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ABSTRACT

The Chemioal . orps 1ort ~ble Air Sampler , E—22 , and t he modi ft id
?r.oerlab Continuous Air ~onttor aero t.at.d for adequacy and app lica-
bility to radiolo~ ioal air mon i tor ing problems . Tests wore made of
a.rosols caused by Shots 5, 6, 7 , and 8 of (.iperation £~..U~}’rR and aero-
sols due to the re— dispersion of contaminan t from (Jp ornt ion JA~.~ L L •

It has been shown th~tt

1. The Portable Air Sampler , ,~—22, is a basic inatrimient wor—
thy of furthe r cons~d .ration but requires r~.fl tional r idifioati on s.nd
tests betors ata~dardisation is practicable.

Th. modified Trao.rlab ~onttht&us Air Wonitor is not suita-• hi. for field us. since i t  is bul~cy, ~‘ra~ile , and oo~ipl.x and cannot be
r.adily shi.ld.d from back~ ro~s~d ra~~ cition w~~ic~i is du. to fall—out.
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1.1 OBJIC TIVE

The pur pose of this project was to evaluat. a medifi.d Chemical
Corps Portable Air Sampler , 1—2 2 , sad a medified Trao.r]ab Continuous
Air Monitor as to ad.quicy sad applicabili ty to air menitoring probi sem.

1.2 HiSTORICAL

1.2.1 Modified Portable Air Sampler , 1—22

This portabl , air sampler was originally developed by Test
iv-isiem, Ch ioal and Radiological laboratories. Army Ch ioal Csat.r

as a sampler f or  non—r,4ioactivs material in th. air including liquid
and gaseous dispersions. For this pur pos. air was dr ami through self—
oo~ tainsd bubbl.r s which served to remove the metsri als of inte rest. In
an attempt to convert this inatr~~ent into a radiological sampler , fil-
ter holders were substituted for the btgbler s and the instr ~an t  was
tested dur ing Operation JAJGLK . In thea . tests all filters were in the
horiaonts.1 p lane fac ing upward sad thus exposed to fal l-out during the
satire samp l ing period. Resul ts obta ined indioat~d the necessity e~
modifying the filter holder assembly mo~aittng .1.2,3/

Operation SXAPP~~ provide d the opport tsiity to 4.t rnins the
effielemoy of sampling i .diat .ly followi ng a dstonation sad .lso to
monitor secondary or re-dispersed aerosols in the JANGL* area.

1 • 2 • 2 The Tracer lab Continuous Al r Monitor

The Tr sc.r lab Continuous Air Monitor was developed to moss-
w e  the al pha and b t a  plus ~~~~~ radiation from radioactive aerosols
in the laboratory. The first model of this continuous air monitor vs-a
tested at Operation JA~ GL.E and th. following sadesirable chsrao teristins
to~sad :

1. There war , no mesas of detecting and m.aauring the
~~~umt of external ~~~~~ radiation that contributed to th. recording of
the beta plus g~~~~ radiation aeasw~~~~nt.

2. Tb. paper driv, rewind roll had a tandemoy to slip.
This caused the oont.ainat.d filter ps-p.r to pile up in th. back of the
inatr~~ emt sad in some oases caused rethreading through the ps-p.r driw
rollers .

11
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3. The instri~~nt was bulky and required the use of a
cra ne or hoist for movement in th. field.

4. Th. calibratio n proo.dur. was complicated becaus. the
concen trat ion of the contaminant deposited on the moving paper decreased
a. a complex t~~ction of distance from a aaxi~~~ s-long the centerline
of the ocnt inat d strip. This wsa true because a small .i~~a of the
ps-p.r which moved s-long the sampling area diameter rec.iv..g air-borne
contaminant for a longer period of time than did a similar area which
moved s-long say parallel chord.

Before Op.rstion S11LPP~~, the paper dr iv, and the air sam-
pling assemblies were altered so that a ~~own smoumt of sir was sampledtbro~gh one spot on the ps-per for a ~~~~ length of time. This madethe instr~~sat a discontinuo us or int.rmitt .nt sir monitor and thereby
stmpliti d the calibration pr ocedure. Tb. instr~~sot was also modified$0 ss to determine gs~~~ and beta plus g~~~~ radiation.
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C HAPTER 2

DESCRIPT ION OF APPARATUS

2 • 1 ~~ ~~ I FI)~~ I~R TAB 12 AIR SAMPLER, 1-22

Th. modified portable sampler was designed as an automatic t ime-
dift.rsatial sampler which would permit the collection sad mesaur~~~ nt
of the concentration of radioactivity in the s~~~spher..

This sampler is basically an instr~ment of low power ocnsw aption
oont~ thtnç a vaout~ p~~p sad distr ibutor designed to produce sir flow
of a hal f - l i t er per minute through say one of 12 self—contained filter
funnels. Changing from one sample to sx~other is ao ooaplish.d by s-c—
t~~ting a rotary-solenoid assembly with electrical impulses. These in-
pulses can be applied by manual seito h.ing or through the action of en
external time r so tha t air will be drawn through each of the 12 filters,
in twa , for pr.—det.rained t ime interv als.

Tb. flow rate is controlled and held essentially constant through
the inclusion of a critical orifice in the air line be tween the vacut
p t p  and th. distributor.

Al though desi gned for opera~ion from a wa~1l self—contained 6—volt
lead storage battery, ~tits wer , operated dur i.~i t hese tests from sips--
rats 100 ampe re—hour lead sto r ag e batteries.  This was deemed sdvi ssbli
because of the r.quiroment that the instrtme nts run ~i~at t.nd.d and con-
tinuously for a four—hour per~iod without a sirnifiotat decrease in flow
rate .

2.1.1 Filter Holders sad Mounting Positions

The basic instr ~~ ent , as modified, carr i ed 13 plastic fil-
ter holders (Fig. 2.1). *~s of these holders contained the control
filter while the rwmaininr 12 wore used in th. collec tion of the actual
samples. The filter holders were pl~ce~ in hole. in a board as shown
in Fig. 2.2 becaus. the sprint bronze clips on han d war, not usable.

In order to determ ine the optisan procedures for th. sam-
pling of particulate materials of va rious s izes  suspended in the air ,
tour different filter holder ar rangements were tested as listed below .

1. All filters were in a vertical plan. sad e xposed to
the air for the entire tow—how samp ling period. (See Fig. 2.2.)

2. Filters war , in a vertical plans with ~ 3—inch length

13
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2.1 lter i~~1dnr for ~anpl.r

of half— ~~ ch .te.notor -. 
~‘r ~~~~~~~~~~~~~ att ~~~~~ to the front of each fll—

tsr holder (Ytç . 2 ,3).

3. A circular cover attached to the distributor shaft wu
p laced ‘-~ ~~ r tho  fil~ora which were in a horizontal r u ne. This cover
revolved in such a -~anner that a hole th the cover exposed each filter
for only t o  :.~r~~o~i th.ri:.~ ~~ ich ‘%ir was ~~~~~~ ~.rrt w . throu~h the filter.
Six add i ti—ft~ “il te r s t~ .r- ~~~~~~~ -.ch :- o air was :r r ~wr~ were exposed for
a like n r i c ’~ of t~ r e  fti .~ thus serve d as ~~~trols ~~~~ 

2.4) .

4. I~.lt .rs , f’acir.~ ~ow nward, were F laced in a horizon tal
plane and left ~~~ ‘re~ fc r tho or . ’r—r.~ l slr .~ ~i~~; per~ e-~.

2.1.2 ~~~os of ~~lter .~nt~’r a1 ~aod

The two tj7es of filtor rj~teria1s used during these tests
ware the ~~~~i~~ 1 - r;s Filter .~ ter1al, T,~ e “ , and the molecular fil-
ter aaterial (“l~illip ore ”, rype ~A , na.nufactured by the Lowell C hemical
Company , ~aterto in, iassachusetts ).

2.1.3 ~~~~~

Et~ht—day d o  ‘k-re~~~s. r.~ f~ ’-tured ~y At~tornatic ~1ec tr ic
n~~f~~c tur in~ Cc~r an1, wø re us~ to at . trt  the snnr lers at a pre—deter—

ained t in e  e~~~ to ato p thorn afte r four hours of operation.

14
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A t~r~j :. . ~ ~z i  . : et~~ ee—cu:-8- ¶~~ :. t’ d r  t
cux: t rc - i1e~i ‘ .i: pul ses ~~~~~ act i - .- -t ( . .~ . t~~e : .j  ~~~~~~ ~f t h u  ~1s—
tr~~ . t ~~r .  ‘ho ~~~. orOt iLh o~ t: .. :; r h~: ij . ,  ~~ the slow c:.ar~ir~ of
a ver~ low leas a~e cohUt ’hse r  . .. ~~ r . •  ~~~~ . .  .x, ’ v .t~~ l of a l t~t 1~o regu—
1st~ r tube . . i h o ,  t h i s  ~~

. 
~~~~. id ~~.; ~~~~.:: ., ~~~~~~ ~Lr r .~~t ~~~

t~.e t ’ .~lu tri~~ers a ~ o::~~: • ‘. re! . : •  ~o o. 5t’e. t cou l ~ - . varied
w~ th in narrow ~~: .t$ v r - . a r~ oost a t .  :~ ia t~ :ie r c.:~~l~i be re—
l ieJ upon to i ira ir~ ulses at :‘.~~~ rvnla 20 ± 1 minutes.

~ 

.
j

. 

_____

‘4~ . .~~.

‘4-
Ft . 2.4 .or o~~~. • w . . l~ ..o ,er over Filters

2.1.4 Recor~~r~

~~~~ r :1~ o — -~ue r~~~ r ~ra i•~”r”  ~~~~ to , ive ch~rftoteriatic
traces wh.c.. f-~r~;~~~ .c’~ an i~- - .cqt ~. -~~ r ~~~ :r ~ r~ r ~~-or ~~ ~~n of both
‘ho vaoutr~ t’tc-~~ ~~~

- - r t~~~ ~ -~~y sclen ~-f the distributor.



— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ ~~~~~~~~~~ -

‘— - 

~I.

Pig. 2.5 Sectil~n of Typical Eatorline Angus Recorder Trans

The recorder was so oonnac te~. that a potential was applied
to its terminals while th , mo tor was r ~z~nir.g but was removed no ntar i-
ly when the solenoid was ac tue ted • D ur in~ norma l operation of the no -
tor and solenoid th . recorder chart shows a well -defined trac e from
which can be determined the ind tvidua l sampling tines. Figure 2.6
shows th. first cycle of a typical trace. Th. first rise in th. tr ace
oorrespo nd. s to the star tix - of the motor .  The action of the distribu-
tor was indicated by s~~reodt:~ ver~ ica 1 portions of the trace. The
recorder thus f urnish.ti exac t times for each of th. sampling periods
and also provided an ind icat~ on of possible failur , of eithe r the nota
or distributor.

2.1.5 Cow*ting Equi~~ sat

Two complete countinr rigs were used at the site for the
oo~n~t tng of samples. Each rir consisted of a G~ detector in a lead
pir  end a Nuclear tnstrt~~ nt Corporation scaler , model 162 .

In terc al ibrst ion or oow~t ing rigs was accomplished by
oo~sitin~ selected filter samp les on each of the four plastic shelves
in each pi g.

This permi tted correcting of sampl, reading s to eliminate
the effect of differences in g.om.try. Coincidenc e oorr .otions were
determ ined by ua thr pair ed radioactive sour ces.

~.2 T~~ TRACERL.A B CO~ TIN1OUS AIR W~UTOR

The ?raoarlftb Cortinuous ~ir ~o~ tt~ r co~~ist~ ossentisli; of af~ 1tor pt~~er feed -~ sto- . —~‘L’~od wit ~’i a vn cu~.w~ r~~r (2.5 ~ a. ft./min.)
to CC i1e- ~t .hr  ~ert~cie~ fr~ .~e air , ~‘-- ‘i two :—L tube3 now~ted jus t
above - he tilt’r ‘i or  t r  ~~~ns~~r o t~-~ ac 1- .- ’~tv I f  the r~rticulat. mat-
ter as it is collectq’ h. The f~ 1t”r :n~nr is ~r the rorrn of a str ip,

17
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six inches wide , which passes over the two air samp ling ports. The
paper remains stationar y for a period of 14 minutes during which air
is drawn through it. At the end of this period, the vaouinl ptmp stops
and the paper drive mechanism operate s for one minute , drawing a new
section of th. paper over the air ports. The 15-minute cycl, is re-
peated as long as the ins trt~~ont is in operation.

The two Tracerlsb TGC-l GM tubes detect ~snma activity end beta-
plus-gs activity r.speotively. A l ead shield placed between the
gsema detector and the filter paper allows only gamma radiation to ac-
tivate one tube. The beta activity is obtained from th. difference
between the read ings of the two GM tubes. The GM tubes are connected
to two l inear ootmt—r ste meters , the output voltages of which are re-
corded on a two-point strip-ch art recorder man ufactured by the Brown
Ins tr~~ent Company . The entire •m ~~ waa housed in a metal cab inst an~
together with a 4—o~lthder, 15KW A.C. generator was located on a 2k—tn,
6 x 6 Army truck. In order to report the activity in terms of activity
per wiit volt of aerosol , i t  was necessary to determine absolute dis-
integration rates. In absolute beta counting an error of at least ±
20 per cent can be txiec ted.~.~~/ tb~1ess otherwise indicated, correc—
tions for coincidence, air path , and tube window wer e applied to all
ocuoting data in addition to th. usual geometry corrections, See Fig—
wes 2.6, 2.7, and 2.8.

—
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Pig. 2.6 Prent View of the Contin uous Air Monitor Showing the
Two Couot..Rate Meters and the Two-Point Strip-Chart
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A, Timer
B. Paper-drive motor and gear-box
C. Top ro ller of paper drive
D. Take~up spool
S. Beta plus ga detector
F. ~‘easa detector with pre —smplitt .r

Fl- . 2,7 Inside Vi sa of the Continuou s Air Monitor Showing the
Air Ssaplinr and Detection Unit wi th £lumin~~ Mood
R~~~ v,d,
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A , Ga~~a tube sr.iøld
B, Reta plus ~~~-~r.a tub. sh~e1d
C. Top roll.r of ~~~er—drive
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F l --. 2 GM—Tube Shields
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ChAPTER 3 8’i •‘

-~OPERATIONS

3.1 PORTABLE AIR SAMPLE, 5-22

3.1.1 Station Locations

For each of the Operation SNAPP~~ shots, tour stations wereselected in the expected area of fall-out at distances of from S to 6.5miles north to north ast of grow~d zero . Six modified Chemical Corps
Portable Air Samplers , 1—22, were set up at these four station s. By
plac ing two samplers at eac h of two stati ons, it was possible to make
ooaiparisons between imstr ~~enta having different filter holder arrang e-
ments and different flew.

3.1.2 Arrang~~~nt of Samplers at Stations

7cr Shot. 6 sad 6, sampler, with filters in the vert ical
plas. yes. set ~~ along with ss*pl.r. in which the ftltsr. wer e facing
~~~~rd with a rewolvta,g cover over them as tsseribed in Section 2.1.1
(1) mmd (3),

• Joy S)~~t ‘7, the ss~~lers, which were pla ce in pairs at
a etatløa, hat the tub~ilmr exten sions 1* front of the filter. as
d.sorib.d in Section 2.1.1 (2). One sampler of each pair operated at
the relatively high rate of approx imate ly 2.6 liters per minute. This
rat., which was obtained by r~~~ ving th. cr itical orifice, was not al-
ways constant, £ sampler at another station for thi s test operated at
the high flow rate with filters facing downward.

For th. last shot , a sampler wi th tubula r extensions in
front or the filters was placed at each station. Also, at one stat ion
was placed a sampler with inverted filter t~~~els and at another , a
sampler with rotating cover.

3.1.3 ~ypes of Filters Used

The molecular filter was used exclusively for Shots 5 end 6
while the ?yp. 6” fi lter paper was used for Shot. 7 and 8. Both types
of filter s were used for secondary aerosol sampling in the Operation
JAJIGLS area.

3.1.4 Aas~~~ly of Apparatus

(
~ D-l 4*)’, all apparatus was assembled at the stations ,
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wired, and made ready for operation. Because of the necessity of
starting the recorder manually, the clock-relay and th, timing mechan-
j am for the rotary solenoid were not finally set until about U_6 hours.

Samplers wore set to start at times ranging from H-b min-
utes to H 4 10 minutes, with samp ling times of approximately 20 minutes
per sample. Th. total sampling period was 4 hours,

3.1.6 Recovery of Samples

With the exception of Shot 5, all samples were recovered at
H 4 6 to H 4 il hours. Sam ples fro* Shot 6 were not recovered until the
following day because of a wind and dust storm which began before the
sampling period had ndsd sad continued until app roximately 2200 hours
on shot day.

Before the instrt~~~ts were moved , all filter holder open-
ings were covered with masking tape in order to prevent the deposition
of additional radioactive material upon the r iltera from dus t stirred
up by the vehicles dur ing transportation to the field laboratory. The
tnstrt~~nts were then packed in well—padded boxes.

3.1.6 ~ounting of Samples

The mounting of samples was begun i~~ edia tely upon arrival
at the laborato ry at Camp Mercury . Previous ly n~~~ er.d sad coded glas s
microscop. slides , measur ing 1 x l~ inches , were placed in specially
designed mounting guides show in Figure 3.1. A thin film of rubber
cement was applied to the upper surface of the slide. Filter samples
were very carefully remo ved from th. filter ho lders with tweezers and
quickly placed on the cement-covered slide . C.nterin~ of the s asu le on
the slide was acoomplished wi th the aid of concentric circles drawn on
the mounting guide. A rubb.r hydrochloride film (0.46 mg/’om2) was im-
mediately placed over the sample and its edges fi rmly pressed into the
cement on the edges of the slid..

3.1.7 Counting of Samples

Counting was begun , in all cases , by H I. 12 hours and was
continued on th, two ri gs until all counting had been completed. Spe-
cially constructed sample holders made possible the exact centering of
the m oroscope slides sad samples bensa th the counting tube (see Fig.
3.2).

Sixteen to 20 of the radioactive samples that appeared to
be the most representative were selec ted for decay measurements. These
samp les were counted every two hours the first day and then at less
frequent intervals until about 300 hour s had elapsed. After maki ng cor~
reotions for coincidence and geonstry for the different ihelves, the
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Fig. 3.1 Mounting Guide for Filter Samples

Pig. 3.2 Counting Shelf for Mounted Samp les
23
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t:.e decay data were used to correct all counts to H 4 10 hours.

3.l.~ Seooridary (or Medispersed) Aerosol Ssapling

La order to determine the extent to which airbo rne radioac-
tive particles were present in previously contaminated areas, teats
were run in the old Operation JANGLE area. This part of the project
followed Shot 6. Thi s area had been recontaminated with now material
trua Shot 6 so it wa s impossible to sample the slow—decaying material
alone . A convenient location was selected for the sampling of secon-
dary aerosol in which the general level of activity was 200 mr/hr .

One vu :. ole was kept in motion upwind of the instrunent
station ~n order to insure an a tmosphere containing r adioactiv e ps.rti-
d e s.

La these tests the instrtaents were operated manually. Four
20-minute samples were taken in each of two series of tests and two 20—
*.inute samples in a third series , mak ing a total of 3 hours and 20 aim—
utel of actual sampling.

3 • 2 ~~~ ::~AcEi(z..&B CQI~ TIN UOUS AIR MOh I TOR

3 ,2 . 1 ~xper imenta1 Procedure

On the b asis of pre-shot meteorological data acctmaulated at
th. test a~te t~e general layout for each shot was the same (see Sec-
tions 4.~~.1 and 4.:.2). Minor changes were aade in station distances
f rom rround gore for the several shots in order that the heavy equip-
ment mi~ ht be placed near the roadways and to take sdvantaç o of the
iifforenoos in ~ruun~ •lo-n~tion. Equi~mient was on Z~ —to n , 6 x ~ Army
trucks at the st~i i ~~s. The air monitors were covered with plastic

~ovwr~ w:~~’h servci~ as pro~oction frori fall—out contamination.

Prior to thst~llation ~~t the test s~te, the air monitors
were ad Ast *d to p r ov i l e  a flow rate of 2.5 ft,0/min. thr ough each of
the sanplinç cnsnnels.

clock relays were wired in sor es with the AC power lines
from the generators. The air monitors were started at Ii — 6 hour s to
obta in a lone background reoordinç~ of the natural beta and gamma ac-
t~vjtjes, After 17 hours of continuous runn ing , the clock relays
opened th. circuit which cut off the main power to the air monitors but
allowed the ,~enerators to remain running. This was done so that the
f~ 1t.r paper supply woul i not run out it the pick-up party was delayed
in ooll.otinr the samples.

— -  
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5.2.2 Collection and Sh~~
gent of 3*~~nlea ‘

~~•‘ ~~~ -

Sample collections stnrte .t between H 4. 6 and H 4. 12 :~~urs.
Filter paper sample rolls from the field sta tions were returned to
Camp Mercury. Each rnll , after at l ast on~ cociplete replay to c~~~k
the ori ginal readiru~s, was shi pped by air to Army CrAwtical ‘enter, Md.,
in order to check the ~‘wl.Lty of the ori,”inal readings.

3.~ .3 Treatment of Samplea at Army 2hemical Center ,  Maryland

Each air monitor was decontaminat~d , completelj overhauled ,
and calibrate d for beta and gs.~~a geometry, c’ inc denoe, an- path, and
tube window th~cknesa. Then the C i1lter pap er rolls were rep layed at
least three times thr oug h their respective air monitors.

3. 2.4 Calibration Procedures

The sanpll:~r ports, through which the vacuum pump ~rawa the
air stream, have a diameter of 2.25 inches. Since the particulate sam-
ple is ooun ted for act ivity at the same time the sample is collected,
it was necessary to determine whether previous sample spots on the pa-
per roll affected the ~~ tubes. This was done by determining whether
the areas scanned by ;w tube detectors wore ln.rp~er than the 2.25 ~nchea
of samp~ ,ng area. As reported in the Ooerati-:n JA~~;LE repo rt . Prn~ect
2.Ss—l,_J tho amount of activity detected in excess of that from the
2.25—inch sample spots is .eea than 0.2 per cent of the total and can
b disregarded.

In order to convert counts per minute into activity (zn~ oro-
curios) the followinr. procedure was used:

Filter paper discs, havin,g a 2.25-inch dianeter, wer e aa~~d
in an aqueous solution of a f iss ion product mixture oontainin~ princi-
pally cer ium , a bets emitter , and small smounts of other isotopes enit-
ting a negligible s~~unt of ga~~~ radiation.

The above discs were then counted in a GM counter with a
c own geometry. After corrections for ~eoaetry, air path, and window
tnickness, the absolute beta and ga~~a activities were determined.

The calibrated disc s were then placed uiroct~~ ovor the
samp ling ports under the 4L tube windows in the air monitors and the
coun t ing ra tes deter mined . Each air monitor was calibrated for beta
and ~‘ssna counti.n, e f f i c ienc ie s and the two tubes cross—calibrated.
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4.1 r . ~ :~: A i~ ~~~ ~~~ ~: — : :~

4.1.1 -;u::~~~.l

A:thougb six sampling ins t ru ments were used in each of
Ope-etiom SA :~~~~~hjts 6, 7, a~d 8, it was not possible to
obtain useful samples from ~i1 the 1~ s~ rumon t~ in e vvr y  test. ‘o data
were ‘~~t~: -;

~~~~~ fr -:~ .~~~. - 5 ~~~~~ t- ~:;e a w~ ::~ !L~ ~. 1u~it st - r~ , ~c’: ‘ran

~~~~~ ‘~ u ~‘ur Li ’ : , - or t o ~ wa~ ~~:‘~~ietoi and lasted u n t i l  2200 on snot
r• , b- ’!:: ’~~ .1 the r e c o i or y  of ~:;~,trwnonts until the :‘u llc,w :L’ ~tj. All

f i l t er s ~ad been e x . u s e d  ~irecti y tz ~~ ;:s up to 40 n~ 
‘hr for lo~~ per—j ods after the initial stimplini~’ waS ~~m; 1o~ -~-i , so that r a d i o a c t iv e  ma—

:aI. was contin ually re striuute~ over the area af ter  its ori ’. ina l
~io~~~s~~t:~~n . no O t -~ i i ~n~~ instrument hac ~ ‘e:: blown over by the ~~nd.

F i u res 4 .1, 4.~~, an 4.3 snow tl,o locat~~ria of the st at ioi~
rel~~ ~ve to - ruun. :  zer o for 3:~uts  ~~, 7 , an~ 8 a1un .’~ w i t h  a rou , h ind~ —
cation of areas ~~~~~~ became curi t ’t3inateu as a result of each detonation.
Tab le 4.1 snows tne p lacement of a ~mpleru at those stations along with
t i :e gene ral act:vtty leve l i:: nr , ar a t  the s tat ~ u:i s at  the time of re-
covery of tnn instruments. Lu activit y readinr a core obtained by us
~rir the CRad_ Ssfe~ monito r ’s survey ins t rument .

~~~~~~ i f t i c ’ : it y  exper ien ce :  in selectin,  Statio ns ~~:c n
c 1-I prove to be in th. proper position with reanoct to air-bo rn e con—
tn.-ij ~i n tj j n  is illuatrc~tnd by the narrow corridors of contamination
w~.n-h r e i i ’~t o 1  f rom Sn ts 7 az:: 8. It .~~l be ~~~~.~~ v o-  also that no
new - .t~~-~.: iat~ ~n occurred at any of the stations selected for 3r~ot 8.

~o4 ) v e r , ~nv:i-~- f i 1  d.Lt.a wore c 1l.’cto~ f rom ins ’ r- .r.~ t~ at Stations 3
an ti 4 clue t’-.n :‘ :~~-t  t~~a the previous shot , fn”r days ear l ier , had
cc’. ‘~~~~ t t e ~ this area. ‘ri’trunonts at ~~~o~~n statIons therefore san— 

, : -~ar aer 3o1 s t i r r ed  up by the shock wave , ordinary winds ,
a~ -~ ven icu lsr  movement in the area .  For U-, ; s  reason the resul ts  of
~,t ,)t  8 will : 0  ~~ -~~ snl in the section on Secondary Mrosol Ss.zapliri r.

Examination of Table 4.1 snows that samp les ob tainea from
f - ~r strume’~ts in Sno t 6 , and two instruments each in Shots 7 and & ,
3n~ u l l  r~o ‘t’ to y :ol-i usable data. In every case, the samples,
from stations at wn:c~ there were no ~enoral area—readings , showed no
contamination from air-borne material.
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Fig. 4.3 Station Locations for Stot 8

In order that ssmplma~ r~’su lta obtained from each test be
compa rable , all counts per m . n ut e  wer e corrected to H 4 10 hours uaini,~
decay data obtained from 16 sample.. The decay cur ve shown in Figure
4.4 is typical of all 16. The best straight line was obtain ed by the
method of least squares. The slope is •qu.tvalunt to the exponent (—b )
in the expre ssion s

R =

where t - H 4’ t hours
R • activi ty at H 4 t hours
A • activity at H 4’ 1 hour

Table 4.2 gives the values of the exponent obtained fr om
eac h of t)e 16 decay curves. The mean value of -1.1 was used to oor-
reot all samples to H I’ 10 hours.
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rAB~,.E 4.1.

Location of Instrt~~nta at Stations for Shots 6, 7, and 8

Station
Operation A ctivi ty

Shot Station Instrument of L.evel at
Instrument ~ 1 8 his.

_ _ _ _ _ _  _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  

(mr/br )

1 RE normal
2 6$ uncertain 90

6 2 did not r~m 90
3 normal ~O0O
3 6” normal 1000
4 6? norma l 60C

1 7! normal 5000
2 7? normal 1200

7 3 7S normal 0
3 7’) normal 0
4 7A normal 0
4 7’ normal 0

1 88 normal 0
1 RE normal 0

8 j 2 8A normal 0
8? normal 0

3 82 no rmal 180.

L~~ J ___ _~~~~L 
250.

• Thi s oontsain ation did not result from Shot 8 but was present as
a result of previous shots.

TABLE 4.2

Va lues of b in the Expression R • At—b

Samp le b Sample b
MS —1.0 ~~lb —1.2
6A.10 — 1.2 6E8 —1. 1
685 —1.0 6Ell —1.2
6812 —1.0 6P4 —1.2
6C2 —1.2 6F l4 -1.2
6C5 — 1.2 YE] —1.1
6Cl5 .1.1 YES — 1.0

_________ 

.1.2 — 1.0

sean Yalma • -1.1
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4. 1.2 Shot 6

As can be seen from ~“i ur 4.1, all stati~-x~s for ~t t i 5  shot
were wtthir . the area ..~~.ch became contaninatod. The re sults ire shown
tr . Pigures 4.i thro ugh 4.9. Instruments 6.A and 68 had all filter SW—
facea in the vertical plane as shown in Figure ~.2. All filters were
ex~ oaed to t:.e air fo r the entire ~aap1ing ported. Instrument ~ ) did
not operate and is therefore not included. Instruments 6C, 6E, and 6F
:~a- . the filters in the horizonta l plane with circular cover~ u~~~~~~ii~~,
one filter and its control at a time. ( See ~‘i~’ure 2.4.) AIX instru-
ments in this test used the molecular fi l t er mater ial.

:ir~.;re~ 4.t, ani 4.6, fcr Instruments CJ1 end tTh respectively,
sn.w the random manner in which the collected a c t i v i t y  varied from sam—
~le to sample. &l~o evident is t~,e fact that the control. w:. ~~cn  were
mounted in a manner identical to the other filtora , but thrc~urh which
there was no air flow , did n~ t a.~ree with each other end in some cases
w~,re contaminated to a higher level than wor e many of the actual samples.
For exarip le , in Inetrument RA, one of the controls showed an activity
level higher than seven of the 11 samples obt.a~ned , and in Instrument
GB o:~e o ’ the controls gave a hl~~her read ing than any of the srin; ies.

Altho ug h the recorder fa i l ed  to produce a trace for Instru-
men t P, and th’~s prov ided no pro ~: of the r o ;or  opera t ion of’ the sam—
-ler , it appears that this instrument operated r. rmally.

Instruments 6C, 6E, and 6F random variations wore also
o~~ta i :-ie.: as in :icated in Figures 4.7, 4.~’, and 4.9.  In these cases al-
so, the controls wero frequently eonts.minatea to a higher level than
the corresponding samples.

:t. should be noted here that regardless of tb. precautions
•xcrc -3 od in handling the M}’ filters , varying small amounts of material
coul.. be observed falling of th. filter.

4.1.3 Snot 7

All sam plers with f i l ters i: ; th. vertical plane had been
p 1ace~ at Stations 3 end 4 as the stations moat 1 icely to be in the path
of the radioactive aerosol. However , Stations 1 and 2 were the only
ones which became contaminated.

Instrument 7!, at Station 1, bad filters horizontal with a
circular cover. The (low rate wa~ approximately 2.5 liters per minute.
Instrument 7~, at Station 2, h-ad filter holders inverted with the  open
end pointing downward. In th is ease also , the ori fice h.4 been removed
giving a flow rate of ap oroxi ma tely 2.5 liters per minute. Both instru-
ments us ed “Type 6” piper.

30
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Pig. 4.11 Activity ColleCted by Instrument 7!

Figure 4.10 shows that with the filters in the inverted
position the activity collecte d by the control was consider ab ly lower
than that in all samples through which air had been drawn • It is also
evident that there was a more regular pattern of chang e of concentra-
tion with tim than was the oase with other arrangenents in Shot 6. It
should be noted, however, that oven though the flow rate was increased
and th, general level of aonts*ination of th, area ~ 1200 mr/hr) was
higher than for any station in Shot 6, a smaller smotmt of activity was
collected on the inverted filters.

Instrumec’ 7!, which used the circular cover , a higher then
norwal flow rate , and”Type ~‘ paper , also produc ed samples which showed
a regular pattern of variation from sample to samp le as shown in Pig.
4.11. Although the control rilters gave re latively hig h ootmts,these
ootmts were , with one exception , much lower tha n the actual samples.

Tb. results obtained from each of these instruments in4i-
cate the desirabilit y of using a higher flow rate than the one—half li-
ter per minute provid.d by the orifice incorp orated into the instrument.

4.1.4 3eoonda~y Aerosol 3.ap1in~g

In the sampling of secondary aerosol in the Operation
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JAN G LE area , comparisons were made between the molecular filter and the
“Type 6” pap r; between the two types of filter holder arrangement; be-
tween instruments with different flow rates; and between instruments
sampling into the wind and instruments sampling away from the wind.

With identical instruments and the same low flow rate,
“Type 6” paper gave consistentl y higher levels or activity than did the
molecular filter as shown in Figures 4.12 and 4.13. The sane was true
with Instruments g and F with the orifices removed to give the higher
flow rates. During the mo~s~ting or the filters in preparation for
co~siting , material could be observe d to be loosely held to the surface
of the molecular filter material. Even thou gh extreme care was exerc ised
in transferring the filters from their holders to the slide, a lois of

~~ter ial could be obserre d during the handling. This was not apparent
with the “ Type 6” paper.

TABLE 4.3

Flow Rates and Filter Materials Used in Operation JANGLE Area Tests

________________ 
Sample Positions 

_____________________

l t o 4  5 t o 8 9 snd lO
Instrument Flow Filter flow Filter Flow Filter

Ret. Matin al Rate Material Rate Material
_________  

1/am 
_______  

1/mm 
_________  

1/mm 
________

A 0.5 MY 0.5 #6 0.5 #6
B 0.6 ~6 0.5 46 5.0
C 0.6 MY 0.6 MY 0.5 UP
D 0.6 f’6 0.1 0.6 46

3.0 MY 3.0 MY 3.0 MY
F 3.0 #6 3.0 #6 3.0 44

All instruments were rw ~ simu l taneously at the sams station.

As expected , samples obtained from instruments having higher
flow rates showed greater activity. Table 4.4 shows, however, that the
ratio of activity collected is cons ide rab ly greater than the ratio of
flow rates.

Data from tests designed to determine the effect of wind di-
rection are inconclusive becaus e the surf ace wind direction continually
shi f ted through 180 degrees during the period of the tests . Results
are shown in Figure 4.14. Samples from neither of the instruments test-
ed were consist ent ly more active than those from the other.

During Shot R, In str uments C and D, which were placed in a
previously contaminated area at Stations 3 and 5 ssmp l.d seoondary
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TAB LE 4.4

Comparison of Flow Rate with Activity Collected

Sample Flow Flow Plow B
Rate ( l/m) c~~ Rate ( 1/m) Flow A. ormA

9 0.48 131 2 4  1035 6 7.9
10 0.48 146 2.4 1100 5 7.5

aerosol exclusively. rn these instruments the filters were protected
from the collection of random directiona l particles by the 3—inch—long
tubular extensions. Each instrumen t used “Type 6” paper with flow rates
of 0.5 liter/minute. Control filters with no air flow through them
were exposed with and without extension s . Tho se controls which had no
tubular extensions in front of the filters were contaminated to a muc h
greater extent then were those with extensions as shown in Figures 4 • lb
and 4.16.

Sampling began at H-6 minutes for Lnstrim~ent C and at N-il.
minutes for Instrt~ent D. This means tha t Sample 1 for each instrument
was being collected at the time o~ the detonation. Instrument C col—
l.ot.d this sample umti l  H 4. 14 minutes and Instrument D, umtil 1 4 9
minutes. At no t im. was there any activity in the area as a direc t re-
sult of this shot.

Fi gures 4.15 and 4.18 show that th. greatest smow~t of ac-
tivity wa5 collected in each instrument by the first sample. Sharp ir-
regularities appearing on the r ecorder trace s due to the swiden jarr ing
~ th. tn.tr tm.nt gay, a positi .e indication ~ the arr ival of th, shock
wave at each station . It, therefore , apt~~ar s sa fe to assume that the
high levels of activity collected by the :ir st  samples are due to the
stirr ing up of dust by the shook wave .

In Instr umen t 8C t e was a gradual and regular decrease
in activity thro ugh Samp le 6 ~pou ding to a period of about 2 hours.
The increased acti ty in Samp. a — , and 9 for Inst rumen t BC , and 4~8, and 9 for Instrument SD, can be interpreted as having been caused by
winds or , more probabl y, by the mo’riment of vehicles izi the area.

In any event, the results indloate that the use of tubular
ext ensions in front of the filters w~1l protect the f~1t.rs from the
collection of random directional particles. Also indioate d is the fact
thet air—bo rne contamination is negligible except when caused by moder-
ate to strong wind, or by local disturbances in the area suc h s.~ the
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aovomsnt of vehicles.

4.1.5 Radioa~tographa

Radioauto grap hs of selected samples are shown in Figur e 4.17.
All were samples which showed a high level of activi ty compared to
others in the same instrument. Samples 6C3, 6Cl4 , &)lb , and 6P17 were
oolleot.d en molecular filters whi le the others were on “?ype 6” paper.
All of thes. samples were among the more active of those obtai ned.

It is apparent that the high level of activity collected on
Samples SD1b , 6C14 1 and 6717 is due to a relatively ~~ fl number of
very active particles. Other samples whi ch show eqimlly high levels ~f
activity are often contaminated with a larger n~~~er of particles which
ar. more um.iform with respect to activity. Th. chance ooll.otion or
one very active particle by a ~~~~~~ filter would tend to nask the faot
that the ~a~tio 1e ccnosntrnt i~~ is ~ot very ~re~ t .  It is also true t hat
suc h ran dom samplth~ of a small n~~ber of particles would not be sta-
tistically mean ingful.

The radioauto gra p hs also show that the samp les collected on
the ~~ show a higher concentration c~ particles around the edge of the
samp ling area than is the case with  the samp les on “Type 6” paper. The
one very active particle on Sample &)l5 is cor~ letely outside of the
sampling area. Possibly the larger ~~rticies are not held at the point
of impaction on the smooth surface of the 10’ as strongly as t hey are on
the “type 6’ paper .

4.2 TILE TR C~~LAB ~ wT iwwus A I J~ ~u ::~
4.2.1 Shot 6

Table 4.5 shows the s t a t i - n  locations of the Continuous Air
Monitors relative to gro un d zero.

TAB LE 4.5

Station Location s for Shot 6

Station Direction Distance from

__________ 

or Position Ground Zero
F—i 50 5• ‘f north 5.~ mi les
F—S 28° E. of North 6.5 miles
P.4 400 E. of North 6.4 miles

~~)O 
~ of South 12.0 miles

F—6 Osr~- i~ercury 33.0 miles

For Shot 6, Stations P-i through F—S were in direct line of
sight of çroiz~d zero. Stations F—i and P—S show d no noticeable inrase
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in activity above backrround. Stations ~
‘—3 and F—4 snowed fall—out m~f-ficient to cause the monitors to o off—soale within a fee minutes af ~~

the detonation.

Station F—6, at Ci~~; ..eroury, furnished intereatin~ ~nta rts
shown in Figure 4.18. ~‘1gi~ros 4.19 and 4.ZO present the sane data co:~-vert.d to mioroc ur ies per cubic centineter of air. This station was al-
lowed to operate for more than tw’ days a.n~ the d~~a in dicate an appre-
ciable increase in activi ty after —hc ur .

Of interest also ta the cccurrenoe of the “pip” on the
chart at or near U—hour (o~,oe) as or..n be aeon in F’i~uros 4.18 and 4 . 1 ’ .
The instrument at ~anp ~ercur y ii the ~-:~ly one of the instruments whichshowed thi s phenomanon. It may be noted alSo tha ’ the “pi~. ” is evi G~~.t
on the beta plus g a a  trace only. Thu cccurrence of ti i s “~ i~ ” isstill tEexplained.

4.2.2 Shot 7

The Tracerlab o’~tjnuous A~r Lordt4rs were lo~sted at sta-
t ions as shown in Table 4.6.

~JL L.E 4.6

Station Loca ic”s for S’.ot 7

Direction Distance from
Station -or l’oattion ~.sround Zero

G— l 45°t. of ~~r th  13 miles
G—2 3’°E. of ~orth 12.4 miles

ll°E. of north 1Q.(~ miles
15°T . of Sout~. 11 miles
i’q-z ~ercur

: 33 mile s
___________ 

Cn~p ~nrc~rv — 33 —ties

Stations G-1 t~-~r~~i-~. ~—3 were ~~~~~~ the mountain ren~e and
located just off the dirt roads 1en -~ to groom Lake. .~tati ona ~~l
and ;—2 received no Increase in activ~ty abo ve norma l background. t
may be of interest to note tha t he bac~:~r ~~ read~~~a were from e to
12 mr ’hr at  these stations.

Station —4 was locate~ at t~.e co:~trol point area arid re—
oeiied no increase in activi ty . - tatioxi e ~—5 a~ i •~ -6 , located in Car~
~ ercury, were outside and inside, respectively, of a quonset hut. back—
groumd readi ngs were a little above :-~ - rmal -~~~o to fa l l—out  from Shot 6,
bta t there was no sitnificsnt increase o: ac t iv i ty  after ~~ .ot 7. T)~e only
Shot—7 station providing any dat.$ was ;—3 , b oated at the top of the bil l
on the Groom ~~ss road. Figure 4.21 presents the be ta concentration and

Figur e 4.22 , the ga conoentrati- ri.
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4.2.3 Evaluation c( Hazard from Secondary *arosols in the JANGLE
Area

In order to evaluate the haz ar d resulting from the secondary -
aerosol s generated by normal wind tuz-bulenoe over the area of the under- -
groumd and sw face shots of Operation JANGLE (November , 1951), continu-
ous air monitors were placed one mile nort h of the w~derground zeropoint *nd one mile east of the tmderground zero point. Th. two monitors
were allowed to sample from 2000 hours on 22 ILay 1962 to 1400 hours, 23
May 1952. Ther e was a genera l southwesterly wind estimated at 2 miles
p.r hour • The ga~~a background at these two stations waz so high that
no significant data could be obtained as to the rad iation resulting
from the secondary aerosols. Shot 6 re’-oontaninatad the JANGLE area,
preventing any further tests of this nature.

4.2.4 Long Rang. Activity Detection

Prior to Operation 3N &FPi~R , (dur ing Operation TUI~BLER) onecontinuous air ontto r was installed at Ai-aç~ ChemLal Center , Mary land,
and allowed to monitor the air over a period of more than two week,. It
was hoped that the re-designed air monito r could be evaluated for long
range detection of radioactivity from atomic cloud sources.

The first indication of extraordinary activi ty in the ataos-
phere was obtained at 1120 hour. ( gs’r), 17 April  1952. This increase
in activity continued for more than 24 hours inaenuoh as the general
b.okgroumd did not return to its normal level un til 1600 hours, 18 April
1952.

Since the activity collected was quit. lar ge, it was ass~~~ d
that the aotivtti source was a mixture of fission produ cts originating
from an atomic cloud which had passed overhead. An att empt was made to
determine the approximat, time of the nuc lear detonation from the data
furnished by the air monitor.

The accepted equation for the d ecay of fission product mix-
tures , R ~ At~~, on d i fferentiation, bso~~~a

dR/dt . —bAt~~~~

This dirrerenttal equation divided by the original equation
gives s

dR/dt ‘

Over short inter vals of time, the above equat ion may be re-
written by replac ing dR, dt , R. and t respectively, by their aver age
values. The equation then becoaes&

(R1 — R 2 )/( t1 — t2) 
s —b (R 1 4. R2)/(t1 4. t2)

49

PS — 
4

-- 1-

~~

_ _ _ _ _ _ _  

-U



_ _ _  ~~- - --- - --- ~ — - - ~~~~ —-—- ---- -- - - ~—---

U~CU\~ flEO
In this equation , R1 and R, are th. activity read ings at

and t2, respectively, hours al ter the ~oab detonation. Assua. that the
constan t, b, is 1.2.

The activity readings obtained with the air monitor were
134 at 1620 hours on 17 April and 77 at 1420 on 18 April.

Putting these value s into the above equation givesi

( 134 — ‘77)/( —23 ) . — l .a (134 4. rr )/(2t1 ~. 23)

t1 • 39.6 hrs.

Cons e~uently, the time of detonation was 39.6 hour s before
1520 hour. 17 April. This is 2344 hours (~:sT) or 2044 hours ( PST ) on 15
April.

4 ,2 ,5 Discussion of I~~su1ts

Throughout the tests the Tracerlab Continuous Air Monitors
wer e checked to determine whether the modifioat~ ons made on the previous
model eliminated the undesirable characteristics listed in Section 1.2.2.
It was found that these modifications were satisfactory if the instru-
ment is to be used only for the purpose for ~~ioh it was designed, i.e.
as a Health Physics tool for the laborato ry sampling of aerosols. Opera-
tion ~~AI’F~~ has provided a convenient source of air-borne radioactive
aerosol which has aided in the evaluation of the instrueent with pres-
ent modifications.

Although the monitor can be used in areas outside the ~abora—
tory whioh do not become too highly contsmin~t.d due to heavy fall-out
for obtaining a reoord of beta plus gama and ga~~~ radiation from ra-
dio-active aerosols, the record is obtained with great difficulty. The
heavy air punpe and the counting and recording un its make the monitors
bulky, delicate , and complex f rom the standpoint of field operations.
They require a good AC pOwer supp ly end must he protected f rom .11 .4—
verse weather conditions.

The aaount ~ activity deposited at field locations in the
vicinity of an atomic detonation produces a sufficiently high background
reading to drive the recorder off-scal, even though th. recorder is set
on the highest scale. In spite of the fact that the monitor inoorporat s
a ge~~~ backgroun d counter so that correction s for the ~~ue oollec ted
activity can be made , there is still no mean s of detecting end measur ing
the ax. tmts of external radiation under these high b skground oo~dition..
This would indicate th. need for additiona l shielding against high ga

~~~fields befor. its use would be of value in these situations. D~e to
struct ur al design of the monitors , it is impossible to add any more
shielding to tb. already lead-shielded GM tube s. If the monitor were to
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be used in any future tests involving high radiation fields , it would
be necessary to construct shielded underground vaults to house the con-
plete unit with sampling accomplishe d through pipes leading to the out-
side • This would prove impracticable from the standpoint of time and
exp~~se.

Several additional oharao~ eristlos which make the rnonitor
undesirable rrom the standpoint of field use s.reg

1. The instr~asnt oa.~not be decontaminated by washing
with hot wat er or steen.

2. Ti.. required for sample pick—up is excessive, con—
etituting a hazard to pick—up teams .

3. Special type tools are required for assambly , sample
pick—up, and roll-up operations.
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C!IAP~~R 5

CO~~~CLUSIO~~~ S AND R!COL~~2ND A TIONS

5.1 PORTABLE AIR SJJ PLER, E-22

5.1.1 Conclusions

The data obtained in Pro~ect 6.7 dur ing Operation SN APP~~
definitely show that the Portable Air Sampler, 5—2 2 , in its present form
does not give meaningful or reliable results when used as a radiologi-
cal air monitor. It i. probab le, however, that cha nges in the method
of mounting and expo sing filters may eliminate present difficulties.

The present me thod of’ mounting f ilte rs  ii unsatisfactory in
that the filter, ar e exposed di r ect ly to fall-out and wind—blown par-
ticles.

The flow rate is too low to give mean ingfu l end reliable re-
sults , particularly in instances where the concentration of activity in
the sir is low or where the concentration of activity varies rapidly
with time, necessitating shorter samp ling period..

~lthough the MY type fi l ter ii extreme ly efficient in re-
moving particles from the air stream passin g through it , retention of
the particles on its surface wa s app arentl y inferior to that of the

~~emio.1 Corp . ftltez Material , ?ype 6.

5.1.2 Reoo~~ sndstions

It is reoo snended that a laborato ry evaluation of the in—
stri.ment be initiated in an attempt to determine oonolusively whether
variations in the maimer of mounting f i l ters  will give reliibl. results
with either the present 0.5 liter. per minute sampling rate or with
higher sam pling rates. Such tests also will provide information wh~oh
will a llow standardization of the senp ler in order that data can be
interpreted quantitativel y in te rms of ~ac/co of air.

Possible successful arrengenents of filter-holder s which wa
suggested by the results obtained in this pro ject are z

1. Plastic tubes , 3-inches long and ~—inoh internal diame-
ter extending fro m the face of the filter ho~ders.

Z.  An arrangenent in ~hioh en airtight head rotating
about a hor isonta l axis would expose only one sample at a t ime without -
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allowing others to become oontaminated in the process.

If laboratory tests indioat.e further usefuluo3s, it is
reocamended that an easily oontr olle~.. and acourate timia~ mechsnisnbe developed f or automatic operation or the rotary solenoid distributor.

5.2 Tli~ TR SRLA13 CO * TINUOU~ AIR LO!~ITOR

5.2.1 Conclusions

Useful information can be obt’tined in the field from the
oor~tiauous air monitor only at the ex~’ense of oonsiderable time and ef-fort in handling the bulky, delicate, and complex air monitor. Data
are influenced by background rad iation from whioh it is impractica l
to s~ ie1d the lnstrtment.

The nodif’ioatj on in the ~~~ ‘r drive nochan i am which allows
an aerosol samp le to be oolleotei on one spot on the filter pape r d’ r—
tog a b~o*i t ime interval sL-~ -lifies the conversion of scale readings
to activity concentration in microcuries per cubic centimeter of air
sanplod.

5.~ .2 Reco~x~enda t ions

It is reo~~~ended tha t the rracerlab Continuous Air ~onitor
be use i only f- -  the sa.~p li:.~- of ae ro sols in the laboratory in keeping
with the pw~~ se for which it e~ s des~~ned and built and that no further
consider ation be given to its use in the field.
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