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STATUS OF “PROPUGT MONITORING BY
_THE HFAL’I‘H PHVSICS SECTION.

\f,_
T

By S He M. Parker

¥ branran of’ health mrnitortnqwinstruments for prnduct activity was.
notfscheﬁuled before the :start of operations at Clirton Laboratories.
The: \nstrumentation has developed largely without consultation with
theHealth Physica’ section. . The Pluto detector for surfsce ccntam-

gﬂ Anation and the Sneezy apparatus vnich vas planned to mive a warne

~ing of gross utmospheric actlvity, have been developed by the Instru-
‘ment section of the Physics Division of the vetallureical Laboratery.
Both instruments €11l an 1mp0ﬂtunr nr~¢ ir the program. .

apecial alpha counting equipment of high guality has been designed

by S. G. English and collabprators at Clinton Laboratories.. 'These
developments, some of vhich are still in the experimental stage,
have been folloved »ith interest by the Health=Physlecs Section. -

This Sectlon has studied the tecrhnlque of measurement of. alphe

dctivity in the air by predipitrou measuremenis, and has formed the
opinion that this is s convenilent, sensitive, &.d sufficiently

V' quantitative method for routine use. The Section has also experi- )
. mented vlth.technlques ‘of drawirg air throush large ion chambers 1n‘b///
‘vhich beta and samma‘'activity.have been alanced cut and also vith . V/

the pessibilities of zinc: sulphide screens ancé the’ scintillation
*methodu Keither of these 1rvest1natior¢ vas pitleularly frultful.s

Tolerance Levels

The hazar@ arisipq from the 6eposi*ion of nroﬁuct {n the hones can

- be: estimated by analogy »ith the case of racdium poisoning. One micro-
“gram of racium fixed in the bone is a lon~~rance lethal dose. - As’
apnroximafely one-half of the raccn formed by cisintegration’of the
‘racium escapes rapidly from the boru, the avallable ulpha ray energy
in the bene per ﬁisintenration of. rudtum is abecut 16 Mev. The energy.
per disintegration of pro?uc* is a proximately 5 Mev. In rcund
numbers, 16 microgrums of- preduct will give the same number of cdis=~

" integraticns as one microgrdm of ridium, and ore cfecuces that aporox-
1mately 50 micrograms of ovroduct fixed in the hone will be a lethal

- dose. One-tenth of this amount cin re.scrurly be corsicdered to be

‘a tolerance level and the resultira ficure of b microarams of product
fixed in bOﬂe is becomirn rather widely LCC(DtQCa (see uppendix)

A

“?he amount that ‘can- be lrﬁemted Ty thout rlbk 1s mach greater than~g
“thils on account of the. ﬂnrtﬁnutely low transfer from the ~ut to the
_ biood subply and hence to'the bone. "More or less divrect’ transfer -
*Wto the blood system throush an open wound 1s a cause for more wOLTY o
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 The huzard of inhalation of product 1s perhaps the greatest problem
in product monitoring. If product settling on the linings of the
lungs remains there permanently then it can be shown that 0.84 micro-
grams ‘of product in the lungs will produce ‘the ulleged tolerance dose
of 0.01 rep per day. Since the activity is here bullt up steadily
day by day, it 1s felt that -one coculd vork for two years in a corncen-
.tration such thut the lune deposition at the end of the first yeur
produced a2 nominal tolerance dose. On thils assumption, the vermissi-
‘ble tolerance concentration of procduct 1n alir is 5 x 107 micregrams
per cc. (CH 1433) '

The corntrary view that all oroduct is transferred from the lung lin-
ings to the bone has been used elsewvhere for the basls of a supposed
tolerance dose. This limits the permissivle intake of product to 5
micrograms, ané vith a p~rmissidle Beriod of 2 vears the tolerance
concentration in the air 1s 2 x 10°7 curie per cc. It is guite re-
markable that the flgures agree to vithln a faector of four on.the
basls of such opposing theorem. In this laboratory the more conser-
vative flgure has boen accepted as the tolerance concentration. If
50% of the deposited material in lung were absorbed, the tolerable
intake would be doubled, as there 18 no cornection between the vostu-=
lated causes of damage in the lung itselfl and in the bone.

Tolerance ccncentration of product on the hands is a problem that
this writer 138 incompetent to0 8olve. There 18 good evidence thatg
all parts of the body are covered by a thin horny layer, the 50-
called "layer of passive absorption" which siould act as 2 convens
ient filter for the protection of structures L. nesth 1t. This '
layer 1s at least 0.1 mm thick and on the hands 1t is many times
thicker. Therefore, there should be zero penetrotion from alphe
particles to significant structures. There wculd then be no -
radlatlon hazard per se in having the »lphu ucstivity on the hands.
The vriter has some reservations about the validity of this propo~
sition. Farly writers {lacassagne - J. de Kadiologle = Vol, IX,
"Fo. 2, Feb., 1929, p. 73j, in the flcld have mentloned the allemed
caustic effects of alpha partlcle rudlation on the hands. If the
concentration 1s luarpe enourh, one car almest literally burn off
the horny layer. In meneral, horever, one rculd feel that the risk
of hané centamination 1s two fold (1) 1f a cut or abrasion occurs,
product may enter the tissue snd bé carrled eventually to bons,
(2) the contumination may be transferred clther to the intestinal
tract or through the nose. No tolerances limit for hand centaning=
tlon has been set to date, but as 8 vorking pelicy, ene attemnts
to remove contamination vhenever 1t is detected by the most sensi-
tive instrument currerntly available. The tolerance ccncsntration
. on laboratory benches and floors falls into the same category.
There 18 the acddlticnal risk of scuffing up some of the activity

. .fo form a cust hazard in the alr. sagain 1f the henches or floors.
have been found demonstrably contuminated, as much as possible has
been removed by wet mopplng, fellowed in convenient acoses by lac-
querinm or varnishing of the surface.
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Monitoring of Contaminated ourfaces

The Pluto instrument which has been adequatery described elsewhere
1s the most corvenlent tool for the rapid testing for contamiration
on anproximately flut surfaces vhernever extreme sensitivity 1s nct
required. Pluto samples uan area of anoroximately 80 em? snd Since
the time constunt cf the circuit 1s rather low it is possidle to
pauss the meter fairly qulckly over trc surface to be tested. Pluto
rives 4 hulf=-scale reuc¢ing in the prescrce of 0.1 microgram of pro-
duct ard vill plve some irdicuation ¢f the pvresence of as little as
0.02 microgrums. The behavior of Ploto at Clinton on many occasions
has been found tc be erratic, but provided the readlrgs are assessed
in a quulitative rather tkdn quantitative =" nse the instrument will
£f111 1ts function.

A sawn-cff lauritsen electroscepe »!'th screen window 1s about 10
times more sersitive than Pluto {CH 1470 . 0.01 microarams sives s
rate of deflectlion of un-roximately &0 c‘vis‘ons par 100 secends
The Lauritsen electroscepe used had a sarpline vindow of 20 aquare
centimeters in area, vhich 1s irconvenient for the sampling of a
larege surface. 1t has been used at infreguert intervals for the
testine of surfaces that alve no si: ~rifisant incdications en Pluto.
4 recdesior of ion cnanber *ith a surface area of zbeout 100 sounare
centimeters and *ith 2n ovtical projectlici system Instesd® of the
microsceope on the lLaurltsen electroscope vould rave corsiderable
vilue for sensitive moritoring.

<y
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in alpha particle countirng chamber viith o screen virndov iz tc te
preferred for sensitlvity and sase i vynrasitlon,  Such a chanbder

1z annroximutely ore hundred times more seorsivive than Piluto. How-
ever, In the deslgns to date there has been censiderable trenble
due to microphonic effects. hLhecently &, G0 "nelisah’s sectior haa
desioned a urlit inm which the countine oren 1o divided uD inte
CVlLP@TiCdl ele~ents In such 2 wuy that $hie microvhonic disturbancs
has been reduced to acceptable lewvels. This equipment bus not yet
been tested for a sufficlent length of tize, Lut it seems to ore-
sent the bhest solution for the monxtori"q of flet surfaces and azlso
fer hand countineg rhich is the same provlom.

Ho cervenlent direct tast for cetivily on cuarved surfaces or in
other locations Iinaccessible tc Pluto or the Laouritsen electro-
scope 1s at present avallanle. Mcritorine of such paris is dore
by a smear test, ir which a2 plece of gaper is wiped cver the area
to re tested and inserted in a rem:zlax uﬁtdi countine chanber.
Interpretation of the results is guralitatiy

The activity on harcds hoas bhesn estimabe
~or to the lauritsen electroscope. A i
the finper tips pcan be made by frsectd
counting chamber.

¢ »ithzr by exposurs to Piute
e gerslitive test of 2t ieast
fire tnen in tue recular alpha
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A test has been made of the efficiency of zirc sulphide screcas

for the rapld testing of bent surfaces for coveralls and gloves.
The method 1s as sensitive as any other methcd, but reguires cure=- .
ful adaptation to darkness and as a working prnceﬁure this method

"has been discarded. For good obserwatlon of scintillations the
incidence slde of the screen has to be observed, and this br‘ngs

in 1nconvenient optliecal arrangements

Monitoring of Product in the Air
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Sneezz

The principle of the Lreszy anparatuz 1s that aﬂr is ¢
thrcugh a speclal filter paper, the "neface of whieh I3
tinuously exposed to an ifon chambaery o wnectad fb Eh el he
circult. “hen the ion cuvrent sxcceds s predfetermined v
an alarm system 1s energized. In : ar
eencentrations in the alir of euitﬂ 3 Ter
tolerance concentrations for s corsideribile perlaod time
cculd ve avcided.s Ynly one nofel of

hle at Clinton and the electranlie
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never cperated. PructiCxl sxverionoers Moy, inervefors, not
been obtainable., The asunction vort : s

has been used Lo collect guuplea o
alpha*couﬁffﬂ chamher.  Tho © . PRI
g miven collsction time 18 love s thon et obblined Ly pre-
cipltron netcds, dus Lo Lne v sad ‘ |
the filter puper.

Preclipltron Mezsurementis
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The previwit°on‘ used ¥
rial 13: Cottrell vpract
from 3 cu-: . per rintte §
wgs done nrlirarlly o order
vith shor: ¢opogure fLines to
stort-1ife actlive deponit:
routine muuhir@ments n oghe o
to use the ivtustrizl prect
of 2 cu. i, por minodes and
30 mirnutes. Megsurements
not been mafe frevuently
ments; but tm2 wopek done
Clla ft, pgr sinnte the ool
that ot 6 cu. 0. por niruvte
at the top speed 'll}: Ol
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efficiemcy 3 ““rohimqtuly
believe that the collec Filedstion ,
not by 2 factor us large e 2. LDeosarement
tration of padon and horon in the gﬁ*““Wl(rJ
in CH-181¢ and (H=-1640 and these ¥
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of radon corcerntratiocn ranze between 10 Hosurié por co

n,c . . b - .
and 5 x 10=+% curie per cc. lhre iCupl1pﬁ vzlues by sionde
ard methods range between 2 x 107 17 aurle ver ce. S

@
. I . i
107+9 gurie per cc. The @dare range .7 covercd vith e

factor of 2 difference. Thoe messureme b of short-lifao
activity as in this wuctive feposit 1s less accurats ther
in that of & long-life product. .urntltative resalta v.ih

3 v
product shoulid, therefore, not be vrorg by a factor of 12y

The sample 1s obtalned by preclipltatlons on the
foill liner in the metal Cd]} :*1g tute of tha
The foil is a cylinder of 1: in. 1la diumeter
At the end cof the collecting time (72 wminuvtes

ard time) the foll is trunsferred to a speclal aljna-count.
metod 4 ")‘Z grometry. Noroally,

ing chamber vhich gives un act
the initisl crunt falls vith
mirutes, dueg ' o parent-dansi
racium [, ard racdlum C Series
by the OOﬁJ(f*i cn of thoriu
product or uranium dust., I 1
did not £all 1t would be an ind?
tanmination. Lo such count ting 3
Lebeoratories. The countine pzooodt
initial ccurt =5 sooen as v(“ﬂc**rl
the deccy cfter about 20 alixn
activity is 1aﬁf@1v fue

The sample
time the radiuan acti"~ ¢
ceunt of 7 cour e
The sample s counted apaiy
imately 2: ‘
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A count of 4 % .5 nin TR e
of ¢t & 30 min., a concer| SRy : 1oL
he mesaures . PO recowv? Cat A i
tinucusiy over an 8 hoay coooloo v ol f




;bnb"or 1s dudito’ the prolanged insult /fto
B pe od, ‘o m!&;,years. ‘rha.f;more
ctor, AHe better will the. trins.

' of 110, The contrary view would be tha-h t‘ ,
' limiting am*t c!’ mﬂium‘_in the skeleton is 30 well known that there
‘- igino 'need for an sdditiona) safety factor, On this basis, the tol~ .
. ‘ereble amount of radiwh would be just under 1 g ‘and theref'ore that
. '-,of.”‘produc&; mmld ‘oe as, high as 25 to ju.et und{; 50/., ge S
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