some of these units will themselves be subjected to fires resulting 
in a potential for release of radioactive material. Procedures and criteria 
for evaluating the hazards associated with such releases are therefore being 
considered at national and international levels. The purpose of the work 
reported here was to determine the fate of radioactive material from smoke 
detector sources under simulated fire conditions and to evaluate procedures 
under consideration for testing the units. 

Simulated fire tests are necessarily a compromise between the unlimited 
variety of situations occurring in real fires and the controlled, reproducible 
conditions required for scientific evaluation. Time and temperature sequences 
can easily be programmed and controlled. On the other hand, physical stress 
which may accompany or follow real fires is much more difficult to standardize. 
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Consequently,  t h e  tests have inc luded  o b s e r v a t i o n s  of sou rce  c o n d i t i o n s  a f t e r  
s imula t ed  f i r e s  w i t h  a t t e n t i o n  g iven  t o  p o s s i b l e  e f f e c t s  of subsequent  p h y s i c a l  
damage. I n  eve ry  case t h e  pr imary f o c a l  p o i n t  h a s  been t h e  p o s s i b i l i t y  of 
release of r a d i o a c t i v e  material .  

The r a d i a t i o n  source  i s  on ly  a small  component of a smoke d e t e c t o r  (F ig .  I). 
I t  i s  b o t h  s imple r  and more p r e c i s e  t o  test  t h e  sou rces  s e p a r a t e l y  from t h e  
e n t i r e  d e t e c t o r  u n i t  since t h e  p l a s t i c  an3  o t h e r  combust ib le  materials used i n  
t h e  smoke d e t e c t o r  hous ing ,  c i r c u i t  boa rds ,  e tc .  produce condens ih l e  fumes t h a t  
g r e a t l y  compl i ca t e  t h e  measurement of r a d i o n u c l i d e  release. However, t e s t i n g  
of s o u r c e s  removed from t h e  smoke d e t e c t o r s  does  n o t  p rov ide  a r e a l i s t i c  
chemical  environment d u r i n g  t h e  test. The re fo re  tests have been conducted on 
s o u r c e s  a l o n e ,  on s o u r c e s  and fragments  of o t h e r  d e t e c t o r  components, and on 
whole,  o p e r a t i n g  d e t e c t o r s .  

PROCEDURES -_-...._I___ 

Sources  w e r e  procured by purchas ing  smoke d e t e c t o r s  from commercial o u t l e t s  
and through d i r e c t  c o n t a c t s  w i th  sou rce  manufac turers .  Although smoke 
d e t e c t o r s  are marketed under a dozen o r  more brand names, americium-241 s o u r c e s  
are manufactured by only  two companies. No a t t empt  has been made t o  de te rmine  
which s o u r c e  manufac turer  produced t h e  sou rces  i n  t h e  sm0k.e d e t e c t o r s  purchased 
s i .nce several models may have used s o u r c e s  from e i t h e r  manufac turer .  I n d i v i d u a l  
s o u r c e s  ob ta ined  d i r e c t l y  from each manufac turer  have been t e s t e d .  D e t e c t o r s  
were a s s igned  code numbers and were randomly a l l o c a t e d  t o  t h e  d i f f e r e n t  
p rocedura l  ser-ies. Three t ime/ tempera ture  sequences w e r e  used .  

Standard 1-Hour F i r e  Tests. 
t ime-temperature  cu rve  t h a t  i s  widely used f o r  f i r e  damage r e s e a r c h . l  
sou rce  w a s  p laced  i n  a n i c k e l  boa t  and t h e  boa t  i n s e r t e d  i n t o  a t.u'oe f u r n a c e  
l i n e d  w i t h  a Vycor tube .  Temperature w a s  i n c r e a s e d  from ambient t o  927°C 
over  a t i m e  pe r iod  of 1 hour .  The rate of h e a t i n g  w a s  g rea t e s t .  i n i t i a l l y  and 
w a s  c o n t i n u a l l y  decreased  so that  r e l a t i v e l y  h igh  t empera tu res  w e r e  main ta ined  
ove r  much of t h e  t i m e  p e r i o d  (Fig.  2 ) .  A i r  drawn through t h e  tube  du r ing  t h e  
ent i re  test p e r i o d  w a s  passed  through a series of t r a p s  des igned  t o  c a p t u r e  
any americium-241 t h a t  became a i r b o r n e  (F ig .  3 ) .  Two t r a p s  f i l l e d  w i t h  
n i t r i c  a c i d  s o l u t i o n  w e r e  fo l lowed by a. membrane f i l t e r  b e f o r e  t h e  a i r  w a s  
exhaus ted  i n t o  a fume hood. When t h e  f i n a l  t empera ture  w a s  a t t a i n e d ,  t h e  
f u r n a c e  w a s  s h u t  down and t h e  e n t i r e  appa ra tus  allowed t o  coo l .  A i r  w a s  drawn 
through t h e  system d u r i n g  coo l ing .  A f t e r  t h e  a p p a r a t u s  had cooled  t h e  t r a p s  
w e r e  sampled, t h e  f i l t e r  was removed and t h e  Vycor t u b e  was r i n s e d  w i t h  1 molar 
n i t r i c  a c i d  s o l u t i o n .  I n  eve ry  tes t ,  t h e  f i r s t  t r a p  s o l u t i o n ,  t h e  a c i d  used 
f o r  r i n s i n g  t h e  t u b e ,  and t h e  f i l t e r  were analyzed  f o r  contaminat ion .  The 
source  remains and t h e  n i c k e l  boa t  w e r e  smear t e s t e d  f o r  removable s u r f a c e  
contaminat ion  by wiping them w i t h  a f i l t e r  paper .  

600°C NEA Tes t .  The "600°C T e s t "  i s  be ing  cons idered  as an i n ~ e r n a t i o n a l l y  
s t a n d a r d i z e d  procedure  f o r  e v a l u a t i n g  smoke d e t e c t o r  sou rces .  I n  t h i s  test  
t h e  s o u r c e s  are removed from t h e i r  smoke d e t e c t o r  lioiising and wiped with 
f i l t e r  paper  t o  de te rmine  i . f  americium-241 i s  e a s i l y  removable. Then each  
source  i s  p laced  i n  a n i c k e l  boa t  and hea ted  t o  600°C i n  a Vycor tube  p a s s i n g  

The s t a n d a r d  1-hour f i r e  test fo l lows  a programmed 
The 



Fig. 1. S i z e  Comparison Between Americium-241 Sources (just above the 9 and 10 
markings on ruler) and Other Smoke Detector Components 
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through a t ube  fu rnace .  A i r ,  drawn a t  1 t o  5 l i t e r s / m i n  through t h e  tube ,  
p a s s e s  through n i t r i c  a c i d  t r a p s  and a membrane f i l t e r  w i t h  0.45 p pore  s i z e  
b e f o r e  be ing  r e l e a s e d  (F ig .  3 ) .  Temperature i s  main ta ined  a t  600°C f o r  1 hour  
and t h e n  g r a d u a l l y  reduced.  The cooled source  i s  observed and wj-ped w i t h  a 
smear tes t  paper .  Trap s o l u t i o n s ,  a i r  f i l t e r s  and smear pape r s  are ana lyzed  
f o r  a l p h a  e m i t t i n g  americium-241, I n  a d d i t i o n  t h e  n i t r i c  a c i d  used t o  c l e a n  
t h e  Vycor tube  a f t e r  each test is  q u a n t i t a t i v e l y  sampled and ana lyzed .  The 
t e n t a t i v e  f a i l u r e  c r i t e r i o n  f o r  t h e  600°C test i s  25 - nCi of r a d i o a c t i v i t y  on 
t h e  wipe t es t  a f t e r  coo l ing .  

__.__ 1200°C N E A  Test. 
h a s  been dev i sed .2  P r e t e s t  t r ea tmen t  of t h e  sou rce  w a s  i d e n t i c a l  t o  t h e  600°C 
tes t ,  and t h e  same a i r  f low and t r a p p i n g  appa ra tus  (F ig .  4 )  w e r e  used excep t  
t h a t  g l a c i a l  a c e t i c  a c i d  w a s  s u b s t i t u t e d  f o r  t h e  n i t r i c  a c i d  i n  t h e  t r a p s  
and a d r y  t r a p  i n s e r t e d  ahead of t h e  f i l t e r .  Some of t h e  1200°C tests involved  
n o t  o n l y  s o u r c e s  b u t  a l s o  p l a s t i c  and composi t ion p a r t s  of t h e  smoke d e t e c t o r  
u n i t s .  'Yne smoke genera ted  by t h e s e  p a r t s  i s  b e t t e r  r e t a i n e d  by g l a c i a l  ace t ic  
a c i d  than  by 1 - M n i t r i c  a c i d .  

I n  a d d i t i o n  t o  t h e  600°C tes t ,  a more severe h e a t i n g  tes t  

A q u a r t z  t ube  w a s  used i n s t e a d  of Vycor and t h e  n i c k e l  sample boa t  w a s  p laced  
i n t o  t h e  f u r n a c e  and hea ted  t o  1200°C f o r  1 hour .  The hea ted  source  was then  
removed a f t e r  c o o l i n g  t o  1000°C. S i n c e . t h e  sou rce  materials m e l t  a t  tempera- 
t u r e s  below 1200°C t h e  r e s i d u e s  w e r e  observed c a r e f u l l y  a f t e r  t h e  t es t  and 
t h e  n i c k e l  b o a t s  were a l s o  ana lyzed  f o r  americium-241 t h a t  might have been 
t r a n s f e r r e d  t o  them. Trap s o l u t i o n s ,  f i l t e r s  and wipe samples were ana lyzed  as 
i n  t h e  o t h e r  tests. 
of t h e  r a d i o a c t i v e  c o n t e n t  l o s t  from t h e  sou rce  d u r i n g  t h e  test. 

The sugges ted  f a i l u r e  c r i t e r i o n  f o r  t h i s  t es t  i s  21% 

Whole Smoke Detector ___.I Tests. Tests s i m i l a r  t o  t h e  1200°C tes t  w e r e  performed 
on whole smoke d e t e c t o r  u n i t s .  Each smoke d e t e c t o r  w a s  p laced  i n s i d e  a 
n i c k e l  c o n t a i n e r  and hea ted  i n  a muf f l e  furnace .  A 1/2- in .  s t ee l  tube  w a s  
i n s e r t e d  i n t o  t h e  f r o n t  of  t h e  n i c k e l  c o n t a i n e r  through an o r i f i c e  i n  t h e  
fu rnace  door .  The tube  l e d  t o  a condensing t r a p  which w a s  c h i l l e d  w i t h  a 
mix tu re  of methanol and d r y  ice  (F ig .  5).  Two g l a c i a l  ace t ic  a c i d  t r a p s  were 
connected i n  series w i t h  t h e  condensing t r a p .  The acet ic  a c i d  t r a p s  
e f f e c t i v e l y  r e t a i n e d  t h e  c o n s i d e r a b l e  amount of p l a s t i c  v o l a t i l e s  emi t t ed  
du r ing  combustion of t h e  smoke d e t e c t o r s .  P o r c e l a i n  and g l a s s  beads i n s i d e  
t.he t r a p s  he lped  t o  d i s p e r s e  l a r g e  bubbles .  A d r y  t r a p  c o n t a i n i n g  g l a s s  wool 
a s  a p r e f i l t e r  was connected i n  series a f t e r  t h e  second acet ic  a c i d  t r a p  and 
w a s  fol lowed by a c a r t r i d g e  f i l t e r  ( t y p e  H u l t r a  r e s p i r a t o r  f i l t e r  f o r  r ad io -  
n u c l i d e s ,  d u s t ,  fumes, and vapor)  a t t a c h e d  t o  a vacuum pump which w a s  vented  
t o  an  exhaus t  hood. A i r  w a s  drawn through t h e  system a t  approximate ly  10 
l i t e r s / m i n .  The tempera ture  w a s  r a i s e d  t o  1200°C over  a 2- t o  3-hour pe r iod  
and main ta ined  f o r  1 hour a t  1200°C w i t h  t h e  excep t ion  of t h e  f i r s t  test. 
(During t h e  f i r s t  test t h e  h e a t i n g  e lements  i n  t h e  fu rnace  burned o u t  a t  a 
t empera tu re  between 1100°C and 1200°C.) A f t e r  h e a t i n g  f o r  1 hour  a t  12OO0C, 
t h e  oven w a s  t u rned  o f f  and al lowed t o  c o o l  and t h e  n i c k e l  c o n t a i n e r  was 
opened. Su r face  wipes w e r e  made around t h e  e x t e r i o r  and i n t e r i o r  of t h e  
americium--24l r a d i o a c t i v e  source-housing u n i t  of t h e  smoke d e t e c t o r  remains.  
These wipes,  a long  w i t h  t h e  t r a p  s o l u t i o n s ,  f i l t e r s ,  and washings were 
ana lyzed  f o r  americium-241 c o n t e n t .  
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Trap E f f i c i e n c y  Determinations. 
effectiveness of a trap series in recovering airborne contaminants. Therefore 

There is no a pr ior i  way to know the 

a test of the traps thkmselves was also conducted. In this test, 21 sources 
nominally containing 55 VCi total were heated in a nickel boat following the 
procedure for the 1200°C test except that a more elaborate trap system was used. 
Air drawn through the heating chamber over the sources was passed through four 
(rather than two) glacial acetic acid traps followed by a 1 molar nitric acid 
trap. From the wet trap series the air was passed through a dry flask, an 
activated charcoal filter, and, finally, a 0.45-p membrane filter. A l l  trap 
and filter contents were analyzed f o r  americium-241. 

In addition to the simulated fire tests, sources were subjected to a number of 
quality control and physical integrity tests. 

U n i f o r m i t y  o f  Loadinq. 
precision of loading. Sources were positioned on either a Ge-Li detector o r  a 
NaL(T1) scintillation detector and counted using a multichannel analyzer for a 
sufficient time period necessary to accumulate enough counts to produce a 
smooth Gaussian-like photo-peak displayed on the multichannel analyzer. The 
relative standard deviation for each batch, expressed as a percent of the mean 
(a/; l oo ) ,  was then calculated (this value is designated crT%). Some vari- 

ability occurred due to variations in positioning of a source relative to the 
detector. To correct for this positioning variability, one source from each 
batch was counted a number of times, repositioned on the detector each time, 
and the relative standard deviation calculated ( 0  %). The precision of loading 

(a %) was then calculated as follows: 

Sources were analyzed in order to determine the 

R 2 ] 1 / 2 *  
a,% = [(a,%)2-(a,%) L 

Sur face  Wipes. 
using firm contact and the wipe analyzed for alpha emitters. 

Each source within a batch was dry wiped with a filter paper 

Cellophane Tape Tests. 
between the adhesive sides of a folded piece of cellophane tape. The tape was 
then peeled back to see if any of the gold foil coverings could be removed. 
These tapes were then analyzed f o r  alpha emitters. 

Each unmounted source within a batch was impressed 

Accuracy o f  Loading. 
and the gold foil residue then dissolved in hot aqua regia. 
were then analyzed either by counting the 60 keV gamma-ray and comparing 
results to that of a known standard or by measurement of alpha particle 
emission. 

Sources were dissolved in hot concentrated nitric acid 
The solutions 

Measurements o f  Americium-241 Content i n  Samples.  Americium-241 decays 
(half-life: 433 yrs) by alpha emission (5.48 MeV &.) accompanied by a 
prominent gamma-ray (59.5 keV). Various methods can be used to determine 
americium-241. 
amount of activity which, in the same counting time, gives a count which is 
different from the background count by three times the standard deviation of 
the background count" was determined for each detector used. Throughout the 
analysis, different time intervals have been utilized in counting the samples, 
ranging f rom a few seconds for determining the precision of loading of 
sources to 1000 minutes f o r  low-level evaporated liquid solutions. 

The Minimum Detectable Activity (MDA) def ined3 as "That 
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2-.-..-..-- A 1  ha S c i n t i l l a t i o n  Counters  ( l i g h t - t i g h t  sample h o l d e r ,  z i n c  s u l f i d e  phosphor,  
and p h o t o m u l t i p l i e r  t ube  coupled t o  a decade s c a l e r )  were used f a r  de te rmining  
t h e  amount of r a d i o a c t i v i t y  p r e s e n t  on wipes,  f i l t e r s ,  and ce l lophane  t a p e  
tests. MDA: 8. pCi (8. x vCi) .  A similar type  coun te r  a p p l i c a b l e  f o r  
low-level  a c t i v i t y  h a s  been used t o  ana lyze  t r a p  s o l u t i o n s  and washings which 
w e r e  evapora ted  (1 ml) onto  metal l ic  d i s c s  b e f o r e  count ing .  MDA: 0.02 p C i  
( 2 .  x 10-8 p c i ) .  

____I_ G a s  F l o w  P r o p o r t i o n a l  Counters  w e r e  used t o  ana lyze  me ta l l i c  d i s c s  containi .ng 
1 m l  of evapora ted  l i q u i d  samples from t r a p  s o l u t i o n s ,  Vycor t u b e  washings,  
and some d i s s o l v e d  sources .  MDA: 1 .4  pCi (1.4 x WCi). 

__. Nal(T1) S c i n t i l l a t i o n  De tec to r  and Mul t ichannel  Analyzer w e r e  used t o  measure 
t h e  59.5 keU gamma-ray from t h e  decay of americium-241. Th i s  method w a s  
used f o r  coun t ing  s o u r c e s  s u p p l i e d  by manufac turers ,  t h o s e  removed 
from smoke d e t e c t o r s ,  d i s s o l v e d  sources  prepared  i n  p l a s t i c  p l a n c h e t s  o r  
p l a s t i c  p e t r i  d i s h e s ,  and s o l u t i o n s  evapora ted  under  a h e a t  lamp. 
a l s o  used f o r  ana lyz ing  a c t i v i t y  i n  t h e  c a r t r i d g e  f i l t e r s ,  g l a s s  wool f i l t e r s ,  
p a r t i c u l a t e  d e b r i s ,  and some t r a p  and washing s o l u t i o n s .  MDA: 1 2  t o  26 pCi 
( 1 2  t o  2 6  x 

It w a s  

pCi) ,  depending on count ing  t i m e  (60 t o  l o 3  min).  

Samples were u s u a l l y  prepared  i n  d u p l i c a t e  and t h e  mean used t o  c a l c u l a t e  t h e  
amount of r a d i o a c t i v i t y  p r e s e n t  i n  t h e  samp1.e. For conc i sencss ,  t h e  e r r o r  
t e r m s  have been omi t ted .  For chose samples c o n t a i n i n g  low- leve ls  of rad io-  
a c t i v i t y ,  c o n s i d e r a b l e  v a r i a b i l i t y  o c c a s i o n a l l y  occurred  among t h e  d u p l i c a t e s ,  
and i n  some i n s t a n c e s  by an  o r d e r  of magnitude. These d i f f i c u l t i e s  may be  due 
t o  t h e  n a t u r e  of t h e  samples themselves;  i . e . ,  suspended p a r t i c u l a t e  mater ia l  
i n  v a r i o u s  t r a p  s o l u t i o n s  and t h e  d i f f i c u l t y  i n  homogeneous sampling.  

RESULTS 

The amounts and c h a r a c t e r i s t i c s  of americium-241 r e l e a s e d  from t h e  sou rces  
are grouped accord ing  t o  t h e  n a t u r e  of t h e  tests (Tables  I--10). 

A f t e r  t h e  Standard 1 - H r  F i r e  T e s t  exposure ,  p o s t - t e s t  wipes c a r r i e d  
10-3-10-2 mic rocur i e  of americium-241, t y p i c a l l y  a n  o r d e r  of magnitude h i g h e r  
t han  p r e - t e s t  wipes (Table  1). Traps and f i l t e rs  i n  t h e  a i r  stream below 
t h e  sou rces  conta ined  mic rocur i e  or less of americium-241. Thus, w h i l e  
t h e  tests u s u a l l y  r e s u l t e d  i n  an  inc reased  s u s c e p t i b i l i t y  t:o l o s s  of 
americium by a b r a s i o n ,  t h e  amount r e l e a s e d  as a i r b o r n e  contaminat ion  w a s  ve ry  
s l i g h t .  
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Table  1. R e s u l t s  of Standard One Hour F i r e  Tests (927°C) 

( a l l  v a l u e s  i n  mic rocur i e s )  
I_ 

S t a t e d  
Source Run Pre-test P o s t - t e s t  Airborne 

N o .  A c t i v i t y  
Smear Smear Contaminants 

1 1: 5 BDL 1 . 0 ~ 1 0 - 3  4 . 1 ~ 1 0 - ~  

2 1.5 3 . 9 ~ 1 0 - ~  8.2~lO-~ 2 . 2  x10-'+ 

3 1.5 BDL 2.2~10-3 6 . 7 ~ 1 0 - ~  

4 1 .5  4 . 3 ~ 1 0 - ~  BDL 8. Z X ~ O - ~  

BDL = Below De tec t ion  L i m i t .  (<8~10-~ pCi). 

1. Disc source  i n  b r a s s  mount. 
2 .  S t r i p  source  i n  metal c i r c u l a r  s t a i n l e s s  s teel  mount. 
3 .  

4. 

D i s c  sou rce  i n  b r a s s  mount p l u s  r e p r e s e n t a t i v e  p a r t s  
( c i r c u i t  board p i e c e s ,  e tc .  ) . 
S t r i p  sou rce  on metal c i r c u l a r  mount p l u s  r ep resen ta -  
t i v e  p a r t s .  

In t h e  600°C Tests t h e  americium-241 t h a t  was r e l e a s e d  w a s  p r i m a r i l y  on the  
p o s t - t e s t  wipes and n o t  i n  t h e  a i r  stream (Table  2 ) .  With t h e  excep t ion  of 
Run No. 1, all t h e  r a d i o a c r i v i t y  which became de tached  was below t h e  f a i l u r e  
c r i t e r i o n  of  f i v e  nanocur i e s  (5 x p C i ) .  The s i n g l e  f a i l u r e  involved  a 
d i s c  s o u r c e  i n  a b r a s s  r i v e t - l i k e  mount. A f t e r  t h e  sou rce  w a s  hea t ed  a t  600°C 
f o r  one hour ,  approximate ly  26 nanocur i e s  (26 x pCi) of r a d i o a c t i v i t y  
w a s  removed u s i n g  a w i p e .  I n  a d d i t i o n ,  a f t e r  Runs 4B and 4D a g r e a t e r  amount 
of r a d i o a c t i v i t y  w a s  found on t h e  w i p e s  of t h e  brass-mounted d i s c  sou rces  
than  f o r  d i s c  s o u r c e s  which had been removed from t h e i r  b r a s s  mounts b e f o r e  
be ing  t e s t e d  a t  600"C, a l though  t h e  s o u r c e s  t e s t e d  i n  Runs 4B and 4D d i d  n o t  
f a i l  t h e  5 nCi c r i t e r i o n .  These sou rces  w e r e  c l e a r l y  more degraded when 
t e s t e d  i n  t h e  b r a s s  mounts (F ig .  6 ) .  P rev ious  s t u d i e s  i n  Great B r i t a i n  
y i e l d e d  s imilar  r e s u l t s . 4  Another type  of unmounted d i s c  sou rce  i s  shown i n  
Fig.  a p r i o r  t o  be ing  h e a t e d  t o  600°C and a g a i n  i n  Fig.  7b af ter  be ing  hea ted  
t o  600°C. 
A l s o  i nc luded  in t h e  t e s t i n g  procedure  w a s  a run  f o r  1 hour a t  600°C and then  
r e h e a t i n g  t o  600°C f o r  an  a d d i t i o n a l  2 hours  (Table  2 ) .  The amount of rad io-  
a c t i v i t y  r e l e a s e d  as a n  a e r o s o l  remained e s s e n t i a l l y  t h e  s a m e ,  a t  least  
w i t h i n  t h e  o r d e r  of magnitude. 

A s t r i p  sou rce  b e f o r e  be ing  t e s t e d  a t  600°C i s  shown i n  F ig .  8. 

I n  t h e  1200°C Tests (Table 3 )  t h e  total amounts of r a d i o a c t i v i t y  r e l e a s e d  
as a i r b o r n e  contaminants  were g r e a t e r  t han  i n  t he  lower t e m p e r a t u r e  tests, 
as h igh  as 1 .5  x l o w 3  V C i .  Releases w e r e  below t h e  sugges ted  p a s s - f a i l  
c r i t e r ion - -1% of t h e  sou rce  a c t i v i t y .  S e v e r a l  of the sources  t e s t e d  a t  
1200°C had been p r e v i o u s l y  t e s t e d  a t  lower tempera tures .  
amounts of r a d i o a c t i v i t y  i n  t h e  r e l e a s e d  a i r b o r n e  contaminants  occurred  wi th  
t h e  h ighe r  tempera ture  and i n  some i n s t a n c e s  by more than  an o rde r  of 
magnitude (Table  4 ) .  A comparison of t h e  v a r i o u s  cond i t ions  of t h e  
1150/1200"C tests i s  f u r t h e r  i l l u s t r a t e d  i n  Table  5. 
i s  appa ren t  under t h e  v a r i o u s  t es t  c o n d i t i o n s .  

Inc reased  

N o  p a r t i c u l a r  p a t t e r n  



1 2  

removed from 
b r a s s  mount 

4b Brass mounted 1 . 5  BDL 6 . 4 ~ 1 0 - ~  
.I 

Table 2.  Resu l t s  of 600°C F i r e  T e s t s  on 241Am Smoke De tec to r  
Sources  ( a l l  v a l u e s  expressed  i n  vCi) 

4 .  Ox 

A i r  bo r n e  
Con- 

t aminan t s 

Source Pre-Test  Post-Test  Run Source 
No. D e s c r i p t i o n  A c t i v i t y  Smear Smear  

1 2 . 7 ~ 1 0 - ~  600°C f o r  2 h r s  

4d 4b r ehea ted  t o  1.5 I-- 1.6~10-~ 
600°C f o r  2 h r s  i 

5 D i s c  sou rce  4.3 2 . 7 ~ 1 0 ~ ~  BDL 1 . 4 ~ 1 0 - ~  

6 D i s c  sou rce  i n  0.35 BDL 1 . 5 ~ 1 0 - ~  BDL 

r i v e t  mounted 

t i n  p l a t e d  mount 

t i n  p l a t e d  mount 
7 Disc source  i n  6 . 1  RDL 7.1+~10-~ BDL 

8 Disc  sou rce  i n  1 . 0  RDL 6 . 3 ~ 1 0 ~ ~  BDL 

9 D i s c  sou rce  i n  1 . 0  RDL BDI, 3 .  8x10F5 

t i n  p l a t e d  mount 

s t a i n l e s s  
s teel  mount 

10 D i s c  sou rce  in 1.0 BDL BDL 3.4x’I.o-5 
n i c k e l  p l a t e d  
mount 

9cExceeds f a i l u r e  c r i t e r i o n  of 5x10 1 i C i .  BDT, = Below D e t e c t i o n  
L i m i t .  

Runs 1-5 were made on sources  removed f r o m  commercially avail- 
ab le  smoke d e t e c t o r s .  
Runs 6-10 were made on sources  supp l i ed  by  a source  manufacturer .  
Run 4 :  Two s o u r c e s  (4a  and 4b) t e s t e d  t o g e t h e r  a t  6 0 0 O C  f o r  1 h r  

Run 5: I n d u s t r i a l  srncjkc d e t e c t o r  (0.8 1-1 Mil- l ipore  f i l t e r  used)  
and aga in  for 2 h r  (4c and 4d) .  
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Table 3. Results of 1200°C Temperature Tests on 241Am 
Smoke Detector Sources 

(all values reported in microcuries) 
- 

Pre-test Post-test Interior 
S amp 1 ing Source Airborne 

Wipe Wipe Boat Wipe 

Run 
No. Activity Contaminants Source Source 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

0.4 (0.35) BDL 

1.5 9.1~10-5 

1.5 BDL 

0.4 (0.35) BDL 

5.0 2.2~10-4 

2.5 2.7~10-~ 

0.4(0.35) 1.4~10-~ 

5 .O BDL 

2.5 NA 

1.5 5.7~10-~ 

4.3 BDL 

2.4~10-~ 6.6~10-~ 7. 2 ~ 1 0 ~ ~  

2.9~10-3 1.2~10-3 1.1~10-4 

Disintegrated into 
particles when removed 

5.4~10-4 1.1~10-~ 4.9~10-~ 

7.5~10-~ 8.1~10-~ 6. 

1.9~10-~ 1 . 3 ~ 1 0 ~ ~  7.7~10-~ 

4.1~10-~ 9.9~10-~ 8. l ~ l O - ~  

6.5~10-~ 8.4~10-~ 5.7~10-~ 

1.6~10-~ BDL 1.5 x 10- 

1.7~10-~ BDL 2.6~10-~ 

8.1~10-~ 6.9~10-~ 6.5~10-~ 

particles when removed) 
(disintegrated into 

NA = 

1. 

2. 

3. 
4. 
5. 
6. 
7. 
8. 

9. 
10. 

11. 

Not Analyzed. BDL - Below Detection Limit. (<8~10-~ UCi). 

Strip source (temperature attained only 1150°C; source 
previously heated to 600°C: Run 2, Table 2). 
Disc source removed from brass mount (previously heated to 
600°C: Run 4a and 4c, Table 2). 
Disc source in brass mount. 
Strip source. 
Two disc sources mounted back-to-back. 
Disc source. 
Strip source with component parts. 
Disc sources (back-to-back) with component parts (source 
previously heated to 600°C: Run 3, Table 2). 
Disc source with component parts. 
Strip source on circular metal mount with component parts 
(source previously heated to 927°C: Run 2, Table 1). 
Rivet mounted disc source with component parts (previously 
heated to 600°C: Run 5, Table 2). 
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Table 4. 
Tested at 600/927"C With Those Tested at 1150/12OO0C 

Comparison of Airborne Release from Sources 

~ ~ ~~~ 

Microcuries of Americium-241 
in Airborne Contaminants 

Source Activity, 
Source Description microcuries 600/927"C 115O/120O0C 

Sources Not Previously Heated 

Brass mounted disc source 1.5 4.7~10-~ 5.7~10-~ 
4.1~10-~ 

Disc sources mounted 
back- to-back 

Strip source 

5.0 3 . 3 ~ 1 0 ~ ~  6.8~10-~ 

0.4 5.2~10-~ 4.9~10-~ 
(8.1~10-~) * 

Source Previously Tested 
at 600/927"C and Retested 
at 1150/12OO0C 

Disc source removed from 1.5 6.7~10-~ 1.1~10-4 
brass mount 

Strip source 0.4 5. 3 ~ 1 0 ~ ~  7.2~10-~ 

Disc sources mounted 
back-to-back 

5.0 3 . 3 ~ 1 0 ~ ~  5.7~10-~* 

Strip source mounted 1.5 2.2~10-4 2.6~10-~* 
on circular steel mount 

Rivet mounted disc source 4.3 1.4~10-~ 6.5~10-~* 

*Tested with component parts from smoke detector. 
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Table  5. Comparison Among T e s t  Cond i t ions  a t  1150/1200°C 
(From Table  3 )  

(241Am c o n t e n t  expressed  i n  p C i )  

-._. Airborne  Contaminants 
-_II 

Source 
P rev ious ly  

Run Source Source Source and Heated t o  
600/927 O C  

P l u s  Component 
P a r t s  

Source 
Alone 

Heated t o  
600/927 O C  

Number A c t i v i t y  Alone Components P r e v i o u s l y  

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11. 

0.4 7.2x10-5 

1.5 l . l X l o - ' +  

1.5 5 . 7 ~ 1 0 ~ ~  

0.4 4 . 9 ~ 1 0 - ~  

5.0 6 . 8 ~ 1 0 - ~  

2 .5  7 . 7 ~ 1 0 ~ ~  

0.4 8 e I x  

5.0 5. 7X10-'t 

2.5 1 . 5 ~ 1 0 ~ ~  

1 , 5  2-6x10-4 

4.3 6 .5 x l.O-'+ 

In  each  of the t h r e e  Whole Smoke De tec to r  T e s t s  (Table 6)  t h e  americium-241 
sources  d i s i n t e g r a t e d  i n t o  non-recognizable  forms or powder and became 
i n c o r p o r a t e d  w i t h  t h e  remain ing  d e b r i s .  I n  d e t e c t o r s  1 and 2 most of t h e  
r a d i o a c t i v i t y  w a s  con ta ined  w i t h i n  t h e  i n n e r  p r o t e c t i v e  s t e e l  sou rce  mounting 
box of t h e  smoke d e t e c t o r .  I n  d e t e c t o r  3 t h e  souz^ccs w e r e  mounted insf-de 
t h e  smoke d e t e c t o r  on an aluminum cap which melted and became unrecogn izab le .  
Wipes w i t h i n  t h e  i n t e r i o r  of rhe s o u r c e  mounting area w e r e  approximate ly  an 
o r d e r  of magnitude more contaminated t h a n  w i p e s  made on the e x t e r i o r  o f  t h e  
mounting area o r  tlie t r a p  s o l u t i o n s  and f i l t e r s .  

-I-__- 

I n  the Trap  E f f i c i e n c y  T e s t s  t h e  t o t a l  a i r b o r n e  americium-241 recovered  was 
600 p C i ,  of which 535 p C i  w a s  found i n  the f i r s t  t r a p  and 65 pCj i n  the 
l o u r t h  t r a p .  
o r  f i l t e r s .  The  i n t e r i o r  of t h e  h e a t i n g  chamber con ta ined  5.5 nCi of 
americium-241 o u t s i d e  t h e  sample b o a t .  

No d e t e c t a b l e  americium-241 w a s  found i n  any of  t h e  o t h e r  t r a p s  



Table 6. R e s u l t s  of Whole Smoke De tec to r  Tests a t  1200°C 

,4mericium-241 A c t i v i t y ,  p C i  

Pos t  T e s t  Wipes 

I n t e r i o r  Summation E x t e r i o r  
Run Source Liquid  C a r t r i d g e  of Source of Source of Released 

"Id Trap Traps Dry Trap F i l t e r  Mounting Mounting 
No. A c t i v i t y  F i l t e r s  A c t i v i t y  Area Area 

NA BDL BDL 1 . 7 ~ 1 0 - ~  8.3~10-~ 9 . 5 ~ 1 0 - ~  I" 5 6 . 5 ~ 1 0 - 5  1.0~10-3 

2 3 7 . 1 ~ 1 0 - ~  8 . 7 ~ 1 0 - ~  3 . 1 ~ 1 0 - ~  BDL 2.0X10-4 4 . 6 ~ 1 0 - ~  5 . 2 ~ 1 0 - ~  7. ~ x I O - ~  

3 1 . 6  3 . 4 ~ 1 0 - ~  4.1~10-~ 1 . 3 ~ 1 0 - ~  BDL BDL 7 . 0 ~ 1 0 - ~  ( d e s t r u c t e d )  9 . 5 ~ 1 0 - ~  

see text  

*Temperature >llOO°C reached b e f o r e  fu rnace  malfunct ioned and h e a t i n g  elements  rep laced .  

BDL = Below De tec t ion  L i m i t .  NA = Not Analyzed. 
( s e e  t e x t )  

1. Two d i s c  sou rces ;  p l a s t i c  housing. 
2 .  Two r ive t  mounted d i s c  sources; metal housing.  
3 .  Two s t r i p  sou rces ;  p l a s t i c  housing.  

N 
0 
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D E S C R I P T I O N  OF INDIVIDUAL D E T E C T O R S  

Smoke detector N o .  1 contained two 5-m-diam disc sources mounted back-to-back 
and had a total americium-241 activity of 5 pCi (Fig. 9 ) .  Figure 10 shows 
the remains of the smoke detector inside the nickel liner after being heated 
above 1100°C. The burned components remained approximately in the same rela- 
tive position as shown before testing. (The source container is shown as the 
circular component in the lower part of the picture and the circular sound 
alarm is shown above the source container.) 
liner indicate approximately 2 x uCi and 1.7 x LO-4 p C i  of americium-241 
on the exterior of the charred metal source housing unit. Alpha wipes inside 
of the source container indicate 8 . 3  x 
forms of the source remained when interior of the mounting area was examined. 

Wipes on the inside of the nickel 

UCi americium-241. No recognizable 

Smoke detector No.  2 (Fig. 11) contained two americium-241 sources separately 
mounted in polyethylene caps beneath the printed circuit board (Fig. 1 2 ) .  
Each of these sources were contained in brass rivet-like mounts (see Fig. 6). 
Figure 13 shows the destructed smoke detector with the protective cover 
screen removed. Smears of the inside and outside of the nickel liner picked 
up 1.7 x yCi of alpha activity. The exterior of the source containment 
area indicated approximately 1.1 x uCi americium-241. Wipes of the 
alarm and batreries were 1 . 3  x loe4 uCi. Wipes of the nickel liner bottom 
beneath the source area were 2.1 x pCi americium-241. Wipes inside the 
protective metal box housing the polyethylene source holder caps indicated 
a greater amount of americium-241 activity: 5.2 x UCi. The sources had 
disintegrated into particles that were unrecognizable in the debris. 

Smoke detector N o .  3 (Fig. 14) has two strip-type sources, one mounted in 
view on top of the aluminum cap and the other strip source mounted at right 
angles and beneath the aluminum cap surface (Fig, IS). Figure 16 shows the 
detector after being heated to 1200°C and Fig. 17 is the same detector with the 
protective wire screen removed. No trace of the aluminum source holder or 
sources could be found. Alpha wipes of  the fused debris around t he  source 
area were low: 7.0 x PCi americium-241. Analysis of the various 
destructed components of this smoke detector indicated that the dominant 
remaining radioactivity was associated with the inner debris underlying 
the fused detector housing. After removal of the destructed casing, the 
dominant radioactive portion of the remaining l oose  material was separated 
and then fractionated by sieving the material through standard Tyler sieving 
screens in order to determine the distribution of radioactivity with 
particle size, 
mined, and particle size distribution are summarized in Table 7. 
Americium-241 concentrations in the  debris appear to be fairly uniform 
with the exception of the very coarse material and little (2.2 x VCi) 
radioactivity was associated with the remaining very fine particulate 
material . 

The weight of debris used, amount of radioactivity deter- 
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Fig. 9. Type 1 Smoke Detector Before 1200°C Test Showing Internal Components 
(cover case removed) 
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Fig. 14 .  Type 3 Whole Smoke D e t e c t o r  Tes t ed  a t  1200°C 
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Table 7. Distribution of Weight and Radioactivity in Loose Debris 
From Smoke Detector No. 3 Destruction Test at 1200°C 

% of Total 241Am % of Total Concentration Weight of 
Debris 

Retained on 
Sieve, grams 

Sieve 

microns 
24 1 h  241Am, Weight Activity, 

Analyzed pCi* Activity p C i /gram 

2000 14.4 44.9 6.74~10-~ 1.91 4.68~10~~ 

850 4.8 15.0 1.46~10~~ 41.4 3.04~10-1 
15.3 2.58~10-~ 595 2.1 6.54 5.41~10-~ 

250 9.6 29.9 1. 32x10-1 37.4 1.38~10-~ 

60 1.1 3.43 1.24~10-~ 3.51 1.13~10-~ 

10 0.1 0.31 2.19~10-~ 0.62 2.19x10-2 

Sum : 32.1 100.08 3.53~10-1 100.14 

*No correction made for self absorption of 60 keV gama from 241Am. 

Following several of the 1200°C tests, attempts were made to obtain a mass 
balance from the results of the analysis of the various components (wipes, 
traps, washings, etc.). Sources, and in most instances the sampling boats, 
were dissolved in hot concentrated nitric acid followed by dissolution in 
hot aqua regia and analyzed for americium-241. A mass balance was then 
attempted (Table 8). 
with the residual sources and/or sampling boat. 
balance did not conform well to the listed source activity as stated by the 
manufacturer. 

In most cases the dominant radioactivity was associated 
The results of the mass 

Integrity testing of the sources (Table 9) indicated a high reliability in 
performance. The precision of uniformity of loading within a batch of 
similar sources as supplied by two manufacturing firms ranged from approxi- 
mately 3 to 9 percent with a median between 4 to 5 percent. 

Alpha analyses of the surface wipes made on each of these sources were 
typically low, ranging from below detection limits (8 x pCi) up to 
560 pCi (5.6 x All unmounted sources tested with cellophane 
tape indicated a range in activity from below detection limits (8 x 
up to 550 pCi (5.5 x 
2.3 x pCi. 

pCi). 
pCi) 

pCi) with a weighted mean of approximately 

Accuracy of the americium-241 content of the sources (Table 10) varied 
from the manufacturer's stated activity level. Manufacturers' tolerances for 
these sources usually stipulated a given activity level or lower, but in 
some instances a deviation between 10 to 15% above the stated level for 
randomly selected sources was acceptable. 
examined were found to be higher than indicated by the source manufacturer 
and of these only one exceeded 15%. 

Only six of the sources 
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Table 8. Mass Balance on Sources Tested at 1200°C 
(includes previous test results where applicable) 

(values are given in pci of 241~m) 

Dissolved Airborne Source 

taminants Boat and Activity 
Run Source Activity Con- of %A 
No. Activity on Wipes 

2 1.5 4.3~10-~ 1. l ~ l O - ~  7.3~10-1 0.73 -51.3 

3 1.5 * 5.7~10-~ 1.2 1.2* -20.0 

4 0.4(0.35) 6.5~10-~ 4.9~10-~ 4.9~10-1 0.49 +22.5 (+40.0) 

5 5.0 1.6~10-~ 6.8~10-~ 3.8 3.8 -24.0 

6 2.5 1.5~10-~ 7.7~10-~ 2.1 2.1 -16.0 

7 0.4(0.35) 1.5~10-~ 8.1~10-~ 2.8x10-’ 0.28 -3O.O(-20.0) 
8 5.0 1.5~10-~ 5.7~10-~ 4.5 4.5 -10.0 

9 2.5 1.6~10-~ 1.5~10-~ 2.1 2.1 -16.0 

10 1.5(max) 6.7~10-~ 2.6~10-~ 6.2~10-1 0.69 -54.0 

*Source disintegrated into particles when removed from boat. 
Fragments dissolved and analyzed for radioactivity. 

(summation activity-source activity) 100 
source activity 

+ greater than stated source activity. 
- less than stated source activity. 

%A = 



Table 9. Resu l t s  of Source I n t e g r i t y  Tests 
(Americium-241 va lues  expressed  i n  mic rocur i e s )  

Number 
*Uniformity Sur face  Wipes Cellophane Tape Test 

A t  t i v i  t y of Loading Low High Mean Low High Mean Tes ted  

Run Source 
No. Source Desc r ip t ion  of Sources  

4 . 5 ~ 1 0 - ~  6 . 4 ~ 1 0 - ~  BDL 2 . 3 ~ 1 0 - ~  4 . 5 ~ 1 0 - ~  0.35 26 5.4% BDL 1 5 inm diam d i s c  

2 1 /8 "  x 118" squa res  0.9 30 2.8% 9.0~10-~ 5 . 6 ~ 1 0 - ~  5 . 8 ~ 1 0 - ~  BDL 5 . 5 ~ 1 0 - ~  3 . 3 ~ 1 0 - ~  

3 5 im d i a n  d i s c  1.0 27 4.6% 6DL 4 . 6 ~ 1 0 - ~  I . l x l ~ ~ - ~  BDL 9 . 5 ~ 1 0 - ~  1 . 4 ~ 1 0 - ~  

4 3/32" diam d i s c  2.5 3 1  5.6% 2 . 2 ~ 1 0 - ~  4 . 4 ~ 1 0 - ~  8.0~10-~ BDL 6 . 4 ~ 1 0 ~ ~  5 . 6 ~ 1 0 - 6  

5 5 m diam d i s c  i n  t i n  
p l a t e d  source  holder  

6.1 

6 5 mnl diam d i s c  i n  t i n  
p l a t e d  source  ho lde r  

0.35 

7 5 m diam d i s c  i n  t i n  
p l a t e d  source  holder  

1.0 

8 5 m: diam d i s c  i n  1.0 
s t a i n l e s s  s tee l  ho lde r  

9 5 m diam d i s c  i n  1.0 n i c k e l  p l a t e d  ho lde r  

30 

30 

30 

30 

30 

3.0% 

7.1% 

4.5% 

4.8% 

4.9% 

BDL 5 . 9 ~ 1 0 - ~  6.Dx10-6 Not determined 

BDL 3 . 1 ~ 1 0 - ~  2 . 8 ~ 1 0 - ~  Not determined 

9DL BDL BDL Not de t e rn ined  

Not determined BDL BDL BDL 

BDL 9 . 5 ~ 1 0 - ~  2 . 7 ~ 1 0 ~ ~  Not determined 

10 5 rrm diam d i s c  0.2 24 3.5% BDL 1 . 9 ~ 1 0 - ~  2 . 1 ~ 1 0 - ~  BDL 3 . 6 ~ 1 0 - ~  6.0~10-~ 

0.45 24 4.3% BDL BDL BDL BDL 5 . 0 ~ i O - ~  3.2~10-5 ll 5 m dian: d i s c  

1 2  5 nun d i a n  d i s c  0.7 25 5.6% BDL 3.5~10-5 1.2~10-5 BDL 1.2~10-4 2.7xio-5 

1 3  5 mm diam d i s c  2.2 24 3 . 7 %  BDL 4 . 2 ~ 1 U - ~  8 . 2 ~ 1 0 - ~  BDL 7.3~lO-~ 2.2~lO-~ 
14 2 .3  'ITJ~ diam d i s c s  

5.0 mounted back-to-back 19 6.8% BDL 9 . 5 ~ 1 0 - ~  3 . 8 ~ 1 0 - ~  BDL 4 . 3 ~ 1 0 - ~  7.9~10-~ 

1 5  2.3 ~ u n  diam d i s c s  
s p l i t s  of back-to-back 2.5 10 8.9% BDL 1.8~lO-~ 7.6~10-~ BDL 2 . 7 ~ 1 0 - ~  6.5~10-5 
suurces  

BDL = Below d e t e c t i o n  l i m i t .  
"Uniformity of l oad ing  expressed  as  an ad jus t ed  pe rcen t  r e l a t i v e  s t anda rd  d e v i a t i o n  ( s e e  t e x t ) .  

( . L ~ x ~ C - ~  y C i >  

Runs 1-9: Sources supp l i ed  by ?.lanufacturer No. 1. 
Runs 10-15: Som-ces supp l i ed  by Manufacturer No. 2.  
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Table 10. Results of Americium-241 Analysis on Dissolved Sources 

Americium-241 Content 
microcurie/source 

Source Description Run 

No. Measured Indication 

1 
2 
3 
4 
5 
6 

7 
8 
9 

10  

Strip source 
2.3 mm diam disc 
Strip source 
5 mm diam disc 
2.3 mm diam disc 
5 mm diam disc 

5 mm diam disc 
1/8" x 1/8" squares 
5 mm diam disc 
3/32" d i m  disc 

11 5 m diam disc 
plated source 

12 5 mm diam disc 
plated source 

1 3  5 mm diam disc 
plated source 

14 5 mm diam disc 

in tin 
holder 
in tin 
holder 
in tin 
holder 
in 

stainless steel holder 

nickel plated holder 
15 5 rmn diam disc in 

16 5 rmn diam disc 
17 5 TIUTI diam disc 
18 5 mm diam disc 
19 5 mm diam disc 
20 2.3 mm discs 

mounted back-to-back 
21. 2.3 mm discs 

splits of back-to-back 
sources 

0.4 (0.35) 0.28 -3O.O(-20.0) 
2.5 2.3 -8.0 
0.4 (0.35) 0.35 -12.5(0. ) 
1.5 1.65 +lo. 0 
2.5 2.45 -2.0 
1.5 1.55 + 3 . 3  

0.35 0.34 ,  0.35 -2.9; 0. 
0.9 0.80 -11.1 
1.0 0.90 -10.0 
2.5 2.54 +1.6 

6.1 6.0,  6.0 -1.6 ,-1.6 

0.35 0.34, 0.31" -2.9,-11.4 

1.0 0.99, l.O* -1.0,o. 

1.0 0 .91 ,  0.88* -9.0,-12.0 

1.0 0 .98 ,  1.0" -2.0,O. 

0.2 0.21 4-5.0 
0.45 0.53 H7.8 
0.7 0.70 0. 
2.2 2.2, 2.4 0.,+9.1 

5.0 3.7, 4.9 -26.0,-2.0 

2.5 1 . 9 ,  2.4 -24.0,-4.0 

I-Manufacturer's stated activity o r  as indicated on warning label. 
*Sources removed from metal mount before analyzing. 
%A = (measured-indicated)*lOO 

indicated 
+ greater than indicated value; - less than indicated value. 
Runs 1-6: Sources removed from commercially available smoke 

Runs 7-15: Sources supplied by source manufacturer No. 1. 
Runs 16-21: Sources supplied by source manufacturer No. 2. 

detectors. 
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DISCUSSION AND CONCLUSIONS 

F i r e  damage t o  smoke d e t e c t o r  s o u r c e s ,  t e s t e d  e i t h e r  separi2t:ely o r  w i t h  whole 
smoke d e t e c t o r s ,  c o n s i s t e n t l y  produces a i r b o r n e  contaminat ion  t o  t h e  e x t e n t  
of 0.012 of t h e  sou rce  o r  t y p i c a l l y  0.1 nCi. 
borne  w i t h i n  a few c e n t i m e t e r s  of a 12OOOC source ,  b u t  condensa t ion  o r  
s e t t t l i n g  w i t h i n  t h e  test  chamber i t s e l f  norillally removes t h i s  a c t i v i t y  from 
t h e  a i r .  Sources  exposed t o  h i g h  t empera tu re ,  s h o r t  of f u s i o n ,  r e l e a s e d  
lom4 1Ki t o  s u r f a c e  wipes and on ly  t h o s e  s o u r c e s  t h a t  are mounted i n  b r a s s  
exceeded lom3  p C i .  
o x i d a t i o n  of t h e  s o u r c e  materi-al, i t  w a s  suspec ted  t h a t  s o l d e r  might a l s o  
a t t a c k  t h e  s o u r c e s  a t  h i g h  tempera ture .  \?hen s o u r c e s  were hea ted  t o  600°C 
w i t h  a bead of 5 0 : 5 0  (Pb:Sn) s o l d e r  they were conver ted  t o  a powdery r e s i d u e .  
Thus, a l though  t h e  v o l a t i l i t y  of t h e  s o u r c e s  i s  exceed ing ly  low, even a t  
t empera tu res  as h i g h  as 12OO0C, metallic f u s i o n  of t h e  sou rces  produces con- 
tamina ted  powders. 
a p p a r e n t l y  underwent s i m i l a r  o x i d a t i o n  and /o r  f u s i o n  w i t h  o t h e r  components of 
t h e  u n i t s .  Consequently , t h e  contaminated r e s i d u e  from whole smoke d e t e c t o r  
tests w a s  powdered, whereas t h e  r e s i d u e  from tests of s o u r c e s  on ly  w a s  
t y p i c a l l y  a m e t a l l i c  bead. Even i n  t h e  sou rce  on ly  tests, however, as much 
as h a l f  t h e  americium-241 i s  t r a n s f e r r e d  from t h e  m e t a l l i c  bead i n t o  the 
n i c k e l  b o a t  c o n t a i n i n g  t h e  source.  

As much as O.l.% may be air- 

S ince  t h e  b r a s s  mounts a p p a r e n t l y  a c c e l e r a t e d  f u s i o n  or 

Sources  hea ted  t o  1200OC i n  whole smoke d e t e c t o r s  

I n  comparing r e s u l t s  of t h e s e  tests t o  proposed r e j e c t i o n  c r i t e r i a ,2  on ly  
the. brass mounted sources would f a i l .  The f a i l u r e  c r i t e r i o n  f o r  t h e  1.2OO0C 
test  i s  expres sed  a s  a pe rcen tage  of s o u r c e  a c t i v i t y .  Such a s p e c i f i c a -  
t i o n  r e q u i r e s  t h a t  t h e  sou rce  a c t i v i t y  be known and a c r i t e r i o n  t h a t  s p e c i f i e s  
an a b s o l u t e  l e v e l  of release would s i m p l i f y  t e s t i n g .  It would a l s o  mean t h a t  
a l l  s o u r c e s  would have t o  m e e t  t h e  same release c r i t e r i o n ,  r e g a r d l e s s  of t h e  
amount of a c t i v i t y  con ta ined .  

T o t a l  r ecove ry  of americium-241 i n  test procedures  d e c l i n e d  w i t h  i n c r e a s i n g  
complexi ty  of tests and w i t h  i n c r e a s i n g  numbers of components t o  be ana lyzed .  
Thus, a l though  o v e r a l l  r ecove ry  w a s  above 95% f o r  simply d i s s o l v i n g  and 
a n a l y z i n g  s o u r c e s ,  d i s s o l v i n g  t e s t e d  sou rce  beads and contaminated n i c k e l  
b o a t s  p l u s  l e a c h i n g  t h e  test chamber y i e l d e d  lower r e c o v e r i e s ,  ave rag ing  75%. 
For t h i s  r eason  t h e  t r a p  e f f i c i e n c y  tests are impor t an t  i n  t h a t  t hey  show 
t h a t  t h e  m a j o r i t y  of a i r b o r n e  a c t i v i t y  w a s  r ecove red  i n  t h e  f i r s t  trap and 
t h e  losses exper ienced  i n  complex test series do n o t  r e p r e s e n t  u n c o l l e c t e d  
a i r b o r n e  a c t i v i t y .  Ra the r ,  t hey  are suspec ted  t o  r e p r e s e n t  compounded s l i g h t  
l o s s e s  a t  s e v e r a l  s t e p s  i n  t h e  p r e p a r a t i o n  of samples  f o r  a n a l y s i s .  
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