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INTRODUCTIONf7 .,
*

A series of independent environmental stress tests were performed
on Nuclear Radiation Developments Corp. Model A001, Americium-241
f aits mounted in source holders used in fire detection devices.
Dif f erent groups of faits were subjected to prolonged immersion
in Buffalo City water; exposure to constant relative humidity and
' temperature; and finally, to a test simulating the human digestiv,e
process. ALL tests were perf ormed between Feb'huary 27, 1.976 and *

March 23, 1976. The purpose 'of these tests is to determine whether
'

,

or 'not the surface integrity of the f ait is af fected by such con-
ditions, and if the radioactiv'ity is Lost, is it in a soluble or an

- insoluble form. All f aits tested contain55 an original activity
of 2 mic' rocuries of Americium-241, in the form of Americium-til

.
dioxide. The oxide is incorporated in a gold matrix and rotted into
a final source f ait containing severat taminations of gold and' ' ~~

silver, ef f ecting a seating of the Americium. ~

(. .

. -
"

-
,

- MATERIALS and HETHODS
.

Immersion Test
'

Three NRO Hodel A001 Americium-241 foils were placed in separate
50 mittititer Erlenmeye.r flasks, into which 3 ml of Buf falo City

.

tap water was added.* The top of the flasks were seated with Para-

film, leaving an orifice targe enough to allow'a 1 mt glass pipette
to be inserted and samples withdrawn. Two ml atiquots were remov.ed |
from each flash cuery 24 houns. The volume removed was immediately -

replaced with fresh tap water. One mt was placed on a one inch
planchette and allowe.d to air dry. The other one mt sample was
drawn through a 0.45 micron (um) Mittipore fitter to assay for

,

possible particulate activity. The filters were attowed to dry by
evaporation. Both samples were then assayed for their.radioac'tive

_

i1 .

i * ~

g* Buffalo City water is classified as hard water, with a pH of 7.56~J

as determined by a pH meter.
~

i

l

__ .
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| 1 con. tent by counting .them 'in a 2 '77' gas-flow propor.tional detector. * *
& Samples were removed on a 24 hour basis over a 12 day period, be-

; ginning February 27, 1976 and ending March 9, 1976. A one nl.
-

.
aliquot was left in each flask from March 9, 1976 until March 21,

- 1976. These samples were removed and placed on one inch aluminum,

planchettes, attowed .to dry, and then assayed for radioac.tive con. tent.

A new test to assay for particulates began on March 21, 1976'and
~ ended 48 hours ta.ter on March 23. The purpos e o'f .this .tes.t was .to

,

.

determine if any appreciable. amoun.ts of_ radioactivity could be
de.tected, in the particulate form, beyond .the original 12 day .tes t

{ period. In this .tes t only 1 ml of tap water was added to each' flask.
~

| The flasks were .then aggitated and attowed' to stand for the duration
.. ,

of the . test. Samples were .then assayed for particulate activi.ty, as
per previously described methods. .

.
'

-

-

. . -
'

, :. .=-
,

i Three Neck Environmental Test .
^

Three NRD Model A001 Americium-241 foils were subjected to an envir * *
'

onmen.t af cons. tan.t retative humidLty (80%) and cons. tant .te. pira.ture .

(1120 Fahrenheit, 44.440C) for a three week period, in sepatate
clos ed sys.tems. See Figure I for a repres enta. tion of .the system. ,

: -

.

The paper by D. S. Carr and B. L. Harris, Solu.tions for Maintaining
T; Cons. tant Rela.tive Humidity ; and .the work by R. H. Stokes, entLtted

S.tandard Sotations for Humidity Control at 250C , were used to 'formu-
ta.te the condi.tions necessary to maintain the relative humidity of
the chamber at 80%. From .the data pres ented in .these papers, it was
de.termined .that a sa.turated solution of po.tassium chloride (KC1) at
700C would maintain .the relative humidi.ty at exac. tty 80%. However,
.the desired . temperature for .this experimen.t was 1120F, or 44.440C.

_
A saturated KC1 solution, kept at 44.440C, will yield a relative' ' '

'

, humidity of 81.5%. This value is derived from graphic interpota. tion.
(See Figure XI., t Relative Humidi.ty vs. Temperature in DC.) .There-

;( f ore, the reta.tive humidi.ty used f or this tes_t was 1.6% higher .than
iO

* * For . type of ins,trument us ed, etc. , s ee RESULT.S
^ '

'

|

| -
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'the desired value. This minor atteration should have no af f ect
on .the results since higher humidi.ty would make .the condi.tions
even more adverse. The Americium fait was sdspended from the top
of .the chamber in a one inch aluminum planchet.te supported by
copper wire.

The uni.ts were .then seated wi.th a combina. tion of
grease, paraffin and Parafilm, and placed in a Blue-14 Stabit-Therm
gravity oven at 44*C for a three week per'iod beginning 2/27/76 and'
ending 3/17/76. Reeve Anget glass fiber circular filters (size:

'

. t.4 cm, grade: 934All) , were 'used .to .take wipe samples of att su5-
f aces on .the interior of .the chamber, in addi. tion to sampling 'the *

*

KC1 solution itself. Att fil.ters were allowed to dry, .then placed
' on planchettes and assayed for .their radioac.tive con. ten.t in a ' gas

~

flow Proportional detec. tor.
-

'"

.
_ .

Dig es. tion Tes.t

' The purpose of .this test was to determine .to' wha.t exten.t .the Ameri -

cium-241 foils would be degraded by normat human dig es tive proce.sses
(m _ if one of .the f oits were acciden. tty'swattowed.

. -- --

Q ~ A.) Sativa Test 'The normat phys.iologic make-up of hwan sativa
'

is 99?e wa.ter and I?e of a mixture of enzymes, sat.ts and proteins.
Amytas e, the mos.t significant pro.tein, serves .to catalyze the break-
down of polysaccharides to disaccharides. Sativa nor.vatty has a pH
of 6. 8. The Americium f ait was immersed in a fres'h specinej: of
human sativa, in a s.terite tes.t . tube. After 5 minut.e6 of agitation,

.

in a wa.ter ba.th a.t 37*C(98.6*F), the foil was removed from the . tube
and placed in.to another test tube containing a solution of gas.tric
juices (s ee below) . The saliva was .then placed on an aluminum plan-
chette, attowed .to dry an'd assayed for possible radioac.tive conten.t.

11. is assumed .that prolongec' exposure .to sativary juices would have
ti.t.tte or no ef f ec.t .on .th . integrity of .the f ait coa. ting since sativa
has been proven .to be inac.tive agains.t gold. This is documented in
many dental ref erences', since, .today, the use of gold in dentistry Ns
a common prac.tice. *

'

:

B.) Gas tric Tes.t - Af ter immersion in saliva for five minutes,
.the f oil was wipe . tested and .trans f erred to a new tes.t tube con.tain-

.

'e

_ ._ ._ _ _ _ -
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ing normat digestive juices for 7.5 hours. Normal gastric mucosat7

(9 .,)' secretions include: an isotonic acid of 150 mN H', 150 mN C1~ and|

SmH'K ; a collection of enzyme precursors, an example being pepsin-
ogen, which is converted to its active form (pepsin) by H* at a

.

pH of 1-6; several complex mucoproteins; and the intrinsic factor.
.The most important _ digestive factor in the stomach is hydrochlorie' -

acid, s'ince this acid, in the proper concen'trations, is capable of
degrading atmost att substances. Another important substance in

'

. gastric digestion is p'epsin. -it was assumed, since most, if nok att
.

of the degradation of the f ait coating would occur due to its ex- '

posure to UC1, thak the experimenkat model would contain 150 mN HC1,
5 mN K* and it pepsin (s win e) . This solution was mixed thoroughty

'

- and brought.to a temperature of 37*C with 'a water bath. The pH of the
'

solution ^was 1.96. ~
-

i
.

.
. - - . --

,

in this test, one must consider gastric emp ging the .hajor _ factor in"~
.

determining how long the foit wili remain in the stcmach.
If the fait

~

[O was accidently or intentionalty swattowed, the Longest stay time in - ~ = '

the stomach would occur if it were swattowed just befcre bedtime. The .
,

maximum elapsed time for retention of the f ait would be approximately
7.5 hours. The fait would definitely be passed ontc the smatt intes-
tine fattowing breakfast the .next morning, unless the fait should be
Lodged in a divertictitum somewhere between the esophegeat crifice and
the pyloric ' sphincter, in which case, the amount of digesticn would
depend on the Location of the diverticulum.;

.

.
-

,

C.) Pancreatic Test - The normal physiologic make-up of the -

; smaLL intestine includes such enzymes as trypsin, chymotrypsin, car ..i

boxypeptidas e, typas e, etc., which are available commercially as Pan-
I creatin. A one percent solution of Pancreatin, containing 150.mN

,

sodium bicarbonate (Na C0 ) and 15 mN hcl was prepared for this test.g 3*

The pH of the solution was measured' at 8.1. The fait was transferred
from the gastric test tube, wipe tested, and placed in a new test

.
tube containing the pancreatic solution for a period of 20 hours, in

() a water bath at '37 C.8
>

.

.

*
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f 9.) Large intestine Tes.t - As a final . test to simulate the

0 passage of the f ait through .the targe intei. tine, a test . tube was
prepared containing Escherichia coti and normat Buffalo tap wa.ter.
The pH of .the solution was measured a.t 7. 56. This tes.t was run for '

a 50 hour period in a wa.ter ba.th at 37 C. ,,

Note: The normat oral-rec. tat transit time as es.tabli5hed by Dr.
Danield Burkit.t , is approxima.tely 90, hours f or people Living in

| wes. tern cultures. .

-
.

. .

. .

Radioactive Assay
-

. .

-

' ALL sample counting was done on a Nuclear Chicago 186-A Proportionat

~

' preflush gas-flow detec. tor. The counting gas employed was P-10, which
con.tains 9'0% argon and 10% methane. The alpha pla.teau of .the detector '

1

was de.termined' wi.th a New England Nuclear alpha ref erence ' standard
.- . . - - . -,

. ~g'

(model NES-302-S, Americium-241) con.taining '5. 0x10 microcu. ties. .--
(6.7x10 alphas per minu.tc) . This standard was calibraied in Oc.tober'

( of 1973. The operating voltage was determined .to be 1270 vetts.
_ .

Q (See Figure 11. ) An alpha ref erence source of Lesser ac.tivity was
,

_

.then used to de.termine .the alpha counting ef ficiency at this voltage. '

This alpha ref erence source was also:made by NEN and contained
^

3. 29x10 - 'microcuries on September 11, 1975.. The data for these . tests
appears on.page 11. Th e detec tor ' us es a 27f co un ting g eom e t.ty an'd it

1 is no.t known .to what extent backscatter of .the alpha particles con- ;

.tribu tes .to .the net countin'g raic o'f .the source. The. counting effic-8

i Lency was determined to be 55.83% + 0.04S. ..' .
'

-

1

j Sta. tis ticai Analysis
Sta.tistical evaluation of .the coun. ting data. was deemed necessary duei

|

.to the very Low background counting rate, and in mos t cases to .the.
~

* equally low sample count rate. - Such a procedure attows fo.1 reporting i.

-- of the results .to a significan.t confidence inte.tval. ;

i

Nuclear Chicago's Technical Buttetin number 14, How .to Apply Statis-,.

tics to Nuclear Measurements, was us ed as a ref erence f or .this analysis. ',

'

The number of microcuries removed from .the f ait surface and .the 1 \

error involved in counting each sample were calculated. The parent
_

equation used to de.termine the per cent error is as follows:
*

I
~

.

;
.
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|
'

S Error = Obs'erved Value - Expected Value x 100 'c
-

gzpgegeg yazag
For the purpose of calculating the 1 error of all samples, the 'above

.

equation taas substituted as fottotes: \

A
1.96(Gross Counts + Bh Counts 3CPMnet + I I

T hg CPM,gg .

T
BG

,

Efficiency - Efficiency Error. Eff.t Error - I 100
CPM ,,_g

' '

i -- Efficiency -

*

- . .

Where T is the counting une in minutes for the gross counts; Tggg_ g
is the background counting time (in minutes), By subtraciing'the
error from the counting ef ficiency in 'thA numerator, the value of the '

'

entire ' equation is maximized for the per cent error. Then, multiplying

.
the-square root- expression by 1. 96 gives a 95% Level of confidence :

to the values obtained employing this equation. ~:- ~~

!
-

.

The ackivity removed from the foil surface, in micro: aries, teas L T~
i .

calculaked as follows: _

CPM 1
'

Activity Removed f uci) " Counting E ici.cncy 2.22xiC 6
'

dpnluci
*

ALL values are reported in terms of uCi removed from the foil surface.

Tables 1. through III. present the results of all tests in terms of ~

uCi removed.
.

6
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?> .RESULTS -
-

-

'
*

.
,

Immersion Test

The dat_a for the immersion test appears on page 18 through page 2.4.
'

The corresponding graphs of counts per minute verses time. (in days),
,

are contained in Figures III. through X. Figure IX is a composite
of the average values of att three gross sample assays, white . -,

Figure X. is a similar composite of the Millipore fit.ter tests.' The
. - .

values obtained by the additional tests performed on March 21 and * '

_

March 23 are plotted on their respective composites, ~on an insert
labitedTIME EXTENSTON DATA. Table T. contains data pertaining to

'

_

the activity Leached 2n the gross and Miltipore filter assays. -

.

.
. .

-- .

| The f oit surface and particularly .the f oil structure'showed exten-
..

.

lsive corrosion and pitting in atmost att are'a due to its exposure to-
Buffal'o tap' water. '

,~

.

I C "

. ~ .-

' . ,

Three Wech Environmental Teit
Only eight out of the 30 filters assayed in this test yictded suf- ~

,

\ ficient counts .to give a positive number af.t'er background counts 'had
been subtracted. However none of thes e counts were statisticatty
dif f erent from background on a 2 sigma basis. .The actuat counting

~

da.ta is pres ented on pag es 29 and 30.- Special disposable gloves were
| us ed in handling the individual parts of ' each chamber when it was

_

dismantled. The glove fingertips were' .then assayed for possible
contamina. tion at .the end of att handling procedures. No significant

i ac.tivity (grcater than- background) was obtained by these assays.
'

,
. .

Digestion Test

A. )' Sativa Test - The da.ta obtained when the sativa samples
- were analyzed proved insignificant; the gross count rath was only '

twice the background rate. This . test - had .the teast ef f ect of att4

of the digestion procedures wi.th respect to removing radioactivity
'

i from .the foil surface. ~ A wipe sample was taken from the foil sur-'

face at the conclusion af .this tes.t using a glass fiber filter. The;

wipe tes.t da a also showed .tha.t no significant activity was removed
from the: foil. (See Table II. and pag e 2 7. )

4

,m. - .- -.,m , , - , _ - _ , . - - , - . _ . . - _ _ - _ , - - , - - _ _ , . . . . . . , , . , - .% y ,,- . , - ---,- - , - - # w--,---,,.-re,.-- - . -
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67 B.) Gastric Test As was expected, the targer amount of
() degnadation of the f ait surface was caused 'by the action of HC1.

Tabic 11 contains the results of this test. The test tube used was
rinsed with distilted water and this sample was assayed as per previ
ious procedures. A wipe sample was taken of the fait surface and -

subsequently assayed. .

.

C.) Pancreatic Test - Since the pH of this solution was 8.1,
~foit surface integrity was less af f ected as compared to. the gastric

, .

tes t. The test tube.used was rinsed and assayed for residual activ-
ity. The f ait surface was again wipe tested before beginning the
next procedure.

. .

-..
,

~

. - -
- ..

D.) Large intestine Test - Due to the continuing degradation
.

of the f ait surface and the tong exposure of the foLL to this ~

.

solution, this test proved to be second only to the gastric test in ~~

its ability to remove activity from the foit surface. The test tub'e
~

,.

was rinsed with distilted water, the sample was allowed to -dig and * *

assayed. Finally a wipe sample was taken of the foil surface.
,

(See Tabte 11. and page 67. ) -
~

*
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DISCUSSION-
,

'

7. .. .
-

A direct comparison of .the vatuts obtained in the immersion . test
using .two dif fei.cn.t methods ~o'f assaging for Am-241 activity (i. e.-

Bross sampling versus ' Mittipore Filter sampling) produced a corre-
tation factor of 99.241.. This is a defini.te indication .tha.t att
of .the activity which was removed from .the fait surface is indeed -

particula.te and therefore ins'otabic. Att faits tes.ted produced -

nearly .the sasile relat.ionship when plo.tted as a func. tion of ac.tivity
.-(coun.ts per minute) versus time (days) . Peak activity appears in

! '.th'e third day o f .the test in each individual. case, as wett as when .

an average was i compu.ted (see. Figures III-IX ) w At .the five day
mark, the count rate of .att samples began to cpproximate background,

, _ and, in 9enerat, remained at .this low Levet until the end af .the
.t es t. The addidonal grosh and particulate assays performed, pro- ~

-

duced-c counting rate near background. The additional par'ticata.te -

.

.tes t gave a somewha.t higher' value than the addiuonal. gross assay,
.

C-
, - probabty due .to .the fac.t .tha.t fresh wa.tcr was added to the !Lask. ~. .

t .
,

'O For att kacaca parposes, it can be auu.med na in ae i=euion
' "

.

.tes.t, the .totat wa.ter volume is replaced each day. The one mL that
was tef.t in the flask should havc' produced an increase in itsI

_

radioac.tive' concentra. tion wi.th . time, if the sample was teaching .

Am-241 activity contin' uously. Howevei, .this wa.s not the cas.e, 'since
.the ac.tual concentration decreased with t.ime. Therefore i.t is.pos-

| sible .to make .the assumption ~ that .the entire volume was _ replaced each
day.

4
.

'
,

;. .

O'n Table I. a direc.t comparison 4 mu t bet. ween the activi.ty detec- |
'

.ted by the gross and Millipare f.e tc. Les.ts, including the margin % of \
error for each determination. The amoun.t af activi.ty detected by

~ the gross assay s~hould a'tways exceed .tha.t due .to thc fit.ter assay '
~

~

since some paruculates sould conceivably escape being tr.apped.
'

However, in sorte ins tances this is no.t .the case, which would tend
.to indicate that the Am-241.is not homogeneous y dis.tribu.ted ]n the

'

;0 ' water sample taken from .the flash. This would again tend support '-

: to the observation that .the Am-241 being Leached from the soit is 'in
the part.icutate form and is .therefore insolubte.

..
*

. yn -
.

.
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CONCLUSION .

^ On the basis of the data obtained 'in performing the various
,

'

,_
test.s on the Am-241 faits, it must be concluded that their e,x-

. posure to stressfut environmental conditions. would produce no *

.
'significant hazard to the biosphere involved.

~
.

. . . .
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The condi.tions employed for the immersion test may not duplicate
? actitat bt. cal Life) conditions, since the volume used is'probably

much less .than that of expec.ted situations. -However, it is assumed
'

that the concentration in uCi per ml of teachate is representa.tive
o f realistic tes.t condi.tions. In such instances, the foit would .

be immersed in a targer votume of water, thus making .the reta.tive
concentration of Am-241 presumably tower. .in addition, in the

immersion test .the teachate concen.tration was conside'rably Less *
.than .the f.IPC,I I (3x10 uCi/mt) af.ter .the fif.th .to seventh day.-

^

During .the firs.t few days, however, the ' concentrations are slightly *

Larger or equal to I.fPC, values (Table 111. ) .
~

'

.

'In the immersion test, it is necessary to point out that an average
value of uCi . removed per day, for .the 12 day test, wcutd not be repre-
s en.ta tive o f .the ra.te at which ac tivi.ty was removed from .the fait sur-
face, since .th[ concentration was c'ons.tantty changing. The mos t t_

repreienta.tive.value of uCi removed per mL of teachate would be .that
[ sdhich is ob.tained on .the . third day af .the tes.t, since in atmos.t att -

cases, ik was .the targest value ob.tained. 1.t is .then possible .to,

compare this value .to the established ifPC b** A*'I4 ## give. thew
most cons ervative es tima.te of ac.tual releases from the ,foit. The
ac. tivi.ty removed on .the . third day' as a function o f the . tot.tt activi.ty
removed is also calcutated .to demons.tra.te that, in mos.t cas es, .th'e

.

amoun.t af activi.ty removed on .the . third day is a significan5 fraction
o f .the . to. tat. Tabte 111. gives a comparison of .the anoutit of activittf
teached per mL on the thiKd day a f the immersion tes.t, and compares ~

! it .to .the tfPC, value for an unres.tric.ted' release of Am-241 '

The reason why .these samples show .titis particular reta.tionship in
.the immersion .tes.t may be due .to .the fac.t .thak, as .the gold coating

. is placed on the foil surface, some of .the Am-241 may be Lodged in-

'
- .the upper layer o f .the coa. ting. Therefore, when .the f ait is .

exposed to wa.ter, .the. corrosive properties of wa.tcr are sufficient
.to remove this smaLL amount of ". tramp" materiat in the gold coat-

.

1
' '

ing, however it is no.t corrosive enough .to entirely destroy .the
coa. ting integrity. This is proven by the observa. tion .that af.ter*

S p "7 days, LL.ttle or no ac.tivity is , removed from .the fait surface
. upon coit.tinued exposure .to water. ' '

s
-

.
*e
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Proportional Plateau Determination
,

4

COUNTING DATA~
-

'

Exp No. Test Name Greenberg pate g/24/76
s

Scater Voltag e - Skg -

Detector Prop. preflush 1 mV Window, Baseline-

flow-

Sample },f}9'..cfgg ' CPM CPM-Bhg. Voltag e.,, ,

Am:241
1 6.7x104 alpha pm 10/73

*
*

"
1 23,258 23,258 800

.

'"
1 34,930 34,930 850

"
1 42,144 42,144

'

900 *

"~:' :" 1 51,804 '51,804 950
.

'1 55,236' 55.236 ?1000
'

"

() - '"
1 59.888 59.888 1050 .

,
_

"
1 60,828 60.828 1100 -

"
1 61.494 61.494 1150-

1 61,602 61.807 1200"

"
1 62,326 62.326 1250

'

"
1 62,723 62.723 1500

"
1 63,141 63,141 1350

.
'

*
1 63,752 63,752' 1400

"
1 64,109 64,109 1450

,

' "
1 65,.532 65,532 1500

1 '69,694 69,6~94" 1550"
,

"*
1 75,570 75,570 1600

'
'"

1 80,432 80,432 1650

Am-241 -

.0329uci 9/11/75 3 104.406 34.802 1270
_

> DPif = 7.238 x 10
_ ' ' . - -''!- - _ _ _ _ _ _ . .

* 8
. . _ . . - - - _ . . - . - . _ . _ -
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immersion Test wi.th Am-241 Foits in Buf f alo City (da.ter i

'

COUNT 7NG DATA

Exp Ho. One Name-Greenberg Da.te 2/2 7/ 76-3/9/76 _ .

.

Seater Voltage 1270 Bkg Determined Daittj

Detector Prop. preflush 1mV-idindow Baseline .

flow
'

'

Counting Totat
* Sample 11 Time, Min. Counts CPM CPM-Bhg. Bhg|Hin

.

.-

Gross 1mt ca.
.

'

2/27 3 10 3.33 3.33 0

2/28 3 47 15.66 15.66 0

2/29 3 132 44 44 0
~

3/1 --

5 118 23.6 23.4 .2
' - - - -

...

3/2 5 20 4 3.5 .5

f.m - 3/3 5 104 20.8 20.3 .5' --

L) .

3/4 5 34 6.8 _6. 7 .1 -

~

3/5 5 19 3.8 3.4 4.

3/6 5 31 6.2 5. 8 .4

3/7 5 22 4.4 3.6 .8 *

3/8 5 12 2 .: 2 2.'2 0

3/9 5 '15 3 2.8 .2
.

.

*e

.

a

h

4

. v
.

-

.. : .

* e -

,. ,;.~ . '

p ;, G'*''
,

'

.
-

,
,_
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Am-241 Foits in Buffalo Cittj Water7mmersion Test witit
b& COUNTING DATA'

_

Exp No. 'One Name Greenberg Date 2/27/76-3/9/76

Scater Voltage- .1270 Bkg.^

,

i Detector Prop. preflush 1 mV Window Bas eline -

7

flow .

.' '

Sample Count.ing Total CPM CPM-Bkg. Bkg./Hin.
. . .

;

. Time, Min Counts'

pg .
,_

Gross '
'

*

y,z g,.,

2/27 3 31 10.33 10.33 0

- 2/28 3 42 14~ 14 0
'

2/29 3 131 43.67 43.67 0

~

3/1
"~

5 69 13.8 13.6 .2-

,

3/2 '5 28 5.6 5.7 .5 -
-

'
' -3/3 5 25 5 4.F .5

~

} 3/4 5 8 1. 6 1.5 .1

'3/5 5 26 5.2 4.3 .4
!

3/6 5 26 5.2 4.8 .4
*

:

3/7 5 9 i 1.8 1.0 "' . 8
*

3/8 - 5 9 1.8 1.8 0
'

3/9 5 3 .6 .4 .2 -

--
.

,

1

*
.

I

j _ .

.. .

) e*

' e,

*

4.. .

* ., * -|v.f.*.R. 4 " .b'. ,- .

*',, P . ., t.'is.5'/,i ~ ',.T -
*

-
.

. . ~ . . :-( " , '', [ ;hj . "' N''|! '* ' ' '*
.

.

.: ;p.m :.: -
,,

.ap,. - : J -r. ~ .
u

. .
,,

. . - .- -. .- -_ _ _ . _ , , _ _ . _ . _ , . _ _ _ _ _ _ _ _ _ _ _ , m .__ .-. _.-. .
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immersion Test with Am-241 Foits in Buffato CittjWaker'

COUNTING DATA's
Exp No._One Name Greenberg Date 2/27/76-3/9/76
Sealer Voltag e 1270 Skg.

D et ector__ Pro p. preflush 1 mV Window Bas eline *

-

. FLOW
.

. Sample Counting Total CPM ' C'PM- B kg . Bhg . / Min. '
6 3 - --~ ?E " '' E "'

-
.

Counts *

.

-
.

-

Gross 1mL ea.

_ 2/27 3 10 3.33 3.33 0

2/28 3 159 53 53 0
"

2/29 3 207 69 69 0
~

t - 3/1 - 5 106 21.2 21 .2

3/2 . 5 42 8.4 7.9 .5
.

( ~, ' ~ 3/3 5 62 12.4 11.9 .5 .

~3 / 4 5
~

20 4 3.9 .1
.

- 3/5 5 65 13 12.6 .4

3/6 5 3.1 6.2 5.3 .4 -

3/7 5 9 '1. 8 1.0 .8
,

-

3/8 5 5 1.0 1.0 0
-

.

3/9 5 10 t 1.8 .2

. .

?

a";

'.,-[.
-

--

.. ....
3. ?. ,..

,#g d .

4-*.
,|-:h :*

'
\ M.-

jdd .Q*4'
N y

. ,

. J. * .';.4 . . .c.n .
.s..- - n.

. ;
;

._
* .

* '

t.'M ;. . 7 ;,:,7-
.

t . , , .t-

- , . i. , *., ,,gM.g..h . 4 .N E'..
* *'

.- g
, . .- m . .-

yy - ; W ', * '. . . ' '.}. ~y ' ).,*' ~ ~' ,
..

'

_ _ _ . - . -- __. . _ . ._. . _ _ - , . . - -.
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immersion Test with Am-241 Foits in Buffalo Citti Water
. .

?m COUNTING DATAb
Exp No. One Name Greenbern Date

Scater Voltage 12 70 Bhg.

Detector Prop. prefLus h 1 mV Windoto Basetine -

_ flow
'

. Sample Count.ing Total CPM CPM-Bkg. Bkg./ Min.
51 Time, Min. Counts. .

.45^um mitti-
pore fitter '

'

2/27 3 9 3 3 '.0 -

2/28 3 43 14.33 14.33 0

2/29 3 99 33 '33 0
.

-

3/1 -

5 167 33.4 32.7 .7

3/2 5 53 10.6 10'.6 0

( ~ - - 3/3 5 108 21.6 21.4 .2U
3/4 5- 27 5.4 4.9 .5

.

3/5 5 s 1.6 1.1 5.

3/6 5 77 15.4 15 .4 -

3/7 5 33 6.6 5.8 .'8
*

3/8 5 - 22 4.2 4.2 0

3/9 5 8 ~ 1.6 1.4 .2

.

%

p-

.

* *
e

0
-

-

* '
..

- t
i

1R
_ ._ . -. -
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immersion Test witlt Am-241 Foits in Buffato Citf Water
'

!
'

COUNTING DATA

Yxp No. 0"C Name Greenberg Date 2/27/76-3/9-76
Scater Voltagt 1270 Bkg.

Detector Prop. preftush 1 mV Window Baseline .

flow .

ample Counting ~ Total CPM CPM-Bkg She./ Min .

. K2 Time, Min Counts -

_

45'um m4LLi- . .

porte- fit:ter
.

-

2/27 3 14 4.66 4.66 0

2/28 3 6 2 2 0
'

. 2/29 '3 222 74 74 'O.

. . .
'

' ~

.
3/1 - 5' 12 14.4 13.1 .7

-

, .
. .

*

3/2 5 23 4.6 4.i
,

0

( - '-~ -
~

3/3 5 40 8 7.1 .2

'3/4 5 - 13 2.6 2.1 .5.

.

: 3/5 5 30 6 5.5 .5-

3/6 5 18 3.6 3.2 .4 -

3/7 5 -

11 2.2 1.4 .8
*

-

3/8 5 7' 1.4 1.4 0
'

-

'

'

3/9 5 3 .6 .4 .2
-

-

,

.
. *

*
eq

4 g

w*e

i

.

, I

*w
.

.

.i

b

e.. g

'"
_ . , _ . . - - . _ _ _ . _ . , _ _ _ . ______. ,..__. _ .



. . _
_ ___

. -

( ,

'

'
.

immersion Test scith Am-241 Foits in Buffalo City Water'

COUNTING DATA' '
'

Exp No. One Hame Greenberg Cate 2/27/76-3/9/76

Seater Voltage 12 70 Bkg.

Detector Prop preflush 1 ' mV Windolo Bas eline .
.

floto-

Sample Counting Total C Pl.1 C Pl.f- B kg * Skg/llin.
*

63: Time,Hin. Counts ,,

~

45 um mill 4- .
. ,

pore filter
* .

,

2/27 3 4 1.33 1.33- 0
- . ,.

2/28 3 113 37.66 _,37.66 0

.2/29 'S 222 74 74 'O |
i

3/1
~

5 122 24.4 23.7 .7 i
'

*~
.

3/2 5 43 8.6' 8. 6 'O -

'

O- 3/3 5 23 4.6 4.e .2
-

3/4 5 10 2 1.5 .5
5

3/5 5-' 69 13.8 13.3 .5
4

'3/6 5 30 6 5.6 .4
i

'

3/7 5 14 2. 8 2.0 I.8 '

1
*

3/8 5 10 2 2 0

3/9 5 5 1 .8 .' 2

.

.

*
. ;

I
. . *

,

'

O
;

'
.

.

. S

|
. .

- .

_, - . _ _ _ - _ . ._ _- .on - .. _ .- _ - _ _ : . - _ - .. ._-
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Three Wech Environmental Test '

(' 80% Relative Humidity and 112 Degrees F
'

COUNTING DATA

Exp No._ Two Name Greenberg Date 2/27/76-3/17/76
Scater Voltag e 12 70 Background .5 cym.

..

Detector _ Prop. preflush 1 mV Window Baseline
,

fica '

.

Sample Counting Totat CPM CPM-Bhg -

- .

. Time, Min. Counts * *
. -.

Battle
El Water 5 2 .4 -

Screen 5 3 .6 .1
-

Wire 5 5 1 .5
.

Dry' P.W.T.I 5 1 .2 -

. . .
~

P. W. T. 0 5 2 .I -

( ~ "
Fait W.T. 5 8 1.6' 1.1

'
'

D
s r Wet P. W. T. 7 5 -

1 .2
:

< -
.

P.W.T.0 5 1 .2 '

-

Foit W. T. 5 7 1. 4 .9 -.

Jar 5 1 .2 - -
.

Bottle '

'

N2 Water 5 2 .4 '

- -

Screen 5 0 0
'

'
-

Wire 5 3 .6 .1
Drtj P. W. T. 1 5 1 .2_ _ _ _ -

P. W. T. 0 5 0 0 -

Foit W.T. 5 1 .2 -

Wet P. W. T. I 5 2 .4
.

( -

() P.W.T. 0 5 2 .4
,

- -

."'

Fait WT 5 0 0 -

Jar 5 0 0 -

|

._. . . _ _ -__. .. . - -_. -- .. ._.-
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Three Wech Environmental Test-

'

( ) 80% Relative Humidity and 112 Degrees F -

COUNTING DATA

Exp Ho Two Name Greenbern_ Date 2/27/76-3/17/76
Senter Voltag e - 1270 Background .5 epm

Detector Prop. preflus h 1 mV Window Baseline
'

flow
Sample Counting Total CPU CPh-Bkg '

._

Time, Min. Counts -

.
,

Bottle'
(3 Water 5 2 .4 -

'

Sercen 5 1 .2
'

-

'

Wire 5 0 0-
~

-

Dry ~ P.W.T. 1 5 0 0 -

.

P. W. T. O. 5 1 .2 -

: . -
-

((]) Foit NT 5 8 1.6 1.1

--~ Net P.W.T. T 5
'~

2 .4 -

P.W.T. 0 5 2 .4 -

Fait NT 5 6 1.2 .7 *

Jar 5 3 .6 .1 **-

' Fingertips of gloves used during this process were assayed for
possible contamination. ALL results were negative

.

yW'
O

.

8

'O
e

~ ~ . -

e

.. ._. y__ , _ . . _ _ ., - y ..s . .. -.c, -
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[h( Digestion Test
-

COUNTING DATA
'

.

Exp No. 3 Name Greenberg _ 3/19/76-3/22/76Date.

'Scater Voltage 1270 Background 0.2 CPM
''.

.

Detector Pr'op. preflush Gain imV Window Bas eline
ftow

.

Sample Counting Total CPM CP|.(- Bkg
''

,

T.ime, Min Counts
.

t -Bhg. 5 1 .2
-

. .
-

l
.

2 Min. Sativa 5 2 .4 .2 .

.
-- Wipe Tst 5 2 .4 .2

~ '

.

7h32m Gastrie 5 20,779 4156 4155.t -

' ~
- Tube * 5 1,354 271 270.3.

'O -

--- - - Wipe Tst 5 --- 1,812 362.4 362.2Tancre-
27h52m atic S 418 83.6 83.4

'

Tube * 5 97 19.4 19.2
'

.

Hipe Tst 5 1,550 310 309.g
. .

77h32m L.I. 5 1,466 293.3 293
'

'

Tube * 5 808 161.6 161.4
'

- '

.

Wipe Tst 5 1,335 267 266.8
,

'

-
.

i

' Att test tubes were rins ed witit 2 mt of distilled water. t
- - -

'

This was then placed on a planchett, dried and counted.
'

.

,

.

.

O.

.

.

ee

24
..-.--.7 - ..

_ _ _ __ _ __ _
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hg Table I.

Digestion Test

Date uCi/mL of Leachate uCi/ml of Leachate uCi/ml o f Leachate
(x10-6) (x10-6) (x10 ')

'
~

Gross Filter Gross Filter Gross Filter'

,

? ??.6 ?? 2.7 1.7 NS5*__2/27 3.8 2.08.3 2.92.7 1.7 2.4 1

1 ? ?$ .3 42.7 6.8 30.4 5.8
~? ? ?1.3 0.4 11.5 3.'5 11.3 3.4 1.62/28'

! !$.0 NSS* 55.6 7.8 59.7 7.8!
~

?2/29 33.5 5.7 26.5 5.3 35.2 6

3/1 18.9 3.4 26.3 4.2 11.0 2.6 10.6 2.8 16.9 2.2 .19.13.5? ? ? ? ? ?

?? .5 ?? .5 ? ? .8 3.7 6.4 2.13/2 2.8 18.5 2.3 4.1 1 6.9 2.1 -1

??? ? ? .7 ?9.62.5 .3.5 1.5
'

3/3 16.4 3.3 17.0 3.2 3.6 1 6.3 2.0

$ .4 NSS*?.7 1.2 ?.9 NSS* 3.1?3 /.4. . 15.4 1.9 3.9 1 0

? ?.8 3.9 ? ??.7 ?4.4 1'.83/5 1.0 .25 10.7 2.7 "=2.71.4 0.9 0 1

?.8? ?$ ?.8 3.9 $ .7 2.6 !.4 4.73/6 l 4.5 1.84.7 1.8 12.1 2 1

?.9 NSS* NSS* !.S S *? .6 4.7 ?g/~\ 3/7 2. 9 1.6 1.511

? ? $ .8? $ ?\0 3/8 1.81.1 3.4 1.5 1.4 0.9 1.1 0.8 0.7 1.6 1.00

? .3 1.1 ?.9 NSS* HSS* $1.4 1.0 NSS*3/9 2.3 1 0
'"

. .

(J45.9
Totat 95.4 83.9 34.4

(J18.4
138.0

29.7) (!23.6) (? !3.6)($25.1) -23.3) (! 27.8)
: -

.

Additional Immersion Test Assays

uCi/ml of Leachate (x10~0)
'

Sample Gross ' Fitter Wipe Test * * -

51 1.3 8.1 5.1
#2 3.7 2.9 7.1
93 HSS* 1.1 4.5

Total 5.0 12.0 16.7 --

.

~

.

[ g

O Not Statisticatty Significant*

* *Perf armed at the conclusion of the immersion Test
.

.

m_ _ _ __
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. _ Table 11.

-
.

Digestion Test
,

Sample Activity Removed (uCi)
Sativa NSS*

Wipe Tes't NSS
'

.
.

Gastric (3.4 $ 0.1) x10
~~

-

..

(2.2)--0.1)0.1) x10~4 *.
Wipe Test (2.9.- .

x10~4Tube
Pancreatic [6.7 1 0.6) x10-5

(1.5h0.1)
( 2. 5 x10~'4Wipe Test -

0.3) x10~5Tube~

Large intestine -(2.4 ! 0.1) x10~4
Wipe Test ' (2.t't 0.1) x10-4 .

Tube (1.3 t 0.1) x10~4
.

^

Total (excluding Wipe Tests) (4.1 t 0.1) x10~5
|TTotal Wipe. Tests (7.6 t 0.4) x10~A.

__
i

__ .

Total Activity Removed (4.9 i 0.1) x10~3
' '

.

.O.
~

reste 112. ..

. -

Comparison of Results with Non-occupational Expos:are Limits

Gross Sample uCL/mL of Leach' ate 1 Total Fraction of !\?C ''(Day 3) w-
.

Il 3.4x10~5 28.2 1.13 ..-
' '

-

92 3.5x10-5 29.6 1.16
03 5.6x10~5 46.8 1.86
Ave. 4.2x10~5 1.46

Millipore Sample *

_y
51 2.7x10 22.4 0.90

_,

52 6.0x10~5 13.8 0.20 -

t3 6.0x10~5 40.6- 2.00
Ave. 3.1x10 1.03

,

.

Dig estiost Test uCi Removed Fraction 5fPBB***
,

Total (excluding 4.1x10'3 0.136
Wipe Tests)

~ATotal Wipe Tests 7.6x10 0.025
~ *

Totat Activity Removed 4.9x10 0.163,

'

.

* Hot Statisticatty Significant
3x10~5 uCL/mL** '*

\
.

***0.03 uCi |

.

e
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*FICimE II. .
,

,
,
i

Alpha Plateau Determination.
,

,

,
.

80
.

.
-

O

i
.

70 -
, .

- -

' _

. - ' e 'sg- #
, _

.,a
, . v

60 - o - Midportion of Plateau (1270)-

. --
.

,
,

CPM O
.

(X 10 ) 50 -
.

'

7. Efficiency = CPM.x 100 = 24.802 x 100 = 487.
DPM 72,380

0 .' .l
40

- -

.

. Performed 2/24/76,' Nuclear. Chicago Model 186-A-
-

.

e 4

. m
. -

.

$0 - - -
'

.
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| FIRE TEST EGD-6 SERIIE SIOKE DR'IETOR

O
I. OBJECTIVE

To test the containment of americium oxide in the source holder and to
test the containment of the source holder in the source plate during a
fire which destroys the smoke detector.

II. METHOD

The smoke detector was suspended 14" above (4) UL standard 217 wood
cribs by the normal mounting holes. The wood cribs were ignited via
small kindling and allowed to burn approximately 10 minutes. Flame
occurred about 5 minutes into the fire. At approximately 7 5 minutes
the detector had melted sufficiently to fall from its mounting into
the fire. Test ended at 10 minutes.
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III. IEEULTS

1. The incinerated smoke detector was photographed.

2. The smoke plate could not be removed without the aid of a screw-
driver. Examination of the source plate revealed that the source
and source holder were still intact and securely fastened to one
another.

3 Examination of the source under a microscope revealed no damage
to either the source or source holder.

4 The emission level of source was checked and compared to a
.6586uci standard. One reason for the decreased emission level
was due to a thick layer of soot and tar which covered both
emitting surfaces.
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WIPE TH3T RESULTS

f~)k/ 1 MINUTE COUIC

WIPE TH3T COUNT #1 COUNT #2 COUID #3 AVG COUNT ACTIVITY

Background 0 1 1 .66 .60pCi

Exterior of housing 0 0 0 0 0

Both sides of source 1 0 1 .66 .69pCi

Et1ISSION TEST RESULTS

TEST COUlE #1 COUIC #2 COUIE #3 AVG COUIC ACTIVITY

.6586 401 623,571 623,769 624,906 624,082 .6586uci
calibrationh, standard

Ion source from
incinerated
detectors:

a. Smoke Chamber 150,740 149,954 150,319 150,337 .16uCi
side

b. Ref Chamber 178,871 181,785 181,4% 180,618 .20uCi
side

IV. COHCLUSION

From the test results achieved, the following conclusion
can be made:

1. Wipe tests indicate no americium oxide was liberated during the
fire.

2. The source and source holder remained in tact attached to the
source plate.

3 During the fire test, the melting plastic covered the smoke plate
making it very difficult to get to the source plate.

Jim Hampton
July 25,1985

-- - - . . ._. - _ _ . .
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DROP TEST-

EGD-6 SERIES DETECTOR

I. OBJECTIVE

The objective of the drop test was to determine if repeated drops of a
fully assembled smoke detector would result in the radioactive source
being jarred loose or if any other condition would develop that would
result in an abnormal radiological survey.

II. V2THOD

A test unit was dropped from an 8' height into a concrete surface.
The unit was dropped so that the impact was on the face of the
detector. This was determined to be the worst case. The test unit
was dropped 25 times with a separate wipe over the external surface
taken after each drop. After the 25th drop, the unit was disassembled
down to te printed wiring board assembly. Wipe tests were then
performed on the chamber assenbly and the surrounding board area.

III. RESULTS

/'
Each radiological wipe was counted for one minute using the'

Eberline Instrument Corporation scintillation alpha counter, model SAC-
4 No single wipe was found to be in excess of normal background
count.
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WIPE TEST FISULTS

Wipe Wipe
Test # CPM Activity * Test # CPM Activity *

.(5
'() 1 0 0 14 0 0

.

,

2 0 0 15 0 0

3. 0 0 16 0 0 '

4 0 0 17 0 0

5 0 0 18 0 0

6 0 0 19 0 0

7 1 1.1pci 20 0 0

e 0 0 21 0 0

9 0 0 22 0 0
'

10 0 0 23 0 0

11 0 0 24 0 0

12 0 0 25 0 0

13 1 1.1pCi 26** 2 2.1pCi

* Activity calculated using .65e6uci standard.

** Wipe test was inside smoke detector housing as well as the PCB and chamber
cover.

IV. CONCLUSION

Based on physical examinations and wipe test results, no damage was
sustained to the radioactive source and the source remained contained
within the confines of the detector and attached to the source plate.

Jim Hampton
,

August 6, 1985
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WATER TIST

I. OBJECTIVE

To test the containment of americuim oxide in the source holder and to
test the containment of the source holder in the source plate during
the immersion of the smoke detector in water (both room temperature
and boiling).

II. FITHOD

1. A clean aluminum pot was rinsed with cold deionized water, re-
filled with deionized water and brought to a boil. The water was
then allowed to cool and filtered throu s a .45 millipore
filter. The filter was analyzed for radioactive contamintion and
a wipe test performed on the pot and exterior surface of the
smoke detector. -

2. The pot was refilled with the refiltered deionized water and the
smoke detector was immersed in the water. The detector was
allowed to soak for 1 hour during which time the pot was agitated
every ten minutes. At the completion of 1 hour soaking at room
temperature, the smoke detector was removed from the water and

Q allowed to drain into the pot. The water from the pot was then
b refiltered throu@ a .45u filter. The inside of the pot and the

exterior surface of the smoke detector were wipe tested.

3 The pot was rinsed and refilled with clean filtered deionized
water. The filter was again analyzed for radioactive
contamination. The pot was placed on the hot plate and alowed to
come to a boil. The smoke detector was wipe tested on the
exterior surface and immersed into the boiling water for 1 hour.
The water was not agitated during the 1 hour of boiling.

4 After 1 hour the smoke detector was removed from the boiling
water and allowed to drain into the pot. The water from the pot
was refiltered through a .45u filter and the filter ana]yzed for
radioactive contamination. The exterior surfaces of the smoke
detector and inside of the pot were wipe tested.

5 The printed wiring board assembly was removed from the detector
and the inside of the detector housing and the outside and inside
of the insulator were wipe tested.

6. The ion source was then examined under a MX microscope. No
discrepanceles were noted.

OO
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FIRE HAZARD ANALYSIS

The bulk of the completed Smoke Detectors will be stored at the Physical'

f Distribution Center (PDS) in Florence, Kentucky. At PDS mainly Class I ,

materials are stored. Smoke Detectors are pallitized at 240 units per 50 ,

cu ft.

PDS consists of 2 buildings at 178,000 sq ft each. They are protected from -

fire by a water sprinkler system. The sprinkler system has a 286*F actua-'

tion temperature. The sprinkler heads are mounted 18 ft high on 8 ft by
10 ft centers. The sprinkler system is capable of pumping water at the!

rate of .18 gal /mim/ft2(14 gal / min / head). .

PDS is a high volume distribution center and may have many of its loading
doors open at any one time during nonnal work hours. This makes it diffi-

| f cult to calculate the number of air changes which would occur during a fire.

O no ever. on a randomix chosen der. the number of oPeninos at the check time
wou1d allow approximately 3 complete air changes per hour in one building.

i

PDS has its own emergency squad, however, the City of Florence, Kentucky

would fight any fire. The Florence, Kentucky Fire Department has a basic
full time force and is rated.as a Class VI department by the insurance in-
dustry.

,
,

! The balance of the radioactive sources will be located at the Square D
plant in Pinellas Park, Florida. The unassembled sources will be stored

,

in a fire resistant, steel cabinet located in a locked room within a limited
access area.

The room and the limited access area will be constructed of fire proof
.

materials and will be protected by a sprinkler system. The sprinkler sys-
tem will conform to N.F.P.A. standards and all applicable state and federal

/ codes. The building in which the limited access arcais located, relies on

O hand held type ABC fire extinguishers. Any fire, however, would be fought
by the City of Pinellas Park Fire Department. The City of Pinellas Park

__- ._ .__ _ _. _ --. _ , _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ . _ - _ . _ . . . _ _ . . , _ - _
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has 48 full time fire fighters and is rated as Class IV fire department by
the insurance industry.

.

-
.

James Hampton

_

Nov. 9, 1981
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"

S tuEE PIMG ALL THE DEBR IS p -
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IMTO A HEAP AMD THEM ~

1>
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f .:
TRAMSPORTATION .To . A T ' ' ~ ~~ ~

.
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- _..[ ! _.L

.;
~
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.-
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. .

- -
: . . . .
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.. ... .
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s

. . . .
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. _ . . . . ., . . . _ - . . , . . - .
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| . . . ~ .~~; "j- ^. TOTA L VOLVME OF AIR .L= $5 x l2 < 8 cu. FT/HR. .~
'

.. . .. . :.... . .. .

. , - - - , - - - 3- ( ;-;3- | 44 O CM. FT./HR. ~ ~ . ~

||-440 x 28. 3 2 .Lurnes/HR.. =
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