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* E-mail: zarei1349@gmail.com 

5- Bonding Agents  
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P3>#J  /+#K <0 ,$2B 9]8> QJ, /0#5 ?"A:]12 .[  n3@.6 $3@[) "T3
 

)PEL ( 923(@@J% "@@T <,"@@]) +4
 )TLV (?,#@@:  2-   !"@@!#!$% &@@'()         

mg m-3 0/5  QJ, /"X g<,`K]14+13 .[  Q'.@J 9: 9_16 3:  !,#:3A:

S3:?   =3@E0 #@'N + G=3E0 F!3AB <0 P% P,+,#E ?3L0#:<35 + /03)  !, G

921.2 <0 P% `'a32 #!03])  ''d6    + M@c) G(dA@B e3R* + Gf'Y) ?3L
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6'J,#(' P1]16+15[ E,#K163@)+#5OG  $3@K? ]18+17 [ E,#K163@)+#5 +G 

3)! ,<3@5 3: FG!   S3@:]21-19[   01@.2 /<3@X, . U1@J#)  #@6! ,#@: g+<  ? 

/$,"2, K'#? 2- ()'$% &!#!"!:  .[2, ZJ16 95  '   @--.;,G ,! @A.G  +

9@@E#T Q@@X,"c: ,?5  @@E#d)G : /"@@X#\(@@m) n3@@J, $3@@J? 2- ()@@' &

$%!#!"!;1E o#d) 3:  ' 6   + U#@E+#-5 3: p1qY) h,#D(J, + 9@: p3@820 

/$,"2, OP% K'#? E,#K163)+#5 3:G 3)!,<35 3: FG! S3:7
  $3J<3kX% 3:)UV (

                                                      
1- Tepanol 

2- International Agency For Research On Cancer (IARC)  
3- Permissible Exposure Limit (PEL) 

4- Threshold Limit Value (TLV) 

5- Occupational Safety & Health Administration (OSHA) 

6- Folin Reagent 

7- High Performance Liquid Chromatography (HPCLC) 

 h1) p1> <0 nm254 )G  "X3:]22 .[,! 3@2,16 g+<  G!  /$,"@2, K @'#? 

2- ()'$% &!# @!"!  @(x-N /0+"@Y) <0  G  µg ml-1 0/3-25/0 0<,0 ,< .

.@@J 9@@: 9@@_16 3@@: 3@@),'9@@_16 &@@:3H Q 2- ()@@'$% &!#@@!"! 9d@@J16 O 

Ak6' ̂3L? "_!) "' +#kg+< + h,#D(J, 3L? L3V(J0G #J!  M@5 + F

`L! ,#@: 9A?  /$,"@2, K @'#?  03@])! a3@2 #' `2- () @'$% &!# @!"! + U$S  

<+#b? )G "X3:.  

 : $,'g+<   3L? L3V(J0Gg+< O 3L? #()161E?  ;0 9@: @'  + GK03@J &

/3V(J0 3: <35 Q;1cJ + F!#J �J3* GL3V(J0 GK"'�'* U"= 9: 7"X

G)  ']]Y) 9_16 0<1) "X3: .Q!`)  !,    Q@J, /"@X W=3: /3V(J0 ?3L

/3Vm!3)$% G(T + F!3AB #�5, <0 P% $, 95 J ?3L'<38
 00#K /03I(J, .  

 <0!`[6 <35 ^ @!9 ,? /03@)% O    O9@21.2 ?$3@J ��@6'   ?+< #@: G.'](@R) #

/0,0 QH0 OQ�YB 3L? 9!`[6 ,? 9-T#) s-N, + 9(X,0    '@'d6  /"@AA5 ,? 

9!`[6 "A!%#E <0 G) ?,  "X3:]23[ .Aa#L  3@) h,#D(@J, 95 "!F-  3@)!F9 

@@!/03@@)% g+< ^ $3@@J? @@R: <0 U1@@J#)'<3? g+< $, 3@@L? `[6@@!9 ,? 

, 3), OQJ, 0<,"23(J,!Ak6   @' P3@)$ ^   9(@R4 + #@:   @) /"@AA5G  + "@X3:      

9:/+}= $ M[T $,!03? p}T $, G) /03I(J, G.J ?3L     ?,#@: 9@5 01@X

 + G()}JY)'Z $!"A(RL z32#f4 <3'R: QR . O 'A�.L  $, /03I(@J,

9-T#) "Aa ?3L"A!%#E   Q@';32%  (E< QJ0 $, 9: #[A) ML h,#D(J, ?,

)G  00#K]24[.  

4,' v,#!) g+< ^'3) h,#D(J, +#k!"_ F!A8) "G   J 0#:<3@5 #@:'  M(@R

�`_ 9JG 9: p}T) U32'3) h,#D(J, +#k!F-  3@)! @mD* FG10
    9d@J16

 QJ, /"X /0,0]29-25 .[, <0! g+<  !  }@T $, s@J3A) �1-D) ^ p

h,#D(J, 9: /"AA5CD* p}T /,#.L   @:% p1@-Y) &4,0 /"AA5G  +3@T? 

;32%' ZJ16 Q!<`6 �2#J ^!) \G   @* <0 9@5 00#KG  P% @!  p1@-Y) ^

 <"5)#:,? (km6') &G 00#K .#(23J 3:!I'< 7,#fH Op1-Y) �1 @!  p}@T `

h,#D(J, 3c(2, <0 /"AA5? #(23J 9;1;!I'>+#D) �1G m2 96')  G 00#K .

, <0! g+<  _,#D(J,G�`_ #L OG < 7,#fH 3: 95 p1-Y) <0!  p}@T `

h,#D(J, 3.2 CAk.L#: /"AA5!;+, p1-Y) $, O"'   ^@a15 M@[T &4,0 9

 h,#D(@J, p}T $,      9@: + /"@X &@](A) h,#D(@J, /"@AA5   p}@T /,#@.L

h,#D(J, 96 /"AA5 m2'   @:% $3@E $, + /"@X  G   @* + h,#D(@J,' @-i6 C' j

)G 00#K .,`) $,!3? )'3) h,#D(J, +#k!F- 3)! @mD* FG  @)G   9@: P,1@6-

K03JG  ̀ L O9@21.2 M@5 M[T OS3: Q=#J O!  3@* 9@A'! $3: "@B<0 O  @!:3G 

AN <1(53E + sJ3A)G $3J? S3:? 01.2 /<3X, P%.  

, <0!]Y6 <35  '63]GAk6 $, O') ^' 3@) h,#D(J, +#k!F-  3@)! @mD* FG  

9: + h,#D(J, <1xA)*'C -i6'03]) j!a32 #' `2- ()'$% &!#!"! &8H  

 $,/$,"2, K'#? 9: P%#()1(E+#(klJ, g+<? QJ, /"X /03I(J, .  \@8>#:

1[(R_? 923D:3(5 ,? L P1A536 O/"X U3[2,'$3J,"_ g+< �?  @A8)G 

                                                      
8- Portable Labratories 

9- Liquid-Liquid Extraction (LLE)  
10- Disersive Liquid Liquid Microextraction (DLLME) 
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!" #"$%& '(#) *+, -.(/ %0) 1(.#" 2.#345. 6#+) 2- 41(-7 89#  9:9 ;

  <6. #  =%> !  ?<%@1 6 A  5. B:  CD E$.F  '(B-.:  D. E$.F  ' ; '  (#) 

#41G4H6#4+I5.) 2- 41(-7 89#9:91 ;J :K%".  

2-  !"#$ %&!  

2-1- '()*+, (-  

LM*".#  H #41G4H6#4+I  5.-  J  N#1UV-Vis  O:  13310  A&#  K -.

 JP%4(0);Q.R (85 %"  F,$.G& )%0cm1   S (T A UV ).#"     J"W X )% 0

:K BY%M45. .B-.:D. !Z0 '(#) %0) T(MJ !" %"   [Y# " $% &  9  OG \]1 /

!" :0%K : K ^%_D. `X#1 [.G*a .  # b, A cX9 ! , $Y `  CD(*J   Od >

2.#345. #4D%5 B%e45Y -. B:**&9M( O:1 RG)EBA 20  (:K BY%M45..  

2-2-  .(/0/1 ,234  

 ^%Z, $Y%1-79L @f, $%"6Y #@f1 g7 -. %0  ( # BY%M4 5.  : K .2- 41  ( 8

-79#9:9!" ;#+D6 E6$1
 Y#' F4*5  9 B:]30[  , E6$ % " 6(  5.#4(  % " [G

, -. BY%M45.(5 G( Y$.:D%4 5. h%D%  -% 5)   : K]16[ .  OG \]1mM0/15 

<GH( [Y#& 8> %" ;0976/0 :5 /ZD -. ^#'9 i1-2- &G4MD([G*-4-

DGM<G5(5. /( :)j#1 (k$ 6 g7 $Y(l -%5)  %, [7mL25  $Y9 ;<%" /

 BR6R!"A5Y :17 .m*, $Gm*1 !"( ipH  h%MbH #H%" OG\]105/0  $nG1

 [Y#& 8> %"9/1 :5 -. ^#'9 !"7 BY-.6Y h%MbH i (Na3PO4.12H2O) 

 [7 Ak$ 6 g7 $YmL100 !":17 A5Y.  

2-3- 4  567/(4 82"&*+26"9.: - (4.;&< :   

!  "1 ^%  _D. $G  m*1(%  1 2.#34  5. 6#  +9`- %  19  C3Q `J ) 8+  K1( o

i_> %0)     ! " Y$.:D%4 5. OG \]1 -. S \431 $G T)   % cD A m\p ! &J9       

2-  i_> $Y ;9:9#9-7 8(4110 1(\J <(   B#4 b' $Y # 4800-10   GD% D

^#' 1 #"(\J<( RG(M9#4D%5 !<G< /9 !" o:K%" #410 J\(1   8 f4*1 )#4(<

 6100  OG\]1 #4(<6#+(10/15  J \(1    6 ;(<G H $nG 15/0  J \(1  # 4(<

 OG\]105/0   qG H rG\31 sI5 6 :K !H%=. [7 !" h%MbH #H%" $nG1

!"Gm*1 $ h:1 ).#" 6 B:K BY.Y [%+, L*&.6 [:K 81%&3   $Y ! f(kY

%1Y) :D%1 ;&%5 q%,. . sI55/0     : 9#\& i9: 5 OG \]1 -. #4(< J\(1

10  %Y#' l(k$ g7 %" 6 B:K !H%=. [7 !"9: .!"O%UDY  [7500 1(  6# +

<( Od> #4) 81%K400 1(<6#+( OGD%41 #4)L3Q Od>  B: **& ( 6100 

 ^#H6#\& #4(<6#+(1) 2.#34 5. Od>  B: **&((  ! "    / 9 t 5G, Aa# 5

 uD#52 J\(1  )#4(<Y !"8v.  OG \]1  Y#' l 9$F,  9: .   A <%> ; 9. $Y  

!"     i4 b(5 oJ "7 OG \]1 [6$Y ^# H6#\& F9$ h.#@k [:K L3Q A\a 

!"J1 #0%w )#". A<%> !" rG\31 ;9. sI5 6 YY#'  $Y ! f(kY 6Y h:1

 Lv#P Aa#53500    F 9$ h.# @k %, :9Y#' RG(M9#4D%5 !f(kY #" $6Y

!, ^#H6#\&:DGK ;(CD .-%H o:*97#H ;9. -. :?"  6 B:K !439$ $6Y J9n%"

J<7 -%H  B:D%Z(k%"OGD%41 %" !"  i _>400      6 B: 9Y#' l (k$ # 4(<6#+(1

                                                      
1- Winker Method 

1( 2G1 OGT $Y [7 gWX [.Fnm 430  B-.: D. '  (#)    *]*1 6 B: KJ 

<%&(5.#U(!" [G:17 A5Y .    B-.: D. 6 2.#34 5. ^% _D. 8 >.#1 '  (#)   $Y

 8+K)1 (A5. B:K BY.Y [%CD .  

2-4 – ',(4=>(+? @3$ A(B< CD30D/ E2- *4/>= F.".E.G  

!"\&$GTJ %*x L3" $Y9a%HY `J!" o$Gm*1 <G,( Q 8 1.Ga :( : DG)   # "

%Q9-7 !9#9:9 .:4". o;2- 41(-7 89#9:9!"  ;56( .- ! f\> L*&.6 !\ J 9  o

1- 17(G*-2- #" OGD%Q6#QlUT 7#H9c, #+D6 :*(1 !J  YY#']30[ .T $YJ 

.97#H ;9   bD.Y % " 8x%> g%bQ o:*( !4gr/ml 507/1  ! " 6   B: Za $G T

6%>) :590 i(  b&6$:( :)48 (% 61- 17( G *-2-   OGD% Q6#Q)w/w% (

5/1 Y%f1 69P%D #( F2- 41(-7 89#9:91 ;J :K%" .!"B-.:D. $Gm*1 '  (#) 

2- 41(-7 89#9:9 .:4". o$G&W1 g%bQ $Y ;9i_> /  mL 5   og% bQ -.

@f,( #Y#'9   YG 5 OG \]1 $Y 8 x%> B#@f1 6 B: M01/0  ̀  ZX$67) 

Y#'9 i_> %, 6 B:mL 100  $Y9Z_> BR6R ;<%" /J k$(:K l . B% eD7 

mL0/1 .#" qGH OG\]1 -.) B-.:D. '(#) 2- 41  (-7 89#  9:9  E6$ % " ;

1(%1 2.#345. 6#+9`- %19C3Q `J  L3" %" l"%@12-3  % 1-7 Y$G19 L

AH#' $.#k.  

3-  H.(*D 6 IJ!  

3-1- K CL@(M4/N  2 - *4/>= F.".E. >2 O< GP*;4 >(+?  

!" o#=%> !?<%@1 $Yl4C1 $Gm*1 -%5) y#?1 -. o1-2- &G4MD([G*-4- 

DGM<G5(5. /(!" : 6 L* &.6 A\a  9 .# " [7 Bz) 2- 41  (-7 89#  9:9 ;

 !<Y%?1 l"%@1)1 (Y#' BY%M45.9: .. #" B6da9 . OG {]1 ;  9  L* &.6 ;

l4C1 -%5) .$.Y) #=9<G1 gWX |J n%"J9 1J    1 6 : K%"J   $Y : D.G,

9 /WQ ^%_D. !\>#19Y# .T("WX SJ 4- )2- 41  (-7 89#  9:9;(-1-2-

&G4MD( [G*)l4C1 -. 8x%> OG{]1 -%5)( " gW X o(  C(!*   OG T $Y

2G  1 nm 430    1 [%  CD .$J  :  0Y) 8+  K2 .(  -. 8  x%> OG  {]1

l4C1      J 1 2.#34 5. 8 "%k ^# H6#\& $Y OY% ?, -. sQ )-%5  : K%" . -.   

;9.1 E6$ o6$(%1 2.#345. 6#+9`- %19 `C3QJ J1 !" :D.G,  / 9 [.G*a

 }(\~, L(Q 6 )-%5.:X ).#" lHG1 E6$2-     Y$G 1 ;9: 9#9-7 8 (41

' $.#k !XG,(Y#.  

3-2- Q!/CR>(+? "*427(< (-? "ST4  

!" $Gm*1A5Y 9"%J #,n%" !"95%b> ;(.$%& 6 AJ9 1 $Y(  2.#34 5. 6#+

%19`- %19C3Q `J 2- 41(-7 89#9:9 o;V�,(%0#41.$%Q #)  . # " #V�1  9; 

7#H95$#" :*J .#K 6 :K9c" t(!" !*:17 A5Y .  

3-2-1 - P*;4 U"L4 VWXY "S2>(+  

 -. o#=%> $%& $Y1-2- &G4MD([G*-4- DGM<G5(5. /( :)<GH y#?1(; (

!"uD$ 81%a [.G*al4C1 6 -%5 .#" -%5)  .F H.9  5%b> L(  BY%M4 5. A

:K .!" ;(<GH Am\p #V.l4C1 81%a [.G*a    i4 b(5 gW X )6$ #" -%5
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  J 4m\p B#4b' $Y300-10    : K J 5$#" $nG 16#+(1 .   $%+ K7 �9% 4D

J  1  :  *&) 8+  K3 ( A  m\p %  , y#  ?1 A  m\p L9.F  H. %  " !  &150 

 A m\p $Y 6 !4H%9 L9.FH. gWX $nG16#+(1      A "%V �% U9#f, #,n% " )% 0

J1  !& o:D%1!"#T%v  H% &J  YG "[    .# " y# ?1 A m\p)  l4 C1 -% 5)       

2- 41(-7 89#9:9 ;1J :K%" .-. ;9. Am\p 6$150  y#?1 -. $nG16#+(1

!"!" B:K Y%c*C(Q E6$ $Y !*(c" Am\p [.G*aAH$ $%&.  

  

  

  

  

F91 1-  h$%PG\H1 ^%_D. 8>.#1(%1 2.#345. 6#+9` - %19C3Q `J.    

  

   

                     

 

 

 

 

                                                       <GH y#?1(;                                             2- 41(-7 89#9:9;    4- )2- 41(-7 89#9:9;(- 1-2- &G4MD([G*  

1 !<Y%?)1(-  L*&.62- 41(-7 89#9:9<GH y#?1 %" ;(;.  

     

O

O

N

CH3

N

H

CH3

O

O

SO 3

-
 Na

+

+
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F912- l4C1 L*&.6 OG{]1 J"WX S(T  )-% 52-  -7 8 (419   % " ;9: 9#

 `9%1 2.#345. 6#+(1 -. :?" ;(<GH y#?1–   .# K oJ C3Q `9%19  6 L* &.6 t

2.#34  5. :2-   ;9:  9#9-7 8  (41)1 (10 o)2 (50 o)3 (100 o)4 (200 o)5 (

300 o)6 (400 o)7 (500 o)8 (600 o)9 (700 o)10 (800    J \(1 # " ^#'GD%D

 ;(<GH y#?1 o#4(<150   6 $nG 1 6#+(17/11pH=  OGD% 41 o400 1(<6#+(  o# 4

 ^#H6#\&100 1(<6#+(#\& 6 #49:5 :9 i(w/v) 5/0.% 

  

 
  

F91 3- #V. Am\p ;(<GH #" )6$ i4b(5 oJ"WX .#K9 2.#345. 6 L*&.6 t

 :2- 8  (41 ;9:  9#9-7 ng mL-1 200 6 7/11=pHo OGD%  41 400 1(<6#+(o#  4 

^#H6#\& 100 1(<6#+(#4 6 #\&9: :59 i(w/v) 5/0.%  

 3 -2-2- "S2pH  

l4C1 L*&.6 -%5) 2- 41(-7 89#9:9<GH y#?1 %" ;(   O# 4*& A ], ;

pH 1 ^%_D.J WQ9Y# .. -.9 6$ ;pH    ! DGZD OG \]19  +J  % 0#41.$%Q -.) 

V�,(l4C1 L*&.6 #" $.W'# -%5) .$%& �%Uk%?41 6J9 1 2.#345.J :K%" . -.

.9V�, 6$ ;(#pH .$%& )6$ #"J9      B#4 b' $Y gW X �% Uk%?41 6 2.#34 5.

0/13-0/4  A H#' $.#k J5$#" Y$G1 .D%*P ! �   8+ K $Y)4 (  B:0% C1

J1    $Y gW X iZ9F&% 1 oYGKpH   )% 011   % ,12    L* &.6 ! & BYG " 

l4C1-%5) "(#4C9 $Y 6 !4K.Y .$ [%1:D.$ ;pH   .# K #,n% "9 .# " t) 

l4C1-%5)  gG\@1%D1J YY#' . .;9. -. 6$7/11=pH !" [.G *a  .# K9 t

c"(Y#' g%34D. !*9 6 :pH  h%MbH i9:5 OG\]1 %"05/0 m*, $nG1( i

:K.  

  

F91 4- V�,#( pH  6$ #") 5O%*e( !9F_, o).  t9.# K  L* &.6 6  2.#34 5.  :

2- 8  (41 ;9:  9#9-7 ng mL-1 200<G  H y#  ?1 o;( µM 150 OGD%  41 o400 

1o#4(<6#+( ^#H6#\& 100 #4(<6#+(1 6 :9#\& i9:5 (w/v) 5/0.%  

3-2-3 -  Z[\ ]3D A(&*D2'ERR^ %&< 6 'ERR^ 82"&*+2  

2.#345. Od> �GD !" B:**&1 $Y !4H$ $%&(  % 1 2.#34 5. 6#+9`-  % 19 `

C3QJ 9+J  -.ic1 #,9$G4&%H ; %0) V�,(6$ #" $.W'#) .$%&J9  2.#345.

1J :K%" ..9%" Od> ;9bD.Y :(%" !4#,n) *�Z0 6 g7 !" AUbD(%" ;  9 :

\"%k(&#, 2.#345. A(4K.Y .$ #mD Y$G1 h%U*�Z0 6 :K%" !(<d> ;( A

%  Q g7 $Y [7(9:  K%" ; .. -.  9;Y o^#  H6#\& 6$)   ;"#  & o[%  416#\&

#\&.#4,9 6 :162- Y)    : *4H#' $.# k ! ?<%@1 Y$G1 [%,. 6#\& .  g% 34D.

L3Q Od> D B:**&(Od> !" F %0J9 mD(DG45. oOGD%,. oOGD%41 #(#49 6 8

2.F41. !& [G45. W Q9    : K Y6: ]1 o:*4 b0 g7 % " # . $Y.  9  5$#" ;J 

&#,(Y o^#H6#\& |) 6#\& #\&.#4, ;"#& o[%419 6 :162- Y)   [% ,. 6#\&

)100 1(6#+ <(#4 (!"      oOGD% ,. oOGD% 41 6 B: **& 2.#34 5. Od > [.G*a

G45. D(#49 [G45. 6 8)400 1(<6#+(#4( !"   L 3Q Od > [.G *a   B: **&

%1-7 Y$G19:*4H#' $.#k L .&#, Y$G1 $Y  (    OGD% 41 % " ^# H6#\& |  9/ 

5(-%H6Y i4b) %Q95 6 $.:(F_, O%*e9! .) n%"J9  :17 i0.#H) 8+K5 .(

. -.9;OGD%41 6 ^#H6#\& 6$ !",#,(| !"   6 B: **& 2.#34 5. Od> [.G*a

L3Q :D:K g%34D. B:**&.  
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F91 5- V�,(2.#345. Od> �GD # L 3Q 6 B:**&   6$ # " B: **&)   5(  O%*e

F_,9! .).#K o9   2.#34 5. 6 L* &.6 t :2- 41  (-7 89#  9:9 o;ng mL-1 200 o

<GH y#?1( o;µM150 o7/11=pH#\& o9:5 :9 i(w/v) 5/0.%  

3-2-4- 82"&*+2 Z[\ _#\ A(&*D2%&< 6 'ERR^  'ERR^ 

2.#345. Od> i_> #V. 6$ #" B:**&) 5(F_, O%*e  9! .) D  (  5$#" FJ 

:K ..#") .9c" $Gm*1 ;(!* -%5) i_> %"  % 0)    $Y ^# H6#\& -. S \431

 B#4b'200-20 1(6#+ <(!" ^#H6#\& -. #4 2.#34 5. Od> [.G*a  B: **&

!  eD A  "%V %  " $Y OGD%  41 i  _> ;4  K.Y400 1(<6#+(:  K ^%  _D. #  4 .     

 8+K)6 (%ZD91 [%J  !& :*&.FH. %" gWX $.:f19 ̂ # H6#\& i_> L   % ,

100 1(<6#+(.FH. #491 LJ 9.FH. %" sI5 6 :"%9" L( #4C  Od > i_>

 %,200 1(<6#+(#f, #491 A"%V �%UJ  !& o:D%1!"#T%v  Y.:?, [YG" |5%*1

OY%?, %0)  . $Y 2.#34 5. [%1:D.$ 2.#345.  9   -. oBYG " Od > i _> ;  

.9; 6$100 1(<6#+(!" ^#H6#\& -. #4c" i_> [.G*a(:K g%34D. !*.  

  

F91 6- V�,(2.#345. Od> i_> #  B:**&)^#H6#\& (6$ #") %4D9F_, �9! .) 

1 -. :?"(%1 2.#345. 6#+9`- %19  C3Q `J .# K o9  2.#34 5. 6 L* &.6 t :2- 

41(-7 89#9:9 o;ng mL-1200 1 #" ^#'GD%D(\J <(  <G H y# ?1 o#4( ;µM150  6

7/11=pH OGD%41 o400 1(<6#+(#\& 6 #49:5 :9 i(w/v) 5/0.%  

*�Z0(!" ;5$#" $Gm*1J L3Q Od> i_> #V. 6$ #" B:**&)  .$% &J9 

 OG \]1 2.#345.  % 0J9   i _> % "  % 0)    B#4 b' $Y OGD% 41 -. S \431   

800-200 1(<6#+(G4]1 #4) 100 1(6#+ <(1 E6$ %" ^#H6#\& #4(  6# +

%1 2.#345.9`- %19C3Q `J :*4H#' $.#k 8Za Y$G1 .  8+ K $Y !�D%*P

)7 (1 B:0%C1J   i _> $Y oYGK400 1(<6#+(     ! " gW X OGD% 41 -. # 4

#,n%"91 YGv $.:f1 ;J  .F H. %" sI5 6 :5$9" L(   OGD% 41 i _> #4 C  

!"$:,91 L0%& �J 9:"% . % K9. :  9 ! " ;<Y  (<d> 8  (" A(   Od > #4 C

2.#345..$%& !& A5. g7 $Y B:**&J9 1 L0%& 2.#345.J 9:"%. 

  
F91 7 - V�,(L3Q Od> i_> #  B:**&)OGD%41 (6$ #") .$%&J9  o2.#345.

.#K92.#345. 6 L*&.6 t :2 - 41(-7 89#9:9 o;ng mL-1200<GH y#?1 o( ;

µM150  o7/11=pH ^#H6#\& o100 1(<6#+(#\& 6 #49:5 :9 i(w/v) 5/0.%  

3-2-5- 2`a2 "S2.b0D %  

<d> �%1GZa(<%D7 A(2.#345. Od> 6 A    "7 -% H $Y B:**&J    % " �nG Z?1

.FH.9 h$:k L9DGJ  L0%&9     BY-% " 6 # 4c" 2.#34 5. : x$Y !" 6 !4H%

"(1 #_*1 #4CJ  !& oYGK�%>d@x. K $Y(ZJ F_,  9    % " 2.# v. [7 ! " !

D- /ZDJ1
 1J G'9  .F H. % " !& o:*9  -G, OY% ?, / ZD L  9 ! " ` ! DG' .)   

!"%X" !& YGK %X(<%D7 #4C(YGK 2.#345. A . .F H. #V. #=%> $%& $Y9 L

6$ #" /ZD)  2.#345.2- 41(-7 89#9:9  5$#" Y$G1 ;J    oA H#' $.# k

1 B:0%C1J  .F H. %" YGK9  ZD L  B#4 b' $Y /)w/v (20- 5 % .$% &J9 

-%" :x$Y 6 2.#345.9"%J 1 #4c"J YY#' .. -.  9  A m\p 6$ ;)w/v (10 %

#\& /ZD9:5 :9!" ic" Am\p [.G*a(Y#' g%34D. !*9:.  

3-2-6 - 0^/V (-? `#$.C 2?   

.#K A],9 tc"( .# " !*)  B-.: D. '  (#) 2- 41  (-7 89#  9:9  *]*1 o;J 

<%&(5.#U(1 i5$ -. [G( $Y gW X [.F    ! " A @\p 8 "%f1   6 : 17 A 5Y

%0#41.$%Q)   5#'$(  @v [GJ   4m\p B#4 b' oJ ?U,  ( " [GD% k -. A  ( o#

                                                      
1-  Salting out 
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#=9<G1 gWX |J3C, :> o(*p $G4&%H o�J -%5)  -%" : x$Y 6  9"%J 

 O6:X  $Y)1 (Y#' !xdv9: .*]*1J <%&(5.#U(" [GD%k �%5.#" [G  ( #

4m\p B#4b' $YJ ng mL 1 800-10  -.2- 41(-7 89#  9:9  OG T $Y ;

1 2Gnm430 @vJ 1J :K%" .3C, :>( �)LOD (    A 5. h$% Ua ! &

]31[  CL=3SB/m [7 $Y !  & oCL oSB  6m !  ",#,  (3  C, :  > |( o�

K 6 :0%K Y$.:D%45. y.#]D.(*]*1 |J <%&(5.#U(1 [GJ    $.: f1 o: K%"

ng mL 1 5 Y#' !U5%]19: .  

Z6Ec 1- Z&A( )%0 B-.:D. ')#( B-.:D. $Y B:K ')#( 2 -418( ;9:9#9-7.  

uD$OG{]1l4C1 -%5) B:K  Y$- 

 max (nm) 430  

!<Y%?1*]*1J<%&(5.#U([G     

)ng mL-1 (%" 1(6#+ 2.#345. 

%19`- %19` C3QJ )10=n(  

9976/0=R2
 6 0289/0= C 0018/0=A  

!<Y%?1*]*1J<%&(5.#U([G     

)ng mL-1 (%" 2.#345. %19` %19 `
(LLE) 

998/0=R2
 6 0088/0= C 000083/0=A 

#=9|gWX <G1J  

 )Lit mol!1 cm!1(  

 
)10

3
×78/4 (10

5
×004/1  

B#4b'@vJ)ng mL-1(   
 )15000 -500 (800-10  

:>3C,(�)ng mL-1(  a
)250 (3/0  

WQ$.#+,9#))R.S.D., %(  92/1  

$G4&%H*pJ-%5) )EF(  11/23  

:x$Y-%"9"%J )R%(  4/92  

  Y%f19 �%5.#" F4D.#Q 8v.Y #%1 2.#345.9`- %19<GZ?1 `J !"B:17 A5Y :D..  

*p $G4&%HJ -%5)1
 )EF (!"<%D7 Am\p AUbD h$Gx(!, -%H $Y A   CD( ;

 B:K)Csed (<6. Am\p 6(<%D7 !( A)C0 (   "7 -% H $YJ #?,  9  1 SJ   YG K

]33632[ :  

EF= Csed/ C0                                                    (2) 

-%" :x$Y9"%J2
 )R% (!"<%D7 8& :x$Y h$Gx(4J  ! , -%H $Y !&  CD( ;

1 2.#345. B:KJ #?, oYGK91 SJ YY#' :  

R%= EF!(Vsed/Vaq) !100                                       (3)   

 !&R% oVsed  6Vaq  ! ",#,  ( -%" : x$Y |  9"%J     -% H i _> o2.#34 5.

!, CD( B:K ;)400 1(<6#+(k$ -. sQ #4(l-%5)   OGD% 41 % " (  i _> 6

"7 !DGZDJ )10 1(\J <(#4 (1J :K%" .!"5$#" $Gm*1J *p $G4&%HJ -%5) o

.#K $Y $#+1 2.#345. !59c" t( !*!"56(OG\]1 !\  % 0)   "7J  6% >)  

ng mL-1 100 o2- 41(-7 89#9:9 : K ^%_D. ; .   *p $G4&% HJ  -% 5)  -.

%cD Am\p AUbDJ9 <%D7(  ! , -% H $Y A   CD(  B: K ;)Csed (  ! "  A m\p

<%D7( <6. OG \]1 $Y A  ( !)C0 (   1 !U 5%]1J  YY# ') .Csed (  *]*1 -.J 

                                                      
1- Enrichment Factor (EF) 

2  - Recovery Percent (%R) 

<%&(5.#U(%1 2.#345. t5G, B:K i0.#H [G9`- %19  % " OGZ?1 ` mL5 

Y#' !U5%]1 ^#H6#\&9: .   ! <Y%?1 % " l"%@1)362 (   *p $G4&% HJ  -% 5) 

)EF (-%" :  x$Y 6  9"%J )(R% !  ",#,  ( %  " #  ".#" |11/23  644/92%      

!"17 A5Y:.  

3-2-7 - +7"!  V0\2`4 "S2 (-  

!"  5$#" $Gm*1J  F '9L*  W Q9#) Q E6$(     A Z>.F1 # V. B: K Y%c* C

!DG' %0)   6$ # " [G'% DG')  B-.: D. '  (#)  ng mL 1100  -.2- 41  ( 8

-79#9:9.#K A], ;9c" t(5$#" !*J :K . !?<%@1 E6$:"9;  YG" h$Gx

     {3C1 $.: f1 .: 4". ! &J -. 2- 41  (-7 89#  9:9 ;)ng mL 1 100 (

1 6 !4K.Y#"(  \& ^% _D. -. s Q gWX [.F  (    A N.#k 2.#34 5. 8 >.#1 !

Y#'9: . sI5!"$GT !" !DGZD $.:f1 [%Z0 .F_1Y%f1 B.#Z09  �3 C1 #

1 6 2.#345. n%" l"%@1 6 !4K.Y#" i>.F1 !DG'(B-.:D. gWX [.F'  (#) 

%f1 %" o:K9Y%f1 !b9!" gWX #$GT) !& 4m\pJ  !& B:K !H%=. !DG' -.

%@v) UbDJ "( -. #4C5± . .$ :x$Y9 %ZD Y% _  9o:  ! "   #�&.: > [.G *a

  : K ! 4H#' #mD$Y i>.F1 !DG' 8Z], 8"%k Am\p .  O6: X)2 (  [% CD

1J    ! DG' # �&. ! & :0Y    4> % 0J  A m\p $Y  % 0) 1000    # " ^#'GD% D

1(  \J <(:  X A  Z>.F1 #  4) :*4  K.:D .. -.  9;%  4D 6$9[%  CD �  B:  *0Y

F'9L* WQ9#) A5. E6$ gGv.  

Z6Ec 2- 5$#"J !DG' AZ>.F1 #V. %0) Y#e9 #" )6$ B-.:D. ')#( 2-  8 (41 

;9:9#9-7.  

!DG'  
AUbD 8Z], )[-6 !DG' /[-6 

2- 41(8 -79#9:9;(  

Na+, K+, NH4
+, Ba2+, As3+, Co2+, 

Sn4+, Mn2+, Zn2+, Cd2+, Ni2+
, Fe2+, 

Ca2+, CO3
2-, PO4

3-, SO4
2-, NO3

-, 

SCN-, CN-, Cl-, Br-,  F- 

2000:1 

DG17(oj%#,) 41(8 17(o; #,9s -1- 

)2 - 41(8 -79#9:98 (MbH(; b&.(: 
(MAPO) 

500:1  

41(817(o; ,.(8 17(o; OGD%,. 17(o; 

1- 17(G*-2 - OGD%Q6#Q  
50:1  

3-2-8 - 567 ,"!7(^  

Q E6$(.#" B:K Y%c*C)  B-.: D. '  (#) 2- 41  (-7 89#  9:9  ! DGZD $Y ;

g7 %0) UT(?J !"AH$ $%& .!DGZD %0)   Y$G 1 $G&W1 E6$ %" l"%@1 g7

<%D7(0 6 :*4H#' $.#k F(� -. ^.:&%cD7 G4]1)2- 41(-7 89#9:9:DYGUD ; .

.#") %5%*KJ9 #,%1 h.#V.9!DGZD os %0) Am\p %" g7  % 0)   -. S \431

2- 41(-7 89#9:9:D:K BYG<7 ; . O6:X)3 (%4D9 h%?<%@1 �.  B: K ^%_D

6$ #") !DGZD %0) 1 [%CD .$ g7J :0Y .-%"  9"%J  % 0) DYF  9  ! " /100 

%ZD :x$Y91 [%J :X AZ>.F1 !& :*&) !DGZD $Y %0) Y$.:D YGX6 g7 .  
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