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LJsgaJF1
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lJ'Yl"'
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L1Jf)Lf)£Jf1111 "'i,1~' f)f)n1J1 ~'t1"i11J~U't1U1~1£J'I-"I"if)lJf1f1a't11 LlJ't1"i11J,11UnU1Jf1111J"i~n
'II q 'II.0 d~...,..,1', '~A .'"1'" f..,1'd .1' ~"" '"

~f)f11't1 L~£JUULULL,1't1~~alJLlJU~1UL'I-"ItU 't1,1ULUf),1,;)1nL'I-"I~~a'l-"la1£JlJ"i::m"i L"D'U m"iL"i1J~UL"lI11J11J
., q

lJ't1lJ1't11 Ui,1f11J"lI f),11,1~ 1~ £J&lr1U 1 '1-"1 ni~"D'111amin ';)::LUU 11J1 ULL~i'1 £J L~1Jf) 1~ £J L~ ~1::"i::LU~U 1 Lf1~ £Jf., 'II

rf,1 2 an~,1f1,1a,1Liif),151"i.;s1J1 LLa::U1,11'D'1n Tif)1iLn~LL~f1111J'I-"I1£JU::nu11J~1lJ1L1tUi,1na11LUU~
'II

~~~1~1,11';) LLTi~~'t/(1lJoiJ,1 LLa::1lJ"D'1Jt/(1£J;f)b'i1"iLLa:: 1 't1"if11JU1f11J~1,1 6J f)r.i1,1LL ~i'l-"la1£J~1't1n1J1J 1an
'II q q

~"i1lJ';)un"i::~,1u';)';)ifud 1~£JLLri,;)1,1LL-l(1 ~,11~~ij1't11i1Jiur!i nrJf)1Jijf1tUf)Uur!it/(1£J 51lfin 1"D"ULL~
q q 'II

1iTif)1J"i:: 1£J"D'u 1,1~nLolfUnu 51u111J1i1u't11,1iu~n';)::ij1J"i:: 1£J"D'u1u'I-"Ia1£J1,1m"i LolfU m"iLL~'t1rf

f)~~1'1-"1m"i1J Ln1i~"in"i"i1J LLa::1't1£J1fl1~~fL 't1f11 u1a~ "i11Jrf,1t/(1U~,1LL1~-l(f)1Jt/(1 £J LUUt/(U lJ't1f1111J
q

~t/(L .;j£JUt1,1~a"ll f),11,1~~ijiil f)~,1ijojf1~ 1~ £JL .;j£JUg,1"i1 £Ja::La£J~ 1U't11,1~ni1 1,1~L"li'111J'Yi11J~m£J1

iilf)L'D'a-ti"llf),1~,1ijojf1~f) rJ1,11"iU1,1 ';)::ij~a~~aL~£Jf)rJ1,11"i iilf)~,1ijojf1~ 1~ £J"i11J L~f) 't/(1lJ 1,1~11J LL-l(1

L~f)L "i1lft1,1~a"llf),11,1~iilf)i1,1m £J"lIf),1L "i1LL-l(1 'Yi11ilfLLa::L"li'11';)t1,11 't11iLLa::5u~"i1 £J"lIf),11,1~ ';)::1t/('Yi1
'II 'II

m"iiJ f),1nU5U~"i1 £J';)1n1,1 ~~Lf1 £J~lJ L ~UnU1J1 LL-l(11 Uf)~~ 'Yi11 iLn~f1111J'I-"I11~nif1 L ~1JfJu 11Jan

LLiil~ £J1 £J11J~1 iL ~Ut1,1]j""i"i1J"D'1~"lIf),11,1~1uLL~m£JT11~ (Physical) ~11Jn"i::'Yi1iilf)~,1ijojfi~~,1 LUU

'" ( '. ) " 1 " .'"1' ~ d, ".. A.'"I" do.. ~
"D'1T11~ BIologIcal LLa1 'I-"I~af)f)n1J1~lJUf)£J1,1 L"i L~f)L'I-"I~1L"'Lf),1'D',1LlJU't1"i~£J1n"i't1~1f1ty't1~~

1 1 f. ~ "".. 1 ".. "'1 ".'"1 .1 1 ~ " ~ ,,~ ..
U anuu L~"i';)n"i::1J~"i::1,1LLa:: "D"'i,1~ 'I-"ILlJUlJ"i:: £J"D'ULU't11,1~"i1,1~"i"if1 L'I-"I1J1n't1~~LLa::1Jaf)~T1£J

'II q

~~~iilf)'1J1uf)U1f1~
q

1. 'f\1iRvv~ 1"i ~

ti1';)::t11~ti"'f1d1~~~1F.J"lIEl.,,'fi1i1 ":;.,,;" 'ViEl,;)::~El1J'~Elr.j1."n11'" 6J '~I;iEl'1Jd flEl :;.,,;
...1 Ad ,. d ,.~ ..'I d~..,. '" "'~.I~"
buU "~""YIElEln~1,;)1n~n.,,~" 6IJ"'~~~"'~UU~~1F.Jt1." ~~~b~ 6J 'YI b~b~t1F.J~';)::~m~~~1F.J~d bu b~

b~ElF.J 6J m~~~1F.Jid"llEl"'~1~:;.,,;1un~~"l11W1~U ';)::ri11~1~:;"';ElEln~1 bb-l{didbEl.,,';)::iim~1n1.~~~'"
.oj ~ ~.I'I do... Ad ,. d ,.~ "1.1

b~ElF.J 6J ';)un~::'YI"'~~~blJbU'YI~~ ~1~~1J ~""YIElEln~1,;)1n~1~~"'~ 6IJ"'~~1F.Jt1." ~.,,~UU ,;)::ElF.JbU~lJ
.OJ OJ...d "1'" .oj, ..~..I.';1 4 "I .1 ~d"'.1 ~"".I

OJ OJ OJ. ..
X., .d ,. A ,

ElU1l1f1~."n~1dU';)::~'Vi ~"""1U~::~~ El F.J"lInI.::'YI~ ~~El Eln ~1,;)1 n~~~." ~ ~ ~1~t1 b~U 'YI1"'~1U~tUtU1mfl
.OJ .."'"'

'~L~F.Jm~bb~:;"'; (radiation)

* nEJ~~"lJ1l1'\o'j -&f1.;(n~1u'\o'ji~~1u1J"3J1rnL~EJiu~
q 'II

** 1l1tl1"Jj1VJ~n'" tlrn::1'Y1F.J1~1~~f 3J'\II11'Y1F.J1iF.J~~Utl1U'Y1"11,.~ 1l1tllcll
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2. 1J"j~tn't1"lJf)\1:;\1i

LLU.,1fJfJnL'i1Lilu 2 lJ'-:LJl'Yl tifJ

2.1

LUU:S.,1~,im::'YllJnlJ1~~ 1~~7Bi1na1.,11~ 6J LL'li1 L~£J.,1LLIi\t11£J'YlB~~;;.,1.,11U"lIB.,1:S.,1~

Ju 6J 1";;nlJaLatl~7BuIi\1.,1 6J ,iB~7BlJ 6J U1Ltla£Jt'f"lIB.,1B::~B3J1i\1.,1 6J "lIB.,1i1na1.,1Ju 6J l";;Ln~

~f111::~ui1 (excited state) LLIi\L~ t'i13J17t1ri11 ~D La tl~7BU ,iL'fi:SlJ~;;.,1.,11UL ~ ~lJ u ~ a~ B B n';]lm.,1
,

1tl,;]77BlJU1Ltla£Jt'f"lIB.,1B::~B3JJu 61 L'fi LL~~.,1i1L~t'i13J17t1ri11";;B::~B3JJu iim7~t1IL~£JaLatl~7BU
J 'II ..

i11~ 6J ,i~.,11U7BlJU1Ltla£JmfuL'fiLa£J B::~B3J~.,1tT.,1tl.,1~f11~tl113JLUUna1.,1L11'fi L~Ln~1J7::,;]lJ1n
,

.1 .¥ ~ ".1 .,1'.. A \1" , ~.. " ~.. d A ~..
LLa::lJ7::';]alJ"lIU3J1 7.,1~lJ7::Lf1'YlU3J~a1£J"D'U~ I.~LLn 7.,1~tl113J7BU 7.,1~LL~.,1LL~~ tlaU1'Yl£J 7.,1~~1n, ,

L3J1tl"L1~ ( microwave) tl~UL7~1";; LLa::1.,1~Ba~nL11BLa~ (ultraviolet) LUU'fiU :S.,1~L~~ldiiBrj, 'II1 A ~ ..~ 1 ", d A" A d' 1 d ~,
U'Jj773J"D'1~7BlJ~13JU1f£J L 71U ULB.,1 ~ £J 3J LL ~a.,1'Yl3J1,;]ln~1.,1B1'Yl~ £JLLa::~1~U an'Yl L 71 B1t'1£JB £J, 'II

eJ'U~71£J,;]ln1.,1R1J7::Lf1'Yld ';]::ii.;(B£Jni1Ejn1J7::Lf1'Yl~rt.,1 LLli\niieJ'u~71£JBrjU1.,1 L-rlu1.,1~Ba~11L11BLa~
'II ,

';]::ri1eJ'U~"1£JIi\B~1~ii'.,13JU1f{j riB 1";;Ln~3J::L1.,1~1~i(.,1 (Skin cancer) L'firi11";;Ln~'fiBm::';]n (Cateract).,

LLa::ii~aIi\Bn7"3J.;(ufri11";;Ln~m7na1£J.;(uf (Mutation) L'fi, ,

2.2

11 """.1 d 1 d... 1 " 0
1 -

1L U"-1~lJ"::LI1'Y1'Y1n"::'YI1Jn1J1~!1 ~£J'YI~1n~1-1 ~ 6J LL~1~1~1"!1'Y11 'V\aL~f1~,.au ~ 6J

..
d... ..."'... ,,¥ ..- 1 ..'" ~ 01"

'YI"1J"-1~~-1n~11U 'V\~~m::L~uaanUan1-1 f1,;)""1Ja-1U1Lf1~£J~p)-1p)::~a~uu 6J 'YI1 'V\P)::~P)~"1J1~~I11'\'oj

..
11 "'.1 .r ...d ..-VI.I~"- '" 11 .1

f111~L Un~1-1 ~lJ":,;)1J1n"1JU~1 ~1UaL~f1~"P)U'YI'V\~~m:L~Up)an blJUU n,;):~~I11'\'ojL UlJ"::,;)~1J

""".1 '¥"'~d' 1 .1 d "'-Vl..!.." d"'~.1 .1 .
11"-1~lJ":LI1'Y1U,;):~'YI-1'Y1P)£J U"lJ"1JP)-1f1~ULL~L'V\~n bnn1 P)UI11f1'Y1~'YI-1lJ":,;)1J1n lJ":,;)~1J 'V\"P)P)1';)L U

'\I '\I auI11f1-t113JiilJ,.:';) i1P)rJ1-1LolfU 1-1i'i-t1L11uf1~ULL3JL'V\~n1~'Vl11ti1LLri 1-1i'iLaM (x-ray) 1-1i'iLLn~~1

(gamma ray) LL~:1-1i'if1P)~iin (cosmic ray) 1-1i'if1P)~iiniip)~1u1i""~"D'1W1 ~'t1i{JL"11ti111J1-1i'i

f1P)~iin,;)1n~1-1P)1-n~{J 1-1i'iL11uauI1~f1-t1iilJ":,;)1J1n 1ti1LLri 1-1i'iL1J~1 (beta) 1-1i'iLLa~~1 (alpha)

1-1i'i1lJ,.~ P)ULL~:1-1i'iEJ L~ f1~"P)U LUUtilU L:f1U1-1i'i-t1 L11uaUI11f1-t113J iilJ,.:';) 1 ~'Vl1 1ti1 LLri1-1 i'iu 1 ~"P)U

11 " ..."'.1 ,¥ ~ d '1 d", '
1 1 1(neutron) L U~U "-1~lJ"::LI1'Y1U'YI-1'Y1P)~ U1i""~"D'1~ f1P)~1,;)1n~1-1P)1'Y1~£JLL~:'YI~P)~ U ~n ~£JL~'\'oj1:

1 1 .r '0' '" ..d.1 ".r
U~'V\1~~'YI" U'\'ojU~U LL~: Ln~,;)1nU1~P)"1JP)-1~U1i£J'YIlJ":~1i~f1~f1U"1JU~1LP)-1

ti1~:;;U L i!eJ~1 @ieJ LlJd ';)::nt:J1di1~ LL@i LQ Y-j1::~~"lI eJ~:;;~ ~@i eJ ~~ ij:n1 ~ 1~ fJ L i(ui1~:;;~ ~

lJ"::Ll1't1~rieJ 1 ~Ln~m"LL~n(Q;'dL 'Yi1,.TU L rteJ~,;)1n:;;~~lJ"::Ll1't1d L~eJn"::'t1UnUL"D'~~"lI eJ~~~ij~1~ 1~ 6J

'" , 1 "'A r ...1.1 .4 d ~'.IA- dlLL~d ';)::neJ ~Ln~m"LL~n~d"lleJ~eJ::~eJaJ"lIU LUUU"::~UdnLL~::~U "D'~,;)::aJf1d1aJ I.d~eJUiln"fJ1Lf1aJ ~ 6J

~'" .4 1 ' d.1 d' l ..d ,.. d d

1.~~~aJ1n "D'~ u,.,~mfJ"lI eJ~f1UL "1aJ~"u,.::neJu't1eJ fJ UL"D'~~LL~::aJ~~n,.::'t1U~eJL"D'~~aJ1n't1~~ LaJeJ
\J \J q

~"' "'d"'~.I.1 "',.. ~d '1 ...4.. ...4..
1.~"UY-j~~~1U';)1n"~~L"lI1I.u ~"u,.::neJu~~n~1df1eJ U1't1eJfJ UL"D'~~ "D'~L"D'~~"lIeJ~aJU1ffJL"1~U~L"D'~~

\J q

~ '" ~.I d 1.1 d d ...1 1.1 d ~...
';)::lJ,.::neJu I.lJ~dfJU1u"::aJ1rn 70% 't1L~~eJ 30% ,;)::LuU~"u~::neJueJu 6J 't1LUUY-jdn u~~ULL~:: l."lIaJU
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J1 Lrlf) "/ii'1U~ i'l1'111u';)1n1'11 ~U7::LllYl~ri f) 1 ~Ln~n17LL~ ni1 ,;)::~13J17tl'Yi11 '1-'113J L~n~
q

"lJf)'I1J1LL£Jni1f)f)n3J1LUUL7~fif)~ (radical) ~f)'I1"D'U~ fif) 1~1~7L,;)U L7~fif)~ (Hydrogen radical)

(H 0) LL~::1~~7f)n:jJ~ L7~fif)~ (Hydroxyl radical) (OH 0) ~'I1L7~fif)~i'l1n~11diifi113J111u

., ., .,
UDm£J1 Lfiiirluff17U7::nf)U7f)U 6J i13JU\'f'l13J1n 1')3J'Yi"I1rlU L 7~fif)~/ii'1 £JrlULf)'I1 i'l1i(UU11UL"D'~~"lJf)'I1

L df)L~f)'I-'I1f)"lJf)'I1f)1£J1:: 1~ 6J ~n1'11~L Dli1 Lun,;)::Ln~LUUL7~fif)~:fJu LL~::';)::'Yi1UD.m£J1rlU~17U7::nf)U

7f)U 6J i1"lJf)'I13JULf)'I1 ~1Uff17U7::nf)u1~ 6J 1UL"D'~~Lrlf)t1n1'11~';)::'Yi11~Ln~LL~ni1f)f)n1uLUU~17
qJ

.1 ' .1 ' .J A,j' ,.,t' \1.1 U .1 ...A .J
lJ7::nf)U£Jf)£J 6J ff17lJ7::nf)U£Jf)£J 6J YlLn~"lJUL'I-'I~1Uf)1,;),;)::713J~1n~UblJL Uff17lJ7::nf)U~1L~3JYI

Lfi£J LUUf)ci1/ii' LL(;9] Lrlf)Ln~iiL 7~fif)~:fJU3J1LLi1 i1 L7~fif)~L 'I-'I~1d ';)::1U713Ji1rlUff17U7::nf)U cif) £J~
qJ

LL~ni1,;)1nff17U7::nf)UL~3J (Lrlf) 1/ii'1U1'11~) 'Yi11 'I-'I'/ii'~17u7::nf)U 1 '1-'13J~t:I~un~LL~::13Jiifi113Ji1LUU

~1'1-'11Um7~17'11o:B1~"lJ f)'I1 L"D'~~J U niULuuiiU~71£J(;9] f) L"D'~~.jU 61 LL~::~17U7::nf)U L~3J~~tUL~£J1u
J qJ .,

~'I1iifi113J ~1fi ty (;9] f)m7~17'11o:B1~"lJ f)'I1 L"D'~ ~U1'11"D'U~ n13J~13J17t1 ~1f1'11:fJU3J11/ii' 'Yi11 ~ Ln~ ~17U7::n f)U

~iia""U~71 £J(;9]f) L"D'~~JU 1 U1l1 £J'I-'Ii'l1 i1L 7~fif)~Lf)'I1n~13J17t1713Ji1rlU 1/ii' 'Yi11 ~Ln~ff17u7::nf)u~ii

iiU~71£J(;9]f)L"D'~~JU 6J 1/ii' L-nU 'Yi11~Ln~ff17u7::nf)U~1nLUf)ff)f)n1"D'r/i L-nU L~1~7L,;)ULUf)ff)f)nL"D'r/i

(Hydrogen peroxides) ~'I1ff13J17t1Lu'Yi1~1£J~17U7::nf)U~~1fity 6J "lJf)'I1L"D'~~JU 'Yi11~L"D'~~JUL/ii'

...'" \1"d U 1 " '.'d ... U A 4\1""""'"
7UH~L~£J'I-'I1£J b~ "D"I1L UH~m::YlU ~£JYl1'11f)f)3J,;)1nU1"D"I1LL~n~1f)f)nL UL7~fif)~L3Jf) b~7U7'11~

~1\'\1lJt;f1ulJ1::n£llJ~~1fltllll1tJ1UL"D'fI~~U 6J U£ln';)1nJ1 n~3J11tl1f1i'1lJ~fln1::'Y1lJ

,;)1n1,J~1~ tJ~1,JLfI tJ tl£l 1,J~';)::1lJ'Yi1L ~~1lJ1::n£llJiuLL~n~1 £I £In 1lJ 1~ tJ Lu ~1::~1lJ1::n£llJ~ii

t;f1U~1fltU Lun11i1L UU:if1~"lJ£I,JL"D'fI~ t;f1UL\,\nJ';)::£lr.JLUU1 Lfi~ tJti"lJ£I,JL"D'fI~ 1~tJLu~1:: 1Ut;f1U"lJ£I,J
~ ~ '\I

A '" d", ."" , l:-
U 1 Lfi fI tJ ~'Y13J fi113J ~1fi tU ~ £lm1fi1lJfi 3J m1LLlJ,J ~1"lJ £I,J L"D'fI fI m1tl1 tJ'Y1 £I ~n113J~UD1J £I,J L"D'flflU U~ ..
.d '" , 1 11 ( ) .d "'.1 1.1 ",.d '" .'" "'~"D',JL11L1tJn11 " fi1 3J "D'3J" Cromosome "D',J,;)::3J~1lJ1::n£llJ~1n lJ1~U"D',JL11L1tJn11 "~£I£ln"D' ~1

llJU1fi~fifi L£I.jj~" (Deoxyribonucleic acid) \'\1£1 DNA ~1\'\1lJ lfi113J 1"D'3Jdti11f1i'1lJfi113JL~tJ

\'\1 tJ13J 11 ';)::'Yi11 \'\1fi1,J~:Jf1,J"lJ £I,J lfi113J 1"D'3J~~ 1lJ';)1n L~ 3J \'\1£1'Yi1L ~.,j1U 1U lfi113J 1"D'3J ~,Jii£l r.J1 U
'\I

.d d1 " ...A d ::1 ::1 . 1 "... ..
';)1U 1U 'Y1fi,J'Y1 UL"D'fI fI"lJ £I,J~U1ftJfI~,;)1U 1UfI,J';)1 n L~ 3J'Y1fi11';)::LlJU ,;)::LlJU~fI'Y11 \'\ fI n 1fnl.::"lJ £I,J L"D'fI fI.
1 ,d~" , ..."A .."'... d",. 1 11 A ~.I A .d . 1 "

\'\3J'Y1 ~~,;)1nm1LLlJ,J~1"lJ£I,JL"D'flflL~3Jn,;)::3Jfln1fnl.::'Y13J,;)1U1U fi1 3J "D'3J~~ ~lJ,;)1nL~3J "D',J,;)::'Y11 \'\

L"D'fI~~1f1i',;)1nn11LL1J,J~11ufif,J~£I 6J 1lJiian1fnl.::~~ 1lJ,;)1nL~3J\'\3J~ ~,JLL~~,J 1~L\iiu11an1fm::"lJ£I,J

...,1'",... A ~.I ..l:- A .d ~ .d
L"D'flfI~n\'\fl1UU3Jfln1fm::~~ ~lJ,;)1nL"D'flfI~,JL~3J "D',Jnfi£l "m1nfl1tJ~U1!" (MutatIon) UUL£I,J £lU,J

11,JmtJ"lJ£I,J3J~1ftJL 11~3J11tl LL1J,JlJ1::Lll'Y1"lJ£I,JL"D'fI~£I£lnLiJu 2 "D'U~tl£l L"D'flfl1"D'3J1~fi (Somatic cell)

.d::1 ...,1'd "" l ' ", ...d. "d 1"D',JLlJUL"D'flfI"lJ£I,JLU£lLtJ£lLLfI::£l1tJ1::~1,J 6J ll1tJ U11,JmtJ tJnL1U~1U"lJ£I,J£l1tJ1::'Y1'Y11\'\U1'Y1 um1

d ::1 "d ..'" .d ~.. ..A ..
~lJ~U1!£I£ln~n£l£ln\'\fl1U "D',J';):: LlJU\'\U1'Y1"lJ £I,J L"D'flfI£ln~1n\,\U,Jnfi£l L"D'fIfI L,;)13J (Germ cell)

d"."1 ",d !i A A d\1""""""'" 0')""' 1 A."I"D'~t11Luun,.m'Y1L"D'~~ ~"D'3J1~t1 Ln~m,.n~1£J~UJjL3JEI ~~"U"~ffn,;)::'Y11 ~'\II3J ElmffLn~LuU.( ) d"A.Kd.Kd.. ,')" O')"A."I "
L"D'~~'YJ3JEI" Tumor cell "D'~t11Ln~"JJU'Y1LUElL£JEI'\II"ElEl1£J1::ff1U~~ n,;)::'Y11 ~'\IILn~LuU3J::L"~ ( Cancer)

1~' U1l1 £J'\II-K~ LLtliau~71 £J LLUUd";):: Ln~;fuflU El1 £J1::"JJ EI~Ut1t1~J ULLtli L ~ £J~~ L~ £J1 ';):: 13.iii~~ 11Jt1~~n
.qJ qJ

'\II ~1UL~ £J LL1! LLtliiL'EI (J LLtliti'1 L n~ flU L"D'~ -ti L~f3J"JJ EI~Ut1t1 ~J U 13.ii1';):: 11fi1U ~~n"::'Y1u,;)1nm,.11Jt1n1~ ~
.qJ



1fl3J1m3J1n~1C1i(C1£.Jn~13J bbli\~H~ri1L ~1f173J11"D'3J"1IC1~b"D'~&f b~f3J~in~rn::tJ~1Jn~L1J'1J1nb~ 3J n'1J::

ri1L i b"D'~&f b ~f3J tJ~1Jn ~L1J'1J1n b~ 3J oi1~ti1 b"D'~ &f b ~f3Jd'L1J1J ~ tfu~n1J b"D'~ &f b ~f3J"1I C1~ b ~fl~7~ nu"li13J bn ~

bUM17b'1J1ru b~1J 1~"1IC1~'YI17n:fJU3J1 n'1J::ri1Li'YI17n~u~in~m::m7b'1J1ru b~1J 1~tJ~1Jn~L1J ~1C1mtf
~ ~

6J L1J1~£.Jtf1lJ

bbi1 b"D'~&f b~f3J b~C1 LIqj'11J1~;bbi1ri C1Libn~f1113JtJ~1Jn~:fJun1£.J 1 u '1J::~~H~ L1Jii~iu~n~~1u LIqj'
q qj

lqjeJ'11';)::n~1dti-1.ffu~eJuIqj1-1 6j "lJeJ-1m"~i1-1mEJ'~:;u:;-1;Lojf1'11 fI-1LLIqjL~~LL,.n';)U

ri11~Ln~H~m::'Y1u:fJu~11~EJ,;)::LLU-1H~m::'Y1u"lJeJ-1f-1;eJeJn~1LtJU 2 mtitfieJ mtit~'~fuf-1;m~1tu.i1
'" d~.,~ ~ "'. ~ ¥

LL~::mtu.'Y1I.~"u"-1t'flJ"~1tu.t'f-1 ~-1Uv

~~n"::'t11J"1Jf)\1:;\1~'t11\1~1".ifd111"'"

u~m£.J1~1-1 6J L~eJi1-1m£.J1r/1:;1J:;-1~ LL1J-1LU".ff"~eJ"i-1d'

Ln~1J~mFJ1"'1.,1<Y11UmFJn1~ 1<Y1LLr1

1. Ln~~n11::n1::~u (Excitation)

2. Ln~n11LL~ni1LtJufj£)£)U (Ionization)

Ln~1J DmrJ1'Y11..1'ii1uLflii

UDm£J1~a1J~Ua-1liiai'-1~"1Ia-1i1-1m£J Loriu iim1Uaa£JL5uL"D"lf1ii1-1 ') fJU3J1 L~ari11iLn~
..dA '"\1"'" ,,~.t.¥ "".~ d. \1"'"

m::1J1Um1"D'a3JLL"D'3J~1U'Yl~nVl1a Vl1a b~11J1J1~L,;)1J 'Yl-1U"1lUa£Jn1JlJ13J1nL1-1~'Yld1-1m£J b~11J
'\I

..
1. L'J1aa~1£.1

a~ .J' 4 ~ .1..,
2. ~£IU~d1£.1~£ILU£lL£.I£I, £I1£J1::Yl1d1-1n1£.1

3.

1 d.,r A .:"1' 1 ' ..
U'Y1U,;)::LL£Jn~,;)1,.tu.1E!E!nLlJU 2 n~3J 'lilt!! 6] f1E!

-~~n"::'Y11J~Ln~,;)1nL<i1:S1Jm3J1tu.:S-1;,.::i1J~1 LL~::

dA ~...~.~ ~'" ~
-~~n"::'Y11J'Y1Ln~,;)1n L~"1JlJ"3J1tu.,)"-1~"::~1J~-1

\J

1. ~~n1::"'1J"'1"~1Un1111V1U'D,
2. ~~n1::"'1Jti\eJm1Ln~LUUlI::L1"

3. ~~n1::"'1Jti\eJL~n lUf111f11111~1
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f../f/n1::n1J11tn'ilv7 n 7if1J1f13J7 rnf\1ff1::~1J'il:'73.1

mdL(jj:;1Jm3J1rn:;.,1~lud::~1J~1~1f)m3J1rni(f)[J (Low dose) ~3J1[Jt1.,1 1umrn1Jtltl~,
1~ 6J ri~13J ~L(jj:;1Jm3J1rn:;.,1~LL1J1JL,1[J1JVjiu (acute dose) 1Um3J1rn:.,1LLIiI 0-10 cay (rad)

~1f)L(jj11J1fl3J1rn1.,1~~~f)~~.,1tJ 1 cGy (rad) 1u1fl3J1rn~~:L~n~~::i(f)[J (Chronic exposure)
4 .~ ~ "'1 ~ ~ d. ~ .,.¥. '1 ., A .1 AAA. d A.A' '1 .. 1 ~,..'D'~lJd3J1rnd~~LUd::~1J~1~df)lJd3J1rnUf)[JU 'YI1L~Ln~lJ!lm[J1~1.,1 6J 'YILn~"lJUT11[JLUL'D'~~ ~[JL3J3J

~~5U~d1 [J1ilf)olfl~"lJf).,1L'D'~~ ~ f) Ll1ri11 v.L'D'~~~1 [J';;ULf).,1

3.1. 1 ~~m::"'1J~iJ~~~'i)n773J~~-K (genetic or mutation effect).
d.. 0 ..1 A I T .. ( . d . f~ )3.1.2 ~~n7::"'1J"'3J~~~'i)m73J 'i)m~Ln~LlJ~L7f13J::L7"] cancer III uctlon e J.ect

...d A.f... 1 .. ( 0 )3. 1.3 'i)~~71EJ"'";)::Ln~"lJ~n1J"'17n ~f1771l3J17~1 III utero effect

~9.d4 I ~ ..
3.1.1 ~an7::'n1J"l.Jf)"7"L1'n3JG1f)n773J'rI"fi.
i'-1ii';)::ri11iLn~m1nfl1F.Jvruf ai1-1U1-1~L7F.Jn11 m1~1LVI~1 :fJUL~EI~-1~1uL1Jn1::'YlU

q

q q q

m1nfl1F.Jvruf Ln~:fJUElrJLLa1nuL~1vruf"lJEI-13JU1f6 113Jrf-1i~{LtF.J-1f1ntJl1F.JU3J(;9}1-1 6J LL(;9}if-1L~.ijm1
q. qJ q q qJ

" '.~ ~ '" .J" .J ."1 ,\1 4 Q .r ~ ..
(h 1 )f1U'\o'jU11 u12J1m1-1~ 'YlUElF.J'Yl~~LuUL'Yl11.1 t1-1,;)::Ln~~fln1::'YlU"lJU'Yl1-1n113J'\o'jU'D thres 0 d dose

q q

L ~ rJ-1 LL(;9} ~11JLtJl11 51 LtJli'um3J1 m i'-1ii~-1:fJu 5~11m7nfl1 rJvrufri .ijLtJl L 11:fJu
q qJ q

LUU~'rI711JnU~eJ rJLLi111 ~~n7::'rI1J"lJeJ-11-1~~ ijC1\eJ L"1J~ fiL~f1JJ U ';)::ij 5U<1171 £J1J1nn11"
.J... !T A ..., "".. 'I d o'Ao' A
'rI1J <11 eJ L"1J~ ~ L"1J1J1 <11t1 LL~::1J"lJ eJ LL<11n <111-1 nueJn L UL 7eJ-1"lJ eJ-1 L"1J~ ~ L,;)71J"lJ eJ-1 L ~ ff"D'1 £J LL~::"lJ eJ-1 L ~ ff'V\ ty-1

..~.., A A 1 .J "" .,t 0' A 0'. A". I.J .I
eJn'rl-11J"D'1-17::£J::m1"L';)7ru L<111J <11'r1 LL<11n<111-1nU UeJn,;)1nUL"1J~~ L,;)71J"lJ eJ~L ~ff'V\ ru-1 ,;)::1Jm7Lu~ £JULLu~-1., .,

"lJ eJ-1~eJ111JULn<11;f1u<1i1£J LrleJ 1<1i11J1~~ &:of1U"lJ eJ~L ~ff"D'1 £JJu';)::1~ijm1"L1J~£JULL1J~-1~eJ111JULn<11;f1u

~1~71J 5U@1~1 £J~ L6J1~ -tf L ~f3J ';):; Llfi71J Lrl E! tl nn 3J 2JU@1I11V-17." ~ L2J11,;):; LUUL V-I ft"lJ1 £J~"1E!
'II

L V-Ift~&." 1~£Jij~~n~:;'YllJri11 ilJf1f1~J U Llfi71J 5U@1~1£JL~1U@1~ E!~~1@1"11E!'" L"111 ijf1113J LUU LULlfii."d., q
oS

f1E!

1. mdLtlu~ifu eJ1~~::LtlU~ifu1ud::rJ::.ff1fld11
"'A d d' ~ ...""J~ g;...
"D'1CPl "D'-1"lJueJrJn1J1Jd~1rnd-1L'{'\'1I.CPld1J~

-2 1/) ~1aLUU~~U~~a~

~ ..~ , .
n1,.na1£JV-IUf\'l"eJm"~1b\'la1..

2.

...~ d:1 "'. d.. ~.I" d A ...d...
~-1UU L~eJLlJUm1~~eJU~11[J"',;):;2J~~n1:;"'1Jl,lJt1-11J~1"'Ln~2J1'111~-1,;)lnn11"'~eJ'III1eJ

..

LL2.1'lJ'<Pi11J1-1;2J1 LL~1<Pi eJ-1m1ij~ n -i-1f111ri1'111U~ 1 ~1Jf1f1~ 1~ '2.111'111 ru-1'1111eJ"D"1 [J-t1'<Pi1111-1;LL~:;

<Pi eJ-1 m1ij ~ n fI-11:; [J:;m1112J'III ii:llUeJUeJ rJ1-1UeJ [J 6 L~ eJU tl-1 1 U Ull i-1 LL<i\lu -t1'<Pi1111-1 ii2J1 L ~ eJ
...
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Luum7iJ £),,1flUrJU~71 FJ £) U1,,1 fl,,1 fllJ ~n~';]:: L n~ ~1
\J

1 .1" 1 ",d~",d, 1"A ~ ~ ~..~ " 1~ FJ~7lJ LL~1 L Un7rn'Y17,,1~"D',,1n£) L~Ln~~~m7n~1 FJ~UD" LU~~1L~FJ,,1~n~1FJU~ ~ FJ
q q \J

,.,:~ "~'" \1.I'~ ~..d", "' 1 A'I"",A- ~
Lu ~1::£) FJ1,,1 FJ,,1nlJ~U1i'FJ 7,,1~,;]:: LlJ L 7,,1£)~71m7n~1 FJ~UD" '11,,1~£) FJLL~1 ~ FJD"77~"1i1~ L~ L 71"lJUL 'Yi1UU

q q \J

LLli\if,,112Jijm7fiu~lJi1 1,,1;';]::11J""11';;Ln~m7n~1FJvrui~1'iivrui1~2J 6l :fJu~11u1~nd
q q J

~ 9 I A 'f" 1 'f" ~
3.1.2 ~ftn"~'Y11J?ID""""L1@1Dn1"Ln@lLDm~LlJ"L6~3J~L""

1~ EJrr1 'lIijn11i'U. \11f~1'U. i1 ij Cfi'U.b '1'1 ~'I'I ~1 EJeJ rJ1-1~ biJ'U.~l b 'I'I~~ri11 r=; 3J'U.1frJ bb~::i~1

ii1eJn1~bn~biJ'U.1 1t13J::b 7-1'Cfi b -n'U. ~11bt1ii tJ'I'I~ bb~::b fneJ' 11~tJ1-1"J1\1~ utJi-1 bb(i\~iim1fl'U. ~tJ1-1ti."" c ) "'#0 1" .1 ""#0 1'" do 1 "A#O 1 ...1'
beJn"D" X -rays bb~::~11n3J3J'U.~1-1~blJ'U.~'U.3J1 lJ11n!J11 1-1 ~blJ'U.~1n11'Y1'Y11 '1'1 bn~3J 1t13J::b 1-1'1J'U.

'I'I~lEJ"J1\1~ 1~EJijn11fln1f1fl'U.t111 1~ EJ 1 i1-1ti'Y1~~ eJ-1ntJi~1'Y1~~ eJ-1~tJi1 n3J;j"U.~1l1~1-1tiri11 r=;Ln~

LiJ'U.3J::L 7-1 'Cfi'l'l ~1 EJ"J1\1~ 1~ EJ bQ ~l::eJ rJ1-1 D-1 1-1tiri11 r=;Ln~3J::b 7-1:B"U.1 'U.3J'U.1frJ.J 'U.ii'l'lin~1'U.[j'U.rJ'U.i1...
biJ 'U.t1113J';I1-1 ';11 n n11fln 1f1 fl'U.t111 ntJ tJ t1 t1 ~ ~1eJ ~ ~1 ~ 3J1 bb (i\'Cfi1tJ ~ ~ m::'Y1 tJ';I1 n n11Cl n1-1 ti~ 3J1';i1 n

.OJ

A.I d.1 d." 1 '" 1 ::d 'X"' I d #0 ... 1 '
1::btJ~lJ13J1m'Y1lJ1::L'Y1t'1tUlJ'U. 'U.~3JEJ~-1t1113J ~nt11-1'Y1 2 Lb~'1Jm::'U.EJ-1blJ'U.'Y1ClnbClEJ-1n'U. 'U.'I'I3JOJ ., .OJ

Un1'Y1EJ1t'11 ~~fCfi1'U. 1-1tii1 ili3J1m1-1ti~1::itJ b rl1' 1 ~-1';1::ri11r=;bn~ biJ'U.3J::b 7-1 'Cfi

n3J3TU~1l1'V-11.,1~ yj11';;3JUHrJ~TeJn1~Ln~LUU3J:L 7.,1LtJlVI~1EJ'IJU~ 1UlJt1t1~ 1UVI~1EJ ')
q q

..do d'" " ,
eJ1'IJ'V-I'n'n1.,11ULnEJlnlJ'n1.,1~1U1.,1~ Vl1eJt1nn3J3JU~1l1'V-11.,1~ L'IJU

qJ
...dA "'dA.¥"""A ..do d'" " 1. 3J:L1.,1'n~1V1U.,1'n Ln~"1JUnlJ'V-IlnUnl'n EJ1ff1~~1'n'n1.,11ULn EJlnlJ'n1.,1~1U 1.,1~

...d.1 .4 A ...dO'""" ..
2. 3J:L 1.,1'nu eJ~"15.,1Ln~nlJ'V-Ilnt1U.,11U 'n'n1.,11U ~UL Vl3JeJ.,1LL 1EJ L 1L UEJ3J LL 1L 1L~ EJ3J

qJ
... 1 ...".1 d", Add A .¥ ...

3. 3J:L1.,1 UL3J~L~eJ~u1:Lll'n'nL1EJnl1 LeukemIa LL~:3J:L1.,1'IJU~eJU ') 'nLn~"1JUn1J

d "A '\1 "... A .I d.. AT A A' .1 d.'1
1J1:'IJ1'IJU'n1eJ~'IJ1~ LL~ ~~1lJ1.,1~,,;]1n1:LlJ~u13J1rn'nL3JeJ.,1i] 1'IJ3J1 LL~:U1U1'IJ1~ ~Uu1:L'nfftUuU

qJ ..q
... 1 ) ...Add A'" d ,

4. 3J:L1.,1 UL3J~L~eJ~ (Leukemia LL~:3J:L1.,1'IJU~eJU ') 'nLn~n1J'n11n'n~n1.,1~~U

d '1 ..
"lJtu.::'t1fJ£J Uf1111l3Jl1~1~

~d ~d, \1 .. ( ' ) ~ 1 d", ~
5. 3J::L 1-1't1't11d-1fJn 3J::L 1-1't1~fJ3J L't11fJ £J~ ThyroId 3J::L 1-1 Um::~n~1fJ LL3J LL~3J::L 1-1

~1 ~ d d ~ .1'\1"'" d UL3J~L~fJ~'t1fJl,;)Ln~"lJU L~nlJlJf1f1~'t1tlm-1~ .
..~

~ .,1'1 d. 'I " ~ ~I ~ \1" d".I' "" -"1 ..." \1"'" .,1'
't1-1U fJm~'t1';)::'t11 L~Ln~LlJU3J::L1-1 L~3Jln~1fJUfJ£J"lJUfJunlJlJ,;),;)£J~~1£JfJ£Jl-1 LLlJ-1 L~ ~-1U

~..
flEJ

1.J'13J1tt1.7011~~1Jf1f1t'1Ju ') Lr;(71J1.J'13J1tt1.3J1nU£J£JLr11L1 r11Lr;(71J2J1n1£JmG1'Ln~LUU.
'" '" "'VI .-

3J::L,.-1n3J ~~3J1n

A A ~a A ~a, A aO 0 ...¥ d
2. f1m1l1V-1'V\da"D'~~"1Ja-11"-1L'f f1a1"-1L'fLL~~:"D'~~3Jal~1";)m1"'t11filrJLIn"~fi, L~aLrJa

~

<i1t'1a~";)~a1rJ1:<iil~ ') 1l1rJ1~11-1mrJ1"~LL1"-1L~'~Lrlln~
~

3. LV-Ifl"1Ja-11Jf1f1t'1~LCii'11J1-1~
~

4. alrJ"1Ja-11Jf1f1t'1~LCii'11J1-1~ {~rJrt1L1JLL-f(1 1Jf1f1t'1~arJ1~1rJ11-1mrJrJ-1L";)1ruL~1J 1<i1LCii'~ ~ ~ 'II ..

~nrJa3JLCii'11J~~rJ~<i11"1rJ3Jlnn--jl1Jf1f1t'1L'f-1alrJ LV-I1"l:Lln"t'I-ti<iil-1 ') 1l1rJ1~11~nlrJ"1Ja-11Jf1f1t'1L";)1ru1rJ~ 'II ~ ~ ..

";):ijf1113JL1 (sensitivity) <iia1-1~LCii'3Jlnn11

~



1f1i,iiitn111 FJ1f11 ~~fi..111 q~D;fuaJ1'V\ ~1 FJ11q ~~1 um~,;)::£)~1 FJt1..1 n~ 1n !;9i1..1 6J ~1..1~1aj'Yi11 'IX L n~

(Somatic mutation)
.,1\1""" \1.1 "'a"'\1.I'" '\1!?f .1\1"""'\1.I.¥

11 L~7u~~m::11U,;)1nm7 LLJtln7..1~L"lI1 LLJLL~1 'jo'-j£)n~11 L~ b~FJ~7LJ L~~..1~£) LLJU~ .
1. 3J::L'i..1JULUU~~3J1"iJ1nm,.n~1fJvru1f"1J£)..1L"D'~~"D'3J1~t1

q

""" \1.1 "A'\I...d I'" d."'A 1 ...
2. n3J3JU~111~1"..1~ U1"iJ:: ~um::~UL"Jj£) ~1"~'t1 LuU~1m"'t1't11 ~~Ln~LuU3J::L 1"..1LL~::

q
.1" ..~ A A 1 ~ ".. .", ~"A' \1. I ~ A' d ...

LL£)lJLLH..1£)fJ~UL"D'~~UU C1 L"iJ1"ruL~lJ ~ ~~~ LL~::LL~1"~U]j"~~3J1n"1JU n1"::"iJ1fJ ~u't11LU£)LfJ£)LL~::£)1fJ1::

'\I J., q

1iJ1..1 ') ll1fJLU11..1mfJ

3. n3J'aT1.I.~1l1V-11.,1~ EJ1';)';)::ii1J.nm£l11~£I'Y11.,1erEJ3J tiEJ EJ1';)';)::11Jm::rJI1.I.l';;i1.,1n1£1EJrJ
~ '"

, .J .l:" " .J ..," " .\1. 1\1 " ~.l:
~1.I.~1111::'Y1L 1.I.EJn £I ~1.I.71.,1n1£1'Y13JEJ£l1J1.,1LL~1 LLV-I7-n £11 £I ~lJ ~~3J1n£l.,1-n1.l...

~.J~ I " ..
3.1.3 ~an,.:;'t1tJ?JD"n3J3J"~n1'Vf""L1't13J~D't11,.n L"~,.,.n3J1"~1

't111n-tin1 -;-1 b ';I1nJ b~1J 1 ~ eJ ci1 uf1TiIl3J11~1,x uii1eJ m ~L~1J e1'U~l1 £J';I1 nv. ~1 £J b v. ~v. ~1 £J~-1., ~ q

~-1bflu~~ri11~'t111nb';l1tyb~1J 1~i1~-1 v.1eJL3Jn~n~~m7L~ bbCii-tif1£Jbb7-1n~eJ i1-1.ffuri11~'t117n~U

b~£Jm ~ L~ eJ1';1 ii~ b v.~ 3J1';11 nm7-ti 3J11~1~-1 n1 -;-1 yf-1f11111 eJ ci,x u L~:;1J:;-1 ~ v.1eJ L3Jn 3J11~1 LU ~~ b ~eJ
q ~

L1:;~1J1-1"11'ii.~ b-rlu i~b£JeJ1';;U ~-1bflue1'u~1'1£JCiieJb~n1uf11711

~ ~m::'Y11J"/J a"i',,~iifii a'Y111n 11.tf111f11J11~1~ n1i" L,;)7tlJ L~1J 1~

L£J1J1J71a (Embryo) LL~::~i~ (Fetus) LLu"aan1tii'LiJ1.t 4 1l1::L~1.tfia

2.

L~£J~1~i-1 LLIii £I rJ1 Uf!11f13.J11~1
OJ

L,;)1tyL~1J1~Lfii'-jf1ni1'Y111n1Jn~" "'" ...,d'" A"', A
3.J £11 £J1::1J1-1"1U '\111£1'Y1-1'\113.J~'t'jm1~-1 LL~ LL 1n Ln~

L~ £If! a£l~£I £ln3.J1 LLf'li1ij1£1m "LiJU 11f! 3.J::L 7-1i-1 LLlii1 £J L~ n

3.

4.

"'-"1'" .1 d", ,d A A 1 ...d A A ...", 1'
~lJ';J';J FJU1"lJ7::mm~~~m::'Y111~£)'Y117n'Y1n1~" b';J7ty b~U ~ £)Ub U£)"~1';J1n£)'Y1m~7" ~"U

.~ ...",d \1"'" d."'AA 11 d I"A
1 ~f!I'" 1. lJ7~1rn7"t'i'Y1'Y117n L~7U"lInI.::'Y1n1~"b';J7tyb~U ~ U7::FJ::'Y1blJUb£)~U7 £)~7£)n~t'i

2. "lIrn::~'Y117nt1n:;"W{(u 'Y117nn1i" b';J1tU b~U 1~ £) £J1 Uo1f1,,1 ~U"lI £)"n1711" t1771i"ll £)"..""
3J1"~1

Gi11117lJU';)i rJU7::m7LL tni U 111 3J1 rJt1-1i1 3J17~1"l1 fJ-1'Y117n 1 U"lI tu.::i-1t177Tl1u7lJm7

1U';),1rJ 17t1 1II7fJ7lJm77n~117t1~1rJ1~m7~1rJ7-1~1~rJ1-1~~Ut1nlJ1L 1tu.ti1u'YifJ-1~ij'Y117nfJEJ
\I \I" 0"

Gi11117lJU';)irJU7::m7111 i-1uuulJi1Gi1flC!j3J1n L ~71::LL~n7::vl-11 U7::rJ::m7c;l.,lt177n"ll fJ-13J17~11 U7::rJ::

'" A"""'" ...0 A:: """A\1" ::Idd..o.~ ..'"
L~rJ-1 1 fJ1'Y1~rJ 7-1~nH13J17t1'Y11fJU~71rJ~fJ'Y117nt1-1"l1UL~rJ"J51~ L~ LL~::LlJU'Y1L"J5fJnU11lJ73J1tu.7-1~

~3J1nni1 10 cGy (rad) ;fu~uiu ~13J17t1ri11";;'Y117nL~rJ:S1~~~i-1LL<iifJ~1ut177n3J17~1

0 .\1" d A ..r,.. J 4 \1 .A..r , ",d \1.1" ..'" d
LL~ fJrJ1-1 L 7n~13JH~'Y1 Ln~"lIU Lu~n~tu.::ULn fJlJ';):: L3JLn~"lIUL~ rJ L un7tu.'Y13J17~1 LlJ7lJ"-1~L ~ fJn17

1U';),1rJ 17t1 ~-1ij1J13J1tu.UfJrJ3J1n



111ffl1Ul~'1fl~82

L ~11::Q::~U ti1R~11~n~12J~'Yl"1lJ11 ~ULf)'I11r;i1lJm"Q1 [J1'11~r;i1[J1'11~L5n.n (X -rays)
1 ,::. .."' "' -~ ..d \1- "1 ..."' d ...A
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