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ti'YI'YI 7 

n1·nl '"el3J el1 'V11 "i r ~ tl n1 "it\ 1 t~i' \) ft 
( Food Preservation by Irradiation) 

VI~\J"il1n~ ~1UtJ'Ylii'LL~1 un~nl!t1~1~'Yl~11JbLri!:L "JJ1 h 1 U~\1~ e:J Lui! 

• "llil~LL~::mu,~;nJtJ"i"lle:J"~"~~1inumVI1~ , 

• LL U 1'Yl1\Jn1~lhl\1~1!1 1"1fl Un1~r1Ue.J1Jf)1V\1~ 

• e:J1VI1~u1£.J~\J~U~e:J~n~';J1\JVI1fl ? 

• ~~m::'YltJ"llfl\J~\J~~a~nunV'le:J1VI11 , 

0 

7.1 U'Yl'U1 

L 'Yl~ 1 U 1~£im~u1tJ~\J~eJ1VI11L1iL"liL~fl\J Ll·Ul iim~~n"M1~U~i1111U1ULL~1 uu:\JLL~ 
'1-1.1~ Roentgen ~uwu~\J~L5naf 1uiJ w.~. 2438 LL~::u1~ Becquerel WtJtl1~n3J3Tu~~"~ 1u 

tJn~m LL~::1utJ w.~. 2448 uni'Ylm~1tl~f"lr11eJ\Jntl"ML~';l~~'Yl~D~'ln11u1~~\J~El1V\11 

tlVI~~m111mL~mbL'Yl~ 1u1~~m'lu1~~\J~fl1VI1~m1idJu~~\JLL~n 1uiJ V'l.~. 2464 1~£.~1.-N ... 
.Yh~1~'VW1~L'\.l,Ltie:JV\1J VI~\J';J1mXuuu:\JLL~il V'l.~. 2483 niin1~~n"M1i-;l£.Jn1~u1tJ~\J~ 

'IJ 

e:J1VI1~nuu ci1\Jni1\J"ll11\J ';JUn~::~\JL 'Yl~ 1 u1~~m~u1 ~~\J~e:J1VI1~L~~un1~~ e:J1J~u1 ~lt1111Li 

~~'i1e:J1VI1~"1VI~u1~ne:~\J'Ylwlt1LuH1utlu1111U 1uiJ w.~. 2506 e:J\J~n1~mVI1~LLr~::m Vl1eJ 

FDA (Food and Drug Administration) "llfl\JtlVI~_im111m1~m1~e:J1li'1Jn1~Lii'\J~Lum~ 

~11J~1JLL:Uri\JL UL1l~Ci1"1l11tl1~LL~::utl.:~tl1~ L uiJ V'l.~. 2515 fl1VI1~"llEh'IUnuuenm~ElV'l El~ 1~ 
~ 

~17 "llEl.:Jt'fw¥~m11'1m ~EJ LL~11u1~i'"~ luiJ V'l.~. 2526 ';l1nnT:rtb::"ll11"h11"l'::VI';h.:~a.:~~m1 "' , 
e:J1V11~LL~::Ln"M'i1'lLL~.:ItlVIU1::"li1"1i1~ (FAO) ntJEl.:J~nT!ElU13J~ 1~n (WHO) l'\Xn1'l~El11i'Um1 

u1~7.:~~mVI1d'i1LuumTJ1u1~m~u~a'i1nmL~::iiu1::~'YlrrrnV'l luiJ V'l.~. 2528 ff'VIi''iim111m ... 
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t~tJ Eh'lTfn1~eJ1~1~LLfl::tl1 1~1 ~m~1'U1El\l"hn11~1 tJ1\I~~~:lJ1~rJ'tllfl1 ti'V-4 tiiTI trichinosis L 'U 

,Y 'II " ~ ::"I .., ~ "' 1 U ., .., .., 
L ua~ 3J L~ mu w .f'f. 2530 ~3J1'V'4UliL~~'lY~ml t1 ~ tin nu ~~11"ll"EJ1 rn.11Jn1a\lmlMLLfl:: 

~ ~ ~ 

wa~ilu~::1u~n tJEJ3J1un~::u-mm1\l.1£ll1\l~nua1~Tn~vn::aci1\l tJ 'V'l.f'f. 2533i'u1a\ln11 
.... .. ~ ~ ..y t J' .. .. ... :'1 .... .. ..1 ~ 

~~ tl1 \1 ~~1:lJ11rJ L"ll'L 'Un1WI1'U~3J L "ll"a6Jl"1t;:l :1J L '1-!.fl fl1 LLfl:L "ll"EJLLU~i'H 1tJ'Yl Lu'U.El'U.<il11 tl"ll"'U~ tl'U L 'U, 
~ 

,Y 'II ' 'II ' J' .., ~::"I .. ..1 t, , "" ~ 
L Ua Ln Ln\11\1 LLfl::L Ua ~<i11 un"ll"U~ au 'Yl\1 LLil.JlJ ~~ LLfl: LL "ll"Ltl anLL"JJ\1 

~~w~'utl1:L 'Ylfl1 'Yl m~mbi'-.'ltim t ,r'l um1ETu ~-.m11\l an"JJ a \I~ a3J~11 ~ nJ LLfl::n a~\! 
"' 

~~ un \11 'UU13J1 nl.L yj el iu&iit U L .yj fl ~mt1i-;l tiL~ tJ 1 nu tl1 ~Tm 1 tJi'-.'1 ~1 'UU Y-4 .f'f. 2504 
~ 

1Jun 1::~\1 u 1J 1J uu 1~"JJ m tJ,n u-;l ~~\I f'!UirJ u 1 t~i'\1 ~e:11~11 LLL'l: ~~ <i1 ~ fl n11L n M<i11;t u L yj a 
~ ~ 

1lKuim1~1 £Ji'\l ~e:J1~11LLfl:~~<il ~ fl'Y11\In11L nM<i11 

1J::L~u 1~11L 'Yl~ 1 u 1fl ~nTlU1 t~1-.'l~a1~1111i1 "rl"J.Ja\11 ~li iin11~nM1Tiu~1'1num tJ11 

U1U 1JuJu h 1~1 U~113JUfl el<ilJltl LLfl:dJtuL 'Yl~ 1 U 1~ ~~iitl'l"d£J"ll"U:IJ~1fl1 ~ LL~L ~El\11J1n"JJ1~ 

m"ith:"ll"1i:JJ.Wurr n11th~11m"111 h LL~:n11 1 ~~113J7~r~n~e:J-.'lLLn~ui-11l~ ~ui-111~~1'1-1. 
~ cu ttJ cu 

1m1)~\lii~113JL~e:J~~ ') ~\l~\lnsr1 LL~:11i~a:JJ1'UEJIVI11~1tii'-.'lti 

i'\lti1~ £]~1 Ltl ~m tl~\1 w sr\l\11'U~Ltl~\1~1e:JLL~n1::~1£J Elan 1tl1 'U,e)ln1fl~1t:J~1nfl1\l 
1 ~ ') 1 'U, 1 tl ~ ~ 'U, LL 1i L ~ ~ n L ~ vh L o_rl 'U, fl ~ ""i 'Yl tl 1\1 (i ~ 113J 7 a 'U, 1\1 ~ ~ a ~ ii n 1\1 ~ L 5 n ~ 

~ ~ 

i'\ltieJfl~11Ll1m~<il LLfl::7\ltiU1L~~tJf ~1a1u1tlau111~ L"rlu LLe:Jfl~1LL~::U<i11 Lilu~u 
~ q 

i'\ltimJ\1~13J1::~u'V'4sr\I\11ULilu 2 n~1l fia 
~ 

(1) 'WID'W11DDD'Wil'WiiB\IL1~~Dti'WI 'fl1fl -i\ISlajrlD lDfiD'WI (Nonionizing radiation) 

fia ~~uLLliL ~~n 1 ~vh~ii~113J tJ11~~'"~" ~113J~~~ 1lKwsr\l\11u 1li~\IWEJ~';l::n,-:~u 
~ ~ ~ 

1lKLnG"Im1LL<iln~-nilu1t~aau 1~LL1i 1-.'l~~~~iin 1-l~elfl<i111L11mfl~ m~:1-.'l~iluvh1L1G"I iin11 

1 i~ aw1i1\1~1n~ 1 un11r~ua1J a1~11 ij ~1u 1';lm1'Yl::fl'Yl:&l1\l ~~ ~~1J11nrh fl1 t~~~u 'Yl'itfl~ 
~ ~ 

m 'V'41::uiL 1ru.~1~u1 11i ~~ m1nrhfl1 £J1Jftu 'Yl'irf~ a ci111 £J 1m d'PJ m~11 
~ ~ 

(2) lflfiD'Wil'WiiB\IL1~LDi'WI M~£1 -i\lftnDlDDD'WI (Ionizing radiation,High energy 

radiation) 

dJU~~'ULL1iL~~n1l'Jvh~ii~113Jtn1~~u,ju, cff,m~ 3 X 10-
12 

tl\l 3 X 10. 
14 L3J~1 

• I 0 .. ... ' . ..1 • I 19 22 A ~ .. .... 

(u1::mru. 2000 A) LLfl::3J~113JrJ"ll'1\l~I~U~\Iu1::anru. 10 - 10 Lu1<i1'11 (Hz) 3J1::<il'U 
'lJ 

wsr\1\11\t ~ ~\l mnn\l.ffu rh L ~~ L~n<i11ElU \1fl<il El amnn1\11~~1"JJ El\1 EJ::<il El3J (Orbital) di~n11 
~ q 
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LL~n~1 Luu LeJeJeJU"ll eJ\1 taJ L~mm1eJeJ::~ eJ 11 ~\l,ftud eJ Lsnfl~"ll eJ\1~\I~oii~iaJtra-nlJi'\l~~ih::~lJ , 
w ~\I\11Uff\l L sn~ ~\l::n m11 ri1£.J "l~ 

'LI 'IJ 

i'-1~~LUULeJeJeJULU~\IL~~LeJiu rJ\ILLU\IL~mtlt~, 2 n~aJ ~El , 
1. ;-..,aenun~ (Particulated radiation) ~eJ i'\li~ii111~LL~::w~\l\11'\.l, L~LLTi i'\li 

1 

LLeJ~Y.h f\liU~1 f\I~~L~n~~eJ'\.1, f\l~ib~'l'eJ'\.1, LL~::f\l~~hL'YleJ'l'eJ'\.1, 

2. ;-..,aua.hvtinlvHh (Electromagnetic radiation) ~eJ f\li~eJclLt~,'l'Uf1~'\.l, '13.1~ 
'IJ 'IJ 

3.11~ ~LL~'W~\I\11'\.I,Elci1\IL~m L~mi f-l~LLnaJm f\I~Lan'lf f\l~n~~rUdjt~,'W~-l\11'U L~Wr11\IL'U 
1 

~Uf1~U Lf1~eJ'U~~1llf1113JL11a"\ln-l 2.9998 x 10
8 L3J~'l'~eJ1U1fi ~::~1J'W~\I\l1Uitun1Jf1113J~ 

'IJ 'IJ . . ... 
~~::f1113Jll11~1\lf1~'U 

1\li"lfu~LeJeJ eJuL t~,ift-l~mu.a-m~ur~::~1'\.1,1\IL un1~'Yl::r~'Yl::r~1\lLL~n~h\lnt~, (111-w~ 7.1) 
1 , 

1\laum~vh (a M~u jHe)LuuU1 Lf1~ tJa-"lJEJ\lEJ::~eJaJ~L~ tJaJ ii~rna-m:T~1 un11Ln~ 

LEJ a EJ u '1 uLsniu~ m:: tJ::'Y11\I a-\I LL~ ~ ~1-u 1\IL um,-'Yl::~'Yl::rl1\l ~-hu 1~n ~1 '13.1 ff11111'fi'Yl::a c.h u 
'IJ , q q 

LLt:-Jun1::~n~"l~ ~\IL3.l~~fl1um,-nueJaJeJTvn~ 

-r\liii:iG~1 (6vt~e:J -~e) iif1 rna-aJ1J'1i1 un11Ln~ LEJ a au '1. t~,Lsnit~,~ m::£.J::'Y11\1~1n·:h1-li , 
LLe:JflY.h LL~~~1U1\IL '\.l,n1'l''Yl::fl'Y1::~1\It:-J1Wl~flff\ln'"hf\liLLe:JflY.hlJ1'::3Jlm 100 L 'Yh ff13Jl~fl 

• 1 'IJ 

I I jC:I, oCil 

'Yl:fl~1'\.I,~~'UEJ:fl3JL'Ull3J 
, 'IJ 

-r"aunllll1( Y )m~:::-r..,aL5n'lf ~f)rna-11~1 t~,m,-Ln~ 'tm1e:Ju "l uLsnit~,~m:tJ::'Y11\!UeJ tJ , 
n·:hf\1 ~LLEJ flY.h LLfl::f\l~Um LL~ ~ ~1UT;J L '\.l,n1'l''Yl::~'Yl::fl1\l t:-J1 U l ~fl N\lmn N13Jl'l'fi'Yl:fl t·hWff'\.1, 

q • 'IJ • 

"llEJ\ILLt:-Ju~::Tt1 '1.~ 

alpha He .. 

beta e 

gamma pt'loton 

... . m.n : Desros1er (1970) 
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~\JaaL~flGl'HJ'" n~fl f~~n~n LL<ilf~~aL~n'il1eJU~~'ilitU~1nLf11eJ~~~'ilf~~~::ih::iu 
Y4~~~1Wih~ 61 nu f~~aL~n'i11flU~~,-:;~1J'r'H~-~~1U~-Il ~el1U.1~LUn11Yl!:~Y1::~1-:JL~~ ~1:1JTH1 J ~ , ~ 

Yi1 t ,;'di 'iln111a eJ eJu 1 uLsniu Lu~:: LtJ~ £J'IIl.LL tJ ~~ 1:1J L Gln Gl L~an n n·;hf~ ~a L~n 'il1eJU ~~1::iu , 
' ... 0 

'1-'4 Gl~~1Wil1 

~"a\h Gl'Hl'" LLiit1\l ftGb L 't'l u"ai.J" ~ a1u.1~ t un11r1::~Y1::&n~~~ mn LLGl::~,-::~u 
, 'IJ 

·v·-n~-~~1U ~ ~~ri~.ffu Yi1 ~1 £J m~11 LL~:: L ~rto1tb 1 ,;' m~11n~1 £J L ilu~1n:1J 3Tu'i11~~ 
'IJ 

T11·h "D1Vi1'H~1u-i"a" ~m £Jri-:~ eJ1~,,.~nueJ:IJ1n"M1 11il £Jn11'\.b eJ1~11:1J1 i:IJ tr ~nu 
f~~"lfil'il~ Ltlu LEJ EJEJU 1 usn 6ft~ L rl1~u. ~~tfun111 i~11:1JiEJu.~1EJn116JJ1~~uY11£J1'il tJLif~~ , 
f1EJ~iin 1~~auvh1L1'il LL~::f~«er~'il1111 1EJL&'l'il ~~Liluf~mril'ilueJuLeJmm1u5ft~ 11i-.il'il·;hLilu 

1~~~~::'1l1:1J1L inu a1~11~ eJ~ L ilru, 1~«-nil'il1eJ a eJu 1 u5ft~ ~ ehu 1~ t um1Y1 ::~Y1::~1~ , 
t-J1UL"JJ11tJLUeJ1~111~ LL~::~Y4~~~1U~13JiLfiU 10 i1UaL~n'il7eJU1-H~~ ~~LiJU1::i1JY4~~~1U 
~L1lff\IY4 eJ~~::L ~rtrn'll1L ,e:n~11n ~1 mrlu~11n:IJ3Tu'i11~ « f~~~~~nt~:1Ju&i~~n~11 LL~:: 

'IJ , 

1~1uauru1'i11~'1-Hnum~11ii 3 "lfil'il ~eJ , "' 

1. oi\laLLn3J3J1 (Gamma rays) r,nn~urhLil'il ~eJ1flueJ~~ - 60 (
6° Co) LL~:: 

.. .. 137 
SULSU£J:IJ - 137 ( Cs) 

2. 1\laL~n'lf (X-rays) ~1m~1a~~~'ilf~«Lansf~Yi1~1U~1£J1::~uri~\1~1u~11l~~n11 
'IJ 

5 i1UaL~n'il1eJU11~~ 

3. 1\laih~nGl-sD'" (Electron beam Vi~D beta rays) ~1m~1eJ~~~'ilf~~aL~n'il1eJU 

~Yi1~1U~1 £J1::~UY4~~~1U ~L1iff~n11 10 ~1ua L~n'il1eJU 1 1~~ 
'IJ 

1;'{1u f~~it1 'il1flULL~::&i1 L Y1 fl1eJ'U.~1::~lJY4~-:J~1U ~~~mnri-:~.ffu Yi1~1 £J fl1~11 LL~:: ~ 
~ 

LLU1Lu:IJL~rtmu1tim~17n~1mllu~,,-n:IJ3Tulilf~~ ~~1111~1ueJuru1'ilt~1inum~,,. , ... 
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L i\1 t.lU111fl ~ L~ml-:it.lULL~::Lfl~t.l\1 ~~~f\I~L5n6Jf ~._,Ju f\I~~U13J1L i'l unl':i"U 1 rlf\l~t.l1~1-:i fl ii 
q 

I 0 A I Q..o ~ 
LL~~\In1LU~3J1:U1n 2 LL~~\1 ~\IU 

7 .3.1 ft1'itlaJaJ\4,Gl111'Vf~·\lft (Radioisotope 'M1D Radionuclides) 

f1 eJ tn~~'ieJ 1eJ 1'111 rttl~ ~13J1-:imtl~ rJULLti~\1~1LeJ\I i.tl djutn~~'ieJ LeJ 1'11' hn.J~u 1 u 
q q 

m':i"L tl~ rJULLtl~\l:u :::di~m,-~~1 r1i1"ll t.J\1 eJ:::~ eJ3J111 r1 1 u ib Lfl~ v~ iim,-tl~~tl ~a v~1m~·._,-r._, ~~ 

~1-:irl3J3.JU~111Yl1\I;LU1i':i13J"1!'1~~3J1n3J1V L-riu L':i"L~V3J- 226 LL~:::m':i"LUV3J- 238 
'II 

Li:Ju~u LL~~:::"ll'it~L~t.J~~1viT;J:::1if._,;"ll'n~~h._, 'J ~,.:::~uY~~._,._,1u~1._, 'J ~._,-r'l;it1~-:ieJu 
~1L'Yit.l1t.lU 1\I;LLn3J3J11\I;Um LL~:::f\I~LLfl~Yh LL~~1-:irl3J3JU~111Yl1\I~~:U:::U13J1Lid:Ju~u 

rl1L n~-r._,~~:u::: 1in1Jt.l1~11L~~u Lrifl~~1 vi1:u::: LiLU'Vn:::-r\1;~ eJUtlJ1~ 1 ~1inu 81~1-:iL rh~u 
q "' 

~1,-n3J 3Tu~n1~-r_,~~ iifl ru~mr~i.., n ~11 LL~:::i.~1u eJu ru1 ~ 1 ~1 inu eJ1~1,. L ilu~1,. 
, q "' 

n3J3TU~111Ylf\1;~3JU~£f~~~itu ii 2 "l!'U~ flf) 1f11Jfl~~- 60 LL~:::tULlfl£J3J- 137 
q 

59 
d'Jui.t.J1'11' 1 rttln3J3Tu~f\li"lleJ\11i1~ 1flut.J~~ '1.~:u1nm,-n\lrr1~ 1flueJ~~ - 59 ( Co) 

q , 

~1vit1~1au n~1mtlu1flua~~- 60 L~a~~1Vi1:u:::1if\I;LLmJ3J1~ii~~.,'J.,'J1U 2 1:::~u ~a 

1.17 LL~::: 1.33 L3Jn:::~L~n~':ieJU11~~ (Mega electron volt, MeV) LL~::f.,'J;U~1~iiY~~\I\11U 
0.31 MeV f.,'J;U~1~Ln~ifui.3.l~f1113Jff1~ru1unT'jL"li\11U L Yl,.1:::L3.l~13J1-:itr'YI:::~~·hWYleJ 1~~:::~ 

"' q 

L iLUU111"1l'U:::1J':i':ilil ~':irl3J 3Ju~1\l~ , 
1 t: .,q Q,..f 1=1 -4 ~A ~~ ~ 
fl1Jfl~~- 60 3Jn11~~1£J~1~~fl~L1~1 3Jfl':i\1"11'1~ 5.27 u (-:i:::£J:::L1~1'YI~11 

n3J3Tu~f'l;:u:::~&nv~1Ltlfl~.,'J~rt.,'J"lleJ.,'Jm3J1ruL~3J~U) ~~.,'1\11U:U:::~~~\ILUeJ~-:i1 12.5% ~flU 
i.,'IJUm-:itbm1i.,'11U:U:::~eJ\I'YI':i11J'Y'l~\1.,'11U~L~~EJe)ti 1~£J'Y'l~\I\11Uf\I;LLn3J3J1 1 nh1~~ L~ 

'II 

:u1n LmJa~~- 60 ~~'Y'l~.,'I\11U 67,480 fl1 (Curie,Ci) 
'II 
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d:Ju 1a 16JJ 1 'Ylth13Jifu~i'"~"ll a-\lsnLsn~3J1~~1m.Jnn1tnVJ"l1iu"ll EJ-\11l1~ r.~ L 1L it~3J LL~::ll1 ~ :.I q'IJ , 

~Uii) 111r.J1UL~1l.J~n1nhh3J1~ 137
Cs LdEJ~~1r.l~1~::1~i'-\I~LLn3J3J1~ih::~'IJ'r'J~-\I-\11U 0.66 

G..; ~ or=l ..J PI( cw ca.- ~ 137 oAI Q,.l 

MeV LL~::1-\I~'IJ~1'Y11l'r'J~-\I-\11U 2 1!:~'1J ~lfl 1.17 LL~:: 0.81 MeV Cs 3Jn11~~1tl~1 

.. d ..... iJ ._. 'I ._. 0 :'1 ""0 137 ... d ..... d 
~~EI~L1~1 3JI'I1-\1"111~ 30.2 'r'J~-\I-\11U~~~-\ILUEI~11 2.3% ~Eiu LL3J11 Cs ~!:3JI'I1-\1"111~'Yl 

tn1u1u LL'iinTnwn 
137 cs t:mn~ln"ll EJ-\1 ~~3J"ll EJ-\1 t:-J~~.tln~.'t'i'~1nl.J~n1mVJ"l!iu~u ') 111 tJ1 u 

L~1l.J~n,.n!l.J,.3J1~ l11t~"hlJ1mtn ~nTtt:-J~~lXatJ uan~1nU'iiLsntJ3J ~::~1t1J1 hi' a1~ hl 

l.J~ El~n E.Jl111 ·~'Lf]~m";lUULTI EIUEI an1111 U~,1 LL 1~~EI3J 

n11Lmi'I'IJEI~~-60 LL~::snLsntJ1l- 37 ~::1:Lirh1'iXEJTVI11n~1mUU~11n3Jifu~f-\l~ ~-\!if 
L'r'J'i1d11-\I~LLn3J3J1~1n 11'1'1Jfl~~- 60 ~ILL~::snLsntJ1l - 137 'r'J~-\I-\11U1:Li~-\l~fl~~::n1::~U 

'U q 

(Activation) 1'iXEJ1VI11n~1mtlu~11n3Jifu~i'"~ 

1ua~~1VIn113JB1Yl11ittJ3J1mi'I'IJeJ~~- 60 mnn11 L'r'J11::Yl1J1tJ t:U~::~1mi'1 LL~:: , 
1~1-\I~LLn3J3J1~~,-::~'IJ'r'J~-\I-\11U~-\In11 l.J,-::~'Ylf!LLI'IU1~1Ltlu~t:-J~~ LI'I'IJEJ~~- 60 11tJLVInl~~~ 

'U \1 cvq 

'luhn t~tJ~11111nt:-J~~1~l.J,-:3J1rni'atJ~:: ;80 "llB-\11'1113J~EJ-\In11"llEJ-\I~-\I t~n 

nT:JL~1tJ3J LI'I'IJ El~~ - 60 1~ tJ 1 i[l'lu EJ~~~ri1LUUt:-J-\I LL~::iii'I113J'IJ1~'Ylffi"i'a tJ~: 
q 

99.9 LI'I~El'IJ~1£JitLn~ L~EIUEI-\InUn11Ln<i!l.J~ni'~T'~·::VI11-\ILI'I'IJEI~~- 59 n'IJEJEJn'ftL~ULU 
Ell n1 ~ 'IJ11~ ~ "1J11l.J1 U 'Yi a~l11~1 tJ 1 ~lVI ::t:-J ~3J"ll EJ-\1 L6JJEJf11'1 L U~ 1J L1tJ n"J1 L6JJEJf~ ~ ~ eW , 
(Xircalloy) Vl~-\1~1n'IJ11~ U~t:-Jiln t~r.Jn11L~EI1J 1~LUULL 'Yi-\l~urh L u~ U13J1113JrlU 1 iLtluif~ 

q 

aJ ~"ll El-\1 LL 'Yi-\1 ~Ufh Lit~ LVI ~Ttt U 11l.J1Li~-\l 1 'llt"lf El-\1 EI1'1Jit 1 ~1EIU 1 ULI'I~El-\IU~ n1ru L ~ E1 ~~:: 
Ll.J~t~u11'1'1JEJ~~- 59L'iXLtlu11'1'1JEJfl~- 60 

"" ..... .... ~ct tf 1. Lfi'Hh'Jll.ltUI,-\Il'ILe:lfl'lf 

l.J,-::ml'IJ~1 tJVI~ a~ LLn1~run.nm~~l.J ~1 t~vY-\I~EI""ll EJ-\IVI ~ a~"::i:l LL 'Yi" 1~VI::~~ atl1~ ~ 
, ~ Ql ~ 

U~l tJ'Ylrt-\l~::dJuLLI'I1 'Yl~ (cathode) anl.J~1tJ'Ylrt-\I~::Lthma1 U~(anode) tl~EJ tJn1::LL~lrJvhL "1J1 

'Y11-\1~1ULLI'I1 'Yl~ ~:: 11X n1::LL~~ L~n ~1EJU ~ ~~ ~-\1-\11 '"~" v-l-\1~ 1-\13.11 ~nn1::'Y1'1J 1~V1::~1u ~ LU'I-t 
I 0 I \J ~~ I I 

'f "" !"I .:"! .. VJ ..,._. "' .. .. "" .. ... 3 5 .. R 'f .. .. ... ... VJ •'I "' 
LLEI b U~ 'Y1 buULu1n';l:; Llild-\IHLEJn6JJ'Y13J'r'J~-\I-\111U 10 - 10 EJL~n~1EJU n~~ L ~ tiVI ~m~ tl-\1 b3J b VI 
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e11...,11u1 £J1.J~nn L ...,rt£JTt-h 1 in sn miJu~11naJ ~u~1"~ ~.Jihim11...,u~ 1 iLfl~eJ\l t:-J~ ~1"a-
~ 

Lan'l1'1'11>"~1U~1 £J1::~u'W~>'~>"~1U ~tli~.Jn11 5 Gt1uaL~n~1eml1Gl~ 
~ 

(Electron beam accelerator machine) 

th::n eJU l?i'1£J ~ Gl a~ ~nnu1n1;;'11l1 £J1 uu111iln1sn'l1m vJ EJfL nnsn::vJGlleJ t 1~ m~::Lf!~EJ\l 
,q,l~ q cu 

n1 L ii~ L vJ~1 LL 1" ~" EJ'I-t1l1 f) aLan~ d"el'UL n ~lil1nn1 d"U ~ eJ £] n1:: LL~L vJ~1 L "Lil LtJ1 '1-t~ Gl el~ 
~ q 

.. .. "' "' .¥ ' 1 "'"" "" .¥ .l .¥ .... ' 
~runnm;;"~ LL~::e:JU1l1f1 m~n~1awmn~'!l'!-tlil::nm 1>'~ ...,3Jf1113JL 11~>'~'ll'U 6Jl'>"~'!lUn1Jf1111lm>"~ 
,QIQI q cu ru 

in FJ'!J eJ\).ff'TYY>'I ~el\l1l1 £JL '1-t 'VI~ el~ ~ruru1m~ tl1f1113J~1\lvln FJfl\l ~\I aL~n~1eJUiil:: Lfl~ e:J'I-t ~i.l?i'L 11 
q 61 .., cu 

LL~:: 1 i'W ~\l\11'1-t ~~\l LL~nld"tb 3J1 1 "li'nu e:J1~111il:: rl1...,'1-t~ 1 iLfl~t:J\l t:-J~ ~1\l~a L~n ~1el'l-t rl1\l1'1-t 
'II 

l?i'1tJ1::iu'W~""1u~i.~~"n11 1 o ~1uaL~n~1e:~u11~~ 
~ 

Lfl~tl\l t:-J~~1>'1iiL5n'J5LLGl:1.Jria L~n~d"eJ'I-tLUULL..., ~\lrl1L ii~f>'lri~~ 11mnn 1 i~113J LL 1\l 
~ 

~" r111...,1 "li'L 1~1 iua.J1n 1 um1u1£J1\Ia- 'W~>'~>'~1'1-t 1.Jiim~i.alL~t:J3J~~1 £J ~13J11n~11Jf13Jn11 
OJ q 

l11\11u Ll?i 1~ m~e:~l?i t:J\Im11"H-fi ~1m1mtJ~ L~~t:J\It:-J~~f"H- LrieJ i.~l?it:J.Jm-:i 1 "li'iitJ~ LL~:~~1~ru ... 
~e:Ji.lliimnna.J~u~1"H-~I?ie:~"n1~~ L...,iie:~um11"11~11n:JJ~u~1"H- n11rhi~mnn:JJ~u~1"H­
,f u~ eJU"li'1\l ci.J mn LL~di~1l "11,]1 tJ~\l 

q 'II 

1.Jff~\1~1:1J"l1U~ii~rn~:JJ1J'1i ,j eJ~LLGl!"Li eJLff£!~ LL~n~1\lrl'l-t n11L~ eJ n 1 "li'1>1ff'1i fl\l~1it\ltl>'l 
~ 

~rn~:JJU1i'lle:J>"~1.JH' ~n~rn:.:m...,11 ~n~rn:.:'!JeJ\I\11U~ib1.JH':JJ11"11 ~"d 
q 

i'.J ~LLn :JJmii ~1'1-t 11i!L 'l-tn11'Yl!~'Yl::~1>'~ ~1'1-t El1~11~\l L..., m::~lil:: L "li'nu El1~11~ ii'!JU 1 ~ 
q 'II 

1 ~ nJ iif111 :JJ~u1mn 'VI~EJ e:J1'VI11~1J111i!L un ~ EJ>"~'VI~e:l'~U~ eJ'!JU1~ 1 ~ nJ LL~i'" ffLLn:JJ mnn 
Ql q Ql ,. 

tl~eJ £Jiil1n'liun1Lit~~'HJ~L 1~11 wnnii;;'I'Yl1\l i.~111il:: 1"1i'.J1U'V11e:~hlnm:JJ ~"i.~L'VIm::lil:: 1"111. u 
~ 

mrn~iit:-J~~t:-J~UEJ'I-t 11\l\l1'UUfl £] 'VI~EJ 1 "11~1:1Jrl1Jn1::ln'Um1t:-J~ ~ ~'1-t L 'W11:1i!::dJUel'l-t~11 £] 

~ e1 ~tJ~u&l\11'1-t 

L'hu1\lffaL~n~1fl'l-t ~L~Iil1n L~~e:J\IL ~\l El'l-t1l1~ a Lan~1e:J'I-t~ll1>'11UI?i'1 £J1::~1J'W~>'I\11'1-t ~ 
q 

i.~~\lnl1 1 o Gt1ua L~n~1EJU 11~~ lil::ii ~1U11i!L unT~·'Yl::~'Yl::~1>l~1n1T~-"iiLLm.Jm ~13J1-:in 
'II q 

LL'Yld"n6U:JJL"Li1LULUL ife:~m~11L~L ~EJ\l 5 LSU'I-t~L3J~1 LliL~3J1::~1"li'num~11~ii'llU1~ 1~nJLL~:;ij ... 

WJ1 :IJ'VI 'l-t1 LL ti. '1-t:IJ1n '1'111 '!X:iUEJ1'V111L~i'ui'\lffL~ ~~1 L ~:IJ El LL~ L 'VI :IJ1:.:~1il:.: 1 "111. Un11Q 1 tJi'>'l~ 
EJ1'V111~ii'llu1~L~n L-riu L:JJ~~.W"llLL~:L:JJ~~rrqJ"l11~ («1£J~U1l tJ,-::~~f~1\l, 2539) 

ueJ mnn d'nTH.J~ c;r~·.,rt~ L~n <il1aul?i a\11 in1::LL~i. v.IY.h ~" hl L 'VI :JJ1:: 1 un-sru:YI~cK.J 1 -s.J\l1uii~1 
'IJ 

FD323 243 



"JJ EJ\1~1 LL~\1 m~:::7:::iur.a~·'~'~1" 1~m3J ~fl\lf!l1~ L ~m:::';l::: 1 i'f13Jnun7:::ulun17t:-.~~~~" Ldm~n 
1i-:J1un~1m7nil~Lfl~fl-:J1~~"fi ·th1~'La.JiuLti~EJ\l 

~tn'l!}rn:::LL&'l:::7:::uun17'Yl1-:J1U~\If ~fl u~n rn~1EJ"' EJ\lit1 £Ji'\l;';l:::nnil~iEJ3J~1 £J t:-.~U\1 
'II 

flEIUn~~~~fl113J~U1 1.8- 3 L3J<i17 ~~t:-.~lt\1 L~'in'U LL&'l:::~u L~EIUEI\IllWl\1;13-iL'\K'Yl:::flr.hu 
q 

EJ EJn 1tlriEJ1 iLn~ 5u<i171 £J~EJ3JU'I!}~LL&'l:::i~Ln~iEJ3J ~un1L -n~-r'~;it£J3JhrLfluEJ&'l~- 6o u77';! 
q q 

mJ1wYim~~n1i'~it3J 2 .ffu (.n1~~ 7.2) L~"JJ1U1JULLt:-.~\lL~~nEI~n~1\liEJ\lit1£Jf\l; Lda1a.i~n17 
'II 'II 

it1 £Jf\lff';l::: Liiuu ~1 utl eni'1~~n 7.6 L3J~7{.n1~~ 7.3) ~U\ltltJti'1Y11~1 £Jfl EJUn~~~U1 'II 

• ... "".Q( f't .. ..... I 

'l.h:::mrn 0.6 L3J~7 L3Ju<i1EJ\ln17it1E.Jd\l~Lij~\lL~&'ln';l:::nmh1"JJU';J1nuEJ 
'IJ 
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111-w~ 7.3 ~un1Lil~~.J~Lnu1utlmtl 
~m : tU1lf111U1Lf1~r.rfm~.Jlh::L'Yl~1:vw (2554) 

~~~i1rnovf~<il::<~:nu~.J~rmujj<iJe:Jci1u~u·n'ili1rnond:Jwn~ "J ~:: 9 ~ -iruLf1~e:JU~1r.J 
'\J q '\J '\J q q '\J 

j:;lJlJ~:JJ (Pneumatic conveying system) ~.JLolll~lJ~.J~jeJlJ ") ~'UrllbU~1.J~ nljrll.Jl'U 

rnrJL'U~e:J.J'illr.J~\l~rmf11lJfl:JJ~1m::uuf1mJ~1b~e:Jf {Illv-J~ 7.4 ) 
'\J q 

""' 'Yl:!Jl : Murano (1995) 
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nl1flllJfi:IJU13Jl rn f.:~ a-~1 '\X rllJl~t1'VI'1fl fll'V\11 Yll i.~1~ tlflllJfi:IJ flll:IJ LL 1\l"ll fl\1~'1-l. , q , 

n1L ii~~.:~a- ncn 1 'U.nl1Ultl~-3a- fll13J'VI'U.1LL U'U."llfl\l~~~.nrn~ LL~::~lbb'VIU\11 'U.nl1Lfl ~ f)'U, ~ L,rl 

m1u1 t~i'.:~ ien'VI11~'VI't.h tl~Utl:IJ 1 '!lf ~a 
1. LL"i61 (Rad, Radiation Abso~bed Dose) 

LU'U.'V\Ultll~mmrn'Y-IK\I\11'U.~tfll~~sn-ui.1 (dose) 1~tJn1'VI'U.~1i 1 LL1~ ~f) m:IJlfil, 
'IJ 

~\li~Y111'1XLn~m,-~~n~wr~K.:~-3l'U. 100 Lijfmiai~n 1 ni':IJ rn.'l~~n1'VI'U.~ 
'IJ q , 

tf ~ 
2. L"'i,..YILn14 (Roentgen, R) 

Ltlu 'VIUl tJ~1 ii~~\la-i:IJ ~ ~ 1 iL~ 'Y-11::1.:~ iLLn:IJ m LL~::i'.:~iL~nsU'~~ fll13J mlfl ~u i.~ 
Lnu 3 L:~Jn::Eh~n~1au11~<ii' (MeV) 1~t~n1'VIu~1i 

1 L1WnLnu ~a tl'imrn"lla\li'\liL~n'lf'VI1fli'.:~iun:IJ:IJ1~"r111'1Xa1n1fll 1 ~U.'l13J.~ 
9 

flnt.'VI11~LL~::~n13J'ilu:IJ1~1~1li.LL~nilLtl't.G,aaau 2.08 x 10 Ti 
q 'IJ ... 'IJ 

mmruf.:~i 1 LL1~ 'l::~Ti11mtL~tl\lrllJU''hnruf.:~« 1 L1Wr1LnU 1~tJ 1 Lb1~ ~Til 

LYi1fl1J 1.07 L1ttfiLflU 

3. fl~ (Curie , Ci) 
~ 

Luu'V\ul t~i~m1LLr-ln:IJ3Tu~i'.:~~1El"113JLL1\1"1Ja.:~~T~n:IJ3Tu~i'"i 1~ t~nl'VIu~ 1'\X 1 "~ 
'II 

Ltlun11~~1EJ'il1"llfl\1~11n:IJ3Tu~i'-:~i 3.7 x 10
10 flf-:~@iaiulfi LL@ii.~i.~nl'VIU~~lll.lli.LL~:: 

Y-~K\I--11U"ll fl\1 flU111fl~rmtl~ a EJ a anm'l1nn11LL~n'il1 
q 'IJ 

'il-:~iutn,-nm:ru~i'-:~i 2 "11ii~ i~nTm~n'il11u'VIiilEJfl1i.~Lrhnu al'l~m:IJlnt.i'\li~ 
'IJ 

nntl~~tl~fltlflfln:IJ1@i1\lnu 
'IJ 

tf 
4. Lfl"'i!l (Grey) 

LUU'VIUltJ"llfl-:Jm1~~n~ui'\li 1~t.Jn1'VIu~1'1X 1 m16 ~fl n11~~n~uY-~K-:J.Jlll. 1 '1~ 
'IJ 'll 'll 

@]f)fll'V\11 1 nhmi':IJ 'V\Ulmn1EJLU'U.'VIU1SIL'VI~ 1 Ln1El iiTilL'Yhnu 100 LL1~ 

5. L"'i3J (Rem, Roentgen Equivalent Man) 

L tJ U 'VI U 1 tJl ~ mm nt, f\1 i~ :IJ'U. 1YtJ1Jii'u 
q 

lJflfl~ 1.~ i.~fu~.:~i LL~1i'--1iri flL '}~\n~ ~~'Y11-:1=n1i'Y1 t11 L fi tlU L thnu ~ ~~ Ln~'llnf.Ji 
q 

Lan"lf'VI1a~";LLn:IJm 1 LL1~ u""~Ju i.~i't.Jf.,thnm ru 1 L 1:1J 
q 
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u~~uuiinTali'uLU~FJu~li1FJ"1JeJ\Ii'.J~L~1l~\ld 
q 

LL 7~ LU~ FJULUU Ln7rJ 

L 73.1 LU~ FJULUU Sievert (Sv) 
4 

1 L73J = 0.01 Sv = 10 micro Sv 

fl~ bU~FJULUU Becquerel (Bq) 
'II 

10 
1Ci = 3.7 X 10 Bq 

Roentgen (R) = Coulomb (C) I Kilogram (Kg) 
-4 

1R = 2.58 X 10 C/Kg 

~ .... .C I '* ~ ~ .., Q; <V .. &::~ .:II 

UeJn~1nU£.J\13J~U1r.JeJU ') 'Y1Lm.n"1JeJ\IntJ7\I~'Ylfl17'Y171tJ flfl 

'W~\I\11U1Yl~eJU(Photon energy) ~fl 'W~\I\11Ufl~ULL11L~~n'1.Ylvh 1~d:Ju~li1£.J 
mL~n~7eJUL1~~ (Electron volt, eV) ~\ILUU~U1£.J~L~n~~~ 

q 

'W~-\I\11U 1 eV ~fl 'W~\I\11U~Lrlr.JtJbYhnuow~\I\11U';J~U~d\IL~flL~n~7eJULn~f1113J 
~1\linr! 1 11~~ 

n1,-i'c;n.Jill1m1\lft 

mmru.i'.J~~m~T~-'1.~-lu (absorbed dose) ~1:JJTnr5'~'1.~1~r..~1iLf1~eJ.J1~mmmi'\l~ 
(dosimeter) ~\lrh~1ni' ~~-w1n ~1;nt:-~~:JJ~1 FJ~ L~ El '1.~-lui'-l~Ll! 1~7f1Tfu flU~::~ ~~El EJnm 

q q 

di~n17LU~ FJU~L u~1umm nl.LL~::fl nl.111'W ~-\I LL~~\I~\Im:JJ1nl. 1\I~~L~fu 
q 

.d... 1 "" •Ill .. .. .... Lf17El\I:JJ El~71~~eJtJ ~ muow1::L ·-wn11 LnLnm:JJ~ L~ El7Lf11UL~ El7 (Geiger-Muller 
'II 

counter) U7::nEJu!il-wnd"::tJEJn1u1\l~ LL~dib~Elf~iiml'1u~uEJnu~mm1-J~L'ii ~m~ru.::"lJEJ\1 
LmnEJfl11:nEJu'ii1 F.Jn1:u eln~\IU71~n16J!enfn EJU 11 L~a'\.b '1.1111-JLil uu~L 1m ~iim7LH-li'\l~ 

q 

'l\1~~:~1UL"li1'Y11-J"lie.J\1~1u WU1"1J eJ\In7:u EJn n7:'Ylunu a:~ EJ:JJ"lJEJ\Imfn EJU rh 1 ~'1) L~n 'il7eJU 

"1JEl\IEI1fnEJu~~~ElElnLun~1miJuAr + rie.JL~Ln~f111:JJ~1\IinrJ1::w:h\l Ar + nu e- 1u~~eJ~ 
q 

~\I~:LLU ~\lfi1f1113J~1\Iin rJ El Eln 3.11 L UU~1 L~"lJlJU ~ U1U~ fi1~L'iid~:m n~~El'll'El £.JnituEJ ci nu 
'II 

"ll"U'il"lJe.J\Ii'\1~ LL~:f111:JJL"li:JJ"liU"lJEJ\11\I~~~:rh1~Ar n~1mtlu Ar + '1.~mn~~eJUEl£.J(n11 
'il71~~eJU~17n:JJ6JU'ilf\I~LL~::L 'Yl~ 1 U L~~~L~m"lieJ\IrllJn17L i~7n:JJ3Ju~f\1~,2554) 

L~~El\ll~mmmf\li~1-rlun7:::U1Un11~~'iltn~T! (routine dosimeter) il~1il1£.J"ll"U~ 
LLlil:Lil'ilU~mru.f\I~LU"lil\1~1\1 ') nu ~\l'il111\l~ 7.1 LL~:::i!Kn1Ym:::~lil1n~1il1£.11'ULLtJU 

'II 
.J 

(.mv-m 7.5) 
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A u~3J1m~\lii (nL~Ln"i~) 'lS"~ 
--------

OPTI chromic 0.1-10 

GAF chromic 0.1-40 

FWT-60 0.1-10 

Harwell Amber 3042 1-20 

Harwell Perspex HX 1-50 

Harwell Red 4034 5-50 

Red Acrylic 5-50 

~m : m::'Yid"l"l!:'hwl~1~~fL'Yif11u1~fiLL~~:~"lLn~~El:IJ (2542) 

248 

{' -,~,} .. ,, 

''~~"'~·:~. 

.... ... 

""~@l 'II 

Farwest 

AECL 

USA 

UK 

UK 

UK 

AECL 
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Lri ai'" a--n-n~ 1a a m.t 1 us:rf:n., L~ ~au~ ~-hue:rm11 L n ~m1-nunw~::vd1\li'\Jffnu a1~11~ 
1::~1J hJL~n~LL~::a:;~mJ tl1v-l~\l\l1U~ Lfl~~1nn11"nU3J1nL yj FJ\lYHl ih::~\lEi L~n ~1au ht~~~ 

~ ~ 

~1n1\l1~';11"l.Ja\la::~a3J (atomic orbit) 1~fl1aaaumn3J1FJ UULUU~U'J fl ll1EJLU1::FJ::L1~1 
'IJ 'IJ 

#u') 13JLnU 0.001 iu1fi LL~::n1~~\l\l1U~Lfl~';J1nn11"nU~\l~\l,fWthL~Wuli::'Yl1\lL~i'JLL~n 
'IJ 

n';l::LUU~~ 1 iLn~aum~Ei~1:: (Fred radical) ~\1, aU3J~Ei~1::dm';lllJU&hu~rt\l"l.Ja\l 13JL~n~ 
~ 'IJ ~ 'IJ ~ 

n ~3.1 a::~ eJ3J ~'ia a::Y~ a3J L~ FJ1 6J ~ ~Ei L~n~1auEi ~1::~" Ltlu 1 ~1-J ~11\l~i.al L~ii EJ1 LL~:: au3J ~ 
~ ~ 'IJ 

Ei~1::L ~~Td~LL u 11 t!3J~\l~';l::113J~1nuLa\l ~1m1unu 13JL~n~mu L vl at "'LnY~fiEi L~n~nau 
'IJ ~ 'IJ 

ll1L iLnYI~113JL~ii FJ1 n11LnY~fli.aaEJU"l.Je:J\lEJU3J~ Ei~1:: 1J1ini'm1::~l1\leJU3J~Ei~1::nu 13.1 L~n ~ 
'IJ 1'11 :.J 1'11 ~ 

m \1, u 11 n ljn1 1rn 'Yl1\l L ~ ~ LL~:: n1 FJ 111 ~ ll1L "'n ~ i. n ~ L n ~;] \1, 1~ FJ~ ~'U 'Yl'i 6 L f) \1, L'Jl3f LL~:: 
e:J\lfl ll1::n au"l.J e:J\l En~11Lflliln11LU~ FJULLU ~\11::~ l1\ln11U 1 F.Ji'\l ff 

L U n 1ru"l.J a \l L'll ~ &f LL~:; L ita L ~a~ ~~i Yl i'\l ff~ ~ ~ 1 U n11ll1 ~1 FJ LL ~ ::n11~-h L ~ ~1 
L rta\l 3.11';)1 nm1ff3J ~ ~ 1Y~ E.IYI1\l n ui'\lff~ ii~ ~\l\l1U~\l ~1\l';JY)~ LUU';J Yl ~u6 n ~1 "~ i'l~113J ~1f1 ru 

\.1 .. " C\1 Ql 

1 A At. o ..., ~ ,;:::111 #IQ ~ A, A A 5' .J_ ft c A ,alii ft I t.l 

~ el"n1 Yl ~1~11J~\l3J"n1~L'll~~ L~ E.l1~1n';J~U 'Yl1U L3J eJL'11~G"H1n'Y11~1U';J ~U 'Yl1FJ';J::m £.1 LL~tn 
1 'IJ 1 

Ltlu~\lii:.niY~~ ~1 FJ L'll~ Gf n11l11~1 m'll~GfL Vi FJ\lU1\l ~1u i.all11l "'<111 FJ LL~ m';J L nY~ ~n~rn::~~YI 
i.u~1 m&i 3J 1 u~" ~i.al ii:.niY~n'l:: ii ~ flL "lfuL~ FJ1nu ~"~u n1·au~ FJULLu fl\l a- Lii'a i3J ~ ~"l.J a" 

a1~11 L uu~~ 3J1';)1nm1-nunu 1::~11"i'" ffLLn3Jm~1a au111~ iJY11~ij~ ~""1u~"nud:i~ a-
~ 'IJ 

~~"l.J e:J\li'\l a-~ ii~ a ~"ii~iY~ LL~::i.al iiiliY~ i.al~1 Ltlu~ e:J\l LflYJ';J1nn11Y~nn1::'Ylu 1Y~ FJ Y~1\l 
' t. ' ... .., "' .. t 1 ~ d fl L '¥11 u u LL Y~ fl1 ~ L n ~ 111 n n 1 1 on u n m 'll fl ~ ~ 1 a 3J L fl n ~ "l.J a" e:J 1 ~ 1 1 Y~ FJ L u ~ 1:: u 1 'll" L u u 

q 

~1uu1::n au~ii a cimn~ ~~ 1 ua1~11 Lri ai'\lff~ ij~ ~\l\11 "~" ~1UL "JJ1 LU';J::th £.J L 'Yl~~\l\l1U 1 i 
'IJ ~ 'IJ 

L3J L~n~"l.J e:J\lJ1~'1a L3JL~ n ~ ~u 6J ih 1 "'Ln<1ln11LLY~ni-:~1 i fli.a a auLL~:: au3J ~ Ei ~1::di~~u3.11n 
q q 'IJ ~ 'IJ 

ti'1Ltlu L3JL~nfl"l.Je:J.Jti'1';J::Ln~au3J~ i.n1Y~1L';JULLf1:: i.nY~7an'llf1~ii~113J1 e:J\lL 11 un17't'hl.Jnni"m 
~ q 'IJ :.J 
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eJ~~~ ~~'J::L VI chd'";J::'YhtJ !jn'irnntl.Leh1 'Yhtl !j fi1tnn1J eJ eJ n.iftL ';J'U. LL~::'Yhtl~n1rnn 1J 13J L ~fl ~ 
A dt/ 11M A ~ft .I ~ 1 ~ ~-r 

"lJ eJ-\1 eJU 'Yl-:i£J ~-:i"VI-:iel eJWU 'Yl'J£J ~'J'Yl~::m r.JWleJLL"lJ1'U.GHHJ U U1 ~-\Itt 

· OH + · OH ----> H202 

eJU3J~ l~ 1~Wil'U. 2 ~1 113Jll'U.LlJUJi1'1fl~ 1~1L';J'U. 
1'U 

·H + ·H --·-> H 2 

· H + 0 ---~> · HO 2 2 

eJtt3Jm 'Y'l eJfeJeJnLrrr~ 2 ~1 "J13Jnu Ln~ 1~ 1~1L';JttL 'Y'lafeJ eJn 'trrr~LL~::eJ eJn&'ftL-;]tt 
q 'U 

· HO + 
2 

h·1~1L';JttL Y-4 eJfeJ eJn 1rrr~dJtt~1 EJ a:m.snt~'lf~,-uLL ,-" LL~~Lilu ih• Eltt:IJ ~ Llf 1~1L';JttLL~:: 
q 1 'IJ 

lv~1eJntft~ L iJ U rY-\1 ~1 El eJntftL~snLL~~1~1 16'ft\l~1'"LL 1.:1 ~1 :IJ11rt L "li'Th :IJD ~ n1rn LL~:: LU~ £J U 

1m\! ~i\:1 t:JJ L~ n~"ll El\1 ~"~~1 ~ LL~:: ~1m~11~~,r1 Lilu~hutb::n eJlJ t-J~"ll El\11\I~Liluif";J-;1 £J~ ~ 
q 

~1111 ~1 iJ ru "r11L ~L'lf~ ~ L iJ uatt~11 £J n~.ffttL'lr~ ~ ~1 r.J V11 ElL n EllJ ~1 £J LL ~:: L U~ UULL U ~ \1 ... 

e:J\Ifl u 1::n e:JlJ"ll eJ\l eJ1V111 

dJ1V13J1 £JV1in 1 ttmlrtUeJ3JeJ1VI11l~ r.~m1u1 £J1\I~ ~eJ "r11~1 £J";J~tt'Y11rJLLfl::LeJtt 'trrraf~ 
1 

L~hllu ~~El\ln111~w"r111 i El-.'lflU1::n eJlJ"ll aJ\lEl1VI11L n~n11LU~ ti'U.LLU~\lUeJ r.J~ ~~ nT~"r11fl1 [J 
q 

";J~tt 'Y11rJLL~::L Eltt 1rrraf~'t~hllu ~~ El\ln11 ~1m1rt"r11 1~1~ r.Jn11'ilnnl::'Y11J 1'il £.1~1\l"ll EJ\11\I~LL~:: 
q 

t-J~'Y11.:Jei' EJ3J LL'iiEJ.:Jfi'u1::n EllJ"ll £J\lel1VI11shu 1 vmJ e:J E.J1 u 1u ~11~::~1 mL~::~J1 Lllu~huu1::n eJ'JJ 
... 'U 'U 

70- 85% ~\l,_f'U.t-l~~Ln~ifuLi1ULVInl";J::LiJUt-J~'Y11\lel£l:IJ~Ln'il~1nElU3J~~~1:: tl1~£l\ln11fl~ 
... q 'U 

n'"mU~ tJULLU fl\l~nb~:IJ1J11"ll El\l El1VI111::W.h\ln11Q1 t~1\l ~ ~::~ eJ\l ~11J~ 3J t-J ~'Y11\l eJ eJ 3J 1 iLn~ifu 
q 1 
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m 1\l. 1 £..1 f.J ;.Ell Vt 1 1L iJ 'l.l. n1::1Jl 'l.l. n11t1 'l.l. EHJ El1 Vt 11 L -riu.L ~ £..11 n 1J n1:: 1J l 'l.l. n1 'Jfl 'l.l.EllJ 

aTvn1in~u'J ~1i~l13J~uu.ma~n13JL~u ~::th::nau~lrJ.ffu~e:m~h\1 'J ~a m1~~L~an ~~ 
mu.rnv.l-u a.Jl'~n~u m1'Yh~l13Jti::El1~ L ~a-u~ ~~\1 LLtJ ~ntJ~ El3J LL~::~~,]1u lU';J~U 'Yl~rJ LL~:: 

• q • 

n1'J1J1'J';J .ffu~ El'l.l.L Vt iihU';J::~ El\ID nu~ ~13-J"ll Eln1,'1.l.~ LL~::Vt ~n ti"1J1ii1J1 ~~~ El1,11U1 rJf\1;. 
q ;w • 

~El\11J'J1';J L U111"1!U.::1J11';!~ L 'VI3Jl::ti3Jrl1Jl~t1D1::ti.J~L Un1'JU1£Jf\l;. L ~ E!Vt ~n L~ £J-ln11DU.Ltf au 
• q q 

... ... "' 
111 £J,_,~\In11U1 £..11-lti 

111"l!u.::u"J1"il~ti1 m1mt1m 1 inu EJ1'V11'JU1 £J1.J;.iiVtm £J"l!ii.~ L -rlu n1::~11Y Y-l~1ti~n • 
LL~::m::iJEJ\1 ~El\1 L~ an 1 iL 'VI3Jl::bi3J t~ mhu.Jn\ll~tlD1::ti\I~LL~::~U.'Yl'l.l. L un11~~~ 1 U1J1\I~f.J 

q • 

U1"J"iJnrn6f'l··hl,)1L ilu~ EJ\Iii11mLL Y-l\1 L -.rlu. 'VI EJ3JU1 rJf\lii 1 ~ntJ1::ti\I~L ~mru 5\ln11\lan 81"iJ 1-K 
• q 

L "ll.J,..,1EJn\l li1u.u11"iln rn'Yi'~rh"il1n mh hJ L 'VI3J1::~"iJ::tt1m 1 iu11"iJ en'VI11U 1 rJf\1;. L 'r'l11::ii 
q q q 

~113J,U13Jln m~::LdEJ ~~fu1\lff ';J::di~ 8L~n~'JflUa ti'J:: 1 'l.l.L if a LLrll rh 1 iLn~n11blJ~ rJUffLUU 

;.J 1 ~1 ~';)1 \1 '] ';) udi EllJ ~h tl1 iin11L~ 3J~~L U[J 3J ~\I ltJ1 un11~~ ~ LLrll "iJ::"lil rJU El\1 n \l, n11 

LU~E.JU~ 
'VI ~\ln111J'J1"iJtb ltJ~:-hu f.J;-1 ui a\lnlu\11\li L ~ a1 iEJ1'V11'JL~fuf.Ji1 u.tJ13J1 rn~ 

q 

n1,_,u~ ~\litunu1~ntJ1::ti\I~L u.n11u1 £..11\1;- ("ll a 7.8) m1~l1J~3J1.J13J1 rn1\lirhl~1~ £J 
q q 

~11J~3J L 1 ~11 un11u1 EJ1\Ii~~~';J1nm1~1u 1rn 1~ r.r~::~EJ\Ii:i"llt~3J~n1'Jl~m"Jn"J::~1 rJf\li 
q ~ 

""'0 A CV~ I Q..o I I 

~113JLL 'J\I"lJ El \1 mm1 L U~1 \1 ti ~113JVt U 1 LL U U"lJ El-:1 tl1 ,_,l'J ~ n lYlli:: n111J11~ 1::£..1 ::,_.,1\11::'\1111\1 
q 

El1,11LLL'I:: ~Un1 L ii.~1\l i n1 'Jn1'VIU~ fi ~'Y11-:1n11 L~ ~aU ~"ll El-:1 El1,THl1 £..1 l 'l.l. i tl\1\l. 1 £J1\I ff 
I I I I I 

0 I A .., ca... Q,.o .... .A .. 0 I I lA ~ 0 ... .GI ""' 0 .. A d .... .... 

mLL ,_., U\1 LL~ ::1::£..1:: Ll L'll'Yl ti3J ~ tinlJ'J\1 ti'Yl~l LL 'VI U\1 ~1\1 '] LL~ ti\I'Yl til~ qj'Yl ~ a-:1 m'l.l.\1 fl\1 ~ tl t11 ~U 

n1Lii.~f\liLUUti11rl3J!JU~f\li L-.rlu 
6° Co ijn11ti~1EJil~L'!a~L1~1 Y-l~-:I\11U"1JEJ\11-:Jffhl~\l~ 

iiT11~~~\! ~\lttUL 1~1l Un1'JU1tJ1-l~~::~e.J\Iiin11U11JLD~ r.JU L ~til~ en,_,1'J~~1u1\!ffL utJ1mrn 
.. 0 

'Ylnl,_,U~ 

El1,_, l'J~ ~1Un1'JU 1 £11\!ffLL~:: FJ\1 1~ ~1Un11U 1 t11\l;. ~1] ti13J1'Jfl tLtln ~113.1 LL~ n~h.J 1~ 

~-l~ UL ~flU rJ\!rlUnl'JU::tJunu 'VI~eJn1'JU 1 EJ1\I i.J'1 b 'J\I.J1'1.l.~l'Jij'J::1J1J L ~a LL£..1 n'VI~EliJ El\lrl Un11 

l.J::l.Junu 1::wJ1.J mVt1"Jn amL~::Vt ~\lm"Ju 1 rJi'\1;. 1~ £J El1~iim1LLr.Jnu1L l rn'VI1EJ ~ ~n1::m lY~ 
tilm"Jn LU~ r.~u.ii.~Ld EJ ~~fu1\lff~ 1~n1"JJU::u~'J-;J m,..,11 L ~ EJ LUUL~~a\!.:ff,..,1EJ LLti~\l'"h u1,..,1'J 

q ... 
Q..o I Q,..oO ,Qj 

U'l.l.~1Un1::1J1Un1'JU1£J1\!ti 

EJ1,1'J,_, ~\ln1'JU 1 r.Jf\lffLL~lt.'h LU L nufn 1Y1L Utitll'l.l. ~ LL~:: ti1111::~ L ,_,3J1::ti3J ~1,f1J 

EJ1,..,1":l"l!ii.~ tf u ') "il un1T;J::~1wU. 1 £J L ".du EJ1'V11'JLL "lib~ EJ nLL cii\IVt K\1 m1u 1 rJf\1 ;.~ EJ \1 L fiu1 u ~ EJ\1 
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Lfht~e:Jm~11ij~1n11- 18 e:J\If'!1L'llm;a£J~ H'mL~::~~tar~~lLn1J~eJm~l1ijLL"liL~u ~"lf<m::n~k1 
q ~ q ~ ~ 

LL~::nru"lf1~Lfiu1uurnnmf'!tln~ Ltlu~u ., 

') IJ,IQ.; ~ 0 A ""'' If -=1 o i IJ.I ..{ ~ 
7. 8. 1 flT'B '21 "i\1 t1 fl ~HL fl :::YJ1 fl1 EHl fl'Wt'l"UI Yl 'Yl1 'YUl1 M 1 'i U'Ul 3J L t1 tl 

q 

f\1;~13J11t1Yh~1 £J"il~U'YI~,fl~~\11~ £J'YI1\1~1\I LL~::'Yil\1 a mJ ~~'1'11\1~1\1 fi eJ L~ m'll~l'f 
q 

"lleJ\I';J~u 'YI~m~fuf"rt~~,-::~uv-i~\l\11u~a\l mn .Yh 1 ~~un::'YI1\I L~~LL~n 1~,-._.,~11\1 hJL~n ~ 
q ~ q 

r1mh~1£J n11a.JL~n~iudJu~hauLeJ (DNA, deoxyribonucleic acid) ~\ILUU'li~'YI1\I 
~ q 

~unn11aJ ~ L ~ £J T1i eJ \lnu n11L ~ aJ~ 1u 1u L~ a~ L auLeJ r1n .Yh ~1 £J ~1eJ ~ ~n1!!-m:: ~ ~un ~ 
q ~ 

"il~U'YI1m1J ~13J11rl LLU\1 L'll~ ~L ~ e:J L ~aJ~iU 1 u~1eJ L i~11el1~11L Un11L"il~ru L~1J 1~ L~ e:J 
q ~ 

n1::tJ1Un11~3J L ~ ~1"il ~U'YI~~n"il::m t~1u1u ~ ~~ ~1'1-!.~~'1'11\1 a €13.1 L~ eJ El1~11L~fuf\l~ J11 u 
q q 

EJTVI11LL~n~1L ~ eJUaJ~ a ~1::~~V'i~\I\11U~\I~\I~L~n~11mLL~1 EIUaJ~a ~1::L ~~Td'"il::~\1 eJ ciL U 
q~ ~ q~ ~ 

1::£J::L1~1iu6J ue:J£Jn11 10-
5 

1u1fi LLfiL~£J\Iv-ieJ~1~fu'th~1£J';J~u'YI~m~£J';J::Lu'th~1tJ 
q 

1m\l~f1"11"ll El\IL"lm~L3Ja.JL1J1'U. ~L~'U.LEI LL~::e:nfL~'U.LeJ{RNA) "ll EJ\I';J~'U.'YI~~ ';J~U 'YI~rJtJ1\I"lfit~~ 
q q 

~ L5ULEI111nn l1~rt\l~ \1.1 £J LL~::';J ~U 'YI~rJ1J1 \l"lfit~ ~~ a.J11rlrrieJ 3J LL'll1J ~ LaUL El~rlnYh ~1 r.JL~ 
q ~ 

rl1L i~~113J'YIU 'YI1U f.:J ~~\1 ';J~'U. 'YI7rJ';J:;~~111J'YIU '1'11\.1,~ af\I~LL~n~1\l numaJ"lfit~ LL~::~n1!!-tu.:: 
'U , 

"ll El\I';J~U 'YI~rJ ~\IU i.'Jf~~~111J'YIU 'YI1\.I,~ e:Ji'\l~~\lni1 ~U af"ll e:J\1 LLtJ~tiL~r.J ~U eJf"ll el\1 LLtJ ~fiL~tl 
q ~ 

~~111! 'YI'U. '1'11\1.~ eli' \I ~a' \I n--h L'll~ ~LL1J~ .Yh1 £J (Vegetative cell) L 'll~ ~"ll eJ\1 LL1J~~iL~ £J 3:1~111! 
~ 

'YIU'YI1U~e:r~·._.,~~\lni1L'll~~"lle:J\Ifl~'ilLL~::111~mitV'i1:: C/. botulinum 'YIUi'\1~1~aJ1n LL~:: 
~ 

~13J11rlrrie:J 3JLL'll3J~ LaULe:J~rlnrh ~1 £J1~ ~'tlULLlJ~\1 LL~::u1~~ (parasites) 'YIU f\I~L~UEI £J ~~ 
~ q 

UeJn';J1n"l!it~"lJ fl\I';J~U 'YI~ rJLL~1 tJ\I~U"ili r.J~U ') ~L~ £J1"li e:J\Irltl~111J'YIU 'YI1U f\1~"11 e:J\1 
q 

A, Jd t( IV .czf A 0 a 1 I A a ft fta I 
"il~W\'11£.1 ~\1\.1, ~El "il1U1U e:J1£J LL~::11J11~"1JEJ\I';J~U'YI1£J El\1~1J1::ne:J1JLL~::~mU::"lleh'lfl1~11 
q q 'U q 

L "liu "il ~'U. 'YI~m UEl1~11LL i.:J LL~::e:J1~T'HL"li~fle:J n LL-ii\1';1 ::'YIU f\lrtL~ ~\lni1 El1~11~~ UEI mnnU 
q ~ 

Aarl r:/#111 1 CL.oo iiiCII A 4ICil ft t.l 1 

11in111J11';J El1~11n 1J ~ ~ ~ El ~11:1-.l'YIU 'Y11U1\I a'"lJ e:J\1';1 iilU 'Yl1£J ~1 E.l L "lf'U. n111J11"il El1~11LL1J1J 
q q q 

a-ru tmmf'lrl1L i';J~U 'YI~rJ'YI'U. 'YI1U f\1 a-L ~a..~;fu 
q QJ Q,, ct 

~~~11a.J~1U 'YI1U f\l~"lJ EJ\I';J~U'Yl~£1'u e:JnLUU~h~ (D-Value) ~ 3.11 r.Jfi\1 ui:aJ1 mf\1~~ 
q 

a'13J11t1~~~1U1U"il~U'YI~rJ~\ILU';J1nL~aJ 1'0 Lrh fle:J fe:Jt~iil:: 90 ~7EJ 1 ~anL'llL~iil ~\liu 
q 
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~~u'l'l1v~ii~1~ o.s nhnn~rr ~::ii~113Jl'l'U'I'l1w~-\lffmnn11~~u'l'l1rf~ii~1~ o.2s n1~m~rr 
q q 

~v-rn::~eJ-:m11~\l~1ummm~~\ln"hn\l 2 L'rhlum1't11~1£J 
'U 

m11 i~.:~ff~ lil'VI~eJ't11 G11 £J'iil ~u 'l'l1VLL1J.:~ Ci1111mm m ~\lffL~ ~.:~d' 
q 

1. u·n;uLiltln.l£rflm"11i''U (Radappertization) 

LU'Un11L"1ri'\IRLU1::~'U~\I 10 - 50 n1~Ln1~ LYia'Yl1~1£J'iil~Ul11v~iimJ1ueJ1'VI11 
'U q 'U 

Llil £J LU vn:: Ct. botulinum 't111~'Lnlil~.n1'WU~EJC11 L ifeJ'I'l1-\ln11~1 L -rluL~ £J1num1 1 i~11111au 
I A tV Q.olaJ ~ ..f .... ~ ...,.Q, Q.; ~~ 

LLCil am 'VI.n 3J"ll a -\I eJ1'V111'VI ~\lm1m £J1\I ~'iil::L 'W3J"lJU ua £Jmn L 7£Jnn1::u1un11U 1 £J1\I ~1::Cil'UU 11 
q 'U 

Cold sterilization eJ1'V111~~1Un11U1 £Ji'\l~L'U 1::~ud' ~1m1mnu"li~ a m'VI.n~~ a\lLCilLCil £JL~ 
q 'U 

L~EJ3J L~£J LL~m,. 1 i~\l~L u 1::~u ~\l a1'iil'Yl11 ~ ~n~m::LL!il::~ m.n1'W"ll EJ\1 EJ1'V117LU~ £JULLU ~\lLtl 
'U q 

m1LL "IlL~ an LLii\1 m'VITHi au 'll1111U1 £J~\I ~'iil::-rl1 r.J~ Cil~113J L~£J'V11 £J'iil1n n11L i~.,'J~L u 1::iu ~-\I 
'U 

LL~ii~1Li,)1£J~\l 
'U 

~1'VI~ul-.r¥~ wu "lsnaf LL~::~1,.~l!I-~Lnlil'iil1n'iil~u '1'11~ '1~ ~1m-:rnl11iil1 £JLC11LC11 £JL "11'1\lff 
q 

1 w~::~u d' n17'iil ::'t11 ~1 £J Iii' a.:~1 "11'1\l ~1 u ,-::~u ~ ~\l3J1n '1~ dj u ~it£J 11 L w11::ii t.J ~~ eJ~ m.n1w 
'U q 

EI1'V111LLG1::~113JU ~ Elliln £J ~\l~11L-linm1~'ULL 'l'l'U 

2. 11~~LCPii''U (Radicidation) 

LU'Un11L"l11\l~L'U1::~'Un~1\l 1- 10 nLG1Ln1V LYia'Yl1G11£J'iil~Ul11tJ~'t11L~Lnlilh~ozritC11 
q 

i.~ ~11\l ~l.J af ~ .:~ 'l'lU 1\l ~u a £Jni1w1 n ~11\l ~u af 1.:~ ~1:: ~ud'L Yi £J u L Yi1 n11w1 ~L 'iil eJfh.U 
J'.... o • I "" '1'1 .., .., 

uan~1nU£J\l~13J11t1'1'l1G11£Ju1~CilLC11Cil1£J 

~ """ "" "'1 .. "" ..J • .I i ..J. I ~ ~ n11L"lf~\l~ 2- 3 n ~Ln1£J L'W£J\I'WEI'I'l'iil::l11iil1£JL"lfEI'l11G1 L3JL'Uiil~1'\'llJ'ULueJ'UL'Ufl1'VI11 

0Zl"Uiil~1\l ') L-ri'U LL'VI'U3J rl\lLL"liLVflnLLii.J iC1lflJn Lri L"ll t.J~Cil.ri'm't1u11 t.J~Cilnm't1Lifa 
q 

t.J~C11.rlm't1u~1 t.J~C11.rlm't111::w111 .nem 1mL~Cil L~~EJ\IL'I'l~ trn m~::t.J~Iilnm't1aTvn7ililf~'t11 
'iil1 nilil{ LiJu'ii'u Llil £JL~'t111 ~~m~nl!l-m::"lltJ\lt:-~~Cil.ri' m't1Lu~ £JULLU~\l 

q 

3. 1 ')CP~l ')L"112f'U (Radurization) 
"' 

dJunTl'Li1.:~~1w~::~'lJ~1n"h 1 n1~Ln1V LYim~Cilmmm'iil~U'I'l1ElL~3J'ii'u1um'V111Li 
q 

uEJ £J iil\1 "1!1 £JV!il m £J"ll a \I EJ1'V117L Yi EJ 111::1 £Jozru1 un1711\l'il G11 Cil LL~:: m~G'{" '1 tJ-;hwun £J tl'i111 m 
q 

1-\1 ff~L iLLCiln <i\1\lnu LUC1113J"lfitC11"1JEl\l El1'V111 -nit'il LL~::-;hu 1U'iil ~u 'l'l~tJ 
q 
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"' .. 1 ... ... ... ... .t ..l • .t 1 ~ .... "':'I 
~,_,~j!t:m.rml ,_,n11£.1El:JJ1Un11U1U1\I ~L '\.Hl"~LVHl'Yll~l £JL".D'tl'll'1~ :JJ L U~~l ~ U~~1un 

tl1mrn1\I~~L"lfEl~LWlf'1\l 1.5- 3 n1~Ln7U tl'1Un1~~1~1UVH.11nluLifEl,_,:JJtl1mrn1\l~~'l"lf v v 

e:J~lwrl'l\1 0.3- 1 n1~m7tf m7U1£J1\I~Lw~::~uUut~mnn~::~l:JJ1~n~1~1t~~~u'Yl~EJ~~1L~ v 1 

Ln~ hmL~::~ £J1TILL~'1 £1\l"lhU~~mmrn~~U'Yl'1rl~~1L~Ln~m~L 1-hL~£.1 "li1t~fl~e:Jl £Jn11Lnu 
1 1 

fnNl b".liU n11U1£Jf\I~LtitJLrl 2.5 n1GlLn7EJ ~1L~m£Jn17LnufnN1L~:JJitudJU"El\IL'Yi1~ 
1 

tJrn,.,niJ 4 tl\1~1L'll'~Ltn£J~ ~1n s1u'hud'EJLri~hlulu1\I~Li]u 151u 'tuLriult~1\lrt 1~u~~ 
1 v 

~1U1U~~U'Yl1Ef~~ULULri L"liU ~1nii1'll'fJ~n~~tl\lnT~tltln~L~Uii~1U'1U~~~\1~1n 10,000 
1 

L,_,~tl 44 L'll'~~~tl~111\IL'll'U~L:JJ~1L~tlU1r.Jf\l~ 2.0 n1~Ln~EJ ~1,_,1uLifm'I:JJn11U1U1\I~n 
v 

~ ... ' .. "' .... .t '11 ' .t .... 'l "' .. ""1 .- 'l ~ 
~,_,~L'lb".D'UL~W1nUntJbUe:l bn LUtlffU U,_,:JJI!l1En\lff 3.0 n ~Ln1t.J Uff1l1~fftllt1.l1nli'ILL~::LntJ 1.1 ,.,.., 

~ 2 - 4 e:J\Ii'I1L'll'mtn£Jff ~::Lae:J:JJL~EJ1l1EJ'lu so 1u 'lu"llrn::~Liit~~hl~·hun11U1EJ1\I~~::Ln~ 
nTnatl:JJL~£J1l1£JLU 41 1u 

:'1 .t ... ... ... '11 -~ .t ... 
LmU:JJLuUE11,_,1~~UtJ1U'Yl1\11l1m'VI\.Le:Jbb~::1l1~tlff1U"lltl\l ~ 'Yl £Jr11~1n L Ue:l~U n11U1 tJ 

"' ... "'1 .- 0 .t 1 .. ... ~ .t ..! tl ... ~ "' 1\1~ 2.0 n ~Ln1t.J ~1:JJ11t1'Yl1~1EJL".D'tl'1)'1~ :JJLU~~1 bb~!:VW1ti~1n~:JJmLUe:l,_,:JJ'll'\l n~~".D' 
v 

1\1~ 0.3 n1~Ln1EJ nL~tJ\I~El (~mUUL'Yl~1u1~flibL~~~rfmA\I".D'1~,2554) 

.. .. .-..1.~ 'l "' ... t ..1 0 .... 'l '11 " ' 
~~WY11ti'YlTI1 VILn~ 1~'Yl~1~qj Ufl1,_,1~'Yl::b~ L~LLn Vibrio parahaemolyticus 

Vibrio cholerae LL~:: Aeromonas hydraphila ~11l17t1~1~1tJ~~urf~EfL,_,t:h'iii.~~um1'ti • 
f\I~LU1::~un~1\l n11L"lff\l~ 1.5 - 3 nL&:~Ln1Ef L'Yi1nu~'l"J11.ui~{tln ~1:JJ11t1~~,]1u1u 
~~u'Yl1mum,11'Yl:::Lt:~t:~\l~\l 3 ~e:JnL'll'L~~ • 

m~U1tJ1\1~1ntJ 0.5- 1 ntmn1EJ ~:JJ11t1~1Gl1t.J Vibrio cho/erae L~tl~1\I~:JJtJ1rn 
v 

El1,_,11'Yl::L~U1£J1\I~ 1.3 n1GlLn1EJ ".!51£Jfl~C1£Jnl~Ln1JfnN1EltJnLtlLi L"liU tl~1LtrnLL~\Iiitl1£J 
• 1 

m~Lfiu1nN1L~:JJitu~1n 6 d]u 131u L~mnu~ 3.3 e:J\1~1L'll'~Ltn£J~ m~::tl~1~fl<il~LL&htlu 
oiu~m1mfiu'luJ1LLii\IL~u1u s1u (Murano,1995) 

n11~~<iltl~11:JJ~1Wil1n tl~1'll'1:JJEIU tl~1LLfii'\l LL~::tl~1LL:JJ~ b~Elb 1~ L Utl1::L 'Yl~aijtJ c;i 
A 0... .i -~ .ell .J' .... .... -'1 ~ 
U£J:JJ1:JJ~'1U'Yltllli,_,fl1J<il1 28 - 30 El\1~1~'ll'~L'll'rlff ~11:JJ".D'U~\ILL~::~11:JJL"ll:JJ".!JU"lle:l\1Ln~tl<ill 

• v v 

~\I L U~fl11::L "liu iii.3J ff1:JJ1~t1~1 ~1 £Jiii~WY1'1Ef~ ii tJ UL Uti1~:JJ'751~ El1,_,1~L nuL 11.3J1~u 1 U 
1 v 
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t iiEh'!~1n~ m3-11 nl.~fhl. Yl1rf ~\I LL~::~\!Wh~m ~1;i1\l.Tl1WI~~ m~ 1 ii'\1;1 U 1::!ilu~T\l::•Ih fJ iii~ 
q cu cu .. 

-;11U1U';J~WYl1m iL 'VI~EHJ~1 U1::!il'IJ3J1~1;i1U En'VI11~fl1f.Jn1~Lnufmy1~ f.J11U1U (Hammad 
q 1J .u ct 

& EI-Mongy, 1992) 

n11U1r.J1\I;U~LLL'l::f.J~~.nrn~u~ L ~fl'l11ii!1f.J';J~WYl1rf~ih1 ~L n~ h~ L3-JL~i'll~11~ 
q 

Ur.J ~ L ~ 11:: ~ 11 ~ i' eJ u 1 u 1::1ilurn ~L ~ fl hi' ~1 ~1 1tl '111 iil1 r.J~ ~ u YJ1 rfL 'VI~ 1 itt~ fl ci1" ~ 
q 

1h::ff'YlTifl1~ LL~ El ci1\lhn~1~n11Q1r.Ji'\l;f.J~~nrn~L 'VI ~1ittJ\1~~11~~1 LU u L -riu 1 um·rn ~~ 
n11UULtleJU"lJtl\IJ1U~'VI~\In11~1~L~flh6Jf L~mbJ1U~LtlYi1f.J~~rlrn~~1\16) L"lfU L Ur.JLLii\1 

~ d "-' A dfl"'do~'-' .. 1 do"-' A , • ..4 ·~" 
LLL'l:: LElf'ln'J~ ~n'WU~flU Yl1r.J'Yl'Yl1 L'VILn~ 1~'Yl~1 ~qj ~ El Llstena monocytogenes '1f\I~::'Yl1 L 'VI 

Lfi~m1m r.1 Ln~i1u tl'1~1rnf"fi~~1m1t1'111fl1 u~~u 'Yl1rf"D'U~if1 ur.J~~nrn~L ur.J LLii\11 u,-::!ilu 
q 

~Lfir.JllL'YhfJ1 12 D ~f) 16.8 nlflLn1rf LLL'l:: 24.4 nhun,-rf LULEJV'In1~ uan~1nitv\1~11J1~{1 
1ii'\lfi1u,-:;~u~1 L~fl~1fl1r.JL;!fJ11LULUr.JLLii-\! "li1r.JV~El1r.Jn11Lnui'm~n 1--:~fi 0.5 nlflLn1rf 

q 

, " Q.,.o " aJ. ~ 
sp. L~ 5 1\l. LLGl!:LUf.JLL"lJ\I'Yl~L"D'tl 

Aspergillus sp. Llil 52.2 1u 

'\l~U'Yl1rJ~Yi11~d'i~h~~~utluLtlau1uL"ll ~tJ Samonella enteritidis LLaJ11n111i 
q 

~ 11 ~ i'tJ u ~1 ~1 ':itl '111 ii11 r.J'\1 ~ u YJ1v"D'U'il itt~ LL~ n11u'1Tn ~ 'V1'1em111h::n till tl1 'VI11'il1 ~ 
q 

f1um'VI1"m1fl.rl'ilm~Tl ~n~::L2JL~'Yh 1'VI1"1l~n tJci1\1~1n\l L"Iiu 1 un1rn"lla\IL"llfl1n L "lllil11 
q 

Uti n '\!1nit n111 -rl"ll ~ll 1 Uf.J~ 'ilrl rn'Y11fJ V'!n1~Yi1L ~~~ ~u 'Yl1 rJ'VIfl\1 b 'VI~ El LLL'l::UUL n f)\j,f) ci 
q ~ 

riflL~Ln~ h~ i'\lff 2.0 nlflLmrJ ~1~11tliil~-;l1u1U~~uYJ1rJ"D'it'ilitfl-\! 4 ~tJnL'lfL~fil 
q 

L~~El\IL'Ylf'l b~~fl\IU1\11~ LLL'l::LEJUL'lfll ~,J'ru'V11n11UULtlfJU"lJEl\ILLll~fiL1rJ L;!El h~ LLL'l:: 
q ~ 

L ;!EJ11L utl'1mrn~\l LL~L~~Ur.J~Lim,-,-~~1 r.J~lU"lJEJ\ILflli~u U1\ltl1::L 'Ylf'I~1~L i'VI1EJ';)1n~ 
~ 

tl'1m rnm,-1 i L ~11::L iJueJ'u'i111 £.1~ eJ ~ll1~"ll fl\1 ~u11n~ LLL'l::~,J'tu'VI1~1U~flll11:: 
q 'II "' 

tl1L i~11 :ufEJU~-\1 L un11LLU11U'V11mh LL ~\I L~~fl\1 L 'Ylf'l LTI~fl\IU'J\11~ n ~um~1::L 'VI fJ 
~ ~ q 

'VI1mtl~£.JuLtl L~~tJ\IL'Ylf'I'VIL'nrJ 'J "D'it'ilit£.J:u1itl,-\11~1'ilm~~ii!\1Ltl1~r.J'i11-\! L"liu -w'1nL'Yl£.J LLL'l:: 
q 

~1n1Ju L ilu~u n1ijm,-tluLtl tJU"lJ EJ\I~~u 'Yl1r.l~--:~n~::Lilu5u'il11r.J~ EJ ~u1tn~ LLfl::ij tJ1 r.1n11 
.. \.1 cu q 
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Lnufm~1 t~\~ t~ tJ~1 ~ tJ'OJ::~u'OJ~u'Yl'iF!tJuLrl e:ruhu~~EJ\IL 'Yl~Li"ii" 10
6 

- 10
8 L61Hl~ 'ilanf:JJ 

q ~ 

Li\ln11m~·Hnu~n1~u~'l~~m3J1m'OJ~umF.Ji.~12Jdiu 10
3 

L'lfflff'ilanf:JJ 
~ a 1 

~1n L 'Yl EJ~1 ~1mL~\I LLGl::"lJrl'u LUUL~~El\IL 'Yl~~'linumn l um1tJ1::n EllJEl1VI11 n11 

U1EJf\lff 10 nLL'lLn1FJ Li13J11!1Gl~~1U1'-''0J~U'Yl'im~LVI~ml'mm11 100 L'lfaff'ilDnf3J LLGl:: 
q 

0 tJ II' ~ ... ' II' .r... 0 tJ II' 
~13J11!l'Yl1G=l1EJLi El'l"llEl\1 Bacillus cereus ~~DEJ1\1~3JU1m Ue:JmnnuEJ\1~3J11!l'Yl1Gl1EJ~ El1 

~ 

... ... 5 7 tJ II' ' ... tJ ~ ..1 ... ... fl 
"lJEJ\ILLUfi'YlL1EJG=l\l 10 - 10 ff El'l~Eln13J LLG~::~\1Lifl1~ G=lEl<t1L"l5El'YlElnl.VIfl3JVIEJ\ILuUL1G=l1 6 

q ~ 

... 0 "' 0 tJ II' ~ 'l"'j:' ... ... ""t II' .. ... 
L~EJU Li1V11Un11'Yl1Gl1EJLi EJ1"1JEJ\IL"l5EJ11 "lfl\ILiL~EJ\1 5.0 n mn1EJ m~EJ\I~EJ 

n1LmtJU L fiF.JU1::VIl1\ln11 'l if \Iff 15.5 nLG=lLn16nun11 'l iLEl'n~UEJ an L'lf~LLi.f1 n11 'li 

i'\1 i~tJ,-:;~'YlTITl1~ ~ni1 ~1 :IJ11!1 Gl~~1U 1\ib'OJ ~U 'Yl'im ~~tJ'1:1J1 ma~ Gl\l£i\11::<t1u~rl1VIU~ L 1l '1.1. 
q 

mm!1U t~ F.JL2Jr'h 'l ~n~u 1~LLfl::~mff:JJUi~u ~ LU~EJULLUfl\1 (Murano, 1995) 

'OJ~U 'Yl1£f~ L UULi1 LVI ~VI ~n"lJ e:J\In11L ~El3J LiU"ll El\1 t:-J Gl ~3! ~ El L ;!El11 LbG=l:: m Li~ ~1'1.1. 
q q 

LLU~fh'imtluLil b Vl~"le:J\1 tJn~t:-JGlL3J~ ~111 Ql\lrlUn11rl1t'l1 EJ'OJ1n'OJ~U'YJ'i£f bb'il b~ mn~1J1~LLt:-J L'l 
q q 

ifu'OJ1nn11LfiU L~ F.J1~1Dn11"1JU~\I 'OJ~u'rl'iFJ ~13.111m"JJ1r'i1a1 tJL~ tJ13J1 mi''li~ ~13.111!1 
q 

rl1&l1EJL;!'El11El~LWrl1\l 1.5 - 6 n1aLn1£f ff1un~~El~LWlf1\l 4 - 20 ntam1£f ~1VIi'u~n~ 
~ ~ 

.. "' 11'..1 fl "" ..1 "' "' "' "' • ..1 fl 'OJ flU 'Yl"ltJ'Yl LuUti1L VI~VIfln"ll El\lnT'HLiEl3J Ltitl 1'1 El LLU~'Yl L 1£! L "15U Erwinia caratova 'YlLuU 
q q 

Li1LVI~L~Ln~ L 1~L til LL'il11LLfl::m~~fiii~1'\IU~t.n"JJEl\lrllJn11L tbLi£Jl U~n~1£J m3J1nl.f\li~ 
q 

~13J11!lrl1tl1tJLLU~fiL1EJ"15U~UTim~"lY1\ILi\l ~1t:J~1\IL"ltu ~n Artichoke m,-'lii''li'lummm~ 
~ 

Li"n" 4 nhm,-6 v"l2J~m,-nr'i1a1mLuf!fiL7tJ~1ii'L~ 
~ 

n11L i1\lff'Yi1 &l1tJ';J~U'YI76~'Yi1 'l ~ ~rml.'l::t:-J al3!L n ~n11L ti 1 LiF.J i.2Jfl El £JL~1u fi113JUtl3J 
q 

L ~11::mm m1'1i~~3J11rt'Yi1 a1 tJ'OJ ~u 'Yl'iti\ u~n LLa::t:-Jal3J~"~mh1 mmhiu L tlu ,-:;~u~ ~.., 
q ~ 

L nu ltJ ~1VIfu ~n LLL'l:: t:-J al3! 'Yi1 'l ~ ~n LLL'l::~ al3JL n ~n11L tJ~ £JULLU L'l\1 L it'D i:IJ ~ ~';]'U, 111 LU 'U, ~ 
£Ja3Ji'U uan'OJ1nUm1 'lii''liL u 1::<t1u Li\1 LL 'YlU~'OJ::"lf::tl e:Jn11L ti1Lff£Jn~u'OJ::LtJL i\1 'l ~Ln~m1L ti1 

~ 

"" .: ~ .f .... "'VItJ o ~ ..1 o l "" ~'"' 
L~tJL11tJ\I"lJU LV411::1\I~~ 'Yl1Gl1£JbUe:JL£JEl'Yl1 'VH'lfL'lL'lUn"ll1~ (Urbain,1986) 
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7.8.2 n1,-rh~1U'Wtnfi 

VHl ~ nn:JJn11"u'i111fl e:n~17"lHh'l f!UlJ1\I n ~ 11 iltJ :JJu'i111fl EJ1 ~11"~lJ ~1a ~"~ u 1 u 
q 

L ifeJ ~~{~ lJ ~1 eJ ~1Ufl11 :1J f flU hi L ~ £.J \1 VI El VllJ 1 tl1" 1 ~ orr1"1rU~ ~1 \1 ') L "lfu VI r.n rrt11 'Hb lJ U 

(Toxoplasma gond1) VI £.J1rr~1fl (Trichinella spiralis) VI t11rrl11'1 ~~ 1 UL da~:JJ 
~ ~ 

(Cysticercus cellulosae ) LLt:~::1udfa11 (Cysticercus bovis) VlmrrL~U'il1£.J1uLdEJ~:JJ 
~ 

(Taenia solium) LLt:~:: 1 UL da11LLfi::L dan1::u a (Taenia saginata) n17U'i111fl L dai~{~~ 
hh 1~.rr1 L ~~TdL "JJ1 Ltl L~m "1Y1~n1::L VI1::EJ1~17~U\I~:JJI11'1 a awn El\IVI tl1TI'<U::rm E.la tJLLt:~::tl ~ El tJ 

~ q ~ 

111'1elElUf1Eln:IJ1 LLt:~::l11'1elEJU"il::L~L~:IJ~ll1tJ1u 2 - 4 1u LLfl::~~~iu~ 2 ~-;i1U1U:JJ1nn11 
q 

1 ,ooo 111'1 n1::'<U1 tJLtl~1i1\lmtJ1 uu1\ln1rnm"ilri11~i1"~1tJL'il 
."1 ... .... \'f '... 1 1 "'~ d'l ... .. .¥ .. dtl ..f 1 .... 
ulil~lJUtl-\1 b:IJ :IJ L 'Yifl U fl E.ll.~ ') 'YI b"lr~fi~L UEl~lJ'YI 11f'l"il1nL "lrfl 1fl LLG'I::VI tl1llUEln1l1 n 

n11 1-K-r\1; -r\1 ;1 u 1::111'u ~1 ~1 :IJ11"m11 fl1 tJ VI mrr~ ~ El E.l1 ~ tl~ L d'El V\1" \1 L UUL ita ~lJ LLfl::fl \1 
~ 

~m~Hlt::L~:IJ YhL~tlt:~eJ~zltl~El~ll1VI fi~Utu~1n17flnnnnULU~~~ziru'l'fm~11~-\IEIEln 
q ~ ~ 

... ... "'1 .. 0 A .... .... 1 ~ ,l' ~ ~ 
1\1 ~ 0.2 - 0.6 n mn1EJ ~1:1J11fl'Y11 fi1EJVI EJ1llL~U~1 £.1 UL UEl~ :IJ b Ufl11 LLG'I::L UEl 

~ 

d L"' ,a Q1 ft o A Q...l A 1 .f 1 .¥ Q.ooO Q.,.o .t 
n1::lJEl 1\l~ 0.4- 0.6 n f!Ln':itJ ~1:1J17fl'Y11fl1tJVW1ll~1~~ ULUEI~:IJLLfl:: ULUEl11 7\1~ 0.3-

~ 

1.0 nLf!Ln1rJ ~1:1J17fl'Yi1 fl1tlVI tl1n~fl 1-\1; 0.3 - 1.0 n1mn1rJ ~1:1J11fl'Yi1fl1 tJVI t11nl11'1 LblJU 
~ 

~ .f ...... _ ~ ~ "'1 ... .. "'1 .f 
b'ULUEJ~:IJ 7\l~u1:1J1n!.~1 0.15 n f~Ln1tl ~tl~n11L'\17tu"lHh'IVIEJ1!i UL'UEl~:IJ (Murano, 1995) 

~ q "' ~ 

en~11 n17~ruL;EJ"il1nn11fi1fl1tJ"l..eJ\ILL:JJfl-\l"il::~:JJ1nii" 5 - 10 % 'lu1::W:i1\ln17Lnufmy1 
~ "' 

LL:JJL1i'Yi1'l ~ m~11L u1 L;mL~ ~u'i111flnL3-i m111-ru a1~11"~flnLL:JJ t:~\l'Yi1 fl1 tJ~1rJ ~ LL:JJ "'"tludi r.1u 
~ ~ 

urJn111nUn11~LL:JJG'I\I ~11111r1 LL Vlin,-::'\11 v1tlnu EJ1~1,. £J..,ri r.1'l ~Ln~i1ru~1n11n~nu 'Y11\I 
"' 

... 'tl .r n11fl11::VI11\I 1::L'Ylf'l"l..'\.l, 

L:IJ~~i'qj"lr1~ tt1 n1LL'VJ tJn ~t:~L3J LLt:~::~~~zim'l'fEJ1~11LL~\I"lrU~~1\I ') L"lfu tJnLLfl:: 

~t:~11JLL~\I tlG'I1LL~\I tlG'I11:1JfllU L;tl~1tlb itEJ-\I"il1nLL:IJG'I\1111 EJ~~\In11LnlJL~ EJ1LLG'I::Lfiu-rm~1 
LUU-;i1U"JU:IJ1n 

m1rhi~LL:IJG'I-\I'Yi1L'il~fi1EJ1n L"lfu m11imSJ.hLb:IJG'I-\I m1"1ifl11:JJfrJu ~1Elfl11:JJL~u 

n11'l i v1 'JJ1 LL:JJ fl\1 n11111'il1 v" 1uL ari ~ u 1~ 1u1L:JJ~ LL1i'-:i1~U::d]u in~'l-tllil ~ fl LL~ Lri ElL i 
~ElL iia\li.tl U1U ') LL:IJG'I\I~U::~1:1J17fl ~11\111ij 'il1U 'Y11uitu Ueln"il1nU£J\l LUUelU~11 tJJ\1 ~ mn ,r 

~ ~ 

LL~::ii ~11'W~~mi1\l L i'Ju5u~11 EJ'ii EJ ~u'1111fl 
~ 
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nTi L i~\l~rl1i~LL3J ~\I LUUifin11~tt\l~ iim1i,) tJ 3J1 LL~·r;h L UU ifi~ ~13J11tlL -nl.~LL~::ii 
lh::(i't1~1l1'V'I 1~ £.1 ~13J11tlL ii'-Jih::~lJ~1L Un11i'h~1 mLaJ~\1 "Jh mLnuru~1 ~:~Yn E.J~ L n~~1n ... 

~::e:JciLU".iul"ll ~1~Ue:JU ~mL~ LL~::~11~LOOaJ1E.J f-J~ii~1U1~'Yl::~'Yl::~1\1~13J11tl'Yh~1mL3Jt'l\l 
~ ~ 1 

~ eJ ci111 EJ L U ~ FJ16JJ1 LLaJ ~\I L "JJ1 hlhl~\1 LLr;i n11L i~11"L~ ijij ~flU e:J\IrlULLaJ ~\I ~".i11J L 'Yh~ iJ-.1 ii 
~ 

~11L~ii ~m1'1..1 e:1 ci 1 w11 rn::~n11'lif-J~hlii ~~~aJ~1e:J\I ~\!Ju~~ ~n rn'rf~::~e:J\11J11"~ e:1 ci1 u 
~ q 1 ~ 

1l1"1l'u::lJ11~~1e:Jii1 ~~Vi'aJ"' e:J~L 'VIm::~mi ou '!l1 tuu1 F.Ji'\1 ~ L yj e:1iJ e:J\Inum1L ,Y1"f11 iil1 FJ41"ll e:J\1 
q q q 

LLaJ~\I"il1n1l1 FJ 'l.l.e:Jn 

u1mrn1\l~~ L ~m::~aJLL~Tlr;i1\lrlULUmaJ"Jl'it~"lle:J\I e:J1'V111LL~::LL3J~\I f-.1; 0.2 - 0. 7 

nlf:an1tf ~13J11tl"fl1 ~1 E.JL "ll LLaJ ~\I LL~::~nti~3Jn11LL 'Vf'h~"ut'"lJ e:J\1 LLaJt'l\1 1\1; 0.21 n1~ L n'l"tf 
q q 

~3J11tl"fl1 ~1 FJ~ue:1u'l uu~1 LL Vi'-.1 LLt'l::u ~1LFl3J LLaJ~\1-ru~t'l tm uaJ::aJ1..1 u e:J\Inu t-n Lbt'l::~1 ae:1u 

Llil1qJLUU~1L~aJ1FJ 1-J~ 0.33 nliilLn1Ef"fl1~1mvfFJ~1\I 3-le:J~ LL~::"fl1L~L~U h (mite) -#..1~1~ 
LL~::~1Liimilum.Ju LL!il::iJ\1~1m1n'li"fl1iil1mLaJiil\ILUn~1E.J e-l~-.1 ~1LEJ iu~ aJ::~::ne:J iuu::1~ 
L\11:: LL~::aJ::Li'ie:JL'Yl~ LLr;iL3Jm3J1::tl1'VI1'lJ~~L:J!'U1\I"Jl'it~ L-rlu e:J::1 '"ln11~ ~::Ln~~113JL;E.J~1E.J 

Vl"ll'~"i::n~~3Jn11Li1-J~1 U1::~u~~1n11 0.1 n1mn1tf Ue:Jmnnlil::LaJ~13J11tl"fl1~1mL3Jt'l\l 
~ 

LL~1 tJ'-J~::"fl1'lVi'Ll.J~e:Jnii;~i1 Ln~Lilu"l"e:JF.JuaJ 
q 

.J ..f "' ...! .. VI "' "" 'I , "" .J 3J:::"ll13JWJ1U 'Ylt'l~~113J"Jl'U~1 tln11~\l LL~~~"ie:Je:J'U W1e:JU LLCl1lJ".i111 bun~ e:J\I'V'It'l1 ~~n'Yl 
q 

il~~u'Yl LLCl:::Ue:J\IrlULLaJCl\IL~ Ldmt1LUU1£J1\I~U~3J1nb 1 nlflLn"irJ 11:::~13J11tl~1'lJ~aJm1 
1 

L~~qj"lle:l\IL:fm1 LLCl::"fl1Cl1FJLL3JCl\1~~~3J1L~~3J~ 3J::"lJ13J~11U~~·hUnT'm1tJ1\I~LL~1 ~13J11t1 
Lnu1n:JY1~ e:1 rn~11iiVi' e:J\IL~u1un11 a L~ m.t 1~ E.JrJ-Jii1~"1l'1~L ilu~ E.Je:JaJ1u"ll e:J\1 ~--:aaJ (E.J'Ylli'V'I\1~ 

q ~ ~ q 

U"i::"Jl'1(i'Yl~in~ m~::1~11 'V'I~\I~Cln::,2537) 
q 

~iilLaJLm.J~~\Ie:JEJnLll1.h::L'Yl~~'VI.r\imaJ1n1 6 "ll'it~ L~LLTi ~\!~~ L\11:: ~1LtJ iu~ 
.. q 

aJ::aJ1..1 m~::iuu::1~ tln1::-3'un11\i.1 L i1 L tttJ-J"il1nuruvn L~e:J\IL".i~ LLfl::LLaJiil\1 ~ ~..1~1n~u1::L 'Yl~ 
~ ... 

Lm.JL~'Il1~iilL1i'mu1EJ1-J;1~E.J'lii'-J~Lmmn"il1n~un1Lit~1~uaiil~-60 'luu~aJ1rn 0.2- 0.1 

nT!il Ln 16 1\i'U1iil ~~ 1\ia LaJ~m fit~ ElEJnU1::n1~EJUlli1 ~ 1 ~U".i:: L 'Yl~L 'Yl EJ~ 3J11tl ~\I Elan ~til 111 ~~ 
"' .. q QJ 

6 "Jl'it<?l ~\In ~h1 lu iJ-.1 ~~ 1!EHaJ1n1 L~(~tl1UUL 'Yl ~ 1 u Lfl mu1 L~ ~ t~fLL vi\l"ll'1 ~ ( e:J\1 ~n11 

3J~1"Jl'U),2554) 
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f..lSlL:iJm.J,niJu 2 1h::L11'Y1 til1:1J&rn1!!-rn::m~'t-n~h f\a LflillLL:IJnma1n (Ciimacterlic) 

LLSl::uau Lflill LL:!Jm 'Y1 a1n (non-climacterlic) f.-Jill hi1h::Lll'Y1Lfi~LL:1Jn L 'Y1 a1n';J::LTh.J L~ ~ltil eJ'\.tLLrl 

itilLL~ir.JL3J~n hi'mi :IJ::3Jl\l :IJ::~:::na LL~::n~ltl LiJu<ii'u i.tl'\.tf..lflL:iJvnnuaui.f!~LL:IJm'Yle:J'in , 
';J::Lrl'l.JL~mht"lJrn::~~m~:IJ~LL~l L"riu f..J~LaJtil~::n~i:IJ LLfl::e:J~U LiJu<ii'u f..JillL~~mdmJ~e:Jtl 

q 'II q q 

~\I L i'n';l::\1 a :1J LL~ ::L "li1 ~~ 111l::"1J e:J\1 m~L ~e:J :1J L ~tl f!rn111 ~ LLfl:: L ii'e:~ i:IJ ir ~';1:: LU ~ ~ '\.tLLU ~\IL U 
'II , 

~\liuf..J~ L~Ld f) ~n LL~1 rt';J::<ii' fl\li''l.J u~::'Y11UL~ £J taJ ~1 :IJ1~fl L nut fl.til'1ln LL ~tl1"Jl::ill am~~n"lJ e:J\1 
q q 

f..Jfl L:IJ1.~n-;J::"ril £J£j~m£Jn1~Lnui'n1!!-1"1Je:J\l f..Jfl l:JJ f..lillLaJ~lnuau LflmL:IJn L 'Yla1n';J::Lnu L~ t~ll u 
q 

"lJrn::~~m~:IJ~LL~l laJnm~~m~:IJitu ~\1La.l~1m~n"n::flam~~nltil"'mn 
q 1 q 

m~~n"lJ El\1 f..Jfl L~Lfitil';J1nfl1 61HEl'tl~'\.t ~ L ntilif'\.t';J1nn~::'l.Jl'\.tn1~'Y11\l:_rrl bflij"lJ e:J\1 f..J fl L~ 
q 

n1 ~"15:: ~ El n 1 ~ ~n ~1 :IJ1 ~fl Yl1 1~1 ~ tJ"n:: ill El n1 ~ f..l ~til fl16Jl' L El Yi ~ u 'VI~ eJ n1 ~til fl16Jl' L eJ Yi ~ u 1 u 
q 

'l.J1~~1n1 ~~ L nui'n1!!-1 i'.Ji{"ltl tJ"n::~ Eln1~~nLLG1::n11L~eJ:IJLi{£J ltil t.Ji'.Jiij f..J ~ iJu ~\ln11f..J~til 
q 

n e:~ft:IJ u ~ L i \1 n11~n LLill:: l u ~u n1 u n 1:: u 1 u n11'Y11\l:,rrl L fl ij "1J e:1 \1 n1 ~ LL 1..l \1 L 6Jl'~ ~ LL~:: n1 ,-, 
Llil'1ru L~'l.J ttil n11"n::&1 Eln11~n"1J EJ\1 f..lfl L~';J:: 1,.; f..lfl~ m ~1:: f..l~ la!u,-::Lll'Yl LA~ LL:IJ n L 'Y1 e:~1n L rhiu " , 
LLG'I::';J::<ii' e:J\IL~an-rll\1 L lill1LL~::mmrni'.J~l ~L 'VIm::~!l t~£Jiil::<ii'a-:~u1 E.Ji'-:~i{ri au~LAG'ILL!lm 'Y1 a1n 

';J::L~!lmmrni'-:~i{~L'VI:IJ1::~!JLLtiln~1.JTl'\.tLUti11:1J"nibtilLL~::Yruf ~-:~if , 
n~l£J1~£J~l') LUL"lfi'-:~i{ 0.1-0.3 nt~Ln1rJ "ril£J"n::fle:Jn11~nL~ 4- 151'\.t LL~tl1 

q 

LU'\.tn~ltJYrunLL~nLL'Yl'\.t (Lactan) ~::~'l.J"1Je:J.Ji'.Ji{~L'VI:IJ1::~:1J f\a 0.25- 0.3 nt~Ln1rJ tl1L"lflu 
q 

1::~'l.J ~1nl1d'';J::: L i .Jn1~~n LL~tl11 "lf~::~'l.J~ ~-:~ifu';J:::L i.Jn11L U 1 Li{u 
, 'II 

~~-:ILLfl::!J::LiJm'Yl~L"lfi'-:~i{ 0.2- 0.25 n1fllLn1rJ "ril£J"n::G'!Eln11~n 51'\.t , 
n11il.1 E.Ji'\l~L V:~lil::"riltJ"n:::fl e:Jn11'l.J1'\.t m,-£j~~l"lJEl\11l1'\.tL V:til LLfl::iJ.J'Yl1L ~fl1'l.J LV:~ La.l 

L n ~ i{c;'h L V:~';J:;ij &rn1!!-rn:: ~til LL~::ij El1 £Jn11l1-:l til fl1 tilL ~!Jifu L V:tilW1-:Iil.1 t.Ji'-:1 i{ 1 nhn n1rJ , 
LLG'I::Lnu~EJrn'VIllij 17 a-:~~1L6Jl'SlLcn£J~ ~1!111mnui.<ii'u1u 4 1u ttil£JiJ.JA-:~n&rn1!!-rn::L'VIi:!Elu 

, 'IJ 

~ ~ £ ~ 
L'VI~~~ (L"nl-:l~ntil ~1'VI!J11L'l.J~1, 2515) 

'U 

!J::a.ll.J'VI't!·.mG'I1-:!l'\.tLdm.t1LUU1Ul-:!i{ 0.6 ntmn1rf LLill::Ln'l.J~flrn'VIllij 18 eh1~1 
q 'II 

L'll'SlLcntJ~ ~m1n-n:::illam1~naanlulC1lu1uti-:~ 10 1u. (Vachira et al,1990) , 
~"ntil'd:::nfli!J L"riU ill El~U !J:::'\.t1l fh LLSl::LUn'Y111u a£.Jlun~!l'\.tEl'\.tLASlLL:IJm'Y1El'1n 

'lJ , 'U , 

'VI &r-:~m1Lrl'l.JLn £Jltl1U1!11il.1 t~i'\li 1-:~i{lil:::LUL i-:~n11L~El:IJLi{£J t~ m i.Jn11'VI1 tJlliJ LLill:::m~f..l~ til 
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LeJii~u th 1 ~L~EJ1l L;m ~1ifu i~ L-nu 1 u.m·ru"lJ eJ~1J::u.11~ ~~ rr~Luu.;Lii £J1 ti'1ih i.tkn t~i'>~;~:: 
Ltl~ £J u.L tlu.~L 'VI~ a~m.h~11 ~ L 11 

IL' 

7.8.5 fl1-ali-i'\JfttJ'UtJ\Jfl1,-\Jllfl'liD\JcW'ti~'J 

Yl"1Yi1 L-nu. ~U.~~~ 3JU.L't'Wf 'VIEI!l n7::L'Yi£J1l ;j~ LLL~::"lh L~El'l.i.1mLfhJL1~::~eJn!l1t!LU. 
3 L~EIU. LL3Y11~::LfhJL1~EJni.'VIflii~1£1~ 0 El~~1L'1H~L:a£J"fim1l (Murano, 1995) n11~eJnLUU. 

q 'IJ 

tJru'V\1 ~~~ ru"lJ a~nT~·"tm;t.~u.eJn~1nnTn '!-1.1 th 1 ~d'i ~n17"lJ1~ LLfl ~U.LL~dh1f11 "~ L~ 111 i 
.., " cu " \.1 

"'1,.Lflii L-nu. mLflan i.n~11 i.sn~ 'VI'iEJ i.EJ1sn 1 ~1~fl-LflU.-fl~ a hL v.Jit~mfu1L1l~ rTurT~m,-~ eJn 

u~1 u.u1~tl,-::L 'Yl~~11l1iL ~a~~1nii"11~'h!'~m11~ 
r~~"11J11rlrJU t~n11~ eJn 1~ £Ji'~tthlii r.m~ am1-LLU~Lsnm:fLL~::m1L~U L~"lJEl~ L tieJ L~ El 

1~m::!um,-i>~Lf111::~LEJ'Yi.W (ATP, Adenosine triphosphoric acid) LL~::n1~ibfl~an 
.. ~ ..f...l ,.,r 

(Nucle1c ac1d) ~U.LU.EILfJEJL'VI~1U. 

f~;tJ1mm~1 ') 0.05 - 0.12 nL~Ln7EJ "11J17rlrJUt~n11~Eln'tltJ~YJ"lY'!K1 fl~n11 
"ru L~ml1'VIun~1nn11LL~nwii.tJ LL~n11n LL~::m1~ eJn i.~ a £11>~iitl1::~'Ylfin1~ LL~tl1m m~ 
'IJ "' 

L'Vlm::"1l~::LL~n~1MlULtlm1l"lYU~'tlt!~Yl"lY 3Ju.~~~u1£Ji'>~; 0.1 n1mmEf ~::L3.hn~m1M.mEin 
L~ mLaY';J::'l.bi.tlthm 1 u.~u.fi~111 i·J'VIEJ11iiwn11i.1~ tJi'~;"'m,-n1ii'~;L ~£J~ o.o5 - o.o6 

'IJ 

fit~ Ln"5EJ L vJa"lY::~ Eln11~ Eln LL~::f111'iil::u1EJf~~1 'Wlfl\1 itJm"'LL 1n'Vl~~n11LnU L~ tl1 1 U.'tlnl.:::~ 
~u.~~.J"11J11r1U1£Ji'\1;1 U.Ll~11~fiL~'VI~\In11LnuLfl£J1 n1::L 'Yi £J1l~El~1ii'~~ 0.05 - 0.12 

n1mn1Ef rl'1~"~u1t1f.J~ 2- 20 n1~m,-6 "1m1mnu~EJn!.'VIlliitln~1~£JL1lLn~m7~tlnU.1U. 
q 'IJ 

.t ..! ~I • ..f i. ~ , II' 
rl~'Vl'I-L\IubL~::"11l11rl'Yl1~1 EJL"l5El11 ~ El£J1.J"1JU1nl. (Murano, 1995) 

'IJ 

n11Q1 £Jf~;u.EJn';J1nlil::-n1 tlrl'Utl1J fn'V111LL~1 rr~ "11J11rl"lh £Jtlfu U1~n1::1J1U.n17 
q 

~~~1~~l£Jbb~::"::~1nifu. L-nu. EI~U~~hU.m7U1£Jf.J~ L~tl'l.l1LU~U.J11il::L~i\t1EJ~Ub~1J;f" 1~£J 
q q 

f\I;Ltlrh 1 ~ "11tl1::n ElUL ~niiu.~ Luu.a-1u.th::n eJU"lJEl\1 ~U~L'D'~tlLU~ t!ULLtl~~ L'niiltliif1111l 

~ EJwU.11itu. 'V1'1an".ffwn1'l ~ ~,r" Lsn~ tlLL~n u.EJmi'1 EJ EJn i.~~~ t1 
q 

~nLL~.J~~-hum1U1 tJi'\l;iif1111Jtn1J1,.rlL Un11~~6JltJJ1 L yj am,.fi'!-l. ,.t]i,~~ ~~ L 1~1~ 
'IJ 'IJ 

H'lu.m,.~u,-tl mmmr~;~'liacl'l'!-l."Ji1" 10 nt~mrEf 
'IJ 'IJ 
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i11mfEl-JLaJ~~H.J11LL~~LaJ~~"lJ'\.1.1~mn~Lrie:nbLUU1£J1'\l~ 1 - 2 nt~m~~ "li1£J~~ 

1 " ... ..t . .., ... "' 
L1 ~1 'l.l.nT'.i'VI-J~aJ LL~~aJLUfl'\.l.aJ baJLL"lJ-Jn".i~~1\l 

q q 

nTm1 £J1\l ~i ~Tf"lh £J~~".i: £J: L 1~1n1".iU aJ L vi\ta r.J~-.1 
u.amnnd'1.:~~rJ'.:~"lhutli'u1h.:~~nun'V-l r:.J~<ilnrn't1 El1'VIT'.i L "liu nT~U1 £J1.:~~ntl.:~ Lrim:Jn 

q q 

LLtl.:~m'Y11LiJu.r:.J~wtnrn't1';1:1~r:.J~wtnrn'fi'~~tftmwt".i3J1n t~".i\l~f1\lUaJ LL~::~~1L~aJEl 
q 

m".itl1u1.h.:!~rnl11'V-l"1Jt:J.:IE.l1VI1".iVI1a"li1utl1ul.J".i.:ln".i::tJ1'1.1.m".ir:.J~wt t~u1.:~~ ii11n~1u. 
q q q .. 

';11 n n1".iL tl~ £J ULL 1.J ~-J'Yl1.:1 L ~ ij L Cil r.J't11L ~L n Cil n1".iL l.J~ £J '1.1.~ n ~rn:~ ~1 fl lli"lJ El\l El1 Vl1".i L "liu. 
"' 

~n~nt.::Life:JiaJ~ff n1".iLfiCilL';l~ ~11aJ"JlU.VI'il~ nT~ilJ~1LUU.LCil ~113J~\l~1 LL~::f111aJflCilVIci'l.l. 
q 

1~ £J~161 LULL~1n1".iLU~ £JU.LLD~.:I'Yl1.:1Lflii ~1'1.1. 1 VI nl'il::L~ £J1ie:J.:~num".i't111 VILaJL~n~~ii"lJU.1Cil 
J "' q 

LVInl L"liu. LU".i~U. miluL~LCil".i<il LL<iln~1LD'I.I.LaJL~n~~L~n~.:~ 'VI1t:Jm".i~L'lf~Gfrm't11~1£J't11'l~ 
"' q 'U 

... 
1. \i1 

eJ1VI1".iU".i::n EJtJ ~1 £J 1aJ L~ n ~"lJ a.:~tl1dJwil1u 1U.aJ1n Lri a 1~1u1.:~~1aJ L~ n ~"lJ a.:~tlT;J:: 
q q 

~ru L~r.J~ L~nCil".iEl'I.I.LnCile:J'\.I.aJ~~~".i~L~~::LLCiln~1~ t:l lu 1 ~ t:lUaJ~ t~ LCil".iL';JULL~::L~Cil".it:ln'B~ sn-:~';1~ 
'U "' q 'U q 'U 

tu't111.J~n'1mnu e:J.:~~'l.J".i::n t:Ju~u 'J 'l u.a1VI1".i LL&'l~EJ1';l".i1aJ ~1nuLn Cil LiJu.L 1~1t:J t 1~n tt11~n 
(Radiolytic product) LL~mmrn~'V-ltJ'tl'e:Ju LL~::LDW'll'UCilL~ r.J1rltJ~'V-ltJ1 Ue11VI1".i~L11L~U1 £Ji'.:~~ 
L "liu. mt~~a~".i~~ Ln~';l1nl.J~n~£J1"1JEl.:ILe1'\.l. L'lf~ tl~n'1r.J1 e1 an'D'LCiloE'U"lJ El.:l 1"1JaJULLG~~n".iCil 1"1JaJ'\.I. 

LL"'~tJ~fi1mm".iLLCiln~1"1JEl.:liCil13jULL~!:".i.:1~1Cil~1umVI1".i 

1-:~~ii r:.J~~ Elm-fltJLnLCil".iCilL UEl1VI1".i L "ll'u.L~ £J1rltJ~ Ln Cilitu 1 un".i::tJ1Un1".iLLU".i".i'l.Jii 
'U 

~u 'J 1~ m11 'l ~Ln~m".iLLCiln~1"1Jt:J.:ILaJ L~n~~ii"1Ju.1~ 1 VI nJ LL~::iiLfl".i.:l fff1-:~'lYuiemLiJu. 1aJ L~n~~ 
q "' q 

iJ"1Ju1~L~mN 'V-lEl~LLsnn~1L".ivl';l::LL<iln~11V11aJL~n"'~L~n"'.:~ L"liu L~nsn'Yl1u n~ 1~~ aJEl~ L'Ylff 
q 'U 

Lb"':: L ".i~L El Ld~n hh~ n L 1J Ur:.J "'1 ~ f1 nt.~l.J1J~"1J El \l f11fl1J L TIL ~".iCil b tJ ~ £JULLU l.H LU L "liu i11 
q 

lJTfLl.HJn".i::L 'Yl1!:L tl~ Eln~ ~·hUn1".iU1 £J1-J~ 100 fit"' L n".iEJ bLU-J';l~LLCiln ~1 LiJ 'I.I.'V\'l.h £J~ b~nt'I-J 
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J1rJ~eln11~f.lrJ~Cl1tJ~';WLt1'1-tL'lfaJ "li11n~SJ..:JU1£Ji'..:~~ 1 - 3 nlflLn1rJ 1infl11'1-tm1~~'11'1JJ1 
'IJ 

LLCl::L 1 Cl1 'l 'l-tn11,_,..1~3JUf.l £.1~..:1 
q 

~nfl1JLnL~1~1"Ut~1,.,11L~rn"lit~..:~n1Jmu.~3Ju&i1"U~1'1-t ~ n~'" 1~ LL~:Lii'm~·3J~~ 
q 

~Clf.l~~'l-t~nb~3JD~'Yl1..1,_,U1~ L"li"U n11WV-.1~1 n11Ln~L~Cl"llf.l..:ILLU.J LLCl!:f1113J"liWVI'il~ n11 
q 

LL~nGl1''1Jf.l..:Jm-fl1JLnL~1~'YhLi~m~3J1J1iL'Ii'I~TtfLu~£J'ULLU~-11u 
q 

'Yl1-1f.l1,.,11"lJf.l..:Jmft1J1e!L~1~Ln~m1LU~£.1'ULLU~-1 (Urbain, 1986) 

f-1~1 'l-t1:~1J~-1~13J11rl'th 1 ,_,LU1~UL~£.1~111W n1~ f.J:ijl ULL~n cK1 LL~:Lii~f.l'U3J ~ 
'IJ q'IJ 

ttJ,-~'" ~" Ltlu~C1m"ii1nu~ffim1:vr:h..:~ alt~~ Ei ~1:"lJ t~..:~J1LLfl:u~n1m,-:vd1 -1m·~ t~:ijt u ~ 
Ln~~'" m1Lu~£JULLUfl.J"lJfl..:~ tu,-~"U~Ln~ifu..,h'li~n1Ym: ~m~3JU~"lJt~..:~e:n,.,11 'VIU1~"lJeJ-1 

q 

tu1~'"'l 'Uf.l1,.,11 ~~fl~"ii'" t~,...,~f1..,LL~:m1'Yl1-11U"lJ El-1 L'lf~GfL~r.~'tu LL~m1u 1 £J1..:~~'1~JLn'" 1 o 

nhnn1~ La.l'Yl11 ,.,LU1~'ULL~:m·~ EJ:ij1 ULn~nTnu~ r.JULLU~-.1 LL~:n11LU~£JULLU~.J~U ') inaJ 

~1_, '1 U"ii1nm1rl"UEl3J El1'V111iTI~'" 'J 

1'-1~1 u1:~1J~..:~ri EJ1iLn~m1EJ EJnSUL~i"U"lJ EJ-1L "lJ~'"~" LU"U~1n1:~u 1 ~Ln~ 'tn t~1L w t~f 
'IJ q 

t1ElnL'l!ttlLL~:-w~u1LUUn~'l-t~'l-t LL~:Ln~m1V~f.l~L3Jflfl1'1f"lJEJ..:!L"lJ~U Ln~m1LL~ncK1"lJEJ..:J1"lJ3JU 
LU"U Lfl1mmf1JEJu LLEJ~~'tn~ LEJ~L 'YlEJf LLfl:fi1 'YlU 1 un~1~ EJm'VI~-1m1Ln1Ji'n1Y1 

Lii'EJLriU1£Ji'-1~ 3 nhLn1~ LriEJ~~u1mm"ii~"U'Yl1~ u1mmi'..:~~'lu1:~1Jd"ta.l'Yl11~ 
q 

mmmn1~1"lJaJULU~£J'ULLU~.J £Jm1u m3J1nb"lJEl.Jn1~U1~ij~mL~:lt~~Ein"ii:L~3J~U LL~~h 
riilLEJ (TBA,Thiobarbituric acid) 'lu'triu1mLfl:La.lu1£Ji'.J~La.lLL~n~1.Jnu 

n11U1£Jf.J~~'U~t.J 1 - 10 n1flLn1~ 'Yl1Liu1mmJ1aJU~1J (Crude oil) LLfl: 

v.J t1 ~Yl t~~~~ 1 uaTu~t..,fl~fl.J 
nTHl.lr.Ji'.J~ti' .. H'VI~tl-.1 20 - 100 n1~Ln1rJ 'Yl11iu1mm'Wt~~'Wti~~<;1LU51L'VI~ti.J 

fl~R\1 t~rJ~:L 1.1~ m.l. LtlLilwv.J a ~YlTn~fl~fl m1u n1~v.J EJ~v.JTYi~n LLfl:::v.J EJ~Yl Eli'~ 

't"ll~_,rf..,'t"ll LL~"~"LLfl:::'t"ll~"""f.)"~" L~ m.t1'11l\l.1 £.11"~ 2.s n1flm1~ 'U1J11mm~ 
.1 .. "'.I'!: VI 1 f' VI f'..,: .f 
Dn~~:::3JJJ13J1nbbel ~1LWtl1Elf.ln b'l!~LW3J"lJU 
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1~ rJ~1tJ LL&r-m11U1£Jf..,~en~11~ ~1 "lliru rh 11KLn~ L Y-~ EJfe:J EJn L'lf~ ,;1.1 i.tJ ~m1Ln~n~u 
q ~ 

~uj13JnutJljn~mLf1~mu 'J L"liu tJljmrJ1m1lll1~1i.1~~LL~::m1Y-~EJ~h11EJfhi i."lliru~iim-~ 
biru~11i~3J~1~\Ii:JLLU11u3J~\Ilum1Ln~n~u~u m1rhi~EJEJn~L';)UEJEJmnnm'l-n~riEJum1 

'IJ 'IJ 

U1 rJf\I~L~ £JU11';) 1 'l.t1lT'lf'l.t::~iJ EJ\Irl'U.EJ EJnSUL-;JU~1EJn11U1 rJf\1«111 rJlcii~nmnn1~ n11L~3J q q .., .., 

~11Lfl~UEl\lrl'l.ttJEJn~L';l'l.t L"li'l.t i~1iium ~'iEJ BHA -;J::"li1£J£1urT\In11Ln~e:JEJn~L~iu"llEJ\IL"lliJU 

1"«1ummrn~LWrJ\IY-~EJ~';)::'th~1£Ji~1iiwrh1iLn~m1~tlJL«£Jimiiu t~£Ji.tJrhiil1£J 
vruli:: 1 '"13J Liil n ~"ll El\ll ~1 iiu ~1mi11 ~ ~ru L~£Jfl rn~3JU~ L "ll'u i ~1 iiu~ iJ f) \1 nunTH n ~ 

q 'IJ "' q 

a antnL~iu-;J::1tJiunu au3J iil ~ ~1::~ Ln~ifu i ~1 iiuLL~iil::"lfu~ iif1113J'Y1U 'Y11U~ ai'" ~1 u 1::iu~ 
.'IJ 

~1\lrl'l.t 

1uml3Jimiiu~iil::iil1mi'1~1£Jnutfu 1'Ylmiiu (fJ1) L1~EJ1\1«3J1n~~~ 1tl\liil\I:JJ1~tl 
q q 

i~1iiu~ (n1~LLEJ~f1afun) t~ £Jm1~ru L~rJi. mniiud]u~ iil3J1-;J1nau3Jiil~ ~1:: ~1um·~ 
CUCLI 41CU 

LLEI ~fl EJfu n-;J:: L tJ~ rJ'I.t i.tJ L ilu n1~~Lll 1~1LLEl ~fl El fij n LL~ £1\1 fl\1 f1 rn~3JU~ El rJ ~1'1.t i ~1 iiu ~ 
• 'IJ 

iil::iil1mi'1~1mu'J L"liu i.umtnu lY-~~~e:JnSftu i~1iiuu12 1v-liil1"fiu LL~::LLY-~u1'Y1Yiun rlf1113J 
' .... "" 'Yl'U. 'Y11'U~ EJj\1 ~~\I 

~ 

~1~fui~1iiU~iil::iil1£JL~1ui."lJiJu L~LLri imiiuLEJ ~ 5 LLiil::Lfl imiiu~nm11iil1£J 
'IJ 

t~ £Jf\I~L~~1 rJ~~~ 1€l\I~\13J1~ EJl~1iiULt1 LLiil::Lfl ~1Ul~1iiu~tfu~ EJW1j1\I'Yl'l.t~€li'\l~ 
q 

n11U1£Jf\l~L~hnu 1 ntiil Ln1£f 'l'h 1 imu~1'Y11\If)1~11~ru L~£JLUU€l £Jmn f\1~ 1 u"li1\l 
q 'IJ "' 

1 - 10 nhnn1£f ';l::rh1iLn~m1~tl..IL~£Jl~1iiU U1 Lf) ~ LLiil::Lfl 
'IJ "' 

LL~ e:1 rl1\lhfi ~13Jn11~tlJ L~£J"ll e1\li~1 iiu ue:Jn';l1n';l::itunuu~3J1 rn 1"«~1 iLL&r1 £].., 

ifuEJ rlnuu';)i rJ~1" 'J L "ll'u imiiul u1tJ~1iil::iil1 rJ'lJ~~'Yl~';)::Ln~m1~ru L«rJ1l1nn-:hi~1iiu ~~ 
\J llJ q 1\J CLI 

mJ1uEJ1~11 -nit~ ~n~rn::: ~1l11::1un11Lnui'm-+1e:J1~11 LLiil::~n11::1um1u1£Jf\l~ L-riu 
~ 

El1~11LL ~\I EJ1~11LL-riL~ ElnLL-li\1 e:J1~11~ L fiuL 'U.~1l1Y-l ~ruru1n1~ n11~ru L~r.Jl ~1iiufh::: 
q ., .., cu Ql 

LL~n ~h.'lfl'U. LU L ~f) 1 ~1~1 iiU~f1113Jfl\1~1 ~\lf111U1 £Ji'\l~~ f)nl,~ 1l ii ~11 'U~1l11:::~i.a.Jij LL~-J LLiil:: 
'IJ q 'IJ 

EWnSftL';)'I.t (Murano, 1995) 

L'Ylmiiu1uLd'e:J~3Ju1£Ji'\l~iim3J1rniil~iil\l Lrie:J1if..,~1um3J1rn~~"1u-rl1\l 2.5 - 75 
'IJ 'IJ 

nliilLm£f LL~';l::iif1113Jfl"ll~1~\ltl1U1£Jf\I;~EJrn~1lii~1- 45 El\1~1L'lfiilL~rJ~ L'U.Lrl~3J~n~U1£J 
'IJ q 'IJ q 

~.:J~ 6 f11iilLn1~L'Ylt11iiULLiil::i<;niiu~iil~iil.:JUeW3J1n "li'T1~1~U1£J~"Il~ 0.2-2 nLiilLm·~ -;J:: 

FD323 263 



fltl'imrnlneniiu h1uvh1u LL~::1uen;nu L'VI~eJEH.ifh'lii\l 90 % f-l'l13! L-rlu i:JJ :JJ::Liim'Yl~ 
'IJ'IJ 

:IJ::'il1:1J LL~:::JJ::~::neJ ~U1r.Jf\l~ 3 n1~Lfi1rJ 12Jflf.Jfl~tlmmru,1~1iiU~ 
U:IJti~LLfl::U:IJ"lJU1::L'VI£JU1£Jf\l~ 9.6 n1flLfi1rJtinJL~£J1miiuttl 85 LLGl:: 60 % 'IJ ., 

~1:1J~1~1J 

LU£JLLii\l~1Ufi11U1£Jf.Ji 4.8 nt~Ln1EJ1miiu~~~.:J 47 % m1V'Ju,u1~·n"ilUfh1LU 

J1u:JJ n11~\lenm~tleJn 1J11"il~1£J1 U 1~WiilU 'VI1eJnTHl.1£Ji'.:J~1 Uti1111::L~eJnLL-ii\l"il::"ri1 £JL ~:IJ 
q 

f111:1Jf1\l'il1'il eJ\li~1iiu LL~::iJa\lnum1~tyb~EJ1miiuLeJ lum'V\11 (Kung et al, 1953) 

• l..l • I "'..l "" .f .f "' .-.I ..1 "' "'"' "' .. n11L u fl rJULLu fl \l 'Yl1\l Lfl :IJ'Ylb n ~'iJU 'ilUn 1J eJ \l flu1::n eJU'iJ tl\l tl1'VI11 L:IJ eJ b~11J1\l ti"il:: 

Ln~m1LU~rJULL11fl\l'Yl1\l111::ti1'Yli:JJtr~ tf\lLU~1U nmu 1~ ~ LLfl::LifeJi:JJtrti ~\lit 
. 

1. na~~ft~a~a1~1~ 

n11L11~ mm11 Gl\l'¥11-:1 Lfl flvh L ~ nmu 1ti'il eJ\l t11'VI11L11~ £JULL11 Gl\l ~\l:ffttnu "lfil~'il t1 \l 

al'V\11 tl'im ntf\l~ LLfl::UliJ,)'tJ~tl. ')~L ~ tnoVeJ.:J L -riu a t"lt'VIflii LL~::m:JJ1llitl elfi~L"ilU L U ".i::'V\11\l 
, 'IJ 

U1 £Jf\l~ n11U1 £Jf\l~L Uti1111::L~clnLL-ii\l LLa!lil::U-:I'th L ~Ln~au:JJ~~~".i:::ffuLL~iimm ntUeJ £JGl\l ,,. 
LL~:: 1 U~tl1U::~ L ilu J1 LLii\ln11LL vdLL~ ::n11Lfl ~a U~'il tl\l eJU:IJ ~ El ti1::"il1n"il ~~ L n ~ 111 U-\1 

q 'IJ q 

a.J~tl,-::nau'iJEJ.JeJ1'VI11Lilu1111~mn m1Ln~tl~n'i£J1~12J~eJ.:~m,-~mhn~ n11u1£Ji'-\IH-1u 
..1!"1 ... ~ ... .,j 0~... ""1 111• .. 

~1111 ::'Yl L uU tiru lli1 fi1~'VI1tl b U1J11£J1 fi1~'il el\lfi1 SULUeJ £J 'Yl1 L 'VI tiU:IJ ~'il tl\l bel ~1 L "il'U L:IJ :IJ 
ctQIIU 1CU 

eJ eJ n 6ft L ';] u 1 u n11Yh tl iin'i £J1~ .:~13-.i L n ~ eJ 'lii.:IJ ~ L 'Y-1 eJ fa an LSU~ Lbfl ::L e:J 1 ~1L lil u L 'Y-1 a fa eJn 1sn~ "" ,,. 
EJ\l ~tl1::n a U'il EJ \l eJ1'VI1 ,.,aJ L 11 ~ £Jtl.LL tJ ~ \l LL'iiL U'il m:: L ~ £J1 nu fi11rl1,) ~a a n'fiL "il U n "il:: L iJ U 

t11d r.J-nu~ e:r'il ~ u 'Yl~ rf lil ~ u 'Yl1maJ1~1u tru~ 11 £J "il1 n e1 u:JJ f=l E1 ti1:: L 'VI 1:h it eJ1'VI11tJ1 .J-nil~ 
q q q 'IJ 

1~ mu Y-11::f.l~~nrn'r'fu:JJflf111:1JL 1~af.:~~mn n11U1£Ji'.:~~m:IJ1 ru.L~nueJ m ~ £J\l 0.1 n1'l m16 

L n ~ fi'l1L tl ~ £J ULL11 Gl \l n m u 'j~"iJU LaJ L iJ u ~ £J a :JJi'U'il tl\l r.ru~11l f) n11L n ~n m u 1ti~ ~ tl n ~1 u 
'IJ 

r-J~~n ru.'r'fu:JJU 1 £Ji'-:1~aJn L~ £J1"1i' eJ\lrl1JfiT~eJ IDfi~L~iU'il eJ\!1 'ilaJULLG=l:: 1t11~U 1'ilaJU ~12-1~ :IJ~11 U 

WeJtiWtl~~~ L -rlu n1~~1 uu~iln~fl enJ1 Uf.l~~.nrn'r'i'u:JJ t1 r.J't u ,-tl~ iif111:JJL 1'1 un11Lt\l~1u 
'IJ 'IJ 'IJ 

mm~L"i!U 'Yl1L1XLn~tJiin1£J11il1nt~u:JJfl~ti1::L'VIL'iT~U Hsu et al.(1972) 'Y-IU-:11 L:JJfi~.ff'GlLV·M "" ,,. 
Lbfl::a::LSU'Yl1~Le:t'lfL~£J1"JleJ\lrl1Jn11Lfl~lnmu1ti~~tln~LU'VI1\lU:IJ~~1Un11U1 r.Jf\l~ 20 - 50 

n1flLn1rJ LLG=l::nt'i:JJifllW~1f=l~ ti1::flmmw.L ~:JJituLdau1£Jf\l~ti\ln11 16 nt~Ln".irJ 'th L~Ln~ 
q 'IJ 

nmu~~tln~~L1~m11 nmutiU'ilLUtmJ1 (Wet dog flavor) 
q 
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1 

(Thakur & Arya, 1993) 

m,-1ii'~«,-::~wn~eJ11 1'1!"1 u~~~nru.6l'1L den~·~1LLfl::tlfll'Y111 ~di~7~"111~~hl~ EJ\Ima 

LL fl:: Lfi~n ~ U ~ U LLI?i n1 U 'H't'f eJ ~~{ LLfl:: ~ ~ ~ n ru.'Y11tJ bb "lfb fl EITHL -jj~~ fl nl. 'Ml ii ~~ (- 30 
1 'IJ 

El\1~1L'lHH'fit.J~) LL~::iJUrT,lLf:lU Lsn1i'n El\1. 1-b111-111 £Ji'\l~ 50 n1fl Ln'HJ iin11LtJ~ t.JULLUfl._'ln~u 'H~ 
UEl tJ 1~1unTmeJ~i'mnn~u11nf"l 

'IJ 

.,f ... .., .... 11!'-'.d ...... ' "' ' ..-.f ... 
bUEJ ~3Je-J ~"11 tl\1 ~mL~::~fl L3JLn t.J1"lltl\lnlJf1113J L~\1"11 el\l L 'll~ ~ f1113J L~\l"ll EJ~ L 6Jffl fl "lJUnU 

f111~<iJUfl1t.J Lmsnmf El::hn~laJ~ii~~·rh 1 ~f111:U~Ufl1 tiL UV1~~ ~btl~ tlULLtl~~ n~::Yh 1 ~di'EJ 
~3.lc1' ~b tl~tl'!.l.LLD~\I~'HJ n1f1113J~U1l1 tJ 1 '!.l.L6J5~ ~~~~._'!'tilL ~fll13JL~\l"ll fl\1 L'll~~~~~\1 Lileni3J 

~ 

if'!.l. n11Ltl~ tiULLtl~\l"ll eh'l ~u-.., L'll&l~ii Nfl~ EJf111aJ<il'!.l.1l1 t.J1 uLsn~ ~m1::n-n6TI:u t:J1u '1'111 ~f111:U 
L(jj.Jltl~t.J'!.l.LL'Ll~" '!.l.EJmnndm"J~au~l"lleJ\IrrmL~::~~13-i'Ln~"illnm1LL!iln~1"llB\lmftulm~-r!il 
L'll~H~ 1~~ b Vinfi'!.l. LL~::Lbl]\l n11LL~n ~1ii m~~ m d'EJi:U rr Li 1~ tJ'Y111 ~·Lifmrie:J~iiLf11\J G{i'l\1 LL-lJ\1 

'U 

a eJ u~ 1 &=l\1 f.,j U\1 b61J~ tfL tl~ tl uu tl ~\Iii f1113J L 11\\l ~ !il ~\I 1\l «ii f.,j ~'Y11L ~bEl u 1sn1f~ eJ r.i1l1 tJ 1 UL61J~ tf 
'IJ 

(endogenous enzyme) tJm.J ~ ~tl ~a v EJ B n3J1"il1n 11!1 LL ~ 'W..J L~hm~1 L "!JTnltl~n1mnu 

mftu1m~,.~ ~1EJ Lll~ m~mftuLlfL~'l~ 1 ~a ci1 u11l~L V\m::~aJ (jj Btl1imm"ll EJ.,'j LEJu 161Jlf 
'IJ 'U :.J 

nTm 1 tJf\l«cYn LL~:: f..l ~ La!L ~a'ti1 en £J"il~u 'Yl'irf 'oil ~u 'Yl'irf~ L tlu~1 L ~!il~ ~n"ll B\lnl'lL~a:u 
1 , , 

"" '~~~"' .. .r ... "" "' """" -~ ...,,...,~ 0 ..f 
L~tl"lJfl.,'J~~ L3J flfl b"DEJ71 'lEl\1~\I:IJITHl tJ~!i\LL~::LL'iJfl'Ylb'H.l u1:U1tW'l\I~'Yl~l:IJ11tl'Yl1&nm"Dtl"J1 

EJVL'!.l."ri''h'l 1.5- 6 n1~Ln"JrJ Lt1UV~~m.llu-rl1~ 4- 20 n1~Ln'lrJ LL~m~lrnf\l~1u'l::~ud~" 
'U 'U 'IJ 

Lnu 1tl tt1~ i'uf..l~ hi 'ti1 t~di!i!m"J~tl~ tJULLtl~\IL d'a~aJrr~'\Ju i.3J Ltltt ~£J EJaJi'u uumnnrl'n1'li 

f.J~1 u 1::~1J~\J LL 'YlU~';l::':d1 tJ~~nTn UIL~tJ n~u'\1::1tld.J1 ~Ln~nTjL u,, L«m 11itu L W1l:::i'\J ~ 
'IJ 

,;1l~L\imrimm'ti1~1tl L'll~~Un"lll~ ~1vcii\IL"riU nl'llif\l« 2.5 - 5 n1&'1LnjEJ L~fl'l'h~ltl 
'U 

L:fi'ern 1 umht~'<il:::·rh 'l ~Ltl~ flnii~~J~ L d'EJ-tiaJ LLt1::d~nTH~fl3JL;f.l n11u1 tJf.,'j~~~,.BbUtl~ 
3Jlnn11 1.7 n1~Ln1~ii~&'l(jjflwf1~LL.nnf11L"j~~LUULt1u'l.h::nEJtJ"llEl\J~U\JL6J5~~ ~v l6Jf&'l&'l1~a-

'IJ 

LeJij L6J!&'l ~ h ~ ~n~ u bL~::l tl"J 1 'YlL ~n-tiu 1~ tJ'ti11 ~ fl\1 ~tll::n au~ ii"lltt1~ 1 ~ !lJ LL~n <i11L ilu 

L~L~n~~L~nfl\1 1tl'l1'nL~nYiu~13J~::&nmi'lfl~i,'l{l Lrl'ai:urr~u:u i'-.1~ 2- 3 n1ii1Ln1rf 'Ylll~ 
q 

L d'B ~3.1 if ~"ll a \I~ mLi.'l::~~ L~L tl~ tJ'!.l.LLtl ~\11~ tJ'Yl11 ~LL~ ~ Ltn tJ:U"' ~~a amnn ~111h::n BlJ"lJ eJ\1 

LLflflL'fitJaJ-L Vim 'Yl!il LLnL"ll 1~ r.r;l:utrmL~:::Ni.'l i.m uLLfli.'l L'fimJfli.'l£1 1 a~f111:UL "!JaJ"li'u 0.5 % Ltlu 
q 

ll&'ll 30 u1fi r\f.lUnl"JUlt.Ji''l~ uamnnd'n11U1t!i'..1;~mL~:::~iil1~iJ\l'Yl1L~n1'i!LW~f1Bffln 
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1 uiJ-;J~u-u.th:L 'Yl~1 'Yl tJl<iiiim~~~"lJl m1uth::L 'Yl~~~~ 'J ~11~n n!J~m m ~tnnu 
EJ1'Wl7~1u1~~~~l~1um·n.J1ull1\ILLn"hm!]~::Lu£JuLLG1::"IimiTvl'U.~~~" ') 1lXij~113J~-u.a-3Tu 

"" cv Q..i,d 0 .... 

LLG1:: a-a~~ r~ e1~nu m ~1~11-l.e.J1~17~ 1 £.17\ltiti1n ~ (Codex) til'U.n\11'\.l.~ ru::n713JnTl El1~17LL~:: 

U1 ~~t<iJ1J1uth~LLn1"1J LLa::m:m1J7::n1~n7::'Yl11\l~ (UUU~ 297) W. ~. 2549 L~e:J~ El1"'11 
~ 

u1 t~1\1~3J1LL 'Yl'U. t~mr,~a~-lle:rn1~u~~~3J3J11i17~1-u.tn~1,.a-1n~ uuui11il'luu ~a Codex ... ~ 

General Standard for Irradiation Food (CODEX-STAN 106-1983, Rev.1-2003) LU'l:: 

Recommended International Code of Practice for Radiation Processing of Food 

(CAC/RCP 19-1979, Rev.2-2003) (tJ'YlllW.J~ 1l7::"151i'Yln~n~.2554) 
~ 

(1) LiLYlEHJUrT\Jn11\l€lf11::~11\JnTnnu1m~1 taJLfiu 1 nl~Lfl'Hf 
(2) LiLYlEl"15::fle:Jn17tin 13-!Lntt. 2 nhLm·rf 

~ 

(3) LiLYlEIT111J~3Jn1".lLLWiW'U.tf"lJEI\ILL:I.m.J 11JLn'\.t 2 n1~Ln7rJ 
~ \ 

(4) LiLYlm~~mmmll'lilil taJLf)-u. 4 nt~Ln'lrJ 
(5} LiLYlEllililtntln17Lnu1m~1 hiLn'U. 7 nt~Ln'lrJ LL~:: 

\ 

(6) 1iLYlEla~m3J1W.'l~'\.t'Yl~rJ LLfl:lil~'\.t'Yl~rJ~~~LiLnlilhfl 13-hn-u. 10 n1aLn1V 
\ q 

El1'\1111U 1 tJ1\J ;LlJUEI1'\111'lfi11Jfi3J n1711-.1~1'\lllh tl ~ tl.J iiuGnn LLfl::ij,) tHh'\11 '\.t~ 
q 

~1'VI1uo.~1nEJ1'V117U1tJ1.Ji ~a <iia.JLLti!il\lmmm1.Jtt~1i wfu3JJ\Juan11ilnth::a-\l~n17Lii.1 
\ 

.... ..., I cv 111=1 ..., A ...... -
1J'U.Ufl1nLLfl::!il Eh1 LLff!il~"lJ tlfl113.1 "~1'\.tn17U 1 £.11~ tiLL~'l" LU:I:: LTl'H)\1"' 1!1 tJn17\t 1 £.11~ff1Jti.Uiinn 

tll'\1117 lil13JU7::n1~UUUL'V13Jl<iiiim,-tJ1uL1.l~utt.iruim~rn"lleJ\JEI1~17U1tJ1~i ';l1nL&i3.llil13J 
"' 

1l7::m~n1::'Yl71\Jti1tr17m~"lluuu~ 103 (w. ~. 2529) i\Jf11W~ 7.6 (n) !lin~m::Ltlwn.J 
'II 

1-\ln a3J1\J muJ"ll au'V1-u.1liu H'L ii tJ1 "ll EllJ"ll e:J\JT1~\J1\Jna 3J"!i1\Juu l3.1&1~n-u.m.J.J Liltt.ithu nw 1 u 
Tl~\J1.Jn~3J3:i1.Jmi3Jliut4-L 'VI~t:h1"1JU1~L~n fl1£JL 'U.Tl~~1~n~lJ~1'U.~1~~1t11\J7hli.J 2 1-J t~ £J 

'II 

ihiu'leJ1J1.JLtl-u.H'tiitJ1 LL~:iim,-1.l7ubtl~tJtt.3J1Lilil1mh::m~n7::'Yl'l1.J~ (uuu~ 297) w. ~. 
2549 i"n1w~ 7.6 ("ll) '11..:~3:ian~rn::t~tnnuLTJ~th1'V13.11tJnTlu1£Jf";~LihJ.a-1na ~El 1..1n~3J 
"lJ ellJ'\11 tt.1litJt4-L ii £J 1 "ll ElU"ll tl\JT11.J 1\1 n ~3.1"1h-:~uu 13.1 ~ !iln'U.LLU\JLUU~~1'\.t fl1 tiL Ufl1\J1·.1n ~ 11 £j 

1~n~3.Jn1JiLiitJ1"1J'\.t1!ilL~n 1'11 r.JL '\.tfl~\11-\!n~3.1~1ti.~1\Jii~th\J~n1JH'Liim 2 1-\1 LLF.Jnll'U. 
'II 
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n 

ll1'Wyf 7.6 bl'l~€l.JVI:IJ1tlnl1Qltii'\l~ n) b~:IJ "lJ)lVI~ 
~m : ~~LLUG'l\l~lml'2rn~~~1ib'1Jm~l (2529 ~.~.~::2553) 

1. 'Yll'lL ut~vma<alt~i'-il~e.nVIl1ri EJ 1 ibnWJtl":l:: Tt~'2ru1 unT·muv:ue:nVIl1EJ ci1\lmn ~auL~ 
~ q 

~\!U ~ El "lf'H.J ~ ~ nl":l ~t!J I. ~tl"ll e:J \! fJl Vl1 1 ~ ~lf qj Vl1 n1 1~ n n n nufiu~1 ~ ~.J lU~1 VI ttl t1 

~h.JLI1:: m~ 1. rtv.J1llni1qJV11"ll e:J.J hl'l ~.~.~::LL:u ~.J ~.~1:u ~i'1\lVI&rnu1::nul'l11:Uu&HJ~nv-;nm ~eJ 
hl'l VH.J1TI bb~::~l":lLI'lfl~n~l\1 U~£11tln11LntJi'm~1bb~::m111\Jt91~1~ rhliu1::VIEJ~fhli~ltl 

q 

9l1nm1"lJU~\li.L~::nTH U1b~tJ"llB\leJ1VI1":lri e:JUL 1~1BU~:UI'l11 rh 1if(1:UTH"l~>l11l~1VI'tiltJL u 

Yi' fh!~V:l\!Lmr;n m1. VI ~\I~~~ &rnNm::n1 tJUeJ n"llfl\l EJ1'V111<al tJi'\l~l~ 1. 'tl~ E.JULL1l ~\I ri emu 1 tJ 

)\l*I.UU€3 ci1\ll 1VI &r.JnT~ul vi'" ~n 1. tlueJ ~1-Jtf u ~ .J LUi.l,&rnNm:: L~U"ll eJ\1 nTHt1 vf.J ~En'V\1 1~!,~ 
•tru 1 un11t1tHl :u fll'V111~Hi~u 'L-HJmnndv\1 f(l :uTm'\'111 i~~~i1 mG¥1i11'lmfll'YHllu 1 1l ~~:IJ q 

"JJ e:Jn1VIU~:IJlt911v1i.l,lU~1Wil~u'Yth1Luun11~\li.~'1:~Jm1~\l EJ EJn ~.~.~111. 'Yll'l1 uh vn11u1tJi'\l* 
<(S If I 'i,.l fV 

tn'V111~::ri€l 1i~.n~tl1du"J5u:ulmnu ~.~.~ 5.J~m1 1inuumJ EY.JhlEJcil\JbbYd'V1~1u't111~n 'l-1\lu 

ulvLtlu~~m-:uln-ireJ~1n~"lle:J\Im":l1ii'.J~~..,I,~~~m·m1inumVIl1'fln"l5U~ LL~::1l1:~J1m1.J*~ 
I. 'V\:IJl::f(:IJL Un11l '11'~-ril.'l~ el'UiJ1.1~'"l1l~ nl1 1-fl ummm~.'lbl~:: 1 '\-I,Ell'V\11tll.J"J5U~ L "ltu e:Jl'V\1":1 

~mu1~'U~.Jahi'1mn bLS'l::ell'V1111l1::bfl'Yl~mL~::~i:lLaJ €l19lbfl~Wm'tl~V'ULLU!il\l ~ n~u 'Hl 
qj 

1.1.~::L 'iia ~wrf( ufln9l1nUn11Lif.J~L~~~m1n'l'11~1tJ f(l1~hr~i1u~1 UB1'V111bb~1L~ 1.w:: 1 u 
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1J1\lm·rn~1 L tlui tl\lLif1111Jfe:Ju V1'1El f1111J L~U ~1111111 tJ rh L ~iu 'YlU"ll tl\l e:J1VI1 ~U 1 tJf\l ~~\lifu 
q ~ 

bb~UnJV11 ~1fi'ru~ ~~ ~ El n1·w tJ1Ji'U"1l El\l ~u1Lflfi~Yh 1 ~ ~ iill~'il e:J\l El1VITH.n vi'-J~rJ\l mJ1 u 
CJ Ql 'It '\1 \l 

1\1~1 n~ ~u11flf1 rJ\lii f1111J n sr1 LLfil:: rJ\l11i ~U 1:u 1 Ufll11J1J fil e:J~n tJ 1 Un1~1J1Lflf1 El1VI1'dU1 £Ji'\l ~ 
~ 

b Vfl1::L1JL "111 llil l \HJ1VI11U1£Ji'\l~ bbfil:f1111J~~:V1Un L UL VI ~m·n~~L ~ fJ"Hl'lJ)\l~ L1Ji1:u::dJU 
q 

1::L u~tl,-111 rn lVI~'d::dJ~"LHJ--Jbfl~e:J\lllfim·u!ll,-m rn m'd'd::dJ~"ll e:J\1 h\li:v-lvh L "lH:ri\nufil Lw:: 
'U q ::.J 'II 

LVI~m,-cl~~~~~Ln~~u~h"'l'V'Jvhiblfl~vfwn~1J:'l~~~ ll'l::L'Ylt'ldiuu m!in1mnt'l1~~f 
q It q q Q.O q 

-;J:;Li'V'-l m tn1JLLf.Hl--J1 ~L ~ui1 n11u 1 £Ji'\l~El1V11"'J-;J::L!i~11J1"'Jfl L VltttJ1U1L ~tl1VITmiil1 tJ LlJU 

~Tlrlil1JUVli'.:J ~ b 'V'-l'd1!L 1fil1~ El1VI1'di1J ,r ~nuf\l~LLfil::'d::~UWtr.J--JlU ~1-nl.!i ~\l'W 8~-;J::L VI ttr.n\t1 
'U 

1 ~ e:J1VI1'dn fil1 mtl u~1'Jn 1J iT u~-i'-:~ ~ uvn-;J1 nU~u~1nf1 tr-:~ ii f1111J L "li1 h iu ~u 1::w-h.:J EJ1VI11 
'U ,_, 

U 1 vi'-:~~n 1J €l1VI11UmiJ e:JU~1'drl1JiJu~i'-:~a- eJIVI11U1 EJ)\I~b tJunT~U1W~\I\11Wil1n bl VI fl\lfh L -n~ 

f-:~~m 1-tl UnTWUtl1J El1VI1'd ~1Ue:J1V111UULtl e:JU~l'Hl1JiJU~i'-:J~LUUn11~ El1VI1'd~a.J ~ ~rllJ 
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