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INTRODUCTION

A sendes of 4ndependent environmental stness tests were performed
on Nuclear Radiation Developments Corp. Modef A001, Americium-241
goils mounted 4in source holders used in fire detection devices.
Different groups of foils were subjected to prolonged immension

in Buffalo City water; exposure to constant relative humidity and
Lemperature; and finally, o a test simulating the human digestive
process. ALL Zests were performed between February 27, 1976 and
March 23, 1976. The purpose of these tests is 2o deteamine whether
or not the surface integrity of the foil is affected by such con-
ditions, and 4§ the radioactivity 4is Lost, 4s it in a soluble or an
insoluble form. ALL foils tested contained an original activity

0§ 2 microcunies of Americium-241, 4in the form of Amexricium-241
dioxide. The oxide is 4incorporated in a gold matrix and rolled into
a final source foil containing several Laminations of gold and
silven, effecting a sealing of the Amenicium.

MATERTALS and METHODS

Imnension Test

Three NRD Model A00! Americium-241 foils were placed in separate

50 milliliter Enlenmeyer flasks, into which 3 mf of Buifalo City
Zap water was added.* The top of the fLasks were scaled with Paru-
§<fm, Leaving an ornifice Large encugh to allow a 1 ml glass pipeite
o be inserted and samples withdrawn. Two ml aliquots were removed
grom each §Llask every 24 houxrs. The volume removed was immediately
nreplaced with fresh tap water. One me was placed on a one inch
planchette and atlowed to air dry. The other one ml sample was
drawn Lhrough a 0.45 micron (um) MilLLipone §iftex 2o assay fonr
possible particulate activity. The §iltens were allowed to dry by
evaporation. Both samples were then assayed for thoinr aadioaé{@ue

‘ *Buffalo City water is classified as hand water, with a pll of 7.56

as deteamined by a pH meten.
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content by counting them in a 27 gns-§Low proportioncl detector.*®
Samples were nemoved on a 24 hourn basis over a 12 day perdiod, be-
ginning February 27, 1976 and ending Maxch 9, 1976. A one ml
aliquol was Left in each §Lask from March 9, 1976 until Manch 21,
1976. These samples were removed and placed on one inch aluminum
planchettes, allowed 2o dry, and then assayed for radioactive content.

A new test to assay for particulates began en March 21, 1976 and

“ended 48 hours Laten on March 23. The purpose of this test was to

determine 4§ any appreciable amounts 0f radicactivity could be
detected, 4in the particulate foim, beyond the original 12 day Test
perdod. In this test only 1 me of tap water was added to each fLask,
The f§lasks were then aggitated and allowed to stand forn the duration
0f the test. Samples werne then assayed forn particulate activity, as
per previously deseribed methods.

Three Week Envinonmental Test

Three NRD Model A001 Amenicium-241 foils were subjected te zin envin- -
onment of constant nelative humidity (£0%) and constzit Lerzaratune
(1120 FahnenhQLI 44.440C) for a three week period, 4£n sepatzie
closed AystemA See Figure T fon a nepresentation 0f the & s32em.

The paper by D. S. Carr and B. L. Harnis, Solutions sor Mairntainding
Constant Relative Hum&d&ty ; and the work by R. H. SZchkes, entitled
Standard Solutions fon Humidity Centrol at ZSOCI, were used to formu-
Late the conditions mecessary to maintain the relative humidity of
the chamber at §0%. From the data presented in these papers, it was
dezermined that a saturated solution of potassium chloride (KC1) at
709C would maintain the relative humidity at exactly 80%. Howeven,
the desined temperature for this expeniment was 1120F, or 44.440C.

A satunated KCI solution, kept at 44.440C, will yield a relative
humidity of 81.5%. This value is derived grom graphic inteapolation.
(See Figure XI., § Relative Humidity vs. Temperature in °C.) .Thexae-
fore, Lhe nelative humidity used fon this test was 1.6% higher than

**For type of 4instrument used, ete., see RESULTS



the desined value. This minon alteration should have no affect

on the results since higher humidity would make the conditions
even more advense. The Americium foil was sduspended from the top
of the chamber in a one inch aluminum planchette supported by
copper wire. The units were then sealed with a combination of
grease, paraffin and Paxrafilm, and placed in a Blue-N Stabil-Thexm
gravity oven at 44°C for a three week peniod begirning 2/27/76 and
ending 3/17/76. Reeve Angel glass fiber circular §ilters (size:
-2.4 em, grade: 934AH), were used to take wipe samples of all sux-
faces on the interior of the chamber, in addition Lo sampling the
KC1 solution {tself. ALL filters were allowed £o dry, Zhen placed
~on planchettes and assayed for theinr Aad¢oactLue content in a gas
‘Low Proportional detectonr.

Digestion Test
The purpose of this test was to deteamine to wha exient the Ameri-
eium-241 foils would be degraded by noamal human digzstive pirocesses
4§ one of the foils wene accidently swallowed. -
A.) Saliva Test - The noamal physiologic make-up of himan 4a£¢va
44 99% water and 1% 04 a mixtune of enzymes, salls end protains.
Anylase, the most significant protein, serves to catzlyze 2iz2 break-
down of polysaccharides to disaccharides. Saliva normally hzs a pH
of 6.8. The Americium §oil was immersed in a §resh specirzn of ,
human saliva, in a stenile test tube. Aftern 5 minutes of agctation,
in a water bath at 37°C(9s. 6°F), the foil was remcved from the tube
and placed into another test tube containing a solvtion of gastric
juices (sec below). The saliva was then placed on an aluminum plan-
chette, allowed to dry and assayed for possible radioactive content.

11 48 assumed that prolonged exposure to salivary fuices would have
Little on no effect on th- integrity of the foif coating since saliva
has been proven to be inactive against gold. This is documented 4in
many dental ae5eaence42, sdince, today, the use of gold in dentxatny is

a common praciice.

B.) Gastric Test - Aften immension in saliva for five minutes,
the foil was wipe tested and Lransferned Lo a new test Zube contain-
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ing normal digestive juices for 7.5 hours. Noamal gastric mucosal
sccretions dinclude: an isotonic acid of 150 mN H', 150 mN C1° and
5nN K'; a colleetion 0f enzyme precursors, an example being pepsin-
ogen, which 4is convented to its active foam (pepsin) by H' at a

pH of 1-6; several complex mucoprotedins; and the intrinsic facton.
The most important digestive factor in the stomach is hydrochloric
acid, since this acid, in the proper concentrations, is capable of
degrading almost all substances. Another impontant substance in
gastric digestion is pepsin. 1¢ was assumed, since most, 4§ not all
of the degradation of the foil coating would occur due to its ex-
posure 2o HCI, that the experimental medel would contain 150 mN HCI,

5 mN k' and 1% pepsin (swine). This solution was mixed thoroughly
and brought to a temperature of 37°C with a water bath. The pH of zthe
solution was 1.96. ' -

- ——

In this test, one must consider gastric emptying the majoxr factor in
deteamining how Long the foil willf remain in the storach. 1§ Lthe foil
was accddently or intentionally swallowed, zhe Longest stey-time in -
the stomach would occun if it were swallowed just beicne biZiime. The
max{imum elapsed time fon retention of the foil would be aprroximately
7.5 hours. The foil would definitely be passed onte the smz22L intes-
tine following breakfast the next morning, unless £he oLl skould be
Lodged in a diventiculum somewhere between the esopncgeal crifice and
the pyloric sphincter, in which case, the ameunt 0f digesticn would
depend on the Location of the diventiculfunm.

C.) Pancrecatic Test - The noamal physiologic make-up of the
small intestine includes such enzymes as 2aypsin, chymotrupsin, car-
boxypeptidase, Lypase, etc., which are available commencially as Pan-
ercatin. A one percent sofution of Pancreatin, confaining 150 mN
sodium bicarbonate (Na2C03) and 15 mN HC1 was prepared for this test.
The pi of the solution was measured at §.1. The f§oil was Ltrensferred
from the gastric test tube, wipe tested, and placed in a new test
tube containing the pancreatic sofution for a period of 20 hours, in

. a water bath at 37°c.
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D.) Large Intestine Test - As a final test to simulate the
passage of the foil -through the Larnge intestine, a test tube was
prepared containing Escherichia coli and normal Buff{alo tap watex.
The pH of the solution was measured at 7.56. This test was run fon
a 50 hour perdiod in a water bath at 37°C.

Note: The noxmel oral-rectal transit time as zétabziéhed by Dn.
Danield Bunkitts, 48 approximately 90 hours fer people Living 4in

weslean cultures. .

Radioactive Assay

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

preflush gas-fLow detector. The counting gas employed was P-10, which
contains 90% argon and 10% methane. The alpha plateau of the detectox
was determined with a New England Nuclear alpha refexence s#andard
(model NES-302-S, Americium-241) containing 5.0110.2 michocwiries -
(6.7x104 alphas per minute). This standard was calibrated in Octobex
of 1973. The operating voltage was determined Zo be 1270 volts. .
(See Figure T1.) An alpha nefexence source of Lesses acti iy was -
then used to determine the alpha counting efficiency at this voltage.
This alpha nreference source was also made by NEN and containad
3.29x10°% microcunies on September 11, 1975. The datz fox 2icse tests
appears on page 17. The detector uses a 277 counting geometry and it
448 not known fo what exfent backscatier of the alphz particles con-
tributes to the net counting rate of the source. The counting effic-
Zency was detenmined to be 55.83% 1 0.04%. “

Statistical Analysis
Statistical evaluation of the counting data was deemed necessary due

Zo the very Low background counting rate, and in most cases to the
equally Low sample count rate. Such a procedure allows for xeponting
of the results 2o a signifjicant confidence Linterval.

Nuelean Chicago's Technical Bullfetin number 14, How to Apply Statis-
£ics to Nuclear Measurements, was used os a reference for this analysis.
The number of microcunies nemoved from the foil surface and the $

ennor involved 4in counting each sample were caleulated. The parent
equation used to deteamine the per cent exror 44 as follows:
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Observed Value - Expected Value
$ Ernon = "Expected Value x 100

For the punpose of calculating the % error of all samples, Lhe above
equation was substituled as follfows:
e 96‘64065 Counts + Bkg Co;nté)

G Bkg _ CPMnet
$ Exrox » Eff{iciency - EffLiciency Erroxr 'EZE. x 100
CPMnet

- ' Efi<iciency

Whene Ts 48 Zhe counting Zime 4in minutes for the gross counts; Bk
i3 the background counting Zime (4in minutes). By subtracting the
errnor from the counting eff{iciency in the numerator, the value of the
entire equation is maximized for the per cent error. Then, nutt&ptyLng
the square root expressdion by 1.96 gives a 95% Level of con54dence
2o the values obtained employing this equaition. va -

The activity removed from the foil sunface, Ln micrcciuries, was

calculated as follows:

Cpunet » !

Aetivity Removed (uCl) = pouigrng Efflcdency T.77x1C% dprats

ALL valucs are neponted in Leams of uCi removed grom Lhe foil sunface.
Tables 1. through T11. present the nesults of all Lests 4in Ltexms of
uCL{ nemoved. '



RESULTS

Immersdion Test

The data for the immersion test appears on page 1§ through page 23.
The corresponding graphs of counts per minute verses Lime (in days),
are contained 4in Figures 111. through X. Figure 1X is a composite
0f the average values of all three gross sample assays, while

Figure X. 48 a similar composite of the MilLipore giltern tests.' The
values obtained by the additional tests performed on March 21 and
March 23 are pzotted'an thein nespective composites, on an insexrt
Labeled TIME EXTENSTON DATA. Table T. contains data pertaining to
the activity Leached in the gross and Miflipoxre gilten assays.

The foil surfoce and particulanly the foil structure showed zxten-
sive corrosion and pitting 4in almost all area due 2o its expesune Lo -
Buffalo tap waten.

Three Week Environmental Test

Only edight out of the 30 §ilters assayed in this tesz yielded suf-
ficient counts 2o giue a positive number after bachgtound csunts had
been subtracted. However none of these counts werz siatisticelly
different from background on a 2 sigma basis. The cctual c*antiné
data is presented on pages 29 and 30. Special disposable gloves were
used in handling the individual parts of each chambex when £t was
dismantled. The glove §ingertips were then assayed for possible
contamination at the end of all handling proceduxres. No significant
activity [greater than background) was obtained by these assays.

Digestion Test
A.) Saliva Test - The data obtained when the Aa£¢va samples

were analyzed proved insignificant; the gross cecunt rate was only
twice the background rate. This test had the Least effect of all

of the digestion procedures with ncspeet 2o removing aadioactivity
from the foilf suxface. A wipe sample was taken §rom the foil sux-
face at the conclusion of this test using a glass §iben filten. The
wipe Lest data also showed that no significant activity was removed
from the foif. (See Table 1I. and page 27.)
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B.) Gastric Test - As was expected, the Largen amount of
degradation of the fo0if surface was caused by the action of HCI.
Table TT1 contains the nesults of this test. The test tube used was
ninsed with distilled water and this sample was assayed as pex prev=
{ous procedures. A wipe sample was taken of the foil surface and
subsequently aa&dyad.

C.) Pancreatic Test - Since the pH of this sclution was 8.1,
“foil sunface integrnity was Less affected as compared to the gastric
fest. The test tube used was ninsed and assayed for nesidual activ-
<ly. The foil surface was again wipe tested before beginning the
next procedure. ;

-

D.) Llarge Intestine Test - Due to the continuing degradation
of the foil surface and the Long exposure of the foil to this
solution, this test proved to be second only to the castric fest in
its ability 2o nemove activity from the foil surface. The #est tube
was rinsed with distilled water, the sample was allcwzd o day and
assayed. Finally a wipe sample was taken of the foil surf=ce,

(Sece TablLe 11. and page 27.)



P

" DISCUSSTON

A direct comparison of thae valucs obtained in the Immersion test
using Zwo differcnt methods of assaying for Am-241 activity (4.e.
gr0ss sampling versus MilLlipore Filten sampling) produced a corre-
Lation factor of 99.24%. This 4is a definite indication that all

0f the activity which was nemoved from the foil dunface 44 4indeed
particulate and therefore insoluble. ALL foils tested produced
nearly Zhe same relationship when plotted as a function 0§ activity
~(counts per minute) versus time (days). Peak activily appears in
the thind day of the test in each individual case, as well as when
an average was computed (see Figures TT1I-IX.). At the five day
mark, the count rate of all samples becan 2o cpproximaie background,
and, 4n general, nremained at this Low Level until the end 0f the
test. The additiconal gross and parnticulate assays performed, pro-
duced & counting rate near background. The additioncl particulate
test gave a somewhat higher value than the additionct gr0ds assay,
probably due to the fact that fresh water was added #» the {Zask.

For alf proctical purposes, it can be assumed that ir the /-=ersion
Zest, the toZal water vokume 48 neplaced each day. Tre onz mf that
was Lefz in the §Lask should have produced an increcse in £2s
raedioactive concentiration with time, 4§ the sampic was Leaziing
Am-241 activity continuously. However, this was noz Zhe cese, since
the actual concentration decreased with time. Therefore 4% is pos-
4ible Zo make the assumption that the entire volume was replaced each

day.
On Table 1. a dinrect comparison ‘A =+ > between the activity detec-
Zed by the gross and Mcliipore £ L. tests, including the margins of

erron for each detenmination. The amount of activily detected by
the gross assay should always exceed that due to the pillen assay
since some particulates could conceivably escape being trappad.
Haweven in sor2 instances this is not the case, which would tend

to 4ndicate that the Am-241 4is not homogencously distributed in the
water sample Zaken from the fLask. This would again Lend suppont

Zo zhe observation thai the Am-241 being Leached dnom the goil is in
the panticulate form and is thercfore insolubfle.

10



CONCLUSION

On the basis of the data obtained in performing fhe various
Lests on the Am-241 foils, 4t must be concluded that their ex-
posure to strecssful environmental conditions would produce no
significant hazard to the biospherne involved.
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The conditions employed foxr the immersion test may nol duplicate
actual (recl Life) conditions, since the volume used is probably
much Less than that of expcoted situaiions. However, £t 4Ls assumed
that the concentration in uCs per mf of Leachate 4is representative
0f nealistic test conditions. 1In such instances, the fcil would

be immersed in a Larger volume of water, thus making the relative
concentration of Am-241 presumably Lower. In addition, 4in the
immersion teal the Leachate concentration was considerably Less
than the MPC,'! (3x107% uci/me) agten the figth to seventh day.:
During the §irst few days, however, the concentrations are sLightly
Larger on equal Lo MPC , values (Tadfe I111.).

In the immersion test, it is necessary to point out Zhat an average
vafue of uCi removed per day, for the 12 day test, would not be repre-
dentaiive of the rate at which activity was removed {rom the foil sun-
5&52, dince thznconccntnation wa s danatanttg changing. The most -2
representative value of uCi nemoved per ml of Leachate would be that
which £s obtained on the third day of Zhe test, sincz in alnost all
cases, it was Zhe Langest value obtained. 1& is then possizle Lo
compare this value to the established MPC, for Am-227 to give the
mosl conservative estimate of actual neleases grom in2 foil. The
activity nemoved on the third day as a function of Z:2 toi:l activity
nenoved 44 also caleulated to demonstrate thaz, 4in most cas:s, the
amount of activity nemoved on the thind day 4is a Aignigicani §rnaction
0of the total. Table 111. gives a comparison of the amount of activity
Leached pern m€ on the thind day of the immersion Lest, and cempares

i1 Zo zthe MPC , value for an unrestricted nelease of Am-241,

The reason why these samples show this particularn relationship in
the immension test may be due to the fact that, as the gold coating
44 placed on the foil surface, some 0f the Am-241 may be Lodged in
the upper Layen of the coating. Thenefore, when the foif is
exposed to water, the corrosive properties 0§ water are sufficient
Lo nemove this small amouni of "Zrhamp" material in the gold coat-
4ng, however it is not corrosive enough to entirely destroy the

coating integrity. This 4is proven by the observation that after
5 20 7 days, Little or no activity 4is nemoved from the foil sunface

upon continued exposure fo watenx. .
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Am-241

6.7x104

@

Am-241
.0329uCL

Proportional PLateau Detexminalion

COUNTING DATA

Exp No. Test Name Greenbexg Date  2/24/76
Scalen Voltage - Bkg -
Petectoa Puzs. preflush 1 mV Window Baseline
Sample gg:gfjgﬁ‘ orog CPu CPU-Bkg.  Voltage
alpha pm 10/73
" 1 23,255 | 23,258 800
o 1 34,930 | 34,930 £50
" 1 42,144 | 42,144 900
woo—- 1 51,804 | 51,804 950
" ' 55,236 | 55,236 1000
" 1 59,668 | 59 888 1050
" 1 60,628 | 60,828 ? 1100
" 1 61,494 | 61,494 | 1150
" ! 61,602 | 61,602 | 1200
" 1 62,326 | 62,326 1250
" 1 62,723 | 62,723 1300
" 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 | 69,694 1550
" 1 75,570 | 75,570 1600
" 1 80,432 | 80,432 1650
9/11/75 3 104,406 34,802 1270

PPN = 7.238 x 10°

e r©r/! - 72¢ 1




Gross

( (
Immension Test with Am-241 Foils in Buffalo City Waten

COUNTING DATA

Exp No._ One Name Greenberg Uate 2/27/76-3/9/176

Scalen Voltage 1270 Bkg Deteamined Dai@y :
Detector _Prop. preflush _ 1mV Window Baseline
ow
' Counting Total
Sample ¥1 Time,Min. Counts CPH CPM-Bhg. - Bhg/ﬁin
Imf ea.
2/27 3 10 3.33 3.33 0
2/2§ 3 47 15.66 15.56 0
2/29 3 132 44 44 0
7 4 e 5 11§ 23.6 23.4 .2
3/2 5 20 4 3.5 .5
3/3 5 104 20.8 20.3 .5
3/4 5 34 6.8 6.7 .1
3/5 5 19 3.¢ 3.2 .4
3/6 5 31 6.2 5.8 .4
3/17 5 22 4.4 3.5 .8
3/8 5 12 2.2 ey 0
3/9 5 15 3 2.8 .2
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Immension Test with Am-241 Foils 4in Buffalo City Watexr

COUNTING DATA

Exp No. One Name Greenberq Date 2/27/76-3/9/76
Scalen Voltage .1270 Bkg.

Detector Prop. preflush 1 mV Window Baseldine
§fow

Sample Counting Toial CPM CPM-Bkg. Bkg./Min.
¥7 Time, Min Counts 4
Iml ea.
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
1) s 5 69 | 13.8 - 13.5 .2
3/2 5 28 5.6 5.7 .5
3/3 5 25 5 4.5 .5 }
| 3/4 5 8 1.6 1.3 1
3/5 5 26 5.2 4.8 4
3/6 5 26 | 5.2 4.8 .4
3/7 s 9 i 1.0 .8
3/¢ 5 9 1.8 1.8 0
3/9 5 3 ‘ .4 2




Tmmension Test with Am-241 Foils 4in Buffalo City Watexr

COUNTING DATA

Exp No. One Name Greenbenrg Date 2/27/76-3/9/176
Scalen Voeltage 1270 Bkg.

Detector_Prop. preflush 1 mV Window Baseline
. LOW

Sample Counting Total CPM CPH-Bkg. Bkg. /ML»L '
B T Time, Min, Counts ' :
Gross Imf ea.
_ 2/27 3 10 3.33 3,35 0
2/28 3 159 53 53 0
2/29 3 207 69 69 0
3/1 5 106 21.2 21 %
3/2 5 42 £.4 7.% 5
3/3 5 62 12.4 11.9 3
3/4 5 20 4 3.9 o1
-1 3/5 5 65 13 12.5 . 4
3/6 5 31 6.2 g.3 .4
3/7 5 9 1.8 1.0 ~ 8
3/8 5 5 1.0 1.0 0
3/9 5 10 2 1.8 o
ey

S5 aam
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Immension Test with Am-241 Foils 4in Buyfalo City Water

COUNTING DATA

1.'ﬁ

Exp No. One Name Greenberg Date
Scalca. Voltage 1270 Bkg.
Detectorn Pron. preflush ] mV Window Baseline
g§Low
Sample Counting Total CPi CPi-Bkg. Bkg. /Min
, #1 Time,Min, Counts .
<45 um milTL-
pore filten
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 "
3/2 5 53 10.6 10.4 0
{ 3/3 S 108 21.6 2.4 "
! 3/4 5 27 5.4 é¢.¢ .9
3/5 5 § 1.6 1.1 Y
3/6 5 77 15.4 15 .4
3/7 5 33 6.6 5.8 .8
3/¢ 5 22 4.2 4.2 0
3/9 5 3 1.6 1.4 s
Ed

B




Tmmernsion Test with Am-241 Foils 4in Buffalo City Watenr

f. COUNTING DATA
Exp No. One Name Gnrecnberg  Date 2/27/76-3/9-76
Scalen Voltage 1270 Bkg.

Detector Prop. preflush 1 mV Window Baseldine
g Low

| sampte Counting Total CPM CPM-Bkg Bkg./Min
#2 Time,Min Counts

.

<45 um milZL{-
poie f§ilZen

2/27 3 14 4.66 4.66 0
2/28 3 6 2 ? 0
2/29 3 222 74 74 0
3/1 5 72 |14.4 13.1 .7
3/2 5 23 4.6 4.3 0
(.- ‘ 3/3 5 40 5 7.3 -
pre 1 3/4 5 13 2.6 2.1 .5
| 3/5 5 30 6 5.5 .5
3/6 5 18 3.6 3.7 .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
&
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Immexsion Test with Am-241 Foils 4in Buffalo City Walexr

‘ COUNTING DATA
Exp No. One Name Garecenbera Date 2/27/76-3/9/76
Scalexn Voltage 1270 Bkg.
Detector  Prop preflush 1 mV Window Baseline
' §Zow |
Sample Counting Total CPM CPM-Bkg  Bhkg/Min.

¥3 Time,Min. Counts

.45 um milTT-
pore fillen

2/27 3 4 1.33 1.33 0

' 2/28 3 113 37.66 37.56 0
2/29 3 222 74 74 0

3/1 5 122 24.4 | 23.7 .7

_ 3/2 5 43 8.6 8. ¢ 0
£ 3/3 5 23 4.6 4.2 .2
3/4 5 10 2 1.5 .5

3/5 5 69 13.8 15.3 .5

3/6 5 30 6 5.5 4

3/7 5 14 2.8 2.0 N

3/8 5 10 ? 2 0

3/9 5 5 1 g .2




Three Week Environmental Test

r : §0% Relfative Humidity and 112 Degnees F

. COUNTING DATA
Exp No. Two Name Greenberg Date 2/27/76-3/17/176
Sealer Voltage 1270 Background .5 epm

Detecton Prop. preflush 1 mV Window Baseline
cw ’

- - Sample  Counting Total CPu CPM-Bkg
_ Time,Min. Counts '
Bottle
LB Water 5 2 . 4 -
Screen 5 3 6 .1
Wire 5 5. ! .
Pry’ P.W.T.1 5 ) .2 -
P.U.T.O 5 2 4 .
( i Foil WT, 5 § 1.6 1.1
‘ Wet P.W.T.1 5 1 3 s
P.W.T.0 5 ! ;2 -
Foil W.T, 5 7 1.4 9
Jax 5 ! s 4 - -
Bottle
¥z Waten 5 2 .4 -
Screen 5 0 0 _-
Wine 5 3 . b .
Dry | P.W.T. T 5 ! .2 -
P.Ww.T. 0 5 0 0 -
Foif W.T. 5 | 1 " | -
Wet P.Ww.T. 1 5 ? . 4 -
F Pu.T. 0 & 2 4 -
Foil Wt 5 0 0 -
Janr 5 0 0 -




Three Week Envinonmental Test

(‘ ' §0% Relative Humidity and 112 Degrces F
COUNTING DATA
Exp No Two Name__ Greenberq Date 2/27/76-3/11/176
Scalen Voltage 1270 Background .5 epm

Detector Prop. preflush I mV Window Baseline
§low B

_ Sample  Counting  Total CPU  CPM-Bkg
Time, Min. Counts
Bottle

"3 Water 5 2 .4 .
Screen 5 ] ™ -

Wire 5 0 0 -

- Dny PW.T. 1 5 0 0 -
P.Ww.T. 0. 5 1 .2 -

@ ‘ Foil WT 5 § 1.6 1.1
T Wet r.e.7. ¥ 5 2 .4 -
P.W.T. 0 5 ? .4 -
Foilf WT 5 [ .5 o d

Jaxr 5 3 .6 "

Fangentaps of gloves used duning This proccss were assayed fonx
0s44ible contamination. ALL nresults were negative




2 Méﬁ.

7h3Zm

27h32m

77h32m

Digestion Test

COUNTING DATA

Exp No. 3 Name Greenberg Date 3/19/76-3/22)176
Scalen Voltage 1270 Background 0.2 CPM

Detectonr_Prop. preflush Gain ImV Window Baseline
§Low

Sample Countiﬁg Total  CPM CPM-Bkg
Time, Min Counts
e

Bhg. 5 \ 1 " |

Saliva 5 2 . 4 N |

Wipe Taz 5 2 .4 Y

Gasiric 5 20,779 4156 4155.%
| Tube® 5 1,354 271 270.3

Wipe Tat 5 1,812 362.4 362.2

aicnre-

atic 5 418 §3.6 £§3.4

Tube® 5 97 _119.4 19.2

Uipe Tat 5 1,550 310 309.8

.8, 5 1,466 293.5 263

Tube® 5 §0¢ 161.6 161.4

Wipe Taz 5 1,335 267 266.8

YATL Test Zubes wene rinsed with 7wl of desiilled waten,

This_was then pfaced on a planchet?, dried and counted.

24




Date

2/27
2/28
2/29

3/1
3/2
3/3
3/4
3/5
3/6
3/7
3/8
‘19

Total

+ Total

2.7%1.

uCi/me of Leachate
(x10

Gross

—
w

w
w

- —
RN~ N & N Uy O N
. . . . . - . . .

% 1% 1

.
W 0 O N N S S o O W
e T I R PN N Y
- - . . . . - .

1% 1% 14 1% 14 1% 1% 1'%

Sample
¥

#2
#3

-6

Table 1.

Digestion Test

) {x10
Filten Gross
2.4°1.6  8.3%2.9
17.523.5  11.3%3.4
26.5%5.3  35.2%6.0
26.374.2  11.0°2.6
+ +
§.5%2.3 4.1%1.8
+ +
17.0%3.2 5.421.%
3.921.7 1.220.9
0.920.8 3.921.7
12.1%2.8 3.9%1.7
4.7%1.9 NSS*
3.421.5 1.4%0.9
1.1%0.9 NSS*
116.4 L83.9
(229.7) (223.6)

uCi/mf of Leachate

-6’

Filten

.8%2.0
.651.3

NSS*®

622.8
721,58
.3%2.0

NSS*

418
621.4

NSS*

RMN

NSS*

34 4

(213.6)

uCi/me of Leachate (110'6)

Gross Filten
1.3 .1
3.7 2.9
NSS* 1.1
5.0 12.0

' * Not Statistically Significant
*“penformed at the conclusion of the Tmmersion Test

X3

Additional Tmmersdion Test Aszsays

uCi/ml of Liachatc
1110-6)

Gross Filten
2.731.7 NSE*
4. 7 6.8 30.4%5.8
55.627.8 59.7%7.8
16.922.2 19.1%3.4
6.4°2.1  6.9%2.1
$.6°2.5 .5.8%1.8
3.121.4  Nss*
1.02.25 10.7%2.17
4.771.8  4.5%1.8

L58* 1.621.5
0.2%0.7 1.6%1.0
1.451.0  NSS*
144.9 138.0
(=23.3) 4 27. s)

Wipe Test*®

1

5.
!
-
6.7

S~
-

!




Tablfe 11.

Digestion Test

Sample
Saliva
Wipe Test
Gasiric

- Wipe Test

Tube
Pancrcatic
Wipe Test
. Tube
Large Intestine
Wipe Test
Tube
Total (excluding Wipe Tests)
~Total Wipe Tests

Total Activity Removed

Table 111,

Activ

bl N~ AVUININD O N

e B el R e
-

Lu
.

{1y Removed (uCi)
N *

=
nhn
nn

x10”3
x10°4
x10-4
110'5
110“
110‘5
x!0°:
x10~
x10-4
x10-2
x!0

1%

Ll L o R I ISR S
- .

B B T B L

"
o SO D
-

x10-3

-
—
—

Comparison of Results with Non-occupational Exposurz Limits

Gross Sample uCi/mf of Leachate
(Day 3)
3 3.4x10°5
vz 3.5x10°5
3 5.6x10°%
Ave. 4.2x10°%
Millipore Sample 5
] 2.7x10
¥2 6.0x10-6
'3 6.0x10°5
Ave. 35.1x10
Digestion Test uCi Removed
Total (excluding 4.1x10"3
Wipe Tests) ol
Total Wipe Tests 7.6x10
3

Total Activity Removed 4.9x10

* MNot Statistically Significant
* 3x10-5 uCi/me
$¥4%0.03 uCs

92

$ Toial

28.2
29.6
46. 8

22.4
13.8
40.6-

Fraczion of MPC,**

Fraction MPBB***
0.1365

0.025
0.163
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Schematic Repaeseniation
of the Environmental Tesi
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_ FIGURE TI

Alpha Plateau Determination

\
! A
Midportion of Plateau (1270)

% Efficiency = CPM x 100 = 34,802 x 100 = 48%
DPM 72,380

| o
Performed 2/24/76, Nuclear Chicago Model 186-A 1

900 1000
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FICURE IIY,

Cross Sample {1

A1)
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FICURE IV,

Cross Sample ¢ 2

R




CPM/ml

90

80

70

§0

50

40

30

20

10

FICURE V,

Gross Sample #3
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FICURE VI,

Millipore Filter Test -

Sample # 1
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PIGURE VII.

Millipore Filter Test - Sample # 2 . . ~
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FIGURE VIIT,

Millipore Filter Test - Sample ¢ 3
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FIGURE IX.
Composite - Gross siuplec

1
J , TIME EXTENSION
4 CPH/ml
9 10 .
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) 1 12 23

TIME (DAYS)
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FIGURE X.

Composite - Millipore Samples
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FICURE XI,

s |
|
!

Saturated Potassium Chloride Solution

RELATIVE
RUMIDITY (%)
J
1} i | T T 1
40 50 60 70 80 90
o . TEMPERATURE ® (CELCIUS)
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. < 3
’ ' v 7 ’
'

W ~



ENGINEERING SKETCH SHEET
NO.
JOATE PAGE
541// & /  oF £
¥

B wmo-se
JOB AND USER (DWG. TITLE BLOCK INFORMATION)

B

77 < =% - . |

(rrd Qs BT 6 8) SF S LoA /20 reee Kmnem | Do 7‘f‘~¥‘;‘
APPROVED BY . DA

URRE D COMPRANY

...l
fLBcTE . C A fteavivesm
-

CrokCesmivesd) = ALVad X IA et V] ERERE /V o en ERNSE
J ‘Deeﬁy O At 2/ct 13?7 i)

'133\'/ :/4/6 - Q

o /a+

&= BEMF ~ BE,, —5&;’,

241
m ——>

&= 1795, R7) + RZ294 - /517 R

-

“ &= 5 ¢y Met/

KB 6E oF X i BRrcce 4 Cm

éf?kdu&ﬂﬁ("d =7 /(:c):c -
OF Lo o J é’?’/l’(”,"/lf/)/(&’c s 75°C

. P THaE Ese
Kew = A& <262

B = Ald¥ % G637 - 2,62
Ko = 4 32 O

ORLLU 4R TR OF ERWGE or— A /S BEr .coe S Tr8SweE

fe Bepec - ALEEMAN Kouce 2 Gwen
R = B Azt o Fue =061z g
- (4 T;”ue, {
7id5ue ( ) » '/cmﬁ,ﬁ // = M52
/?.‘saut A sim o
% /‘;aa‘le * LEOom ¢S
= ro0/293 [ -G Yk 437 Hose ® *
/& /%S,
- k’)
o C Tissue 2036 Cmr

T riZ S Roree e AmyeR eoF The Shkiw 15 //f}uq‘-‘(xn . CE7Emy

o

/. /th‘, Ae //4.:’/),# /?flf'lr.'cc prirwa /‘gvucr&uvrc JRT S .Zu'l.‘ 7:5:»//5.



ENGINEERING SKETCH SHEET
. MD-88 NO.
JOB AND USER (pw (. TITLE BLOCK INFORMATION) HDATE ) 4 PAGE
X/ XS 2 OF 5
'Ey  gam maciiee
P .
| A Bls T

e -

Cuitorinn) ©F Gurihd SXEesu: Rz :
]A"ROVED BY - DATE

§§um‘a§ D COMPARNY

Lt 8 v irmanm

LA LR ER R

— ———

Ve

e
S L

Ll S un R4) SowkcE /Boduses .o0e0 Mel
~

G’ﬁ?/)?x)}/l Kjﬁo,/a TroA) Lo AR )//e‘.‘.b (_';f Se % -
A=/ O = ,00/mC/

. P < =1
X, = lesexwp -A . ). BT
L V5 =060 Mel &’
. 4 . o > —‘
X, = LZeX% %€ 000t )BLNE115x/67) Yy = . S ¥l
- . /
kit Uop = » OCOO 37175 Coot”
X, = LRAL7 X 72 ot VY T s Diswomee Rom Scouweee
s I . E
r Xo i Eafbos..uQ:i F’h"

P
DR 7o) E-)c/Do Swk2E = AP

CORLCULRTE T HE
TreE Swmoke Lerece e

P s - - e --
e Sl TS s

/4‘ l?f?a,ar/oa.} /0/?55”0(,- ‘/7,\’5?1{ @cf/oae CLAL
oF P ewrer Cicu. T =ReAaed
Kowene 17650887108 = 1ViBsS APY, wusron) x. Drwsiry
CeoesFffrerenr CocrFdie 7 v Shiewd
/(, = /el x 5’:7¢
= J4453

o X = /KIS X 005

AR T s OT72

& /t??b/‘??’/oﬂ ,0/955/4.!6- 77,‘éaa 0-7/; Sres,. Smoke ;}ﬂfff
AT L RO X LT
e = T 432

" S X = 432 X ,03%

/"“—‘ x = - »'?\”)‘



ENGINEERING SKETCH SHEET

B mo-se NO.
JOB AND USER (DWG. TITLE BLOCK INFORMA TION) [oATE / /. — |PAGE

" L /Fs 3 O 5
4 7 “-Z"—lv’

Yovir Ketroy
APPROVED BY . DATE
QURARE T) COMPANY
¥ TS LA A Y DR
- - ‘,07}' . & "35"'
x Cuw, 5““6»0 N o C %FC S)'\OCLD - xo =
L . o ) *
X Cu Shiewd < .93/ xc. e Shieeb ™ ° 6’97)(0

Exposuls Brre A+ Owurs & Swrnes or Smote Deree o

X& = [R7)T7 A /0"" wrze= 7= 3.792 am
=

X, = I2%i1X/0"°
(3.15)*

A7 SuliFAcs
LRAS A=l =D

L4
X = 7.9 x 074

L d

Mow smew = * 730 Xe
£ -6
)(cu. SHisL - '93/ (;'?6 X 1 ) AT SuREE
. . S e éf/u (’cf}i‘ﬂ
s O -b 08
xcu_ SHiELD = 50027)(/0 /r/7
= 499 X
ch SHIZeD 77 X"
. &
X = .é??(iﬂ?&xm ) BT SwerAcE
Fe SHie
SHIELOTO /3,« STESL
K
otp > -& ) ,/
XFe smieLd CelZ X /C A.A

EAPCOSURE Ere Br 5w Foorm Ours.oxr Swemos

Ae = 127,17 g(ﬂ;(g_"é’
—r—'J—

& z

a’éc-ec r = T iom

(A

1Tt 7 X 1O

14

¥ b/
= L&e50 X 0781

S




ENGINEERING SKETCH SHEET
B wo-ee

NO.
JOB AND USER (owaG., TITLE BLOCK INFORMATION) IDATE g of PAGE
¥/ £s Y oFS

BY 7 BV e )
Do Slaertls

B Lk b Trnl L @(zagg ngaas./ég tz)ﬁr't;
‘R-l

SLtcTe ica

APPROVED BY -

DATE

'SQUARE ) COMPAN)

= LesoxseC(. 73/)

p &

Cu SHIEWD

> .

tw SHiEd = /o 53¢ % /0‘6 P//-/

p &

e SHIELD

).(Fe smes = /83X /0‘62441

= Lesoxo"C(. ¢99)

Expesues [prE RT 5em [Ben) ours,se SuliHos

. -k
X, = 12211 %10
"
. >'\" T Q717 x Jb-b
(R7.728)%*

)‘(0 = /.5'36‘1(/0‘{/?/7"

wheee Ta 23,75 Coe

xcu S'}'NCLD - /,l/ﬂ?X/O’s’ /@A/I

e ——— e et

- o
x(!q. S,HC‘,D = /‘53=)</0 (' 93/)

ch SL”"__D = 49‘35’)(/0‘5‘ (o é?f)

_;(Fe sh « Lo73 x10°S 41




.F_.;/‘ 'WSMGB&
R.1
|

ENGINEERING SKETCH SHEET
B wo-se

JOB AND USER (DWG. TITLE BLOCK INFORMA TION)

HDATE

S ~ 2/
LA ULDTION OF &R A So.r7rox) £x COSYRE Iy /F

PAGE
/or.'.

' G K

APPROVED BY

ALt cTe g

. fof

'SQURRE [) COMPAN)

e 4 7%8 0/066197’0‘6 S/ TS AexT TO B Fieni ToBES (/‘/J/r’

His

P . -
AT T = 20em XBMQ/-’ BS x 12211 %10

W

OF son) ScouReesS Fopr T MHours rée Dny

leTAC Boby ExPos4Bc wice Be 2

D ——
L T

& '
RO X /O /f}[z

20>
e b b 5/
17 = 25em XB‘.[‘,( = 180 % |27, /2% /b " - RAH2 xIO /t.//z
- T
” - A Ao ln /s
7 7= 30 em X&,‘/, = D X 121X 107" - 22.461 % /0 A’/,,p
30"
/7r-— 7 = Z50wm Xﬁcd" = L0 X ._;—_7«"_7__5_10‘:: L':“_,/ 7‘/,';',"‘/‘/32£
. s+ i
K " A
A )= HOam /‘L&J} = /OO X [R27./7% /of’_“,: 7.5 X/0 /L%z/«’
so*

/‘/f Y = A e ).(

<

A
a.dy = /100 X /R7.77X/0
&z y _._.._b:____-z—

p——— - -—
/TR /A5

L

- -

—

ol
b.28 X /O

S he

/04 55 Xx/0 &,c]%e

f:(/OOSu.QE > Jo¢. 9 x/p‘é’ f//,e

F3%.2 X/o'éf/bﬂ)/

r .(5’415'/\-7[;%;&

-"4’/"7105 1S Below The

rernrissuale Dese

A(('(L (“(‘

/~{ CL\“D/4+£ r”cﬂ ), /(/ .._,rpe o oFf LRSS VoDt S

W A_HL"/&’//M} ) ;@cs ,t/e’f'ez_s /5',.;/6//5

/"



ENGINEERING SKETCH SHEET
B »o-se

NO.
JOB AND USER (DWG. TITLE BLOCK INFORMATION) DATE | PAGE
< Fige.- ) 3 - Zef2s | 2 or 2
LI OULATION @I ol LBOIRT108 LxPose= |gy ™ B 7’
y, —
CF _CPerron [Fesemdimg Zow Soulees j‘ v JPeAs s ricbey
"mT 7 v 4 APPROVED BY - DATE

'SQUARE [) COMPANY

——
SLBcT @M caL CO Vi irmaen

APuume THher THe GOEES TR fps B

fieie The@Bl OF /45 Jon) Sowueees ST The work
STRTION T Pil Towes 04/0?/4% ) F Lrou Lry, Ad
//e /ﬂ/dAs “f THE SowlceS FuRrwesrT A )/ /=0 w7
/7S go/ / /=S 7 SR s /?{;M/DS PR ol ESRINS
pee /Cm over Twe Top oF The Tese oF sox
Seuraees Eveeyrime 4P Soulce 135 porefed >

b TH "/Z’»geg RS, /Z/c C oA ’72/(4) Assume THor

rForR 4.0 Houls EACH Dry #s Hoawd 15 O Br Fyesnéis

orF ) Cr2 o /?/o/»,ecx,mpra y /LE oA Sowrees

g = ——r v
o€ EXPOSEe TE S SR FCE 78 €

L3

/]
x///ﬁw) - /':27‘//70)&:’/0-4’ > /S = ) Ml /ﬁ/ﬂj//&’

;IH,;‘,D = /B, %4 x “* 0

73.74:/77/("/49/9)/
22,7 X &5 = 479 ,.0/&/., &te.

o

X A D

Whieh 1s Belew The Fdemissizie Loss Levee
of /f’/} /?EMS/C’:%, QOFr Fer Ro,/bl)” ExFoswec
a‘{ INDIVIDUALS To ERbATION 10 !k?eSTQ)Qch /77/6?6195”



ENGINEERING SKETCH SHEET

B8 wmo-ee NO.
JOB AND USER (DWG. TITLE BLOCK INFORMATION) : ‘ DATE , PAGE
OPLIOU AR TION) CF G e rmis?i A K29 010 71004 LEXPCSwmrs 77 s /

Y S e
P L. 7 7 oo
/( s ] W % € € 2 S Za - Z 3 :;ﬁ——':-: M. _JA«;;:»/ ?L‘jq T

.R-x APPROVED BY - DATE

| "SQUARE [) COMPANY

[(ER R to v irmanm

Du@int Tie FAVssemdc y o~ The JON Fusris
Te The fRwreo ewec Somed, THE CpeesroR
e Kece ve Ex/c CSwl s e Towe Aews S

w Disrmucs  oFf Booox mpiEey # 2m.

;( = RN T MO

«

H—L
P -6
Xe = 795 x 10 E’//“
‘ TF U APmSmlE 7omrdi A4S HHoadels ThHess FARATES

AR G fowrs /oe,e Omy (FRom 7ime Srwoy Ob.seﬂ"/ﬁ’f‘/oa))

0

'7%0«") X = Z?S‘x/&“’x Gotf

THE GAAPNA X /.)(:5 GRE Wwoulrdh BE 2
AN D ‘
|

. 2 —6
Xhows = $0:9x 107 £/ Day
Xhawo = S0.9%x 107 X 5
4 s c?/// /5 Belcw ThHe oeR 5SS rBLE Dese Levee o7

/73/4- /?c'//s/d’ﬂz, G e joee =, y ”Ex/ocswe,_r

it . . ®) 7
eF ThRoiwioumts Te Eomrien 4 Lesr o, e7ed SIS



ENGINEERING SKETCH SHEET

- MD-88 NO.
JOB AND USER (0WG. TITLE BLOCK 1~romu TION) DATE / PAGE
LPROUNR TrCA) G P /707774 220,704/ E APC ‘»uf"E v/o /FS ] oF /

v ?4
Z#ROVEO BY -

“SQUARE [) COMPAN

L7  CRL

7
o

L THE COFCRRARTOR WeEwT™ o THE SrersesE
Cremwsr @ Times B Dwy 70 ferwve S 7Tabes

( /486 5c~uzeces/7:,3,;) ERCH 7,775 A a)€ FPEScre
7227 /%'5 /’7/,94/0 L L L ,é’e vitin) o PO of ThHe
Epram 7 & Swerwee of /40 SowrcES THhen THe

T oA é:x/acsuaeé' Vo #s /é/ﬂ,uu il T &

-
= RAWTXIO o JSeO

W A

X Hano = @2 ?/77/(:///4

x Hano

" AT o See T TTines /()f./d A‘?ﬂ/:

S0

- /
,‘:. )('.L/”,Uo = J/os‘(/??ﬂ/&/?/

CRrR 3l4 X 65 = 2.0 Kems 4__0_4_:._:2/»4

/1:’/,4/:'4 IS gc/ou' “7756 /C’eém:sslﬂce [/o.se Aeves
ot /5’3/4— [t)i-IY/.S/'C’ﬁL. 4#-,2,

e —————
SLecC TR CaL tovirsmam



ENGINEERING SKETCH SHEET

B wo-ee NO.
JOB AND USER (DWG. TITLE BLOCK INFORMA TION) |DATE PAGE
CReCuarrroa) ©F GamMMIA4 FfowoiR Tre 4 “/fs‘ /_oF /
8Y e /
-
2= X/—)( SURLE OF A ZposS08l r STplr4s (ﬁ&‘/&’r‘ - )’”'y"" yPLe
%) APPROVED BY . DATE
L 'SQURRE [) COMPANY

— SLtCcTY® can Coucv-.-
— ——t0

L WE fISSamE THRT S Peser) SToaole &)
FROKNT OF ThHE CPER SrPeRGE TRSNET Cowrsmin é
/00, 000 DoOwurReES /S5 E)fo.:a_:‘b P DisToeeS OF

.;75’,30) 3>: 40)‘4-‘5-%50 Cm , THE Follow, 0 Criadaumnr. oS

b o b

BT =asem X= /6667 % 122Ax 10" = 3.39/ m/Th-
R5*

A7 TV = 3cem ;’7 /€667 x /‘-27,/7:({4_'_6 o °2.355/r/&%”
So*

A T 35em K = 4,667 X /R7/7 X /c‘f('

’ 35 %
b

AT T=400m X = /4467 % [Q2/IX10°° _ LBas,mAh
Ho*

I3 C //.//(’/)/)/'l

b

: - -
Rr o =#5em  X= /667 AN IZUTXLO. = Lo4]mEh-
Y5 %

<

BT 7= 500m X= /6. .647 > /27./7>«/0'é’ = P45 m;é%”
4 2
Y

,', LT HE S0 s FRwnTT O T OREBAET o S

ROV E APS5 / SAowe E2¢4h 4)4/ Ahs Tordc 45’0::6/ z.:l/bo.s.ree,
wWourp Be /0.7/0/6717,9)/.

tos ernerrs Beo 94 EX fo & S E joere Crerwpme Lummeren:

dewed &2 S W SOT = 69 /fgan:. L AR

et 75 Bt THWE FrrEfmrissi@ie LDeoss Levee ofF /74 /\) EAS

AICN Cricrnidee &/&’o



*-

PTRE MPOm WINL/4 oW

TIC WO DIVLYYMAD
VY i r

. ) DAL ANE
':'\ test the y»(\y-‘-i:n“w,;rf of in the source hWeolAder gLnJ +n

oot + sy Ay tain nt ~Af +he amvirne hnlde i +) SMNITOS Tatas Anrin
est the containment of the source holder in the source plate during a

3 3 A s v 4 res 4+ -
fire which destroyvs the ¢ ) o8
.
Ls
" " - \ ' dad ¢ 4™
above (4 I, standard 217 wood

The wood were ignited visa

roximately 10 minutes. Flame

normal mounting h

At approximately 7.5 minutes

52717 fram 4o M’“vr*:v‘p intn
i 1 1S MOWtvirl 18 g R

Rtk 4 4 UL

7.25 min., into fire test

EGD-6B set up beforefire test

LAzl

U



N DT T M
Lile REOULLK

. 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.

7.50 min intc fire test EGD-6B after fire was
extinguished
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WIPE TEST RESULTS

1 MINUTE COUNT
WIPE TEST COUNT #1  COUNT #2 COUNT #3
Background 0 1 1
Exterior of housing 0 0 0
Both sides of source 1 0 1
EMISSION TEST RESULTS

TEST COUNT # COUNT #2 COuNT #3
6586 4Ci 623,571 623,769 624,906

calibration

standard
Ion source from

incinerated

detectors:
2. Smoke Chamber 150,740 149,054 150,%19

side

b. Ref Chamber 178,871 181,785 181,498

oide
h i, o CONCLUSION

From the test results eschieved, the following conciusion

can be made:

AVG COUNT

AVG COUNT
624,082

150,337

180,618

ACTIVITY

.60pCi

.60pC1

ACTIVITY
.6586uCi

Jd6uCi

.20uCi

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 DFTECTOR

OBJECTIVE

The objective of the drop test was to determine if repeated drops of &
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.

METHOD

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 assembly and the surrounding board area.

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.



Wipe
Test #

1
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1

Activity*

0

o O O O O

1.1wi
0

0
0
0
0

1.1pCi

WIPE TEST RESULTS

Wipe
Test

14
15
16
17
18
19
20
21
22
23
24
<5
26"

*Activity calculated using .6586uCi 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 +o the source plate.

Jim Hampton

August 6, 1985
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I.

WATFR TEST

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).

METHOD

1.

A clean aluminum pot was rinsed with cold dei~nized water, re-
filled with deionized water and brought to a boil. The water was
then allowed to cool and filtered through 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. '

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
allowed to drain into the pot. The water from the pot was then
refiltered through a .45u filter. The inside of the pot and the
exterior surface of the smoke detector were wipe tested.

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.

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 analyzed for
radioactive contamination. The exterior surfaces of the smoke
detector and inside of the pot were wipe tested.

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.

The ion source was then examined under a 30X microscope. Wo
discrepanceies were noted.
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SQURRE J) COMPANY PAGE 1 of 2

ATTACHMENT B-14
FIRE HAZARD ANALYSIS

The bulk of the completed Smoke Detectors will be stored at the Physical
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/ft? (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 normal work hours. This makes it diffi-
cult to calculate the number of air changes which would occur during a fire.
However, on a randomly chosen day, the number of openings at the check time
would allow approximately 3 complete air changes per hour in one building.

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 radicactive 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 Timited
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 areais located, relies on
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



SQURRE T) COMPANY

PAGE 2 of 2
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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
/mk

~



ENGINEERING SKETCH SHEET
B mo-es

NO.
JOB AND USER (DWG. TITLE BLOCK INFORMATION) -~ . DATE B PAGE
LR IITIOR) O Pl s G SR KBD R TIOA &/ /7S !/ OF 5
v ,
) " — A
S el g - -~ - »¥
EXPCSURE T & [FIEE et DuRIAG A FIQE oo Yy
o

PPROVED BY - DATE

SLBECTh €A

'SQUARE [) COMPANY

e TRl //:f;‘:"x 7 IP0iA 7 I‘muda’;'ac’)/ o= Siofe D=

——

TECTOLS

BT AD S. WARESFOUSE 'V FRORENCE, /?/z:fo/“ac’/é/ -

/:5’() cel. T F FlL TS J/?/:/‘f ETEE rea2S P

JFCELD /4 Al (3«1/.0/4,6—- <~ /72 oCe ? Jée;") &/
B JF Foer /é/'};/} eI~ VD e PSSumre T

/7 CRTRSTRCOmIC FeE Mil ISE,600 Smcke Derccrees

SR SACIA =R rso/, HE B T ‘/ et OCRLECULRTE T

SR T O P ARy R Lo BERRTED, 4’5/»5'/ ok loloe

—

'y

—

7 //L!

c .

/ )
Azrease K ,9,664’/?7?7%/ JES7 AECSwe7S ©OF Loe rorzee w/ ST ‘/J

o % eF Sr 2] Wi iPe X Geowred Dureine B 7/ Aoak

s
e I
F AP o

T ST K4S &

e ol AP tems T ot Srr P4y Ko FELR D

wire bt /3 =
TSR TT T HAHERE

Moul I THE

P

TE rme ComCrin 7R TION CF Aozp 28] ) THs FAR Duraé

THE [FRE,

airit 3 3B Cosz

=i — & " g
S s /7/99’4 S 2 KE

P -

s A

DiSrR,BurEl TwlousHeur TwE

C o 772275

Ve (’3 ‘

ZF e HsSsumz TR T TS Torml frioun i oF e i -y

LETE PR OARVEES
Ll re G, THEN WE CRAN CRLOUAATE

JCr9e Verume= oF AR =3 X /75 000X /§

— / )
e 7L /;/.//mc‘ e * /742

"

DGl X /{'é Cie /—';,-/"‘//&1

Re/A X 2F.32

272.2 x /0%

292.2 xs07

I' s
RiTmRES / /74

.

/P // A,

IBits DG Ao

e

i

T

/X /S0 000 X L OC3/



ENGINEERING SKETCH SHEET

@ vo-es NO. |

JOB AND USER (pwg. TITLE BLOCK INFORMATION) E‘TE ¥ A PAGE
OB CilaB710A" OF urfrdd e («A2/774 ﬁ??o/,;r/aAf‘ . f- & > - OF =
W s |
EXJPCSULE OF L85 7 a7 DidlCilile I i ks T2 aa07 b {' |

. R1 7 PPROVED BY ¢ DATE
| SQUARE [) COMPAN

— /
COACENTRATION ©F /m 41 = _Z&o e & o
N SRR Durin) - /= £E 272.2x/0%

g _/._:"/r XY/ C?c_fee‘.: TRRRTI EAL LA SR L UKD - :Zé o 77 [

\
|
\
|
|
|
|
\
|
|
\
\

D-le”z'é—- ~ C’H,"/?STE(.‘/Dﬂzd FJ/?»:-') WiE e D c"x/bec'r' TALE

Aeccf To COLe BPEE IO THUS /PLLOW rP0RE e TE

Dintwiz= T Concen 7RRPr0A), FHLSE ), THE OUeRHERD S/ueu,%/cuc
SySTE® woucd IRspzosT Pluth eF THwE RIBERRTEYD ‘
FPr2ren i FROM BECOMNG FIRBORNE J7icR TO |

Ccu_;;ps.?_ = T e ch;o/:.

. L= TIHE Sl S GHTITR  JAAPLIES ROCOE AKirees s~ S
(1012 MHouRS &F /fermi ¥ 5&’6/97‘/:04/6—) DurR & THE Torral

D s OFF THE /s, PUD THE Cosndenrsrron oF

J
/o ] 8 TwE SR Alamrsims 2T T LXK /0"’7//:.;': il
Jeve), WE Awow Twmr Svi orr THE 1 KUl s D
iel 1BE INIMEDIPTEL ) Exﬁ,«;u_ EL Pl TELEFORE e
Ao &Ffeer

de #15 Torme wpimkE cf 5 a
T Y/ niet BE T WS X A/Xx/ R IRAGQocs x 1O

= é &/X é@‘sé. %;

e

T WE PESUNE THRT OF ThS ToTRl (P TikeE SO b wiei
(BE FLlimind Brzd THCOUEHN THE RUNGS BRNO CRESTRO-/ATES I Il
TERCT ABAO é'z:,‘?"«; &int. A3€ BbsekBct Ve THE Ok ey

. P e TR I THE LS £ A /L"cfu._',(a -t

o 7 )f’:'ru”s ) ther s Tw TR AOSE Cernmre 7r2r€n) 7=

Te S .4"44.:'7{5 Wict SEe



ENGINEERING SKETCH SHEET
B mo-ss

NO.
JOB AND USER (pWG. TITLE BLOCK INFORMATION) ﬁATE y PAGE
/ ) 7 3 p—
(P PLAUARTON @7~ Bl s GRI225p] AR D/n 04/ //;/[3 T oF S
= N BY e
7 7 ~5
— | e PP
CXPE Sk, 70 A FiRE ﬂu.e,/t-‘;! N B  ei” L”f’/“'

v

APPROVED BY ¢ DATE

'SQUARE [) COMPAN'

fLtecrmican

T aTeRMRL. LDOsSE
COr222, 7 e T

277 A g py

Where - i oS /Z/X/o‘s_-
£ =

= R/3375 €(/__ e—xm,‘T)

[ ot — = 5 “
F55X0 _n &

Freneon oF Terme /3:)(/}/ Myepen)

T O3

3

BOLO Prry

L = Jlu’Z‘.,7 NelVd' Rem Cap”

¢ hungs » ET.)

T erme IS & F /(u»d;s 9 G Z
C

1 . *
( Fer "CaccunaTion of Kapiation

Desc €Geom

= /. . 4
sk /) 74
. b o w' here (¥
/7” 7~ 74
'b

= LOr26P0 x 288
AO/ROFE +~ 2.5 F%

1}

29799 Hes.

I

i

“/5?)/ CrRs
2 DRY.S

_ r#f
hz[/ = 73
-3 38/ 4
/\c.[/ = , &0 AY0f

Zaurersuse Dess

-h,},’;fr
Cermim. rrew (Seft ORGrUS) T ~2/Sg £C (/-— (ot /

8
) N=ys



ENGINEERING SKETCH SHEET

B mo-ss NO.
JOB AND USER (DWG. TITLE BLOCK INFORMA TION) DATE Y. PAGE
ORLOULRTIOA ©/= S i) - G /P17 4 /Vﬁazﬂﬂf* 5 AL = or 5
e — pa—— an P ! ,;)’ ’lts-‘_&éi
Expesur To IR = ghTef LDufife A _FIirRE Pour
‘.,, ;o T /a APPROVED BY - DATE
: SQURRETY) COMPAN)Y
K | LR CTYTHh €A .."....

Soft ORCAN Dose s 2/3(&ssxe )X, 043x%57(1-€
SO0l X , 00240 b

= 92.9/5)(/0'2'(!—.5')

= LAl x /0°% REM

Twrersuse DosE

Cormm .57 mr€m i~ (.‘5/1—.«.5"&4;) Q,/B 75: = </_ -X ik
J

272 Kz

‘h

where ; = 555 x /c’j?iq &l
fi = Freeen) ofF To SO TR BcJ
. ; = /4
= Imwss e cshelerca
= /c)co/m

273 el 12 em Kab =
(_Pep Pe_?oru- Ry

(h

Teok T N - Ta

r + 7 vl
lp = 50)'25
leif = 4012020 x 437000
“So)2070 + 43 F 000
Tetf = B.G479 X 10° Hes
.\ - - L4 é',oj_ h = L4 é73 -
. FF S i e . sAP
lerk Z.9YF7 X /0

- IO .Lu)

J

Lo DER)

(‘AL/L “(A,)

LCRP>

Hes



ENGINEERING SKETCH SHEET

B wo-se NO.
JOB AND USER (oW@, TITLE BLOCK INFORMATION) / DATE ;7 / PAGE
OLCULRTION i FPLFPHA S GAIIA KADIATIOA Vid T a 9 OF.S

1

BY e, 7
.n Eﬁrpggqef /O /—'7&:‘, /;’7”"/?[?,(3 DURING B =iR:E chtand Gt/ Al
. f

APPROVED BY -“DATE

SsscrTa A te v

| "SQUARE ) COMPAN

Zwreddl Lese

-
-3 e 15UGxi0 x 4Tt eeo
Comm, rrrren i~ (Skereron) = Rel3X F55x/0 w14 x283(1-C

/COOCO X L])S5YIX /0%
! e
= X/ 157 x /D (-3343

—Ero-‘u_ Desie = JJ.D’{ KE M

/
9,2' Teta Dosz T e SKELETOD = 9441 K)é.-.’n/)/c’_'q'()—

P =7 o— — - U -— J— o, - - ’ 5
S SRCEE /s T )/ OF THC /s /S~ A/L"L) K ECcvt 6~ THIS
" i ) = S —
‘O S5 P s = Ve M”(L)/ Lé’r}po,‘—[:_‘ 5/4«'@6 3 ,0:/424/,4.(_,

ArPESTIC z A //(c/ SV G- L'OCui D 12 2 e R i= s v

v
. LERRANE ©F (£ : ‘ .

\"5/»;' EA [ORER T~ A /;:i/.( / P EA ; oy AEAa &l
v

.. ' o . . :
ANV AT &~ /94// LA TR, SR AR TIOR %72/9,67&.

/



BY 17( /—Q DATE /‘Z /j.l / SUBJECT CRLCULH T‘ON OF GAMMA SHEET NO, !_ OF 2 _—
RADIATION EXPOSURE OF e JOB NO.. PSS e T
PERSON CLEANING UP AFTER FIRE .

CHED. BY . - DATE ... .

DURING THE CLEAN UP
PERATIONS , THE PERSON
SWEERPING THE FLOOR AND
SWEEPING ALL THE DEBRIS

INTO A HEAP AND THEN
LOADING IT INTO DRUMS FOR
__TRANSPORTATION TO A _
LICENSED BURIAL SITE , WOULD
BE EXPOSED TO THE Foccowwa
"RADIATION DOSE. ~—
_____ IF WE ASSUME THAT ous EETE .
PERSON CAN SWEEP THE WHOLE ' e n:
AREA IN 16 HouRs, AND THERE wiLL BE /50,000
RADIOALCTIVE ESOURCES SCATTERED ALL OVER THE
. WAREHOUSE, FURTHER , LET US ASSUME THAT THE
AVERAGE DISTANCE OF HIS BODY FROM AN AVERAGE
OF APPROXIMATELY |I0000 AMERICIUM SOURCES DURING
;.THE‘ TOTAL |6 HOURS 1S APPROXIMATELY 76 com,

127.17 x10"® 10000
6% -

THEN ).<aoo~/ =

Xeocv . 220 x '0-6 Rh-’

:. TOTAL EXPOSURE = 220x10°® x 16

~ TOTAL EXPOSURE Xgooyr 3.52 mREM | e e s

WHICH 1S FAR BELOwW THE PERMISSIBLE DOSE LEVEL
OF £ Rem PER 8§ 32.28 “TABLE OF ORGAN DOses”
coLumn 1 . ;
THERE WILL BE PROBABLY MORE THAN | PeERSON

CLEANING UPRP , AND SO THE LENGTH OF EXPOSURE
PER PERSON WILL DECREASE , ALSO IT 1S MOST

. UNCIKELY THAT THE PERSON WILL BE CLOSE To 10000
ION) SOURCES AT ALL TIMES DURING HIS CLEAN UP
SHIFT.



By X Lo2 pave !¢ 1171 susseer CALCULATION OF GHAMMA gueerno. € oF &
CHKD.BY.. _ DATE.. ... _RADIATION EXPOSURE OF  soemo.
g PERSON CLEANING UP AFTER FIRE

—— — —— — o

;‘ BUT EVEN IF HE 1S AS CLOSE AS S50 e~ TO ALL

©75S00 ION SOURCES FOR AS LONG AS 2 HOURS.

. (DURING THE LOADING OF THE DEBRIS INTO THE

TRANSPORTATION DRUMS ), HIS TOTAL EXPOSURE
WouLD ONLY BE

: . b o
" i e Bk 8 '27"570:_'0. x 67500 x2

_- Xawy = 6.867 m REM PR s w v Sy
... ALL OF THE _ABOVE CALCULATIONS DO NOT TAKE INTO
CONSIDERATION ANY SHIELDING OF THE GAMMA
RADIATION DUE TO THE PLASTIC MELTING AROCUND
THE ION SOURCE OR DUE TO THE SOURCES BeING
- BURIED IN THE DEBRIS OF THE FIRE.

‘.



XD. BY..._. . RADIATION EXPOSURE OF FIRE soewow oo

CHKD. BY ... ... DATE . .
CORRECTED 12-6-70 FIGHTER DURING A HOME FIKE

SO

~ "IF WE ASSUME A HOME OF 1200 sa.FT. wiTH AN

(.'6 ET. CEILING CONTAINING A SINGLE SMOKE DETECTOR.
_IF _WE _ASSUME THAT_IN_A CATASTROPHIC FIRE , THE
SMOKE DPETECTOR WILL BE TOTALLY INCINERATED, AND
THAT PER THE CAK RIDGE NATICNAL LABORATORY

.. TEST _.OF ocTOBER 21,1969, 3! % OF THE AMERICIUM

24| wilL BE LIBERATED DURING A | HouR FIRE., __
_AS THE SMOKE DETECTOR CONTAINS |m G oF Am 241,

ol - = -y g > — e

OM“M\-L’.--}:'LZCTJ_.}'—J;H‘[ Lt L O SR SO " pe AT SRR I TRCORE 4 T Y SO
TOTAL AMOUNT CF Am 241 W R e RS,
. __JueerATED . i — = 1L.O x -003I e

B i | o o B 1 G v 5 R - 4% o+ et

S e e = e -

i ; 0031 v & /HR.
IF_WE ASSUME THAT THE GREATEST CONCENTRATION _
WILL BE 1IN A ROOM OF IS FT.x |12 FT., THEN WE
CAN CALCULATE THE TOTAL CONCENTRATION OF Am24|

N THE AIR ,IN THIS ROOM , DURING THE FiRE,

L T o A e R oy e e

S | T A "2 440 enFT./HR.
_ ga i = |440x728.32 urres/Hr.
PO R T O TR SV ST T Ty 40780.3 LITRES /HR.
£ TOTAL VOLUME oF AIR = H4O.78 x |0® mL/He.
|~ CONCENTPATION OF _._ .003| . - — ..,

Am 241 IN AIR DURING FIRE 40.78 = 10¢ MC/ML

Am 24| CONCENTRATION IN AIR = 7.60 x 107" m Ci /mL

IF THE FIRE FIGHTER 15 IN THIS ROOM FOR 2 HRS.

THEN HE WILL HAVE INHALED 3400 LITRES OF AIR

(2 HOVRS OF HEAVY BREATHING ). IF THE CONCENTRATION

OF Am 24l IN THE AIR REMAINS AT 7.60x10""u C/ml
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. UPTAKE. _ _ __ e S g al Biae s s
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