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Nifedipine Transdermal ~rug Delivery System 
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Assc. prof. Suchada Prasertvithyakarn 

Year 	 1991 

Abstract 

Effects of light and te~perature on physical and chemical 

stabilities of nifedipine trahsdermal drug delivery system using 40% 

w/w Pluronic F-127 gel as polymer matrix in different conditions were 

studied. Physical stability studies ahowed that the color of all 

nifedipine gels with and without sodium bisulfite in various concen

trations changed after exposure to accelerated light under fluores

cent light and normal light. Meanwhile at temperature more than 50 

degree celcius caused color change in nifedipine gel packed in light

resistant container. 

Spectrophotometric method was used for the determination of 

nifedipine in get preparations. Photodegradation ofnifedipine in all 

formulations followed first-order reaction. On exposure to accelerated 

light. there were statistically significant differences among degra

dation rate constants and shelf-lives of all nifedipine gels with and 

without sodium bisulfite (p(0.05). The antioxidative efficacy of 

sodium bisulfite could be ranked according to its concentration as 

follows: 0.30 and 0.50)0.10)0.05)0.00% w/w (p(0.05). The concentra

ions of sodium bisulfite negatively correlated with the degradation 

rate constants of nifedipine gels (p(O.10). The color of nifedipine 

gel wrapped in aluminium foil showed no change and no degradatioD 

http:0.50)0.10)0.05)0.00


v 

occurred after exposure to accelerated light throughout 116 days 

of this study. 

Nifedipine gel, in light-resistant container, at room 

temperature, 40, 50, 60 and 70 degree celcius showed that the 

degradation of nifedipine appeared to be first-order kinetic. 

No degradation of nifedipine gel occllrred at room temperature, 

40 and 50 degree celcius. Meanwhile it degraded after 154 days 

and 56 days of ~tGrage at 60 and 70 degree celcius,respectively. 
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~v~~~v1~U~~u~Ul(hydrophilic polymer)~l~~ (12) 
1/ r 

nl11~~~~~~~~~~~n~ln~~~~~~~v~u~~~~U~~U~~~u~Jl~~~~J~1~L~~ 
, 	 , 11 

U~~~1~nl~~1~~v~~11uL~~~ulu1~~~~1~~~1~1~~J~~~ ~L~1~~~ul~~li~u~L~u4~~~ 
1/ 

U '" 

~IlU 

1. ~n~lU~~LU1~~L~~~~Jl~~~~J~1~L~~U~tnl~~1~~u~~11uL~~~U 

lU1t~m!1~~~1~1~~J'l~~ LnuL~~l';~nLL~~lu 2 MnJ~ ~u MnJtnl11i~L~~un~ 
11 

~l~~~l~l~~J~~~ L~U ~ ~l~Lu~ 

1.2 	~n~1~~U~1~~4u~~~1~~~~U~~uTI~~~lnl1L~U~~v~1uL~

~~ul U'l~~~~l~~~l~l ~~'l~~~ 

1.3 	 LU1~~L~~~~1~~~J~~11nl1L~u~~u~1uL~~~ulu1~~~~1~~ 

1.4 L ~1~~L;~~ul~nl'l1~~1~u~1uL~~Qulu1~u~~1~~el~1~~JI~~ 
q 

11 

nULL~ ~ LL~~nl11 offl'l! L~mJ1 ~i~1~~ L~U~11@l1'Imun~ L~i1u 

3. 	 LU1~m n~'U~~~V~~Jl~ vil~,ju~lv~ l"llL ~~~1 'Ui~1~~ 

4. ~n~lU~~LU1~~L~~'U~Jl~~~~J~1~L~~U~tnl~~1~~v~1uL~~Qu 

lU'l~~'Udl~~~l~l~;J~~~ Lriulinl'l~n~l~Jl~~~~JU'U'UL~~~v~~~~~l~ , l~~ 
q 	 11 

4.1 	~n~lU~~LU1~~L;~~~n~~~1~nl~~1~~v~1uL~~Qu1u1~'U~ 

~l~~~l~lU;J~i~ L~U i 

4.2 	~n~1~~U~1~~4u~~~1~~~~U~UuTI~;~lnl1L~v~~v~1uL~~~U 

lU'l~UU~l~~~l~lU~J~~~ 

4.3 	 LU1~UL;~~~1~~~1~~11nl1L~v~~v~1uL~~QulU'l~~U~1~~ 
r 

a 	 ua 0.1 

~l~l~~JIU~~v~~~~~l~~ 
, 11 



3 

4.4 ~~1~~Lr.~~vl~nlJl~~I~v~1~L~~~~1~J~~~Uli~~I~I~~1 
q 

, 
U 01 a I 

~~~'Ylv(u~Hl1J\1l1 ~ 1 
q u 

5. ~n~I~~11~nlJL~~~11~L~~~~lUJ~~~Uli~al'Yll~~1~i~~L~1J~~1J 

L~vl"l~,",'Jl1J,",~il'J~ 

1iJ~,;)lnn'Jl~a~'Yh1 "l'Yl'lI~~ ~,;)~u~I~r14'11v-l1 UL ~~\ju1U'l~~~"!li ~tn'Yll ~~'J'li~ 
0')" ij" ,,: G" 'I" OJ": <j" '')
'YllLV.~i1Jlj~Alf.~~LUVl~nlJl~al ~~~~~~~'I1v1JN 'L~~I~~111JA~\1l'JL~v~'l~L~~U 'L~nl'l, 

, " .::: ') 
u 

c;: OJ ,dou

~~Ulj~~~li~a~;u~v1~ L11 ULL~TYll-l LUnlj~I~~11 ~nl J LnmL~~nli'!ljj';) L~~~~(u'11'Yl 
q 

j'J1J~~L~U~~1'Yll~lUnli~n~11u~IU,",'Jl1J,",~~1'11v~al1uL~~~U 

~~~aI5u1 lU'l~~~Uli~al'Yll~~1~i~Lriv1~1U5'Ylff~~,;)ln~';)~a~I~~ L~U ~~~ ;~~~~ 

nl'l~n~11u~IU~Avu~I~~valU~j~L'Yl~1'Yla 
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I 
a 

mlll 2 
I I 

o .0 ot.J C1fJ DI • 

nlj~I~1~U~lAl1~A~U"~nl~1~anlnal~v~ 

(Survey OT Related Literatures) 

~~llllil~~alnl~~lwi~ 

'~llU~'~~~l~l~~l~~~ L~UjtiUUnljU~~1'Bl1~~nl,1i~1~1~U~nUU~1~~~~n~ 
I 1/ I 

L~il1~~1~n~~;~~lU~1~~~L~,~n'tiUiL~~~ Uil~~n'ti~ · )~~11~~~L~~L;~L~'.~1~
U U \I 

~Unj~Tl 
" 

~ il~mrn~~l ~ Lm~'IllmJ1 ~ ~ LLi~ ~1Uj~.y; 
I 

1 (13) 
Ii 

'~UU~,~~~,~, ~~l~~~ii;;~~n';;'n"U~.'j~ll~~l~~U.~l~~'~n,' 1,lLLn (11) 

1. ~~nL~~~5u~"~~ln~ln";;'~L~~~LL~~~1,~1~~~~ln~~~n'iU~~lj~1 
II I 

~l~L~ULi~~~, 'l~Tl~~ll~n"~~;~U~~ L ~U~u~i;~~~~a'LD~u~."~l~l~~ln 
\I 

2. L~Uj~uu;iin"U~."~l~ri'~~~L~~~ ~lil~lj~~~n~~~1~U1UL~U1U 
I " II .aa t.J CD t.J.cIa CD Ole. t.J 

.'~.~lalU ~~L~~l~nU~l~~'~~~~'~'Ill~iU 

3. L~Uj~UU;~11iii'~~U~1'ULi~~i~'Li~v U~~al~l,~~~ilUl'U~#~~~~ 

nljU1~lj~1~~lUl~ 

4. L~U'~UU;~lB,.in1~L~~n'jL~~~1U'~UU~1~L~U~1."U~~~urlvun,' 
a.• ... <> 

il~n~~~~l~Lni'lll~~l 

5. L~U'tUU~~~1~U~~1'tJl1~i~~ln ~~~11;t~1U~11~-il~D~'Olln~~lB1 U 
\I U 

" 
nlj1i~1~~'U 

6. L~U'~UU~i'~lj~~a~nljU~."~11~~1~ 
<> ... 

r.n.u~ 

d'U~~'~UU~'~~~l~l~~l~~~~l~L~~lUl~~ U~~1~L~U 4 ~'tL~~ ~~ (131 

I ( R , 

1. Membrane Permeation-controlled TDDS L'IlU Transderm-Scop 

CR) CR) 4"
Transderm-Nitro U~t Catapress-TTS LUU~U 

I C R )
2. Adhesive Dispersion-type TDDS L'IlU Deponit U~t Nitro-

C R , 

Our II 

I C R )
3. Matrix Diffusion-controlled TDDS L'IlU Nitro-Our 

I eli!)

4. Microreservoir Dissolution-controlled TDDS L'IlU Nitrodisc 



.... .. 
~ '1"'fflJtln!lH aO'Uln mlUl nl1. ,~., 

.,nn~n'nuJ1f',). ,tlli . 

, 
Qo 

~j~; ~ u'vJlt:l1 

tnh\\~e) I. ~~) l lG'iV\ ~'Utl~I 

~ '1 0 , . ~ u 

! \ 'H £:1 . l "JWJ '. ~ l',) Ltl~t~ ',l 

f ,'ri '1 ~ ~ n') CJI 

I 
I 

ST .AT 'M CO., NE :nl'1 

, 

r-------------~ ~ 

Co u 

tJ 1 ~ 1 t".! ~,~ \ .1. \~ 

L~'U~'~ ~1~Lfl~~~n81 

r 

" 


,0:. 

'l 'jj '!'l 

" 
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, e----- Backcng Membrane La yer 
~------------------~--

~--- Drug ReservoIr Loyer 
~ -------~-------~-~-~-

~--- Rate Conc:-olling Polymeric 

Membrane Layer 

~111~llill----C0n[3ct Adhesive Layer 
l---~- Proctective Pool Scrip 

Skin Suriace 

fIl II[II ,i'!III I,[ 11111J[ III'11111It Illlllll ~ II,Iii III,1l11lllll'IIIII I 
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I II I 

'l~~ 2 LL 6'lVl,] ~ ']~1 'U.~'l~ n uiJt:j'U.~l 'U. 'llt),] 'l~ UiJUl~ ,1t.ll't11 ,] ~l"-tU \I ~,] ~'l~ nuiJ&11 ~ 
\J 

I "" 

5 ~1'U. A~ (t4) 

1. Backing membrane ~']L~'U.L~~~m;lJ~1'U.1~1&1 .yh'n~l~L~'U.l~'l\l'llt),] 

'l~iJiJ 

2. Drug reservoir L~'U.~1'U.~~'l~nviJ~1~~'U.'llt)\lal~~A11lJ~']~1~ 

3. Rate controlling polymer membrane L~'U.\~~~uiLlJ~4~~llJl'l~ 

A1iJ~lJ5~'llnl'liJ~"-tl'lall&1~llJ~t)\ln11 
l 

4. Contact adhesive layer 

<> u '" 
~l"-t'U.']'l~~lm At) \I 

5. Protective pool strip Ln'U.~l'U.~~u\ln'U. TDDS ~ln~\I~1Vl~t)lJ~1']~ 

;mnll'Ol ~ 'l.jh ~ iJ iJ 

, '
tJo. 011 a 6 tI .::.r. 0 ~ I v . 

t. ~ru~~iJm~ 1~L~~~i~n18~1~'ll~\I~uaL~8'~il~L~~1 ~~~~~~'t11 ~ ~nl'l~~' 
" 

2. ·W~~ LdJu4w;u ~'1~ LnmJ~n~tI1't11'] L~~nm'hm 

3. ~uiLlJu4w;u\l1~Ln'U.~~ 

4. ~u~LlJu4~u,]1~LnVlnl'lL~vlJ~~uVl'l~a~L1~1~L~iJL~~~~~~ 

5. ~ui LlJtA~u,] e.Jim ~' 'U. Ln~'lI~ru.~l~ ~ 1 a 

a .: 
6. ~uaLlJu1~1'l'l1~1~n 

\J 

a , u I 

7. ~u~LlJu'l~l'l~Vl~l\ll~ 

1 <> .1 4 <> .:~<> 'l '!'1 <>".: 
~~ 'l'U.~Lu~-t27 (Pluronic F-t27) LiJ'U.~u~LlJu'l't1'U.alJ ~L'U.~~~nru.~~lt)un 

\J 

'0.• I~'t1~L~'U.'llu']~1~~1~~1 L~'U. iJl'liJ't1L'l~ (barbiturates) ~~~ il~L~'U. (lidocaine) 
\J 
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CH
I 3 

HO-(CH -CH -0) -(CH -CH -0) -(CH -CH -0) -H 
22. a 2 b 2 2 c 

I 
COl 

L~ll a = C 

~1l~lln'lL~1l4~~llnl~~l~al~~1l L~U w~l~~~ ~;ll ~n'll~ (Lutrol 
CR1 

II II 

(18, 19) ~ll~lln'lL~lli~~~lmn'~;~~~f)~~~\lLL~'lJll~' L~~l';,)~~\I;~\I ~~1,.~~ LmJ'-127 
II 

L~U~ll~lln'lL~lli 407 ;~~~l~~nl~L~n~ 12500 ~~~nll~~1~Lll~~Ulllln1~~ 70 
~ 

II 

I 

1. LLWl 
\I 

'Ol~n~m ~U L';,)~ L~3imJ.L ~ll ~ rim)ClL~nil L ~~~U (19) il ~I ~~ ~ ~~l ~l "f;)nl~~\J' ll ~ lllnlAlllln 
q \I 

'OllnL'Ol~1~~l~ 

2. L~~ reverse thermal gelation n~ll~u ~llClL~n~~L~U (4_5° ']\.) 
~ II II 

L'Ol~'Ol~n~l~L~U'lJll\lL~~l 


3. 1~~n~u 

4. 1~L~U~H 

5. L';,)~~L~1~~1~~l~l"f;)~lli1fL~lll~ali~~ll~\l5~111 

~~lLLU\J~ll~ (betanaphthol) 

""~"" ,n. L~~'W~n~ 

1uL~~~u~~~~1~~~~fl~~l~L~~ 
\I 
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N02 

G H N 0 
1. 7 lS a 6\I 

346.34 

3,5-Pyridinedicarboxylic acid, 1,4-dihydro

2,6-dimethyl-4-(2-nitrophenyl)-, dimethyl 

ester 

Dimethyl 1,4-dihydro-2,6-dimethyl-4-(o-nit

rophenyl)-3,5-pyridine dicarboxylate (20) 

(\ Co "'" <;' , 

~~~l~l~v~~l~u (acetone) ~~vl~~vj~ ( chloroform ) 
v , 

~~~I~Uv~'ULv~IUv~ (ethanol) 1~~~~1~1~UI L~vnn 
u 

LL~~ Ln~mj~~l~~dl~~ L~'Wl~j~~lj~~~l~ (22) 
\I 

'IJ. L.f1~"lil'Yl~1 

1~L~~~U~~'Yl~~ll~~nlj~IUL~v~~~~~~L~~~1vvvu~vnL~~~L~I~L~~~'IJv~
u 

n~I~L~v~l'~ LL~~L~~~n~I~L~vL;~ll'IJv~~~v~L~v~ l~~~jl~~lnnljL~~~~U~~~~ll~ 

L~~~U'lJv~LL~~L~~~LU~1~ (3) 

u , 

~. L.f1~"li~~U~1 ~~j 

nlj~~~~ : L~v1ll~j~'YlI~ 1UL~~~u~n~~~~v~l~jd~L~d~lnj~UU'YlI~L~U
U \I v 

.1 .1 ' ~, .1 ' .1 ' fi , u .1 1 ' Q

tll~ljlJj~~I(u 90 LuvjL"lI~G1 lJj~~l(u 65-75 LlJvjL"lIUG1'IJv~'IJUl~~ljlllJj~'YlIU ~LnG1 

L~U'YlUv~~~l~a~ll ~dl~L~~~U'lJv~~l'U;1~~~~~~~~~ln1UUj~'YlI~al 0.5-2 ~dl~~ 
v , 
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.lOCO U U ".1 co .1 .1 ' .:: ,1~L~~~U~UnULuj~~~j~~l~ 92-98 LuvjL~~~ 

A1A~~;1~~v~1~L'\J~~~1~~~1~~lLnlnU 2-5 ~11~~ 

o U 

v~~lj~~l~~l~U (3) 
q 

~. llj~la~~U~~nljU1~ljUl 

ua~l fl ~L '\JMj~1 ~nlj~mt1L~~~~v ~n~LLv~~'lJ.l L~A~v1~LL~~~mn1jAml~ 

~'lJ.L~v~~~j~~u~vun~1l1~n~1~ fUllj~~l'IJ. 10 ~~~n~~ 
u 

II I. J 

1~anljv~1~~~~~vl~unljn~UluAll~~L~vl~~lvvn~~~L11
u 

• , II 

vvn~~~LU'IJ.1~nlj~n~11jAA11~~'lJ.L~v~~~ L~lnu 10-40 
'J 

~~~n1~1'IJ.~~ 2 A~~ (23) 

';). 
II 00 

vln1jm~LAU~ 

~'I!.lLL~~ 

, 
1l1~~j~~ Al1~~~L~v~~1 LL~~Ul~~1~~1~1l~la~v~11~nla(peripheral edema) 

J 

\l,. L~~'ti~CII...n (23) 

u 

I C R } 

L'Il~ Ada lat Ie 

I C R l 

L'Il~ Adalat Retard 

l~l~i;~ (Photolysis) 

1~1~~~~ L~~1l~n1alnljL~V~~v~U1Lriv~~n~~~~~~1'IJ.,;)lnu~~ (24) 

n~1n~v~1".Jl~~~~ 

n~1nnljLn~llDn1ul1".Jl~~~~~ 2 n~1n AV (2,25,26) 

1. primary photochemical decomposition 

L~~llnn~al~Ln~;'lJ.L~~l~L~n~~V~Ulnnu~~ ~~Ln~nlj~~~U~~~~l~
~ q u u 

~11i1~L~n~v~1~~~11~~1~A~~1 (A·) ~~u~~~l~~~nlj~ 1 l~L~n~~v~ul~~~ 
u u 

II 

http:n~1nnljLn~llDn1ul1".Jl
http:n~1n~v~1".Jl


1 1 

1 iJ,cUn1~1~~ \l&l1"l~~llllil.lllm1l1~ml'w~ \l \l1iJ,l~~~ltll~ l~LLn 

n. 1l~~~~~tll~W~\l\lIiJ,~11lli~iJ, ~11~~m~~~~~\l~~IWU1~~~ll~\l~U 
q u u 

~. 1l~~1l~~tlL~iJ,\J~\I\lIiJ,LL~\l~~mlll~11A~iJ,~11nll L~iJ, 1J.~\I,J~~~Li~ 
u 

L'iJ,~ (fluorescence) ~~~ ~~~l,JLi~L'iJ,~ (phosphorescence) (~llnli 3).~~ 

A. 1l~~1l~~~d]iJ,W~\I\l1ULA~rlllrTLilj)nl1L~v~ (~3Jnll 4) 

v .• 

ni~miJ,mi.y;\l~ll~LL~~\llniJ,~llmi~ (1)-(4) 

A 
1)

---------------------> •A ••••••••• ,,(1) 

A 
1,

---------------------> A + " A11lli~iJ, ••••••••••• ( 2) 

A• ~1;---------------------> A + hJ •••.•••••• ,(3) 

A• ------------------  ~ B ••••••••••• ( 4) 

, , , 
~\l B ~~ ~li.y;Lfl(O,"llnmiL~~llW\l A 

I II I I IJ r 

nliL~~ll~~\ltll~iJ,nUA11lltll1A~iJ,~D\lLL~\I ~1~11lltll1A~iJ,~iJ, nliL~~ll"l~ 
I IJ , ,u , 

L~lJ~iJ, LWil ~ L~vA11lJ~11 ~~iJ,~~ \I LL~ \l~iJ, ';j~ ,n'W~ \I \l1iJ,.y;~I';j~j)~l)~ln~1tl ~ \l LL~j) \11 it 
u 

••••••••••• (5) 

•..•.•••• , . ( 6 ) 

, , 
v u"" '" L:IJ~ E = W~ \I \l1 iJ,Yl';j~ I.ln~j)''IJ 

u u 
I , 

I 
'" I -:a 7 Q • Q'" '" h = A1A\lYl Planck llAI 6.625 x 10 L~in-1iJ,IYl 

COl Q CI-lU '"J 
I 

= A11:IJ1.l~~\li\l~ ( 1iJ,1'Yl 

c:! 

C ~11ll L i 1 'l.I v \l LL~ \I 


).. '"' 
I 

= A11lltll1AaiJ,~~\lU~\l 
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lJ I , lJ 

~~~u ~1~1~n~~~~~~11~~11~~uiu L~U u~~~i~'1111~Li~ 
u 

I I II 

n1'L~~~~1n ~~n1~1L~~nLn~;U~~U~1~~~i~u 

2. photosensitiser ~1~ secondary photochemical reactions 

Lri~~nu~~1~Lini~~~~1'~u (BI ~~~~~i~~1u~1nu~~ui1~~~~~~n'il~Lini 
u ~ u ~ 

~~~~, (AI ~1'~Ln~n1'L~~~~1GL~~ 1~Lini~u~~~~i~~1uua~1~ L~~n~1 
~ u 

phot osens it i sers ; ~~1~"h~, LTIuih L1-~m' L~~~"IlPJ HI1 ni 1 mL 'I..1'1..1~l.l.a~ ~111u 
I 

aJJn1'~(7)\,l,i~(81 

~J 
B ------------------) B· •••••••••••• ( 7 ) 

B· + A -------------) A· + B •••••••••••• (8) 

, ~ ~ I II uV I ~ ~ 
~iU~iA1a~'''Il~~n1'La~~L~~~nUa~~~U''ll1~1'1..11~Un11n1'La~~LU~~~1n 

u 

II 

~11~'~U (241 L~'1~ 

1. ~nn1~.11n1'L~~~1~mLa~~lu'~~~~11~i'l..1i~ul~I:I~,,~'li1~ (21 
I 

I

2. ~~~~~~i1~~~~~n~5~~~~ (261 L'liU 

u 

'lJ~ ~ ih.lL lJ~4 ~11~ L~1I~,U~Li~a1'l~' ~LL~ ~ 
~ 

2.2 ~~~m~1:I1n~m'LR~ l~un LLll~~n1L~"LLa~ ~11~L~1I"1l~~LL,H L1i1 
I J 

n~mLa ~ ~(l4~Sl~LL~~n1''I..1''~ L~UwlU 
u ~ u , 

I II II 

3. ~nn11:11n1'L~~lIL~~~nLLa~~1~~nL1-~ ~'1..1~~ ~1~1~;un'l..1~1111f~u (21 
~ u u 

L~~ \J~1n~~n11:11n1' L~~1I L~~~mLa ~~~U~1 ~-n'l..1i~u ~ ~~1~ Ln" L~U~I~n1~1tlU 

~l1~U~ tlU~'I..1ll~~ LL~~ tlU~m~~ ~1,1 (24 I tinn11:11m, L~~~i mILLa ~ii'n Ln"~111n'l..1t1~n1~,1 
~tln:a L~~U L~'1~~~n:a L~iluL~u,j~n11:11~ L n,,;u lmlLL~ ~1~ (1,27 I 

n1'~~onun1'L~~~~~~1:I1L~~~nua~~1~~11~1~~ 
II 

1. '1..1"~ LSli'lii)(l4~' 'USl1'1iU~~~~ "nULLa ~ L~U "Il1~~~l'WUa1111'~~~ ~ nULLa ~~~ 
~ 

~i~~1u~1n~1 470 u11ULlI~' (281 
I 



• • 

• • 

13 

q U 

(ant.ioxidant.s) 

<> " 
~an~~~~~ (Oxidation) 

vvn~ IL~il'U.L~'U.~~iL~I11~1~ru~lL~Wl~~'il~.yhl~~n1~A~~1 ~ 2. fI~1n 
u 

1. vvl~uvn~L~~'U. (aut.oxidat.ion) Ul~nvli~la 3 nl~lil'U.nll ~v (26) 

n. nl~lil'U.nllL~~~'U. (init.iat.ion process) L~'U.nl~lil'U.nll~Ln~ 
" " v'U.lI~~~l~ (free rad i ca 1) ~'U. nl~mlJ.nlit.()n L1~1~UI'l11~.fv'U.LL~~LL~~ 

q U U 

RH --------------- > R + H 
j I" 

R" LL~~ H" L~'U.v'U.lI~~;i~~Ln~~'U. 
q u 

RH Lfi'U.l~L~fI~~v~al 


~. ni~ul'U.nliU~ (propagat.ion process) L~'U.ni~lil'U.nli~v'U.~~ 

q u 

I " 

5;1~Yt Lnlil~'U."'11l~n1tnnliuun;a L~'U. 
.' I ' ,

!II al... Q . ~a~ u.,...... 0 6't u a Ol v Q ~ u 

~U~~ L ~~i8un~nn~tlnn'~lnUl~L~n~~u~~1 ~ll~alLn~nl1L~~~LLJ1Ln~L~UuU~~u~iH 
tJ ,~-\ ~ U 

R + a -------------> ROO 
2 

ROO •+ RH -------------> ROOH + R 

9 U 

J " 

L~u~uun~nlunn1alnli~11alia~u'U.1I~~~i~ (free radical inhibit.or, X) nll~ 
~ qU 

unn1tJlflli Ln~u'U.lI~~;i~~li~ ~ LL~~u'U1I~5;i~ Ln~unn1mn'U LtH Ln~ L~'U.;ll~~W.ll~ 
;j 9U QU ~ 

•
ROO + X ------------> non-react.ive product.s 

" .
R + R ------------ > R-R 

http:U.;ll~~W.ll
http:inhibit.or
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~~n1~1~~1~~~n;L ~~u~1~~nL~~1~~1~1~jL~u1v~~u 1~~~~~~L~~4~~n1~~ 

~~~~vn;L~U (26, 29) 

2. v~n;L~~Uvl~Ln~~ul~~nlj~ruL~~5L~n~j~UL~~~jl~~ln~~n;L~U U~~ 
\I U 

L~~nl1 ~~n1mv~n; L~iiu,-;,)niiu 

~nn1~1 

rGduced form 
" 

oxidised form + n electrons 

~lj~lUaan~L~~U {antioxidants> 

~lj~lU~~n;L~iiuL~U~lj~j~U~~~~1'i~1~~11~~~~1~ l~e~~o~Unlj, 
II 

Ln~~~n;L~iiu~vGel 1~~~n~1n~~n (29) 

1. ~11tilluvvn;L~,iiu'Yh~~1~Lmul~L~n~~1 l~~ln~vvn;L~~uLv~ L~v~~ln 
II 

a I I 11 0. U I a as 

~~l standard oxidation potent i al i~nl)Bl ~lj~lUvvn~L~'Un~~u ~v ilj 
\I , 

aa 
'Ll.~~ Ln~m,.IV ~nj~ 

~~~1~ (sulfurous acid salts) 
\I 

I " 

1~uri ~ljtilluvvn;L~iiu~1~~~~ 1 ~~1 L~U l~,~~un~L~~ (propyl gallate) Ll.~H~l 

~L~L~~1v~1vn~1~~5u (butylated hydroxy toluene) 
\I 

" 
3. ~ljtillUvvf); L~iiu~tJiI ~nlj Lnm)U~~5~jH L~U ~lj; L~1~ L~jiiU~~v~lj~tJ 

. , \I 

l~~~(metal sequestering agents) 

~~~Uilj~lUilvn;L~iiuvl~~~~L~U 3 ,~~ ~v 
II 

11 QUi 0& I 

primary antioxidants1. ~lj~lUvvn~L~'Un~~U~HjtJnlUnj~tJ1Uf) ljLl.~ 

~v~~fln1~lva1~vvn;L~iiu ,)~~u~~1iL~~1~n11~v~~U~1~~nljL~v~L~v~~lnvvl~van 

; L ~.jiu L~U 1~j~~LLn~ L~lil L~uilu 

2. ilj~~l~ (reducing agents) . Lilu~11~1i~v~nu~~av1~avn;L~iiuLl.~t 

\I 

3. ~ l j;L~l~L~jiiU Lilui11~~1~L~~~11~~~~1~a~~1 1~~LI1~q~~ntJ~11 

tilluaan;L~~U L~U n1~Lv~~u1~aH~UL~~jla~;~n (ethylenediaminetetra acetic 
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acid, EDTA) 

u u u J. 
nl"T1j'\~v1JA112JA'Ifl1~thHll~'tSm'l1flvLL~'1 <Light Stabi 1 ity Testing of' 

Phal'maceut.icals) 

J 

U~~~ln~l~~l~~~U~~ua~u~~ (naturaL jaylight, 

U.I" 1 <J ~ cl 1"sunlight) ~n~~u'~n~1J~1~U~~~i~'1 lL~Li~Ui~U~~~~~~L~U ~ L~'l~~"~lnl~ 
q 

~~~lin~~niuu~~~u1~ (2) u~~u~~~n~~L~~nl'Lt1~~uut1i~~i~~L1il ~~~u~~1~ 
IJ 

I 

2. LL~~~nlLU~U~~L~~~~~~mKlun~~~ULL~HL~~ L~U ~i~~~14n (arc 

IJ 

L~U~ (fluorescence lamps) (28,37) LBu~u 

Light Model Systems 

,~~~~1ilunl'~~i~~~~il~'~~~ 1~un 
~ 0 ,t! '1 

1. light stability cabinet 'l!\lt1'~~H'~~UL~~ Lachman LLi~.. 
Cooper (38) 

" 
2. Fadeameter '~~~~Ul~1~~i~\l1il~~, Eole Ui~ Garrett (39) Ui~ 

Narukar Ui~A~~ (32) 

3. Rayonet Photochemical Reactor ~\lt1,~~~Jl~~ Gu Chiang Ui~ 

Johnson (40) 

4. HPUV(Rl light stability cabinet ~~t1,~~"Jl~~ Habib LLi~ ... 
Asker(41) 
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f)1')~mt1A111Jfhli11'1thl.1ULlJ~~h (Stability Studies of Nifedi;:Jine) 

I 

1 'U L'\J~~hu ~'Ut)~'\:iu~1~1 v l~')1 'W~~'U L1it)~mL~ \l';HH fimJTIfi~~l t)t)f)~ L~~'U 

~1'~Lfi~~If)f)I'L~t)1J~ 2 ~U~~'U~~~~\l ~1~f)~~\lt)~~'111lt)L~~~HLfi~ 4-(2~
\I 

1 'U"[~i~~~) -1'W;~u LL~H ~1 f;)mL~ \l LL~~~H Ln~ 4- ( 2~1 'Ul~'1'1!~U~) -1'W:r~'U (6-8) 
u 

~ \lLL~~ III 'U')iJ~ 3 
\I 

t , .J I II 

n~1nnl~L~~1JL~t)1'UL~~~'U~n~j\lL~'U~~~~~I~t)\lt)'U~i5~,~ ;1L~~;'Ul~~
\I . ;J , \I 

n~1J1'Ulfl'i..l'Ul\lI LL\l1'UaHl'L1J~f) (aromatic ring) 1)l~'W~Hl'U~lmL~\l~\lLn~L~'U n-
q u 

11- ~\l~~C\L~1Jii'~L~'UL~~ln~t)'U1J~5~'H~\lLL~~\l1'U,iJ~ 3 (4,36,43) AI-Turk LL~~ 
, q \I \I 

~C\LH (4) 'W'tr)ln~1J1'U1~'~;)Hrhl~Lnml~il~m~t)\lt)~1'U~ILL\l';'\lt)t)4l'Yl (ortho) 'Ut)1l 
q ;J \I 

1 \lLL\llU 

~~~~~~~~~t)nl'L~t)1JLrit)~n~~\l~t)\l1uL'\J~~U~\lal~iJ'~nl' 1~~ri 
\I 

1. ~111JL~1J~U~t)\l~I'~~~I~UaH~1~I~Hal~ nl'L~t)1J~~L~l~~~luLt)'YllUt)~
q 

cLL~~,jl~~~1'Ul'Yl~5U (44) LL~t)C\L\lfl~ (iJ'~1J1C\L 50 '1!.) LL~~ ionic strength 1~ 
\I , \I 

~~~~t)~111J~\l~1 (36) 

2. ~f;)IU~'Ut)Il~1 ~~n1UL'\J~~U~~111J~\l~11Jlnnl1~1'~~~I~ (4,36) 

3. Al~Lt)~~t)\l~I'~~~l~ ~1,a~~1~1uL'\J~~U~~~~111J~\l~11Jln~~~~Al 

~Lt)~ 5-8 (4, 44) 

4. ~111J~11~~U' : t) \l LL~ \l LL~ \l~~~~~t)~111J~ \l611'Ut) \l~I'~~~1 ~1 U L '\J&l~U~~111J 
, r .J lJ I 

~11~iu~lnl1 450 UllUL1J~' (42) ~1'Ulu,iJ~lL~~iuAt)U~I\l11~t)U~\l;~~111J~11 
u 

~i'U 340-420 UllUL1Jfl' (45) 
I 

5. U\l~ \l 01 LU~u.~ \l ~fl'l nl,) L~t)1J~t) \l~I~~LLfln~l \lflu~1 U\l~ Ilfh LU~LL~ \l~1 \l 
I 

U 0I.Q1 t.J I U 

nu L'Ut)\l~ln1Jnl'n')~~I~'W~\l\lIU~I\lnU (36,46) Thoma ~~~ Klimek (47) 

'W~11~fl'lnl'L~t)1J~t)\l~I,)~~~1~1'UL'\J~~uLrit)~nU~\lU~~~~1JlnnlILrit)~n~~\l~ln
\I \I 

I I 

6. ~111JL~1J~t)\lLL~\l Majeed LL~H~C\L~(6) 'W~11~~,)lnl'L~t)1JL~t)~nU~\l 
\I 

I 


<3l " " 

~~~\l~~L1Jt)~111JL~1J~U~t)\lU~\l~\l~~ 

\I q u , 

I 
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8NP 
H '0 

l-\COOC I CCOCH) 

H1C N/'-CH]
I 

H 

1,,J 

/ 

, 
.'-Q~ 

'UJ il -;- cnn I ,J~;;m L~J r,n ~j .j 
u 
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IJ 
u a 

~\lU 
II 

1 U L tJl~.wtl.~ L~~ml~'HJlw~ Lt)'n~u~~lI; \l e.J~1I&11&l~.niJLL~ \l ~~~"1111 t) L ~~';)~~~~ \l '1 U'll(lU~
II 1 

~l'W~ Lt)Y1~U~~lJ~~~~1t) L';)~~Wiu~U~fH nUf11,. L ~t)1I'Ut) \l1 U L '\Jft~ u1~ L~m!mJ LL~~~lJ~~~LL~ \l 
1 

~tl~~ \lnu1~~ L'W," 1 ~~~ \lnULL~\l~ii~11lJtl11~~U~1f111 580 tl.llU L lJ~" 

~~lJ~tl"tlntl'U~ltJ1m'YlL UtllJ1~t)()f)1 'TI~ (t i tan i um d i ox ide) LL~~'Yll~o{l"1:nU 

( tart r a z i ne) ~1 ~n,.mltl Ilfl'Uf11" L ~t)lJ'Ut) \l1 U L -.J~\iu1 iltl~1 \l ~iht:J~lJ~~n 1lJ~tl.1 50 -10 0 

1~l~"~L~1tl~ (48) 

2. n1,.1i~I,&11Utlt)f1~L~itl. L~U l'TI1~tllJ1'Ui~1-.J~ 'W'U11~llJ1,.~~t)\lnUf11" 

. L ~~mJV \l~1"~~~1tl1 UL -.J~.wu1il~1 \l (4) 

, ' 
3. ~1'~1\l~U~ L~U L~t)1~~U (curcumin) ;\l Tonnesen LL~tl Karlsen 

II 

( 49) 'W~11 L~tl~~~U~llJ1"~'rh1;tU L -.J~~U~'~11lJ~ \l~l Ltill;tl.~ \l 6 L~1 
II 

nl1"l LA1"II:~1 'U L'\J6)~1 'U 

1~f11"1 L~'1~~~1,j~~1LlL1 UL tJ~.wIULL~~~1"~ Ln~~1nf11" L~~lJii\l~1tll~ L'liu l~ 
1~H 'W~4'\J~~LLlJU~~~1~1~"~11'Yln"1,;J (h i g-h performance 1 i qu i d chromatog"raphy 

(g-as liquid chromatolraphy) (50,51) LL~~li~Ltlf1l'Yl"l'\Jl~LlJ'Yl~ (spectropho

tometry) ;\lL~tl.l~~~1tl ~~~ln~~~L~Uf11,.~~tl~lJ1~tllU~~~1"~Ln~,;)1f1f11,.\~t)lJl~tl 

~"\l (4) 
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. 

"" 1JTITI 3 

0. ... 

1fifll,,)1~U 

(Procedures) 
. 

1~j1Ll"::l~~u\lljB 

1. 1UL~~~U , USP.XXI (Suppl. 71, potency 99.40 % (Wilhelm 

Weizien & Co.) Batch No. 314 

2. ~~ljUALv~-127 (BASFl, 
IJ 

Lot No. 9864759 

7448 KCLZ 

4. 	 Absolute ethanol,AR (E. Merckl,Lot No. 913 k11532083 

. 
1. 	 \A~v\ll~~l~Lv'Jj(pH mGterl, Model SA520, Orion Research Inc., 

USA. 

" ,
CD 	 u a to 

2. 	 LAjv\1'll\ldLAjl~'j,\' (Analytical balance) , Sartorius 1615 MP, 

Germany 

3. 	~LUfll~jl~1~~\~v4(Spectrophotometer), Spectronic 2000, 

Bausch & Lomb,USA. 

~. ~L~U ~l1JA~v~'j,\'~~~ 5° v\l~lL~~L;~~ 
u q 'i U , 
U 	 aa 

5. 	 @"ImJ (hot air oven), Mammert Al1JA~v~'j,\'~~~ 40,50, 60 lL~~ 70 
IJ 	 ~ ~ \I 

6. 
,

'j,\'~~~~~vvLj~L~U~ 15 
u,
1~~ ~11 43 L~U~L~~,,) (Toshiba, Ja~anl 

OJ 

7. Li~ht cabinet 
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v 
U 0 U 

1.1 n11~~~~j~1j~ (Formulation) 
u 

Mlj~ )~1J~1.rt 'Un1 jYl~Cle:J ~ 5Y1~'WCl'Ue:J ~ bb~ ~~e:J1')11lJl') ~(I)1 ~ 7 
u 

~~j~1~~ ;~Yln~~j~1~~Llj~ne:JU~1~1'UL~~~'U 1 LLle:JiL;'U~1~~~1~~nnj~~1~(I)11'U
u ~ u 

40 LLle:JiL;u~1~e~1~~n'Ue:J~'WClljiI')Le:J~-127L~Cl ~Cl~Lie:Jn1il~L~elJ1~~Cl1~~L~u 
u 

II QuI/ II .. I ' G '" ~ u
~1j~1Uv~n~L~~U 1')11lJL'U~~U 0.05,0. 10,0.30 LLCl~ 0.50 L~~jL~'U~L~e'U1~Un 

~&lj~1~U In : 1ULvJ~~U 1 LLle:J~L~'U~1~e~~1~un1'1!'W~1'11l~L;]vJ-1'2.7
u u 

L~Cl L~u1'U~fl11~L~~'Uil~n1j1i~~~ 

Ci@1j~1~~ 1'!J 1UL~~t:i'U 1 Ltl~iL~u~1~e~1~~n1u'WClljUI')Lil~-127
u u 

L~~ L~1J1UCifl11~~~~Lln~ 


1UL~~~'U 1 LLluiL;u~1~e~1~~n1u'W~ljiI')Lv~-127

u 

~fl11~L~~'Uu~n1j1~~Ci~ 
a u 

~~j@11j1J 2 1UL~~~U 1 LLluiL;u~1~e~1~~n1~'W~ljiI')Lu~-127
u u 

l' ~ v c q q lJI 

l ~e'U1~Un LnULUClfl11~Li~~e:J~~1~ l~~~~ 

1'UL~~~U 1 LLl~~L;'U~1~e~1~~n1'U'W~ljiI')Lil~-127
u u 

L~Cl ~~Llj~nil1J~1el~L~~~11J~~1~~ 0. 10 Ltlil4L~U~ 


lml~1~~n L~1J1 UCifl11tn ~ ~'U~ ~mj1 iLL~ ~ 


1UL~~t:iU 1 LLlil4L~u~1~~~1~~n1u'WCll'1iI')L~~-127

u u 

L~~ ~~Llj~nil1J~1el~L~e~11J~Cl1~~ 0.30 LLliliL~U~ 

1~e~1~~n L~1J1uCifl11~L~~'Uil~n1j1i~Ci~ 
.1""'" .1 ( d " ~ u 1 ' "" .11UL~~'WU 1 L~iljL~U@1L~eU1~Un U'W~LjUI')Lil~-127 

u 

L~~ ~~Llj~nil1J~1~1~L~e~1u~~1~~ 0.50 LLle:J4L~U~ 

1~e~1~~n L~1JlU~fl11~L~~'Uil~n1j1i~~~ 

1.2 n1jL@1~e~'W~ljiI')Lil~-127 L~~ 
u 

n1jL~~~~'W~ljiI')Lil~-127 L~~ L~~elJl~~ cold method 
u 

(52,53) ~1nn1j~n~1~1~u~ 'W1Jl1'Wu~L~ui~i~~il1J~1;L~~1~Ci~~1~~UL~ULlJ~~~i 



.... .. 
"1n'1I,.nrl'~ d 111"1MUSnl1 

• J ~ .. 
,,,Ul4n1IUU1t1'l l1l1UUJ 
• 21 

~B~1uL~~~U ~B ~al,i~L~~-127 U~~~11~L~~~U~L~~1~~~~~11iL~~L~a~~~11~ 
u 

~~~1~ ~B 40 L~B4L~U~1~~~1~~n 1~nl'L~1~~L~a ~~U~BU~~~ 

n. i~~1~~n~~1'~~LB~-127 l~~L~~v~~~lL~'l~~ 
u 

" ~L~llA1~~ L '1..11 1 
J tI J ' 

~. Ln~~luw~~ulU~L~U(1 ~U) 
IJ 

L~v1~w~1~~~Lv~-127 
u 

, .: 
~~~ltlv~l~~~~'~ 

t' 

~. Lriv~1~1'~~~ltlL~~1uv~~n~iv~ ~~L~~L~~~1~u~~~~ 
, IJ 

il~1~~~'~11~;~~'~nv~~ltll~L~tl~1~1~1~~ ~~~~1tl~L~~ 
u 

1~~~~~ltll~L~~~1~i~1~~luJ1L~unBuL~~IAI~~~1'~~Lv~-127 
u 

II 
0.01 .01 au Ol

l'rrn 'l' L~'tl~~~ ~ U 

n. ~~Jl~~nlAl~1uL~~~U l~~L~~B~~~lL~'l~~ 

~. ~~IAI~~1AI~1uL~~~U~~~~11~~LB~-127 L~~ 1~~1iL~~ 
\I , , 

0. U t.J U 

U~ geometric dilution ~Un'~~~IAI~~ln'~~ltl~l~l 

~. U~~L~~~~~l~L~l'~U ~,,~1U~1~1~L~n~Ul~ 5 ~~ii~,, 
l~tl1i L~~·~ul1~ L~U 0.3 L~U~ L:IJ~' ~~'ll1~1i~~mL~~ L~1J111u~~v ~nULL~~nvU~l 

1~~mw~~v1~ 
II 

~n~u~vu1unl1~~~v ~1~~v ~nuu~ ~ l~tl L~1~~1U~V ~~~LL~~, 
nl~u~~1~i:IJ~1tlU~Uv~~~Litl:IJ 

, u 

2. nl'lL~'1~~U~:lJl~1UL~~~u1u~~1'~~Lv~-l27 L~~ 
u 

nl'lL~11~~~~:lJl~1UL~~~U 1~1~~Lunl~,1~1~L~~1~~~ muIti
, 

component analysis '~~~uU~~~lnl~~vQ AI-Turk Ua~~~~(5) 

2.1 nl1~1~11~~11~~u~~nl1~~n~ULL~~~~~~ ('A )~V~1~1~li
u v-,,-- max U 

""1 .:LL~~vvn~ ~~ 

1~tlL~1tl~~11~~altl1uL~~~U 3.403 X 10-
6 1~~14 50 
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~~~~~j1U~1~1~~~1~ 95 ~~v4~~U~Lv~lUv~;~~j~nv~~1~ 0.198 n1~~v~~~lj
lJ 

U~Lv~-127 L~~(40 L~v4L~U~1~~~1~Un) ~n~l~lj~~n~UU~~~v~~lj~~~l~~l~~
u 

1iL~~v~~L~nt~jt~t~~L~v4 L~v~1~11~~11A~U~~nlj~~n~UU~~~~~~~v~j~~~1~
u u, u 

'Uv ~1 U L ~~\jU( m~e.Ju In 'U) l~~~ L~v1 ~u,.;.1 ~11~~1 j~~ Lv~-127 L~~1~jlml Unlj 
tJ 

~ c.:01 C1III .c.... , 
nlj~1~11~~11~~U~~nlj~~n~UU~~~~~~'Uv~j~vvn,~~~ 

tJ u ~ tJ 

~11~~~1~11~~~1~1uL~~\jU~L~~~~1~~n~a~~ln~~v~~~vvLjaL'U~( 15 i~~) 1~~ 
u u 

11~L~Uvalj~~~1~~1~ 30 L~U~L~~jlU li~ht cabinet LnUL1~1 4 ~lt~~ 

lL~l ~11 ~~n~lnlj~~n~UU~ ~~lwn~~lJ~~'U.~~nlj~~n~'U.LL~ ~~ ~~~ (l11~e.JU~n ~)
u u u , , , 

nlj~l~ll~~ll~iu~~nlj~~niuu~~~~~~~ll~~~~j~l~~ 
u u " tJ 

t~~14 50 ~~i~~jlU~l~l~~~l~ 

n~~'Uv~~~ljU~Lv~-127 L~~(40 
u 

-n~1 ~~il~~lC\L~l ~ 1(~~,~~~wh~~ 2-5) LL~lU11 ~~n~lnlj~~n~Ull~ ~ll~11~~11~~U 
u tJ 

1~~1il~~v~~L~nt~jl~1~~L~v~~U~ Ltiv~v~~Unljj~nlUnlj~L~jl~~'Uv~l'L~~~ 

1~i~1~~~~1~~n~1~Ltin~~~'Uv~~lj~~~1~t'L~~~1~~~1~~~1~ 

nlj~1~11~~11~~U~~nlj~~n~UU~~~~~~'Uv~j~vvn~1~~
tI u, tI 

'Uv~1uL~~\ju;~~1'L~~~1~~~1~~ ~11~~~1~lj~~~1~1~~nU~~L~UL~~1~~~;~1~~U
u· 

U~l~ ~"!11 iJ~mnnlj~~n~ULl~ vll~ll~~ll~~U~~nlj~~n~Ua~~~
u Uti, 

2.2 nlj~l Molar absorptivities 

14.178 x10 
-5 

nvmi'l~ 0.198 n~~'Uv~~~tjU~Lv~-127 L~~(40 L~v4L~'U.~1~~~1~iin) i~Al 
U 

nlj~~n~uua~'Uvv~lj~~~l~L~~l~~~ll~~ll~~'U. 281 U~~ 334 UltUL~~j~~L~U
lJ 

'" u , 

L~~~n~U~~v~(blank)~ll~~ll~~U~~nlj~~n~ULl~ v~ va~'Uv vjiJvvn~1~~ll~~1~1~
lJ U, U 

c! J ,~, U ,~,uo

'vLnU~l~l~~~l~e.J~~'Uvv 95 L~vjL'U~Lv~lUv~U~~ 0.198 nj~'Uvv 40 L~vjL'U~ 
u 

1~~"!1IUn'Uvv~~tjU~Lv~-127 L~~ L;~'U.njl~j~lllvAlnlj~~niuu~vU~~~11~ 
U lJ 

http:lwn~~lJ~~'U.~~nlj~~n~'U.LL


n • 

~1r.~1 ~~L~~~~U~~~1n~~~'ntn1n~~~'ntmL~~~f~L~~'~ 

~~' ~L~l~~~~Ll~L~U~~LU Z'£ ~ n ~ 

n n • 
~ ~11UlJ~LU~ ~M.~~"n~U~~L~~~~U~L'~n.JI.~' M.L~~~11 ~ M.LlWLUL' L~~mR.U~U~ nino tOt 'IC' no 

n~~LUij~l ~~'n~~~'ntL'~n.M.L~BLUL'L~l~L'~~Lt~L~U~~LU 

M.L~nLUL' l~l~L'~~Ll~L~U~~LU 1 '£ n ~ 

~~'n~~~'nt~en.~~"u~~~~~~'~ln~~-L'~-~~L-l~~~L~~~U~~~~~L-U '£ 

n 

n. Ulnf'J~L~n1~p ~~" L' ~mlnL~~~~~1ij~1n~ 

~~'~Lt~mlnL~l~" ~~~'nlLn tEE ~~" 18Z n!~tLij~Lt~~BL~~~~L~L'~n.L'~"n!U 
I I 

n 

~~~LUL~~~ ~~!!~~ OS ~~~n~1~LR~~~~~ ~BnL~~'~n~1~~~ ' S6 nl~~'ijL~~~ , r , 

~~L~~'~L'~L'B~~'Ii\~l~~ll OOOZ'O ~c!'m~·~,~'ntL'~ij~l 
I " I 

~~__~~~~n~~~~~~~~~~~~ 
~~, LZ1-~B'~~~1~M.n1n~~~'ntmL~~~f~L~~'~~LU E'Z 

n. Ulnl"l~L~n1~p~~"L''\p(S ) ~m~~~', )j,ln.L-IV ULM~~"~~ 

n n 

.L' ~~l~~~~nl~n~~~''11. t~ Br.. r..~~~ 1~Ll~mlnL~B~' ~~~L' L~~fl.l.L!1-~~L'~ (UD ~ 558 ..1.88..1 
t f " 

JB8U~1)~~~n~'L'~'ijBlJ~lJ~LU~11i\~1L'~~n~1L'~n.~~~'~~~'n~~~"n~~Ll~L~LM. 
, , 

n 

fL~~ln~'n~~~'~Ll~~~"L'~"n!U~~LLUL~~L~M.~~~L1UUL~ 

(~ Utn~~Lli)~~l~~~1~1i\~'~1~~t~~L~~~1Len~tli\~ 12~ 
. . . 

n n 
~·LU~l~1R~n~~1~U~e~1~e[ Sa!i-!A!i-C~OSqB JBI0~ LM.1LU (S-Z ~1L~1~~ ) 
,. !I-, ~ ~'" ~ ~0 • n 0 ,. , 

~I·t~~nt ~1i\~H'1Ii\lJPnBu~1~L'~n~~~,nt Ii\L~~~~L~n~11.L~ , I 

'1-58i--'1-5, '1-uapn'1-S 

~11i\~1L'~ll~ t ~~~~ll~ 8t ~~" tZ'L L~l'~~~ln~1~~n.(58!'1-!A!'1-dJD5qB 
; I I 

n n 

JBI0W)n~~Ll~L~nli\~'nli\~~'l~" ~~"U~~LUL'~n.~l~~!~"nLL~l1~~11.~~'O~"n!U~~ 
I 

n n 

1LUL~~~l~" ~~ll~ Bt ~!" t Z 'L nLnL'~"UlJBL!~!1L~~1~~ ~1~~~n~~~'nt~~n. 
I ' 

n 

~~!'~LU L~c!'1~"~1~~1 (~ Utnl"l~L~)~L~~ln~1n~~~'~Ll~~~"L'~"n!U~~~LUL~ 
, I (r 

n 

~L~11.~~~L~Unli\~' 1~~1nlLn tEE ~!" 18Z n!~tLIi\~Ll~~~~"n!U~~~LUL~~~l~" 
I I 

n 

~~ll~ t L~l1n~'1~~'~n~' OE ~L~Ii\L~~~1L~~~11.1~Ll(~~~ Sl )~n~'~~'~B~~ 
n 

~~!11.U Lt, ~ ~11UlJ~ t1); L~M. 1~Ii\~lb 1I~n~~~m t ~ ~n.1i\ L~~!1LeL!b 
n I 

(~ Ulnl"l~L~)~L!~lnu'n~~~1 
, r 

EZ 

http:M.~~"n~U~~L~~~~U~L'~n.JI
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~ 	 ~ .,: 
n. ~;nl'~ntil~11~~~~lUUUL~~ 1~eLnU~1~L~n~U"~ 

L~~~n;~'~1~U(enL1u;~'~1~U 1~)1u;nl1~L~~~~~nl,1iu~~1~~L~u1u light 
, u 	 u 

I 	 I 

Ca U .. I 	 Co

cabinet ~~~~Uu~~~ln light cabinet ~~~ Lachman ~~~ Cooper(38) ~~ 

~ 	 ~ ~ 0

L'VIU~~l~L~n'iHU"~L~~ 30 L~U~L~~' LL~~~m~'VIn~il'~~lC\1. 26 + 3 ~~~ll~~L~t1~ 
'l 	 ~ '.J 

~. ~;nl'~ntilUUu1iu~~ ~n~ t~t1L~U~l~L~n~U"~L~~ 
q 

L~Wl~~~'~l~U 1~ 1 ui~~~~~~~~~~ua~iln~(u~~~;~'~'VI~1~U~~U~~U~~U~~~ln
u 

'VI~~~i.J~~~L'~~~Ui) nl'flmL~H~~nnL~ t.I ~lU~~ 10-12 ~11~~LL~~~m~'VIn~ 26 + 2 
u u 	 u 

lJ 

nl'~~~1~11~~~~1~1~L~~~~ 2 ~;liLl~lU1U 116 lU 

L~e~~~l~~l ~ Lti~l L~'1~~il~lnnI.1 UL \J~~u1U L ~~'Yln~~'~l~U (~n L11J.~~'~1~U I'll) 
q 	 q u u 

1U~1~Ll~1 0.5, 1,2,4,8 ~l t~~,I,I.25,2,3,4, ...... ,86 U~~ 116 lU ~lU 

~~'~l~U I'll ~~~li~l~L~~~L~'l~~lu~l~Ll~l 1,2,3, ... .. 86 U~~ 116 ~U 
I 

4. nl,'ll,~~~u~~nl'~n~lAl 1~~~~lL~~nnU~~ 
u 

4.1 	nl'~n~lAl1~A~~1'Yll~n1t1nlW 

L~e~ ~ LnmL~~iiurinnl' L'll~t1'U.LLtl~ {j~"lJ~ ~ L~~'Yln;~'~l~U'VI~ \l 
, u 

,
• ..l~o.o. 

~1~~'~~\l~n'Bl(r2action kinetics) 

t~~L~~'U.n'l~'~'VI~l~ 

"" I U 

L'VI~~~~nUL1~1 
u 

A. ~l~lUn~'U"lJ~ \l Lil~4 L~u~1 u L i.J~~u~ L'VI~~~~n1JL 1~1 
u 
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~lUl~~1~11~~u~aH coefficient of determination(r 
2 

) 

Dnr,~~l~U~~~uci (zero order reaction) 

C = C kt • •••• ,., (9) 
o 

, 
DDn;~l~U~U~U~ (first order reaction) 

InC = l"!1C - kt • , • , ..... ( 10) 
o 

= 1 + kt • ••••••• ( 1 1 ) 

C C 
a 

, 
lJ V .0. II 

~11~L~~~ULj~~U~~~~1 

, 
v v '" 

C = Al1~L~~~U~v~~lL~uLlal t 
o 

, 

k = ~lA~~l~~jlnljL~v~ 
, 

njl~;~~U~l~~~nlj~~l~~l r2 ln~L~~~ lJlfl~~(;l ~tJl1~~G1jJ 

~u~~nn~~lnljL~v~L~ul~~l~~~nlj~U
oJ , 

4.2.2 ~lUl~UaHLD~~UL~gU~l~~~l~~jlnljLiu~~u~L~a 

~n~~j~lfD l~~l~ Student's t-test, One Way Analysis of Variance 
q u 

(ANOVA) UaH Duncan's New Multiple Range Test 
, 

~lA~~15~jlnljLiv~~v~~U~U~nn~~1~1~1 ~lulru~ln 

k = 
, 

~~n~~l~U~U~U~ 

k = 

k = ~11~~U~v~L~Unjl~~1~~~nlj( 11) 

4.2.3 ~lUl~UaH~~~~UL~~~vl~nlj'igl~v~L~a~n~~j 
q q v 

.., '1 u 

~ljU L~~l~ Student's t-test, One Way Analysis of Variance(ANOVA) 
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U~~ Duncan's New Multiple.Range Test 
, , 

nl1~I~d~vlEnl1Li~1 ~u nl1~I~dml~~~LJ~I~~I~~v~ 

~~L~ivL~~G 90 % Labeled Amount 1~~Lia~nl1~G~ 

t = C • ••••••• ( 12)
0.9 0 

10k 
, 

~])n1m5~~in~UG 

t = O. t 05 · ••.•••. ( 13 ) 
0 . 9 

k 

t = O. 1 1 • ••••••• ( 14)
0.'3 

C k 
o 

, 

"" 
llJu t = 

0.'3 

~~~d~~U~G~u~ l ~L~~~~L~i 

1~~L~~~nll~lH~~I~~IAG~15~'lnl1l~v~~U~dllJ 

b,j~,'iu~~ G1'11 L~tllJ1 u.n~·hj~ '!n~.I~~~l~~'Yl~a~~lJ-W' 'U.~ (cal' re I aU on coeffc i ent I 

r) 1~~'i~;nl1~~~v~L;~L~~~1~"~H~L~'lt~Adl~~~-W~~lH~~IGAdllJL,jlJ~~~~~ 

1'l!L~tl~1u.n~1-J~~'1l~IAG~dt1\l111mlL~u~1~~linl1'Yl~Ciu'1l~~~"H~~~a~~lJ';;'U.~~uG 

Pearson l~~~il~~UAdl~L~v~'U. 90 L~u4L~'U.~L~v~~ln~~'U.l~~dualG~u~ 

n1~An~1~nfiw~~v~vm~n~~v~11~R~~1~v~1~L~~~~L~W~L~~~Lv~-127 
~-tI - ti 

1. f11,. L\l1~t1~1'U. L-J~~~ 1 L~u4 L~~~l~~Jl~~n1~'Wi11~AL mJ- t 27 
- - - y 

t. t nliL\l11~lJ'Wil1~ALu-J-t27 L~i 
u 

l~~Li~;L\l1~~~L~'U.L~~d~u,ju t.2 L'U.id~unl1~n~15'Yli'Wi~uGUaG a\l11~I~u~li 
u 

L~'U.a\l11~1~'1l ; \l~'ll\4~lnl'l! L ~t1~1U.ni1-J~ 
y 



2.7 

1.2 nlib~1~~1U~~~~ULu~~li~A~~~-127 L~~ 
~ 

1 ~1~ L@l:r~m ~U L~~ln1J~~ t. 3 1 U~l~vnli~mn~'Y1~~~ 'll~lIj 

u;~ U~U~~1Jii~~iH~lm 0.5 n~~'U~1~L~ni~1~G~vGnuuaG1~~ 
" 

2.1 nli~n~IAll~AG~l'Y1IGnIU~I~ 

l~unl i~ ~ l nt1lLL~H~uYinml ~ U~~ \J,LL \J~ ~i'll~lIj l ~~n D'!.UL~H '.t~G 

L~1J~1~L~n~1Jii~L~~111U~~1J~GA11JA~v~~~~~ 40,50,60 U~H 70 ~ ~ ~ll~~L~~a 
U 'I , U 


I I 


U~H~v~~~~~~G~~lnli'Y1~~~G(UiH~I~ 28 + 2°,.) 
, U 	 

Qua 

2.2 nliAn~IAll~AG~l'Y1IGLA~ 

2.2. 1 nli~n~IAll~A~~1'Y11GLA~'ll~G1U~~~~UL~~ l~ul; 

, 
~~~~~~ 40,50, 60 LL~H 70 VGAl L'~ L1!m'l 
, u u 

0 

28 ± 2 ,. ) 	 ~JJ~lv~1 ~ L~~1 Ul L AiIHJU;lJlru.1 UL '~~~U~iHCJH Ld~l~ 'l G1@lIJJ1~'l 'J. 
" 

~v 2. 3 LU~l~~nli~n'lfI~'Y1~~~'lJ~~LLa~ 

2.2.2 nI1~15u~~'ll~~~~~~CJlaiH~~UA1@l~'llv~\Jn~~CJI 

l~nL;~Un'l~iti~~IG 

n. LU~~L~U~1uL~~~U~L~~tl~~nllLl~1 
u 

'lI. I'h~vnl~Yi~'lItH LU~~ L~u~1 UL ~~~U~ L'I,t~~~~nll L lCiI 
u 

A. ~1~lUn~mlVG LUv~ L~u~1 UL ~~~U~ L'I,t~v~~nllL 1~1 
U 

, , 

2.2. 3 ~IUl~LLCiH LU1~llL~~llAIAG~15@lilnli L~~~~v~'I,t~~ 
, u 

~IG1'l1~G1UL~~~UL~~1~~1~a~nli (9) 'I,t~v (10) 'I,t~~ (11) 

2.2.4 aiIG~I{LiL~~a~~vt1l ( Arrhenius plot) l~U 
, , 

nlia11 ~nil~iH'I,t ':h ~ 1nk UCiH 1 L~~~n'l!l~a''lJ~G~ClL'I,t~~~~AIA G;(15ij1ilnli L~~~ 
u 

T 

, , 

L~~a~~~@l U~lLU1~llL;~lln1JAIA~;;1~~ilnliLi~~~~ClL'I,t~~i~~~lnnli'Y1~Ci~~ 
u 
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, J 

~~~15~11nll~~U~n~u~~~~~~~1~(571 
~ ~ ~ 

-E;aJRT 

k = Ae ........ ( 15 ) 

Ink = InA -E •••••••• ( 1 6 ) 
II 

RT 
, 

= Al~~~15~11nilL~u~ 
J 

T u~~n~~~~l~(u~~lL~~lU) 
u u 

I U I U U ( 

E = ~l~~~~lUnun~~u~ (activation energy) 

R = ~l~~ih'tJu~;h'll (gas constant), l. 987 

, 
A ~1~~~~~11~~ ( frequency factor : 

, , 
431 LJ b C!I. 1I IV,.
L~u~11~ullL1LU~a~~~~L~~nllall~n~1~1~~li~ I nk 

~~~ t i T ~11~nll~LfiuLiu~1~ ~~1~11~~lAl~~~1~~11nllL~u~~u~~n~~u ~ ( 30°'ll. )
" ~ , 

u 

J ' 

~u~6,l~U~~~t~1~~~a~11~~~lnnil~ 

... ,~ 

L:J,.I u'Y11 I i 7\ 1\~~ , "-I 'J, 

I , " I I 
a ~ tJa a. . .,:j 1 fU ~ U c.. lJ..... OI.J ';of ", 

'Y1 \ mJ J tl tl~18 r, 6,l Vi 'j ~ 1'fl 'fl l n I ':r '(l:;t~~H i1 dJ '!1 YiJ'\l,·..H ldJ1X;J \l L~~ ~ ~(l~',l ridJlj] \ d'i.i. ( 'fl it! I '.l.llll.l J,";n n 
I U 1J \J \J 

~tl 2.2.4)lml."li~:lJn'il (12) ~~u (13) ~~u ( t4) LrimLYlUAl k LiluAl~~1il 
, , 

U 43t &::II. Q • 

tl~llnll L~ulf'Y',u~"UllJ~n.J 1 
" ~ 



29 

I 

"" 11TlT1 -4 

(Results and Dicussions) 

'" '1 .,"'"nl~1LA~1~~ UL.~~U 

nlJ1LAJ1~~1~~~~~~l~~~IL~~IJ~~~1~1~~~~~~ 3.403 x 10-
5 l~~1~1~ 

) J I' .. .1 I 1/ 

95 ~~~~~~~~L~nl U~i;1~1~n~U~1~ 40 ~~~~~;~~1~~~,~~n~~~~~lJ~~~~~ -~27 
1j 

L~~(~I~~~ln ~) L~~n11L~D~~~ijOnU;~~ln~~~~~~~~L1~L1~~L~ light cabinet 
~ ~ . 

~ln~L rln~f~~L~~~~~U~1 ri~~nl1~nU~~~I'~~ilB~~lnl1~~ni~u~~~~~~~All~ 
u u u • 

~11A~U 334 ~11~~~~1 ~~L~U~lnl'~~niuu~~~~~1~~~~~u'U'~~~1~~~~~111~ 
u u 

1~1~,1~~~~(5) ui~~i~~ln~nU~~ 4 ~11~~wU~,n,'~~ni~u~~~ 334 ~11~L~~' 
u u 

~~~\lLL~:n~ I1l~~,n, '~~n~~LL~\l~~~,~l"T~~~~ 281 LL~~ 310 ul1~L~~' ( mA~~ln'lJ) 
~ u • 

~ ~ L~~~,nTl~~n~ULL~ ~'U~H1'.l. LiJ~~IULu1 'l\l ~~n~1t'l~~ ::~~111 ~1~1111 W~~U( 5) 
u u 

Majeed ~~~A~~ ( 6) U~~ AI -Turk ~~~A~~(5) 1~"~~IU~~~1~U~L~n~f~ 

'U~~1ULiJ~~UL~L~~I~~~ 95 L~~4L~~~~' ri~unl'~nU~~~ln~~~~~~~~L1~L1~~ 
u u , , 

, a.t. ' '::' a. :......... t.J 


Alnl1~~n~UU~\l~ ~ ~~~~~Al1~~~lA~U 237 U~~ 360 ull~L~~1 U~~~~\lgln~nU~ \l 
u u ~ 'J \J 

U~l ~ 237 U~~ 360 U,tUL~~'~~ln,'~~n~UU~~~~~ \l U~~~~~~,n,'~~niuUi~ 
u 

u , u 

~\l~~l~~1iuYi 28 0 ,\l.11ULJJ~1 U~nglnllr.J~nl,l '~a'U~H Ai-Turk ~Vill~A~~ ( 4) ij ,j 
u q 

v u v 

iU~lnn"lie~~ n~llWU~,1~~L~n~~~ln~L~a~~Un,'~n~IAf~~ 

~L~n~~U'U~~~ 1 1~~~,a1uLiJ~~u~~11L~a~1ui~1 iJ~nnAll~ L ~~~U ~ ~UU~~~~\l 

f;)mL~~~~mtfil.~ L~U L~al~U~ L~n~f~~~~~I'~~~la1 U L ~~~u~1~~11 L~mJ1 ui~1~,~ 
u 

J 

u~n~,~~lnL~~ n~'1~~ ~~\l~'n~nUi~ ~,n,'~~niuua~i~i~~ 237 U~~ 360 Ul 
u u u • 

lUL~~'~~~\lU~~L~~~,n'1~~niuUi~i~i~'~~~ 274 Ult~L~~' U~~1~n~,n'1
II u q 

~~ni~LLi\l,;j\ji~; 310 uiluL ~~j~H ~~~'~'W111"J.i LUn~1~'tI~~il1~~~lal U.L ~~\ju
u u q 

;1~~11L~a~1ui~1~~ 

~\l~~nljl LAjl~~~~:n~1 UL oJ~~iJ,' ~nl'lia~ ~ ~1~1~l~~lnl1~~niuui~~Al1~ 
u 
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~11A~U 334 UiH 28[ ul1uL~~' UiH~lUl~Al1~Li~~u~~~1uL~~~U~lna~nl'~ 

L"'W1H~~ ~ LL~iHa~,ill.riJ~ ~ LLa~ ~1nunlAe.JUIn ~. 
u 

nl'An~lAl1~A~~1~1~nl~nl~ 

nl'AfI'j~'lAl1~,",~e1Trn ~nlam~1i11fi~ ~ LnmLiHiluTin~ml{lLH~l ~nl~nl~ ~ UiH 

~1~Lij~~ijG1UL~~~UL~i~G 7 a~'~l.rurlijU~nUa~(~l'lG~ [) ~~~iJ~1~i1';AL~~-
u u u 

[27 L '"li (40 LiJ~4 'L -iU~1~~~1'1;ti1n) ~~mKlLH1111 ~ 'l aLLiH1~~~ Lrim.Ja~lnmJ ~~11 'II. L~-

~'Wu L~~L~UL~i1iJ1~'laiL'I;t~~G~~ 7 a~'~l.riJ UiH~1~L~~~~~1uL~~~UL~iL~1 
u 

niJ 6.96 u~Lriije.Ja~1~L~~~1iJ~i1~~ ~1~L~~i~iG~1~Al1~L~~~U~L~~;U ~~ Lri~ 

Al1~L~~iU~~G1~L~~~1iJ~i1~~a~;u ~l~L~~i~i~ ~G~l~L~ij~~l~lnA~a~il~~L~U
u , 

n'~~ij01~L~~~1iJii1~~(29) 

~1'1 ~~ 2 LL~~ ~~Ge.Jinl' Ltl~~UUiJi ~~~~ ~1UL ~~\jUL ~i~na~,Wil.fiJ'I;t~~~'ln 
, u· 

~mLa ~LL~l nl'1;tU~'l;t 'II. L~~~UL ~ia@1,i;'1iJ [f) ~ ~ dlua@1'~';'1'U~~mLa G'l uanl1H L 1 ~ 
U Il Il u 

L~uWil.r'UAliJA~Lti~'iLiJ~~iJL~UiJ~iJa~'~lfiJ~u L~~1uL~~~uL~i~nUaG'luanl1H 
~ Il ' U 

L 1 ~ (a@l,Wil.riJ [n) ~'"lH LiJ~~U~lf)~ L'I;t~~ ~ L~u~ L'I;t~~G Li~, uc.n~~ L'I;t~eH ~1@11i~1~"H~H 
u 

I 

"" LlilUlU~flmLa\J 
, u u u 

L'l;ti~~Li~L~l~U UiH~L'I;t~~GLi~~~\JL~i~~nUaG'luanl1HL1a~~Li~n~lL~i~~f)UaG
u u 

iJn~ ~~LiJ~~uu~i~L~U~~Li~~u~UL~~G~1f)1uL~~\juL~~ijijn;L~iu~uLri~GnUaG(4)
u 

~lUa~'~lf'U 2-5 ;~L~ua~,~~h1iJ~iJ'Hnu'I!J~1~1~L~~~1'Uii1~~ 0.03, 
u u 

, G! '1 ~ u 0 u ~ '" .,:.I
0.10, 0.30 UiH C.50 LiJu'L~U~ ~~Ul'1;tUf)~l~il~'U L~uGf)Ua\J~nl'LiJiauuui~ 

u 

~~~~Aij a~"~1.riJ~~1~L~a~1iJii1~~ 0.05,0. 10,UiH 0.30 LiJ~4L~u~1~~~1'1;ti1n,. 
LiJ~au~l n~ L'I;t~ij \J L~U~ L'I;t~~ ~~~U'l U~l \J L 1 il LL"f)1~(lnUa G(56 l'U) LL~l~ G L iJ~au L~U 

u 

~L'I;t~ij~Li~~\J~~un11~~ijGa~'~1.r'UA1'U,",~ U~a~"~11iJ~ 5 ;GiJ'~nijiJ~la1~L~a~
u , u 

u 1 ' , ~ '1 ~ u.o! m Cl aI II ~ I41 ut;1'U~i ~~ 0.50 LiJ~'L~U~ ~~Ul'1;tUnL~iaU~lf)aL'l;tiij~LUUaL'l;tiu~L~~~ln~~U~lU 

u'n~~nUa~Ui~~u~ltiJ~auL~U~L'I;t~~G~1~li~~Li~n11~~~~a~"~1.rUA1UA~
u u , 

~~~a~~e.Ji~ijAl1~AG~1~~ijf)1'LiJ~auuiJi\Ji 1~url UaG n,.~ ~1\J(57) al' 

mailto:a@l,Wil.riJ
http:unlAe.JU
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01
~1~I~n 1 in~ru~nl~nl~nlWnE~lu~~i;u,~ariEu~n"~~ 

'it 

a'(ij~~'7U
... 

'it 
a ' ... 

IillW~En' 

in 
... 

~VI~E~ 

... 
6.96 

111 ~VlaE~ 

.;; 

6.96 

llil ~VlaE~ 6.96 

2 
<II 

~VlaE~ 

... 
6.52 

3 ~VlaE~ 

... 
6.35 

4 ~Vlafj~ 

<II 

5.90 

5 ~VlaE~ 5.55 

in 

~ .., ~ V I 

l~~uIVIun ~nunle'~~a'~'ua'nl1~~'~ 

5 - lu~~~;u~~a~~~'~nEu~1el~~~eulu~al~~ 0.50 LUE4\iu~ 



., 3 2 

I 


'II 

nnU~~~~Ub1a1 1, 34, 56, 86 ua~ 116 ~U 

'II 

~~ b1~1 ( 1U) 

I
6l!9t 1"@i111] 34
1 
 56 
 116
86 

'lI 

I 

I
I 


HI +4 +6 +6 +6 +6 

171 
 +3 +3 +3 +3 +3 
, 
I 0HI 0 0 0 0 

+2 +22 
 -1 -1-1 

-1 +1 +13 
 -1 -1 
I


I

4 
 -1 +1 +1-1 -1 

I
I 


+5 +7 +7 I +75 
 +7 
I 


... 
( - ) ~;~1ru~1 (-) U6l~~~~~1i1]iunE~n11"~1~~~n~~ilL~;E~ 

~... ... I ..J o : ~L~~~~ ~1"~'~~~~euu~~~ 

( + ) : ~~~1ru~1 (+) U.~~~~~1i1]iun~~n11"L;~~Un~~~L~i3~ 
~...... ~ ... ~ 

Liu +1 = ~L~~a~Ln~. +6 = ~L~~3~U1~1~ 



33 

~~n~1~~ ~1i~~1~(58) ~~~~lU~1~n~~~1~L~~(38) ~~~U~1L~~~~~J~1UL~~~U 

L~~~~1'L~~~1~i~1~~~11~L~~~U~1~1L~~n11L~~~ui~1~~u ~1~L~UL~11~~m1 
u 

~11~~~1~Lv~~1~~U 

lu~1~~,~i1~ l uL~~~uL~~~~,,~lu~1~u~~i~~1~u~uv~~~Li~u(~~'~11~
, , u U 

I .J I V v 

1 ~) L~v~nU~~ 115 ~U~~~1 ~l~~n17L~i~u~~~~i ~~iU~1nU~n1,~~~i v1~a,~ 
u 

1~11 ~1nn1'~mt1I'1d1~1'1 ~~1~1 \ln1~m'W"ml1 ~ L~t1 ~~~'~11 1~ 11") L~t1 ~~m'~11~ L~m 
u u 

n1'~n~11'111~~\l~d~1\lL~~ 

m1'1, \l~ 3 LLi'l~, ~~~~1m(JI.1uLtJ~~ULLCW % labeled amount 'lm~~n~m'~1 
, u 

1ilflvUt1mL~ \l LL~~m1'1 \l~ 4 LL~~\l~ \l L~v~ L~u~1 u L ~~~U~ L~~vvri~ ~ d~1~1 \l1'Wil \l'O)1n 
u u 

~mL~ \l'llv\l~n~m'~11~ 'O)1ne.J~n1'~~t1'W~11 ~1~1Cl1.1 u L ~~~U1u 1 U L ~~~UL ~~~n~~'~1 
u 9 U 9 U 

~~~~~ \lm1~'~~~ Ld~1~C)nU~\l ~n L lU 1UL ~~~UL ~~~~,,~1uj)·l~U~~~~~dmL~um~~~·-
u u 

Li~~ (~~1~1~~ 11'1) 
u 

L~v~f1 \In'1, tJ'~'Wl1 \l L~v4 L~u~1 U L ~~~U~ L~~vvri~~ L den ~1~vn11Yi~'llv ~ 
u 

~ri~~Ld~1 u~~1~~n1'1~n11t1~~v~L;\lL~U~'\l ~1~1 r2 U~dL~~~~L~~~~U 
u 

(m1'1\l~ 5)'W~11 ~1 r2 'llv\lL~un'1tJ~L;t1U1~~11\l~1~vn11~~'ll~\lL~v~L~U~ 
, I II I 

1UL~I~~U~L~~vv~~ml~n~~11n~L~t1\l 1 ~1n~~~ ~\lUU~n~1mn1'L~V~'ll~\l1u-

L~~~'UL ~v~mL~\l L~u~~~1m5u&l~~~\l ;\l L~U1 ~m1~~~n1'~ \l~ : 

InC = InC - kt 
a 

OJ 
a '-' .c. \J 

~~n11d~~Um'\ln~e.J~n1'd~~'llij\l Jakobsen Pedersen U~~ Mikkelsen(8) 

U~~n1'~~~'llv~ Thoma U~~ Klimek(36) ~\l'W~11n1'L~~~'ll~\l~1'~~~1~1 uL~~~u 

L~U~~~1~15U&l~'W~~ uvn~1n~~~\l~q'W~11n1'L~V~'llv~1 uLtJ~~uluL~~~ 'W~1~~1 
LL~~J1n~uR L~U~D~1~15U~~~~\l (51) ~, \l1Jle.J~ L~U L~~dn~1l11 L~tl~'ll~ \l"1 U L tJ'~~U~ 

LI'1~~U~d8~~~(48) U~n11~n~1'llv~ Akimoto U~~I")ClI.~(46) 'W~11n1'L~v~ \ ~U~D~~~1 



% LA 
~ 

in 

171 

lA 

2 

3 

4 

5 

10.19 

10.99 

11. 71 

10.35 

10 .33 

10.65 

10.66 

+-
+-
+-
+-
+-
+-

+-

0.09 

0.09 

0.08 

0.15 

0.07 

0.07 

0.07 

101.93 

109.87 

117.13 

103.50 

103.30 

106.53 

106.57 

+-
+-
+-
+-
+-
+-
+-

0.97 

0.86 

0.80 

1. 47 

0.70 

0.76 

0.66 

~ = Mean + S.D. ~lnn17Rn~1~1B~1~a~ 3 '"n1~Lan 
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' ~, ....... ..J.... tW~a'GI 1"(fi1 ~tJ ~U~"L~UGl1uL~GlWUn~~aaB~ 
'II 'II 

1n 1i1 HI 211'"~ 
0 100.00+0.00 100.00+0.00 100.00+0.00 100.00+0.00- -- -
0.02 97.16+1.00 - 102.22.±.1. 49 1 95.76+1.34- -
0.04 92.71+0.10 99.98+1.93- 91.02+0.99' - --
0.08 86.26+4.83 101.57+0.92 82.07+1.01-- - -
0.17 69.79+1.67 100.83+0.86 67.47+0.26- - --
0.33 41.42+2.74 10 1 .48+6.04 48.06+0.97- -- -
1 10.55+1.40 81.80+2.19 101. 14+1. 50 11.53+0.16-- - -
1. 25 5.76+0.86 - 1100.20+1.09 9.32+0.74- --
2 4.22+0.41 62.38+1.33 1 99.46+ 1. 04 9.80+0.86--

4.35+0.343 9.88+0.6448.37.±.2.33 1100.29+ 1 .08- -, 

4 3.99+0 . 18 39.69+1.30 ' 99.75+1. 56 10.40+0.38- - --

5.63+0.42 14.39+0.98 99.80+0.798 10.25+0.68 

I- -- -
12 5.56+0.36 6.80+0.34 100.68+2.68 9.53+1.10- --

6.40+0.31 100.32+2.2616 4.45+0.11 9.55+0.76- -- -
7.04+0.50 99.04+2.3220 5.~2+0.52 10.05+0.98- - -

27 5.26+0.62 6.40+0.87 100.21+2.27 9.98+0.85-- - -
99.30+2.5634 5.00+0.16 5.89+1.02 9.99+0.43 - -- -

41 5.23+0.28 5.52+0.51 100.57+1. 34 9.43+0.50--- -
56 6.58+0.14 100.37+1.21 10.02+1.024.87+0.65 -- -- I 
71 100.31+0.424.61+0.59 6.53+0.38 9.83+1.17- - - -

5.17+0.26 100.11+0.7386 6 . 59+0.52 10.53+0.46- -- -
5.39+0.23 100.52+ 1. 156.19+0.86 10.44+0.48116 - -- -

http:10.44+0.48
http:6.19+0.86
http:5.39+0.23
http:10.53+0.46
http:100.11+0.73
http:5.17+0.26
http:9.83+1.17
http:6.53+0.38
http:4.61+0.59
http:100.31+0.42
http:4.87+0.65
http:10.02+1.02
http:100.37+1.21
http:6.58+0.14
http:9.43+0.50
http:5.52+0.51
http:5.23+0.28
http:9.99+0.43
http:5.89+1.02
http:5.00+0.16
http:99.30+2.56
http:9.98+0.85
http:100.21+2.27
http:6.40+0.87
http:5.26+0.62
http:10.05+0.98
http:5.~2+0.52
http:99.04+2.32
http:7.04+0.50
http:9.55+0.76
http:4.45+0.11
http:100.32+2.26
http:6.40+0.31
http:9.53+1.10
http:100.68+2.68
http:6.80+0.34
http:5.56+0.36
http:10.25+0.68
http:99.80+0.79
http:14.39+0.98
http:5.63+0.42
http:10.40+0.38
http:39.69+1.30
http:100.29+1.08
http:48.37.�.2.33
http:9.88+0.64
http:4.35+0.34
http:9.80+0.86
http:62.38+1.33
http:4.22+0.41
http:9.32+0.74
http:1100.20+1.09
http:5.76+0.86
http:11.53+0.16
http:81.80+2.19
http:10.55+1.40
http:48.06+0.97
http:41.42+2.74
http:67.47+0.26
http:100.83+0.86
http:69.79+1.67
http:82.07+1.01
http:101.57+0.92
http:86.26+4.83
http:91.02+0.99
http:99.98+1.93
http:92.71+0.10
http:95.76+1.34
http:97.16+1.00
http:100.00+0.00
http:100.00+0.00
http:100.00+0.00
http:100.00+0.00
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(9l1'Il'l'YI 4 (GHI) 

~a'I'I"Gil1lJ

~ 

L1'"~ 

0 

0.02 

0.04 

0.08 

0.17 

0.33 

1 

1. 25 

2 

3 

4 

8 

12 

16 

20 

27 

34 

41 

56 

71 

86 

116 

3 

1100.00+0.ao-
97.51+1.34-
94.64+0.14-
87.74+0 . 89-
77.99+0.14-
62.60+0.73-

26.04+0.86-
20.72+0.42-
20.98+0.92-
20.75+0.48-
22.75+1.47-
22. 10+0.82-
21. 71.±.1. 53 

1

20.26+0.50- I 
1 22.14+1.20- I 

23.33+0.88-
I 

22.63.±.2.05 1 

22.39+1.64-
21.20+0.91-
 i 

23.17+0.34-
20.39+0.70-
21.39+0.74-


' o;!, ....... .,l....,~

LU~'IL~U~1uLW~~UnL~a~~~.. 

4 


100.00+0.00-
97.15+0.34-
96.34+0.31-

93.02+0.78-
85.17+1.05-
73.10+0.94-
41.14+0.74-
32.79+0.63-
31.50+2.07-
31. 23+1. 50-
31.57+0.36-
30.32+0.77-

29.23.±.0.45 i 

31. 13+1. 21-
30.56+1.64-
30.82+1.91-
30.81+1.98-
29.10+0.69-
28.51+0.74-
29.29+0.31 ' -
31.51+1.37-
31.39+0.83-

5 


100.00+0 . 00 

97.69:0.38-
96.09+0.62-
92.74+0.11-

85.05+0.29-

73.67+0.52-

40.32+0.45-
32.10+0.41-

32.47+0.53-
32.28+0.93-
30.62+0.20-

31.75+0.80-
32.03+0.73-
30.78+2.38-
28.40+0.51-
28.7E+0.49-
28.78+1.06-
29.09+0.34-
28.47+0.78-
28.74+0.46-
29.31+0.70-

29.96+1.86-

1 

http:29.96+1.86
http:29.31+0.70
http:28.74+0.46
http:28.47+0.78
http:29.09+0.34
http:28.78+1.06
http:28.7E+0.49
http:28.40+0.51
http:30.78+2.38
http:32.03+0.73
http:31.75+0.80
http:30.62+0.20
http:32.28+0.93
http:32.47+0.53
http:32.10+0.41
http:40.32+0.45
http:73.67+0.52
http:85.05+0.29
http:92.74+0.11
http:96.09+0.62
http:97.69:0.38
http:31.39+0.83
http:31.51+1.37
http:29.29+0.31
http:28.51+0.74
http:29.10+0.69
http:30.81+1.98
http:30.82+1.91
http:30.56+1.64
http:29.23.�.0.45
http:30.32+0.77
http:31.57+0.36
http:31.50+2.07
http:32.79+0.63
http:41.14+0.74
http:73.10+0.94
http:85.17+1.05
http:93.02+0.78
http:96.34+0.31
http:97.15+0.34
http:100.00+0.00
http:21.39+0.74
http:20.39+0.70
http:23.17+0.34
http:21.20+0.91
http:22.39+1.64
http:22.63.�.2.05
http:23.33+0.88
http:22.14+1.20
http:20.26+0.50
http:22.75+1.47
http:20.75+0.48
http:20.98+0.92
http:20.72+0.42
http:26.04+0.86
http:62.60+0.73
http:77.99+0.14
http:94.64+0.14
http:97.51+1.34
http:1100.00+0.ao
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~1~1~n 5 A1 Coefficients of Determination (r ) nB~~11~~~WUIT 

I , C;!, ~.caI.J.odiI. u I .q,.o:::a 

~~~11~LU~1L~U~1uLw~wunL~a~BenuL1a1 A1a~n11n~nB~ 
'II 

~ <! ~ 4>00 ... ...\....,~ "OJ , <! , 
LUB~L~U~'uL~~wunL~a~~enuL1a1 ~a~~1~1unaUn~~Lu~1L~U~ 

'II 

.........\ .... • OJ ......
..I 
1uLw~wunL~a~BenUL1a1 L~B1uLw~wUL~ann"~~ 

'II 'II 

Coefficients of Determination (r2)* 

.q, .q,q I <CII.<Clro 

u~~1m1uLw~wU ~1aBn1'nun~~ 

in 

2 

3 

4 

5 

0.9099 0.9978 0.9448 

0.8629 0.9971 0.9301 

0.9219 0.9933 0.9838 

0.9627 0.9978 0.9926 

0.9855 0.9997 0.9875 

0.9871 0.9999 0.9934 
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~lU Majeed LL~~~m~(6}~lill nljL~v~~v~~lj~~~1~1uL~~~uluLv~IUv~Lriv 

~nU~~~ln~~V~~~VVLj~L~U~L~U~nn1~15u~li~utL~V~11~Li~iu~lnnl1 4 x 10-
4 

1~~,4LL~~Ll1u,jnn1~15u61li~~~L~V~11~Li~iu~lnll ~~1~e.J~(Ilj~nlimjl~~~v~ Wang 

LL~~ Cheng (44) ~ ~~tillnlj L~mJ~v ~~lj~~~I'B1 U L ~~~U'l U L vmuv~~~ll~ Li~iu 

~IL~U,jnn~~15u~li~~~ u~LriV~11~Li~iu~~~u~~n~I~Ll1u,jn~1~15u~ti~ut 
j'\J~ 4-1 0 LL~~ ~()~njl~~ L~~U1~~11 ~~h~vnI1Yi~~v\l L~v4 L~'U~1 U L ~~~U~ 
\l 

L~~vv~ntiLl~1 ~lill~11~iu~v~n11~~v~~(Ilj~l~ti~~nLL~~'lu~nll~L1~U~~u~~,jn~
\l \l 

(~(Ilj~l~ti 
\l 

1n , 2-5 LL~~ 1~ (Ill~~l~ti) ~ 2 ~l n~ll~v L~Unjl~~v~~(Il'~I~ti 
\l 

. ~~nu~~'u~nll~L1~(j,j~ 4 U~~ 7-10) ~~~~lu~l~~u~ 
\l \l 

L~v~~n~v1~ l u~~~~n,,~~a~~~,~, fti~~n~~ ~ ,jn~(i~~ 5) ~~~~~ ~1 u~u~ [2 
U \l U 

, u 

~nlli1J.~'IJa ~llil\J'll~Hnl j L~v~'lJv -:l 1 'UL \J~~U~lnnljl~~~~~mtm~ L~UL ~tnntie.J~ 

n l jl~~'llv~ Thoma U~~ Klimek(36} ~~~n~I~11~~~~1~v~e.Jin1'UL\J~~'ULria~n 
\l 

LL~~ ~tilILriv~nu~~ 40 Ul~ 1UL~~~ULn~nljL~v~~UL~~v 80 L,ja4L~U~u~~1~
\l 

L~~nljL~v~~v1~~n 

lunljl~~~~till Ln~nljL~~UULL~~~5(1l1IL~1~v~nljL~v~~v~1uL~~~UL~v 

Ll:n~l:lmL~ ~UI'U~'!l. ; ~vl~ L~v ~·'nn Ln~~~(IlN~V~1 U L~~~U1UL ';l~~U ~ ~~U~ ~ 'l ~~1 ~ 
\l , 

LLjn~v~nI1L~v~L~U~lLL~U'lJv~nljL~v~'lJv~1uL~~~UL';l~ 1,j~ 11 L~Uj,j~ua~~nl'
\l \l 

L~~~tiL~~tinljL~v~'lJv~1UL~~~UL~~~n~(Ilj~l~liL~v~nu~~ 0-12 ~U Wtill Liu 
, \l \l 

njl~'lJv~ L';l~~l:lnLL'H,jn~~u titiv~l ~ LL(Iln~1 ~';lln L~unjl~5u; ~ I:lnLL,H1uaml~ L1~ ;~ 
\l \l 

vl';lL~ULW11~11 u~~~n~~UL~~~~l:lnU~~L~~~~U~~ 10-12 ~11~~L~I~U Uvn';lln~ 
\l 

Lachman u~~~m~(38) ~tillnlj';lI~'lJv~~L~vl:lnu~~luanll~L1~1~~ILl1u~v~~utiti
\l , 

v~I~L~~vUntiL~vl:lnLL~~~n~ 
\l 

';lln(llljl~~ 6 ~~LLa~~~I~~~15(1l1InI1L~v~'lJv~1UL~~~UL';l~~na(llj~l~ti 
, \l 

\l \l 

LL~Uv~~~L~~~(~(Ilj~l~ti 1A)~~livunll~I~~~15(1l1InI1L~v~'lJv~L';l~~l:lnLLa~'lu
\I \l v 
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me 
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0 0 

a 1 2 3 4 5 6 7 8 9 10 11 12 
L?~I(l'U) 

j 1111 
, 

1 1 nljL~~~~L~~linljL~v~~v~1'UL~~~'UL~~ 7 ~~j~lflil'U~l~Ld~1
1J 1J 

OJ 

0-12 I'll. .10."" a!. 0, co 1 1- 1 ' .1' c;! " ~ c:OJ OJ

01'UL~~~'UL~~~~~l~L~~~ U~~ ~~ 0.05 L~vjl~'U~L~~'Ul~'UnU~HLnU 

0..00 c!. c;! '1 "'1 0 ~1~l~u~~l'U~~ldHL~~o 1'Ul~~~'UL ~~~~Lnli~l~l~U~~lU~~11HLj~ 


1\1 c,," a!. 1 OJ 1 ' " c;! " ~... c;!
OC- 00 ~ 'UL~~~'Ul~~~~~l~L~~~ U~~ ~~ O. 10 L~vjl~'U~L~~'Ul~'UnU~~LnUe 1'UL,J~.wUL~~;~ L~li~l~l~LL~~'ln~ 


m1UI~~~UL~a~~i~~1~U~'Uv~~~Li~~U~Hl~li~l~l~U~~l'U~~ld~L~~ ~1~l~u~~l'U~~ld~L~~ 

, 1J 

0.00 a!. "" 00 'i OJ 'i , " c: (, ~ OJ c;!o1'U L~~~'U L~~~ ~~ L~ L~~~ Lli"l!~ L~~ 0.30 L 11vi L ~'U~ l~H.I'Ul~'UmL~~ l nu 

fll~l~U~~l'U~~ld~L~~ a 
J:> 

'" 00 a!. 0, 00 1 OJ , , d "'i ~... dO1'UL~~~'UL~~~~~L~L~~~ li~~L~~ 0.50 L~vjl~'U~L~~'Ul~'UnU~~lnli 

fll~l~u~~l'U~~ld~L~~ 
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a'lfI"~'l7U 
, .,j~ ~ 
A'lA~nulfl"'ln'l"L u~ 

'if 

(1U
-1 

) * 

In 

It! 

lA 

2 

3 

4 

5 

2.2895+ 0.1425-
0.2285+ 0.0049-
0.0000+ 0.0000-
1.9777+ 0.0458 

1. 2824+ 0.0223-
0.8867+ 0.0189-
0.9059+ 0.0101-

~ 

* = Mean + S.D. ~'lnn'l,.~n~'l~1u~1~~~ 3 tl1~Lan 



48 

~ml~L~\i(jmJ@h1'U In)u~1\i~ir'[JJ1A'1l'Y1l\l~~~(p < 0.05) i1\1LL~~\ll'UmlJl\l~ 7 
, ~ 

L~u1~~; One Way ANOVA ua~ Duncan's New Multiple Range Test 

L~~~'UL~~'U~lA\l~1~~JlnlJL~u~~u\l1U ' ~~~ULqa~~t1 , ~~~1 'Uia1~~All~L~~ 
1I I u 0 U I a. I t.J I a. U 0 U 0.0. 

~'U~1\l1n'UamJ~lJ'UA1'U~~ W'Ull~All~U~n~1\ln'Uu~1\l~U~alAru'Y1l\l~~m ( p < 0.05) 
~ ~ .

~\lLLa~\l1i1'U(!nJl\l~ 8 LL~~ 9 ;\l1~c.JaLLmn~1\l,;)lnc.JamJ~~~~u\l AI-Turk LL~~ 

A(l4~ ( 4) ; \l'W'Ull~l A\l(!~h~~11nlJ L~tliU~u \lal da~al ~1 'U L~&1~'U1~~All~LL~n~1 \lf1'U 

Lriulil1L~~~1~i~1~~All~L~~~'UJ~~ll\l 6 x 10-
5 ~4 500 x 10-

5 1~~14 
.1 - 4 Co -2 .1 ' G! , ,,: 1 '" 

( ud~~l~ 6.24 xl0 ~\l 5.20 xlO Luu'L1'U~) ul,;),;)~L'Uu\l,;)ln 'Unl1~n~1 

'lJtl \l A1-Tur k L~~~A{lI.~~'U~mtl11 L~~~1 'U~~1 \J~1 'U~nl~ L~~~'U~~l~ln';)'U1~ L nmJa 

tI C. u 

m1ml'Uuun1 L~'!l'U 

~1'Ul(l4~lul~nlJ1i~1~tl\l1'UL~~~'UL';)a'Y1namJ~lful~alia~nlJ'lJu\ltl~n~el
~ , u ~ 

~'Uil'U\t~\lLL~~LLa~ \l (;J~l-uml11 \l~ lOan d 'U~11'U1 'U L~&1~'U L';)~~'UJJ';)1 'Um'IlU~~~~~lt.l , ~ 

U~'Uu~~~Ln~~ ( a~J~11'U IA);\l1~al~~'~~1'Ul~ul~nl1'i~11~L'W'1~~~lA\l~1
u u 

5mJlnl'L~u~L~ln'UA'U~ LritlLtl~t.l'UL~a'U~lul~nl11it.ll~u\l1'UL~&1~'UL,;)~L~u~n~a\l
u u 

tln~n'ULriu~nua\l1'U~~11~L~\l'W'Ull ul~nlJli~ 1~u\l1'UL~~~'UL';)aLriu~nU~\ltln~
u , u 

(11.03 ~11~\l) ~~1~lnnl1ul~nl11i~lL~u~nua\l1'Ua~11~L~\l(1. 10 ~11~\l)
, u , 

~1'U~11l\l~ 12 LL~~ 13 

LLa~ \l~ \lAll~LL~n~ l \l' u~l \l~Ue~l~C\J'rn \la~~~u \) ulenl''1 i~1~u\la~1vh1'U 1 n , 
.. , u 

2, 3, 4 U~~ 5(p<0.05) LL~ul~nl1'1i~1'lJu\la~J~11'U 4 LLa~ 5 1~LL~n~1\l 
, u 

n'Uu~1\l~U~Jl~'1l'Y1 1 \la~~(p>0.05) 

~\l~'U,;)ln~lA\l~1~m1lnl1L~u~LLa~ul~nl11i~lLLa~\l1l, 

1. nlJ1 i l 1 L~~~1 'Ui~1 tJ~ L~'Ua1161l 'Utlun; L ~ilul'U1'U L~&1~['U L';)~a l ~lJ~~~nlJ 

L~tl~'lJu\l1uL~&1~UL~u~nLLa\l1~LLa~All~al~11~1'Unl,a~nl1L~u~'lJtl\ll1L~e~1'Uia 
u 

.1 ,,! u tI tI U ,!} .1 ' G! ',.11\Iml'Un'UAll :lJ L'll~~'U~\l'U 0.30 LL~~ 0.50 > 0.10 >0.05 >0.00 Lutl'H1'UmL~~ 

J1VtUn ( p<O. 05) ;\l L~tl\l,;)lnt1L~~~,1'U.na1 ~~~ACll.a~~~L 1i'Ual'1~1~, 

2. tll ~nlJ1 i~l~\"ll~\"l~ L'U1~~tl \l1 'U L'\J~~'U L';)~ L~tl~nLLa \ltln~~~1~lnn1l Lritl~n 
, \I U 

http:t1L~~~,1'U.na
http:la~~(p>0.05
http:5(p<0.05
http:In)u~1\i~ir'[JJ1A'1l'Y1l\l~~~(p<0.05
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~1~1~~ 7 nl~lU1~U1fi~UA1~~~15~~lnl~1~a~na~ 2 ~~~~l~U (1U1~~~U
'II 

.... .q".q ~ u 
nu't"L~I9IVJU1~~Lnu.n18'~"~~ 

'UsiI111~L-i~ 

.q,.q 

~~d1i~n1~~fl~ 

"'... ~'hu vJl9IVJU L~a 1nu 25.1341 s 

.nla'~l.I.a~Un~ 
...... 

'tU1vJI9IVJU1~aU~~~ 
~ 

1.1 .., 

'U.nlnU~VUJI9I1a, 
I ...... 

1L I\J 'lUI ~ ,HI 1 U IHH1 a ~ 
'II 

~ 1.1 

~ nWllSLf~lLl~~1u 

27.9207 s 



so 


Source of Variation df'"" SSb MS 
c Fd 

Among Groups 

' Within Group 
I 

4 

10 

4.8687 

0.0468 

1.2172 

0.0047 

I 

258.9787 

Total 14 4.9155 

a degree of freedom 

b Sum of Square 

c = Mean Square 

d = Variance Ratio 



5 t 

~111~~ 9 	 n11t~~~UL~~U~1~~~lim11n11t~H~nB~1uL~i;ut~a L~B~ 

1~t;~~1uia1~~A11~L;~;U~1~ , L~BnnU~~'U~fi11~L~~ 
'lI 

!l) 

l~a'ti Duncan's New Multiple Range Test 

. , , 
~ 1 Lt lR n lit ')-.3 ,. ~ '\iIl1 ", ~1iI1~1~1J LSR* I U~d1~CllTl1,,~fiGi 

'II 

, ..,j 
~1 LQ,UI 

~

In nu 2 0.3118 0.1247 S 

~

In nu 3 1. 0071 0.1307 S 

.... 
0.1358 SIn nu 4 1. 4028 

0.13341n flU 5 1. 3836 S 

... 
0.69532 nu 3 0.1247 S 

0.1334 S2 nu 4 1.0910 

... 
2 nu 5 1.0718 0.1307 S 

0.3957 0.1307 S3 flU 4 

S0.12470.371353 nu 5 

~ 

0.1247 NS4 nu 5 0.0192 

* Least Significant Range (fi1~~U1n R) 

S = ~U~a1~CllTl 1 "an~~ P<0.05 

NS = 1,j~uad1~CllTn"ail~~ P)O. 05 
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fllflfll1""lii81~1tI 1"(;i1711 
~'II 
I 

~dh1JJ -3) 

1. 104 + 0.0721n -
11.032 + 0.233171 -

1R 


2 
 1. 272 + 0.024-
3 1.960 + 0.037-

2.B40 + 0.0554 -
2.7B4 + 0.0245 -
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1~ Student's t-test 

alll'r6h,u 
'II 

I

I'll t ~lnWl'rl'l1u.1rn 

.q .qf IU .ca..q

LU'8uLl1~unulu.Lw~~u.L~~ 

G v I 

Lnun,a1~u~"l1u..n'1~L'''l 

Ue~IRtll111"lai1~ 

...... G 
lu.LvJ~~uL~aLnu 

nle'~L:..-3, tin9i 

-70.914 S 



-- --
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1~L~a~1ui~1~~M11~L~~~U~1~ 1 L~~nn~~~'U~n1HLi~ 
'lI 

Fddf~ MS'"Source of variation SS
b 

1.B90BAmong Groups 4 7.963 948.00 

0.00210.021Within Group 10 

7.9B414Total 

a = degree of freedom 

b Sum of Square 

c = Mean Square 

d = Variance Ratio 
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1~~~~ Duncan's New Multiple Range Test 

~Gl "lGi 1'~U 
'II 

' , , 
Vl1U.GlflGl1"1"l~Vl11~ 

, .J 
Vl1l~6HI 

LSR* Ufl~1~CUT11"1~ilGl 

~ 

1fl flU 2 0.168 0.083 S 

~ 

1fl flU 3 0.856 0.087 S 
~ 

1n flU 4 1.736 0.091 S 
~ 

1fl flU 5 1.680 0.089 S 

~ 

2 flU 3 0.688 0.083 S 
~ 

2 flU 4 1.568 0.089 S 

2 nu 5 1.512 0.087 S 

~ 

3 flU 4 0.880 0.087 S 

~ 

3 flU 5 0.824 0.083 S 
~ 

4 flU 5 0.056 0.083 NS 

* = Least Significant Range (.1)1V1e.JU1fl VI) 

S ~Ufl~1~CUT11,,~ilGl~ P<0.05 

NS = 1~~U~~1~'lIT11,,~ti~~ P>0.05 
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1UL~~~UL~i1~~ Lti~~~lnu~U~~i~Li~~;1~1'~~~~~UUj~1~
u 

I " " 

~~~~J~U~U~~i~Li~~~~Jl~~~~J~L~UL~~J~~nl'l~~i u~n~lni At-Turk Ui~ 
, u 

~~~(4) ~~~~11nl'~dd~1UL~~~U1U~J~unJ~ill~u ;1~ld~ti~~~unl'L~~~~~~1u-, . 

L~~~uLri~~mL;~1~ 
u 

~~~~~~J'~Li~iu~~~1~L~~~1u~i1~~~~~lA~~J~~"n"L~~~~~~1uL~~~U 
L~~u;~~1nu~1,,~~ 14 LL~~dU~ 12 ~~11Lri~~Jl~Li6Jiu~~~1~L~~lJ1~-n~1~~ 

L~6J;U ~',A ~S~h~~dlnl' L~~6J~~ ~1 U L ~~~UL ~~~~~ ~ ~und~~ ~~~Jl6J L,j~iu 0.30 

Lil~4L~u~1~~~,~in ~'n~"'~~ 9 ~~ll~lA~~J~~dlnldL~~~~~~;~'~li~~~ 
u 

1~L~~~1~~~1 ~~ 0.30 Lil~4L~U~1~~~,~in1~u~n~1~~ln~lA~~J~~d,n"L~~6J 

~~~;~d~li~~~1~L~~6J1~-n~1~~ 0.50 Lil~4L~U~1~~~,~in~ri,~~i~~1~ru~1~;~~
u v 

OJ ~ "" OJ I ""., a '1 '1.1 ( .1 'OJ' OJ 

~~UU~~~ 1~Jl~;~~Uft'~~Jl~AJ1~L~~~U~~~L~L~~~L~~~Lw~(0.00-0.30 Lli~' 

L~u~1~~~1~in)~~~1~~~J~~"n'dL~v~~~~1uL~~~Ut~~ ~~ll~~Jl~~lJ~U~d~ 

~11~~Jl6JLi6JiU~~~1~L~~lJ1~~~' ~~U~~~1~~~J~~dlnldL~~6J~~~1UL~~~UL~~~ril~ 

~i~~1~ru~1~;~~(P < 0.10)~\l LL;~~lU~ljl~~ 15 ~~11~JllJ~~~J~mL;\I~~~1UL~~~U 

L~~~~Lfiui~~Jut~~~'~~~AJllJLi~iU~~~1~L~~lJ1~~~1~~AJl6JLi~iU 0.00-0.30 

' ~ '., ~ OJ

L'v'L~U~J IL~~Ul~Un 

~ln~~nldJ~~~~U~l 1i~~~;~lUnl'~~~~Unl'L~~lJ~~~1UL~~~UL~~Lri~~n 
" , 

u 

A~ nld~6JJ\l'1lU~~d'l'O,)~JmL~U~~~~ Lli.~6Ju.~~linldll~1~tld~~n~1 ~1 i1Unl' 
, , U , 

~'d~1UL~~~UL~~~L~6Jl~;6J1~~~1il, 

nld~n~lAJllJA~~J~l~nl~J\l~ 

1uL~~~uL'O,)~~L~1~6J1~~~n~~L~uL'O,)~ltli~1;u.~~~L~~~\I Ln~L~~lUJ\l~U~ 
I I I 

~~l~mll.~J\~~~~(th~6Jl(ll. 28+2°~.) LL~~~~~~~AJ~~6J~(lI.~J\~~ 40,50,60 u.~~ 70 
, \J - \J q q \I 

~ ~,""l L~~ L~~; 'W'Jll~n~~~l ~nl~J\l'WU~~~~~ ~1 U L ~~~U L~~~u~~~~.Ju ~LL~~~OO~J\~ 
u u 

http:u~~~~.Ju
http:0.00-0.30
http:UU~~~1~Jl~;~~Uft'~~Jl~AJ1~L~~~U~~~L~L~~~L~~~Lw~(0.00-0.30
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~111~~ 14 	 A1A~~15~11n11t~8~TIB~1UtW~WUt~a ~~~l~t~~~ 

1uia1~~A11~t;~;U~1~ ~ t~8nnU~~'U~n11~t~~ 
'II 

v 11 ... if ' A11~Ln~nUn8~1~L~e~1u a1~~ 

, c!, ":: ~ 

(LU~7t~U~1~~U1~Un) 

A1A~~1B~71n17L~u~ 

(lU
-1 ... 

) 

0.00 

0.05 

0.10 

0.30 

0.50 

2.2895 

1.9777 

1. 2824 

0.8867 

0.9059 

+ 0.1425-

+ 0.0458-

+ 0.0223-

+ 0.0189-

+ 0.0101-
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2.50.---------------------------------------------~ 

2.00 
I 

a::! 
~~ 

ri 

Q 


- ~'('?; 
.-I 

Ir 

l 1.50 

c:: 
l 
'r" 
g 

-r.> 
~ 

~g 


'7 
(i: 

l 1.00 


-(i: 

0.50 
a 0.10 0.20 0.30 0.40 0.50 

~~~V~All~L~~~~~v~1~L~~~1~~~1~~~vnljL~V~~v~1~L~~~~L~~ 

L;~Uj~~11~A1A~~15~ilnljL~V~n~All~Li~~~~v~L~L~~~1~~~1~~ 

, 

illYi 12 
u 



59 

.J 
~l~l~n 15 

~~( I V~, ""::J (
A11~~~wUn~~~11~A11~L~~~U~a~1~L~~~1u~a1w~ 

fiU~lA~i1~~11nl~L~~~na~1uLWi;UL~~ L~annU~~ 
'II 

~ ~ (
W)1~ '-IwutJ clf'" 

( 

~~1J~~anrr 

~ ~ ( 
a~ ~wutJ 

I 

t(i\1 ~ln 

nl~~lU1tl1 

u~l6h~cu 

fl1~~il~ 

v v 
~11"n i1~lIUjHI~ 

.... 71 (
1'lfL6Ia~1u a1w(;I 

~ I ~ ~ 

nml1~~(;1121(;1~1 

nl''H~2l~ 

2 -0.915 3.212 S 

a = degree of freedom = number of pairs-2 

S = uuadlAcunl~~il~~ P<0.10 



60 

, , 

50 ~~~1\~~t;~;~~~~\~UL~~~~~~1H8~Ll~1 300 ~U~~lnl11~8 ~~~ 

e:Jru~~~ 60 ~~~lL~~L;8;L~~L~~8U~lniL~i~~L~UiL~i~GL~~L~~Ll~1 196 ~U~~~ 
q u , 

'" Q

rmruj.~~~ 70 ~~A1L~~L;8;L~~L~~8UL~uiLL~i~~L~~~lnLri~Ll~1 84 ~U~~U;~~lU 
q u , 

'" 
~111~1'l 16 ~lnnl1~n~1~ U;~~~1~ru~~~1~L~U 50 ~~A1L~~L;8;1~~~~~~i~~~ 

u 

.c. u ail II d 1 IQa .0.0 a& "1 C:!, .. 1.001 

nl1~nH1Al1~~~~11'l1~L~~L~nl1Lnu UL~~~UL~~ 2 1~ ~~ l~BLnU~UL~~~U 

L~~~~U11~lu~1~U~~~~~uu;~~~ru~~~i~~~~lnl1~~8 U~~~;nl1~nBl~11~~~~1 
q q 11 

LL 'lJU L~ ~ 1~8 L~U1 U L tJ~~'H ~~~ ~il1~~1um'liU~~~ ~~ULL; ~111 UWl~U~ ~~n U~~e:Jru~~~~ 
q 11 q q 11 

40,50,60 LL~~ 70 ~~A1L~~L:U8; Lrim!11uLtJ~~UL~~~i~LAil~~,j~lJlru1uLtJ~~U 

~1~Ll~l~nl~u~1~8~~;L,jnl1'lil-Jlm~1'l~ 1;;~~lJ~;~LL;~~111uwnil~~ 17 lUill 
11 11 

'l.Ie:J~iJ~~lru1uLtJ~~U~~Alulru~ln;WliAlulrulu~lil\1~ 30 (~l~~Uln 'lI)LL~~ % labeled 
11 

amolLnt ~Ul1 Al~1;;~~),~mJ,~1 ~~~~~i~8~ Ll~lUl, U (300 ~U) ~,~ru~~~i~~, 40 LL~~ 
q 11 , 

50 e:J~~lL~~L;U; 8nL~U~e:Jru~~~ 60 U~~ 70 e:J~~lL~~L;8; WUnli~~a~~~~iJ~~lru 
" 11 

1ULtJ~~U~Ll~1 196 U~~84 ~UWlllJ~l~U(~lil~~ 18) 

'li;~~u~UiJ~~~81nliL~~~'l.I~~1uLtJ~~UL~~ ;l~lin~~l'rul~ln~l r2 ~~~ 

L~UniltJ~;~l ~~Ui~~ll 'j L~~4 L;u~1U L oJ~1:iu~ L~i~~~~u Llal~ ~ L~,UniltJLL;~ ~~11~ 
11 

~:IJ~'I!4Wll~;:lmliiJ~~~81~U~'j~U~ LoJ~m.H rltlUflUIL ~UniltJ~;'h ~;Ui~~~l ~~l~~m-

~Ti~'l.I~~ L1l~4 L~u~1 UL ,~~~U~ L~~~~~~U L1~1~ ~ LfiUniltJLL;~ ~~11~~~.wU~~11~;~mi 
11 

iJfl~~81~U~U~~~ LL~~L,j~8'IJL~8U~UL~UniltJi~~11~Al~lUn~U'l.I~~L,j~4L~U~1uLtJ-

~~U~ L~i~~~flUL lal~ ~ L1JuniltJLL;~ ~~11~~~.wu4Wll~;~nlioJfl~~81~U~U;'~ ~ ~ ~ LL;~ ~I 
'UWllil~~ 19 ~U~l~l r2(~~lirul~1~~~W~~ 60 LL~~ 70 ~~~lL~aL;8;\~1~UL~~~ 

q 11 

~lnL~u~ru~~~~luLtJ~~UL~~nliL~~~)'l.I~~~n~~81~U~U~~~~Al1n~LA8~~~~~ln~;~
, u ~ , 

61 ~~U1 U L tJ~~u L~~~nl1 L~~~ L~uiJ~~~m ~U61U~~~ 
, r I r 

Ia.I .. lUI Qj, CII 1 J.a.a CII .a. ... Ia l' 0

\~~L ll18UL1'l8Unl1L~e:J~'l.I~~ UL'~~UL~~1'l~ru~~~Wll~1(1u1'l 13-17) l ~a~l 
q U 11 

Ulru,"ll~ ~i11~~11nl'I L~~~'l.I~ ~,jfl~~81~U~U~~~~ ~LL;~ ~1U~111 ~~ 20 'Wir)l~l L"~8 

'l.I~ ~~1~ ~wh5Wlilnli L~~~I 'l.I~ ~1 u L tJ~~u L~~~ ~ 1Jlii~1 U~l'liU~~~ ~~ULL; ~LLa~ L~U~e:Jru~~~ 
q q 11 



6 t 

, 

~~L1a1(~U) 

.... 
f1i'J'IIIIlli 

I.. II ' I 
(0'7f) 21 42 56 84 1401 14 112 154 3007 28 196 

I II I 
II I 

I I... OJ 

eHUVlIlli VI 21-3, .. 

40 

50 

60 

70 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

I 00 0 0 

0 0 00 
1 

00 · 0 0, 1 

o · 0 0 0 

0 +10 0 

0 

0 

0 

0 

+3 

0 0 0 0 

0 I 0 0 0 
I I 

0 0 I 0 0 I 

0 0 +3 +6 

+5 +6 +6 +6 

v* (-) ~;1I1W~1 (-) ~~~~a~~1iuiuna~n1'~1~na~~LVI~B~ 
~ ... ... , ..I 

o ~LVlaa~VI,a'lIL~a8uu tla~ 
OJ 

(+) : ~;1I1W~1 (+) U~~~~~~1~uiunE~n1'L;lInB~~LM~a~ 
~ ~... OJ ~ ... OJ

LnU +1 = ~LVlaa~Ln1l9 +6 = ~LVlaE~~1~1a 

.... .., ° 
ENVlIlllVlB~ = 28+2 ~ ... 
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'X.LA 

1 10.19 102.50 

2 10.13 101.91 

3 10.41 104.68 

4 9.83 98.85 

5 9.69 97.50 

6 9.73 97.88 

7 9.64 97.03 

8 9.94 99.98 

9 10.31 103.68 

10 10.13 101.92 

11 9.64 96.95 

12 9.63 96.90 

13 9.77 98.28 

Mean 9.93 99.85 

S.D. 0.26 2.65 
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... , ~, ... "".J... '-II-
EllUVlfl;.J LUa7lnU~1uLW~WUnL~aBBa 

9 'II 

(On) 

....... 

L1~1 BlUVI.f1).1V1fl'l 40 

9 .. 
( lU) (28+2°n)-

100.00+0.000 100.00+0.00- -
99.33+1.491 - I 

I 

- 1100.35+3.294 -
98. :~2+1. 237 99.53+1.90- -

102.56+3.24 99.45+1.3514 - -
I 

101.42+1.74 ' 102.95+1.5321 - -
28 199.78+3.06 102.59+1.08 --

1 

42 97.51+1.23 98.96+1.55--
I 

99.60+0.7256 102.97+2.65 --
104.72+1.0084 100.53+2.89- -
99.94+0.93112 98.47+0.54- -

133 --

I 

98.26+2.66140 98.74+1.57 --

'lI 

50 

100.00+0.00 I-

100.63+0.76-
I 

100.76+2.15-

102.11+0.26-
99.13+0.44-

101.23+0.80-
103.07+0.52-

99.86+1. 35-

99.99+1.73-
102.38+0.77' -
101.17+1.17-

I-

100. 88!.1. 74 1 

I 

I154 - --

99.34+0.76 99.23+0.38196 100.84+2.75 - --
100.49+2.42300 100.82~2.03 11102.81~0.63 -

~ 

Mean + S.D. ~lnnl~~n~I~1flal'la~ 3 ~1~Lan 

http:11102.81~0.63
http:100.82~2.03
http:100.49+2.42
http:100.84+2.75
http:99.23+0.38
http:99.34+0.76
http:101.17+1.17
http:102.38+0.77
http:99.99+1.73
http:103.07+0.52
http:101.23+0.80
http:99.13+0.44
http:102.11+0.26
http:100.76+2.15
http:100.63+0.76
http:100.00+0.00
http:98.74+1.57
http:98.26+2.66
http:98.47+0.54
http:99.94+0.93
http:100.53+2.89
http:104.72+1.00
http:102.97+2.65
http:99.60+0.72
http:98.96+1.55
http:97.51+1.23
http:102.59+1.08
http:99.78+3.06
http:102.95+1.53
http:101.42+1.74
http:99.45+1.35
http:102.56+3.24
http:99.53+1.90
http:1100.35+3.29
http:99.33+1.49
http:100.00+0.00
http:100.00+0.00
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...I I 

~l1""H't1 18 (m)) 

... 
fHlIVlIUI• .. 

(0'li) 

~1&-11 

( lU) 

... ....,...l <II I~ 
U1"U1WLULW~WU't1LVla88a.. 

60 70 

0 100.00+0.00- 100.00+0.00-
1 100.07+2.68- 99.78+0.78-
4 100.84+ 1. 45- 99.64+1. 48-
7 100.79+1. 29- 102.78+1.93-
14 101.25+2.12- 101.56 : 1 ~ ::: 0-
21 97.68+0.25- 99.68+ 1. 48-
28 102.05+2.31- 99.51+0.78-

42 100.53+2.24- 101.18+2.04-
56 101. 40+ 1. 98- 99.86+0.17-
84 100.17+1.33- 96.59+0.69-
112 97.87+0.93- 75.12+3.70-
133 100.52+0.73- 55.69+5.32-
140 - -

154 100.03+2.14- 48.25+2.89-
196 84.18+9.82- -
300 62.84+3.28- -
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..l , 2. ~ ~ ,( 
~1~I~n 19 Coefficients of Determination (r ) n~~~11~~~WUIT 

I ,f ~ ( ~4'lf.J.. IQ..I I q,~ 
~~~11~LUB~L~U~1ulw~wunl~~~~~nul1al, Al~~nlin~TI~~ 

'II 

~ ~,{ ........ .J....~ '.J'" 

l~~7l~U~1ulw~wunl~aB~anul1a, ua~RI~1un~un~~ 

'II 

~ ~ ~ .........J........ .J ..... 

l~B~lnu~1uLw~wunl~a8uanullal n8W~~~~I~ ~ 

'II , 'lI 

..

Coefficients of Determination (r 2-

) 

.. 

8W~i1~, .. 
(o~) 

,( ~ , 
l~~7Lnu~ 

. ....... 
RlaBnl~n~tlB~ 

,I 

, ~hdlUn~un8..J I 

........J .. 
I 1'lu w' ~wun L~a8 

,( ~, ....... , !Ii' ........l112)7l nu~1uLw~WU l1..li87L U~1ULW~WU I 

. I ..I ... 'u ..I ... • .... 
8a ~ lal nL~a8fHlnUL1al T1L~a~~P.InUL1~1 

'lI 'lI 'lI 

...... 
0.0006 0.0005~W~Il~~B~ 0.0007, 'II 

40 0.0373 0.0372 0.0370 

50 0.0282 0.0280 0.0279 

60 0.9749 0.9908 0.9987 

70 0.9502 0.9565 0.5576 
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e~ 
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I , , • I 

o 40 80 120 t~o 200 240 280 

, 
'l~Ti t3 
u , 

"" ""II 
u.~ \I'YlvOL~ ~~\fv'" 

q u 
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.... .....100 -w -
- OP;o 50 

l.) 
(0) 
a~ 

:s: 
-~~ 
"'$

;!t. 

"\llP' 
1a "'rr

l.) 

~ 

5 

+-.---.---.---,-----;r---r----I- '-,--.-,-,..-'-.---.--.--.--jI 

a 40 80 120 160 200 240 280 

I 

U~~; 40 v~~lL~~L~~~ 
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_ .n ...100 u 
... 

~'"" ~'" 
50 

-ilJ;I 
\.) 

\.) 


8~ 
:0

-~~ 
"'s> 

;;:i 
"Ill.'" 10 
"'lI

\.) 
-;:l 

5 

J I I 1 I I I I I T 
o 40 120 1'80 200 240 280 

j~Ti 
I 

15 nl1 L~v~1Jv \11 "Ii. L\Ii)~'U.l 'U.1 'U L\Ii)~'U. L';) .~~ ~1J'lj '~ 
q 
1'U.m'li'U.~~V ~n'U. 

II 
I 

~a\lTi 50 ~\I~lL.~~;ua 
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~ 50 
e~ 
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a 80 l2.0 1GO 200 2.40 2080 


I 

'l,u~ 16 
v 
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o '" 
~a~n 60 ~~A1L'~L,~a 
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I 


_~. 1:: -tJ_

.

i

, 

Dj~f,Tect:,..,~!!t--e--G_-~~.... 

(Q) 

G«O 
:s: 
~ 

10 

5 

I J J 	 I I I 


o 	 40 80 120 160 200 240 280 


L'Hn d'U) 


, 

l1.lli 17 
" , 

ua~li 70 il~A1L~~L~~a 
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~111~~ 20 A1R~~1~~11n11L~8Un~~1uLW~WU\~~ ~~U11~'Un1nU~ 
~ 

... ..,j~ ~ 5* 
~(uVUlU R1R~~~~11n11L 8Ux10, 'II 

(011') (1U, 
-1 

) * 

... v 
flfUVlllUVl8-3 4.4333+ 3.7667
• .. -

1.2667+ 3.400040 -
2.8000+ 2.066750 -

135.0000+27.362060 -
353.6700+31.846970 -
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'LJ - L a u
2.8000 X lO-5 1~ ~n~~I61~ 

u 

CI. 011. 1 I U 

70 v~~IL~~L~g~~~IL~ln~ l.3500 X lO 
-3 

ua~ 3.53 6 7 X lO 
- 3 u 

1~ 
-1 0 

~1~al~~ 
v 

, , 
~1~~~lil~ilnliL~v~~B~~n~iv~, 

q u 
40 U~~ 50 v~~IL~~L;~~~~11n~L~~~ 

~~~~ln ~~~lnli~~~v~~~~IA~~I~~~~ l~gl~ t-test 1~g~~~~~~~1~11
u q ~ , , 
H B = 0 LL~~ H

• B t 0 L~v B AV ~1~~~lv~ilnliL~B~~~v~IAl1~ 
o 

t = b 
Cd.£.,O.975l 

s 
b 

, 
" ,"" L;}Jv b ()1~1LL~~ S 

b 
, 
;~~~IL~I~~ 2.02l U~~~11~~~~ 

~1 ~ B = OL ~~~1 ~ ~Jl~-i1~~~v~l~ ~~lil~ilnli L~v~~~~~'1 L~ln~~~~~i~~~~11:lJ 
.. u 

IJ I I f 

~~~~L~v~~ln~1 t ~~1~1~111~~lil~~ 2l ~~IUv~n11 

u 

U~~ 50 B~~IL~~L;g~1~Ln61nliL~v~~I~L~~ 

~~nlil~g~1~~~~v~A~v~~~nlil~~~v~ Thoma U~~ Klirnek(35) ;~~~ 

11v~~n~~~~~i~~I~ 50 v~~IL~~L;g~1~n~~~v~11~~~~1~v~~li~~~1~1~L~~~~ 
q u u 

~1~ Benita U~~A~~(59) ~~111~1~i~La~4~v~~~L~~~~(nifedipine rnicro

sphere) ~Al1~~~&11~L~BL~~1i'~t)~ltn~ 4, 20 U~~ 37 v~~IL~~L;~~ 
q u 

" , 
~lil~~ 22 U~~~lil~~ 23 U~61~nliL~~g~L~g~~IA~~lil~ilnliLiv~~v~ 

1~L~~~~L';,)~~v~~n~~1~1 ~~11 Al~~&11il~ilnliL~v~'lJv~1 ~L'lJ~~~L~~;v~vrn~iv~ 
q u q u 

, , , 
~lil~ilnliL~v;}JnB~~~~ 50 v~~IL~aL;g~~~IUvgn11~ 70 v~~IL~~L;~~B~I~ 

q v 

~~U~IA~~I~~~~(p<0.05) 

Lriv~I~1~vl~nli1~~IL~~~~ln~~nli~nn1~lil~~~~~~~1~1~v~~~~ 60 U~~ 
q ~ q v 

http:U~IA~~I~~~~(p<0.05
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~1~1~~ 21 A1 t ~1nnl~Alulruna~1uLW~WUL~n ~~u~~~'Un1nU~ 
~ 

400 

2lNVlTUJ t 'l1nn 1 "Hhu IN 
~ 'I 


( 0"l1) 


I ~i.J 

aI\lVImJVI fl -3 1. 1770 
~ 'I 

40 0.3726 

50 1.3549 
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Source of dfo. SSb MS'" Fd 

Variation 

Among Groups 4 2B1697.47xl0
-10 

70424.368xl0
-10 

132.6724 

Within Group 10 530B.14xl0
-10 

530.814xl0
-10 

-

Total 
-10

14 287005.61xl0 

I -

F~ = 3.48 
0 . 05(4.10) 

a = degree of freedom 

b = Sum of Square 

c = Mean Square 

d = Variance Ratio 

• .oJ LI 

e = "'1 F nL&1'i11n9l11"1\l 
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~1~1~~ 23 n1~LU18ULnaUA1~~~dB~~1n1~L~E~na~1uL~~WUL~~ 

~~u~~~~Un1nU~~E~nuua~~aru~n~~1~ ,, , .. 
L~~~~ Duncan's New Multiple Range Test 

I 

LSRa.a~~9h7U Rd1~LL~n~1~ u:~a'l ~{lJfl1 ~ aii~ 
, .. 

I I ..i 
~~~d1 ~R 1 L ~sHI 

I I .... 
1 nu 2 1.5333x10

-5 
4.0304x10

-4

NS 
.... 
nu 3 3.1666x10

-5 
4.2300x10

-4
NS I11 

.... ,1 nu 4 1.3373x10
-3 

4.350 x10
-A 

S 

~ 

3. 5240x10-
s I · 4.4295x10

-4
1 nu 5 S 

, 

~ 

NS2 nu 3 1.6333x10
-3 

4.0304x10
-1\ 

I 
1 

2 nu 4 1. 3220x10
-3 

4.!300x10
-A 

S 

... 
2 nu 5 3.5087x10

-3 
4.350 x10 

-A 
S 

I ... 
3 nu 4 4.0304x10

-A 
S1.3057x10

-3 

I 
.... ! -3 

S3 nu 5 ' 3.4924x10 4.2300x10 
-A 

... -3
4 nu 5 S4.0304x10

-4

2.1867x10 i 

a = Least Significant Range (n1R~Udn R) 

S = Uea1R{lJn1~aii~~ P<0.05 

NS = 1~~U~a1R{lJn1~aii~~ P)0.05 
~ 
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70 ~~A1L~~L;B; 1~L~1~~ 235.14 ± 16.78 U~~ 85 ± 2.87 ~u~1~i1~UU~~ 

bb@1n~1 ~~Ull~1 \l~irm~1A,!!'rn \l;~~ ( p <0.05) ~ \l LbM) \l1 U~l'l1 \l~ 24 ~ \l~U-;;l1 nt.J~fl1 jl 

~tl~ ~1 ~jj';,)1 U LoJ~~u L'»~1 Um'l1U~~ll \lflUU;\lbL~1;1~1j() Lfiu111 u~~~mll:vffl~1~L flu 
, , u 

50 1l\lA1L1~L;B;l~B1~Ln~n1jL~1l~ ~\l~Ufl1jUjj';,)U~~;fl11~fl1jL~U~fl~11uL~~~U, 

L~~~ L~~1~;~~1,»~ t ~Ufl1iUjj';,)1 U~') 'I1u~ih)\lflULL; ,m~~ Lf,u~l.iCll.·'U)~'\.r~ \l~~~llnr.u1~1~ 
q , u q u 
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.... 
£HIIVlIl~ 
~ .. 
(on) 

, 4 
R1 4 'l111fli 'J:ol TtnnU ~uto 

... ... ov 

fl-lR'1 L 'l!iU ;~a'LlhatJ Ln~tJlltJ 70 

U~Hf1RflI111 \la'n~ 

60 -9.9813 S 
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, 
a 

U'rl'Tl 5 

~J,jGl~fllJl~tl, 

(Conclusions) 

J J J V 

nlJafl~1~'Tl;~~~aG~~~~~A11~A~~~~~~1ul~~iu'u 40 L~a~l~u~t~U~l~ifl~a~ 

u 

(4oL,j~4L~u~1~tl~1~~n) L~~Lri~~n~a~,jn~~~~~a~1uaflll~L~~ ~~~1~lii~I~~ 
• u 

~~~~UfllJL~~~~n~L~iu~~~1uL~~~UL~~ 2 li ~~ nlJ1~1~L~tl~1U~~1~~L~U 

~1'~lU~8n;L~~UU~HnlJUJJ~1ufll~UH~i~~ltlU~U~~~~L~tl~~~~~U~a~ 
" ~ U 

1ulJaca 

~J'll' ~~HU 
II 

i1~ 

t, nl'~~Ln~fll'L~~~U~,j~~i~a~1uL~~~UL~~~i~~lnnnUa~L~~~ ;nl' 
u 

'll'~L~UA11~A~~lnl~nl~fll~1~ L~~~~ln1uL ~~~UL~~nna~'~1~U ' ~~~nua~ L~~nl' 
• u u , , 

~nL~Ua~'~l~U~fll~U~i~~l~~~U~~~~L;U~;~~~~~U 
u .~ u 

lL'~ ,d r lil a\il,~h~U~l ~T~ L~m,d Ui;.;l1..J~ L~U~lj~lU~()n::a L~~U~U~l~l'H);.;l~ml L,j~~U
u 

~1~~1~L~1~U u~1~1~~~~~UnljL~~~ui~a~1uL~~~U ~ ~~U~lnnl'~n~l~U;~~~l 

nl'L~~~~~ial~lj~Ua~~~~nl'L~~~~n;L~iu~~aAl1~A~~lnl~LA~~a~1UL~~~UL~~ 

1~~UA11~~~~UJ'~~~1~nl'L'll~~UU~~~~~~i~unl'L,j~~UU~~~nl~LA~1u 

~~J~1~U~~t~L~U~1u~~1~~ ~~1U;~'~1~u1uL~~~UL~~~U,,~1ufll'U~~i~~ltlU~U 
\I \I " 

v~;.;l~LU~~ nl'L,j~~ui~A~1~~~~UJ~UA11~A~~lnl~LA~
u 

2. f11, L~v~~v ~1U L 1J~~u L"l;.;l L~~~flLL; ~ L~u,j~fl1tn 5u~u~~~ ~h u'1 UL-W

~~UL~~~~U'j~1 Ufll'U~~i~~1~U~Uv~~~LU~~1~Lfl~nl'L~v~Lrivnn~~~~ia~nlj
9 1 'J U 

u , 
I V ~ I U ~ UC.Qt.J at 

~1~j~~~Ll;.;llUjn1~a~nlj~nUa~ a~jlnl'L;()~AvU~l~L'l U~l~~~~~'lnl'La~~ 
\I . 

1 n~L~tl~~U~~~ua~~~~~1 1~~nl'L~8~5n~~1,j
u 

4. ~lA~~1~~JlnijL~~~~u~1uL~~~UL~~Lri~~nua~1uanl1~L~~~~1
\I 
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~l~nl11i~l~ 70 u~~lL~~L~~~u~l~~~~~lAru~l~~~~ (p<O.05) 
u 

4. nl1L~li1n~l1uL~~~UL~~~L~~l~~~ ~11LRli~U~~n~iu~~1uu~~n~ 
, U , U 

1~L~U 50 u~~lL~~L;~~u~~1~~nu~~ 
\l 
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0.482 

1.744 

3.396 

5.665 

9.414 

10.782 

14.392 

102.52 

99.79 

99.89 

110.67 

95.07 

101.50 

Mean 

S.D. 

C.V. 
e 

101.57 

5.13 

5.05~ 

v v .q,q q~' 

a: Inversely estimated conc. = R11~bn~nunB~lubw~WU'U1U1~1~ 
'II 

= (9252.3860xA334)-(2825.1298xAe81)-341.6350 

36445128.55 

http:36445128.55


~O l 

v v 'LJ 

GtlJ n 1'1 Yl1 \j VI U161 ~ 1 11 : 


..j 
 / ~~.o:::tIo .( 

flL1~1¥iUf.I (1"U'l('11"d) 
'II 'iI 

..j 

fl 334 U1LJJLJJVI"i Y 0.0498+4905.8962x r 
2 

.9902
d 

fl 
..j 

281 U1LJJ DIS! "i Y == 0.0295+3166.6215x r 
2 

== .9900
d 

..j /
YlL1G11flUUS! ('JUflflnii'1~~)

'II 

.J 
fl 334 U1LJJ~lJVI" Y 0.0212~ · 2825.1298x r 

2 

= .9900
d 

.J 	 2 d
fl 281 U1LJJLJJS!"i 0.0821+9252.3860x r .9900Y 	 == 

b % Theory Inversely Estimated Cone. x 100 

Known Cone. 

c % C.v. 	 S.D. x 100 

Mean 



l :J 2. 

~171~~ 30 i~U~n1~~~n;U"~~n~~1uL~~;U'U~11~~~1Bna~ 0.198 n~~ 
'II 'II 

{ ~.< ~ v ~ 
~8~ 40 L~a1L~U~1~~U1MUnn~~~~17URL~~-127 L~~'U 95 

'il 

( ~ ~ q .... """ v . ~ 
L~a1L~U~L~nlUa~ 50 U~~~~1 ('~'Unl1R1U1W'Un1Wnl1 

~nH18nU~~n~~aW~~U) 
~ '!I 

' sr= % Theory
b 

, Conc.xl0 'Absorbance II Absorbance , Inversely 

I (M) at 334 nm at 281 nm Estimated 

5 ' 
Conc.xl0 

, 

(M) '" 
II 

I 

I 

, 1. 4$5 0.056 1. 468 100.270 . 085I 
I 

I , '2.8962.870 0.169 0.111 100.89 
I 

i 5.8185.740 0.339 0.217 101.36 
I 

8.666 100.658.610 0.3250.506 
I 
I :11. 48311. 480 0.431 100.030.671 

14.450 0.541 14.402 99.670.842 
I 

II 
I 

Mean 100.81 

S.D. 0.86 

C.V. 
c 

0.85% 

a: Inversely estimated conc. 

(11818.7600XA334)-(3429.8930XAZ01)+13.8152 

56307755 



:. !)3 

v v v 
ci~ n 1 'l 'ill..] {;l'tf161 ~ 1 n : 

...I I .... ..,. I 
'tlL1a'l~U~ ('llh6l1"ll') 

'II 'lI 

.J 	 2- d
'tl 334 UI1:~L~HI"j Y = 0.0015+5850.9600x r = 0.9999 
.J 	 2- d
'tl 281 UI1:~LJ.ll9I" Y = 0.0025+3744.5300x r = 0.9999 
.,j .
'tlL1alelUUl9I ("j1.J8eln~161~)

'II 

-aI 2- d
'tl 334 UIL~bJ.l(l)1 Y = O.0135+3429.8930x r = 0.9986 

-aI 2- d
'tl 281 U'lll1L~l9I"j Y 0.0534+11818.7600x r 0.9985

b % Theory = Inversely Estimated Conca x 100 

Known Conca 

c % C.V. = 	 S.D. x 100 

Mean 
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1. 

I 

~l ~\\iiltl (x) 

x = Ix 

N 

, ""
, 

2. ~lL~~~L~U~l~'~lU (5.0.) 

S.D.: ~ 
j -----;: 

, 
3. nl'L~~tl~L~tl~A1L~~tl 2 ~l l~tll~ Student's t-test 

, 
).l ).l = ~lL~~tl~'il~~'~~ln,(poPulation means)

t. 2. 
, 

x X = A1L~~tl~'il~~1'il~1~(sample means)
t. 2. 

6.6 
l Z 

variance) 

N ,N
1 1. 

Null hypothesis H 
o 

Alternative hypothesis H ).l l).l
1 2. 

t = 


S 


u 6 z 6 
D 

z3. 1 m = 
z 

t = x -x 
t Z 

5 
, " 

'" L:IJ'il 5 = po lIed variance 
" 

z Z 7. 
5 = ( 5 ) + ( 5 ) 

7." 
N N 

1 7. 
, 
~\l~Al deg-ree of fre~dom , (. f. 'it11i1,;)ln 



l05 

d. f. (, T 
= + '::'l'::' 

~ . 

[ , : : ' J + [,:: ' J 
N -1 N -1 

L z 

/ ,
" 6 z b z3.2 til = ~llll'Hl'VIll'll t l~tJ 

z 

t = x -x 
L 2 

S 


z 

S = + (N -l)S 2 + (N -t)S 21 

p L L Z Z 

[, N N + N z - 2 JNz 

~~~~l degree of freedom, d.f. 'VIl1~~ln 

d.f. = N + N -2 
L z 

, 
~lny;n 

.J 

~ml:fl L~'O'LL~~ a lternat i ve hypct hes i s n~~~ntJt)llf'U ~l t 1~1~i!tJ~i~ru'Yn ~~~~ 
. ~ ~ I ~ 

n~~~t)ll null hypothesis nn~t)~ 
u 

• 




,0 6 

'JIi'rl -J ANOVA 

SouJ:.'ce of df Sum of Square Mean Variance 

Variation Square Ratio 

k 
Among Group~ k-l Z n· (x ~-x )2 SSamong V.8.. = 

.J . . ~ -1 JJ 
k-l MSamond' -'" 

-MS wi tl)in 

k n · 
J 

Within GroGO' N-k 2::: L (xi~-x ~)2 SSwithini=l .) .,)j=l 
N-k 

k n~ 
,) 

)2Total N-l L: [ (xij-x . 
j=l i --- 1... 

, 
L~~ x = ~1~~Ln~ i ~~~ treatment j 

t J 

j = t,2, .............. ,k 


T . = .J 

x . = T . 
.J .J 

n·
J 



! 0 7 

k 
m-T - L ! .j

j=l 

x = T 

N 

k 

N = 2: n· 


j=l J 


, 

"k" 	~~1~nv~1~1~~~'~11~;~n~1 
u 
II 

.0. 0 U U I 

"k" ~~ltJflv"ll'\J,l~'Yl.\l~~~'lIt)vWlltltJl V 

(k-l)~LGH~(N-k) 

, 
~l 	 F~lnnli~l'\J,lm~lnn~l F "lln~lil\lUa~\l~l null hypothesis~ 

A. =A3 =........ = A Un~~La5Ua~ alternative hypothesis 

- k t! :\oJ. 


d u tJ '1 'au 0 fJ aa~.cu. I U 


n~!~f1IH.l~JJi'tl tn F LdJJJ'\J,m1·iAru'm v~~W11l':;)IH l iJll nu i. I hY[Jo i.hes i s ~iml.»,j 
u 	 \J 

5. 	 Duncan's New Multiple Range Test 

nl alternative hypothesis "l1n ANOVA f1ntJu~1~ ~\lAlili Duncan's 
u , 	 , 

New Multiple Range Test L~tlL~~tJ'tIL;tJ~All~U~n~1\l'~~~1\l~1L~itJ'lIu\l 2 

S_ = j MS In 
x wtt.hln 

, 

"" 
L~tl degree of freedom , d. f. = N-k 


LSR = SSR x S_ 

x 

, 

"" 
L~tl 	 LSR Least significant range 

, 
SSR = Significant studentized range, i\l 

1~~ln~lil\l; d.f. = N-k 

~~5'\J,~~'lItl\l~lL~~tJ'lItl\lnna~i~11't1,:;)ln~tltJ1~~1~lnU~1~\lL~~tJ~L;e'tl~'\J, 
~ IJ 
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, 

~1~11~~~n~1~~~~~1~~lL~i~ 2 ~1~~~U~~H~~~~~~1~liu~~1~lnn~ 1 LSR ~a~~ 

" 
~ l~~~'f1 J ldJLL"ln~l ~ n\\~~l \j~irt.J~l ~ru'tn ~a~ijl

u 	 u 

6. 	 n11~~a~U~dJ~i~~~~~~~dJ~\\i(Correlation Coeffient Test) 

~dJ'lh~~'Y1~~~~dJ~'U.i L~\\n11l~~11dJ~~~'U.i1~~~1 ~~lLL'th 2 ~1~~'l.h, xbb~H 

y 

= 

JI(NLx ~ -  ~J
(Lx) - , 

, 


L '" lJ~ r = 

o 	 , 

\". 1 	 -- ~lU1U~ ~~ ~ x ~~~ y f 
u 

, , 
u u 	 ~ I \.I 't 

il l 1 ;Ylt}( ;j ,~ i~ ~ :'/i;n !! 't~ G~~ u ~. ~ ; ~ n'UI1; ~.1tJ 

'J , I 

t .. ~.::. L.o I..I "'lJO c. -~ 

J~ ~~ ~J'Y1~~~~~~U~ ~~~i 1~ ~~ 1 ~~~ ~ ~ . ~ a r 

y= 

..p f- o 

= I IN=ZI'rN-2 

p 
, 	 l 

L~~~UL~eU~l t ~~~\\lm1~nu~~ t ~ln~111~; d.f. = N-2 ~1 t 

~l nnl'~l\\lm~lnn~l t ~ln~111~ null hypothesis ~~~n~~L a~ ~iHe J~ r~ 
u <1 
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