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P…2 …“,"…,L !%ƒ",2%* C!% ,“ %"%“2, S ,!%-
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!% …% 3 %“C% =!“2"S ƒ3 %" G ƒ=K!3 … ……  C%-
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!= = S_ 3 ƒ%"…S … % 3 “ ! %",?S, !%ƒ ,……S“-
2  " =2 %“- !…,. %C= =., ƒ =2…S“2  % “%!K S_ 
T!3…2= , L =*3 3  SG  !%“ ,…= ,. b%…, ƒ =2…S 
…= !% = ›3"=2,“  " %! =…Sƒ S, "S !Sƒ… 2 “  ,-
!%*,  “C *2!%  S !Sƒ…% =…S22  C!% "S" *S ,-
",. "C ,"S" 2= =“2% %2!3L…S   ,…,. a= =2% 
%“ S › …  “-%*3“%"=…% …= "," ……S 2= %-S… 3-

*%"=…%_ 2%*“, …%“2, 2= *=… !% ……%“2, C ! .S -
…,. 2= S" 3 ƒ"’ ƒ*3 ƒ _. !%  3 … != S_ =*-
2,"…,. -%!  *,“…  2= =ƒ%23 " ›,",. %! =…Sƒ =.. 
P… 3*%"=…  2= = , 32"%! ……  "S …,. != ,*=-
S" ",* ,*=G !Sƒ…% =…S2…S % ,-S*= S_ =ƒ%2,“2,. 

%“…%" dmj, C%“, G C!% “, C !%*“, = S_ SCS S", 
= 2=*%› ƒ S…, " *= SG"% 3 2= 2S% %"% 3 % %-
“2=ƒS. bS % % K= =2% KS%. S …,., -SƒS% % S …,. 2= 
* S…S …,. %*=ƒS" 2% %, ?% S“…3G K ƒC !  …= *%! -
 S  S› ƒKS ……  C3 3 S%…S" 2= S" " %! =-

…Sƒ S 2= CS ",? …,  !,ƒ,*%  !%ƒ",2*3 ƒ % *S“…,. 
C3. ,…, ƒ%*! =, …  ( S , .!% ), C!%“2=2, 
(ƒ= Sƒ%, ,…*, *%K= 2 S *= SL) 2= CS 3…*%"%_ 
ƒ= %ƒ, (…S* ). m= !S"…S ƒ "=›*, , 2= = , ƒ=-
K!3 … ……  C “2, , = , …="*% , … % % “ ! %-
",?= # ?  % ,… -=*2%! ",“%*% % !,ƒ,*3   
ƒ %!%"’  ,…,. Š%*“, …S “C% 3*, -%“-%!%! =-
…S …,. C “2, , S" “2SL*S % !%ƒ* = =…… , .=!=*-
2 !,ƒ3 2 “  ",“%*,  “23C …  C!%…,*… ……  S C%-
2!=C  2  3 C!% 3*2, .=! 3"=……  L. 

m= *% % S …,L “2=… …="*% , … % % “ ! %-
",?= ƒ…= …% "C ,"=G ƒ=K!3 … ……  -%! = S-

%  (t )̀. `…= Sƒ t` 3 ƒ!=ƒ*=. %! C!% 3*2S" G 
% …,  Sƒ %“…%"…,. *!,2 !S_" _. “ !2,-S*= S_, = …=-
 "…S“2  % % =…= S23 " S… ,. ƒ!=ƒ*=. .=! %",. 
C!% 3*2S" (“%*=., SC“=. S 2. S….) S2*% “"S ,2  C!% 
*% % S …  ƒ=K!3 … ……  ",.S …%_ “,!%",…,. Š%*-

“, …S“2  t`  * ",“%*%! =* SL…%ƒ =2…%_ “C% 3*, 
…  ",* ,*=G “3 …S"3. m K ƒC …, , G …%2%*“, -
…=, 32= ……=, ,2%2%*“, …= (ƒ= 2,C%  =C%C2%ƒ3, 
S 3…% ……= (" 2. . = ! ……=) L %…*% ……= (S… 3-
*3G C %“*%* S2,……3 *=! ,…% 3 …%“%"%_ C%!%›-
…,…, 3 ?3!S" S , L) S_. n“%K ,"% … K ƒC …= 
32= ……= S ,  *= ƒ3 %" …= ƒ =2…S“2  t` 32"%-

! "=2, dmj-KS *%"S C%C ! …S ƒ ,"*, ƒ = *S -
"=……  = S…% !3C = S…%*,“ %2 2= %“…%" …3* _…%-
",. *,“ %2. t` !%ƒ  = 2   * %“…%"…3 C!, ,…3 
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“ % 3, C!,!% …,. 2= 2 .…% ……,. *=2=“2!%-,  *S 
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=., ’ “S 2= KS% % S …,. !S ,…=. ,…, 2= "=* ,-

…=.. bS… ", " …,L 3 -!3*2%"%-%"% ",. “%*=. -
 *,. ",!%K…,*S", 3 *%C …,. ’ “…,. C!% 3*2=., 
 *,. ", =. S2= SL“ *% % “,!3, " % % …SL C!%-

3* S_ # 3 ƒ"’ ƒ*3 ƒ 2, , ?% t` ",*%!,“2%"3 2  
 * K=*2 !S%“2=2, …,L = …2, C “2, , , -3… S ,  
S *%…“ !"=…2. n“%K ,"% ",“%*,L !S" …  t` %›  
2 “23"=2,“  3  *,. !,K…,. C!% 3*2=., ƒ%*! = 
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. *3, ,…2=_. b S“2 t` %›  “ =2, "S  210 S …=-
"S2  % 780  …= *  "% % %_ =“,, ?% …  C!%“2% 
ƒ…,›3G .=! %"3  *S“2  C!% 3*23, = L “2=…%",2  
“ !L%ƒ…3 2%*“,*% % S …3 C!%K 3, ?% =!T3 …-
23G C%2! K3 C%“2SL…% % *%…2!%  % % C=!= 2!3 
C!, “ !2,-S*= S_ " r*!=_…S !,K…,. C!% 3*2S". r 
ƒ"’ ƒ*3 ƒ ,!%*,  ",*%!,“2=……  2= C% ,! ……  
t` G %“2!= C%2! K= " *%…2!% S SG_ ! %",…, " K=-
=2 %. C!% 3*2=. S " …="*% , … % 3 “ ! %",?S ƒ 
%C% % %  ",“%*% 32 ,",. S “ *2,"…,. 2% S".

m=L %“2!S  C%2! K= " % S… "=……S  *%“2, “S -
“ *% %“C% =!“ *%_ “,!%",…, 2= %2%"%_ .=! %"%_ 
C!% 3* S_ C%“2= = 3 ƒ"’ ƒ*3 ƒ …= = =…… , r*!=-
_…, S…2 T!3"=2,“  % e"!%C L“ *% % q% ƒ3, !%ƒ-

,! ……  !,…*S" ƒK323 3*!=_…“ *%_ “,!%",…, 
2= %2%"%_ C!% 3* S_. r…=“ S %* 3C!%"= › ……  " 
r*!=_…S “2=… =!2,ƒ%"=…,. 2 .…% % SL ",!%K…, 2"= 
“S “ *% %“C% =!“ *%_ C!% 3* S_ …= C!,… ,C=. 
r“2= …%_ “S “ *% %“C% =!“ *%_ C!=*2,*, (Good 
agricultural practice)œ "S K3"=G2 “  “C!, ……  !%ƒ-
!%K ……  S "C!%"= › ……  “,“2  3C!=" S……  
 *S“2  …= %“…%"S C!,… ,CS" ISO 9000 2= “,“2 , 
3C!=" S……  K ƒC *%  .=! %",. C!% 3*2S" u`qqo 
(Hazard Analysis and Critical Control Point, “*%!%-

…% m`qqp). 0  “,“2 = 3 !%ƒ",…32,. *!=_…=. 
3›  ="…% “2= = …%! %  ",-
!%K…, 2"= S ",ƒ…=…= …=L SG-
"S ,  ƒ=“%K%  ƒ=K ƒC ……  
K ƒC *, C!% %"% ,. 2%"=-
!S". b 3 %"=. !,…*%"%_ *%-
…% S*, ", *,L 2=  *S“…,L 
=…= Sƒ .=! %",. C!% 3*2S" 
2= …=C%_" …=K3"=G %“%K ,"%-
% ƒ…= ……  ! ƒ ƒ= = …S 

ƒ3“,   ƒ %“ … ……  _. ",-
“%*%_  *%“2, 2= *%…*3! …-
2%“C!% %›…%“2,  * …= "…3-
2!S … % 3 !,…*3, 2=* S ƒ= 

›= , r*!=_…,. o%2! K= " 
*%…2!% S  *%“2, .=! %",. C!% 3*2S", %…S2%!,…ƒS 
K= =2 %. 2 .…% % S …,. C!% “S" ", = =G !%ƒ!%K*, 
…%"S2…S. 2% S"  *S“…% %, ", *% % S … %!% % % 
=…= Sƒ3 …=L!Sƒ…% =…S2…S ,. ! %",…. m ƒ= S……,  
S…“2!3 …2%  “3 =“…%_ =…= S2, …%_ KS%2 .…% % S_ 
“2= , KS%“ …“%!,,  *S C%G …= , %“ … ……  =…= S-
2, …%_ KS%. S_, …ƒ, % % S_, S 3…% % S_, ……%_ S…-
› … !S_ 2= *2!%…S*, " G ,…% 3 !3“ S. 

g S …% ƒ * =“,-S*= SG  IUPAC, KS%“ …“%! #  
="2%…% …,L S…2 T!= …,L =…= S2, …,L C!, = , 
 *,L ƒ=K ƒC 3G *S *S“…,L , …=CS"*S *S“…,L 
=…= Sƒ ƒ ",*%!,“2=……  KS% % S …% % !%ƒCSƒ…="= -
…% % …2=,  *,L C! % *%…2=*23G ƒ -Sƒ, …,  
C ! 2"%! "= . p3 SL…%  “, %  3 %“ S › ……S 
“ …“%!S" K3 %  “*!="% ",!=› …  !%ƒ3 S……  _. ,-
!%*,. C!=*2, …,. %› ,"%“2 L. 0S %“ S › ……  
ƒ3 %" …S C%“2SL…%  C%2! K%  C% SC ……  %.%!%-
…, …="*% , … % % “ ! %",?=, *%…2!%  KS%2 .-
…% % S …,. C!% “S", C ! "S!*,  *%“2, .=! %",. 
C!% 3*2S" S C,2…%_ "% ,, ƒKS ……  *S *%“2, 
* S…S …,. 2 “2S" 3 , …SL 2= " 2 !,…=!…SL S=-
…%“2, S. b% …% =“ S…2 ! “, "SL“ *%",*S" … ƒ S……% 

ƒ%“ ! › …S …= “C S …,. ", % =. KS% % S …% % 
2= . S …% % ƒ=.,“23. Š=*%› C!,"=K ,"%  G %›-
,"S“2  K ƒC ! !"…% % in vivo %…S2%!,… 3 2=K%-
S2S", S*=!“ *,. C! C=!=2S" S KS *S" ƒ %C% % %  
S…S=2 !…,. S C%!2=2,"…,. “,“2 . o!,* = %  * S-

…S …% % ƒ=“2%“3"=……  G “ …“%! *%ƒ,   ."%!,. 
…= S=K 2, ?% “2=" * =“, …,  %K’G*2%  %“ S › …  
3 “- !S KS%“ …“%!S". 

aS%“ …“%!, “* = = 2 “  ƒ 2! %. =“2,…:

• KS%“ *2,"…% % …2= (KS% % S …,L =-
2 !S , …=C!,* =  2*=…,…,, S*!%%! =…Sƒ ,, %! =-
… ,, ! C2%!,, - ! …2,, =…2,2S =, …3* _…%"S 
*,“ %2, S 2. .), =2 !S  KS% % S …% % C%.% › ……  
=K% KS% S 2,*. )32 ,",L …2 %›  K32, “2"%-
! …,L ƒ %C% % %  KS%S…› … !S_. 

• C ! 2"%! "=  (C!= G …= -Sƒ,*%-. S …%-
3 C!,… ,CS; %C2, …,L, C’Gƒ% *2!, …,L, *-

2!%. S …,L S 2. .),  *,L C ! 2"%! G “, …= , ?% 
“2"%! G2 “  "…=“ S %* "ƒ=G % S_ =…= S2= ƒ KS%“ -

*2,"…,  …2% , " S… ,L “, …= ,  *,L ",-
S! G2 “ ; 

• ! G“2!3"= …,L C!, = ,  *,L "S C%"S =G 
…=“= C !  ƒ= "S %K!=› ……  ! ƒ3 2=2S" 3 ƒ!3 -
…% 3   *%!,“23"= = ",  S.

b=› ,", , C ! "= = , KS%“ …“%!S" G ",“%-
*= “ *2,"…S“2  S 32 ,"S“2  (%“%K ,"% 3 ",C= -
*3 =…2, …-=…2,2S %), %› ,"S“2  S…S=2 !,ƒ= S_ S 
“3 S“…S“2  ƒ *% C’ 2 !…, , C!% “= ,; … % S*=-
, # %K › …= “2=KS …S“2  2= “* = …S“2  3 C!,-
%23"=……S KS% …2=. m,…S %C3K S*%"=…% …,ƒ*3 

%  S", %…% !=-SL, K= =2% *“C !, …2= …,. 
C!= , "  *,. %C,“=…% !Sƒ…S 2,C, KS%“ …“%!S". g=-

›…% "S  2,C3 C! 2"%! "= =, KS%“ …“%!, * =“,-S-
*3 2  …= %C2, …S, =*3“2, …S, *= %!, 2!, …S, 2 !-

S …S S *2!%. S …S (P . 1). 
e *2!%. S S KS%“ …“%!, 
“"%G  ! %  S  2  …= C%-
2 … S% 2!, …S, = C !% -
2!, …S S *%… 3*2% 2!, …S.

` C !% 2!, …,L 2%  
T!3…23G2 “  …= ", S! "=……S 
3“2,…, , “, , “2!3 3, ?% 

C!%.% ,2  *!Sƒ  *2!%. -
S …3 *% S!*3 ƒ= C%“2SL…%-
% C%2 … S 3. ` C !% -

2!, …= “,“2 = “* = =G2 “  
ƒ 2! %. *2!% S" (P . 2): 
% ,… ƒ …,. !%K% ,L, …= … % % 

…=…%“ 2  KS% % S …% 32 ,",L =!, !3 ,L # %-
C% S›…,L, = 2! 2SL # *2!%  C%!S"… …… ,  *,L 
S“2,2  "S % 3 . S …3 “C% 3*3, ƒ=ƒ", =L  Hg/

HgCl (…=“, …,L *= % …,L *2!% ) =K% Ag/
AgCl (. %!%“!SK…,L *2!% ).

` C !% 2!, …S KS%“ …“%!, %›…= C% S ,2, …= 
2!, 2,C,:

1. a ƒ S=2%!…S (%“…%"%   *,. G ", S! "=……  
*%… …2!= SL C!,!% …,. “3K“2!=2S" S C!% 3*2S" 
- ! …2=2,"…%_ ! =* S_). oS  =“ C ! KS 3 K3 -
 *%_ ! =* S_ 32"%! 2 “  C!% 3*2, S C% ,…= 2 -
“  “3K“2!=2,. “*?% "%…, *2!%=*2,"…S, 2% _. 
*%… …2!= S  %›…= ", S! "=2, K ƒC%“ ! … % 
ƒ %C% % %  = C !% 2!, …% % C ! 2"%! "= =. 
t ! …2,,  *S *=2= Sƒ3 2  ! =* S_ 2=*% % 2,C3,# 

 %*“, =ƒ,.
2. l S=2%!…S (“ …“%!, " …,. # …,ƒ *% % -

*3  !…S =“2,…*, =K% S=2%!,,  *S ",*%!,“2%-
"3 2 “   * C ! …%“…,*, *2!%…S" ƒ =*2,"…% % 

…2!= - ! …23 …= *2!% ). 0  =G ƒ % 3 C!=-
"=2, ƒ …,› , , C%2 … S = , S 2=*,  ,…%  

ƒ … 3"=2, "C ," *,“…  …= "S 3* (3 !=ƒS %*“,-
=ƒ). l S=2%!, %›…= % ="=2, % ", S! "= -

…% % !%ƒ ,…3 =K% S %KS Sƒ3"=2, _. …= C%" !.…  
*2!% =.
3. ` C !% 2!, …S KS%“ …“%!,, %“…%"%  !%K%-

2,  *,. G C!  C ! … “ ……  *2!%…S" S› 
=*2,"…,  …2!%  - ! …23 2= *2!% % . 0  
C%"’ ƒ=…% ƒ *=2= S2, …%  C!,!% %  C!% “3 ƒ= =-
%  S ƒ 2, , ?% C ! … “ ……  *2!%…= ƒ *2!%-
= …= % *3 3 “3K“2!=23 S …="C=*, "S K3"=G2 “  

1. j =“,-S*= S  KS%“ …“%!S"
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K ƒC%“ ! … % ! ƒ =*2,"…,L …2! - ! …23 ƒ= 
"S “32…%“2, K3 - *,. C ! …%“…,*S" *2!%…S". 
Š=*,  “ …“%!=  C!,2= =……S ",“%*= “ *2,"…S“2 , 
32 ,"S“2  S K!=* "C ,"3 S…2 !- !3 ,. =“2,…%* 

S ! =* SL.
j%… 3*2% 2!, …S KS%“ …“%!, # 3›  C !-

“C *2,"…,L * =“ ",“%*% 32 ,",. C!, = S". j%…-
3*2% 2!S  #  2% , ƒ=  *% % *2!% …S 

*2!%. S …S ! =* S_ …  "S K3"= 2 “  "ƒ= = S 
=K% G %C% S›…, , S …  "!=.%"3 2 “ . 0 L 2%  
T!3…23G2 “  …= ", S! "=……S C!%"S …%“2, !%ƒ ,…S" 

*2!% S2S". o!%"S …S“2  !S ,… # ! ƒ3 2=2 ,-
“% S S_ !%ƒ ,… …%_ ! %",…, ( *2!% S23) …= S%…, 
2= _. ST!= S_ CS  SG  *2!, …% % C%  . oS  =“ 
C!%.% › ……  *2!, …% % “2!3 3 *!Sƒ  *2!%-
S2, %“2=……S !%ƒ* = = 2 “  …= =2% , , !3C, 

=2% S",  *S G =“2,…= , % *3 , !%ƒ ,… …%_ ! -
%",…,, = “=  S%…= ,. o!%"S …S“2  !%ƒ ,…3 ƒ= -

›,2  "S  *%… …2!= S_ 2= !3. ,"%“2, L% % S%…S". 
oS  =“ ! =* S_ %›32  32"%! "=2,“  …%"S S%…,, 
ƒ S… "=2,“  _. *%… …2!= S  2= !3. ,"S“2 . b“   
C!,ƒ"% ,2  % ƒ S…, C!%"S …%“2, !%ƒ ,…3, ?% L 
! G“2!3G2 “  *%… 3*2% 2!, …,  =2 ,*% . j%…-
3*2% 2!, …,L C ! 2"%! "=  #  S…S=2 !…,L 
"%. *2!% …,L C!,“2!SL 
  ", S! "=……  C!%"S …%“2, 

2%…*% % =!3 !%ƒ ,…3,  *,L 
S“2,2 “  K ƒC%“ ! … % KS   

C%" !.…S *2!% S". r ,. 
C!, = =. ",*%!,“2%"3 2  "S 
C=!, S …2, …,. *2!% S". 
l K!=…=, ?% S“2,2  S %-
KS Sƒ%"=…,L - ! …2, !%ƒ2=-

%"3G2 “  S› % …SG  C=!%  
*2!% S", = ,“2=œ K!=-

…= # S› S… %  C=!% . “*?% 
G - ! …2…= =*2,"…S“2 , 2% 
“C%“2 !S =G2 “  ƒ S…= *-
2!, …% % %C%!3. j =“, …,L 
*%… 3*2% 2!, …,L 2%  
", S! "=……  ƒ=“2%“%"3 2  3 - ! …2=2,"…% 3 
*=2= SƒS   ",ƒ…= ……  *%… …2!= S_ C "…,. ! -
%",… 2= =*2,"…%“2, - ! …2S".

o%2 … S% 2!, …,L - ! …2…,L *2!%  .=-
!=*2 !,ƒ3G2 “  2, , ?% !Sƒ…,   C%2 … S S" -%!-
3G2 “  …= 32 ,"% 3 …2S S "%…= ", S! G2 -

“  3›  32 ,",  C!, = % , % 2% % › …  ",…,*=G 
“2!3 3 *!Sƒ  K!=…3 S 2% 3 !S" …  ,-3ƒS_ …  
G "=› ,", . o%2 … S% 2!, …S “ …“%!,, ?% ",-
*%!,“2%"3 2 “  " KS%“ …“%!=., "* = 2  S%…%“ -

*2,"…S *2!% ,, =ƒ% 32 ,"S *2!% , 2= C%-
%"S 2!=…ƒ,“2%!,. P%…%“ *2,"…S 2= =ƒ% 32 ,"S 
*2!% , "›  ,!%*% ƒ=“2%“%"3 2 “  " * S…S -

…% 3 =…= SƒS S ƒ…=L , S“  " KS%“ …“%!=.. P%…%-
“ *2,"…,L C% %",L 2!=…ƒ,“2%! (PqoŠ) "* =G 
S%…%“ *2,"…3 K!=…3,  *= %ƒ"%  G C!%L2, 
2S *, % …% 3 2,C3 S%…S". b% … ",L S%…%“ *2,"-
…,L *2!%  (!m- *2!% ) K3" ",*%!,“2=…,L   
=…= Sƒ3 C …S , S…3 ƒ ",*%!,“2=……  - ! …23 K -
2= =*2= =ƒ,,  *= C ! 2"%! G C …S , S… …= C …S ,-
%"3 *,“ %23. e *2!%  !m ",ƒ…= =G *%… …2!= S  

*,“ %2,. ` %…SL…,L S%…%“ *2,"…,L *2 !%  ",-
*%!,“2=…% " C%G …=……S ƒ S %KS Sƒ%"=…%  3! =ƒ-
…%  K!=…%    ",ƒ…= ……  “ %",…, " *!%"S. 
Š=*%› "S % S L% ,  2= -2%!,  # S%…%“ *2,"…S 

*2!% ,  * *% C%… …2, KS%“ …“%!S". o% %",L 
2!=…ƒ,“2%! (oŠ) #  C ! 2"%! "= , "  *% 3 C!%-
"S …S“2  …=CS"C!%"S …,*%"% % =2 !S 3 *%…2!% G 

*2!, …  C% . oŠ CS =G2 “  S…S=2 !,ƒ= S_ S 
ƒK !S =G ",“%*3 32 ,"S“2 , ?% !%K,2  L C!, =  

3›  C !“C *2,"…,  % ",*%!,“2=……  in vivo.
d   =…= Sƒ3 t` ƒ=C!%C%…%"=…% *S *= 2,CS" 

KS%“ …“%!S",  *S "S !Sƒ… 2 “   * C!,!% %  KS% -
…2= (* S2,……S, …ƒ, …S), 2=* S ƒ= .=!=*2 !%  C -

! 2"%! "= =: C%2 … S% 2!, …S, *%… 3*2% 2!, -
…S, = C !% 2!, …S. o%2 … S% 2!, …S KS%“ …“%!, 
K=ƒ3"= ,“  …= !m- 32 ,",. C% %",. 2!=…ƒ,“-
2%!=. (!m-oŠ) 2= 32 ,",. % t` KS% …2=., 
S %KS Sƒ%"=…,. …= C%" !.…S *2!% =: * S2,…=. 

2, %2!%-…,. !S› ›S" Hansenula polymorpha, 
… 2, %2!%-…,. !S› ›S" Candida maltosa, 
Saccaramicies cerevisiae, = 2=*%› - ! …2S" # 
= *% % %*“, =ƒ, (̀ n) 2, %2!%-…,. !S› ›S" 
S = *% % S !% …=ƒ, (̀ dc) K=*2 !SL. 0S “ …-
“%!, T!3…23 2 “  …= 32"%! ……S 3!= ,…%_ *,“-
%2, CS  =“ %*,“ ……  t` KS%!%ƒCSƒ…="= …,  

…2%  2= ƒ S…S CS  "C ,"%  ,-3… 3 ,. 
C!%2%…S" *2!%……%_ C!%"S …%“2, …2=. t !-

…2…S KS%“ …“%!, …= K=ƒS !m- 32 ,",. C% %",. 
2!=…ƒ,“2%!S" KS  32 ,"S, …S› * S2,……S. aS%“ …%! 
ƒ ",*%!,“2=……  `n G ",“%*%“ *2,"…,  % t`, 
…  =G C%2 … S% 2!, …,. "S 3*S" …= C !",……S 
“C,!2,, C!% "  G ",“%*3 “2=KS …S“2  C!, ƒK !S-
=……S # 30 …S", L% % %C != SL…= “2=KS …S“2  # 

…  …  7 % . (70 =…= SƒS"). 
)=“ "S C%"S S KS%“ …“%!= …= 
=…= S2 # 10#60 “ *., S…SL-
…,L S=C=ƒ%… *%… …2!= SL # 
10#300 l t`. nC,“=…% 
S… ,L C%2 … S% 2!, …,L 
KS%  “ …“%! ƒ ",*%!,“2=…… -
`n 2= ƒ% -  S C% S(2-
S !% *“, 2, 2=*!, =23)

(pHEMA)  * =2!, S   
S %KS Sƒ= S_ …ƒ, 3,  *,L 
=G C ! "= 3 …=  ƒ = =…, . 

0 L “ …“%! ="=" "S 3* …= 
1#100 l t` S K3" “ *2,"-
…,  % t`, .% =  *S “C,!2, 
( 2=…% , 2=…%  2= S !% ) 

2= S… S “3K“2!=2, (= 2= S  S *%ƒ=) ", "-
 , S…2 !- !3 ,L "C ," CS  =“ ",ƒ…= ……  

t`. o%2 … S% 2!, …,L KS%“ …“%! ƒ ",*%!,“2=…-
…  ` dc Pseudomonas putida, S %KS Sƒ%"=…%_ …= 
C%" !.…S !m-oŠ *=!K% S_ S …,  2% % , ", "  " 
",?3 32 ,"S“2  % t` ( S…SL…,L S=C=ƒ%… # 20#
200 Ul, …,›…  ›= ",ƒ…= ……  # 10 Ul), …S› 
KS%“ …“%! ƒ `n Sƒ H. polymorpha. n“…%"…, , .,-
K= , !m-oŠ KS%“ …“%!S" G ƒ= ›…S“2  "S 3*3 "S  
K3- !…%_ G …%“2, ƒ!=ƒ*S" 2= …,› = 32 ,"S“2  C%-
!S"… …% ƒ S… , , 2,C= , “ …“%!S".

o%*=ƒ=…%, ?% ",“%*3 “ *2,"…S“2  % t`, *!S  
C%2 … S% 2!, …,., = 2  *%… 3*2% 2!, …S KS%-
“ …“%!,. b %“…%"S !%K%2, ,. “ …“%!S" ›,2  - !-

…2=2,"…= ! =* S ,  *= C!,ƒ"% ,2  % … != S_ 
S%…S" S “C!, ,… G ƒ S…3 C!%"S …%“2, =…= Sƒ%"=…% % 
!%ƒ ,…3, ?% S -S*“3G2 “  ƒ %C% % %  *%… 3*2% -
2!, …% % =…= Sƒ3. “* KS% …2   *%…“2!3 "=……  
2=*% % 2,C3 KS%“ …“%!S" ",*%!,“2=…% -%! = S -

S !% …=ƒ3 (t dc) P. putida S `n H. polymorpha. 
kS…SL…,L S=C=ƒ%… !%K%2, “ …“%!S" ›,2  3 ›=. 
1#50 l S 0,05#500 l "S C%"S …%. nK, "= KS%“ …-
“%!, C!% ", , ",“%*3 “2=KS …S“2  C!, ƒK !S =……S 
90 …S" (t dc-KS%“ …“%!) S 30 …S" (̀ n-KS%“ …“%!). 
b=› ,"%  .=!=*2 !,“2,*%  2=*% % 2,C3 “ …“%!S" 
G ƒ= ›…S“2  "S 3*3 "S  !m !%ƒ ,…3. j%… 3*2% 2-
!, …,L KS%“ …“%! …= %“…%"S t dc C!% "," ",“%*3 
“ *2,"…S“2  % t`, .% = ="=" … ƒ…= …S "S 3*, 
…= 2=…%  (2,7 "S “%2*= "S 3*3 …= t )̀, 2=…%  
(2,2 "S “%2*=) S S !%  (7 "S “%2*S").

2. o!,… ,C%"= “. = 2!, *2!% …%_ *%…-ST3!= S_ 
= C !% 2!, …% %  “ …“%!=
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nC,“=…% = C !% 2!, …3 2 * S  t`,  *= C%-
 =G 3 … != S_ “2!3 3 …= !%K% % 3 *2!% S " 

C!% “S C ! = S *2!%…S" "S  =…= S23 ! ƒ C%-
“ ! …, 2"% NADH S “,…2 2, …% % S=2%!=. oS  
=“ “2"%! ……  t`- 32 ,",. = C !% 2!, …,. KS%-

“ …“%!S" 3 !% S KS%“ *2,"…% % …23 ,!%*% 
",*%!,“2%"3 2  NAD+-ƒ= ›…3 t dc K=*2 !SL 
P. putida, Pseudomonas sp. n“2=……S  =“%  ",*%!,“-
2%"3 2  %“ SG" S“…S S=2%!,,  *S C ! …%“ 2  *-
2!%…, ƒ 32"%! …% % " S !% …=ƒ…SL ! =* S_ NADm 
…= *2!% . p%ƒ!%K …S KS%“ …“%!, .=!=*2 !,ƒ3"=-
,“  .%!% %  “2=KS …S“2 . m=C!,* = , “ …“%! Sƒ 

",*%!,“2=……  t dc Pseudomonas sp. ƒK !S =" % 
50 "S “%2*S" "S 3*3 C!%2 %  25 …S", L% % %C !=-
SL…= “2=KS …S“2  # 10 …S" (ƒ= 20 ", S!S" C!%2 %  
… ). q …“%! G “ *2,"…,  % t` (100 "S “%2*S"), 
.% = ="=" "S 3*, …= = 2= S  (18,6 "S “%2*=), 
C!%CS%…= S  (16 "S “%2*S") 2= =“  …,L = S  
(6,5 "S “%2*=), =  …= C !",……S “C,!2, "S 3*3 …  
K3 %. q*%…“2!3L%"=…% = C !% 2!, …S KS%“ …“%!, ƒ 
",*%!,“2=……  K=*2 !SL…% % - ! …23 (t dc) 2= 
.S…%…S"  * *2!%. S …,. S=2%!S" C ! … “ ……  

*2!%…S" "S  NADH …= *2!% . Š=*S KS%“ …“%!, 
= 2  %› ,"S“2  ",ƒ…= =2, 0,2#2 l t` " !%ƒ-
,…S.

d   *S *S“…% % ",ƒ…=-
……  t` , !%ƒ!%K, , K ƒ-

! = …2…S = C !% 2!, …S 
KS%“ …“%!,, ƒ =2…S % -3…*-
S%…3"=……  K ƒ "… “ ……  " 

=…= Sƒ%"=…,L !%ƒ ,… ›% -
…,. Sƒ ! = …2S", "* = , 

S=2%!,, ƒ ",*%!,“2=……  
NAD+ S 32=2S%…ƒ= ›…%_ 
! *% KS…=…2…%_ t dc 2,-
%2!%-…,. !S› ›S" (P . 3) 

=K% * S2,… !S› ›S" ƒ …= -
C!% 3* SG  % % - ! …-
23. d   …ƒ, …% % KS%“ …“%-
!= =*“, = …= "S C%"S  
“2=…%",2  250 @ 5,3 *A 

  *2!% = S= 2!%  
3,05 . j    t` “2=…%",2  120 @ 5,3 M. b !.-
…  ›= S…SL…%_ %K =“2, *= SK!3"= …%_ *!,"%_ 

  “2"%! …% % KS%“ …“%!= “2=…%",2  20 l.
“* S=2%!,   C ! =……  “, …= 3 ",*%-

!,“2%"3"= , %“ SG" S“…S C% S !,   …ƒ, …% % 
“ …“%!= S "S …% ,-3… 3 ,L 2,6- ,. %!%- …%-
S… %- …%  (duPt)   * S2,……% % “ …“%!=. ` -

C !% 2!, …S KS%“ …“%!, ƒ ",*%!,“2=……  * S2,… 
( S=C=ƒ%… S…SL…%“2, " ›=. 1#7 l) G …  
32 ,", , C%!S"… …% ƒ …ƒ, …, ,, =  _. C ! -

"= %  G ",ƒ…=. o%*=ƒ=…% ",*%!,“2=……  %C,“=-
…,. “ …“%!S"   =…= Sƒ3 *%… …2!= S_ t` 3 -=!-
= "2, …,. 2= ƒS…-S*3 ,. ƒ=“%K=., “2S …,. 

"% =., !,K…,. C!% 3*2=. 2= "=* ,…=..
“* "S % % ƒ S2 !=23!,, K= =2% “ …“%!S"   =…=-

Sƒ3 t` T!3…23G2 “  …= . S …,. ! = …2=.  * 32-
,",. …2=.. nC,“=…% !3 …,L t`- 32 ,",L 
=ƒ%",L “ …“%! Sƒ ",*%!,“2=…  4-= S…% S !=ƒ,…-

5- !*=C2%-1,2,4-2S=ƒ% 3 (̀ clŠ),  *,L = “%!K%"=-
…% …= “*  …% 3 -S 2!S. kS…SL…,L S=C=ƒ%… . %-
“ …“%!= ›,2  3 ›=. 0,08#1 ppm t` " C%"S2!S, 
S…S 3  ",ƒ…= ……  # 0,04 ppm. q …“%! "% % SG 
", *%  "S C%"S  (" ›=. 3 .".) C%!S"… …% ƒ 

%C,“=…,  !=…S .
d   =…= Sƒ3 t` " C%"S2!S %C,“=…% KS   15 “ …“%-

!S", %“…%"%   *,. G %*,“, 2= S" (NiO, SnO
2
-NiO, 

NiO/Al2O3, ZnO/ZnSnO3, CdO-In
2
O

3
, SnO

2
-In

2
O

3
-

CdO, LaFe1-xZnxO
3
). q …“%!, …= %“…%"S %*“, S" … -

%!% S 2= C!%“2S 3 *%!,“23"=……S, =  C!%K %  3 
_. *“C 3=2= S_ G C%2! K= ",“%*%2 C !=23!…% % 
! ›, 3, 2% 3 _. ƒ=“2%“3"=……  %K › …  ! ƒ 
… ! 2, …S ƒ=2!=2, “C%›,"=…… . p%ƒ!%K …% =ƒ%-

"S KS%“ …“%!,, 32 ,"S % S_ t` ƒ= *S …=2…%_ 2 -
C !=23!, S S_ 3 2!=-S% 2%"% % “"S2 =.

m ?% ="…% “-%! %"=…% …%",L …=C!  …=3*%"%-
2 .…S …,. 2= KS%. S …,. %“ S › … , ?% %K’G …3G 
…=…%…=3*3, …=…%2 .…% % S , …=…%KS%2 .…% % S , …=-
…% , ,…3. n“…%"…,  C!% 3*2%  …=…%2 .…% % SL 
G …=…% =“2,…*, (m)) # %! =…S …S 2= … %! =…S …S 
“2!3*23!,, ?% = 2  !%ƒ S! …  100 …=…% 2!S". 
n“%K ,"S " =“2,"%“2S m) C%"’ ƒ=…S  * ƒ …= ƒ", =L-
…% !%ƒ",…32%  C%" !.… , 2=* S ƒ " =“2,", , _  

*2!%……, , 2= *"=…2%", , - *2= ,. b,*%!,“-
2=……  m) 3 …%",. “, …= …,. 2 .…% % S . ", %-
2%" ……  C ! 2"%! "= S", …=…%", S! "=……  = 2  
ƒ % 3 !%ƒ!%K,2, C!%“2S S ", *S 2% , =…= Sƒ3 
t` in vivo, ?% “322G"% !%ƒ ,! G %› ,"%“2S -
2% S" KS% *2!%. S …% % =…= Sƒ3.

o !“C *2,"…,  3 “ …“%!…,. 2 .…% % S . G ",-
*%!,“2=……  2%…*,. =!S" C% S !3 " C%G …=……S ƒ 
m),  *S "% % S 2  ",“%*%  32 ,"S“2 , ", *%  
"S C%"S , ƒ =2…S“2  C!= "=2, ƒ= *S …=2…%_ 

2 C !=23!,. m=C!,* = , 
g …  C%*=ƒ3G = 2 !…=2,"…  
",*%!,“2=……  C% S !3 C%-
S=…S S…3 (o`…S) ƒ ŠSn

2 
=“-

2,…*= , …= *2!% S, 2=*  
%C%"… ……  CS ",?, % 2 !-
%“2=KS …S“2  “ …“%!=. P… = 
!3C= %“ S …,*S" C!%C%…3G 

S… S *% C%ƒ, S_: C% SCS!%  
ƒ MoO

3
 2= o`…S ƒ MoO

3
. m= 

"S C%"S  % =…= S23 ƒ = =-
…,. “ …“%!S" "C ,"= 2  !%ƒ-
S! S -%! = %*“, …,. =“2,-

…%*, “23CS…  ,“C !“S_, ",  
"ƒ=G % S_ S› %! =…S …%  2= 
… %! =…S …%  -=ƒ= , K ƒ-
C%“ ! … %. d   = C !% -
2!, …% % ",ƒ…= ……  t` 3 

"% …,. !%ƒ ,…=. %C,“=…% ",*%!,“2=……  “ …“%!=, 
%“…%"%   *% % G C%G …=……  C =2,…%",. m) ƒ o`…S, 
 *,L C%*!,"=G "3 "S …=…%2!3K*, …= C%" !.…S 
!=-S2%"% % *2!% 3. i% % S…SL…,L S=C=ƒ%… # 

10-9 % 10-3 l, S=C=ƒ%… 32 ,"%“2, # 4,6·10-11 l, ?% 
C ! "=›=G "S % S =…= % ,. nC,“=…% *2!%. S -
…,L “ …“%! ƒ %“…%"%  m) Pt-Pd, …=… “ …,. …= C%-
" !.…  …=-S%…%"%_ C S"*, *=!K%…%"% % *2!% 3. 
kS…SL…,L S=C=ƒ%… # % 10 Ul, ƒ ›  2 * S_ 
3 Ul. bC !  j !S %C,“=" KS%“ …“%! Sƒ *%"= …2-
…% S %KS Sƒ%"=…%  t dc …= …=…%*!,“2= =. CdS, 
 *, , % ,-S*%"=…% ƒ% %2,L *2!% . q …“%! 
C!% "  G .%!% 3 %C != SL…3 “2=KS …S“2  # 6 % ., 
S…S 3  ",ƒ…= ……    t` # 41 ! . o%*=ƒ=…%, 

?% *!,“2= , CdS %›32  ƒKS ,2, - *2,"…S“2  
-%2%. S …% % "S 3*3, K32, C%"’ ƒ=…S ƒ …ƒ, %  
(   … != S_ …%",. -%2%. S …,. “,“2 ) S “ 3 3-
"=2, - *2,"…,  “"S2 % 32 ,",  =2 !S % , ?%K 
ƒ= S…,2, *%-=*2%!, NAD+/NADH   C ! = S 
“, …= 3 " S !% …=ƒ…SL ! =* S_.

o%*=ƒ=…% ",*%!,“2=……  *2!%. S …% % KS%-
“ …“%!=   =…= Sƒ3 t`,  *,L ","S … G2 “  CS  
=“ S*3"=……  !=*%",. ƒ=."%! "=…   *, , C! -

C=!=2= ,. n“…%"%  “ …“%!= G S %KS Sƒ%"=…= t dc 
…= "3 ",. …=…%2!3K*=. (CNT),  *, , % ,-S-
*%"=…% SPE. b,*%!,“2=……  m) !%ƒ ,! G %› ,-
"%“2S 2% S" =…= Sƒ3 t`, ?% %›  K32, %C%"… -
……  % * =“, …,. KS%. S …,. 2% S".

3. o!,… ,C%"= “. = -3…* S%…3"=…… 
K ƒ! = …2…% %  -%! = S …% %  KS%“ …“%!=

…= %“…%"S ! *% KS…=…2…%_ t dc
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r›  !%ƒ!%K …% …,ƒ*3 …ƒ, …,. KS%“ …“%!S" 
  =…= Sƒ3 2%*“,*=…2S" 3 "% …,. ƒ!=ƒ*=.: = -

2, .% S… “2 !=ƒ3 (̀ ue) ",*%!,“2%"3"= ,   
",ƒ…= ……  C “2, , S" S α-=…=2%*“,…S", =*2=2 -
S !% …=ƒ3 #   =…= Sƒ3 C …2=. %!%- …% 3, -
%KS=ƒ S !% …=ƒ3 #   %“ S › ……  - …% -

…,. C%.S …,., 32=2S%…-S-2!=…“- !=ƒ3 #   
",ƒ…= ……  *=C2=…3, 3! =ƒ3 #   !232S, S S L 
*= S , *=!K%*“, “2 !=ƒ3 #   “ …3. nC2, -
…,L KS%“ …“%! …= %“…%"S ` ue !%ƒ!%K …%   ",-
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