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E!!AQ!X#(Q:=(9!o<Epq!!!!!!!!!:Kt!R(KVBfWI!$!(Y:K;u!":<WM!X(Y
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AQ!W)C!56z!$!+\cq(<!!?K9!%(K<P!(Y!%%WKQ(Kofranek &

Halevy, 1972)!jB[(I!\Mr%(cqE!WyWVHQ!XWBd!!!AKQ!X(Y

!!+NOB9!!!!WK{E!#%!]BKD!`<E$!]u#!!!!!P#(f(KD!(KM!#(K)BI!oBKd
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!!!!":=WBQ!\M!wBfWI!F<E!#%!!!FK<E!\M!$!":*!Abc9!FHBIE!X(Y

!PE!nKKd!WKK)C!+"%6KK)=!XWBQ6KKHi!FHBKKIE!AKK)C!PE!~KK<Wz
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?9!:M(<.Wu et al., 1991j4!!!!!`KDE!"%E%!r(^K=!R(KkZ(l9

FB=%�!A<p;M .FB;Bf6c<(D!?C6=!4?9!X#(B8M!XWBd!:=E6I
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!!!!!!!!!:BKDE!NKB96Y!%WM#(f!%E%!r(^=!o<(9P�.3JJ!!!$!,JJJ!

?HB9!!LWQ!WcBZ!#%!4!!!!!!!!!!AKQ!\u(KD!$!yWM!#%!E#!]B8Hf!�)SI

!!!!!!!!!!!!!!!$!`K*E%WM!PE!nKd!WK)C!o<EpKqE!�KC(M!\Kf!%E%!o<EpqE

!!!!!!!!!:K<%WQ!:Y(K*!\M!`V8=!r%WQ!o)[!X#(S;Y(=!oY(f!j

!#()BI!#%!`*E%WM!PE!nd!W)C!\f!X6U=!\M,JJJ!?KHB9! 

                                                                                  

1. Dianthus carthusianorum

!!(KI!WcBZ!WM!LWQ||�'!!!`Kq(<!o<EpKqE!P$#! (Nikbakht et
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!":<WM!]u#!NOB96�)I`qWQ!L(S=E!j!!
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!!!\c8M!#%!$!`*E%WM!!!!!!!!!!PE!nKd!"(x^K<(9P�!\KM!wKD(;9!X:;M
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!!!�HcO9!?<(B)B*!!!!!R:K9!\KM/&!!!!`C(KD!.!!!!XWKM$Wq!#(K)BI

!R:9!"(I6f!4!:=:*!A_c;9!j!!!PE!:=%6M!R#(VC!(Y#()BI!>!:Y(*

.C4!+!P#(f(KKD.S4!!̀ KK�H}!(KKM!X(KKY.3�/!+3!+3�2!$!,J!

:�#%4!!FB=%�!A<p;M!+.BA4!̀ K�H}!(M!!!X(KY.3!+,J!+/J!$!
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!!!!WK)C!r(<(d!(I!?M(<P#E!`ei!":<WM!\[(*!X(eHQ!PE!N<!WY

!!!!!!!F<WHf!$!"pB=6<%!T�!56HU9!#%,J!?HB9!!!!!#EWu!WcBZ!WM!LWQ

!!!!!!!!`*E%WM!PE!nd!�(IE!\M!$!\cqWQ.!9!�(IE!o<(9P�!AU4!!\f!+

!X(KK9%!XE#E%/!/J!?V8KK=!`KKM6z#!+%EWxBc=(KKD!\KKi#%!
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!!u(D!r()Y!rP$!!!:K*!"%(GcKDE!+%6KM!WG�!P$#!#%!\!!j!"PE:K=E!

!!!!!!!!!!!!"PE:K=E!(KM!r(K9p)Y!pKB=!":*!T�i!56HU9!rEpB9!XWBQ!

!!!!!!X$(Kh!NK@6f!X(KY(SHQ!F<P6KI!$!?V8=!WI!rP$!XWBQ

!!̀ qWQ!R#6�!56HU9!j!!!!!56HU9!rEpB9!\VD(U9!XEWM!n�D
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-1
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56HU9.g!4!!!!+WG�!P$#!#%/!!+&!!+|!!+jjj!!+St-1!!!!56HU9!rP$.g4!

!!!$!FB^Bd!P$#!#%!Wt=0!!!!!!!!!!!!+%6KM!WGK�!P$#!#%!\u(KD!WKI!rP$!

!:*!"%(GcDE!!!j!!!!!!!!?<(q6vK*!rEpB9!":;Y%!r(^=!\f!AQ!Wlu

!?9!AQ!!!!!!!!!!!!nBZ6Kf!PE!"%(GcKDE!(KM!r(B9!#%!P$#!N<!WY!:*(M
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!!!!!!!!!!!!!!#%!#EWKvI!rE6K;C!\M!o<(9P�!WY!#%!#()BI!WY!XEPE!\M!AQ

!!:*!\cqWQ!W�=!!!!j!!!"%E%!ABHUI!$!\<pSI!!!!!!!PE!"%(GcKDE!(KM!(KY
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\;9E%!:;@!r69P�! (DE:*!L(S=E!Fv=E%!XE!j!!
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[C&\:!!

=!!!!!!!!!!!!!!!WKM!#(K)BI!�KHcO9!�6lKD!n=(K<#E$!\<pSI!�<(c

!!!!!!!!!+":K*!T�i!56HU9!rEpB9!+?<(SHQ!W)C!56z!X(eBQ�<$

WI!rP$ !5$:i!#%!Wlu!$!?V8=,!!(KI!&!!!":K*!"%E%!r(^K=!

`DE!j!!!!!!!X#(9�!�lD!#%!�HcO9!X(Y#()BI!FBM3!�!!R$(KGI

!!!̀ *E%!%6i$!X#E%!?;k9!j!!!!"%E%!FBx=(KB9!\8K<(_9!!!!pKB=!(KY

!!!!!!!PE!?[WM!$!:Y(*!FBM!\f!%E%!r(^=!!!!!?K;k9!R$(GI!(Y#()BI!

%#E%!%6i$!":*!%(<!X(eBQ�<$!#%!X#E%!j! !
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(l[ -& /0�|   

CV% 20�,2   
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!5$:i/1SI!NOB9!":<WM!AQ!Wlu!n=(<#E$!\<p  
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"PE:=E!XWBQ  
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"PE:=E!XWBQ  

L6D 

"PE:=EXWBQ  
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#()BI ,0 �|/�J  ��|2�J  ��/|�,  ��&-�,  

(l[ -& '/�J  /'�J  '�J  &&�J  
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]cGY 

P$# 

]e= 
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]Y%P(< 
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]Y%pBD 
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]Y%p=(d 

#()BI ,0 J/&�J ** J,2�J ** J'�J ** J/0�J ** J2|�J ** J20�J ** J,�J ** J&|�J ** 

(l[ -& JJ0�J  JJ/�J  JJ&�J  JJ0�J  JJ&�J  J,2�J  JJ&�J  JJ&�J  

CV% /'�3  2'�,/  -,�,J  '3�&  -3�0  /|�3  0,�&  2-�2  
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P$# 
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]Y%pBD 
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]Y%p=(d 

#()BI ,0 '-�,22 ** |'�,/| ** ,2�,03 ** '/�//' ** '�'0& ** 2,�30| ** 22�0,3 ** &-�-|3 ** 

(l[ -& 00�23  3-�,2  ,/�/|  --�3&  -3�,,-  J'�,33  '3�,/-  2'�,,-  

CV% &|�0  -|�'  0�&  ,0�2  &�,,  /-�,&  -3�,'  ,&�,&  

E!%6i$!wBIWI!\M!X#(9�!�lD!#%!s�c[,!$!3:�#%!  * $!** 
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!̀ KK�H}!o<(KK9P�!%#6KK9!X(KKY#()BI!FBKKM!#%!!!!X(KKY

a6b[!\M!"W_=!R(GZ6D6BI!�HcO9 `�H}!X(KY /3�J!$!

3�J!?HB9!!!!!wBIWI!\M!#�69|2�/&!!!$!|2�/'!!!!W)C!56z!P$#!

!!AQ!!!!6�)I!]u#!NOB9!!!#%!E#!!!!:Y(*!(M!\8<(_9.0'�,3!P$#!!4

!!!:=%E%!o<EpqE.Av*,!j4!!!!!̀ K�H}!pi!\M!(Y#()BI!W<(D!!X(KY

!A<p;M!X�(M!!!!!WK)C!oY(Kf!�C(M!\f!:BDE!NB96Y!$!FB=%�

!AQ!?=E:HQ!!!!!!!?K;k9!R$(KGI!:;c^Q!":*!#()BI!X(Y!!E#!X#E%

!:=%E:=!r(^=!Wl_9!T�!:Y(*!(M.!Av*/!j4!!
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!Av*,!1!`�H}!WB{(I_9!#%!6�)I!]u#!NOB9!":<WM!AQ!?�(SHQ!W)C!56z!WM!"W_=!R(GZ6D6BI!�HcO9!X(Y!\M!�@!PE!+:Y(*!(M!\8<(

!:Y(*!`DE#.C4!+"W_=!R(GZ6D6BI.STS!4`�H}!(MX(Y /3�J!+3�J!+,!$!/?HB9!!#�69!!



! !!?;)@rE#(v)Y!$!>!R:9!"(I6f!#()BI!WB{(I.?8Z(djjj4! !/2- 

 

 

!Av*/1!`�H}!WB{(I!:Y(*!+6�)I!]u#!NOB9!":<WM!AQ!?�(SHQ!W)C!56z!WM!?<(B)B*!X(Y#()BI!�HcO9!X(Y.C4!+!P#(f(D.S4!+!FB=%�!A<p;M.BA4!+

!"W_=!R(GZ6D6BI.STS4!+!NB96Y!:BDE.HA4j!!

! !

&)L'!$<!">@!!

`�H}!pi!�HcO9!X(Y#()BI!#%!AQ!?V8=!WI!rP$!!!!X(Y

A<p;M! X�(M! :BDE! NB96Y! $! FB=%�.!]S;d! P$#! PE! \f

!n�D!$!:*!gGh!?M(<P#E!]e=!P$#!(I!+:=%E%!r(^=!oY(f

!+:BD#!\BZ$E!W<%(_9!PE!Wc)f!\M!$!`q(<!oY(f!�<#:I!\M

V8=! WI! rP$! +]cGY! P$#! PE! :Y(*! #%! FvBZ!\M! �$W*! ?

FB<(d! \M! $! "%6)=!oY(f!:=$#! $!:BD#!\BZ$E! #E:_9! PE! WI

`*E%!\9E%E! (eHQ! W)C!r(<(d! (I!oY(f! j!"W_=!R(GZ6D6BI

`�H}! #%!R:9! \M! E#! ?V8=! WI! rP$! "%(GcDE! %#69!X(Y

!WI!rP$!F<Wc^BM!$!"%Wf!gGh!(eHQ!W)C!r(<(d!(I!X%(<P

#%! \v<#6lM! %E%!a(bc[E! %6[! \M! ]e=! P$#! PE! E#!?V8=!

!`�H}/3�J?HB9!!X(YP$#!#%!!#�69,'!1-!Wc^BM!?ch!

%6M!\BZ$E!W<%(_9!PE!j!�HcO9!X(Y#()BI!#%!WI!rP$!REWBB�I

!%6M!�VIW9!(eHQ!W)C!56z!(M!:Y(*!$.!5$:i3j4!!

!!

!5$:i31`�H}W{E!FBx=(B9!\8<(_9!cO9!X(YP$#!#%!6�)I!]u#!NOB9!":<WM!AQ!?V8=!WI!rP$!WM!?<(B)B*!X(Y#()BI!�HcO9!X(Y�H  

]Y:GYP$# ]Y%p=(dP$# ]Y%pBDP$# ]Y%P(<P$# ]e=!P$# ]cGY!P$# ]S;d!P$# L6D!P$# 5$E!P$# #()BI

0|�2| b 22/-0 b 0//& bc -,/,,4 b-f --/-2 a-e ,J&/,0 a-c ,J3/,2 b ,J3/|' b 2|�,J3 b-d
:Y(*

-2�2/ bc 2&/3' bc 2-/2 bc 02/,& e-h -0/0| a-e ,J|/,| a-c ,J0/2& ab ,J0/0, ab J2�,J' c-g 2.5%P#(f(D

/'�2/ bc ||/&, bc 2,//& cd 0//2& e-h -|/-/ a-f --//- b-e ,J&/0- b ,J0/'0 ab ,J|/23 b-d 5%P#(f(D!

/2�2' bc 22/2& b 03/,, b -|/'| a-e ,J&/|, a-c ,J-/,| ab ,,,/J| ab ,,J/'3 ab ,J2/22 bc 7.5%P#(f(D!

-�|| bc |-/3- bc 0,/,,bc -J/,& c-f ,J'/J| a-d ,,,/J| a ,,//-' a ,,//&- a ,J0/|0 ab 10%P#(f(D!

/J�,J' a ,J&/&2 a ,J|/J/ a ,J|/'& a ,J2/2, a ,J0/|' ab ,J0/'/ ab ,J2/2 ab ,J3/// b-e 0.25mM"W_=!R(GZ6D6BI

J/�,J, a ,J'/'| a ,J3/,' a ,J//-2 a-c ,J2//2 a ,J0/'0 ab ,J0/3 ab ,J2/|' ab ,J&/| b-f 0.5mM"W_=!R(GZ6D6BI

&&�,J/ a ,J'/22 a ,J&/2, a ,J3/'3 ab ,J|/&& ab ,J2/|& ab ,J2/0' ab ,J2/'2 ab ||�,,/ a 1mM"W_=!R(GZ6D6BI

J2�,JJ a ,J,/-' a ,J'/J& a ,J,/-- a-d ,J&/03 a-c ,J|/,& a-c ,J&/03 b ,J&/3/ b ,J//22 d-g 2mM"W_=!R(GZ6D6BI

3J�2J bc 2//// bc 2|/|J b-d 0//|3 e-h -///' b-g ,JJ/-2 a-e ,J|/', ab ,J|/2| ab ,J&/|- b-e 10ppm :BDE!NB96Y

-&�|2 bc 2,/|| bc 20/|0 b-d 02/-/ d-g -2/|2 a-f ,J&/'| a-c ,J3/,0 b ,J&/02 b ,J'// c-g 100ppm :BDE!NB96Y

,|�|& c |&/|2 c ||/,2 d 2,/0 h 0'//3 fg -'/3' d-f -2/3- c ,�-0 c ,JJ/3& e-h 500ppm :BDE!NB96Y

/'�|3 bc 0'�|| bc |-/'/ cd 2|/,' f-h 02/J8 e-g -//& e-f -&/&0 cd -0//, c --/-& f-h 1000ppm :BDE!NB96Y

3,�|' bc 2,/&/ bc 22/,2 b-d 0&/// e-h -J/'- c-g -|/J' c-e -2/&' c -0/|, c --/|3 gh 5000ppm :BDE!NB96Y

J0�|0 bc |0/2 bc 2J/30 cd 2'/J| gh 2-//' g 03/0' f J0�-J d -//2, d -|/-0 h 10000ppm :BDE!NB96Y

,/�2| bc 22//3 b 22/-, b-d 2-/J& f-h -J/- c-g ,J3/,/ a-c ,J0/2 ab ,J0/J- ab ,J3/3& b-d 5ppm FB=%�!A<p;M



/0J! !!!!!!!"#$%!rEW<E!?=(V}(M!L6HC!\HS9!!!!!&'!"#()*!+'!+,'-, 

 

&&�2| bc 22/J0 b 22/03 b-d 2-/3| f-h 00/&2 d-g ,J//0' a-d ,J0/J, ab ,J|/-7 ab ,J&/&/ b-f 10ppm FB=%�!A<p;M

,0�2| bc 2|/3- bc 22/03 b-d 0//'& e-h -J/|- c-g ,J'//' a-d ,J-/3 ab ,J0/22 ab ,J3/- b-d 20ppm FB=%�!A<p;M

'0�|- bc 2,/& bc 2'/// b-d 2|/3, f-h 02/'' e-g ,J,/0 a-e ,J2/2& ab ,J0/&3 ab ,J3/2, b-d 40ppm FB=%�!A<p;M

WY!%E:CE!5()chE!�lD!#%!Fv=E%!r69P�! (DEWM!X#(9�!R$(GI!:u(q!:;c8Y!�Wc^9!sWh!N<!#%!\f!r6cD!3!�:;c8Yj!!

!!

I8!MN-<!J-.O2!PQR!"#S72(6!!

!oY(f!]cGY!P$#!PE!56HU9!T�i!rEpB9!:Y(*!#%!!!

!]e=! P$#! PE! "W_=! R(GZ6D6BI! #()BI! \vBI#6�! #%! +`q(<

sWb9! #E:_9! $! "%E%! o<EpqE! E#! 56HU9! T�i! rEpB9!

!$!%6M!T6Hl9! (Y#()BI!F<E! #%! (eHQ!W)C!r(<(d! (I!56HU9

!R(GZ6D6BI!(M!":*!#()BI!X(eHQ!X#(Q:=(9!o<EpqE!wi69

:<%WQ!"W_=!jA<p;M!X�(M!W<%(_9!PE!:BDE!NB96Y!$!FB=%�

!:Y(*! (M! +"%E%!oY(f! E#! 56HU9! T�i! rEpB9! ]e=! P$#

?;k9!R$(GI!rP$!R(G�!FBM!�(VI#E!?M6OM!$!\c*E%!X#E%

! $! WI!F<E! #%! AQ! ?=E:HQ! W)C! 56z! (M! 56HU9! T�i

?M(<P#E!:*!�O^9!(Y.!5$:i|j4!!

! !

!5$:i|1`�H}W{E!FBx=(B9!\8<(_9!6�)I!]u#!NOB9!":<WM!AQ!#%!�HcO9!X(YP$#!#%!56HU9!T�i!WM!?<(B)B*!X(Y#()BI!�HcO9!X(Y  

]Y:GYP$# ]Y%p=(dP$# ]Y%pBDP$# ]Y%P(<P$# ]e=!P$# ]cGY!P$# ]S;d!P$# L6D!P$# 5$E!P$# #()BI

J/,&/ a-d J/2-- a-d J/23, de J/22, c-f J/0,& c-e J/-33 ab -2'�J b J/0, f-g 0-�J ab Control

J/J2' c-f J/23| b-e J/0'3 bc J/200 a-f J/0,& c-e J/0&/ h-j J/0- b J/-J0 b J/-/& a 2.5%P#(f(D!

J/J| d-f J/2&2 c-e J/22' de J/,J0 b-f J/00| c-e J/-2| ab J/-J b -,�J a J/0| b-d 5%P#(f(D!

J/,|/ a-c J/0J0 a-d 0JJ�J cd J/0J' bd 0||�J c-e J/0/' i-k J/002 b J/02 b J/02 a-c 7.5%P#(f(D!

J/,J0 b-f J/22- a-e J/20& de J/20& b-f J/020 c-e J/-& a-d J/0- b J/00 b J/00 ab 10%P#(f(D!

!5$:i!\9E%E|1W{E!FBx=(B9!\8<(_9!`�H}6�)I!]u#!NOB9!":<WM!AQ!#%!�HcO9!X(YP$#!#%!56HU9!T�i!WM!?<(B)B*!X(Y#()BI!�HcO9!X(Y  

J/,,' b-f J/20' a-e J/23- de J/0J/ a-e ,/J3 a J/-20 a J/-, b J/0-' b J/03 b-d 0.25mM "W_=!R(GZ6D6BI

J/,|' a-c J/0,'a-c J/-&0 a J/0'|ab J/0|& c-e J/-23ab ,2�, a J/-J b J/03 b-d 0.5mM"W_=!R(GZ6D6BI

J//,/ a J/0&' a J/2-- dc J/0,2 a-c J/02& c-e J/-/| b-f J/-0| b J/0'3 b J/0- ab 1mM"W_=!R(GZ6D6BI

J// ab J/0'| ab J/0'& bc J/0J| a-d J/0|' b-e J/-,2 c-f J/0- b J/0-- b J/0| a-c 2mM"W_=!R(GZ6D6BI

J/,|2 a-c J/0,3 a-c J/2|, de J/22' c-f J/20- de J/000 e-h J/-3 b J/0| b -/'�J a 10ppm :BDE!NB96Y

J/,3 a-d J/0J| a-d J/2&3 e J/2&| e-f J/0&- c-e J/0-- d-g J/02' b J/00- b J/03 b-d 100ppm :BDE!NB96Y

J/J'2 ef J/2'/ c-e J/03/ b J/20, cd 0,'�J c-e J/222 k J/0- b J/0'- b J/0' b-e 500ppm 6Y:BDE!NB9

J/,/' a-d J/200 a-e J/23| de J/22' c-f J/0&J c-e J/-J/ d-g J/03| b J/0&, b J/0/ c-e 1000ppm :BDE!NB96Y

J/,/0 a-e J/2-/ a-d J/233de J/23J d-f J/20/ e J/-J' d-g J/032 b J/0&3 b J/2-- de 5000ppm :BDE!NB96Y

J/,,2 a-e J/203 a-e J/2|0 de J/22| c-f J/0,| c-e 203�J k J/0|2 b J/0, b J/20| e 10000ppm :BDE!NB96Y

J/,/0 a-e J/2-, a-d J/2|& de J/2|0 c-f J/0|& c-e J/00' f-h J/0-, b J/0-' b J/02 a-c 5ppm FB=%�!A<p;M

J/J// f J/2// f J/2'' e J/220 c-f J/-,' bc 0,2�J i-k J/0-' b J/0-' b J//'' c-f 10ppm =%�!A<p;MFB

J&'�J ef J/2'| c-e J/030 b J/0&& a J/0'' c-e 0J,�J jk J/-J|b J/0- b J/02, a-c 20ppm FB=%�!A<p;M

J/,,' b-f J/20/ a-e J/2|| de J/2-& a-f J/2-- d-e J/-'| a-e J/-J/ b 00-�J b 02/�J a-c 40ppm FB=%�!A<p;M

�!R$(GI!:u(q!:;c8Y!�Wc^9!sWh!N<!#%!\f!r6cD!WY!%E:CE!5()chE!�lD!#%!Fv=E%!r69P�! (DEWM!X#(93!�:;c8Yj  

I8!$TU(6!!

!?<(q6v*! �C(M! :Y(*! :;=()Y! �HcO9! X(Y#()BI!!!

AQ!:BDE!NB96Y! #()BI! (9E!:=:*! (e=�! Wlu!o<EpqE! $! (Y

,JJJJ!1,JJJ?HB9!\M!WcBZ!WM!LWQ!wBIWI''�2!+/2�2!$!

J-�2?c=(D!! \f! :Y(*! #()BI! (M! \8<(_9! #%! Wc9,-�0!

?c=(D9AQ!?<(q6v*! WM!?M6Hl9(=! W{E! +%6M! Wc!:;c*E%! (Y

.Av*'!5$:i!+24.!!



!"#$%#!&'()*(+!,-./!0.12!!

!"#$%&'!"#()*!+'!+,'-,.!/0'!1/234 

*56789!":;8<6=!>?;)@!ABC()DE!! !FGHI:!!J-,&&3&3',&!!! !E-mail: echamani@ uma. ac. ir!!

!!
Av*'1AQ!Wlu!WBB�I!:Y(*!+�HcO9!X(Y#()BI!#%!6�)I!]u#!NOB9!":<WM!\[(*!X(Y.!C4!+!P#(f(D.S4!+FB=%�!A<p;M!.BA4!+!R(GZ6D6BI

!"W_=.STS4!+:BDE!NB96Y!.HA4j!!

!!

!5$:i21!`�H}W{E!FBx=(B9!\8<(_9()BI!�HcO9!X(Y6�)I!]u#!NOB9!AQ!Wlu!WM!R$(Gc9!X(Y!#!!

]cGYP$#!Wlu ]S;dP$#!Wlu L6D!P$#!Wlu 5$E!P$#!Wlu #()BI 

'�0  ab 0/&2 ab 0/3' a '0�2  ab :Y(*

23�2  a-c 0/// a-c 0//2 a-c ,|�2  ab 2.5%P#(f(D

|/�j2  a-e 0/''a-c 0/' a-c -�|  b-d 5%P#(f(D!

'0�0  a 0/|' a 0//3 a-c /�2  a-d 7.5% !P#(f(D

J3�0  a-c 0/// a-c ,0�0  a-d |�2  a-c 10%P#(f(D!

!\9E%E!5$:i21!`�H}W{E!FBx=(B9!\8<(_96�)I!]u#!NOB9!AQ!Wlu!WM!R$(Gc9!X(Y!#()BI!�HcO9!X(Y!!

-�2  a-c 0/J0 a-d 03�2  b-e ,/�0  a-c 0.25mM"W_=!R(GZ6D6BI

00�2  a-c 2/-3 a-d '/�0  a-c ,3�0  a-c 0.5mM"W_=!R(GZ6D6BI

-�2  a-c 0/J/ a-d ''�0  a-c 0|�2  a 1mM"W_=!R(GZ6D6BI

20�2  a-c 0/J3 a-d -,�2  a-e J3�0  a-c 2mM"W_=!R(GZ6D6BI

&3�2  b-e 0//3 a-c -'�2 a-e 00�2  a-c 10ppm :BDE!NB96Y

2�2  a-d 2/22 b-e J3�0  a-d /3�0  ab 100ppm :BDE!NB96Y

,3�2  c-f 2/&/ de 32�2 de 02�0  a-c 500ppm 6Y:BDE!NB9

0�|  ef 2/,0 e 2/�2 -e |/�2  bc 1000ppm :BDE!NB96Y

03�|  d-f 2/J2 e 2/' e &�2  c 5000ppm :BDE!NB96Y

&3�|  f 2/,0 e |2�2  c-e |'�2  bc 10000ppm :BDE!NB96Y

0 a-c 0/J0 a-d &3�0  ab &-�0  a 5ppm FB=%�!A<p;M

2/�2  a-d -2�2  a-d 0/J0 a-d ,/�0  a-c 10ppm �!A<p;MFB=%

|3�2  a-e |0�2  c-e 20�2  b-e 2'�2  a-c 20ppm FB=%�!A<p;M

&/�2  b-e 0/&0 ab ''�0  a-c /�0  ab 40ppm FB=%�!A<p;M

!5()chE!�lD!#%!Fv=E%!r69P�! (DEWM!X#(9�!R$(GI!:u(q!:;c8Y!�Wc^9!sWh!N<!#%!\f!r6cD!WY!%E:CE3!�:;c8Y!!

]^F!!



/0/! !!!!!!!"#$%!rEW<E!?=(V}(M!L6HC!\HS9!!!!!&'!"#()*!+'!+,'-, 

 

!!!!!!!\8K<(_9!#%!"W_=!R(GZ6D6BI!oY$�d!F<E!#%!!!!!!!!#(K)BI!(KM!

!!!!!!!!!WKI!rP$!+T�!T�Ki!o<EpqE!wi69!(Y#()BI!W<(D!$!:Y(*

!!!!!!!AKQ!?KQ%W9�d!#%!WB[(KI!$!?V8=!!!!!!�<(Kc=!(KM!\Kf!:K*!(KY

!oY$�Kd!X(KYMor et al., 1983)!al.,1980;!(Reid et!

!%#E%!`_M(l9!j!!!!!!!!!o<EpKqE!#%!"WK_=!R(GZ6KD6BI!`V�9!REW{E

!!!?9!E#!NOB9!X#(Q:=(9!!!!!!!\KM!56HU9!T�i!ABe8I!\M!rE6I

!!M!E#E%!`HC!!!!!!!P(K}�!#(e9!FB;�)Y!+?M$WvB9!:t!aE6[!r%6

!!!!!!`8K=E%!�VIWK9!FHBKIE!NKBcBZ(I(f6IE!:KBZ6I5Li et al.,

200034!!!!!!!!�KD6I!FHBKIE!`KBZ(kq!?Q:K=#E%P(M!+F<E!WM!"$�C!

!!!!!":=WBQ!5(�*E!~<Wz!PE!"W_=!R(GZ6D6BI!!!!!!WK{E!$!5(Kkq!X(Y

!!!!!?K9!R#6K�!r�!?cM(u#!!!!!!$!":K=(9!?u(KM!AKQ!#%!\Kf!%WKBQ

":=WBQ!!!!PE!nd!\f!E#!?<(Y!!!!!?9!ABv^I!AQ!r:*!P(M!!!:=6K*

?9!#(e9!:;fet al., 2005)!(Figueroa!!?K9!WK�=!\M!\f!$

!!!!!!!!FHBIE!\M!`BD(8h!~<Wz!FB)Y!PE!:D#.!!!!NKOB9!#%!4!E#

!AQ!#%!!!!!!!!!o<EpKqE!wKi69!$!"%E%!oY(Kf!":K<WM!\[(*!X(Y

AQ!W)C!56z?9!(Y%%WQj!!

!!!!!!P#(f(D!WB{(I!%E%!r(^=!o<(9P�!F<E!�<(c=!!!!A<p;M!!FBK=%�

!!BDE!NB96Y!$!!!!!!!!!!$!WKI!rP$!+56KHU9!T�Ki!X(KeBQ�<$!WM!:

!!!!!!!!!!?K;k9!6K�)I!]Ku#!NOB9!`*E%WM!PE!nd!W)C!!!"%6KV=!#E%

!̀ �H}!?ch!!!!!A<p;M!$!:BDE!NB96Y!X�(M!X(Y!!REW{E!FB=%�

!!!!:;c*E%!R(G�!F<E!WM!?M6Hl9(=!j!!!!!!!WK�=!\M!�<(c=!\M!\i6I!(M

?9!!!!!!!!!!!WKM!?KM$WvB9!:t!A9E6C!r$:M!P#(f(D!#6�h!\f!:D#

!!!!!(*!(M!\8<(_9!#%!?<(SHQ!W)C!!:Y.!Wl_9!T�!4!!!!�KuE$!W{6K9

!!!`DE!":^=.!!Av*,!4!!!!\cq(<!(M!\SBc=!F<E!\f!!!X(KY2003)!

(Nair et al.,!!!!!!!"�<6KM!(eIE#:KBY6MWf!WKQE!\Kv;<E!WKM!?K;V9!

!!!!!!!!!!!!!:K=$#!#(KvM!":K=#E:ex=!X(KeZ6HU9!#%!?<(Ke;I!\M!P#(f(D! !

?9!!!!!!!!!!!!!WK)C!oY(Kf!?Kch!$!(KeM$WvB9!:K*#!�WU9!:;=E6I

!!!%#E%!`_M(l9!+:=%WQ!?<(SHQ!j!!\M!WQE!P#(f(D!!!!!NK<!"EWK)Y!

!!!!!!!!!!!!!!!"%(K9!NK<!rE6K;C!\KM!%6K*!"%(GcKDE!?M$WvB9!:t!"%(9

!!!!!!!!!L(vUcKDE!wKi69!+Xp)DE!AB8=(cd!":;;f!]B�;I!?<E�}

!!!!!!!!!!?9!AQ!W)C!56z!o<EpqE!wi69!`<(e=!#%!$!":*!`q(M$

%%WQ!j!!!!!!!!!!"%(9!N<!rE6;C!\M!P#(f(D!\f!%#E%!%6i$!WvGI!F<E

!!!!!!!!!!!X#$WKt!nG;KI!$!AQ!?<(q6v*!`ei!Xp)DE!aE6[!(M

!`DE5Li et al., 200034!?K9!W�=!\M!!!!!%E6K9!o<EpKqE!:KD#

!!!!!!!!!!!!$!+?Z6HKD!n=(KD�#6I!#(^Kq!gKGh!wi69!56HD!X:;u

!!!!!!!!!!!!!rP$!o<EpKqE!$!T�!WKceM!T�i!$!?Z6HD!T�!rEpB9!R(V{

!!!!!!!!!!!!!!AKBZ%!\KM!o<(K9P�!F<E!�<(c=!�()chE!\f!%%WQ!?V8=!WI

!"%(9!rE:_q!!!!!!!!!!!!:Kt!aE6K[!(<!+"%Wf!`<6_I!E#!r�!W{E!\f!XE

?9!+:*(M!\c*E%!?M$WvB9!:*(M.(Van Doorn, 1997)!!

!!!!!A<p;M!�HcO9!�6lD!o<(9P�!F<E!#%!!!!!!!!rEpKB9!WKM!FB=%�

!!!AQ!�D6I!56HU9!T�i!!?;k9!WB{(I!(Y!!!!?ch!$!\c*E:=!#E%

!̀ �H}!#%!!!!!!!X#(Q:K=(9!$!?V8=!WI!rP$!WM!?G;9!W{E!�(M!X(Y

`DE!\c*E%!(eHQ!j!�<(c=!(M!o<(9P�!F<E!�<(c=Bichara &

Van staden (1993)`�H}!%WM#(f!\;B9P!#%!!KY!!WI�(KM!X(
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