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SUNIARY PAGE

Vil FOO0LEM

e Az ea:eaﬂ wiler Azollo misslons, the estroncuss on the flre luacy lending
@izlon ﬁm&m X! czeried potdive doslmater packs on chast, thigh, end enkle, conieis-
g nwslsor erd erdinary film bodge emulslons, themoluminescent powder, Lexen foils,
end £LVTER cativation folla.  Of thess difaront rodiation sensor, the nuclear smulsions
ad &7 patal kmporiance sinco they allow dotermination of particle types end energy
ipaciic of the varlous constituenis of the rediation environmen: in opsca. This report is
Beiicd (o @ presantation of the Andings with miclesr emulsions,

FINDINGS

Fer mooons of time eccnemy, one pack (Nell Amsireng, Commonder, Ankle)vas
ealezi d for @ complete track ond groin count enalysis of the G.5 ond K.2 emuisions
apploonted by en endem count Ia the K.2, A proton dess of 13) mlilired ¢ 220 milll-
rem woo found. For @l other packs, marely endors counts were cerried out in the K.2
erwlclony theso wors found 1o vary betwoen 35 ond 42 endeny/mm?, normslized to 200-
mlcvan thicknoos of ungrocesssd emulsion. By opplying Yegoda's method, the sior fro-
quansy In the goletin motrix of the K.2 emulsions was establiched from the integral
prong cpechum end Rumidhed o dose contribation from disintegration sters In Hee of 15
milllcd or 94 milllvem. The dese from foot neutrons was estinsted et 1.2 milited or 12
elliken from the count of recoll protons. Only o coarme estinate of the dose conriby-
tler fiom elecivons end gommo rays was passible by comparing the bich count of terslnat-
lag eloztvons by the Aown emulsions to the ons in the see=level controls. Tho dose woe
eetizaiod et ebout 30 millirad which is idsntioel to the millirem dose. The scen for
heavy twclal wes limited to hcks with Z nuschans of 22 or greater. Tha flux of the
asdiui and low Z psrt of the heavy spectum ves essesd Ily from the
woessrad fivx In the heaviest cless ecconding to 2 sbundencas reperied In the ek,
A 1220) abeorbad dow of 5.3 millired from hesvy nucle! was obiained. Applying con~
ventic:al QF values to the contributions of the verieus Z groups fumidhes o dece eguiva-
lont ¢7 46 millirem although thiz cennct be consldered en edeguate expression of the
micsel ;om effectiveneas of high ZE particies in thiwe. The Indicsted contributions
fumich o grand total mimlon dose of 201 millired or 402 millirem,
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INTRODUCTION

. Tio firs uaar lading elslon Agollo X) was keunched on 16 July 1969 end
t;:m:vﬁ <swm oa 24 Suly afier a total miclon time of 195.3 hours. As on all earller
ki, the coivorsuts on Agolio X1 wer equipped with a varisty of radietion dosim~
62570 it RnTy mater 89 that ey would be prepared for all contingsncies end could
esay cud, of eny tiwe, In~8fllght resdings of lnstantarcous skin end dopth dose sates s
woll 63 cecumulcied doszs (1), In eddition to thees active dosimeters, the esronauls
cericd, kn pouches tn thele constent-wear ganments on chest, thigh, and enkle, pessive
ol tans for post-Aight enalysls of the toie! mission expocure. Theee mdletion packs
caxicned ruclesr end fila badge emulsions, thermolumineesent meterial, Laxon
falls; cad nauivon ecttvstion folle. OF those sonsors, the mucleer emulelons ere of unlque

mpoclonco oincs thoy fumith o parcanent record of all nucleor particles whizh have
eriaccd er left tha cotromeut's body ot the looation of the pock. The following report I
limiicd fo tho Rading from the nuclear emuldions ond presents the results of the micro-
soopic bk covniing which hod boen accunalaied when the scanning effert hed fo ko
gviiliod to tha ermsltlonn of Agello XII,

Aatls fram the nonghotegrepghic maoteriols mentioned sbove, the pecia contelnsd
varyl g coubinsticas of Wiced G.5 emubsions of 23 end 30 and 100 microh thicknen ond
K.2 caskions of 00 micron, cedinory Scatmen Kodak doublo-component film badge
ol ars, end Costmen Kedek percsanl neutron monitoring eswhiions. Aswith the
raszlc v eaulelons of eurller monned micsions, teee diarent types of dute were eolel~
lidhied tn copurato ssonanlag rurs.  Thees were tvock end grain counts in G.5 end K. 2
emulcisre, proton endor end reutron reedil counts in K.2 emulviens, and heevy muclo!
cours in G.5 emulslors. A ccmbined evalvation of these dote csuced suseined reechy-
Hen eymm.mwm"muym»mmm)u.am
deterinstion of the mciecien dose both In terws of ehaortad dose (niltirad) end dese
sguivalen? (alllirom). The detulls of the thres methods heve been deccribed in & nuaber
of ezilise publicotions (2-8).

On dsop-apoce mimiens, the galactic contribution cocovnis for @ mbstentially
lovgo: gsat of the tetal minion doss equivelont then It doss on @ stenderd near-Sarth
orbic! mislon of tow Inclinstion. This baslc difecence became sivikingly epporent
when e emeision date of the neor-Barth erbital mision Apollio Vil were compared to
thoeo cf the fisst lurar mimicn Apolio Viil as described I @ preceding repert (7). Ase
corsz uance of the greoter importence of gelectic radiation on o desp~apsce minica,
the ¢:23 contribution from so~celled dlaintegration slers relcssed mainly by high-enorgy
golestic protons end rsutrons in the body tawes themsslves (tkewles emumos sinsable
prozo:iians end oon no longer ke disregorded. Dete on this compenant are presented in
#ho goocant ropont for the Rt Hme. Although the ster ceunts are collected together with
.7 codan end recoll counts, 1t might b more epprepriste fo conslder the siar deto es @
¢ ooaio fourth oat b eddition to the thrce convoniienal ones mentioned ebove.




DOSE CONTRIBUTION FROM TRAPFED PROT ONS

A wz)or porticn of the astroncuts’ rodiation axposure on o lunar misslon Is dua
fm,-’i;;;ﬁ protons encountared In two pesees through the rediotion belt. The fhix domlty’:f
proicis Is highest in o comperatively narrow regica of the so-celled Inner belt ebout the
ﬁ'«-‘&"’f?@m?lc equaior. It drope steaply toward higher latitudes. Thersfore, the radiation
levols encountered on tarslunor and trans-Earth injoction sensitively depend on the
porticulor gocmagnatic trajectories of o mislon. Sirce the planes of the geomspnetic
equaioz end tha Mocn's arblt about tha Earth show a contlnususly varying angle of
tncllc ston, tho trajectorles in quastion vary from mimion to mission depanding on tho
pasileoler engle of inclinotion of the time of passage. The Indicated conditions wera
oxce;ilonally favorable on both pasages of the Apollo X1 mimion, yer rmther unfevemblo
on tioas-Earth infection on Apolio XII,

Figuro 1* dhows tha goomagnetic trojectories through tho Inner rediction balt for
tao o mialons Apolle Xi end XiI, The coordinate system Is so-called 8, L spsce In
whicl: tho gaomagnelic oquator appears os @ hyperbola and all longltudinal csymmatrles,
whieh tho mognatic Rold of the Earth shows In geographic coordinutes, discppear. It 1a
s2on ivom Figuro 1 that tha retum trajectory of Apollo Xil pamed vory closely to the
cenicr of o Inner bolt with flux densltias in excess of 4,000 protora/cm? sec, whercss
on £23llo X1 the cutgoing trajectory came closest to the centar yet sttll brushed enly
brizfiy the 500 proton/cead we Isoflux line. In terme of Barth=-Moon distance, the high
rsdiciion area of the Innsr belt 1s stlll In very close vicinity of the Barth. Therefors,
the vchicle trovels et peactically full escape or resntry velocity as It patses through .
This elreurutance in coansction with the heavy Inhorent shislding of the Apollo vehicle
keap: the radlation exposure from trappad protons on @ wrprisingly low level,

As mentioned bofore, the detalls of the evalvation of the proton dose from trock
and c2ln counts In G.5and enders counts in K.2 have baen described In reports on
carlicr missions. [The readsr Is aspecially referred to the report on the Apolio Vil
miasicn (6). ) In the pracant report on Apollo XI, we limit curselves o o presantation of
tha final resuits. For ressons of tims economy, only one pack (§/N 135, Commandsr,
Anklo) was subjected to o il track and aain count of the G.5 end K. 2 emulsion fiwots,
Tabls § presanis the dato olrendy dxpressod In LET clessss. A total of 1957 tracks in the
G.5and 2034 tracks In the K.2 amulsion were grain counted end thelr respsctive lengths
daterminad, An ores of 7.2 mm? of the K.2 emulsion ln the center of the {iim theet was

scanr.zd for proton enders,

The differantiol flux In kigh LET closses shows major locol veriations reflecting
variorions of tho local shield distribution. At the sors time, groin counting tn these LET

*[n oiday not to beeok the eontinulty of the text, all tables ond Illustretioms appser ot
the ¢xd.




eleies 3 leo cecurate baccuca of groln crowding which makses Itsalf folt evon oK
for (ho theoo bighes? LET clowmsss. Therafore, the LET chasses beginning with 9.%¢ov/ 2
miersi; Hewe wor ewsluaicd by exoblishing the grand total track langth for thete clcsess
arnd K Jistrlbuting tho tetal Indo Individual clostes according to @ curve of smocth it with
tho ¢z o0 eount €3 enchor polnt ot the upper end of the LET scale. This Is the resson
why { Toblo | oaly the tosal Flux for the seven highest LET closes Is shown since cnly
this flu 1s boced directly on the rew scores.,

Boiarmining the flux densitles In the high LET classss as cccurately as pomsible
Is ¢7 ooglol importonce bocouee thess clases contribute most heavily to the tetal doco.
Maiecser, they fumidh the docs fraction to which QF values of 3.0 end lorger would
have > bo asigned If absorbod dotss cre to bo convertad to doswe equivalenis. The
faktar clreumsicnce Rirther enhances the welght of this particular fraction of the total
flus, How hosvy thh wolght alreedy Is In terms of absorbed doss Is well demonstrared
ta Figure 2which dhows the dota of Tabls | In two histogrems, the lowar one perialning
to flu: donsielzs ond the upssr one to the corresponding abssrbed doses in millired. Con-
twory to the presonation in Toble 1, @ QF limtt of 2.0 wos selected In Figure 2 thus
#ho ol highest LET clozmes are lumped fogether Into one bar. I should be obvious that
slaply cpplylng a msan QF to the bulk dose of the right-hand bor would Iniroduce @
laegn oagla of uncontalnty Into the ametiment of the doss oquivalent. The QIF values
lisizd 1n Column 8 of Tablo | cerretpond to the mean LET velues of the class limits In
Celuina 1 end 2 end have bean esteblished eccording to the recommendations in Publi-
estlen 9 of tho Intermationel Commission of Radlologieal Protection (ICRP) (8). Below
Celura 4 end 6 In Tablo | the grond totals, 130.7 millired end 220.0 millicem, respoc-
tivoly, are Hated., Althowgh It hes been mentioned In all carlier reports, It should bo
exproc:ly montioned egain that these doses, which we loosely cell proton deses, eciually
comaln @ sxoll undetermined frection from alphe porticiss and o #1il smaller fraction
from low=Z hoavy nuclel,

Az msrdloned before, the just-raported complete enclysis of the proton dose
partalis to the G .5 and K.2 emultions of only one pock. For the eight other packs
corslc:! by the estronauts and for the extra pack carried in the film beg, only enden
and 57 counts were dona. The enders counts varied from a lowest value of 35 enders/
and I 20-micron K.2 emulslon to a highest of 42/mm?. Since the enders count s
reprec:iative of the flux fraction of lowest penetration, It shows whetentiolly largor
varlotions than tho rotol flux, Therefora, the total proton deses at the eight locations
mus? hove verled loga thon the enders counts. The enders count in the K.2 emulston of
Rock $/N 133, which was subjected to tho complate track and graln court analysls just
preesniad, woo 40.0 ender/mm? normalized to a thicknass of 200 micron of unprocessed

eawlsica,

DO CONTRIBUTION FROM TISSUE DISINTEGRATION STARS

Az mantloned bafors, the dose from tropped protors on Apollo X1 was exception=

olly I dua o naar-optimum trejectory poramsters in both pessiges through the Inner
redlatloa balt. This means that el other contributions to the miseion dose cre enhanced
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Figura 3 dvaws the date of Teblo Il In o cemi 1o}, The cheracterisitc di
cerdinulty In the slopo e prong number 7 ls clearly ':21: The broken line nm’?m
sﬁv;a!@"w-ltm exirepolction of the Intogrl prong sectrum es It would hold without the
,}pmm fumidhing cdditional dors below prong number 7. The diference of the oxtmpo-
dm and the actvally chesrved Integral spectium, then, must regresent the star contribu~
E’ug Fm;’a tho galatin @atrix of the emultion. This contribution Is thown separctoly In
by Ty )

A ggsclol preblem Wn the ovaluation of the enargy doposited by siars Is posad by
tho 2-prong wers. Meny 2-prong elers are difffault to idantify in the szon and will bs
clslnterproted @3 ondinary proton enders thowlng nuclear scattering. In other words,
ialr enssgy coniribution Is alresdy eccounted for proparly In the endors doss. Other 2-
rreng slers will eppocr es “theough sthote, * hence will be accounted for In the ganera!
soton doza. I ks ssen, ihen, that inclusion of the 2-prong sters es ebtalnmd by dif-
larentlel eximpolation of the prong spectrum in the dose contribution from ilawa sher
viculd kead to double cocounting for @ large frection of them. Acoepting e stight usdsr
3¢l of the total encrgy disipetion as the lesser orror, we hevo disregarded, In aae-
ing tho dazo contritution from (12206 sters, the 2-prong stars aliogether.

&n casy caloulation urnldhes the value of 3.95 ¢t the msen prong mumbsr por
sz for all galotin sters with thees or more prongs from the dota In Toblo 1l. This vabuo
i abisut 6 por cent larger then the value of 3.7 which Yagode reports for his oxw bsles
loumn with ballocns. in view of the different galoctic spacive et bolloon elthviies end
ln doop guca, the egresment must be comsldared very mtisfaciory. Applying the velues
Cuasted exriler for the moen "ensegy” ond “dacnge * per prong to the prong papulation
cf gelatia stors in Teble N and remembering that the geletin matrix cccuples vesy mearly
Lalf the totol volums of unprocecsed emulsion, we arrive et doses of 15 mHited or %4
aillies fom didatogsotion sers In tisve. |t I8 soen that the ser phenomencn on @
datp-tpece misicn Indoed contitbutes significantly to the total mission dote .

Besicdas chargad particles, neutrons are generated I disinlegration sems. Secs
nsutvans theansives do no? lonlze, thelr paths do not oppeer es vistble prongs In nuclsar
crulision. Quite genarully, the mechaniem of energy disipation for neutrons is com-
pistely differont from the one for chermged particlos. Imparting thelr kinstic energy in
olastic cclliaions meinly to hydregon ruclel ln the ebsorbing medium, fast nevtrons
cralited from sters grndunlly slow down until they ore finally cephured in rucleor reecticns.
Az a conssguence, nevirens diffuse out to much greoter didances from the center of the
dislktogration where they have origineted. Thermfore, the energy of neutvons from @ slar
cannot be conslosved es dissipoted looelly, end it would bo erronsows to add the ensrpy
to that from the short-ranged protons end elpha porticles in asssming the locel ster doee,
A% any leotion In on eawlsion leyer, the local neutren flux demity reflects en equil riom
cate, with o substontia! fraction of the flux originating In sler events millimeters or even
centimsters awsy In the materials surrounding the emuhilon.

The source specte of nsutrons erigineting tn nuclear interacticns of galectic
prizarics es wall as the degradution of thaee spectie In matter hove beon extensively
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Invastigoted, ond 1t Is wall catoblidhad that the bulk of the local

hizavily en @ rarow enorgy Interval areund | Mav. In tissue In mﬁv&%:ulzwmzmm
In the encrgy woglen absut 1 Mov dissipete thelr energy mainly through nc'oll protons

wh h:j*u thoy pioduce In eluttlc collleions with hydrogen etoms in tisswe. “Tistwe squive-
lont” recoll ;rotens aleo eriginate in the gelotin motrix of emulsion and appear under the
mlcrstecps o3 dhort tracke, Since the counting of thete tracks, olthough somawhet time
cerzuming, 13 besically a simple tachnique of measuring flux demity and ‘absorbed dose
frora G35t ncutrons, comsldorable efforts have bean devoted by mony Investigators toward
cxtablithing on emplrical coastant lirking the treck count to the oLofhd dose (14). For
tho 30-milzrcn NTA emulalon of Eostman Kodak Neutron Monitoring film, this constant is
18 iseol) ticcks por em? emulsicn area for on expoaure of 0. 1 millirad from fast neutrons.

In £oution mossuremonts with nuclear emulsions In spece, complicatiens oriss dua
to tho fect 1.3¢ numercus tracks from trepped protons In the radiation belt ere super-
lisazzd on (1o rautvon recoll proton tracks. There is no Immediate criterion avallable
by which tho two kinds of trecks could be divingulhed, Mersly those proton tracks that
celgimate ond nd In the emulsion, so-colled suspanded tracks, con be wfely excluded
o3 baing from trapped particles. Protons ending In the emulsion yet entering from the cut-
eldo connot Lo closlificd with cortalnty e to thelr orlgin. However, since the neutron
crorgy epaci;um contors hoavily on 1 Mav, recoll protons with Initial energles exxcesding
o fewr Mov c:o qulte raro. Therofors, enders entering the emulsion from the ouiside with
hlg‘na'v erar;lo3, 1.0., ender of a sufficient langth, can mfely be excluded s neutron
rocolls. :

o 7.2 man? of ezanned emulsion area of the 100-micron K.2In Pack §/N 135,
50 ruzpendod tacks woro counted.  Applying the just=quoted emplrical consiant to this
ceunt, wo asvive o an obsorbed does of 1.2 millired corresponding to o dose equivalent
of 12 mbllirc:a from fast neutrons. This value might be slightly low because the effi-
cloncy In rooognizing short tracks begine to drop below 100 per cent from about 0.3 Mev
doun to lowor enargles bacause of the background of teminating electrons end other
emo!l grala Copeslts in the emulsions. We therefore would prefar to call the quoted
valugs extlnries rethar than pracisa figures. However, we feel thet they underestimate
iha dosa contribution from fast neutrons by much less then o factor of 2 ond dispreve the
asmymptica comatings mode that neutrons ere @ major factor in the estroncuts' modlation

eugore,
DOSE CONTRIBUTION FROM HEA VY NUCLEI

The greater importance of galactlc radiation for the astronouts’ redlation expo-
quro on o deap-epoce mission was shown In the preceding section where the doss contrl-
bution from Jisintegration stars in tisue was anolyzed. It becomes all the more obvious
when we Tnvastigote the flux densities of heavy ;articles, or "high ZE porticles™ es they
now ore calizd. The different mognitude of the heavy flux in deep space bacame
atrikingly ogpzaront whan tha heavy nuclel counts of the standard near-Barth orbital
mizsion Agelio VI! wore compared with thoss of the first lunor mission Apollo VIII. An
carller repait (7) deale exclusively with thaoe findings. It glves o detatled description
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of tho ewoaning nsthed Gad dlzzuzszs the flux doto end the problom of tholr dosimstric
Inlepretaiica, Sincs wo have epplied, In sconning the Apollo X1 emulsicns for high

ZE partleles; the exwo mathod and vsed the samo reforence stendards for 2 determination,
fio ﬂ.:":gf@? I> rafered to this ecrllier aeeount with regard to all detalls of the evalvation
proccdura,

Figuios 4 through W) dhew micrographs of typlcal high ZE particls tracks In the
ewelslons floun on Agolle Xi. They ore sslacted in an aMempt 1o convey an ides of the
great vorloty of partisies which hide undar the common nome high ZE particles. Flguro
4 giovwa © lov-power fleld with three heavy particlas In closs vicinity. Thelr Z rumbsrs
cro cstimatad a8 B, 10, ard 18. The mader who would want to vicuolize thess thres
ruclol travesing collular ticswso Insdend of nucieor emulsion 1s reminded that the stopping
pavicy of elsien Is mughly twico thet of tisve. I cthor words, all iinear distonces
recued in (G emulsisn microgreph would be twice as long in tssue. Figure 5 thows
cncthar flald with threo heavy poarticles claaely together, taken at higher power thon
Figure 4. Tio 2 mumbars ore estimated es 10, 12, ond 16, Figure 6 shows @ single
heovy ek with on estimoted Z number of 22. Figure 7 thows the heoviest track
roceaded en wicsion Apolle Xi estimsted 2 number is 28 to 30. Figure 8 shows e track
which parctictes the emulzion at @ stoaper engle. Accordingly, the trock ls in thamp
focua enly for cbout ens=fourth to one=fifth of its il length. The projective shortening
of ctacp enslo tacks makes thom appear heavier than they would ot o flot engle. Teking
this dizstostlcn nio consldanation, we estimate the Z number at 22 to 26.

Flaally, Flgure 9 and 10 diow an ender or “thindown, * l.e., the track of @
nuclous which comzs to rsot In the emulsion. The coherent \arminal section cf the tock
has boon biclion Into four parts. The treck bagine ot the upper right=hand comer In
Figure 10, wiih lowsr ends connscting to adlocent vpper comer to the lef, Wheress
tha tracles 1o Pigers 4 1o 8 ore ell from G.3 emvlsions, the ender In Figures 9 ond 10
was fournd In K.2 eswlslon. The much lower sensitivity of the K.21s essily recopnized
by eomperiny the goneral beckground In the micrographs. Becouss of this lower sensl-
Hvity, tho width of tha solld sllver core and the delte eura appear also much smaller
thon thoy weuld In G.5. The Z of the ender Is estimoted ot 22,

Tablo il chows the reault of the heavy counts. Actual scame were carrled out
caly for tha highent Z class covering the interval from Z = 22 t0 30, The fluxes in the
three lower clowss were sstublished theoretically using values for the relotive Z abun-
dances reporiod In the literature. Doss equivalonts were computed by applying QF
valuss according to the recommondations of the ICRP, [n establishing the dote contri~
butions It w3 csmumad that all particles cre of high energy travelling et neor-relativintic
spocd. I cihar words, miniaum LET values used wore oblained by multiplying the
minirwm LET of protons by 21, This method underrates the true exposure becouw o
cerialn fegetion of the "DOV)I flux Is mada up of particles of lower enargles for which the
LET would ko largar than Z7 times the proton minlmum,

Low=cnengy particles pess a new problem on desp-space mislons which did not
exlot for nooi-Barth orbital mlsslons of bow Inclination, Outside the megnetoophere in




dacp mce, X0 galsctic spectrvm Is differant from the trwiceted m In noer-tpuce
6t low gacmogastic latitudes. The influence of the geomagnetic m”l: u::hlmd in
Figura (1. (i shows the diferentinl energy spectre for the Z x 20 greup ot soler minkmum
ond mexlmucy, Avellable date In the litersture on the effects of solar moduiation on the
low—-energy esction of the gulectic spactrum thow scme dissreponciss, The specim in
Figure 11 represent o compromiza batween the dete of Webber (15) end those of Saleubreh-
ronyan and co~evthors (16). On @ nesr=Earth orbital minion of 31,5° gecgrephic
Inclination, the geomegnetic inclinetion cscillates bstween 20° and 43° bocsuse the
rotetions! end geomagnetic axes are tnclined 11,5 toward sach cther, As 0 conssquence,
the geomegnatic cut-cff ensrgy slso ouclliates, limiting the ellowed spectrum resching
tho vehiclo to the shaded portions of the figure. '

Sinco the Apollo XI misslon wos flown very neerly at soler maximum, we con-
cenivate now on that cveve In Figure 11, redrewing It of @ larger scale in Figure 12,
Ouvislde the mapnetorphere, there is no cut=off effect end the vehicle encountern the
full spectucs. Low-ensrgy particles now have free accem. Ase consequence, some
of the porticies will reech the end of thalr loalzstion rmnges within the emulsions or
the body tizzsos themesives. Since the attenuation mechenlem of heovy nuslel in matter
1s well under2cod, the fraction of the incident flux which cen escapo sucleor collision
end reoch tho “satural® end of its renge con be emsessd thearetically when the incident
encrgy spociium is known. The shaded erca in Figure 12 represents this flux,

Two faatres of the specirum of the enders flus: ere of speciel Imporionce, Fintly,
tho spechrum Is essentielly oviside end below the lowest ovi=off energy for ¢ Nendend
near=Carth c:bit. Thet means this type of heavy porticle with on extremely high LET
vake In the Bregg pesk is enantielly excluded from naer-Eerth orbltal minians, This
conclusion b confirmad by our cbservations, We 500 heavy nuclel enders or thindowns
in the emwlcions only on luner missionc. Secondly, the enders fux corstintes only @
awoll frocticn of the tota! hesvy Mux, s can be ssen by compering the respective eraes
of the endom flux and the tokal flux in Figure 12, This eanclusion is aleo confirmed by
our observations. Among the total populetion of heavy trecks in en ewlsion frem ¢
lunar mbssicn, we 120 only vory few enders. In foct, the percentage of enders ks sven
much smolier thon could be expected from the respective aress in Figure 12. This find-
ing Indicate: that the inherent heavy shisiding of the Apclio vehicle effords whetentle!
protoction from this particulorly undesisable section of the hsavy mpectrum,

Radicbiologically, the significance of the high 28 perticles conters on the
froctional flest with very high LET values. From what hos just been discussed, this
froctional fluxt Is bound to depend sensltively on the locel shield distribution Ine
similar fathicn, as this is the case for the endors In the flux of vepped pretors. However,
as long as no clues are avalleble os o the critical LET velue beyond which
heavy=nuclei exposure in miliised or nillirem becomes meaningless, the inflvence of
shielding connot be analyzad. So fer, all cttempls te prepose new dosimetric unlts for
microbsom exposure have been Inadequate. One could specuiate thet one peremeter
in such @ nev dosimetric concept will be the frequency of dlecrete events per unit teve
volume. Since the nuclesr emulsions flown on desp-tpace mimions are permenent records
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of all high 22 particlos, they will.lead themssives esslily 10 0 recmesmbn? of the
cavrarsuts' (adiation exposwe ot any time In the Rturme when e dosimetiic unit will be
%‘-’TWQ

£ <5 epproach the final teak of adding up the grend totel mission doss for
Agallo Xi, o dose contritution hes to be mentioned for which merely on estimate cen
bo mado fica muclesr emwisions, We mean the dose from electrons and execisted gaame
3. Akhcugh we know very well tha densitemetric response of the vorious smuision
tysas, nucizor as well es ordinary, In the mdiation pocks to Cobelt 60, redium gacme,
ord x-mmys, the wperinpeesd nucleor trecks In the emulsions flown in spuce prevest any
donshensstzlc evaluation of the dose contribution In question, Such eveluation would
alo encoucier principal chjsctions bacaues of the greatly different energy spectma of
eloctvona :d gawma reys Inspaon. The only clve evaileble 1s that the nvmber of
rertueus hozvy blobs which termineting electrons preduce in G.3 end, with @ thinner
poitermn, in K.2 saulslen ks, for fo XI, In the flown esulsisn shouts shout twice
us lorge ot 1n the sze-levol » Thic weuld indicate thet the expeao from
elzatver st have boon svell, We eatinate that extpesure of 30 millired end millirem.

As all scurces of ecposure have now been discussed, we present in Teble LV the

sssmary of all contributions and the grend tolal misston dose Hesif without further com-
oomde, “e wre e m e s mmes eeimem e eee . .

Rest Available Coov




10.

n,

1,

REFERENCES

. Loy, Co A, Summory of medical experionce in the Apollo 7 through 11 manned

gpocaflights, Aerospace Med.,, 41:500-519, 1970,

[

:haefer, H. J., Radiation monitoring on Project Mercuryr Rosuits ond Implications,
Asromace Mad., 35%829-833, 1964,

¢~

haefer, H. J., ond Sulliven, J. J,, Radiotion monltering with nuclesr emulsions
on Mimion Geminl IVond V, Aercepece Med., 3&1-8, 1967,

. sthoefer, H. J,, Mesungen der Protonendosis der Gemini-Astronsuten mit

Kemanwlisionen, Mophnitk, 4:63-76, 1967,

Scheafer, H, J., and Sullivan, J. J,, Rediation monitoring with nuclear emulsions
on Froject Gomini. 11. Rewits on the 14=day mision Gemini VIl. NAMI-950,
NASA Manned Spacecroft Center. Penmcols, Fla,: MNaval Aerospace Medicel
lnstitute, 1967,

Schoefer, H, J., ond Sullivan, J. J., Nuclear emulsion meosurements of the
astronouts' rediation exposure on Apollo VIi, NAMI=1060. NASA Mamned
Spczecraft Center, Pensacolo, Fla.: Navel Aercspace Medical institute, 1969,

Shosfcr, H, J., and Sullivan, J. J., Nucleor eawlsion recordings of heavy
prirzaries on Apollo Viland VIll, NAMI=1091, NASA Manned Spocecroft Con-
ter. Pensacolo, Flo.: Navol Aerocspace Modlcal tnsthiute, 1969.

Recommandetions of the International Commission on Radiologlcal Protection,
Radiation Protection., ICRP Rublication . New Yorkt Pergamon Prem, 1964,

"mbﬂum, M., hp‘m, M. M.' s'"“' .o' ond O'm", Fo w.' hpof cosmic
ray star-sixe distributions in nucleor erulsions. Phys, Rev,, 84:86-89, 1952.

Yogoda, Ho' m', Ao, NV'.' R, Lo, KNM, K. Lo' F"t, .o' M"" Jo. ond
Hoymaker, W., Braln study of mice expooed to cosmic rays in the
and report of nuclear emulsicn monitoring in four balloon flights from Bemidi!,
Minnasote July-August, 1960. Milllary Med,, 135:655-472, 1943,

Karding, J. B., The origin of cosmic roy sars. Mhilosophical Meg., 4263-73,
1951,

Powell, C, F., Fowler, P . H., and Perking, D, H,, The g_ugxofllomg_rx
Porilcles !’i the Hw;mgph!; Method, New York: mon Prees, .

10




13. Davien, P, J. N., Redlation dose rates at sypersonic traruport altitvdes. M.O.A.

Grond PD/34/017. Famborough, Hempihire, England: Royal Alrcrafy Establish-
mont, 1967,

14. Dudley, R. A., Dosimetry with photogmphic emuisions. I ARix.F. H., ond
Roesch, W, C, (Eds.), Redlation deg. Vol, ). Tnetrumentation. New
York: Acedemic Press, Y985, Pp .

15. Webbor, W, R., Time voriations of low rigidity cosmic rays during ihe recont sun-
wot cyzle. b Wlison, J. G., and Wouthuysen, S, A, (Eds,), n
Elementary Porticle ond Cosmic fay Physles. Vol, VI. New Yorki John WMiey

MO

' yé . [}

16. Bolosbzhmanyon, V. K., Bokd:, €., and Nulmelre, R, A, R,, Solor modu letion of
gulocilc cosmic rays. J. Geephys, Res,, 7227-36, 197




Yoble |

Evaivation of Absorbed Dose end Dese Equivalent Frem Tmeek, Omein, end
Enders Counts in G.5 end K.2 Emulsiens of Mk /N 138

LET<(ntorval ¢ R g
kav/micron T kev/micron T Pretont/em®  milliveds QF )
0.2 0. 867,300 n.7 1.0 .7
0.2 0.3 215,7% "n.s 1.0 1.8
0.35 0.4 %8, %00 1.4 1.0 .4
0.43 0.52 9,92 7.7 1.0 7.78
0.52 0.415 63,700 6.63 1.0 6.6
0.413 0.713 65,700 2.77 1.0 7.77
0.718 0.84 41,29 5.7 1.0 N
0.84 .13 81,20 “.4 1.0 .4
.15 1.67 40, 00 %.0 1.0 0.0
1.67 2.52 0,50 7. 2.0 7.6
2.52 4.00 14,740 8.9 1.0 ..
4.00 7.7 14,040 n.0 1.6 .8
7.7 9.80 7,400 11.6 .33 .4
9.80 13.2 7 3.07
3.2 9.3 4.0
10.3 2.3 5.3 L
\ 4 ne .5
.3 37.9 7.3
3.9 4.5 3
.5 60.6 1n.0
60.6 0%.0 . 12.6~

Totsl 1%9.7 Total 20.0

12




c— e

Toble It
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Table liI

Heavy Nucle! Exposure en Apolio XI

2 Cles M'F.h!e/m, . Absorbed Dose, Daes &rl\nlm,
cm millired willirom
é-9 465 0.81 2.0
10-12 515 2.2 1.0
13-21 84 0.76 7.6
22-30 76 1.36 8.0
Migslon dose 5.3 43.6

Mizslon guration: 8,14 doys
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Table IV
Miztica Deso end lis Components on Apolio XI|

eyt

e

Absorbed Dose, Dose Equivalant,

Componzat it lrod millirem
150 220
Sor 15 94
fast rouivom ~ | ~ 12
Heavy ruclel s 46
Electross end gemme reys ~ 30 ~ 30
Total 0 402

L]
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Apolio XI
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Flgure 4

Microgragh From a G.5 Esuision Showing Three Heavy Tracks
in Closs Vicinity

Fleld Size: 346 x 461 micron
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Microgemeph Frem ¢ G.3 Eawision Shewing Ancther
Triplet of Hesvy Tracks

Fleld Sas 117 x 105 micren
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Microgreph Frome G.5 Emulsion Showing Heevy
Track with Estieated Z = 20

Flold Sizer 114 x 220 micror:
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Fleld Size: 92 x 95 micron




Figure 8
Microgregh Froma G.5 Emulsion Showing Heavy Truck Trevening

Cstimated Z = 2210 2.

Note disintagretion ster in upper part of the fleld,

Exwlsion et @ Sesp Angle

203 x 220 micron

Fleld Size:
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] Division = 10 micron

Figere 9

Torminal Secticn (*Thindown®) of @ Heavy Track Ina K. 2 Emulsion.
Estimated Z = 22. Lower right cennacis te upper Jof ecmer.
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“Upatreem” Continuetion of Treck Shown in Figure 9

Fauv sections in Figures 9 end 10 chew coherent track with lower onds
cernecting 10 adjecent upper left comer.
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