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EXFC3URE_CONTROL
BEST COPY AVAILABLE Fast Neutrwn Eye Daxfage
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Minutes of a Meeting Zor the
Fwaiuation snd Control of NeuZrycn Bxposuwle e the Byes

mege minutes are written at the request of J. C. Hart in whege office a
meeting was held beginning 9 2.m., Wednesday, April 9, 1952 1o discues the
foasibility of possible means for evalustion and gontrol of ne
the eyes., Those in attendence are inmdi-atsd at th: end o the

Introduction

The rssults of curwent otserrational and ezpecinental atudies are intsr-
preted to indizate *thet L rep oI fagt neubron SEpesUTT LAY e g proper value
for the mexlimum permissible 1ifetime dcse to e roosivel by the eyes Wit

ha
conseqguencs of significent increase 1n cataract formaetlon. Tn risw of this, it

i felt that considerabls gmphasis should be ~laczed on the vrevsation 0T SXpo-
sure where possible and securate low levew survy and dooimetry In contrast Lo
relisnce on fixed instruments Por warning ab the total hed, permissidble expe-

sure lovel.

T+ wes shtatad that the spplicstion of Qiffarent permissitle eXposure levels
se frequently s diff eult that the lowest value

ro be sderted Zor total body uee since thiz would be

a control.

+o various par=3 of the mody wae
" +

(for syss with np) would bave
gimplest for practlcal exposur

Improved deslgn and apsrating
feagihle 2t experimental Faxillitiag
znpreased use of mirrors ana 7AW lig
experimental aguipment whers po3sibis.

Plux Batimece

TE Jaf agtimated® on the bagis of 2z 100 Fast o™ being equivalent to
1 rep (by J. S. Cheka considering ueing fissicn specirumi neutrons) Shat a 40 hour
per week eXposure ON the basis of a 20-yesr werling pericd werli come out toO an
spproximate average permisgib%e fiux of wbout 1.2 n/:m?/sec {(for one week the
totgl flux would bLe 2 X 10/ n/cm? sonnidering 30 jeara' work of 50 wesks per
year pctentiel exposure}. This woull indicate a deersase i toleprancs by 2
factor of gbout 90 Tram ouX prosently used srerating valuz of 66 fast n]cm?/sec
per 8-hour day. Such 2 fiftyfold reduot e

probisme

* as_a oheck of this estimgtes XK. 7. Morgan, November G, lQhQ, gives 87.9 nff
cmi/sec (2 mev) = 1 mrgp/br. From +hig onz gets 0.875 = 105 x 2.6 = 103 x
103 = 3,15 x 107 ng/em™/rIp.
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(Zn zomment on these valuse, many sxperimentalists could arrange thelr
work go that only a few houra per wesk of exposure need occur. This would per-
mit uge of the weekly tolerance and not require change by 2 factor of 50 in
every cage.)

Changs Justification

In a discussion of the snticipated opposition by plant personnel to any
lowering of tolerance for maximum permissible exposure levels, it was polnted out
that the validity of extrapolating from enimal data would doubttless be questioned.
Such animsl cataract data reputedly includes not only observations on mice (vy
Dr. Furth) but also some other recent data on rabbits. The comparabllity of ani-
mal eye response, if not questioned because of structural difference, will be
doubted by some because of different life spans or other points. Another probable
objection which will be veised 4o the lowering of neutron tclerance levels will be
the instances cited of the very large number of workers who have carried out neu-
tron experiments with cyclotrons and so cn and the relatively few who have ever
had a cataract as a result. Arguing thus, the apparent low probability of such
cataract demage results will bs held to indicate only a trivial risk {comparable
to normal life eye hazards). In this commection, it would be of intersst to have
data on the incidence of hereditary prsdisposition to cataract and alsc data on
the natural spontaneous iIncidence of eye cataracts among our population. It wase
mentioned that an abnormal number of cataracts are observed in certain regions
such a8 India {possitly fram sun worship cults?). An investigation of an alleged
CRNL cabarast case indicates an insignificant probable total doss with the fast
naytron sxposurs rate sstimated as not greatsr than 10~3 mrep/hr. (4 total of
10° hours exposurs nossdod for 1L T5D.)

Of inbter=gt in this connsction is the question of how sericus is a cata-
ract and how difficult, coetly, and successful are operations for the corrsction
of this sondition. Az~ording to the provisions of the Tennesses Workmen's

Compensation A:%, ths loss of vision of one eye was stated as worth and of
both eyes $30007 3o
/50v°

Thers would bs conslderabls inkbersst and relevance to data on the cata-
racts observed as the result of atomiz bombing at Hiroshima and Nagasakl with any
availabls data sorrelsting the probable dose estimated, the number of cataracts
obgerved =and the delay between sxprsurs and observation of such szataractsa.

Pregent Action

If it be assumed that ths maximum permisgible exposure of the eyss to fast
neutrong would eventually be modifisd to the above values of a maximum permissible
lifstims dose of 1 rep and accspted by Menagement, the operational use of this
value would reguirs further work to improve detection Instruments, prevent expo-
surs, and improve desimetry, The przusnt  Latus of this problem 1s strictly
antiscipation, discussion, and planning since any actual changes could only follow
aftsr a pra2liminary suscesaful selling sffort at gll levels of laboratory person-
nel from the T0P on down.
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It was felt that a backlog of exposure data and work historlss with neu-
trons would be a very valuable adJjunct to the list of personmel currently
exposed to neutrons in our program., This is important particularly fram the
standpoint that the last contributor to a total dcse has the major responsi-
bility for any effects from such a total exposurs.

Dogimetry

Two possible approaches to fast neutron dogimstry are by the observation
of proton recoil film emulsion tracks and by pocket chamber dosimeiry techniques.
In the first cass, it now requirss about 12 minutes to examine 2k microgcope
f1elds™ and with a change %o the lower tolerance level it would requirs exami-
nation of a great many more fislds to obmervs the fewer number of tracks with
any raasonable statistical accuracy. Upon the examination of a hundred fields
or mors, .ne has increasing trouble from sosmic ray background and other spuril-
ous tracks which introduce additional etatistizal uncertainty., The proper evalu-
ation of the significance .f this background would raguire furthe. research study.
The perscnnel time required for sxamination of ovsr a hundred microscope fislds
with our pregent techniques could well be prohibitive in cost and would give
accuracies %o only about ¥ 50 psrcent.

One might get same improvement in the gpurious track tackground by letting
the neutron films be worn for a two week period. Under these coniitions, *the
fading of latent images would loge about 20 to 30 percent of the tracks, with a
consequsnt 1osz in reiilability since one would never know whether the tracks
obgerved occurzed sarly in the period of wesring the film and were subject to
the 20 to 20 psoreent logas or whether thay wers of only »ssent origin and did not
undergs any fadting. This logg of reliability handicapsz ths propsr svaiustion am
minimizeg the csybainty of sxpcesurss indlcatsd by this film technijue. However,
in a twc weasks' period. the background radistion from spurious *racks, cosmic
rays. eta,, would te essentially unchenged since thils background is a functicn
of the total tims since the film and its emulsion were manufastured. Variation
in batchss and variation in age of batches weuld be gomewha* compensated for, as
far as background is concerned, ty the fading of latent spurious tracks. It was
explained as a matter of intsrsst that the fading of latent images variles from
tatch o batch and it seams %o oczur as a rasult of the loss by emulsion indi-
vidual graing of gsensitization according to a random function. In many cases,
this lozs of gengitivity stilll permi®s cna o recognize long tracks of less
resultant dengity.

Chamber dogimetry 1s being attempted by the use of two pockst chambers
balanced to give the same garmsa reading., These two chambers vary in their wall

*¥% 12 bohind O, W. = 12 behind shield; if Latter indicate significant fraction of
tolerance {= 5 frack/i2 fields) 36 shisld fislds are ~ownted for statistis
acouracy. Ons technician-day is raquirsd for 40 films, (Per HHA)

-~
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composition, the ons has a pure carton wall and the other a polysthylene wall.

At the present time, a week's tolerance {based on the 66 n/om?/aec value***) of
fast neutrons of the spectral distribution from a polonium-beryllium source glves
a dstectable loss of charge amounting to only 10 percent of the loss of charge
for one week's garma tolerance. At the contemplated reduced maximum permissible
exposure lsvsl, one would be camplstely unable to detect the loss of charge with
aignificance.

Some consideration was given %0 the possibility that one might reduce the
number of persomnel expoged to nsutrons and thereby somewhat offset the increased
manpower requirsments for film monitoring of fast neutron exposurss. Actually,
the numbsr of psrsonnsl presently monitored is a minimum, consisting of mainte-
nance workers, scisntists, and sxperimentalists and generally not including
Tisitors. Any neubron exposur:s whizh a visitor might receive 1s estimated on
ths basis of that rscsived during the game perlod by the persons accompanying
the visgitor. The only redustion sesn possible would be to require a pile shut-
down for any maintenance work and, even 1f this were done over the very loud
objections which would certainly be forthzoming at the increased pile outags,
this would only reducs the roguirements for monitoring maintenanze employses
a matter of 10 percent at most, Actumlly, however, consistency would indicate
that with a lower ievel of tolerancs, ons would be faced with increased monitor-
ing requirements rather than lsese and correspormdingly incrsased personnel moni-
toring nesds. Beyond this, ths future increase in the local mumber of operating
voactors fram 3 to 7 or 8 plus incrsased accelerator operations presages a con-
sidersnle sxpansion of ths vsjuirsmesnts for persomnel monitoring for fast neu-
tron sxposure.

Improved Desien and Technigues

The limitation or minimizing of sxposure to persommel will chiefly come as
a result of technical design and the intslligent effart to use operating or
experimental equipment in a manner o minimize neutron exposurs (by rearrange-
ment, 2tc.). One might suggest or require additional shielding wherever feas-
ible and the use of mirrors, or viewlng devices as well as relocation of equip-
ment. The chief hazarda from fast neutrons currently arise In connection with
experimental work uging teams of neutrons fram reactor experimental holes. In
this connectlon it would frequently become lmpractical to Install bulky shield-
ing, etc., because of the impediment thus introduced to the uss of experimental
equipment. In come cales, one sould put long extenslons on the detectors and
have the pre-amplifiers or scaling or rate meter equipment in a more safe
location, For certain typss of experiments, the necessary beam could be more
carefully coliimated and confined Ty shielding to the equipment requiring it.
In other instancee, this would bs complotely impossible since such shielding
nmight introduse extranecus offects, invalidating part of the data {as well aa

W 66 ne/ane/ses X .30 X 10% sec/hr x 40 x 102 nr/vk = 9.5 x 100 n.f/cm2
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quite possibly being very much in the way physicaily). Such technical design
changes would in many cases involve considerable increase in costs and thus
reduce the available experimental furds with the corresponding arousing of con-
siderable opposition. This returms the subject to the initiasl question as to
the precise degres of necessity which must Jjustify the additional costs of
money, time, and twzcuble for the resultant possiblie reduction in hazards.

A truly frultful study of the technigjue modifications necessary and design
changes epplicatle requires a study of sach specific experimental set-up and can
only effectively be undertaken after a thorough Job has been done in convincing
the persomnel affected that the additional precautions ars Justifiesd.

Among suggestions zonsidersd more difficultly feasible was the possibility
of using a type of eys shield which might bs designed after the style of =
welders-type helmet. This would provide localized transparent eye shlslding of
some material such as lucite or, even simpler, a water cell to absorb and therma
lize thg fast neutrons. With this type of device, some films lcaded with
1ithium®, for instance, could bs used for low lsvel dosimetry of the resultant
themalized fast neutrons and any thermals present and associated therewith could
be shielded out by a cadmium or other covering case.

Improved Insgtrumentation

At the sensitivity levels necessary, our present instrument would require
approximately one hour to get a reading of any reasonable validity. There are
currently no satisfactory fagt neutron detection instruments avallesble at this
level of gsensitivity which could bs distributed through the operating area. The
difficulties of attaining the rojuired sensitivity ave at present very great.
Ons could use portable instruments, with the handicap of this prolonged delsy 1n
getting readings, to make dosage rats studies of the experimental areas. Again,
one is faced with the difficulty of utilizing many fixed monitoring instrumenta
in crowded experimental set-ups aithcugh ons might feel that such Ingtruments
could be situated at the most normal eye level positions or eye use locations
(in the effort to utilize the differencs in tissue tolerances).

With instruments of the current level of sensitivity, a ussful survey would
requirs careful analysisg of the planned procsdure and the msking of numerous
prolonged survey measurementg at thoss operating points or locations whers the
eyes of the experimentel persomnel would be used. Considerable delay can be
anticipated in the developmsnt and procursment of suitable new ingtruments and
a moderate delay of a number of months will certainly ocour bsfore additional
ones could be obtained similur to those currently being developed for portabls
survey use. The availability of the 12 portable fast neutrcon survey lustruments
which ares due ths last of April or 2arly May {7?) would be on the basis of the
competing requirsments of survsys of highsr sxposure rate leval., However, it
might be possible to plan your sweyey to Juickly measurs all the high level
areas and let the instruments be utilizad in the inbterim for obtaining a fow
data points on the low levsl psrmissible ays sxposures. On an smergency basis
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it is possible that the plant instrument department could give priority to and
engage in the develcpment, modification; or construction of some type of high
gensitivity fast neutron survey instrument.

Concurrent with any decision to alopt the modified low level maximum per-
missible neutron exposures will be the problems of obtaining acceptance of the
necegsarily modified experimental and operational techniques which are designed
around the bagis of safe operational exposurs limits,

11 April 1952

J.: Burnett
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