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p=ai u@ Qm � u}r}v;|rB ?P=H \UwD |@; pwrLt R=
�OWQ= |U=vWQ� |wHWv=O� �Q=yJ w CWy xOwU

�OWQ= |U=vWQ� |wHWv=O� OvUBjqN= xRtL
�O=DU=� |akQ@ |Oyt O}U

h} QW |DavY x=oWv=O '|t}W |UOvyt |xOmWv=O

xOW RDvU p=ai u@ Qm K]U |wQ Q@ xm u}r}v;|rB s=v x@ =v=UQ Qt}rB l} R= xar=]t u}= QO
"CU= xOW xO=iDU= |@; |=ypwrLt R= �+6� swQm hPL |=Q@ ?P=H l} u=wvax@ 'CU=
Q=Okt '�+6� swQm |x}rw= C_re Q=Okt %p}@k R= |}=yQ}eDt =@ xDUw}B=v Cr=L QO =yV}=tR;
pO=aD u=tR "CU= xOW s=Hv= =tO w 'pwrLt |x}rw= pH Q=Okt '?PH pO=aD u=tR '?P=H

QO ?PH u=tR 'u=v}t]= pwYL |=Q@ |rw 'CU= xOt; CUOx@ xk}kO 45 Q@=Q@ ?PH
pwrLt uOv=UQ |=Q@ �+6� swQm ?PH |xv}W}@ "CU= xOW Qw_vt Ca=U 1 =yV}=tR;
pH =@ 'O=Qo|Dv=U |xHQO 40 |=tO QO 2 (ppm) Q} R x@ 15 (ppm) C_re =@ x}rw=

xOW pY=L p=ai u@ Qm � u}r}v;|rB ?P=H 10 (g/lit) \UwD 5 R= QDlJwm pwrLt x}rw=
j} Q] R= xm 'CU= xOW s=Hv= OwU w O}U= l} QD}v \UwD R}v |@=} R=@ C=}rta "CU=
G}=Dv x@ xHwD =@ "CU= xOt; CUOx@ �+6� swQm |@=} R=@ �83 '2 M O}U= l} QD}v

?=UB R= swQm hPL |=Q@ QF-wt Qw]x@ Ov=wD|t p=ai u@ Qm � u}r}v;|rB ?P=H |xOt;CUOx@
"OQ}o Q=Qk xO=iDU= OQwt

se.hr66@gmail.com,
akhlaghpasand.h@gmail.com
mborghei@sharif.edu "|@=} R=@ '?PH 'u}ovU Rri 'p=ai u@ Qm 'u}r}v;|rB %|O}rm u=oS=w

xtOkt "1
?U=vt ?P=H l} uDi=} Qw_vt x@ |irDNt |=yVywSB 'Q}N= |=yp=U QO
u@ Qm '|RrwrU |=y?P=H 'xOWlWN |=yl@rH x@ u=wD|t 'CU= xOW s=Hv=
QDUm =N 's=O=@ w wOQo CUwB =} w jOvi CUwB 'p}oQ=v |xDUwB R= xOWxDN=U p=ai
xQ=W= |Qt}rB |=yC} RwBt=m w C}vwDv@ 'x}U} wQU TU}=twQ=m =U Tt w}@ 'T=o =@

[23�10]"OQm
x=oO}O R= |}q=@ C}ty= '?P=H |=yQt}rB j} Q] R= l =vQ]N C=Rri uw} hPL
Q}N= |=yp=U QO xm 'CU=v=UQ |=yQt}rB R= |m} u}r}v;|rB "OQ=O |DU} R\}Lt
OQwt ?U=vt Ct}k w |rwYwr=pyU 'q=@ ?PH u=tOv=Q '?wN |Q}PB?=NDv= Crax@
C=Rri pt=W hrDNt `}=vY |HwQN ?=UB xmv}= x@ xHwD =@ [9]"CU= xDiQo Q=Qk xHwD
|}xS} w C}ty= 'C=Rri ?PH QO ?P=H |=yQt}rB |Q}PB?=NDv= 'OvDUy |vwo =vwo
|=yVWwB w '|R=U=OH |=y=We '|}=}t}W |=yQoTL |x}yD QO u}r}v;|rB "OQ=O

[28�24]"OwQ|t Q=mx@ R}v |oOQwN O[
R= xO=iDU= =@ ?q[=i R= swQm |R=U=OH '2007 p=U QO |WywSB QO
|NQ@ [29] "OW s=Hv= |Ovy hvm Q@}i |wQ u}r}v;|rB x=Dwm |xQ}HvR ?}mQD
u}r}v;|rB sr}i \UwD �+6� swQm |=}L= |UQQ@ x@ 2004 p=U QO R}v u=QoWywSB
swQm ?PH |=Q@ |@U=vt OQmrta u}r}v;|rB sr}i xm Ov=xOQm u=}@ w xDN=OQB
|R=U=OH |=Q@ u}r}v;|rB R= �2005� |Qo}O VywSB QO u}vJty [21]"OQ=O
'u}tR� hrDNt |=y?; R= �+CH3Hg� xw}H p}Dt w �+Hg2� |r;Q}e |xw}H

|]}LtCU} R |=yxOv}q; R= swQm XwYN x@ w pm}v '?QU uwJty u}ovU C=Rri
|=yC_re QO w OvDUy l =vQ]N w |tU COW x@ O=wt u}= [1]"OvwW|t ?wULt
|Q=}U@ CqmWt w |Q=t}@ RwQ@ Ea=@ xOvR C=OwHwt w u=Uv= |=Q@ sy u}}=B
CQwY =yv; hPL |=yVwQ x@ `H=Q |D=ar=]t xm CU= |a}@] u}=Q@=v@ [2]"OvwW|t

"CU= xDiQ}PB
OwHw ?; QO |a}@] Qw] x@ swQm "OQ=O jraD |tU w u}ovU C=Rri xwQo x@ swQm
'|e=@O '|Q=m?; |=yx=oQ=m ?=UB R= pY=L |DavY |=y|oOwr; j} Q] R= w OQ=Ov
|D}iQ_ 6 sQi [4w3]"OwW|t ?; u=} QH OQ=w |R=UnvQ w p}@twD= RtQD Cvr O}rwD
=Q |Qo}O CqmWt u}vJty 'OwW|t O=Otrk |a]k |=Ru=]QU l} u=Uv= |=Q@ swQm
OQ}o|t CQwY |tm CaQU =@ =yxJ}y=t R= swQm hPL,qFt [5]"OQw;|t OwHwx@ R}v

[6]"�Ov=t|t |k=@ x=t 3 =D O@m QO�
?Hwt xm CU= u; |}=}t}W ?wUQ 'swQm hPL pw=ODt |=yVwQ R= |m}
%Ovv=t |Qo}O |=yVwQ [7]"OwW|t swQm hPL s=ovy QO |O=} R Ov=tUB sHL O=H}=
hPL |=Q@ R}v |m} Swrw}@ |=yVwQ w Twmat RtU= 'pqL =@ G=QNDU= 'uw} pO=@D
Q=}U@ ?}=at =@ QF-wt |=yVwQ R= Qo}O |m} |L]U ?PH [8]"Ov=xDiQ Q=mx@ swQm

[9]"CU= Qo}O |=yVwQ x@ C@Uv |tm
pw�Ut xOvU} wv �
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C=twQm|O pwrLt x}yD "3"2
R= xm 'CU= xOW xO=t; 100 (ppm) C_re =@ �+6� swQm pwrLt l} =OD@=
x}yD Q]kt ?; QD}r 1 QO C=twQm|O s}U=DB ltv sQo 0 2827 Q=Okt uOQmpL
|=Q@ w xO=t; sRq |=ypwrLt '|R=Uj}kQ j} Q] R= V}=tR; s=Hv= |=Q@ "CU= xOW
xO=iDU= Qqwt 0 1 l} QO} Qrm O}U= w Qqwt 0 1 OwU R= R}v pwrLt pH s}_vD
xOw@ 5 =@ Q@=Q@ pwrLt pH '15 (ppm) C_re =@ swQm pwrLt |=Q@ "CU= xOW

"CU=

xDUw}B=v C=}rta C=ar=]t "4"2
0 2 u=R}t =@ 160 (rpm) QwO QO uRty |xr}Uwx@ w xDUw}B=v CQwYx@ =yV}=tR;
hrDNt |=yu=tR QO swQm pwrLt 20 ml QO p=ai u@ Qm � u}r}v;|rB ?P=H sQo
50 =D 12� Cw=iDt |=y=tO QO w �10 =D 2� hrDNt |=ypH QO xk}kO 70 =D 10
QDtwDiwQDmBU= x=oDUO\UwD pwrLt QO OwHwt swQm u=R}t w s=Hv= �Tw}UrU |xHQO
'QDtwv=v 350 Gwt pw] QO Qw_vt u}= |=Q@ "CU= xOW |Q}oxR=Ov= UV-visible

CU= xOt; CUOx@ �+6� swQm OQ=Ov=DU= |=ypwrLt |xr}Uw@ uw}U=Q@}r=m |vLvt
?PH u=R}t OYQO 'pwrLt QO xOv=t}k=@ �+6� swQm uw} x@ xHwD =@ TBU "�2 pmW�

%CU= xOW x@U=Lt ?P=H \UwD
R = C0 � Ct

C0
� 100

C=@U=Lt |=]N 'QDtwDiwQDmBU= x=oDUO |=]N w uw}U=Q@}r=m |vLvt x@ xHwD =@
"CU= 0 2 (ppm) =@ Q@=Q@ ,=@} QkD �+6� swQm |=yC_re x@ \w@ Qt

"O}U= l} QD}v w C=irwU QB sw}vwt; R= xO=iDU= =@ u}r}v; |rB RDvU xwLv "1 pmW

"��6� swQm uw}U=Q@}r=m |vLvt "2 pmW

'CU= xDiQo CQwY |D=ar=]t R}v u=Q}= QO [30]"Ov=xOQm xO=iDU= �=} QO w 'xJ=} QO
xQ=W= 2011 p=U QO u}r}v;|rB Qt}rB \UwD l}vUQ; hPL x@ u=wD|t xm

[31]"OQm
QO xm '2007 p=U QO |WywSB RH x@ u}W}B |=yVywSB QO xm |}=Hv; R=
|=Q@ |@U=vt |x}=B l}I}y [29]'Ov=xOv=Wv |Ovy hvm |wQ Q@ =Q u}r}v;|rB u;
w u}r}v;|rB QOwB |=Q@ hrDNt |=yx}=B |UQQ@ =@ TB "Ov=xOQmv x�=Q= |QOwB u}r}v;|rB
|}=}t}W CQwYx@ =Q u}r}v;|rB Qt}rB '?U=vt |x}=B l} u=wvax@ p=ai u@ Qm ?=NDv=
|=ypwrLt R= swQm ?PH u=mt= VywSB u}= QO w xOQm RDvU p=ai u@ Qm |wQ Q@
Q}F-=D "CU= xDiQo Q=Qk |UQQ@ OQwt p=ai u@ Qm � u}r}v;|rB ?P=H \UwD |@;
u=tR 'x}rw= pwrLt pH '�+6� swQm |x}rw= C_re %xrtH R= hrDNt |=yQDt=Q=B
?PH |=y=tOsy u}vJty w �+6� swQm ?PH Q@ ?PH |=tO w '?PH pO=aD
|@=} R=@ u=mt= '=yDv= QO "CU= xDiQo Q=Qk xar=]t OQwt R}v I}rOvwQi w Q} wtovq
xOW |UQQ@ |R=@ w |O}U= |=ypwrLt \UwD ?P=H |wQ R= xOW?PH swQm

"CU=

=yVwQ w O=wt "2
=yx=oDUO "1"2

pOt |U}]=vet uRty 'Mettler AC 100 pOt |wR=QD R= VywSB u}= QO
pOt QDt I=|B 'U 5082 pOt Qm}*W 'PRN pOt QwD=@ wmv= 'JENWAY 1000
UV-2100 pOt QDtwDiwQDmBU= w peedivac EC150 pOt -qN AtB 'B350E

QDtwv=v 350 Gwt pw] QO �+6� swQm ?PH |xv}y@ COW =@ wm}vw} CmQW CN=U
"CU= xOW xO=iDU=

u}r}v;|rB |}=}t}W RDvU "2"2
|y=oW}=tR; ẁv R= w q=@ XwrN =@ lQtCmQW R= xO=iDU= OQwt O=wt s=tD RDvU u}= QO
x@ w |R=UXr=N xO=U Q}]kD |xr}Uwx@ �C6H5NH2� u}r}v; Qtwvwt "Ov=xOw@
u}r}v;|rB Qt}rB CN=U |=Q@ =D 'CU= xOW |Q=Oyov p=JN} QO w Qwv R= QwO
KQW x@ p=ai u@ Qm � u}r}v;|rB C} RwBt=m O}rwD |=Q@ "OQ}o Q=Qk xO=iDU= OQwt
xOW xO=O u=Wv 1 pmW QO RDvU u}= |}=}t}W Vvm =w "OwW|t pta Q} R

"CU=
1 6 TBU 'x}yD Qqwt 1 l} QwirwU O}U= pwrLt |U|U 200 =OD@=
pwrLt |DN=wvm} R= TB 'xOwRi= u; x@ �C=O} s}U=DB� xOvUm = |xO=t R= sQo
nvQ Q}}eD ZLt x@ w 'xi=[= u; x@ xOWXr=N u}r}v; Qtwvwt |U|U 2
pwrLt [32]"CU= xOW xi=[= pwrLt x@ p=ai u@ Qm sQo 4 |DQwY x@ pwrLt
nvQ u}= "OwW|t QDxQ}D Vvm =w CiQW}B =@ w OyO|t nvQ Q}}eD R@U x@
VwQ u}= QO [33]"CU= u}r}v;|rB Qt}rB u}r=OQt= ẁv p}mWD |xOvyOu=Wv 'R@U
'Ca=U 5 CWPo R= Oa@ "OQ}PB|t CQwY p=ai u@ Qm K]U |wQ Q@ uw}U=R} Qt}rB
Pe=m \UwD p=ai u@ Qm � u}r}v;|rB "OwW|t p}tmD u}r}v;|rB p}mWD Vvm =w
pta pv=D= w Q]kt ?; \UwD Q=@ u}OvJ TBU 'OwW|t =OH pwrLt R= |i=Y
Ca=U 24 COt x@ O=Qo|Dv=U |xHQO 40 |=tO QO w OQ}o|t s=Hv= wWDUW
|k@=t R= u}r}v;|rB =@ xO}WwB p=ai u@ Qm |=ypwv=Qo R}v QN; QO "OwW|t lWN
Q=Qk xO=iDU= OQwt swQm |R=U=OH Qw_vt x@ w xOW |R=U=OH |QOwB u}r}v;|rB

"CiQo
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xRtL
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Jw
CW

yx
OwU "Cw=iDt |x}rw= pwrLt C_re =@ p=ai u@ Qm � u}r}v;|rB \UwD �+6� swQm ?PH u=R}t "1 pwOH

50 40 30 20 15 10 5 (ppm) pwrLt |x}rw= C_re
29 24 17 56 10 97 3 44 2 17 1 04 0 32 (ppm) pwrLt |}=yv C_re

"p=ai u@ Qm � u}r}v;|rB R= hrDNt Q}O=kt =@ �+6� swQm ?PH OYQO "2 pwOH
5 10 15 uORsy u=tR

(g/lit) (g/lit) (g/lit) �xk}kO�
39 09 72 73 81 48 10
46 62 80 05 89 43 20
53 32 85 24 92 05 30
53 80 87 87 94 56 40
60 97 88 10 95 04 60

� u}r}v;|rB w p=ai u@ Qm ?P=H \UwD �+6� swQm ?PH |HvUu=mt= "3 pmW
"u=tR pw] QO p=ai u@ Qm

"u=tR pw] QO �+6� swQm ?PH QO p=ai u@ Qm � u}r}v;|rB ?P=H u=R}t QF= "4 pmW

�+6� swQm hPL QO ?PH u=tR Q}F-=D "4"3
xOW s=Hv= u=tR pw] QO ?PH C=}rta '?PH pO=aD u=tR uOQw;CUOx@ |=Q@

"OwW|t xOy=Wt 4 pmW QO u; G}=Dv xm 'CU=
=OD@= QO ?PH OvwQ '15 (ppm) |x}rw= C_re =@ �+6� swQm pwrLt |=Q@
pO=aD l} x@ w OwW|t Ov)m OvwQ u}= ?PH |=yC}=U Vy=m =@ smsm w `} QU
xm 'CU= xk}kO 45 =@ Q@=Q@ ,=@} QkD '?P=H 10(g/lit) =@ pO=aD u=tR u}= "OUQ|t
xOW xDiQo Q_v QO Ca=U 1 ?PH u=tR pO=aD x@ uO}UQ R= u=v}t]= pwYL |=Q@

"CU=

|=ypwOH w =yQ=Owtv QO xOWx�=Q= G}=Dv w xOW Q=QmD Q=@ 3 =yV}=tR; s=tD
"CU=yV}=tR; R= pY=L G}=Dv 'u}ov=}t

C=L}[wD w G}=Dv "3
u}r}v;|rB w p=ai u@ Qm \UwD �+6� swQm ?PH |UQQ@ "1"3

uOWxO}WwB |UQQ@ w p=ai u@ Qm \UwD �+6� swQm ?PH u=R}t u}}aD Qw_vtx@
|x}rw= C_re =@ |rwrLt R= �+6� swQm ?PH u=R}t 'u}r}v;|rB \UwD p=ai u@ Qm
Q@ sQo 5 \UwD Tw}UrU |xHQO 25 |=tO QO 5 Q@=Q@ pH w 15 (ppm)

x_Lqt 3 pmW QO u; G}=Dv xm 'CU= xOW |Q}oxR=Ov= ?P=H wO Qy R= QD}r
=Q �+6� swQm R= �26 CU= QO=k \ki |}=yvD x@ xrwv=Qo p=ai u@ Qm "OwW|t
xO}UQ �75 x@ ?PH u=R}t u}r}v;|rB =@ xO}WwB p=ai u@ Qm \UwD =t= 'Ovm ?PH
u@ Qm K]U |wQ Q@ u}r}v;|rB RDvU sy xm CU= u; |xOvyOu=Wv u=R}t u}= "CU=
"CU= xOW s=Hv= C}kiwt =@ �+6� swQm ?PH QO u}r}v;|rB |}=v=wD sy w p=ai
u}r}v;|rB QO |r=N p=D}@ Qw= =@ uSwQD}v |=yC}=U OwHw p}rO x@ |L]U ?PH
=Q C=twQm |O |ivt |=yuw} =@ Ovw}B p}mWD |}=v=wD |r=N |=yp=D}@ Qw= u}= "CU=

"OvQ=O
OQ=Ov=DU= x@ u; C_re uOv=UQ '?=UB R= swQm hPL QO hOy xm |}=Hv; R=
xm s}@=}@ =Q ?P=H R= |v=R}t O}=@ [34]'CU= �2 (ppm) swQm |=Q@� O=R; |=y?;

"Ov=UQ@ QwmPt u=R}t x@ =Q swQm C_re

Cw=iDt |x}rw= |=yC_re =@ �+6� swQm ?PH u=R}t |UQQ@ "2"3
� u}r}v;|rB ?P=H sQo 0 2 u=R}t =@ 160(rpm) QwO QO uRty |xr}Uwx@ =yV}=tR;
QO Ca=U 1 COt x@ �QD}r Q@ sQo 10 pO=at� swQm pwrLt 20(ml) QO p=ai u@ Qm
x}rw= |=yC_re "CU= xOW s=Hv= Tw}UrU |xHQO 25 |=tO QO w 5 Q@=Q@ pH

|=Q@ xm OyO|t u=Wv G}=Dv u}= "CU= xOW x�=Q= 1 pwOH QO |}=yv |=yC_re w
%OQ=O OwHw C}OwOLt wO p=ai u@ Qm � u}r}v;|rB ?P=H |wQ Q@ �+6� swQm ?PH
�+6� swQm sQo|r}t 2 =@ Q@=Q@ ,=@} QkD xm '?P=H |wQ Q@ p=ai |=yC}=U u=R}t "1
Ctw=kt O=H}= ?Hwt xm 'pwrLt QO C_re u=}O=Qo u=R}t "2 "CU= ?P=H sQo Q@

"OwW|t QiY l}ORv x@ 2(ppm) R= �+6� swQm pwrLt C_re uOv=UQ |=Q@

(+6) swQm ?PH QO ?P=H u=R}t Q}F-=D "3"3
14 51�2 15 (ppm)|Q=m?; `}=vY|HwQN?=UB QO swQmC_re xm|}=Hv; R=
15 (ppm) Q@=Q@ swQm pwrLt C_re '?P=H u=R}t Q}F-=D |UQQ@ |=Q@ [35]'CU=
?P=H Cw=iDt Q=Okt 3 |=Q@2 pwOH QO ?PH OYQO "CU= xOW xDiQo Q_v QO

"CU= xOW x�=Q= p=ai u@ Qm � u}r}v;|rB
x@ 15 (ppm) R= swQm Vy=m |=Q@ ?P=H |xv}y@ u=R}t '4 pmW x@ xHwD =@

"CU= 10 (g/lit) '2 (ppm)
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"(+6) swQm QF= ?PH QO x}rw= pwrLt pH QF= "5 pmW

"p=ai u@ Qm � u}r}v; |rB ?P=H \UwD �+6� swQm ?PH QO =tO QF= "6 pmW

|=yC_re =@ O}U= l} QD}v w OwU \UwD �+6� swQm |@=} R=@ OYQO "7 pmW
"xk}kO 60 w 30 u=tR wO QO hrDNt

�+6� swQm |@=} R=@ "7"3
O}U= l} QD}v w OwU \UwD u; |@=} R=@ 'xOW?PH swQm R= OOHt |xO=iDU= Qw_vtx@
w x}yD R=@ w O}U= R= |Dw=iDt |=yC_re Qw_vt u}= |=Q@ "CU= xDiQo Q=Qk |UQQ@ OQwt
\}=QW QO �+6� swQm|@=} R=@ u=R}t w xOW s=Hv= xk}kO 60 w 30 u=tR wO QO =yV}=tR;
"CU= xOW x�=Q= xYqN CQwYx@ =yv; G}=Dv 7 pmW QO xm 'CU= xOt;CUOx@ QwmPt
xk}kO 60 u=tR QO w 2 M O}U= =@ '|@=} R=@ |xv}W}@ '5 pmW x@ xHwD =@
?P=H |wQ Q@ xOW?PH �+6� swQm |@=} R=@ �83 u; u=R}t xm 'CU= xOW pY=L

"CU= xOw@

pO=aD u=tR 'p}oQ=v |xDUwB R= xOWx}yD p=ai u@ Qm |=Q@ 'x@=Wt C=ar=]t QO
pO=aD u=tR 'GvQ@ |xk=U R= xOWx}yD p=ai u@ Qm |=Q@ u}vJty 'xk}kO 30 OwOL
Q@ ?PH pO=aD u=tR '|Ovy hvm Q@ xOWxOv=Wv u}r}v;|rB |=Q@ w xk}kO 45 OwOL

[23�10]"CU= xOW u=}@ xk}kO 120 =D 40 R= x}rw= C_re ?UL

x}rw= pwrLt pH QF= |UQQ@ "5"3
u@ Qm � u}r}v;|rB ?P=H\UwD swQm hPL QO x}rw= pwrLt pH Q}F-=D|UQQ@ Qw_vt x@
l} QO} Qrm w 0 1 M OwU |xr}Uwx@ swQm 15(ppm) pwrLt |x}yD R= TB 'p=ai
5 pmW QO swQm ?PH Q@ x}rw= pwrLt pH Q}F-=D w s}_vD pwrLt pH '0 1 M O}U=

"CU= xOW x�=Q=
CiQ|t Q=_Dv= [32]'OwW|t ?} QND q=@ |=ypH QO u}r}v;|rB xm |}=Hv; R=
w OyO|t u=Wv =Q Q=DiQ u}ty R}v '5 pmW "O@=} Vy=m ?PH q=@ |=ypH QO xm
QO '10 R= QDq=@ pH QO w O@=}|t Vy=m ?PH u=R}t 10 =D 5 R= pH V}=Ri= =@
QO swQm xmv}= x@ xHwD =@ "OUQ|t QiY x@ ?PH u=R}t 'u}r}v;|rB pt=m ?} QND QF=
|=ypmW x@ 8 =D 4 u}@ |xOwOLt QO w Cr2O2�

7 pmW x@ 4 R= QDtm |=ypH

QO CrO2�
4 pmW x@ 8 R= QDq=@ pH QO w OwW|t Qy=_ HCrO�4 w Cr2O2�

7
?PH QDy@ =Q HCrO�4 w Cr2O2�

7 |=yuw} u}r}v;|rB xmCU= u; R=|m =L "O};|t
u}=Q@=v@ "O@=}|t V}=Ri= |�RH Q=Okt x@ ?PH u=R}t 1 =D 5 R= pH Vy=m =@ "Ovm|t

"OwW s=Hv= ?PH pta 5 |va} pwrLt |x}rw= pH u=ty QO =D CU= xiQY x@
Q@=Q@ |Ovy hvm w u}r}v;|rB C} RwBt=m |=Q@ ?U=vt pH 'x@=Wt C=ar=]t QO
|=Q@ w 6 Q@=Q@ p}oQ=v CUwB R= xOWx}yD p=ai u@ Qm |=Q@ '2 Q@=Q@ C}vwDv@ |=Q@ '3

[23�10]"CU= xOW VQ=Ro 3 OwOL GvQ@ |xk=U R= xOWx}yD p=ai u@ Qm

�+6� swQm ?PH u=R}t QO =tO QF= |UQQ@ "6"3
|}=}t}W Ov}=Qi l} p=ai u@ Qm � u}r}v;|rB |wQ Q@ swQm ?PH Ov}=Qi xm |}=Hv; R=
|=y=tO QO ?PH Ov}=Qi 'OvDUy =tO `@=D R}v |}=}t}W |=yVvm =w CaQU w CU=
|=y=tO QO ?PH OYQO w 6 pmW QO ?PH u=R}t G}=Dv "CU= xOW s=Hv= hrDNt

"CU= xOW x�=Q= 3 pwOH QO hrDNt
"OQ}PB|tCQwY400C |=tO QO?PH|xv}W}@ 'OwW|t x_Lqt xm Qw]u=ty
pY=L q=@ x@ 200C |=tO R= �2 ppm� Q_vOQwt |}=yv C_re xm |}=Hv; R=
QO u=wD|t 'OW=@v xiQY x@ 400C =D =tO V}=Ri= |O=YDk= ^=Lr R= Qo = "OwW|t

"O}UQ ?wr]t ?PH u=R}t x@ (250C) \}Lt |=tO u=ty

u@ Qm � u}r}v;|rB \UwD hrDNt |=y=tO QO �+6� swQm ?PH OYQO "3 pwOH
"u=tR pw] QO p=ai

�xk}kO� u=tR =tO
60 40 20 (0C)

81 06 73 80 58 68 12
85 90 79 49 66 18 20
89 17 75 01 62 79 30
96 79 91 35 75 26 40
93 16 88 08 75 01 50
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sQDwR}= R= p=ai u@ Qm � u}r}v;|rB ?P=H\UwD �+6� swQm ?PH xm OwW|t xOy=Wt
swQm ?PH xm OyO|t u=Wv Q} wtovq pOt "Ovm|t |wQ}B QDW}@ Q} wtovq ?PH
xm [36]'OQ}PB|t CQwY ?P=H K]U |wQ Q@ x}qlD VWwB l} p}mWD R= �+6�
w �+6� swQm u}@ |rwmrwt pt=aD \UwD ,=DOta ?PH xm CU= u; p}rO x@ ,q=tDL=

"CU= ?P=H xvwDwQB u}r}v;|rB
R= QDnQR@ n xmv}= x@ xHwD =@ w xOt; CUOx@ 3 04 Q@=Q@ n?} Q[ xm |}=Hv; R=
� u}r}v;|rB OQmrta =Pr &CU= ?PH pta QO ?P=H ?U=vt OQmrta |vat x@ '1
<=R= x@ �+6� swQm ?PH Q=Okt |xv}W}@ "CU= ?U=vt swQm ?PH QO p=ai u@ Qm
CUOx@ sQo Q@ sQo|r}t 2 22 Q} wtovq sQDwR}= \UwD (qm) ?P=H sQH OL=w
16 57 |Ovy hvm � u}r}v;|rB |=Q@ Q=Okt u}= x@=Wt C=ar=]t QO xm 'CU= xOt;
sQo|r}t 2 18 Q@=Q@ p}oQ=v CUwB R= xOWx}yD p=ai u@ Qm |=Q@ 'sQo Q@ sQo|r}t
|=Q@ w 'sQo Q@ sQo|r}t 4 56 GvQ@ |xk=U R= xOWx}yD p=ai u@ Qm |=Q@ 'sQo Q@
R}v 5 pwOH QO [23�10]"CU= xOW VQ=Ro sQo Q@ sQo|r}t 0 57 Q@=Q@ C}vwDv@
xOW x�=Q= �+6� swQm ?PH |=Q@ |irDNt |=y?P=H \UwD ?PH C}iQ_ G}=Dv

"CU=

|Q}oxH}Dv "4
|R=U=OH Qw_vt x@ w xOW RDvU p=ai u@ Qm K]U |wQ Q@ u}r}v;|rB VywSB u}= QO
s=Hv= xDUw}B=v CQwYx@ =yV}=tR; "CU= xOW xO=iDU= |@; \}Lt R= �+6� swQm
|=tO w swQm |x}rw= C_re 'x}rw= pwrLt pH '?PH u=tR uwJ |}=yQDt=Q=B w
w �+6� swQm ?PH QO p=ai u@ Qm |}=v=wD sOa x@ xHwD =@ "Ov=xOW |UQQ@ pwrLt
RDvU C=}rta xmCU= xOW xO=O u=Wv 'u}r}v;|rB =@ xO}WwB p=ai u@ Qm =@ u; |xU}=kt
'u}r}v;|rB uOQmQ=Ox}=B "CU= xOw@ R}t;C}kiwt p=ai u@ Qm K]U |wQ Q@ u}r}v;|rB
|QOwB u}r}v;|rB =@ xU}=kt QO =Q pwrLt R= ?P=H |R=U=OH w ?PH C=}rta s=Hv=
"Ovm|t QDl}ORv ?P=H u}= R= |DavY |xO=iDU= x@ sOk l} =Q =t w p}yUD Q=}U@
u}= "OQ}o|t CQwY u}r}v;|rB QO �-NH� |=yC}=U OwHw p}rO x@ |L]U ?PH
�+6� swQm C@Ft Q=@ =@ Ov=wD|t OwN QN; Q=Ot QO uwQDmr= uDW=O p}rO x@ uSwQD}v
u=tR 'p=ai u@ Qm � u}r}v;|rB |=Q@ "Ovm ?PH =Q =yv; w Q=QkQ@ h}a[ |=yOvw}B
OYQO u} QDW}@ "CU= xOW x@U=Lt Ca=U 1 OwOL QO �+6� swQm ?PH |xv}y@
|=tO |xv}y@ "CU= xDiQ}PB CQwY 5 |w=Ut w QDtm |=ypH QO �+6� swQm hPL
xOt; CUOx@ 400C 'p=ai u@ Qm � u}r}v;|rB ?P=H |=Q@ R}v �+6� swQm ?PH

"CU=
w |O}U= |=ypwrLt R= ?P=H |wQ Q@ xOW?PH �+6� swQm |@=} R=@ |=Q@
xDUv=wD O}U= l} QD}v Qqwt 2 pwrLt =yv; u}@ QO xm 'CU= xOW xO=iDU= |}=}rk

"Ovm |@=} R=@ =Q xOW?PH �+6� swQm �83 CU=
|xv}W}@ "CU= xOW |UQQ@ I}rOvwQi w Q} wtovq |=y=tOsy CqO=at 'xt=O= QO
Q@ sQo|r}t 2 22 Q@=Q@ p=ai u@ Qm � u}r}v;|rB sQH OL=w <=R= x@ swQm ?PH Q=Okt
w q=@ |Q}PB?=NDv= x@ u=wD|t ?P=H u}= |=yC} Rt R= "CU= xOW x@U=Lt sQo
Qw_vt x@ u; R= u=wD|t xH}Dv QO 'OQm xQ=W= pH R= |a}Uw |xR=@ QO ?wr]t OQmrta
w |O}U= O=wt uOwRi= x@ R=}v uwO@ swQm |w=L |DavY |=y?=UB w ?; |x}iYD

"OQm xO=iDU= pH s}_vD CyH |}=}rk

"Q}wtovq ?PH sQDwR}= pOt |UQQ@ "8 pmW

"I}rOvwQi ?PH sQDwR}= pOt |UQQ@ "9 pmW

"I}rOvwQi w Q}wtovq ?PH sQDwR}= |=ypOt |=yQDt=Q=B "4 pwOH
I}rOvwQi Q}wtovq

K 0 8576 b 0 7708
n 3 0404 qm 2 2173
R2 0 8999 R2 0 9955

Q@ xwqa =Q} R 'CU}v xiQY x@ ,qY= OwU =@ |@=} R=@ 'CiQ|t Q=_Dv= xm Qw]u=ty
's}@=}|t CUO xOW?PH �+6� swQm |@=} R=@ �12 x@ \ki xv}W}@ Cr=L QO xmv}=

"CU}v xO=iDU= p@=k Qo}O w CU= xOW ?} QND R}v u}r}v;|rB

I}rOvwQi w Q}wtovq |=y=tOsy |UQQ@ "8"3
u}@ =t xOvwW?PH <=RH= R= pO=aD Cr=L K} QWD |=Q@ |DqO=at ?PH |=ysQDwR}=
?PH sQDwR}= pOt wO =@ |@ QHD |=yxO=O R}v VywSB u}= QO "OvDUy Ot=H w `}=t R=i

"CU= xDiQo Q=Qk |UQQ@ OQwt I}rOvwQi w Q} wtovq
xOy=Wt sQDwR}= wO u}= T=U=Q@ xOvQPo \N u} QDy@ '9 w 8 |=ypmW QO
Qw] x@ w x@U=Lt ?PH pOt wO u}= CqO=at QO OwHwt |=yQDt=Q=B Q}O=kt "OwW|t

"Ov=xOW x�=Q= 4 pwOH QO xYqN
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QQ@"(qm) ?P=H sQH OL=w <=R= x@ �+6� swQm ?PH Q=Okt |xv}W}@ "5 pwOH

`HQt ?PH C}iQ_ ?P=H
(mg/g)

[37] 1 08 T}r}U
[37] 3 5 u=UwD}m w pS =m}r}U C} RwBt=m
[37] 240 u=UwD}m w pS =m}r}U C} RwBt=m QO xOWQwYLt �III� s}v=Dq
[38] 17 pS =m}r}U |wQ Q@ xOWxO=O VWwB u}r}v; O}�Or=tQi C=v=a}t
[39] 3 PVP =@ xO}WwB pS =m}r}U
[40] 113 T}r}U =@ xOQwNOvw}B pwR=O}t}=
[41] 16 6 T}r}U � CTAB u}DqS C} RwBt=m
[42] 112 QwB wRt C=m}r}Uwv}twr;
[43] 92 C=m}r}Uwv}twr; � p=ai u@ Qm
[44] 6 414 C}rw�R NaX

[45] 68 DMAEMA-G � =m}r}U
[46] 51 9 DMAEMA-G � =m}r}U

Q[=L |xar=]t 2 22 p=ai u@ Qm � u}r}v; |rB
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