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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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ABSTﬁACT

A dévice for the prompt detection of raqibactive aerosols is described(
It consisté of tWo”dete§t§rs -- one measuring the actiyity'of suspect air, .
Jthe other meésuring airmknown‘to éontain no activity other than that due to
'ﬁatur§11y occufring airborne radioisotopes. &he difference between the two
‘channels is recorded as a ﬁeasure,of contamination. Alpha emiﬁters were
used in the investigation but the equipment may be_donvefﬂed td(measure beta.
The fact thaf contamination may be expected to occur in bursts makeévpossible
ﬁhe detection of IEVelé beiow the average concentration considered pgrmissible.
The equipment lends itself to the'ihvestigé£ibn of probable sources of. con-

tamination in Iaboratofy procedures.
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INTRODUCTION

The.presenee of short-lived alpha emitters in the air in,conceﬁtrétions
ﬂhat are many tiﬁes the mgximum permissible level for long—lived alpha eﬁitters
makes.the problem of__d‘e_tecting'thevlong-lived‘emittezl*s:d'ifficu_lt° In the past,
thé oniy Qorkable_gystem-hasﬁbgeﬁ‘tobpol;eét air samples for long pefiods of
time and then allow.for the decay of short-lived emitters. This system has
three serious drawbacks. First, the presence of any contamination is not
known for at least one déy. Second,‘the time of occurrence is not known.
Third, it is not known whether the contahinat{on'was a burst of high concen-
tration or a long lasting conditioﬁ of low concentration. These three factors
make this system ineffectual as a mean; of preventing further contamination.

At the University of Califorﬁia Radiation Laboratofy éll active work is
déne iﬁ‘glbved boxes, as shown in Figure 1. The box is maintained at slightly
negative pressure. The incoming air'ié filtered by a PF105 glass filter and
all air leaving the'boxjis filtered by a;trainbofihigh efficiency filters,

10 -
counts per minute

‘In many cases the ievel of activity handled is above 10
of alpha. If the filtér.system fails or if a sample is spilled when being'
removed from the box a serioﬁs hazard will exisﬁct The number of times that
such a level of activity is roufinely handled in this manner makes the need
for a prompt air contamination detector urgent (Figure 2);

If we assume that the level of activity due to ratural emitters is of
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the same magnitude throughout a 1Ab§r§£§§y; and;tbet\e rise in activity due
to contamination mighttbeJexpectedﬁtomogéor;%gkbdrets@of:higb“eoqcentrqtioq>h
following particular ‘operations, the-foilowihgésoldtion to'the:detection pro-
blem is suggestedo, Samble the air from-two loc'étions9 one known to be un-
contaminated (incoming ventiletion system); theﬁotber suspected of being
"contamlnated (the active work area), and count each sampleo ‘The difference
,‘1n count rate w1ll be a measure of the contamlnatlono The obv1ous 11m1tatlon
is that to have a significant dlf’ference9 the contamlnetlon would have to be
of great magnitude. However, if our assumptlons are correct thls llmltatlon
would be minimizedo_ The experlments descrlbed below demonstrate the valldltj
" of our assumptlons and have led to the development of a means of rapldly )

detecting air contamlnatlono

EXPERIMENTAL BACKGROUND -

—

‘10 Two cyllndrlcal air proportlonei aipha countere were installed 1n

vnthe cave room»et'tbe_Un;ver51tyvof Callfornla Radlatlon Laboratoryo The walls

Aof{tbe qylindere_were'beeted which~caueed‘eir to be drawn through each copntera

The - follow1ng observatlons were made°' _ o ,‘ - | .

‘Ao The activity measured by each counter ras of the same
order of magnitude in verloue parts of the room.

B. When one probe was plaeedlimmedietelylin>front of the
cave wall dnd the otherkwae o}aoed in the stream of
incoming room airp.a rise‘in ectivity ﬁas detected” B
near the cave Investlgatlon with a smoke gun revealed

,aa small eddy current sweeplng over the chemlstry area
in the cave and back into the room. When this ventlle—

tion defect was corrected, the activity detected be-

came the same on each channel. ) -
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Cs 'InherepﬁAnoigg in an air proportional_COunter raised
the pabkgiquﬁd to a point where only extremely high’
.ﬁrlé&elsiﬁére'detéctable;
" D. “The sampler did not collect a sample but-only counted @ i ¢ -
" "the air passing through the chamber. -Therefore, when
" a rise was detected, there wds no way to récount the .
sample at a later time., 'Therefore, it was not possible '
to discriminate between ﬁbise:dnd activity.” =
Because of the above difficulties, the equipment was discarded in favor
of a low background scihtiliatiéﬁ‘éounier an&'a moving filter paper.
2. Routine air monitoring pfdcedures had revealed that coﬁtamination '
, of the room air had occurred following the sparking of aipha emitters in the
specffogfaphiévlaﬁbratory. By means of a moviﬁg filter paper and a low
backgrbﬁhd sCintillatioh counter the room ‘air was sampled during”the operétibn.
' The results are shown in Figure 3. Before further work was accomplished;
the arcaspark chéﬁber glovéd box was replaced by a hew assemblys - Investi-
gétioﬂs after the new box was ihstalled revealed no furthérfconﬂamination
of fhévroém aif,‘ | ‘
Ap experimental uhit of the two-qhgnnel syspemAd;scribgd aBov¢ ha% “
”been.cpnstrucyedo Itvconsisted of:avpaper drive assemély pﬁiiing arstfif éf
Hollingsworth and Vose #H-70 paper across t*oAair-sgreamg and fhen‘under_two
#5819 photomultiplier tubes coated witﬁ'silveruactiv%ped zinéﬂsulfide; The |
photomultipliers drive two scalers as well as an Esteriine Angus chart.re-‘.
corder indicating individual pulseso__Thusquihave én_intggrated readiné

as well as an indication of the time occurrence of activity. The air mover
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is a Filter Queen«vacuum»cleaner,with agrheostat forgcontrollihg the air flow.
at 2 speed of-1/8,1n° per mlnuteo Theﬁcountlng¢apeg lS:Qf ﬁhg\sgmg dimensions
and is situated as close as péssible;to the: collection area (approximately
1-l/h in.). This yields a collection time gnd;a_coun@ing time of ten minutes
with about-a ten minute delay beforegdetection§ The paper may be rerun through
the counter if a decay plot.of £he«fi1teg@paper:is desired.

Consideration of the syStém yields the following.pb§ervations: '

1. If the activityvcollecﬁéd’by_aach.ghanne1 is:of the same ordgr:of' }
magnitude;. the counts detected will:vary according t@_a random:q;stribution.
curves |

2. . If the suspect air_contains contamination in addition to‘naturalt.
~activity, the difference betweenjthefactivitieswwilllindicate;the magnitude 
of qontaminationo.. In order to be Significgnt, this_differenge,mustabeAgreqter
than the variation that might be-sgspgcﬁgdifromvnapﬁom fluctuations.

3. To be significant, any differegce,in,aptivity>must be indipated,byithe
chart recordef for at least twenty minutes which is the time required for the
sample to move across the counting area. |

Lo A burst of act1v1ty will be 1nd1cated by the act1v1ty rlslng to a
max1ﬁum and falllng to background in twenty mlnuteso.' A

hw5;- A long lastlng unlform contamlnatlon wlll be 1nd1cated by a flattened
peak on the count rate versus time curve. | “ o

6. For bursts, the maximum count rate is a dlrect 1ndlcatlon of tﬁe:"
concentration of contaminatioho | |

7. If the activity collected is on a Single particle, the count rate

' will be high for 10 minutes with a very sharp rise and fall.
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85 'The sample'méjfbéwfecounﬁed if'alreading is questioned or if a decay
curve is desired.

9. The ultimate sensitivity will depend upon the level of activity on

each channel dquto radon and thoron daughtefs,

BrmpETS

i'Tﬁé_équéﬁég}éf?thé fol1owiﬁg experiments was designed to provide a semi_
quantitative evaluation of the two-channel system. )A more extensive investi-
gation will be undertaken following the assembl&'pf improved eéuipment.'

Procedure Using the ﬁwo;channel system, air was sampled from vafious'

1ocati§hs wit?inva.gloyehpogwgpq%pégrgraﬁdvip the‘room{__opergtigns in the .;
box were 1§gged and were co?rela£ed to tﬁe chart recof&ing'of éCtivity. The
.soﬁfSerf fédioaéti?e aerosol wasvcontahinaticn‘of the inside of the box ag”
well as an aerosol geheréted‘by sparking.microgram quantitigs of plutonium.
The complete operation of the spark-arc glb&ed box is déscribed in UCRL-1138.
During all experiments .the air in the laboratory was Samplé@ by routine air

monitoring procedures. In no case was contamination of room air detectable.
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Experimenﬁ'i: The immediate detection of air contamimation within'a.bék.v

(Figure 4) k
R : gy Frm 2
Sam le'i ST B R “Sam"le'z'
Locations Box air i -+, .- Room air
_ Flow Rate: = 3000 cc/minute . = . _7,._'”3700.pc/miﬁute, Differenée
' ‘ " due to negative pressure ‘
. .of box. .,
Aerosol: ,.Three Pu sampless. ,

70, 100, and 120 miérograms
plus blanka : . -

Operations: . Introduce samples, .evaporate
on electrodes. Open chamber,
~ spark samplee; :

Resultsf._v Lo Peak due to.manipulations . Activity remained between ,
' and evaporation. Maximum of 2 and 4 ¢/m throughout
170 ¢/m detected 20 minutes.. .. period. .. . .

after starting operations.
- Activity was high for 25 L
' minutes with uniform rise and
.. falle Flatatopped for: five
minutes. -

2, Aciifity between 1'énd 2
counts/minute for 3=1/2 hours
between opera.tlonso :

3. Peak due to sparklngo
Maximum of 14 c/m detected.
21 m;nutes wideo
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(Figure 5)

Location:

Flow Rate:

Aerosol:
Operations:

Results:. .

UCRL-1391

Difference in activity in the two units of gloved box

‘installation. . Closer identification of peaks. Activity
due to chemistry procedures.

g

Sample 1

“Spark chamber box

 ”37b5 cc]ﬁinute

Four Pu SEmples:
90.0, 92.5, 125, 15 -
micrograms plus'blank

Openlng chamber .

Sparking
Glove manlpulatlons

1. Peak 18. mlnutes after

.starting to work in box. °

Max. 100 ¢/m detected.
Dropped to background of
approximately 2 c/m after

... 35 minutes. Was working
ﬂ;in box about 12 minutes.

2. Remained at approx1mate1y
2 ¢/m while #2 went through
peaks.

3. Opened chamber, cleaned

windows and sparked. samples. . .

Activity rose and was too
high for pen recorder.

Average count rate was 30 . . .

¢c/m for 18 minutes

' -Sameé '

< pipétting’
“Bvaporating

Sample 2

" ‘Chemistry box directly over

sample preparation area.

 Through sampling funnels

3000 cé/minute

Glove manlpulatlons

. 1. Peak of 125 c/m at same

timeo Dropped to background

'_.of about l c/m.

2. Peaks follow1ng plpettlng
" and evaporatlng. Each peak

was of the order of from 6

~to 15 ¢/m detected, and was
" well defined on chart.

3, Removed funnel and
sampled spark chamber box

‘Same peak as Sample 1.
’ Average count rate was
‘60 ‘c/m.



Experiment 3:

(Figure 6)

i

Location:, .~

?ldw,Rate:

- ‘Aerosol:

. Operations:

ot bl L
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.DiffefenCé;iﬁgébfiﬁit&lihjfhé“twb'ﬁniﬁs of gloved box

installations. Sparking operations.

Sample 1

TiSbark)Chamber Box.

. 7000 cc/minute

"~ Four samples of Pu:

approximately 100
micrograms plus blank

Sparking of sampleés.

.Flushlng chamber for

varying lengths of time.

"Glove manipulations-

1. Peak due to settlng
- up equlpment. S
Approximately 150 c/m o

maX,

2. Peaks after opening
chamber and sparking. -
Flushing chamber after

sparking lowered the

peak by factor of 30.

'"?_3. No peak detected after
" sparking w1thout opening
chamberoz

" Lo Glove manipulations

for one minute gave
large peak.

F 3f

"' ‘E ) l ':'f ';' i "“:"i-.\'- o T “x P ‘,'
. Sample 2w
Chemistry box
7000 cc/minute

Same

Same

1, Peak due to settlng "
up equipment.
'Approx1mately 40 ¢/m

' max. -

2, Peaks detected at same
" time were always consistently
lower.

30 Sa.l'ne

' ‘hi Same but lower.
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(Figure 7) procedure.
period.
Sample 1
Locafioh: Box

Flow Rate:

Aeroéﬁlfz
Operation:
Results:

1. Immediate
< Count

2. After
-Decay

3500 cc/min

Box contamination

Glove mahipu-
lations - -

“Peak of 11-¢/m

20 min wide. .
Backgrouna-
approx. lo5 c¢/m

Peak 9 c¢/m

20 min wide.
Background
approx. . 0.25 c¢/m

~11- ‘ N UCRL-1391

etween moving system and standard air monitoring
Immediate counting, then recounting after decay

Sample 2  Filter Queen 1 Filter Queen 2
Room _"Box o " Room
3500 ce/min 3500 cc/min L, CRM-(Normal
~ air monitoring
procedure)
Same- - Same
Same - Same
© No Peak. =~ 151 ¢/m - 188 c/m -
‘Background . ' :
' approx.
1.5 ¢/m
No Peak. 73 ¢/m 17 ¢/m
Background o L :
approx.
0.25 ¢/m.

See graph of Experiment 4 for greater detalls.

NOTE: The discrepancy between counting yleld of each system may be accounted
for by con51der1ng the lack of a representatlve sample as well as '
‘difficulties in regulating air flow.

Experiment 5: To determine
- the air stream in the box llftlng active dust off of

contaminated

the degree of airborne contamination due to

surfaces,

Air in the box was samples. by standard air monltorlng procedures and
the following counting results obtained:

Results:

Flow Rates
Total Sample:

~ Operation:

Time of Run:
Filter Paper:
Counter:

1st Count = .
16 hr. decay
8 hr. decay.

64 hr. decay

3500 cc/minute
1.26 x 10

~ no operations within box-
6 hours
H-70, 4 in. x 9 in. ‘
Argon fllled 1on chamber

 counts/minute
above background
17f c/m, L
16 c/m
3 ¢/m . :

0 ¢/m
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dBSERVATIONS

- In all cases, a rlse of act1v1ty was, readlly detectable follow1ng opera-
ii;ﬁgﬂlh the bOXo Thlslrlse(was detectable over the background due to radon
egd thoron.

o It‘WaefObserved that the background_in the box was consistently lower
than in the room. Therbdx,ait is prefiltered by_PFlOS.glass"Woolo Fg;thefl
investigations as to the effect of prefiltering air euppliee;might pe;wo;th~A
while,

.In all cases, the level of activity in the box dropped rapidly" to back—
ground indicating that, even in a hlghlfncontamlnated area, air contamlnatlon
may be expected to occur 1n bursts. | |

It is realized that the air pa851ng through the box will sweep away a
cloud of contamination in short order. However,. the flow rate (10 CFM through
a box volume of 14 cubic feet) is not far different than’the‘réﬂefthe'aif is
chaniged in thé vicinity of a standard hood dféwingeloqo'cﬁM;f'Tﬁe:resolvihé’?
time of the moving paper system was too slow te determine fall out'fime of a
burst of act1v1tyo,

It should be noted that we did not detect any air contamination due to

the air stream lifting activity off ‘the SurfaceSIOf the box.

" CONCLUSION
Preliminary experiments show that bursts of coﬁteminaﬁioe of a few times
background are readily de’eeetable° Tﬁoughfthis level is many times thé maxi-
mumn permissible concentrations of’long=lived alpha emiﬁfers, ﬁhelfollowing
peint should be noted. The:tolerance ieﬁel is an average concentration arrived
at by sampling the air for long‘éeriods of time and averaging éhe amount
collected over the total time. Resulﬁs indicate thaﬁ,'even'ie a highly con- '

taminated area, air contamination may be the result of bursts of activity
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caﬁéed ﬁiiﬁafticul&r>Opef§£iénso Such ﬁuf§ts:afe‘détéctdble by this system.
This puts a pfeventive-dspeqt to the-systeg:and:wquld enable one to take im-
mediate stepS-to,prqvent_fur@he:ugqﬁtamiﬁaﬂion;;;fhoughxfhg work descp;ped above
'ishwitﬁialphancontaminants,Tthe!sy§tem is adaptablgltq_bgpg‘em;§pgqséby:ge§p§
of replacing ﬁhe zinc sulfide screen with a suitable phq;phééf_

The twomchannel.system is not intended to be a replacement for present
- air moniﬁoring practices. The large volume of.air sampled by present.equipment

makes them indispensible for @e@ectign:ofklgw qoncgnpraﬁiongr‘ .
APPENDIX
- -Calculation of concentration of contamination:

counts/minute

curies/cec = — :
flow rate x time x filter yield x geometry x 2.2 x 1

ol2
Filter yield is that éqtivity level detectable from a filtered sample. i
It includes filter efficiency and absorption of alpha particles. We assume
a valuevof 75 percent. Geometry is about 25 percent.
P

In the case of the ion chamber used for counting 4 in. x § ine. papers,

the geomeﬁry is near 50 percent.

The expected count yield is measured at 3500 ce/minute sample rate.

Peak Count Rate =~ - Concentration averaged over 10 minutes
.O¢13§lC/m o N 1 x.lo—;?_curies/pg
1.35 c/m 1x 10"]-‘6 curies/cc

13.5 c¢/m o 1 x 10~15 curies/cc
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