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|oOwr; `iQ QO EDTA R= xO=iDU= w |D=v@ Qm
xOwr; |D=v@ Qm C}v}rw�=m R= ?QU

�O=DU=� �|OLw= =[QO}Lw
�OWQ= T=vWQ� � |v=HvR |QiY OwaUt

=v}U |raw@ x=oWv=O 'u=Qta |UOvyt xwQo

|oOwr; `iQ w l =N QO xOv}q; |Q=Oyov Ov};Qi Q@ C}v}rw�=m QO C}Urm Q}F-=D 'Q=DWwv u}= QO
Q@=Q@ EDTA/Pb |=yC@Uv QO EDTA "CU=xOW xar=]t EDTA \UwD l =N R=
w xOwRi= xOv}q; hrDNt |=yC_re w C=v@ Qm |=yOYQO |=Q=O C}v}rw�=m x@ 1 =D 0 2

|oOwr; `iQ Ov};Qi u}= QO "OW |Q}oxR=Ov= EDTA \UwD xOWO=R; Ca w Pb Q=Okt TBU
nv} Qi=@ C}iQ_ 'xH}Dv QO w OwW|t pL C=v@ Qm R= |WN@ 'l =N pH Vy=m |x]U=wx@
u}= &OQ}o Q=Qk |oOwr; ZQat QO ,=OOHt '|oOwr; `iQ OQwt l =N Qo = "O@=}|t Vy=m l =N
u}@ C@=kQ 's}Urm uw} uOWO=R; w C}Urm pqLv= =@ "CW=O Oy=wN |}xS} w C}ty= ẁ[wt
Vy=m Ea=@ xm 'OyO|t MQ EDTA =@ TmrBtm p}mWD |=Q@ s}Urm w ?QU |=yuw}D=m

Ov};Qi s=Hv= w sm C_re =@ EDTA pwrLt R= xO=iDU= "OwW|t |oOwr; `iQ |xOR=@
|oOwr; `iQ |xOR=@ V}=Ri= w OwW|t s}Urm pqLv= Vy=m Ea=@ xrLQt OvJ QO wWDUW

"OW Oy=wN ?@U =Q EDTA \UwD

vahidouhadi@yahoo.ca
m.s.zanjani@gmail.com

'?QU u}ovU Rri '|]}LtCU} R l}vmDw�S 'C=v@ Qm 'C}v}rw�=m %|O}rm u=oS=w
"EDTA

xtOkt "1
uiO '?QU ?wP w G=QNDU= `}=vY pt=W l =N |@ QU |oOwr; `@=vt u} QDnQR@
xO=iDU= '|}=}t}W |=yOwm w =yVmCi; '|v=tDN=U w |DavY |=ynvQ C=a}=[
C=Q}}eD |xR=@ "CU= ?QU |=Q=O |=y|QD=@ Ci=} R=@ C=U}U-=D w Q=O?QU u} Rv@ R=
QO C_re u}= xm|Qw]x@ 'CU= Cw=iDt =yl =N QO OwHwt ?QU |xOv}q; C_re
|tQH �21 =D |DavY C=Hv=NQ=m w p}@twD= |QD=@ Ci=} R=@ C=U}U-=D Qw=Ht l =N
Qw=Ht l =N QO ?QU uw} 30000 mg/kg OwHw u}vJty [3]"CU= xOW xOy=Wt
|Q=OQ@l =N 'xDWPoQO [4]"CU= xOW VQ=Ro ?QU ?wP |t}Ok |DavY C=U}U-=D
Q=tW x@ |oOwr; `iQ |=Q@ OQ=Ov=DU= |WwQ 'xr=@ R uiO Rm =Qt x@ xOwr; l =N p=kDv= w
Ea=@ xm 'uiO R= p@k xOwr; |=yl =N |x}rw= |R=Ul =B 'Q[=L p=L QO =t= "Ot;|t
|=yQwWm R= |Q=}U@ QO 'OwW|t |v}tRQ} R ?; w l =N |oOwr; Q]N |R=Uxv}tm

[2]"CU= xOW |Q=@H= =}vO
|UQ |=yl =N QO u}ovU C=Rri |Q=Oyov QO |irDNt |=y |=yQ=mwR=U
|rY= VN@ wO x@ =yl =N \UwD C=Rri |Q=Oyov |=ysR}v=mt ' ẁtHt QO "OvQF-wt
'l =N |r; =} w |UQ VN@ |=RH= K]U Q@ =yuw} ?PH �hr= %OvwW|t s}UkD
w |O}irwU '|D=v@ Qm '|O}Um = ?}mQD CQwYx@ |Rri |=yuw} |=RH= ?wUQ �?
R= xO=iDU= =@ C=Rri `iQ [5]"l =N QO OwHwt |=RH= =@ x@=Wt |=y?}mQD Qo}O =}
R= =yxOv}q; |R=U=OH x@ "CU=ysR}v=mt u}= uOQmxvwQ=w |vat x@ wWDUW |=yVwQ

xv "CU= u=yH QU=QU QO pwtat CqmWt R= |m} u}ovU C=Rri x@ =yl =N |oOwr;
'|DavY |=yVN@ `} QU VQDUo Cra x@ xmr@ 'u=yH C}atH OWQ p}rO x@ \ki
x@ CU= umtt l =N "CU= Q}PB=v?=vDH= |oOwr; |oDW=@v= '|RQw=Wm w '|O=YDk=
'|}=}t}W |=yOwm '=yVmCi; '|DavY |=yxr=@ R uiO C=U}U-=D R= xO=iDU= p}rO
Ov};Qi '=yp}@twD= RwRo = '|QyW |=yxr=@ R uOv=RwU XwYNt |=yxQwm R= Q=WDv=
�HMs� u}ovU C=Rri =@ 'C=Rri ?wP `}=vY w '|vOat |=ynvU R= C=Rri G=QNDU=
x}rND "OwW xOwr; �Cu� Tt w '�Pb) ?QU '�Cd� s}tO=m '�Zn� |wQ %p}@k R=
w |v}tRQ} R |=y?; |oOwr; x@ QHvt u}ovU C=Rri x@ xOwr; CqwYLt uiO w
=yv; uOw@|tU w u}ovU C=Rri |Q}PB=vx} RHD p}rOx@ "CU= xOW |Q=}U@ |=yu}tR
OQwt |]}LtCU} R Q_v R= xQ=wty =y|oOwr; R= xDUO u}= '|DU} R |=ysDU}U Q_v R=
G=QNDU= '|Rri |=y|oOwr; =@ xr@=kt |=yVwQ u} QDpw=ODt R= |m} "Ov=xOw@ xHwD

[1]"CU= sDU}Uwm = R= =yv;
u}ovU C=Rri R= |m} u=wvax@ 'hrDNt |=yC_re QO '�Pb� ?QU OwHw
[2]"CU= xOW VQ=Ro |DavY |=yxr=@ R QO q=@ |Q}PBlU} Q w |tU Q]N =@

pw�Ut xOvU} wv �
"1391 8 30 VQ}PB '1391 7 5 x}LqY= '1390 6 21 Ci=} QO %M} Q=D
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C=Q

}}eD"RwvR QBwU C}v}rw�=m |]}LtCU} R l}vmDw�S w |m} R}i X=wN "1 pwOH
KQW/Q=Okt QDt=Q=B

CL l =N |Ov@xk@]
C}Urm 'RDQ=wm 'C}v}rw�=m XRD p}rLD

24 1 ��� |v=wQ OL
11 2 ��� |Q}tN OL
8 41 �cmol/kg-soil) CEC

4 ��� C=v@ Qm Q=Okt
0 ��� C=irwU Q=Okt

9 05 pH

17 5 ��� xv}y@ C@ w]Q
1 96 
d�max (g/cm3)

2 75 Gs

CyH �Shaker� |ki= |xOvyOu=mD x=oDUO Q@ Ca=U 1 COt x@ Q=@l} Ca=U
CWPo R= Oa@ "OvOW xO=O Q=Qk |}xQiL ?; w C}rwQDmr= ?U=vt VvmQOv= R= u=v}t]=
=@ xk}kO 15 COt x@ =yxvwtv TBU w OW |Q}oxR=Ov= =yxvwtv pH 'jwi u=tR COt
"OW |R=U=OH Ot=H R=i R= `}=t R=i w OvOW Sw}i} QDv=U xk}kO QO QwO 3000 CaQU
|tD= ?PH V}=tR; OQwt xOWj}kQ |=yC}rwQDmr= '`}=t VN@ |R=Uj}kQ R= TB
QO OwHwt |x}rw= ?QU R= `}=t R=i QO xOv=t|k=@ ?QU Q=Okt uOQmsm =@ "OvDiQo Q=Qk

"OQw; CUOx@ =Q l =N QO xOW|Q=Oyov ?QU Q=Okt u=wD|t '|oOwr; pwrLt
C=v@ Qm 'C=v@ QmhrDNt |=yOYQO |w=LC}v}rw�=m |=yxvwtv |x}yD Qw_vt x@
"OW xi=[= C}v}rw�=m |xvwtv x@ hrDNt |=yOYQO QO �CaCO3� Xr=N s}Urm
?=NDv= =@ 'CU= C=v@ Qm �4 |=Q=O xO=iDU= OQwt C}v}rw�=m |xvwtv xmv; x@ xHwD =@
|=yxvwtv x@ OYQO 26 w 21 '16 '11 '6 '0 |xOWxi=[= s}Urm C=v@ Qm OYQO
C=v@ Qm � 4?}DQD x@ xOWx}yD |=yxvwtv QO OwHwt C=v@ Qm OYQO 'C}v}rw�=mhrDNt
=@ u}vJty "CU= xOw@ OYQO 30 w 25 '20 '15 '10 '�|a}@] C}v}rw�=m QO OwHwt
'5 '1 |=yC_re QO ?QU u}ovU Rri |oOwr; |=ypwrLt '?QU C=QD}v R= xO=iDU=
|=Q@ "OvOW xOwRi= l =N x@(cmol/kg-soil) 400 w 250 '150 '100 '50 '10
|=yxvwtv |QU wO |wQ Q@ j}kLD u}= |=yV}=tR; s=tD 'G}=Dv CLY R= u=v}t]=

'CU= xOW s=Hv= xv=o =OH

R= EDTA =@ ?QU `iQ Ov};Qi u}}aD V}=tR; |xwLv "3"2
Q=OC=v@ Qm� C}v}rw�=m

w �C=v@ Qm �4 |w=L� |a}@] C}v}rw�=m l =N |wQ Q@ =yV}=tR; R= |QU u}=
=@ C=v@ Qm �25 |w=L |xvwtv� xOWxi=[= C=v@ Qm �21 |w=L C}v}rw�=m |xvwtv
hrDNt |=yOYQO OwHw |x]U=wx@ "OW s=Hv= �l =N |x}rw= C=v@ Qm �4 ?=UDL=
"CU= xOw@ Cw=iDt xvwtv wO QO ?QU |Q=Oyov C}r@=k 'xvwtv wO u}= QO C=v@ Qm
Q_v QO Cw=iDt =yxvwtv x@ xOWxOwRi= |oOwr; |=ypwrLt C_re 'T=U= u}= Q@
40 w 20 '10 Q@=Q@ xOv}q; |=yC_re 'C=v@ Qm �4 |w=L |=yxvwtv QO "OW xDiQo
=yC�_re u}= C=v@ Qm �25 |=Q=O |=yxvwtv QO "OW ?=NDv= (cmol/kg-soil)

G}=Dv |x}=B Q@ "OW u}}aD (cmol/kg-soil) 400 w 250 '100 '20 '10 Q@=Q@
C}v}rw�=m l =N QO ?QU |xOv}q; |Q=Oyov Q=Okt u}}aD |=yV}=tR; R= pY=L
p=eW= R= |irDNt |=yCr=L xm OW ?=NDv= |}xvwox@ =yxOv}q; C_re 'Q=OC=v@ Qm
j�@] '?Q�U x@ xOWxOwr; l =N |x}yD R= Oa@ "OwW O=H}= l =N |Q=Oyov C}iQ_

|} wWl =N ,=Lq]Y= 'wWDUW pwrLt QO =yv; uOQmpL R= xO=iDU= =@ l =N Ot=H R=i
|WN@COW Qw_vtx@ xm OvDUy |O=wt u} QDQF-wt R=UC}r|m pt=wa "OwW|t jq]=
xi=[= l =N |wWDUW pwrLt x@ u=wD|t xOwr; |=yl =N R= u}ovU C=Rri G=QNDU=
G=QNDU= |q=@ |xOR=@ pt=W l =N |R=Ul =B QO R=UC}r|m pt=wa |=}=Rt [6]"OQm
?U=vt C}rqL 'xDiQopmW |Rri |=yTmrBtm O=} R |m}t=v}OwtQD |Q=O}=B 'Rri
'xwqax@ [7]"CU=yl =N x@ R=UC}r|m pt=wa lOv= ?PH w 'Rri |=yTmrBtm
X=wN Q}}eD QO |R}J=v Q}F-=D '=yO}U= =@ xU}=kt QO R=UC}r|m C=@}mQD w pt=wa
l}DU= =QDD u}t;|O ur}D= [8]"OvQ=O l =N T} QD=t |}=}t}W w |m} R}�i |x}rw=
Qw]x@ xm CU= R=UC}r|m pt=wa u} QD|wk w u} QDpwtat R= |m} �EDTA� O}U=
QO [9]"CU= xDiQo Q=Qk xar=]t OQwt xOwr; |=yl =N R= Pb G=QNDU= |=Q@ xOQDUo
pO=aD VwQ x@ G=QNDU= xm Ov=xO=O u=Wv |y=oW}=tR; C=k}kLD G}=Dv 'Q}N= |=yp=U
OwHwt |@ QU |=yxOv}q; R= |O=} R OYQO `iQ QO EDTA R= xO=iDU= =@ w \wrNt

[11w10'3]"CU= xOw@ QF-wt |DavY |=yxr=@ R x@ xOwr; |=yl =N R= |Q=}U@ QO
G=QNDU= Qw_vt x@ swRr OQwt EDTA C_re Q=Okt |xv}tm 'p;xO}= CQwYx@
[1]"OW=@ l =N QO OwHwt ?QU C_re Q=Okt =@ Q@=Q@ O}=@ xOwr; l =N R= ?QU
Q}=U w EDTA u}@ TmrBtm Ovw}B 'EDTA sm |QoVv} Ro C}r@=k p}rOx@ =t=
Qt= u}= "OQ}o|t CQwY R}v Fe3+ w Ca2+ Ovv=t l =N QO OwHwt |=yuw}D=m
EDTA hQYt Q=Okt V}=Ri= w EDTA \UwD |oOwr; `iQ |xOR=@ Vy=m Ea=@
QU Q@ ?QU |xOv}q; =@ l =N QO OwHwt |=yuw}D=m Q}=U C@=kQ x@ xHwD =@ "OwW|t
C_re R= V}@ EDTA C_re 'C=ar=]t ?re= QO 'EDTA =@ TmrBtm p}mWD
"OQ}o s=Hv= xOwr; l =N R= ?QU G=QNDU= |xv}W}@ =D 'CU= xOW xDiQo Q_v QO ?QU
R= |oOwr; `iQ |xOR=@ QO QF-wt |=yQDt=Q=B |wQ Q@ xm |a}Uw C=k}kLD seQ|ra
QO C=v@ Qm Qw[L Q}F-=D |xv}tR QO 'CU= xOW s=Hv= EDTA =@ |UQ |=yl =N
"CU= xDiQo CQwY |mOv= C=ar=]t u}ovU Rri |=yxOv}q; `iQ QO EDTA |}=Q=m
l =N QO u}ovU Rri |=yxOv}q; |Q=Oyov QO =yC=v@ Qm s}kDUt Vkv x@ xHwD =@
p}mWD QO ?QU |xOv}q; =@ s}Urm|D@=kQVkv u}vJty w '|D=v@ Qm ?wUQ CQwYx@
QF= uDiQoQ_vQO 'l =N R= ?QU |xOv}q; |R=U=OH s=ovy QO EDTA =@ TmrBtm

"CU= Q}PB=v?=vDH= TQ w EDTA VvmQOv= Ov};Qi QO C=v@ Qm Qw[L

=yVwQ w O=wt "2
C}v}rw�=m "1"2

QO xO=iDU= OQwt C}v}rw�=m |]}LtCU} R l}vmDw�S w |m} R}i |=y|oS} w R= |NQ@
u=H}=@ QP; u=DU= R= xO=iDU= OQwt C}v}rw�=m "CU= xOW xOQw; 1 pwOH QO j}kLD u}=
C=v@ Qm OYQO u}}aD "CU= xOW xDN=vW RwvR QB wU C}v}rw�=m u=wva =@ w PN= |kQW
'C=v@ Qm OYQO u}}aD V}=tR; G}=Dv T=U= Q@ [12]"OW s=Hv= uw}U=QD}D VwQ ltm x@
xO=iDU= =@ R}v l =N |vw}D=m pO=@D C}r@=k Q=Okt "CU= C=v@ Qm �4 |w=L xvwtv u}=

[13]"OW u}}aD O}=Qrm s} Q=@ R=

?QU x@ xOWxOwr; |=yxvwtv |x}yD |xwLv "2"2
QO C}v}rw�=m sQo 2 =OD@= 'l =N QO xOW|Q=Oyov ?QU Q=Okt u}}aD Qw_vt x@
|oOwr; pwrLt QD}r|r}t 20 w xDN} Q |QD}r|r}t 50 |m}DUqB |}xv=wDU= |=y?w}D
COt x@ =yxvwtv "OW xi=[= u; x@ Q_vOQwt C_re =@ �Pb(NO3)2� ?QU C=QD}v
wO Qy xv=RwQ ?w=vDt Qw] x@ COt u}= QO w |Q=Oyov x=oW}=tR; |=tO QO Ca=U 96
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|=yOYQO |w=LC}v}rw�=m |=yxvwtv QO ?QU |xOv}q; |Q=Oyov|vLvt "1 pmW
"C=v@ Qm hrDNt

xDi=} |yHwD p@=k V}=Ri= l =N QO xOW|Q=Oyov ?QU Q=Okt 'l =N C=v@ Qm OYQO
'x}rw= pL=Qt QO C}rwQDmr= � l =N sDU}U x@ xOWOQ=w ?QU Q=Okt V}=Ri= =@ "CU=
|=yC}=U `=@W= R= TB xm|Qw]x@ "OwW|t |Q=Oyov l =N QO |OwQw ?QU s=tD
|D@=F Q=Okt x@ l =N QO xOW|Q=Oyov ?QU Q=Okt 'l =N QO xOv}q; |xOvQ=Oyov
|Q=Oyov C}r@=k 'sDU}U x@ |OwQw ?QU Q=Okt V}=Ri= =@ u; R= TB w Ovm|t p}t
C}v}rw�=m lOv= |rO=@D uw}D=m C}iQ_ x@ xHwD =@ "O@=}|tv V}=Ri= l =N QO xOv}q;
|L]U ?PH x@ u=wD|t =Q l =N QO xOW|Q=Oyov ?QU R= |R}J=vVN@ '�1 pwOH�
Xr=N C}v}rw�=m |v=m QO |r;Q}e |=yOv=o}r w |r; O=wt Ow@v p}rO x@ "O=O C@Uv
|xOvQ=Oyov|rY= sR}v=mt u=wD|tv R}v =Q uOWTmrBtm 'V}=tR; u}= QO xOWxO=iDU=
sR}v=mt u} QD|rY= '?wUQ sR}v=mt xm CiQo xH}Dv u=wD|t 'u}=Q@=v@ "CUv=O xOv}q;
QO C=v@ Qm OYQO V}=Ri= =@ "CU= Q=OC=v@ Qm C}v}rw�=m l =N QO xOv}q; |Q=Oyov
V}=Ri= Ea=@ w O@=}|t V}=Ri= C=v@ Qm Qw[L p}rOx@ ?QU ?wUQ Q=Okt 'l =N

"OwW|t ?QU |xOv}q; |Q=Oyov Q=Okt
C}v}rw�=m |xvwtv QO ?QU |xOv}q; |Q=Oyov Q=Okt |xv}W}@ '1 pmW x@ xHwD =@
C�}v}rw�=m QO w 50 (cmol/kg-soil) OwOL Q@=Q@ 'VywSB u}= QO xO=iDU=OQwt
C}r@=k u=R}t u}= "CU= xOw@ 260 (cmol/kg-soil) OwOL C=�v@ Q�m �25 |=Q=O
|Q=Oyov p@=k |oOwr; OwOL QO 'C=v@ Qm �25 |w=L C}v}rw�=m QO |oOwr; |Q=Oyov
QO |oOwr; |=yC_re 'G}=Dv u}= |x}=B Q@ "CU= C}vwr} QwtCvwt |=yxvwtv \UwD
xDiQo Q_v QO |}xvwox@ 'EDTA R= xO=iDU= =@ l =N R= |oOwr; `iQ |=yV}=tR;
OwHw w l =N QO xOv}q; |Q=Oyov |=yC}=U pt=m p=eW= Cr=L wO Qy xm OvOW

"OvQ}o Q=Qk Q_vOt l =N QO |r=N |=yC}=U
|xOv}q; hrDNt Q}O=kt uOwRi= =@ Q=OC=v@ Qm C}v}rw�=m |=yxvwtv pH Q=Okt
C=v@ Qm OwHw xm OyO|t u=Wv G}=Dv u}= "CU= xOW xO=O u=Wv 2 pmW QO '?QU
|xOv}q; uOwRi= R= |W=v pH Q}}eD p@=kt QO l =N Ctw=kt ?@U l =N QO
�4 |=Q=O |=yxvwtv xm OyO|t u=Wv 2 pmW QO xOWx�=Q= G}=Dv "OwW|t ?QU
u=Wv |yHwD p@=k pH Q}}eD 'xOv}q; lOv= |=yC_re uOwRi= =@ C=v@ Qm
OwOL uOwRi= =@ |DL C=v@ Qm �30 |=Q=O |=yxvwtv xm |r=L QO &OvyO|t
|a}@] pH R= |OL=w l} |Di= \ki '?QU |xOv}q; 250 (cmol/kg-soil)

C=v@ Qm uOwRi= =@ l =N Qi=@ C}iQ_ Q}}eD QO u=wD|t =Q Qt= u}= Cra "OvQ=O l =N
"CUv=O

T=U= Q@ "OW |@=} RQ= O}U= uOwRi= =@ Q=OC=v@ Qm l =N Qi=@ C}iQ_ C=Q}}eD
C=v@ Qm OYQO R= |a@=D pH Q}}eD x@ C}v}rw�=m Ctw=kt '3 pmW QO xOWx�=Q= G}=Dv

s}OU ltv EDTA |wWDUW |=ypwrLt '"2"2 VN@ QO xOWxO=O KQW VwQ
1 C@Uv =@ (C10H14N2Na2O8.2H2O) pwtQi =@ EDTA (Na2-EDTA)

x=oW}=tR; |=tO QO Ca=U 24 COt x@ =yxvwtv "OvOW xi=[= l =N x@ 10 x@
x=oDUO Q@ xDa=U 2 |v=tR |=yxR=@ QO ?w=vDt Qw]x@ COt u}= QO w OvOW |Q=Oyov
u=tRCa=U 24 xm Ov=xO=O u=Wv xDWPo C=ar=]t "OvOW xO=O Q=Qk|ki= |xOvyOu=mD
[14w11'4]"CU=|i=m|oOwr; `iQ w l =N =@VvmQOv= QO EDTA OQmrta p}tmD |=Q@
C_re Qy |=Q@ xm OW xDiQo Q_v QO |}xvwox@ EDTA |wWDUW pwrLt C_re
?}DQD u}=x@ "O}; CUOx@ 1 w 0 7 '0 5 '0 2 Q@=Q@ EDTA/Pb C@Uv 'xOv}q;
CWPo R= Oa@ "OvOW xDN=U hrDNt C_re 19 =@ EDTA |wWDUW |=ypwrLt
|Q}oxR=Ov= =yxvwtv pH 'EDTA w xOv}q; VvmQOv= p}tmD |=Q@ sRq u=tR COt
'|R=Uj}kQ R= Oa@ w OW |R=U=OH `}=t R=i 'Sw}i} QDv=U R= xO=iDU= =@ TBU "OW
x=oDUO R= xO=iDU= =@ '|}xQiL p=}U QO xOWO=R; Ca w Pb Q=Okt |Q}oxR=Ov= |=Q@

"CiQo Q=Qk p}rLD w x} RHD OQwt |tD= ?PH
`iQ |xOR=@ V}=Ri= QO |}xrLQt OvJ |wWDUW |WN@ QF= |UQQ@ Qw_vt x@
l =N QO OwHwt ?QU pt=m G=QNDU= =D wWDUW pL=Qt 'EDTA \UwD |oOwr;
R=i |R=U=OH w wWDUW pLQt l} s=tD= R= Oa@ xm CQwY u}= x@ "OvDi=} xt=O=
u}= QO "OW|t xi=[= xOv=t|k=@ Ot=H R=i x@ Oa@ |xrLQt |wWDUW pwrLt '`}=t
"OvOW xDN=U Q=QmD wO =@ =yxvwtv s=tD 'G}=Dv CLY R= u=v}t]= |=Q@ R}v =yV}=tR;

Q=OC=v@ Qm C}v}rw�=m l =N Qi=@ C}iQ_ u}}aD V}=tR; |xwLv "4"2
nv=} VwQ T=U=Q@ xar=]t u}= QO Q=OC=v@ Qm C}v}rw�=m Qi=@ C}iQ_ |Q}oxR=Ov=
|=yOYQO =@ C}v}rw�=m |=yxvwtv =OD@= Qw_vt u}= |=Q@ "OW s=Hv= [15]'u=Q=mty w
|xvwtv sQo 2 x@ '|QD}r|r}t 50 |=y?w}D QO TBU "OvOW xDN=U C=v@ Qm Q_vOQwt
=D """w 0 02 '0 01 '0 |=yC_re =@ (HNO3) l} QD}v O}U= QD}r|r}t 20 l =N
Q�@ H+ pw�t|D�v=U ?�ULQ�@ G}=�Dv "OW xOwRi= (mol L�1) QD}r Q@ pwt 0 4
xOW?=NDv= C@Uv x@ xHwD =@ "Ov=xOW u=}@ (cmol H+ kg�1 soil) l =N sQowr}m
|}xR=@ QO O}U= |xOWxOwRi= Q}O=kt '�10 x@ 1 C@Uv� O}U= pwrLt w l =N |=Q@
=yxvwtv " OvDiQo Q=Qk l =N sQowr}m Q@ H+ pwt|Dv=U 400 =D """w 20 '10 '0 R=
TBU w OvOW xO=O Q=Qk |ki= |xOvyOu=mD x=oDUO |wQ Q@ Ca=U 48 COt x@
V}=tR; u}= QO xO=iDU= OQwt C=v@ Qm |=yOYQO "OW |Q}oxR=Ov= =yv; EC w pH

"OvOw@ OYQO 30 w 20 '10 '�|a}@] C}v}rw�=m � 4

=yxO=O p}rLD w x} RHD w EL@ "3
C}v}rw�=m l =N QO ?QU |xOv}q; |Q=Oyov QO C=v@ Qm Vkv "1"3
�|r; |=yxOv}q; |[a@ w� |r;Q}e |=yxOv}q; |Q=Oyov w pw@k |=Q@ l =N C}iQ_
|=Q@ pwrLt l} |}=v=wD [15]"O=O X}NWD u; nv} Qi=@ p}Uv=DB u}}aD =@ u=wD|t =Q
nv} Qi=@ C}iQ_ u=wvax@ |wk |=yR=@ w =yO}U= V}=Ri= s=ovy QO pH Q}}eD =@ xr@=kt
R= sDU}U x@ |OwQw ?QU Q=Okt uOw@ QDW}@ CQwYQO "OwW|t xO}t=v pwrLt u;
'PbOH+ 'Pb2+ pt=W |}=ypmW x@ ?QU |i=[= Q}O=kt 'l =N Qi=@ C}iQ_
|w=L |=yxvwtv [2]"Ov=t|t |k=@ pwrLt QO 'x@=Wt |=ypmW Qo}O w PbCl+

QO ?QU |xOv}q; |Q=Oyov C}iQ_ u}}aD Qw_vt x@ 'C=v@ Qm hrDNt |=yOYQO
?QU C=QD}v |xOv}q; |Q=Oyov C}r@=k |Q}oxR=Ov= OQwt 'Q=OC=v@ Qm C}v}rw�=m l =N
V}=Ri= =@ xm OyO|t u=Wv 1 pmW QO xOWx�=Q= |=yV}=tR; G}=Dv "OvDiQo Q=Qk
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v}q;
|Q=
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C=Q

}}eD

"EDTA =@ wWDUW |xrLQt l} QO ?QU G=QNDU= "4 pmW

C}v}rw�=m QO Qqwt 0 4 |xOv}q;C_re OQwt QO u}=Q@=v@ [10]"Ovm Rw=HD Qqwt 0 3 R=
C@Uv O=H}= w Qqwt 0 4 C_re =@ EDTA pwrLt |x}yD u=mt= 'C=v@ Qm �25 =@
\UwD l =N R= ?QU |oOwr; `iQ |xOR=@ G}=Dv "CW=Ov OwHw 1 Q@=Q@ EDTA/Pb

"CU= xOW xO=O u=Wv 4 pmW QO EDTA

'EDTA/Pb C@Uv V}=Ri= =@ xm OyO|t u=Wv 4 pmW QO xOWx�=Q= G}=Dv
xO}O 4 pmW QO xm Qw]u=ty "O@=}|t V}=Ri= C}v}rw�=m R= ?QU |R=U=OH OYQO
�90 R= V}@ G=QNDU= |}=v=wD '1 Q@=Q@ EDTA/Pb C@Uv QO EDTA 'OwW|t
pO=at ,=@} QkD EDTA R}v =yC@Uv Q}=U QO "CU= xDW=O =Q l =N QO OwHwt ?QU
u=QoWywSB Qo}O \UwD xOWx�=Q= G}=Dv "CU= xOQm O=R; sDU}U R= ?QU 'OwN C_re
"OQ=O |yHwD p@=k Q}F-=D |oOwr; `iQ Ov}=Qi QO C@Uv u}= C=Q}}eD xm OyO|t u=Wv R}v
xOR=@ '?QU |oOwr; `iQ |=Q@ EDTA R= xO=iDU= QO 'OQ=wt ?re= QO p=Ft |=Q@

[11w10'3]"CU= xOW VQ=Ro �60 R= V}@
%p}@k R= =yV}=tR; \}=QW QO Cw=iD p}rOx@ xOWVQ=Ro xOR=@ Q}O=kt QO Cw=iD
"CU= xOw@ sDU}U pH w 'wWDUW pwrLt X=wN '|}xQiL p=}U\}=QW w l =N ẁv
xO=iDU= p}rOx@ u=wD|t =Q VywSB u}= QO xOWxOy=Wt |oOwr; `iQ xHwD p@=k xOR=@
O=wt p}@k R= xOv}q; |xOvQ=Oyov smLDUt |=yR=i Ow@v w C}v}rw�=m Xr=N |v=m R=
|xOwr; |=yl =N |wQ Q@ xm |y@=Wt |xar=]t QO "CUv=O |Rri |=yO}Um = w |r;
=} 0 05 pwrLt R= xO=iDU= =@ Rri G=QNDU= u=R}t R}v 'OW s=Hv= |awvYt |@}mQD

[16]"CU= xOW VQ=Ro �90 Q@=Q@ ,=@} QkD EDTA Qqwt 0 1
=y?=@L u}= "OW xOy=Wt R=o |=y?=@L p}mWD '=yxvwtv x@ EDTA uOwRi= =@

|xOv}q; hrDNt Q}O=kt uOwRi= =@ Q=OC=v@ Qm C}v}rw�=m |=yxvwtv pH "2 pmW
"?QU

"C}v}rw�=m nv} Qi=@ C}iQ_ C=Q}}eD QO C=v@ Qm Q}F-=D "3 pmW

u; Ctw=kt 'C}v}rw�=m QO C=v@ Qm OYQO V}=Ri= =@ w CU= C}v}rw�=m QO OwHwt
|oOwr; C_re QO QDW}@ V}=Ri= =@ xm|Qw]x@ "CU= xDi=} V}=Ri= pH Q}}eD x@
VvmQOv= w C=v@ Qm |oOWpL w pH Vy=m u; |xH}Dv QO w l =N x@ xOWxi=[=
Ovm|t ?wUQ|D=v@ Qm CQwYx@ l =N x@ xOWxi=[= |xOv}q;,qta 'C=v@ Qm =@ xOv}q;
R=i OwHw R}v xDWPo C=k}kLD "CW=O Oy=wN |QDtm VvmQOv= |UQ |=ylrwB =@ w
xOQm u=}@ =yl =N QO |oOwr; |Q=Oyov |=yR=i u} QDsyt R= |m} u=wvax@ =Q |D=v@ Qm

[2]"CU=

C}v}rw�=m R= ?QU |xOv}q; `iQ QO EDTA R= xO=iDU= "2"3
Q=OC=v@ Qm

'Q=OC=v@ Qm C}v}rw�=m R= ?QU |xOv}q; `iQ QO EDTA R= xO=iDU= pL=Qt QO
?}mQD EDTA =@ w O=R; l =N s}Urm C=v@ Qm QO OwHwt s}Urm uw} R= |WN@
xO=iDU= ,qta ?QU `iQ |=Q@ xOWxO=iDU= EDTA R= |WN@ xH}Dv QO "OwW|t
Q@ ?QU |xOv}q; =@ s}Urm uw} C@=kQ '=yV}=tR; |QU l} s=Hv= =@ "OW Oy=wNv
Q@ =�yV}=tR; u�}= "CiQo Q=Qk |@=} RQ= OQwt EDTA =@ TmrBtm |yOpmW QU
|ve w �|a}@] C}v}rw�=m QO �4� C=v@ Qm sm Cr=L wO QO C}v}rw�=m l =N |wQ
C_re "CiQo s=Hv= xOv}q; |=yC_re R= |a}Uw |xvt=O QO w ��25� C=v@ Qm QO
|=yC@Uv 'xOv}q; |=yC_re R= l} Qy QO xm OW xDiQo Q_vQO |}xvwox@ EDTA

xm CU= |QwQ[ xDmv u}= QmP "O}; CUOx@ 1 w 0 7 '0 5 '0 2 Q@=Q@ EDTA/Pb

Ov=wD|tv Na2-EDTA pwrLt C_re 's}OU|O ltv pqLv= C}OwOLt p}rOx@
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"EDTA =@ l =N R= ?QU |xOv}q; G=QNDU= u=} QH QO xOWO=R; s}Urm Q=Okt "6 pmW

R= ?QU |xOv}q; |}xrLQtOvJ `iQ QO EDTA R= xO=iDU= "3"3
Q=OC=v@ Qm C}v}rw�=m

|xOv}q; `iQ QO EDTA R= xO=iDU= 'OW xO}O "2"3 VN@ QO xm Qw]u=ty
u}= "OQ=O |B QO R}v =Q s}Urm |xDU=wN=v pqLv= |D=v@ Qm |=yl =N R= |Rri
QHvt 's}Urm \UwD EDTA QoVvm =w |=yC}=U R= |NQ@ p=eW= p}rO x@ Qt=
R= s}Urm C=v@ Qm GwQN '|iQ] R= "OwW|t ?QU |xOv}q; `iQ xOR=@ Vy=m x@
C}Y=N Q@ |ivt Q}F-=D =@ w OwW|t l =N |a}@] \}=QW Q}}eD ?Hwt l =N Q=DN=U
j} Q] R= u=wD@ Qo = 'u}=Q@=v@ "CW=O Oy=wN |B QO R}v =Q |DqmWt l =N Qi=@
xOR=@ u=wD|t 'OQm |Q}owrH EDTA \UwD s}Urm uOWO=R; R= X=N |WwQ
^iL R}v =Q l =N |a}@] ?}mQD u}vJty w O=O V}=Ri= =Q l =N R= xOv}q; `iQ

"OQm
Ca pqLv= uOQmOwOLt |=Q@ hrDNt u=QoWywSB |wU R= VwQ u}OvJ
ltv wO OQmrta u=QoWywSB \UwD ,=Q}N= "CU= xOW O=yvW}B EDTA \UwD
Zn 'Pb uOQm O=R; QO Na2CaEDTA w Na2H2EDTA hrDNt EDTA

R= xO=iDU= xJQo 'u=QoWywSB u}= C=Oy=Wt j@] [17]"CU= xOW xU}=kt Ca w
|rw 'CU= xOW Ca pqLv= QO xHwD p@=k Vy=m Ea=@ Na2CaEDTA ltv
Na2CaEDTA x@ C@Uv |QDW}@ Q=}U@ Zn w Pb Q=Okt Na2H2EDTA

"CU= xOQm G=QNDU=
|=ypwrLt R= xO=iDU= 's}UrmpqLv= Q=OktVy=m|=Q@ Q_vOQwt|=yVwQ R=|m}
'OwW|t xOy=Wt 6 pmW QO xm Qw]u=ty "CU= sm C_re =@ EDTA |wWDUW

"=yv; C_re V}=Ri= QF= QO EDTA |wWDUW |=ypwrLt pH C=Q}}eD "5 pmW

"Ov};|t OwHwx@ CO2 R=o uOWO=R; w xvwtv QO OwHwt s}Urm C=v@ Qm pqLv= p}rO x@
'5 pmW QO [9]"CU= xOW VQ=Ro u=QoWywSB Qo}O C=k}kLD QO R}v |y@=Wt OQ=wt
xO=O u=Wv =yv; C_re V}=Ri= QF= QO EDTA |wWDUW |=ypwrLt pH C=Q}}eD
Vy=m QO EDTA R= xO=iDU= Q}F-=D Qou=}@ pmW u}= QO xOWx�=Q= G}=Dv "CU= xOW
C=v@ Qm R= |WN@ 'pH Vy=m u}= QF= QO xm OwQ|t Q=_Dv= "CU= l =N \}Lt pH

x@ |D}Urm VN@ s}Urm uw}D=m OwQw p}rOx@ CQwYu}= QO "OwW pL l =N s}Urm
p}mWD |=Q@ u}ovU Rri |xOv}q; w s}Urm u=}t |O}OW C@=kQ 'l =N |}xQiL ?;
CLD Pb x@ xOwr; |D=v@ Qm l =N xm |t=ovy "O};|t OwHwx@ EDTA =@ TmrBtm
Ca uw} =@ VvmQOv= w uOWTmrBtm 'OQ}o|t Q=Qk EDTA xr}Uw x@ G=QNDU=
l =N C}Urm xHwD p@=k pq�Lv= R= |W=v Ov=wD|t x�m &C�U= xO�W xOy=�Wt
Ov=wD|t |D=v@ Qm |=yl =N QO s}Urm |xDU=wN=v G=QNDU= 'T=U= u}= Q@ [17]"OW=@
QHvt 'xH}Dv QO w |oOwr; `iQ |xOR=@ Vy=m w EDTA hQYt Q=Okt V}=Ri= Ea=@

"OwW EDTA \UwD |oOwr; `iQ uOW|O=YDk=Q}e x@
?QU |xOv}q; G=QNDU= u=} QH QO xm OyO|t u=Wv 6 pmW QO xOWx�=Q= G}=Dv
OwHwt s}Urm R= |yHwD p@=k Q=Okt 'EDTA R= xO=iDU= =@ C}v}rw�=m l =N R=
pmW u}= QO xOWx�=Q= G}=Dv x@ xHwD =@ "CU= xOW O=R; l =N C}Urm VN@ QO
pwrLt C_re w l =N QO OwHwt C=v@ Qm Q=Okt V}=Ri= =@ xm OwW|t xOy=Wt
xDi=} V}=Ri= R}v xOWO=R; s}Urm Q=Okt '|oOwr; `iQ |=Q@ xOWxO=iDU= EDTA

'u}=Q@=v@ 'CU= sm C}v}rw�=m |xvwtv |vw}D=m pO=@D C}r@=k xmv; x@ xHwD =@ "CU=
s}Urm C=v@ Qm VN@ uOWpL R= |W=v 'xOWO=R; s}Urm u}= xm CiQo xH}Dv u=wD|t
=@ 'CU= xOW xO=O u=Wv 3 pmW QO xm xvwou=ty 'Qo}O |wU R= "CU= xOw@ l =N
'u}=Q@=v@ &O@=}|t V}=Ri= l =N nv} Qi=@ C}iQ_ 'l =N QO C=v@ Qm OYQO V}=Ri=
|oOwr; `iQ QO EDTA R= xO=iDU= Ov};Qi QO xm OQm |Q}oxH}Dv xvwou}= u=wD|t
nv} Qi=@ C}iQ_ 'l =N s}Urm C=v@ Qm R= |WN@ uOWpL |x]U=wx@ 'l =N R=
|oOwr; |Q=Oyov QO l =N C}iQ_ ?k=aDt Vy=m ,qta w O@=}|t Vy=m l =N
Oy=wN |B QO 'xOv}q; =@ xOW|oOwr; `iQ l =N OOHt |} wQ=} wQ s=ovy QO '=Q

"CW=O
|oOwr; `iQ |=Q@CU= sRq EDTA R= xO=iDU= QO xm OyO|t u=Wv ẁ[wt u}=
'Q}N= |=yp=U QO "OQm s=Ok= |QDW}@ \=}DL= w CkO =@ Q=OC=v@ Qm |=yl =N R=
EDTA R= xO=iDU= pL=Qt KqY= x@ XwYNu}= QO xOWs=Hv= C=k}kLD R= |WN@
`iQ u=tOv=Q V}=Ri= ut[ =D &CU= xOW RmQtDt xOwr; |=yl =N R= |oOwr; `iQ QO
Q}}eD u} QDtm =@ =} w Q}}eD uwO@ u=mt=OL =D R}v l =N |x}rw= C=}YwYN '|oOwr;

"Ov=t@ |k=@
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Oyo
vC

}iQ_
C=Q
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"EDTA \UwD ?QU |xOv}q; |}xrLQt OvJ G=QNDU= "8 pmW

R= QDtm EDTA/Pb |=yC@Uv =@ |oOwr; `iQ '8 w 7 |=ypmW j@=]t
"CU= xOW |oOwr; `iQ |xOR=@ V}=Ri= Ea=@ xrLQt OvJ QO wWDUW s=Hv= w 1
?QU '0 2 Q@=Q@ EDTA/Pb C@Uv =@ wWDUW x@DQt 5 R= xO=iDU= p=Ft |=Q@
xDW=O 1 Q@=Q@ EDTA/Pb C@Uv =@ wWDUW xrLQt l} =@ xU}=kt QO |QDW}@

"CU=
|=yC_re R= xO=iDU= =@ |r=wDt G=QNDU= uOw@ QDQF-wt OQwt QO |y@=Wt G}=Dv
Q}=U \UwD '^}re EDTA |xr}Uwx@ G=QNDU= Q=@ l} x@ C@Uv EDTA sm
w EDTA QDtm Q}O=kt R= xO=iDU= [18w17'14'3]"CU= xOt; CUO x@ R}v u=QoWywSB
OQwt QO EDTA ^}re pwrLt =@ l =N |wWDUW x@ C@Uv 'wWDUW QDW}@ C=aiO
|[a@ QO xm|Qw] x@ 'CU= xDW=O |QDW}@ xOR=@ Zn w Pb |xOv}q; ẁv wO Qy
|}xrLQt l} |wWDUW x@ C@Uv �50 R= V}@ |}xrLQtOvJ G=QNDU= xOR=@ OQ=wt

[14]"CU= xDW=O V}=Ri= �xOWhQYt EDTA Q=Okt u=ty� Q_=vDt
C}v}rw�=m l =N QO 20 (cmol/kg-soil) C_re QO xOWs=Hv= |=yV}=tR;
=@ C}v}rw�=m QO(cmol/kg-soil) 400 w 100 '20 |=yC_re w C=v@ Qm �4 =@

"Ov=xDW=O |y@=Wt G}=Dv R}v C=v@ Qm �25
xm |Dr=L QO 'CU= xOy=Wt p@=k 8 w 7 |=ypmW |xU}=kt R= xm Qw]u=ty
pmW� CU= xOw@ l =N |Q=Oyov C}iQ_ |xv}W}@ R= V}@ x}rw= |xOv}q; C_re
=Q Qt= u}= Cra "CU= xOw@ QDW}@ |mOv= EDTA \UwD |oOwr; `iQ xOR=@ w '�7
x@ "O=O C@Uv Cr=L wO u}= QO 'xOv}q; |xOvQ=Oyov |=yR=i QO hqDN= x@ u=wD|t
|oOwr; R= |WN@ 'xOv}q; |xOvQ=Oyov |=yC}=U s=tD uOw@ QB Cr=L QO xm |Qw]

"OQ=O Q=Qk QDCUU |=yR=i QO
EDTA- ?QU TmrBtm �log K� |Q}opmW C@=F uOw@ QDW}@ x@ xHwD =@
|D=v@ Qm |=yl =N QO [19]'�11 6� EDTA- s}Urm TmrBtm x@ C@Uv �19 0�
OwHw =@ "CU= Q=OQwNQ@ |QDq=@ C}@ wr]t R= EDTA =@ ?QU TmrBtm p}mWD

"O@=}|t V}=Ri= COW x@ l =N R= xOWO=R; s}Urm Q=Okt EDTA C_re V}=Ri= =@
Vy=m =@ "CU= |v}@V}B p@=k EDTA pwrLt pH uOw@|O}U= x@ xHwD =@ Qt= u}=
l =N QO OwHwt s}Urm C=v@ Qm pqLv= QF= QO s}Urm uw} uOWO=R; 'EDTA C_re
O@=}|t Vy=m R}v xOWO=R; ?QU Q=Okt Vy=m u}= =@ '|iQ] R= "OwW|t OwOLt
u}OvJ QO EDTA =@ l =N |wWDUW Ov};Qi 'pmWt u}= pL |=Q@ "�4 pmW�
R=Ht Q}O=kt x@ u; Q=Okt Vy=m =} l =N QO OwHwt |xOv}q; s=tD G=QNDU= =D xrLQt

"O@=}|t xt=O=
xO=iDU= =@ |}xrLQt OvJ |wWDUW |WN@ QF= |@=} RQ= Qw_vt x@ 'VywSB u}= QO
Vy=m w ?QU |xOv}q; `iQ xOR=@ V}=Ri= QO sm C_re =@ EDTA |=ypwrLt R=
'0 2� 1 R= QDtm EDTA/Pb |=yC@Uv =@ |}=yV}=tR; 'xOWO=R; Ca Q=Okt
QO "Ci=} xt=O= ?QU pt=m |R=UO=R; =D G=QNDU= pL=Qt w OvOW s=Hv= �0 7 w 0 5
G=QNDU= |=Q@ wWDUW |xrLQt xU '1 w 0 7 '0 5 Q@=Q@ EDTA/Pb |=yC@Uv
|=yxvwtv |=Q@ \ki 'sHvB w sQ=yJ |wWDUW pL=Qt u}=Q@=v@ "Ow@ |i=m ?QU pt=m

"OW s=Hv= 0 2 Q@=Q@ EDTA/Pb C@Uv =@
'xOv}q; |=yC_re|NQ@ |=Q@|}xrLQtOvJ |wWDUW QO ?QU G=QNDU= G}=Dv
|xv}W}@ xm OyO|t u=Wv =Q |Dr=L 7 pmW "Ov=xOW xO=O u=Wv 8 w 7 |=ypmW QO
C}r@=k |xv}W}@ R= QDtm xOv}q; C_re� CU= xOWv p}tmD l =N |Q=Oyov C}iQ_
'8 pmW QO "OQ=O OwHw xOv}q; |Q=Oyov |r=N |=yC}=U Rwvy w '�l =N |Q=Oyov
u; |Q=Oyov Q=Okt |xv}W}@ R= V}@ l =N x@ xOWxOwRi= |x}rw= |xOv}q; Q=Okt
Cr=L u}= QO "CU= xOW QB l =N QO xOv}q; |Q=Oyov |=yC}=U s=tD w CU=
"CU= xOv=t |k=@ pwrLt QO l =N =@ VvmQOv= uwO@ x}rw= |xOv}q; R= |Q=Okt
xOW xDWwv l}miD x@ wWDUW R= xrLQt Qy QO xOv}q; `iQ OYQO pmW Qy QO

"CU=

"EDTA \UwD ?QU |xOv}q; |}xrLQt OvJ G=QNDU= "7 pmW
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EDTA/Pb C@Uv QDnQR@ Q}O=kt "CU= xDi=} V}=Ri= R}v xOWO=R; Ca C_re
xm CU= u}= R= |m =L R}v |Qo}O C=k}kLD G}=Dv [17]"OWN@|t COW =Q Ca pqLv=
Vy=m w =yG=QNDU= O=OaD V}=Ri= =@ xOWhQYt EDTA x@ xOWO=R; Ca C@Uv
uOw@ QDW}@ |=Q@ |y}HwD Ov=wD|t ẁ[wt u}= [18]"O@=}|t Vy=m EDTA C_re

"OW=@ G=QNDU= Q=@ wO =} l} x@ C@Uv |r=wDt G=QNDU= |xOR=@
'=yl =N R= |oOwr; `iQ QO Q_vOQwt C=t=Rr= R= |m} 'OW xDio QDW}B xm Qw]u=ty
OvJ |wWDUW Q}F-=D |UQQ@ |=Q@ "CU= l =N |]}LtCU} R w |a}@] \}=QW ^iL
wWDUW hrDNt pL=Qt QO =yxvwtv pH Q=Okt 'l =N |a}@] \}=QW Q@ |}xrLQt
xO=O u=Wv 10 pmW QO EDTA/Pb= 0 2C@Uv |=Q@ G}=Dv u}= "OW |Q}oxR=Ov=
Q=Okt wWDUW pL=Qt QO pH Q=Okt =yCr=L ?re= QO 'pmW u}= j@=]t "CU= xOW
|}xrLQt OvJ |wWDUW s=Hv= CiQo xH}Dv u=wD|t 'u}=Q@=v@ "CU= xDW=O |D@=F
Qov=Wv Qt= u}= "CU= xDW=Ov l =N Qi=@ C}iQ_ xH}Dv QO w pH Q@ |@ wr]t=v Q}F-=D
|wWDUW s=Hv= w EDTA |wWDUW pwrLt sm |=yC_re R= xO=iDU= C}@ wr]t
xOW|oOwr; `iQ l =N OOHt uOWxOwr; u=mt= xm CU= |OQ=wt QO |}xrLQtOvJ

"OQ=O OwHw
"OQ=O R}v |Qo}O |=}=Rt l =N |oOwr; `iQ |=Q@ EDTA QDtm Q}O=kt R= xO=iDU=
EDTA O=} R C_re pwrLt R= xO=iDU= =@ l =N |wWDUW '=yl =N |NQ@ QO
|=yTmrBtm w EDTA C}tU 'u}= Q@ xwqa [21]"OwW|t l =N |oDiQo ?@U
pwrLt =@ xOWxDUW |=yl =N QO 'u=y=}o w l =N |=ysR}v=oQw= wQm}t Q_v R= u;

[23w22]"CU= QDW}@ R}v EDTA QD^}re

wWDUW hrDNt pL=Qt QO wWDUW pwrLt� l =N sDU}U pH C=Q}}eD "10 pmW
"EDTA/Pb= 0 2 C@Uv |=Q@

w s}Urm TmrBtm p}mWD 'sDU}U QO OwHwt s}Urm |q=@ C_re p}rO x@ 'u}=
C}r|m � Rri sDU}U QOC@=kQ 'xDWPo C=ar=]t T=U=Q@ "ODi=|t j=iD= R}v EDTA

|=yQDt=Q=B R= |Q=}U@ w Vvm =w |=yl}Dv}U 'pwrLt |=yRri C_re |xr}Uw x@
[20w1]"OwW|t pQDvm 'l =N `}=t R=i pH XwYNx@ l =N

'QDq=@ pH xH}Dv QO w QDtm |=yC_re QO EDTA |=ypwrLt R= xO=iDU= =@
Q=Okt "OwW GQ=N l =N R= ?QU G=QNDU= u=} QH QO |QDtm s}Urm OwQ|t Q=_Dv=
xOW xOQw; 9 pmW QO '?QU |}xrLQt |wWDUW u=} QH QO xOWO=R; s}Urm

"CU=
C@Uv =@ wWDUW xrLQt 5 QO |DL 'OwW|t xO}O 9 pmW QO xm Qw]u=ty
1 C@Uv =@ wWDUW xrLQt 1 x@ C@Uv |QDtm s}Urm 'EDTA/Pb=0 2
Qy QO |v=Um} ?QU Q=Okt xm CU= |r=L QO u}= "OwW|t O=R; EDTA/Pb=

"�8 pmW� CU= xOW G=QNDU= Cr=L wO
xOWO=R; Ca w Pb ẁtHt 'OwW|t xOy=Wt 9 w 7 |=ypmW x@ xHwD =@
QO OwHwt Ca QDW}@ 'u}=Q@=v@ "CU= xOw@ xOW xOwRi= EDTA R= V}@ 'l =N R=
u=QoWywSB Q}=U G}=Dv "Ov=xO=Ov p}mWD TmrBtm EDTA =@ wWDUW |=ypwrLt
x@DQt CWy =@ l =N sDU}U R= xOWO=R; Ca |xD} Qqwt Q}O=kt xm Ov=xO=O u=Wv R}v
Q}O=kt 'x@=Wt Qw]x@ [14]"CU= xOw@ QDW}@ xDiQQ=mx@ EDTA Q=Okt R= wWDUW
xDiQ Q=mx@ EDTA Q=Okt Q@=Q@ xU EDTA |xr}Uwx@ xOWG=QNDU= Ca |xD} Qqwt

[1]"Ow@
'l =N x@ xOWxOwRi= EDTA C_re V}=Ri= =@ 'xOt;CUOx@ G}=Dv j@=]t

\UwD ?QU |xOv}q; |}xrLQt OvJ G=QNDU= u=} QH QO s}Urm uOWO=R; "9 pmW
"EDTA
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"""|
D=v@Q

m|
=yl

=NQ
OxO

v}q;
|Q=

Oyo
vC

}iQ_
C=Q

}}eDxm OwW|t ?@U Q=OC=v@ Qm |=yl =N R= |oOwr; `iQ QO EDTA R= xO=iDU=
|D=v@ Qm VN@ uOWpL =@ xmr@ 'O@=} Vy=m EDTA OQmrta u=tOv=Q \ki xv
`iQ l =N R= OOHt |xO=iDU= QO w OwW sm l =N nv} Qi=@ C}iQ_ 'l =N

"O@=} Vy=m OOHt |=yxOv}q; VQ}PB QO u; |�=v=wD 'xOW|oOwr;
wWDUW s=Hv= w sm |=yC_re QO EDTA |wWDUW |=ypwrLt R= xO=iDU= "3
C}v}rw�=m l =N R= ?QU |xOv}q; `iQ xOR=@ V}=Ri= x@ QHvt 'xrLQt OvJ QO
|B QO R}v =Q xOWO=R; s}Urm Q=Okt Vy=m 'VwQ u}= "CU= xOW Q=OC=v@ Qm

"CU= xDW=O
Q}F-=D 'EDTA j}kQ |=ypwrLt R= xO=iDU= =@ |}xrLQt OvJ |wWDUW s=Hv= "4
l =N Qi=@ C}iQ_ Vy=m Ea=@ wQu}= R= w OQ=Ov l =N |a}@] pH QO |@ wr]t=v
xOW|oOwr; `iQ l =N OOHt |oOwr; lU} Q OwHw OQ=wt QO Qt= u}= "OwW|tv

"OQ=O C}ty=

|Q}oxH}Dv "4
?QU |Rri |xOv}q; `iQ w |Q=Oyov |=yOv};Qi Q@ C=v@ Qm Qw[L Q}F-=D 'xar=]t u}= QO
Q@ "CiQo Q=Qk |UQQ@ w xar=]t OQwt |y=oW}=tR; CQwYx@ C}v}rw�=m |UQ |v=m R=

%CU= \=@vDU= p@=k G}=Dv u}= 'VywSB u}= QO xOWs=Hv= |=yV}=tR; T=U=
l =N QO ?QU |xOv}q; |Q=Oyov C}iQ_ V}=Ri= x@ QHvt C=v@ Qm Qw[L "1
uwJty sm |rO=@D C}r@=k =@ |=yl =N QO C=v@ Qm OwHw "OwW|t C}v}rw�=m

"OwW|t l =N nv} Qi=@ C}iQ_ xHwD p@=k V}=Ri= ?@U 'C}v}rw�=m
EDTA R= xO=iDU= =@ ?QU |xOv}q; `iQ Q@ C=v@ Qm Qw[L Q}F-=D |xar=]t QO "2
QO EDTA- s}Urm TmrBtm p}mWD u=mt= xm OQm |Q}oxH}Dv xvwou}= u=wD|t
QO xOWO=R; s}Urm Q=Okt |Q}oxR=Ov= =@ Qt= u}= "OQ=O OwHw |D=v@ Qm |=yl =N
'T=U= u}= Q@ "O}UQ C=@F= x@ EDTA |xr}Uw x@ ?QU |xOv}q; `iQ s=ovy
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