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rdoraiuriri 'i.rfi' oan'r {iir,eunureirrraiaqnnnvr-rtJdir'.rruriuinrrrif,n
eiooh#lor-EudluuidGqarrflu6iruly4 vrtodrdarornrr"^u"uro,Jrrn.,, rriu nr:G,siurdrirfi
rrurnlualnuu o.ri'r"n Io uciruln{fismlnnir"n o: riJutrjluuj ir u rsu o Iouronr;:;rfiofir rn6 rj
#': z nndrd':ar rfio.lBl:Brur rnsur.rrrlfi riahirfiouoinrrlnruurriul nJruirrnro-,rnrirrrflud
6oonoi.:louri{dlo"iufl,: un;iurrLsir sdosn:un:h:nlurnuoirr l orir.runir nr un'r1n:r ruTnn

or:r:ioun:sn'.:flooriud Iosurioirufri R,rledfiImuun-uri'firiarufinruoriuri'riru firiijndluri
1ri'riorj::Iumf i,:6ifirriuflu ri'rrirtrjlflun.rr#u6fi0:firl:rlurd1ur f,.rul.rnlr rriu nrrunrri
oofllrnrru lnso]rnrru unsirurnrso{lnnlulnfi:rrjrireiru&ruroa'oloi.:u riluoiu unnrrn
Jh -a aAa , A, a,[!6[!tuud':eror,a.rirdfffisiafiri16io Iouriuufi,r:run:rduoluflrr6n'jr irfirdr"lrJnh:Jfiffiur
eiorrynri'ta.rf,.:fi6ioorirrl:rirr orfizundruar6iaorir,:'l: oiafiifi6ioles:ru ldo'loii:r:*.rfiliufir
Ava

lfror:rifl,: Naloli.lfieioir.rnrul ol r:r udr nhld'fungrli1lofillyl:*ua:6'uo:r ulo.r:-16 o:loVr
nr:f, a.lnYufuo:r uor nirfifi rou ! rfiuriurur un"rtuo6o vr:rlv"rfionrrrr.rrro n fr,lrfildu'hjd n

rueirrururrdlfruiufi.rm:rsrGro.ri.rflluuinrsnryr (physical) dtln::niaioR,rfi6iodrrflu
6rnrrT (Biological) ua'rlr.r"runo onrur dluotjrr'[: rdo1r.r"o'r r:r rardrriruninurn:#eirfrrxdao
lulanriu toiio-n:rn-o:sr-runyl.i'i,rfilr.{rilurl,,lusri'lunrrnir.ra::ri'hirurndqouor,.turriu

d qecio'lr.]luourn, "

r. iofl6aoc'l: ?

rirocnrufr,rnlu rrurorriljlr*.1f,' n oo:oar.r'leiadr,:nir.r 1 lo"eial:Jd 6a :",rfi

rflu 'R.rdoon,rornar:i.rfi' dra-r:irf,riuu,ru6.r sa.r:lo 1 fitrirafiu:o:finr:anruo-r}Jtei
6ou j nr:nnr uc1-'rro.rf,'rrinfi1ur::lm6rfu o:vr:r1r.r"1aii.rRoanrr ufirer-r ra..r:fi:Jilr runq n.!
A ;- x.. iriou j oun::m-.rr.r,otjlufrso iirrir: f,.rfraanrLrornrr:i.rii dlilrLruf.r i.rf,rtu o;odtu;rJ

n o.:.lrud oroa dlua'nr,rusr ornduuriln6nlv.hlrr.riao rilu: ro.r ounrnri.r#fi,Jrro nar'[riirlrr.
ounrno",: ndrrdorfiflfi.r.Jruasa orjr, rurd"uro on r'r.-rnar:i,:6i orrur:n16urrr runqrprnrn
1o"Io u nr:Irii.l'd (radiation)

* n o.I fl fl R'r r,{ air rin.:r un 0",:.: r u:h ur runi o #uG
*. nr oimil?n f n ru:in urer aorf u rim ur n"s niuo3um:iT:or nrnloi
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z. il:rmmraoio6l

ruriraon'loirflu z ::tnn 6o

I An ' ' 
q 7.a

2. t tJx nnfi'hi ri a l#tfi o nts unnolz (non - ionizing radiation )
rflui.:fidn:syturi!ion'lqr3oot''rnotlo "1 tdt rfi ur ueirir ur ooua",:nul o.:i.:fi

& qs- J . , 1. L 1ya-uu "l t!{ nud rnoer014o1.J 6l yroutau 1 u? tnnuffiJ o{ato a!o't.I 6J 1o{o?naliuu 5) t lno
A - . .u. olh )r" t9' 9. , Y ,--dnllrauo? (excrred state) tlo rilat!1:nrh1d6 rnnq:oufiteii! fr'].r1ut146i1filruaooo nol n1l

Ino::oufirrnd uata{avoratlil{ 1lei uae,:irtrlrr ur:nvirlrdacaroilliu finr:gq rdu6rnnor:ou
;tr vu

er?to 6j rl':,r'ru:o urrnnuduu [ritou aro o16.l u-']R'ranltolrrilunarr"lfloi hirfio:J:r1ur n

rag ::oaudurn i.rf,rl:srnyrdfifinrusfioleiurj i.rdnlriau:-rfius.:uoo nduimq irf,ltrn

'llln:rrvl (microwave) ndur:oti un::-rfionoirtrloraor (ultraviolet) rfluoiu i.r'aruairdfia{

turi: tr 6:ousr-r rurp*dr:rfuro.l 1o u i uv ii'rdrror nor.l orfiotiuo:firdulnnd r:rors-u o ri

duo:r r-rorni.rf;:J*rnnd lsfiria unir6nrl::rnrud': rrcifiiil"'uo:rua{rir.r uriui.r 6ia n oir'lrl a ra o

osyir d'uqrlusiafirnri'rluuf riah{rfiol:ri.:firufi.r ( Skin cancer)'lcin:rlv{rfi o eia n::o n (Cateract)

*n;fi ruaei on::rn'uf,vrhtr.r"rfi onr:nar uil-u{ (Muration)'[6i

' 
A ' q ea2.2 lJxmnnialifinnlilanofa (ionizing radiation)

rflui.r6hJ::rnndn::n::n-uioqloudeirn nr':1o 1 udrn"rur:nrirld6rnno:aulo I
;e vav , tynu:.Jflo.rnn1'ru uaon:c!quaa nuonr'tlno:1a':firrndu* oourrorrir* 9 n:rllia:orarLtroanrlt

nmrrflunnr.r i:J:rourndr.lr dru6rnnq:oudunernr:r6uo onl:Jliu fio:isnrtrrilurl:sanu
J agJ .r , I , - tt 

'q 
)a& tTrflrlT:rn ua3 mifl0u u{T!1a{Rnutlljtrnn l 1^11 au']lftlllJYl'luT:ou?n:J:304:J uToa10lul-[

aunrofi'lrifi:l::l eiearjr.rrriu irfifiriJunduurjrr6nt4rtrrleirrri :"rfir5nd (x-ray) i.rfiunlrur

(gamma ray) unri.rfiooafin (cosmic ray) i':fin aafini a{lur::ltr6 ru:rtit:r1<'r''iuirf,

naafinornor.r arfiori irfiriluarlnrodfiiltrlutn toiud irf,ruErr (beta) i.:6irronllr (alpha)
v df 

' 
, e aA 4 4vt ,d I tl rq tl e ,9 4^

T.1flt rO AU![n::.td0 tano:au r:J1{ou fl?u1.lffY] t)JuounlflTl llJ :J::0 t}i1,{1 lounl.i6ll{10la1{

(neutron) rilueiu i.r ft:J:r rn r dn".r d a {1um: rtr 6 6 olrornort orfioriunrdfiarjluln n Io uronr:
r r l^
h.[:Jfi 1 fl :Jn: tu]tlloll t!n3 tnooT nu'] 41 4.) ulruYl:Jtto utn onululJl lol

airraiurdarroiatrjd osniirrfirrcirs r:r-rarlo.ti.tfioiafi':fi6io Iorrriufi':i.rf,

rJ::rnrdrjolfirfionr:uond'r rrirriu rdo':orni.rfi:l:srnrd'rdon::vruniurtnri'lor?tfr6ior1o 1

rufir o:rialfirfio nr:rronsl''11a.ca:o audu lilurJ::orrn ungnu d.Jo:finrr u'[roio:.Jfifiiurrofi1o 1

'lqYarlrn diludr.rnrurainur:rfinr::lnoudorilursn{un:fiirnn'r;ruoiatrndrrnfiao rfio

'[o-iul^ra'.rmuornirfrr:irbj sr:rl::naroi.rnrirr6 a rirdaqllurrn ri d'rrtndl o.r llufr:rrad':rtaf
ovrl:vnau'[rjoieurir ::rrr* zoc, drvr6a soe6 ortijutr'r:irrnrrdt* "r rn'rfluyrr nlj:6uua:'lgniu



1-r:an:]ii'l9l

urrdald'i:.nrn-.rnuorn:-.r6i:;rnrdriolrdrfionr:uqncr-r o:nrlr:nyrhlu"llro n a

z-
lo.Ju1rlunq? oanur I ur:onoa (radical) so.rrfio 6o lalo:rou r:6noa (Hydrogen radical)

(H') un:1ao:on6n t:6oaa (Hydroxyl radical) (OH " ) drr:6nansi,rnairrdfiolr,h'lt

rJfrffiur rnfin-unr:!::nar:ar j o-rniunrrrn :e run",: n-u r:6 n an eir urit ,or o-.lrtufrlurrnd'lor
3 ) q ad ei^,c ^ A

rflo rij ouior o.: aiuxv Lo "t n ni,rftrfl'Lrjfrocrfforilur:6nan{u unrorrirrJfi ffiurn-uarl:l::n o:t

:ou j oirlauiu,o., ,irr**rrlrrnuulo "1 lurtn{rfi annirfiorrirh{rfio uonsl'r oontLlriJufr'r:

::naudou l ar: ::noutiau l drfiodurudrdoroo::rleirnfrul riluar::J::n a:.ro-rr6 rud

rnurfluaritoi udrio rfiofir:6noadulrudr ei-r r:finoaruaird os'[:rro-rn-:.rnr:rJ::naudard

uoneirornar: :vno:.r16r (rdalffi:'.:fi) rirliiloiar:rJ:sn orluridfior.lnGun;hjinlloh rilu
' & 

nd'uriluo-uqflusiartnri'riu q r[d:41: ::nourArLdanr rdu'bj6f11r:! n1to1t.Ja101 a.Jtsaf, u

drfiorrru eiro''q oianr:eir:{6ior orrtn dur.rrfiofitria-rlr:nair.ldulrlei nhlr,r'rfioar::l:ynau

dfi fiuo:rusio rtafiiulunr uua-r o-rr:6n on ro.lfisrrur:n:r sr-rn-u'[6i virhdrfio sr;rj:sn oudfi

d'uo:ru0ia lqnffu 1 '[oi rdu virhilfiorr:il::n ouur nr:.]oioa n'[sci' rdu taTq:rouril o5o on'[tai'

(Hydrogen peroxides) drarlr:n'bJtrtrnr uar::J::na:.rdairricg 1 lo.lrtnri'riu yirhdrrnririulei

:"uHnrdr:vr u'loi d.: rfluzunn::n::Iounrrdalornrird,ruqne'raonrflur:6naarda"lcifti.rf,

airni riru:l:sn a:Jd rhrirXnr ululra {du "1 t*onorntir fi ar lr :nleiiu ru n n::nu

or ni.rfilo uo:r ra r 6o i.ldo:1:lvirbisr:'::na::riuuonei'roan"[ Io urar'{'rsrr::J:rnaufifr

cirueirfrrylunr:o:rrfiudiora.rrtnri'rirulu{o:aqjlufix!flfiumo{rrn{ Io urolnrluairuror
Aa c &

u?[nnu6m fl1'lUfl']na! o0 n-rto1:Jn n1l[u.iq?14.i rtn n nllnluYra0nTr yrlr!'lla.: lsa duu

d.rr:r6sn'jr'In:IrLIsu'(Cromosome) d,ro:fiar::l:vnoulmnl:l:6ud*:rrisn'jr'6oon6'[:
I:.rfirn66n ro6o" (Deoxyribonucleic acid) uio DNA eirriuln:Illsildtir"lci:"unrr rur6iu

rar uhi'iro;yirlv"lo:.oafrrr o.rIn:IruItl fiqtilorn rG u nSovirlfrriruruln:Illsrl 6ifiod1u

il'rurudo.rdlurqn ei'lo.rruuuriaoqirurun.rornrGrdnr:oyrflu orrfluNom:rtff,nuru:t o.lrsa.i'

lnrid'loiornnr:u ro-rrar rrn {rG ufio:iinr*ru:diiiruruln:hlmrftol:lorn r6l d,ro:virlfr

rryn{d'loiornnr:urjier-r1uni{eia 1 tr.lfinnurufiol ornr6rraro d*rso rlfirriu'jr n-n Enrcr o.r

rqn.i'nn nrudsn-nr*rusfiot:Jornrtaai'otrrdrL d,rfi6a 'nr:nnrurr'uf' (Mutation) riuro,: ad.r

irinrurar ulrrir:ra'rrur:nuLi.rrJ::rnnr o.lrro{oonrflu z rfio6o rqndTsr.Jr6o (Somatic cell)

d.r uiiursndlJ o.r rdo rdoun:afurscirr "1 nruluir.rnru unriurtrujra.i o;ur:dyirrorirdlunr:
fi::r rTufo onanaanunru drovliluufrdr o.r rqnR'6nr,{rnyd,:fi6a rqdn Sr6iri (Germ cell)

A v a dA 6r A A -.Av w-ad oqrar
5.inlruun:nrYrr{nn tfi 't9R tnonl:nn1ur,{u{'tu0 [oT]l:,t6InorYll [1]lj L0n1f, tno[!u

-.. j e ^ 3 AX A , i € eq'a -'tqnd7l A: ( l umor cell ) .[JnltnOTuYltl{D[Ua$taa? U2:fl2u lo no:yl1l, [nOlUUlJ]ll{ (Cancer)

ldlunr uun-r uoifuorruu:r:rdo:rfiodun-r aiur:lorunnnriuucirfiurfir6ur o:hifinntjfi.lon
arurnuuriuddatr usirirrfioriurqn{16ilso.lunnorfu "[r.i'iro:loiirHnn::mrornnr:1 nni.r6i

7?
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3. 1 H fr nt?nun In @A1n I6tJUlJltJ't tlilrJ fltZ6tU st1

nr:toiil:Jilrrxi,rfi1u::oirohr.riorlSrr ru{a l (Low dose) rlrun',: lunrrfl:;onn
r € !ne- ,-to 1 no1! yr to:utJ:lr'trlt:Jdrrul rduul'rnu (acute dose) lu:Jilr ruor'.0 uei o- I o cGy (rad)

uialriilrJirrrui.rf;onaoyttlfl r cGy (rad) lu:-liilr nrfiogrfinfin;ria I (Chronic exposure)
A A -aq & i a 6 . J.q , )^ t tgJu:lJltu:id tu:3o:l9l'r14taut 'tulltouu yll Lutno:Jn nTu'tct't.t s) yttno1lunlu lllt$nd louttJtJ

Hadun:rucia6io?ra{ruod' 6atrivirbi'rtn{orlriura,r

Aa a' y' uv- -a a ! , qe
H Anlsnun u H a q aJlJ n1 ltuI!il w a lotu1,1fl1J7et1 0t1 uu,1 a a n la

3 ilJuuuqa

AA
3.1.1 Hnn:!yr!fr!unqionl: l{uf (genetic or mutation effect)

Aa,cla<,t
3.1.2 r.rn nTir!frfiHnoo n1T Ian1f,rRa rilu liflxJ!r5i (cancer induction effect)

- A ^X - q (
3.1 .3 ouo:1ufrosrfrofrunlyl1tn lufltrJi:J1:ct't (in utero effect)

tAAat e.
3.',t.1 fl nn:3Ylu?ta{:0att4 nan::rltlt5

. .J t-' $,tif,ar11M tnonl:n n1uv'/1{! 5.tlj'r. 4rJUn11 nltirlllldl 1J1{t a?.J 'r1{ tun:rr:J
.r n,a - o..Jt -&t{f,f,fl]1v,{ufllaJ ul+utouir t:Jt}t aoTlnlJtnonl:nnTU}r1r5 tltr:'tfluto uunortf,sollJt::rfiouu

-'. ^"x . z -"r.!nf infllultut tnoll a u lta']n! tu1lluflJa{lluuu :?ltYt.lflo't[R uJnno'] uuuo't,t 6l ttout LlJtnl:

siurruir ilr rui.l6i driaudaorflurvirl:6,:o;rfiornn:rfl:rdu l{n::uv{Tlr{ (ttrestrold oose)
-a A - - t-autva Z

rlrufl.roR:11 Lo11 nl Lo:u1J':lJ1m:Jdfl.J1l1{ 00:1n1:nn1uv,{u5nr tolt:?lju

.,4L! rr:1unuq o u $aii'r Hnn:tr:Jr o.ri.:ftdfioia rtn {16i riu o:fii'uqr:ru lnn'j'r
Ja, 6 a , v d a A .^r
ruo0tsofl l51J'lofl tlo:lJll0llqn01{nu0n Lut:anla.rr5nRrn:!101[fi fl11u|la]1a'1lvlfl1lqn

a d'l d rt ee &
na't?R a tEf,Rrn:r1l0,t tTtflllaln! LR:.!fl:1n tln;Rnu$:11ltnnol{n 0u1.ll14utoSonu10nl flT']u
a &a, - ^ t .l X .^( q 

'40nflJrtr?.t:3urn1:[0:t!to:Jt9111ll9nol.inuu0nilnut.rad[o:10{tllfllttu.litunT:lunuutt!a'1
di ^ 

j u "o1 nu- -^ , & u,d rJ r rt a 4l0JAAiL UtnOllUOlU tu0 IOT:JTJfl fllUlAity'{fl!]UUUA3 L nl:llJdlJl.$llJd.:E0lt Utnollu

) .^< ,n,- a !d u.,
f,']1.1::l0 9lT'lurldnf,tnl nt [oTUllJannn u!1lon1y.Jllfl Lu')l0ctuul'flflaluuta

Juy- - urr q rq!,9J
rlrflvlrx.J toullHnn::Yt:J111t unflnuuto auqtlu lo tuof, aot? ollol LlJ"l IJR?1lJl:Ju l.ll loo.Iu

na

1. nl:rilu fr.r alinsriluxfulursusf?nfli (r -z fl) via liJuvrriuonao
a- ) t saAu,sv
lt't0r 5t1Jua unuuTlrlruJ'r flYl to:u" 

,. n'r:nnluv{ilrf, ion1:rirtxii'r

- Z. .J -, - J a u ,a I a e a , a
o.Ju1{ lfl a [!un1:aoauoTr u710:lJ9.lnnl:Ylu !un.l!oJl4tno 114 f,.tolnnl:7lvi afi:a

uritr-ltar"'i:r i.: fiur un'roio.rnr:fian d'ror:nhruolfrlnn Rlotriilu €.rrl5otr ud"lqiiu:"r"suas
:,oa.rn'tt!f,n rn::usn't::2 vrouuauadl.Iliou 6 !6au fiJ r fl riusrtrueiiud'kiiuildrLrrda

7g



?ti1l]$LBC191 $!,1:ftUllnft16Ulr,il LuttttDClMLUlottltltULLBDSDTt BLE!'4|,|flLu LUll!.l4LD
? r i 4n! r ', e4.o 2P-

LLuuLn^ulpT*e6 (,Qr,rnrsues) LL|!Lcum:u

B-Lftrro1u uuhletrBLuTLgrllBLu [, sLo,uu!,r:u!ur h uc rEuuuhupu uurtBLsrorl^@ EMru^ulnc Fu0

ul 61n6t ruturlB B Lu TLSB Lrll Re uuuutl LuInl L|lFr0l. E$3t1Er4l r.lurruftTellnLe ', '^ t'7 a 'nf sP^-4uP

EA!nrul uErruit$0rluM|e
n-uLurI'l-rol.cllrni,0 LuTLf.fllB Lu t e up:cn-ccnouo uro

oElenl'uuorELuLr.,t!LusLnLeft uflq,:utoIN$!Bu !T!c0tlro?ltr89!tMLut0iJ'z VE
utfr^tolggr!11n

nftl bulNLuol uLlrtl!,r3l Lu !l L|r1n Gflu LnruLn!fifilrol L trnuuuiruuct n: ungn '! ! dk^ h' ^ 4 ^^t 2 7e- €

e9

?11t, Ul Cft1l SLBen LU r.tB 00ftnunCnlLBOtt0ll,tULttl3l Tl,1:ttflft1bUl Kl Lll:0U.ULU0l t1$ll
E4^u' E 4 P 4hD '! e4lq P !.F 2

ETruU|luuuh|[uul nlLuuruLeurbeNruftrnl
P 4^A P . v , " |'

c!,1:ftt lt N1t e g4ui3:gutt1 Tllltt (plorxqt) uB0!u1 t!0b11$31:t! u0$Lru|,i,sll:tt '9
h,P!7F

Lr0lLn u!!,r llF G u:ru fr

nlE$u U|,|u!,Lt{n-uugr r,r G nBB$q,}c1:n:u1r (ertualna'I) 14Burrdr!r?rlslr:n 'n

ttirff.ruur:rpnlguoLnLrlsun Ltr&rl€$E $luftJLn!.Funt;!.uL0Ee^t rulr1iptl trEgbErtrfl!,1q,:sF

ftutltloulu L ttcunq"sgr:n:u ?ruaxnal LLun!,1tlr.lu]:ltlroBB'I9tfil11Tll:n '€
- l'7 P7

nEUlgll'11 llBtllg'lBgrl Te ltnrfll 11LTLu|lr1L$rluuLMTLUl9Ul TEbe nUttl:tt 'z
EL

DfgttLto$Lt,tnuLBU'tttL$LutlltoDLtcLBuLuttuLMnuflllrouluTrlr,tLtru]ll:ft ' t
^ p "7, ^.f "F

nq,] ! TgMLUt0nltnuuu@ gr,{ D}lnLr0}LtlnuLBultlLTLu11Mg,Lo

b llLUl'lttlUUUftt11 l61t[BLU'.tld1 t'!l:flllftl trulN LU 01 llBf,,t1l! Ltl Ll,( !CIMLUl6nnttU

r41 Tll:nnrI1uu1t4t Lr,t:uT0 t] Lr,ir fto:guN ]sru L|tlTt LLE ]gttLloglgD LU LB u Lurl
^ 7P ^

n !$t1ttu c t? ur u u unnl Tnnrru o61r z u$tuu ul tt LEU $D E ttEnl ltTLrog|l1:gTtutu Lt|gfuo Trl rg
' b- P Ft,4F F? ! - b "F 'F
uL0LftttDTtuugLuu Lotl[:!uu trfl!,r41 r9llLnbLg,riB!|1uuuftftuLLr,tllrL6tut gLuuL0 tguftLLlJtlfl'l PF ^
LLnBflBtlL& UU LinnnBfinnfllnGlll:nUU1',t'lLUDTg $B$LB@:LMt1B13l l6flq,nLULtli'l $ll:Nl1TH

^ 
p 2t . )?, e..'P^ i" . .l s 4r!

r4gFlL.uP$3MlurorfirflJ Lprll{$e u6[,rLr^Dn^uTeuuuPc:*lo rol L^run^uLfiugrLunBul res[BLu''r

r1&s!1:nu!.1sloullrl LuusLuLBn[1D]_s LpEuLrF Lftn^lfi1lJlprtr.dflnfi-ulLD:un (s^er-x) euol Y -,'
NTrnMnurLu|!11u1]]totl?t r4tttrTLtlDlLl0q,t;B'n r|.th rtul!LE flq,l ul T$:nuE1?tTllloulDLuElfi

^ ?7' " ^ h,F P d

L loE:u 11Rfl,r1tt 
'.11 Lr.tubtn,| Ltrt1t1lu$Lu 0B Lu ltunl? i t! LLKLcfinflE!LU ltfll LUB t,l , 4r.P t'7 F,x?

0glsrfuglt{fllpLu El 16ulsLuc lop 0g0eGnu:gu u}, z l'e irs:tJ

ttuu1t1'tLni(L t n urr it ,,r tor uinME Luu!.LutJu1$l Lunl ;uE$! LLnMnulLullltl TBlall
,F .! b i , l' ^a hF, lor h F4 I

t lL[lt1tlcllt{lL6LO[gggRlrl LN BenrG gnMBLUU!LULIbe]gl rtl :0DS! Bfl'n|tnusB $LB 0;LM$l
2 ' tt D4 t- 16 ' P 7 t ^ ^ ' I h P^ , ^ 7
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leiiiu"nivrurflrsarfei,rnqr*fidurlanrunqu$lunr#oco;uru6.rnalnai.u 1 d;.frhinhbirfio
I:n Eri.rIouranrcorir.r0,l:rrtfi.!R.rrundrrornn.r:nu',uyr-ufiro.rrradlqlr6n (somaticmutation)
dlsiiuHnn::ruornnr:'[:Jnni.rfilrirtJun-r yronrirrldToun:rjlsiei0ial,Jd

r. l:ri,rriurfl urunurornnr:nnrun-ufirorrsndlr r6n

z. fr*, riuonr ni.r d rir o:trJ n:: {urdahisd rfl uer-r nr :drirhdrfi o rfl ul: ri.l un ;
ruouual,rorilurro{rfu j ro':rgr6uloldh un:uuin-uf,.1o'rrndu n::orul:Jrirrdordaunrai,n:
oirr j nruluir.lnru

e. n-!fuonrr,{i.rd aroo:i:Jfiffiarloumr.idor, 6o oroost!n::siuld,ir,rnruarl
lurnrr:#rdairu 1uir.rn.rafi fi odrir.r*#r uxigurulillcilrnirdu

3.1.3 fl an:;nu!ooryrrilonrnioildfi sionrrnl*o:rrirur:or

. nr:ndnhf.rroigrduloarilunr:fir:orrfufflanralaiti!duerluornr,,argrnonnrudr
d':rilunarirlr'r'mr:nroiorr6uTof,rnr uiaLififinortnrrlo' ueidiruu:rfi6a oo,irrr.,i;L-,r"],.
rfirr6io'[6i arofiflrnorurornnr:drur:ord,:nrn-rotrn::fo.ri.usulo'i:.ri.:fr raiaLifilrrorlil6orda
b :-au r sfi o rriu u'o r u o :l-u d,r rilu fuerrr u 0i a 16 nlun ::ri

runn::vru:rolir#iioianr:nlunr:rirr:or#nhfr.rroiryr6uIo orilur:u:driun.ir
rSlu3lo (Embryo) un:fleia (Fetus) uri,:aanloiriju a rJ:sr6u6a

r. rfiuiioo&.:ueiaailun::rilr:or

z. ro':ryrfiuloleidrn.jrnr:n nfi
a. ii oiu r :rr.r druni ayr".ru l o rl nr:o&.1 uei u: n r fi o

a. rfi on n oo o o n lr ufl.lilanr rrflulrol:ril#,r uciiu r6n

ir]ofu:r':rJr:nr#6rnn::vrudanr:ndnhftroiry16ulofi*da.r,rorn6ili*ni.,ffid

r . rl3,r nri.:fidnr:ntciiulrucdnha'.:roirxr6urolu::u:drfluriuuSIoiliaflo-s

z' rrwdnr:nn ni'rfir*su nrrndr o-,r roiq16ulorodludrltflu,, o.cnr:er".rn::ri,a,t
lt1:o1

drraiuiloo-u ::n.r:r,rnriu uuru6.r.ir lr:or,'ornrrnlr.o r*ror"rnr:ril iunr:
ifioauI:n uiai:.r nr::hr*rI:nsir uiinr:sr ui.rfiIo ui.r f,l:Jq nuirr udrun'',:d inr:no d
rhriu:lofurJ:;nr:un-.rriuu-u'rrrhfrtxrrn rn:r g urin::r,'r1r*r, o, nr:d.n:rril o.r n1:orlu:: rJ:
ryr'ur r arfioti irGifia'rlr:nnha'uorrusioyrr:nf.riiurf,ufiiolei un:rfludrdan-u.irrlilr r*i,r6i
dlrnn'jr ro cGy (raa) dulJrtu rrlr adluot:rilrror
rueio dr,rl:fior l n nd rfioduluri'n srurd,fi ouo, 'l:Jili,:firri a nr:
ifiodll:n 6,riililr rudaumn
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r1,{flla:liu ri.lf,qilofiqr*rdnrruir qurailaiiunr:arui.rfioiruirfirSnqt (X-rays)

tu::u.jrlqYrn::fu{r o:qia.rfrnprunm rirdoo;tiirn:r;r{6lt1oo-urar u 1 oirurfionr:o*o?u

lolunr:nqoutrnr:ettn::ri'io1il tu:rsrr:ndtfior'la'lo"t6ii!t{RntsYllor nnr:ar uilfi

un:rd a rilunr:oqlonr s1{nni.:6i1riria sd so rirriu x'n{ rd oro fin::fi"lsinrr

I:.:uurrrooir.: I orfr.rn4,nrnvi"ti f.iriruiunulf{u{rdoiorl63unr:ifiofuir':nrusirunr:

arui.l.sr6nduioeir ui.rfisfiodu I dldn'r.ln.:r,*yrdo:n:;drldlu:;s:trartfi s.r t o iu

' 
n.ror nd:l::oh r6 aur:r un;duo rin-udaifi odu rrn;nr:eTof,ulo, ol rrrvr ri

rirr.r:-u{ra{.:dvir,rruoirui.lfiriu ua:orjlu::uir.lnrttYro::ri fidaninuo"[{'jrbi

n 
n1dld tfi u o. s ccy (raa) :swirid oural d{o'r:tio ri

3. 2 tJ fr nft n 1J d ffi a o 1 n'l€iiu LE ffi ui't fr fi ilu a'l

n-r rqndlortutj.rx.n rui'r'adq'rdu Io u ro?n:tu:-rirr rud e':n'jr t oo cGy (rad) udr

rso{tiumtr:norule- $n:rirrilu6irr*d.ri') loru.drrdatuaiur:lq 1 1a'lfro{dfi6iofio:

ri]uzunrirlfrdordaun:aiurg6iru6''.rniirrriu gqriu::u:.rnr:rirnu d.rrfluzunvirlrdaqinio&'Ifi

6i,e,rfuo,1:.:6iato{leililurufio:rf,u6io11l uillur"qdnrrnr:rumri6rloirirerri61lo'ri':fiturrid

rLrlflunr:sjrrqniu:r5l1u4'ilr udrflul:or:ti':ouar-ur:eir': i nrrludr'tnru

:J::r6usir6,rgdndrrlufrd fi6a rondluuqin;rdordaluueia:ar"urgcirr 1 luir.rnru

lo.:fro{rdu.lgnoirrr*ur.tufin.rmor*aloiai,r6'tdtjrvirfi'u rriurtndriorfiooeir'l 1 ua;t'lad

fturnTuf,r, o.lrrlar,r udGunir ar:Jo{urlolnrfiu (spermatogonia) inr:oaunuo':eiai':'a'loi1r

,lndfo,do,n*;urtnddu 1 luirlnrul "1 6ndarlr:nn::o'u1ri

,"u,iui.o "1 inluhciai.:f,1eig.:du triu ddnnilfi n-rfiaanirou

arirrnfiorinr:oouauo.:eia:l$hurdleii:lir trulan6ro"riou rfl*d

rrirlo niuir uon6ror.arolrlu qofrnioriolfl.rnr:qio:J u$Lrirudrf,u runrulutqn{tdororn

Hnn:rnulori,:fi u':a\rifioonirouirJ[ffiurfi'uilfr virliinr:sirla-r::lftna:J rrloSoonlsci',

1 dohriluoi a nr:6th:rii o1 o': rtadriu 1 :106'u

nr' :: n a:: ur r a rir ':1u DNA 
"unolnd'itdt*

Hnciont:qauflualsiailf,lolrtndoiru

rdsrmnir.lnrulurriirhurj::noulolrtn{un:oiur:eh.: lnruluir.lnruarjrnnms

uein:rqo6un:or-ur:fiio?1rJtreiai.:frldlrivirrYu dllcifinr:o"on:ro"uaa.:ttn{uo:aiurteir'r "1

dri.];rU I nruluir{nru letu6u.:orUnhsr::Jnrlrheioi.lf, (radiosensitivity) arlrn'lrluTiou

o.ioo uJll
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- .J e Aa r . ea t| |[{nallroct'tit q 10.ifl9t1tnu,tflno?uuu n n?lu [?6taT{flfl,tll']n tu "ruou

1. [$nflt q[a001't']

2. [.rRfiKUUtUn tvift
.Aa eAA -3. [{Rnnr'}1u't11tnu?n:Jn1xt"l{trqtn00

4. rdnar o'lnlu tu

5. rtoa00!u1R1u
t6. t5offtfluutstrl uf,sr5nnnfll lua

v .X e 4a u , ed ,,
01u?3q1n I 10.tfro't [RU,tf,no2ul.{lt Y[Jfll1u l?etotnflfi.to1n 1n tufi'tltou

't. :3uu1{1tfino{, [1n:30n. n1tf,
!A2. H?VtllJUA:tUAIUOUSlU?JO1.' j

-f,3. ljln aotnaolld]']lnaou' un 0.t tnn 1nlgluflJnlu
x4. StU, qUoAU, [0

. X ru &5. nn1 [u0, flxi0.t, lfll{u;3f,1Yttu l1t6[u11R.0

r e A^tr-- c -cA
to u:2tJun2aln't:l|'n3 Rnt3Yt'lY[nollu ton 0lu?!o1{ I l0n urtulln:ffo?tflu,t

& ' tu.'
$no?u1*:Jo'rJ 6J uu 0:l|un ro tuu 2 :;u3 ft0 fl tutlu3qu (early ettect) l|a:Ha tul:u:uR1u (tate

, . e Z ^ !. , - g. Avnu-a u - Za
eltect I HA lU:JU:O1{UUi:tnO1l [U:tU3l?Rln0U11.1flu l1l0 lOt:J:.tflU0? UdnOlnUUO{O:lnqr

. , , Ac -)tw -d ;^ 3 a
Hf, tu:3u3!n1uo0lt1 .u.ttxt'tnl 11ln?1 tau H?$$.tYt to:utJfl Hfl:3u:lltn tnoluna antfl!
trf,sduuq{ airunn:su: nru 6o firrari.rrd urunrrla6:L rfluciu

, A dre' iA^ * ^rrasnlnfllrrnur?lr? 1a no1,t .J Ymllttu [6]:J::n1J '101ntuqnlt m[no1uot,!
- - 6: d I Ly.,vvro- -a a

tu00q rra301nn1:yrof,o,:nuf,o1ra u{0no? uuljy{u?1 ltllltu[Tl touyt? Iun'] [o:uT,tf, :lj1luf,.t

1,ll1o 4oo cGy (rad) o;fiIonraoruldb.t so% n1u1ut;u3 60 ir{ eoSr{ulgnairuurLdu 1

rdorfiu:.rrir-ruuuriun'ro:firliffiurnuciailf,lo'rln'irlulrri rdu uu rdal;;:r;ifrrj-ix1il
d'l ne a si J -aA.qe

7OO c(iy (rade) 0! l0n'1fl01'tg [o 50% nlulu:;u:[?n'] 30 ?ulouYllt'lttun tu't ttlt{flt47t"rtl,l
- <A . a,a- v.& ,
doi rd uJdn0i?uurJrdutlo'[oiuui'r 6r"'n loa (Iethal Dose ; LD)

. t aA . -.4 e tsv 'a a q
f,?u lun:utltil{ltu un:flo1tn u.J n no? ulru totuutltl$f,.tIu a f,unta tua1.ttIUiJ

Y r J e A ,' a - a),t p
t3u3r?a1du I nnr*ng1| a{n'l:u'totouuRttoulj2uuu o3:llutilt'tnuauluounu TlJ'l :.tFYl Lo

, -xflJ toullnn1,nl:olnl:6t1.1 q o.01t

1. o1n1tfi ttsq{oon']birfi uyr1.t:!u!l6ao (hematopictic syndrome)

2. o1nttfi$f,o.raon 11frlfium1.tt]uudouollrl't: (hartrointestinal syndrome)

3. arnl# ttfl q{ aa n 1lrdrfi ufi lntluutJ::6nm (central nervous system syndrome)
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