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Aviation and Radiation Hazards

D, K.
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T||E suliject of "Radintion Hagands  associabed
with  Awviatiom' has o twelold Bscination, fistly it
[JllwiLh':h i JJ{'I.'i}Jl.:L.H".:' i the possible coffects of
ionizing vacdintions such as cosmic vavs during high
altitode dBphits, and secondly, it enlightens ux on
the most intergsting  phenomena associted wirh the
miterction of  cosie ravs i the  almosplicre
Although the nuigontiade of the radiation  hoends
sasovintell awilh higl aluiuade Hights s very sl
pader most conditions, the sientilie Dasis lor  the
H.‘i:‘\[::‘i:‘\"“:“l HI trl‘ ! i h‘ilJ'.“‘.J.‘u AT PVEN I l.{?j!l!!]{'.\
than the asseswment ol hagotls in noclesr mdasiny,
It as, 0 Believe, now an ii1ll'|'l:.ﬂf{|l;: fickl for scientifi
investigation:  With  the dooessing luture vse ol
high Hving awverale by sarmed fevees as well as by
civil aviption industry, it is pecéssuiy oo analyse ul!
aspects ol the problem o derail

Phe ratharion dose delivered  to the cew can
be suadysed Lor different altitudes of [lights, incud-
mg space Hights

The sulject has been cogaging  the  attention
of sevord natiomal and international bodies involved
in radiation protection since the caly 605 Although
we huve a gendral idea aboul the dose received by
the ceew durimg subsonic and supeisonic test fights
al hiffevent  laotndes and alnoedes and rhe dose
recelved during space travel, we still do not under-
stand  the complex mnamure of anteractions  of
extremely Ligh energy cosic vay particles which is
an. impartant constitaent wt high alutudes with the
biologial systems

Sonrces of ionizing radiation dose 1o man @l
grovnd Jevel are:

(il '..l:l‘l.lll.in!' |.I+r1.|[|1n1l.

{6y Petvesteaul sl airberne natoril

vaclioactive substinces,

{01 Radigaetive fallaol from atmospheric
nuclear explosions,

() Medieal expasiiies

¢y Domestic amd imdusirial  wses ol jonizing

radiation  sources

I acleition, some dose iy _|_.'J'iv::|| ter the Fanly
organs by the midiaserive substinces present iusicde
the human bodv. The ol dose por year is thus
wronnd 150200 padiition units {millirem per yeur)
depending on the location. We note thal in passing
wosingle Xovay exposure in medical diaguosis gives
a radiation dosc of about .5 rem. AL present, dose to
genernl population [rom lallout i ahnost neglipible
due o cesation of large seale atmospheric testing of
nuclear weapons. .

As we go higher o the atmesphers,  for
cxample. to altiondes where subsonie gers flv, the
radiation  dose lrom terrestrial sources becomes
ueplivible.  Thus, the only source of concern at
altitudes  higher than  subsonic  altitudes  (about
10 ki) is eosnic rave This souree s not so impori-
ant at ground level due o large attenaation by
carth's armesphere and  modulation in the source
intensity due o geomagnetisme of the carth, AL
oround level, rhe man conrribution fo radintion
dose B from moons.

The elose at » given place is relatively ennstant
with time and is inceewsed only [or relatively short
durarion during the periods of high solay activity,
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Fven during thew periods, the inaesse ar grownd
level ix relatively neghigible. Cosmic ravs ad high
energy particles present ar high altitndes are due to
the fablowing sorees

) Galactic cosmic mvs,

Hares anil

(h)  Selar cosmic rays and solar
i) Radiation Tehs around  the  eartly,
Ahe Caluclic cosmic myvs or Primary  cosmie

vielilions
the atmosphere and e composed of 86, protons,
TEET8 mlpha P ticley F¥- 1

are dneiden tsoltopically. at the top ol

and heavy  nucled

sice thess eharged panticles oviginate from outside
the solar svsenn ey e present vintually every

where i the solian syslem Protons seconnt lop alunit
71, )

ahout 2107
I athier heavier nuclei, Sinnlavly, pratons
Fosr ilisnd 0L ol the relaiive minss sl alphy 3297,

ol The total rwlative enerpy alplia panticles
The des of the totl energy is shred

acLounl

Vhe wnopy spectium of  the galaclic  cosmic
racintions extends trom o few MeV 1o gs liugh as
16 MeV, though i Ldls 1ather steeply al the high
coergy emd  (iC approvimately follows E relation) .
The Hux of ihe primuiry particles at variows atitudes
o modulited by geomagnetic ficld of the earth amnd
s mininm at the equator (1= 0 08 cm=2 5! St}
and yeaches @ value of 0.8 e 5 Sy peomag-
netie latitide of GUY This s becanie the cut olf
energy Das s maxinwm valoe ar the peomammetic
eguatar and decreases s rero [ particles mgident
in the polar regions.

The primary flux is also medulated by solar
At solar maximum, the wind amd inter
ehminates lower energy
Thus the fux of

EVEITS,
plangtary magnetic  ficld
particles [vom the solar system.
lower eneray particles is verv mugl higher ar =oly
wH I as compared 1o solar maximum, Obsrva-
Hons made by Explorer VI also indicied thar the
mtensity ol cosmic primaries with an atomic weight
aver G is BO% higher un the night side of the earth
a5 compared (o the dav side,

Sodar cosmic radiations can he broadlv ehipi-
hieel fley 1wa typesaadz,, solar wind amd wlar fiares
The solar wind consists of = stream of
particles ennsed by e hydromagneti UXpansion ol
the salar coronyg inte e |'r|14._':l}],'n'||-'..rn space, The

sy

4]

stemn consists amostlvy o of protons of fow encrpics
(1 1o 10 keV) and the typical Muxes are of (he arder
M g fem™ sec,

The solar fLives, on the ather haml, are large
sdden e occsional ertuptions of solar gag Leoan
chramosphere of the sun, the pevivels of which are
tpically one day,  These solar flares consist of
about Y570 protons, During an ovent, the parbivlis
irlrrlmt'__.' near the earth builds WP Fo s i
value in a few hours (the higher encrpy pavricles
reaching the eavth hivst) amd Lhen decrenses alowly,
Iin  soaene s intensity  cemains above 1he
galactic  cusmic vay backgraund  for  several tlivs,
The angnlar elisteibution of the prirtieles is inatially
anisotropic but 10 rapudly tends towarels oLy,

Cas0s,

The ocouvence of solur lave events is el
aned s statistieal in dature, Tlowever, comelation L
bueen abserved Bewween the gumber and Hos ol e
aves and number and sice of the sun spoty, il
the Lt century, Sun spots have been found  to
ocenr sith o peviod of 11 years, Mast of the [rarticles
ub a solin e event have energies helow 100 MeV,
though in some vare cises protons of o fow GeV
energies have also been observed, Todividual evens
vy widely an intensity amd energy distribiution aned
both are ound Lo he clianging with lime during a
lare.  Ar the fop ol the atmosphere, fluxes of 19
premEsse aml engrgivs greater than # MeV have
been ohserved. One of larpest solar llwes ohserved
o b ocunred i July 5% Thess lavge  events
weeurred wirthin ten days during this niontl. Similarly
P such events within a week were recorded iluring
Novemher 19600 An average of 0, [ events week
was fownd bLused on 5.2 events recorded hietween
Feliruury 1956 and Qgtober 1062 themgh there are
Frge variations from year to vem (D.28 for 1960,
U.11 for 1839 and 1981 and 0.04 for 1962y, The
number of high Hox events has been lownl to be
only 2 1o 3 por vear on the aversge. most of which
take place aroumd solar maxima,

Nuturally acourting frromnagnetically L
radiation belt called Van Allen hell conhned o oa
region ahout the earth's equarar extemdings o The
lutitude of aboul 607 both {1 noith and sonth and
i altivde, oo the lop b the atmosphere o
the bottom wdge of the magnetosphers  (ubagt 10
This belt wetaally complists ol rwao
Belt,  Mowever, [vom

earth raciiy

belts, an mer and a0 outer
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radiation dese poinl ol view, inmer Lelt is ol main
importunce and is comprised  of  protons  which
mainly the  decay  of
neatrons ol the ewth’s atmosphere leaking out into
spaces Calenlibioms show  that the life time of the
protons an the belt varied from 2 months at lower
energics Wy aboot & vears ot J00MeV.  Prowon [lux
at diflerent enevgies has also been caloulared by
Freden and White Lut experimental  observations
using satellite by Hleckman and Armstrong showed
Lhat st encrgies grester than SOMeV, the observed

L frasm allaade

speciium s somewhiat Lelow the caloulated spectra.
At lower encrpies, o broad ot masamam has been
observed, centered aronnd 85 MeV o and o manimuom
near MoV forther  risinp tremd
lowel energics,

HEETY | towsrls

In detion o the above radiation bels, high
altitude nuclear detonitions during carly sistics luad
given rist o soven artificial
helis of electrons, LLS, Suarkish’ wesr of 1962 alone i
12
(distortion) o

|1'1H'|'H'I-I'.:'|1'!.' 1‘,'1|T|.'|Iin|:'|.

exbimmibed L have  oomnlrilated electrons: o
these belts, A anondy
the carth's magnetie feld in some areas ol South
Atlonnie had rvesubted in the lower edpe of the el
to dip down Lo lower altitudes, For Tow carth-orbat
miséions like Mercury and Gemind, most of the dose
e thee crowmen was received doring their passage
through this south Atlantic apcmaly,

artidiced

The range ol particles’ energies in space madie
eant b divided  bBroadly intoe 5 cotemories for
studlving their interactions with matter. Upto about
IHOMeY,  Whe protons and  alpha  particles  lonse
energy primarily Ly ionisation and excitations of the
atomie clectrons. .Emlrg'j,' lasz due o nuclear colli-
siony amourtts o just a Daction of the ingdent
particle’s encrgy, Between 1504eV and  4003MeV,
energy dissipation  through  secovdaries locally
producel  in nuclear collisions compeles: with
ovdinary ionisation.  This Is particularly the case
towards the upper emnd of (his cnerey interval. The
secondary particles produced in nudear collisions
are of Lwo Lypos, (@) vascale ]'}FiTlit']t:'i. (i evapora-
tion particles. IF the incident particles are ol energies
preater than H0MeV, mosons are also produced in
the collisions. Finally, alter the particles emission is
ne  longer  enerpetically  possible,  the
excitation energy of the nuceus is emitted as gamma

L1cem

remaining
raddiation.

JUNE TRFY

Primary paiticlés of galactic cosinic rays have Lo
traverse the magnetic held  survounding the earth
interacting  with
the

Liefore:
In the
particles e

atmospheric constiluents,
the chargecd
bemt by the feld, leading to cot-olf
energies  which depend  on geomugnetic  Iatitude,
direction of  incidenee amd Lhe  eharpe of e
particle. This gives rise ta the latitode dependence
al the iy as well s secomdary componunls,

PIrOCEss, trijectories ol

Solar  Hares adel vy the lux ol

component. Interplanetary space s hlled witly salar

the H;I].ILLiL

L:JI.HHL'!'.{ ll.'||1-il.'|1.":i.
High
encrgy particles ol galactic  cosmic vays prenetrale
this plasma of selay orvigin with Lirtle difealty. The
combined thiat  everr thowgh  particly
specerim above 20 GeVois not signibeantly madulated

wind which alse comprises ol

iill'l-"'l--'lrll} jaratnns ol I'i'i.’lr-l'l.-'i'i}' loy CIErEes

clfecr s
cithee Ly sobar llorves or solar windls, il s .'ilr'nu.'L:J'r-.l
Gey,  The
dillerential proton Hux  boelow Lltis CHULEY CHI VY
by a factor of about 5 during o complete solar cvele,

modulated by the flwes  around |

If the above Hux is o be abserved at preoomld
level o ot alotades of S50, rthe
possilile described provite
fiarthes Armosphers  exists as o very
ellective eaitnple,  the
enerey excitition lor
voertical passege of single charged relativistic particle
can be as high as 2 GeV, A large number ol seconcdary

shsonic  and

thEerations carlicr,

mexlnlation,

shielding  muaterial.  Fin

less cue ta tonisation ol

partiches are alse prodoced whese intensities and
relative  composition show  large  wvariarions  with
altitode,

Heavy nuoelei are fragmepted  dn interactions

with air nocled amd give vise o lower charge nucled.
The mean {ree path For ragmentation also depends
on the charge of the oucle

Badizrion dosimerry ot 551" and in free space
whore astronauts and cosmomauts in their space vehicle
have to encounter very high energy charged particles
amd heavier nuclel 15 e be eonsidered k{*.[:ping in
view the [act thar the onlv protection available ro
them is the shiclding provided by the airerafl o
As such it 15 necessary 1o
consider the interactions of changed particles of high
Energies like aluminium and in
humam vissoes. When charged particles pass through
such materials they loose thewr energy by lonization

space vehicle structure.

with matérials

T



i excitation: The energy Toss per wmt thickness
ol the material s propottioimed e the square of the
charge ol the particles and is inversels pruporticmal to
square ol the  velocity of
chamneaire 46 1l

the particles.
the tissue

slowing

e
Mo
it high

oy

caused o

charge  particles  enter aftes
YOIy
woms ot the

'i.l-'l'l'lj:l"!'ﬂlﬁ-.

the velocity s

heavy

and  interact when

mueh reduced, e, hl::f:pinﬂ
end ol their range s particular]y

Tarticles can also interact with atemic nuclei of the

interacting malter cansing  then breaking up or
emissions ol secoinlary particles e mesons aml

lyprerons, Phese relutively low vcoerpy secondaries
also have high donizgmtion densities, Since neations
also undergo nudewr reactions and produce second

aries, ey can give rise to high jonization densitics.

Biological damage of radiations or their toxicity
is reluted 1o the amoint of encrgy ey can :!:'F:“\gll_
Pt unil path length on interaetion which s EXpress
tel as Lindar Encrpy LET. Higher is
the walue of LET, higher is the hiolagical damage.
The indies o unic af biological hazard called REM
(Radintion  Fguivalent Muuj s product  af
vadiation dose cxpressed in ownirs of  1ad
Fector called Qalioy Facror (OF) of the radiation.
derived  experimentally and
enconntered - in

Ivansler o

the

weed

These OQF wvilues
for  wery cheehosenerpy spadiutions
space, not much experimental daty is availalile. To
he on the safer side, a value of 20 is assumed
wherever dala 15 nen available

‘The amount of radistion damage 35 strongly
([E])cndcnl npon which  argan ol the Lody s
exposed 1o vadiation. There are  thus  different
tolerance levels for different bodv organs, A diffe-
rentiation is also made Detween somatic effects and
genetie effeets. Genetie effects are considered more
serious as they may aflect the offspring.  Consequ-
ently attempts have Lo be made ta reduce exposures
L a doetns or embryo in the early stage of develop-
ment and sensitive body organs. For ditferent body
organs, permissible values have been given in &
Iater section.

Intermational  Cemmission  on
Protection had constituted a4 Commitlee to assess the
radiation harards  of supersenic wansport (85T)
which had given its recommmendations in 1966, The
Nt accoumnt  Various  sources
and informartion on

commitlee tonk

deseribed s [ availixhle

Radiclegical

biological eftecrs of high energy  and  high LET

radiations,  The peneral conclusion arvived at was
that even though the cadiation dose lo crew members
will be several times higher than thait for subsonic
transport  crew, it still -l the
permitted dose to occupational workérs of nuocleqt
industry. 1Tence it iy naot likely to present i seérious
hivard, They had, hawever, stipulited the condition
thi taken  to monitor o
wrong  solar flares, particulinely around  high sun
spat acnvity and if o strong selar fave starts whin
prossible o

will well  within

measures  shoulil  he

such plames ave lving, it should e
cantion the crew and give them suitable instructions
change  the desccdd o lower
alntudes in order 1o avold excessive dose to buth

ciew members as well as passengers, Lot vs examine

o cither ratfe o

reasons lor such recomumenditions,

Plie ernising altitoele of S8T is ot
arourd 16 ki and in Puture, a0 conld L
=29 ki,
very muoch dillerent, rthere iy g

[EIRERTH

hetween
Fhaugle the toral Padticle tox i ot
very inarked merense
m nucleon flux at $8T altitudes, It is this i rense
in Husx and  asiociared ligher energies which can
cavse ore ridintion damage. i principle. it gan
give  1ise 1o hadroni electimmagnetic
cascade multiplications in the wall ol the mreralt,
characterisiic lengths  Lor these
processes in aluminium far exceeds the actual wall
thickness, they can be neglected for dose cvaluation
Purposes.

ulsn aniel

Haowever, becaise

Dase rates al 887 level huve heen measured as
well as estimated,  Variations have been attributed
o latitwde etfect, altitude changes, changes due to
H vear solar eyele etc, Sume of the measured vitlies
are in the range 0.8 1o 4 mremlionr for the present
crusing altitude. A reasonable estimate for 20 km
ix 2 mrem fhaur, Thus 3 duty thue of 20 hour /month
15 expected Lo give an averape dose rale of 480
mremyear. Lhere s at present no divect experi-
mental data on rhe time profile ol the radiation
sutge at 351 altitudes during Large solar Hares,

Only strong solar flares are likely in give
significant doses ut ST altitudes, and sucli Hares
occur during periods of high sun spot Activity with
a frequency of about 12 per year during rthe year.
For 55T, solar flaves are important only at high
latitudes and in particular, lor polir regions because
due to high geomagnetic curolf enerpics, they are

AFTATION ANELICINE




Cmmer

nol table o reach these altitudes in equatorial 1egions,
Secandly neutrons producsd in the atmasphere Iy
Hare protons contribote 200 1o 507, ol the dose
rate, depending on the flare purameters. In addition
te strong solwe Taves during high sun spot activity,
the Irequency of high intensity ovents which can
givee rise to dose Tates ol abour 100 e hour s

abot 2per year,

High suliy activily gives rise o ralaction i
the donizng as well as nentron component ol the
palnctic cosie rays veaching 551 altndes duoe o
Lrger  probability of amteractions between soln
Plasima ol paliaetic cosmie rays, This reduction
results  in decreased  dose at 88T altitudes  [rom
gadactie component. However, thiz reduction is very
wneh swdler than the incresse in dose sate due o
divect nmadinion from solar llares lor 851 oew at

high Tatitades amd in polar regions

In [ree gpace, ds al S8 lewel dhe sources ol
vadiation dose ure gulactic cosmic tays, solar lares
and radlintion belts,  Plowever, due 1o absence of
stiespplieric shichlime,  these sowrces deliver higla
dose per unit time

It has been estimated from s data thar the
possible shortening ol lile span could be V.25, of
the mizsaon tme. T'his s nepligihle for Apolle wvpe
wissions but meay Décowe significant i Tuture long
duration Space laboratory and Lunar colony Lype
mizsitns Caneer induction probability alse has oor

JUNE 1878

shown iy marked increase for the types ob missions

wndertaken so [ar,

One af the sources which can eanse signilicant
diarmage are strong solay llares which e generally
asseistedd with 11 yese solar oyele, This period ean
coastly Be gvoided. However, solu Haves ol significant
intensity cun ocear ar other mmes a5 well, which
cannot be predicred, At the advent ol o solar Hare,
astromauts would e eradiated for about 1 day
peried, Tv s seen rhat lor relatively weak  [laves,
even 2o alamanmiam wenld provide high depree
ol shielding. Inoany cuse, since e pacticles e
al relatively low enerpy, they do nat pensieate Far
into the human Doy, Do case ol very strong flaces,
apprreciable dose may be given upto several em depth
of the tissue, At 5 cm depth, the dose caee beoas Digh
aw 2000 ab that ar the surface. Stnce hlood-proadocing
oigans are sitiaked  onewe the sking they gl
receive as high as 3 vem dose during o sieompe Tl
event, A very sttong solay e on Febroary 23
1956 produced wmediation dose in bree spaee of afoul,
1000 rem.

Fodiation belts can produce dose ates between
I ta 10 racd /hre or about 200 00 200 vem /By hehind
U oom alumioiwm which s omache higher than that
due 1o galacne radhations.  Hlowever, since  Lhess
heles are wsoally crossed o less than 1 hour, the
accumulated dose due to this source during a 140
diy mission forms only o fraction ol e galactic

e,



