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ABSTRACT
 
In acid soils, inputs of Cu and Pb of various origins create a high risk of environmental pollution. For 
this reason, batch experiments on Cu and Pb sorption and desorption in various horizons of three 
acid soils were performed on soil pH with 0.01 M NaNO3 as background electrolyte. !e objectives 
were to evaluate Cu and Pb sorption and retention capacity through the Langmuir, Freundlich and 
Temkin equations parameters fitted to the sorption/desorption data; to determine the coherence of 
the implications of these parameters; and to estimate the role of various soil characteristics in the Cu 
and Pb immobilization soil capacity. !e results confirmed the suitability of the models parameters 
for studying Cu and Pb sorption and retention by acid soils. !e greatest maximum sorption and re-
tention capacities, indicated by the Langmuir parameter ßL, corresponded to the lowest energy values 
required for fixation, indicated by the Temkin parameter b’. Together with the Freundlich parameter 
KF, which indicates sorption and retention capacity, they made it possible to infer that the acid soil 
component that most influences Cu and Pb immobilization was the organic matter, followed by the 
Al-oxide content. High organic matter and Al-oxide contents, especially the former, gave rise to a 
lower energy requirement for the immobilization of metal cations, since they increased the soils’ 
sorption and retention capacities. Al3+, the dominant cation in the exchange complex in the horizons 
studied, and K+ are responsible for the influence of CECe on Cu and Pb immobilization in the acid 
soils studied. 

RESUMEN 
El aporte de Cu y Pb a través de diversas fuentes a suelos ácidos supone un alto riesgo de contaminación medioam-
biental. Por ello, usando el método batch y con NaNO3 0,01 M como electrolito de fondo, se llevaron a cabo, al pH 
del suelo, experimentos de sorción y desorción de ambos elementos en muestras de todos los horizontes de tres suelos 
ácidos. Los objetivos fueron evaluar la capacidad de sorción y retención de Cu y Pb a través de los parámetros 
derivados de los ajustes a los modelos de Langmuir, Freundlich y Temkin; determinar la coherencia de las conclu-
siones deducidas de dichos parámetros, y estimar el papel de las características de todos los horizontes de esos suelos 
ácidos en la capacidad de !jación de Cu y Pb. Los resultados con!rmaron la idoneidad del uso de los parámetros 
de las ecuaciones de Langmuir, Freundlich y Temkin para estudiar la sorción y retención de Cu y Pb por los suelos 
ácidos, ya que permitieron deducir que los mayores valores de la máxima capacidad de sorción o retención de ambos 
metales, deducidos de la ßL de Langmuir, se corresponden con los menores valores de la energía requerida para la 
!jación, indicados por la b’ de Temkin. Estos parámetros, junto con la KF derivada de los ajustes a la ecuación de 
Freundlich indicativa de la capacidad de sorción y retención, permitieron evaluar que las características de los 
suelos ácidos con mayor in"uencia en la !jación de Cu y Pb fueron el contenido de materia orgánica, seguido del 
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contenido en óxidos de Al. Altos contenidos de ambos componentes, especialmente de materia orgánica, in"uyeron 
en un menor requerimiento de energía para la !jación de cationes metálicos ya que aumentaron la capacidad de 
sorción y retención de los suelos. El Al+3, catión mayoritario en el complejo de cambio de los horizontes estudiados, 
y el K+ fueron los responsables de la in"uencia de la CICe en la !jación de Cu y Pb en los horizontes de los suelos 
ácidos objeto de este trabajo. 

RESUMO 
Em solos ácidos, as entradas de Cu e Pb de diferentes origens pressupõem um elevado risco de poluição ambiental. 
Por esta razão, usando a metodologia “batch” e o NaNO3 0,01 M como electrólito de fundo realizaram-se, no pH 
do solo, ensaios de sorção e desorção de ambos os elementos em amostras de todos os horizontes de três solos ácidos. Os 
objectivos foram avaliar a capacidade de sorção e retenção de Cu e Pb através dos parâmetros derivados do ajus-
tamento dos modelos de Langmuir, Freundlich e Temkin; determinar a coerência das conclusões deduzidas a partir 
desses parâmetros e estimar o papel das várias características do solo na sua capacidade imobilização do Cu e Pb. 
Os resultados con!rmaram a adequação dos parâmetros daqueles modelos para estudos de sorção e retenção de Pb 
de Cu por solos ácidos. A sorção máxima e a maior capacidade de retenção, indicada pelo parâmetro de Langmuir 
ßL, correspondeu aos valores mais baixos de energia necessária para !xação, indicados pelo parâmetro Temkin b’. 
Juntamente com o parâmetro de Freundlich KF, indicativo da capacidade de sorção e de retenção, foi possível inferir 
que o componente do solo ácido que mais in"uenciou a imobilização de Cu e Pb foi a matéria orgânica, seguido do 
conteúdo em óxidos – .Al. O alto teor de matéria orgânica e de óxidos – Al, em particular o primeiro, deram origem 
a uma menor necessidade de energia para a imobilização de catiões metálicos, uma vez que conduziram a um 
aumento das capacidades de sorção dos solos. O ião Al+3, catião dominante no complexo de troca nos horizontes estu-
dados, e o ião K+ são responsáveis pela in"uência da CTC na imobilização do Cu e do Pb nos solos ácidos estudados.
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1. Introduction
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3(<(1+,I- 8(6(0)-$)+03,I-6$0'#+I- ,8'##D-$01-$)#(
<'83'#$88D-$//8(+1-,+F$)+-,8'1)+LI-F$,3+F$3+#,I-
$01-(01',3#($8-$01-'#E$0-,"8(1-F$,3+,*-7"34-.'-
$01-GE-$#+-6"#+- ,"8'E8+- (0- $<(1- 34$0- (0-E$,(<-
,"(8,M- 34+#+H"#+I- 34+(#- 6"E(8(3D- $01- E("$%$(8$E(8
(3D- (0-$<(1-,"(8,-6$(08D-1+/+01-"0-34+-$E(8(3D-"H-
,"8(1- ,"(8- <"6/"0+03,- 3"-<$/3'#+-$01- (66"E(
8(K+-34+6-(0-1(HH+#+03-H"#6,*-N0-/#(0<(/8+I-34+-+9
3+03-"H-34+,+-,"#/3("0-/#"<+,,+,I-F4(<4-(0<8'1+-
E"34-$1,"#/3("0-$01-<"6/8+9$3("0-J=/$#O,-+3-$8*-
BPPPLI-1+/+01,- (0- 3'#0-"0- H$<3"#,-,'<4-$,-/QI-
34+-<"6/",(3("0-$01-$)+-"H- 34+-,"(8I- 34+-6+3$8-
(0-R'+,3("0I-$01-<"6/+3(3("0-F(34-"34+#-6+3$8,-
JS+#01"#H-$01-=<40(3K+#-BPTCL*-Q"F+%+#I-6$0D-
$'34"#,- 4$%+- H"'01- 34$3- 34+- /#+1"6(0$03- H$<
3"#,- $#+- 0"3- ,'<4- /$#3(<'8$#- <4$#$<3+#(,3(<,- "H-
34+-4+$%D-6+3$8- (0-R'+,3("0I-$,-34+#+-$#+-"34+#-
(0H8'+03($8-,"(8-/#"/+#3(+,-,'<4-$,-"#)$0(<-6$33+#-
<"03+03I-28I->+-$01-U0-"9(1+-<"03+03,I-<$8<('6-
<$#E"0$3+- <"03+03I- <$3("0- +9<4$0)+- <$/$<(3D-
$01I-"H-<"'#,+I-/Q-JV"6+,-+3-$8*-WCCBM-;+)$-+3-
$8*-WCCAM-."%+8"-+3-$8*-WCCXEL*-

N0- $-0'6E+#-"H- ,3'1(+,I-/Q-4$,-E++0- 34+-E+,3-
/#+1(<3"#- "H- 4+$%D- 6+3$8- ("0- 6"E(8(3D- JV$#<:$Y
U(#$)$D$-$01-G$)+-BPXTM-Z$6-$01-;+#8""-BPT[M-
\88("33- +3- $8*- BPTAM- 7$,3$- $01- ]$E$3$E$(- BPPWL^-
(0- )+0+#$8I- 4+$%D- 6+3$8- ,"#/3("0- (,- "08D- ,8()43-
(0- $<(1- ,"(8,I- (0<#+$,(0)-F(34- ,"(8- /Q- J=+6'- +3-
$8*- BPTXM- 7$##"F- $01- ."9- BPPWM- ]+66(0)4"HH-
+3-$8*-BPP_-$01-BPP[M-."%+8"-+3-$8*-WCCXELI-$01-
4$,-E++0-#+/"#3+1-3"-E+-/#$<3(<$88D- 3"3$8-$3-/Q-
`-A- J>$##$4-$01-G(<O+#(0)-BPXPL*-a34+#-,3'1(+,-
4$%+-H"'01-34$3-34+-6$(0-1+3+#6(0(0)-H$<3"#,-"H-
34+-<$/$<(3D-"H-,"(8,-3"-#+3$(0-4+$%D-6+3$8,-$#+-
34+-R'$03(3D-$01-0$3'#+-"H- 34+(#-"#)$0(<-6$33+#-
Jb$(#-+3-$8*-WCCXL*->(0$88DI-$-6$c"#-<"03#(E'3("0-3"-
4+$%D-6+3$8- #+3+03("0- (,- "H3+0-6$1+- ED- 28I- >+-
$01-U0-"9D4D1#"9(1+,M-34+,+-,'E,3$0<+,-/",
,+,,-,'#H$<+-4D1#"9D8-)#"'/,-34$3-<$0-+9<4$0)+-
4D1#")+0-("0,-H"#-4+$%D-6+3$8-<$3("0,-J."%+8"-+3-
$8*-WCCX$LM-$<<"#1(0)8DI-8(O+-"#)$0(<-6$33+#I-34+D-
3+01-3"-,"#E-6"#+-4+$%D-6+3$8-$,-34+-/Q-#(,+,-
J]+,,(+#-+3-$8*-BPTPM-S""0+#-BPP@L*-]4',I-34+-+H
H+<3-"H-/Q- (,-/$#3($88D-+9/8$(0+1-ED- 34+-/S$,-"H-
$<(1(<-)#"'/,-"0-,"(8-"9D4D1#"9(1+,-$01-"#)$0(<-
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$3("0-ED-"34+#-1(,,"8%+1-,/+<(+,- 3"- H"#6- (0,"8
'E8+- 4D1#"9D<"6/8+9+,- J>$##$4- $01- G(<O+#(0)-
BPXPM- \88("33- +3- $8*- BPTAM- 7$,3$- $01- ]$E$3$E$(-
BPPWL*-."0%+#,+8DI-$3-$-8"F-/QI-4D1#$3+1-"9(1+,-
6$D-1(,,"8%+-J\88("33-+3-$8*-BPTAL*-

U'<4-"H-"'#-(6/+#H+<3-'01+#,3$01(0)-"H-34+-H(9$
3("0-"H-4+$%D-6+3$8-("0,-ED-,"(8,-"#()(0$3+,-H#"6-
,3'1(+,-"H-34+(#-(03+#$<3("0-F(34-#+8$3(%+8D-4"6"
)+0+"',-,"(8-<"6/"0+03,-,'<4-$,-<8$D-6(0+#$8,I-
4'6(<-,'E,3$0<+,-"#->+I-28-"#-U0-"9(1+,-J."%
+8"-+3-$8*-WCCX$L-"#-F(34-F4"8+-,"(8,-H#"6-F4(<4-
"#)$0(<- 6$33+#I- +3<*I- 4$%+- E++0- #+6"%+1- F(34-
$//#"/#($3+-+93#$<3$03,- J7(E$O-BPPXM-e'$0-$01-
b$%O'8(<4-BPPXM-;+)$-+3-$8*-WCCXL*-]4+,+-,3'1
(+,- 4$%+- ,4"F0I- H"#- +9$6/8+I- 34$3- E"34-28- 4D
1#"9(1+,-$01-4'6(<-,'E,3$0<+,-,"#E-6"#+-.'-
34$0-GE- J=<40(3K+#- BPAPM-Q,'-BPTPM-."%+8"- +3-
$8*-WCCTL*-Q"F+%+#I-F+-$#+-H$#-H#"6-E+(0)-$E8+-3"-
$<<'#$3+8D-/#+1(<3-$-)(%+0-,"(8-,"#/3("0-<$/$<(3D-
H"#-$-)(%+0-("0-E$,+1-"0-34+-O0"F8+1)+-F+-4$%+-
"H-34+-,"(8f,-<"6/"0+03,I-+,/+<($88D-(H-34+-("0-(0-
R'+,3("0- (,- <"6/+3(0)- F(34- "34+#,- H"#- E(01(0)-
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V$8(<($-Jdg-=/$(0L*-]4+-+9/+#(6+03$8-1$3$-F+#+-
<"6/$#+1-F(34-b$0)6'(#I->#+'018(<4-$01-]+6O(0-
6"1+8,I-,(0<+-F+88YH(33(0)-(,"34+#6-6"1+8,-,4+1-
8()43-"0-34+-0$3'#+-"H-,"#/3("0-/#"<+,,+,-J2E',$
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3(+,-"0-.'-$01-GE-,"#/3("0-$01-#+3+03("0-<$/$<(
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2. Material and Methods
="(8,-$01-,$6/8(0)
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Q?W*2-$01-Q?W*7FL-$01-"0+-?6E#(<-.$6E(,"8-
J?.-F(34- W- 4"#(K"0,^-?.*2- $01-?.*7FL*- =$6
/8+,-F+#+-<"88+<3+1-',(0)-$0-\(cO+8O$6/-6"1+8-
2-,$6/8+#-$01-F+#+-3#$0,/"#3+1-(0-/"8D+34D8+0+-
E$),-3"-34+-8$E"#$3"#D-F4+#+-34+D-F+#+-$(#-1#(+1I-
/$,,+1-34#"')4-$-W-66-6+,4-,(+%+I-/""8+1I-$01-
4"6")+0(K+1-(0-$->#(3,<4-b$E"#+33+-WX-%(E#$3"#D-
,"8(1-,$6/8+-4"6")+0(K+#*-]4#++-,'E,$6/8+,-"H-
34+-4"6")+0(K+1-,$6/8+-F+#+-',+1-H"#-34+-,"(8-
$0$8D,+,- $01- 34#++- H"#- 34+- ,"#/3("0i1+,"#/3("0-
+9/+#(6+03,*-288-+9/+#(6+03,-F+#+-/+#H"#6+1-(0-
3#(/8(<$3+*

="(8-$0$8D,+,

="(8-/Q-F$,-1+3+#6(0+1-F(34-$-/Q-+8+<3#"1+-(0-
W^B-F$3+#^,"(8-,',/+0,("0,-JV'(3(j0-$01-.$#E$8
8$,- BPXAL*- G$#3(<8+- ,(K+- 1(,3#(E'3("0- F$,- 1+3+#
6(0+1-H"88"F(0)-"9(1$3("0-"H-"#)$0(<-6$33+#-F(34-
4D1#")+0-/+#"9(1+I-,+/$#$3(0)-34+-<"$#,+-H#$<
3("0-J1"F0-3"-[C-k6L-ED-,(+%(0)-$01-34+-H(0+#-6$
3+#($8-ED-34+-/(/+33+-6+34"1-J5$D-BPA[L*-a#)$0(<-
<$#E"0-F$,-R'$03(H(+1-ED-34+-6+34"1-"H-g$8O8+D-
$01-78$<O- JBP@_L*- \9<4$0)+$E8+- <$3("0,- J.$WlI-
U)WlI-Sl-$01-d$lL-F+#+-+93#$<3+1-F(34-C*W-U-$6
6"0('6-<48"#(1+-E'HH+#+1-$3-,"(8-/Q-JZ++%+-$01-
='60+#- BPXBM-='60+#- $01-U(88+#- BPPAM-Z"1#:
)'+K-$01-Z"1#:)'+K-WCCWLI-$01-34+(#-<"0<+03#$
3("0,- F+#+- 1+3+#6(0+1- ED- (01'<3(%+8D- <"'/8+1-
/8$,6$- $3"6(<- +6(,,("0- ,/+<3#"6+3#D- JN.GY
a\=L*-\9<4$0)+$E8+-$<(1(3D-F$,-1+3+#6(0+1-',
(0)-$-B-U-S.8-#+/8$<(0)-,"8'3("0-$01-3(3#$3("0-3"-
$-/4+0"8/434$8+(0-+01/"(03-J]4"6$,-BPTWL*-a9
(1+,-F+#+-1+3+#6(0+1-ED-34+-6+34"1-"H-U+4#$-
$01-m$<O,"0-JBPACL^-,$6/8+,-F+#+-,4$O+0-(0-$-
,"8'3("0-"H-,"1('6-4D1#")+0-<$#E"0$3+-$01-,"
1('6-<(3#$3+I-$01->+I-28-$01-U0-F+#+-1+3+#6(0+1-
(0-34+-+93#$<3-ED-N.GYa\=*-

="#/3("0-$01-1+,"#/3("0-+9/+#(6+03,

]4+-,"#/3("0-"H-.'Wl-$01-GEWl-ED-+$<4-4"#(K"0-
F$,-1+3+#6(0+1-',(0)-34+-6+34"1-"H-28E+#3(-+3-
$8*-JBPPXL-$01-V"6+,-+3-$8*-JWCCBL-$,-6"1(H(+1-ED-
Q$#3+#-$01-d$(1'-JWCCBL*-="(8-,$6/8+,-JA-)L-F+#+-

$11+1-3"-BCC-6b-"H-n,"#/3("0-,"8'3("0,o-<"03$(0
(0)-C*CB-U-d$da3-$,-$-E$<O)#"'01-+8+<3#"8D3+-
$01-C*CBI-C*C@I-C*C[I-C*CTI-C*BCI-C*WCI-C*@CI-C*_CI-
C*[CI-B*CCI-W*CC-"#-@*CC-66"8-b1-<"//+#-0(3#$3+-
"#- 8+$1-0(3#$3+*-d(3#$3+,-F+#+- ',+1-"0- $<<"'03-
"H- 34+(#- ,"8'E(8(3D- (0- F$3+#*- ]4+- <"0<+03#$3("0,-
<4",+0- F+#+- ,'<4- 34$3- (H- 34+- 6+3$8- <"03+03,-
"H- 34+-,"8'3("0,-F+#+- 3"3$88D-,"#E+1-ED- 34+-,"(8-
,$6/8+,I-34+-#+,'83(0)-,"(8-6+3$8-<"03+03,-F"'81-
#+$<4-%$8'+,-#+/#+,+03$3(%+-"H-,+%+#+-/"88'3("0*-

]4+- $E"%+- 6(93'#+,- F+#+- ,4$O+0- H"#- W_- 4- $3-
W[p.-(0-/"8D+34D8+0+-<+03#(H')+-3'E+,-(0-$-#"3$#D-
,4$O+#I-$01-34+0-<+03#(H')+1-$3-[CCC-#/6*-]4+-
,'/+#0$3$03- F$,- H(83+#+1- 34#"')4-g4$36$0- _W-
/$/+#-$01-$0$8DK+1-ED- N.GYa\=-H"#-.'-"#-GEI-
<$8<'8$3(0)-34+-,"#E+1-6+3$8-E$,+1-"0-34+-1(HH+#
+0<+-(0-#+8$3("0-3"-34+-(0(3($8-,"8'3("0*-

]4+-1+,"#/3("0-(,"34+#6-1$3$-F+#+-"E3$(0+1-$,-
/+#-U$1#(1-$01-5:$KY7$##(+03",-JBPPWL*-]4+-/+8
8+3,-"E3$(0+1-(0-34+-,"#/3("0-/4$,+-"H-34+-+9/+#(
6+03,-F+#+-1#(+1-$3-_[p.I-F+()4+1I-6(9+1-F(34-
BCC-6b-"H- 34+-E$<O)#"'01- +8+<3#"8D3+- ,"8'3("0-
JC*CB-U-d$da3L-(0-/"8D+34D8+0+-<+03#(H')+-3'E+,I-
,4$O+0- H"#- W_- 4- $3- W[p.I- $01- <+03#(H')+1- $3-
[CCC-#/6*-]4+-,'/+#0$3$03-F$,-H(83+#+1-34#"')4-
g4$36$0-_W-/$/+#-$01-34+-<"0<+03#$3("0-"H-.'-
"#-GE-F$,-1+3+#6(0+1-ED-N.GYa\=*-]4+-$6"'03-
"H-.'-"#-GE-#+3$(0+1-"0-34+-,"(8-F$,-<$8<'8$3+1-
ED-,'E3#$<3(0)-H#"6-,"#/3("0-#+,'83,*

."0,3#'<3("0-"H-(,"34+#6,-$01-6"1+8-q33(0)

="#/3("0- (,"34+#6,- F+#+- <"0,3#'<3+1- ED- /8"3
3(0)-34+-$6"'03-"H-6+3$8-,"#E+1-$H3+#-34+-W_-4-
+R'(8(E#$3("0-/+#("1-J(0-k6"8-/+#-)#$66+-"H-1#D-
,"(8L-$)$(0,3-34+-<"0<+03#$3("0-"H-6+3$8-(0-,"8'
3("0-$3-+R'(8(E#('6-J(0-k6"8-b1LM-$01-1+,"#/3("0-
(,"34+#6,- ED- /8"33(0)- 34+- $6"'03- "H- ,"#E+1-
6+3$8-#+3$(0+1-H"88"F(0)-1+,"#/3("0-J(0-k6"8-/+#-
)#$66+-"H-1#D-,"(8L-$)$(0,3-34+-<"0<+03#$3("0-"H-
6+3$8- (0- ,"8'3("0- H"88"F(0)- 1+,"#/3("0- J(0- k6"8-
b1L*- b(0+$#(K+1- H"#6,- "H- 34+- H"88"F(0)- 6"1+8,-
F+#+- H(33+1- 3"- 34+- ,"#/3("0- "#- 1+,"#/3("0- (,"
34+#6-1$3$-$,-(0-Vh0$D-+3-$8*-JWCCXL^-
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r-]4+-b$0)6'(#-+R'$3("0

]4+-'08(0+$#(K+1-b$0)6'(#-+R'$3("0-(,-
x/m = ßLKLCiJBlKLCL
F4+#+-C-(,-34+-<"0<+03#$3("0-"H-6+3$8-(0-,"8'
3("0-$3-+R'(8(E#('6-Jk6"8-b1LI-x-(,-34+-$6"'03-
"H-,"#E+1-6+3$8-Jk6"8LI-m-(,-34+-6$,,-"H-,"#
E+03-J)LI-$01-ßL-$01-KL-$#+-34+-b$0)6'(#-/$
#$6+3+#,-34$3-<4$#$<3+#(K+-34+-,"#/3("0-/#"
<+,,-(0-R'+,3("0*-

]4(,-+R'$3("0-<$0-E+-1+#(%+1-'01+#-34+-$,
,'6/3("0,- 34$3-$88- ,"#/3("0-,(3+,- (0- 34+-,"#
E+03-/$#3(<8+-E(01-$-,(0)8+-6"8+<'8+-"H-,"#
E$3+I-$88-$#+-(1+03(<$8-J/$#3(<'8$#8D-$,-#+)$#1,-
E(01(0)- +0+#)DLI- $01- $88- $#+- 6'3'$88D- (01+
/+01+03- J,"- 34$3- 34+- $HH(0(3D- "H- $0D- ,(3+- H"#-
34+-,"#E$3+-(,-(01+/+01+03-"H-34+-$6"'03-"H-
,"#E$3+-$8#+$1D-,"#E+1L*-

]4+- /$#$6+3+#- ßL- (,- 34+-6$9(6'6- ,"#/3("0-
<$/$<(3D- Jk6"8- )1L- F4(<4- '01+#- 34+- $E"%+-
$,,'6/3("0,-6+$,'#+,-34+-0'6E+#-"H-,"#/
3("0-,(3+,-/+#-)#$66+-"H-,"#E+03*-]4+-b$0)
6'(#-<"0,3$03-KL-Jb-k6"81L- (,-$0-+R'(8(E#('6-
<"0,3$03-F4(<4-(0<#+$,+,-+9/"0+03($88D-F(34-
34+-,"#/3("0-+0+#)D*-

]4+- $,,'6/3("0- 34$3- $88- ,"#/3("0- ,(3+,- $#+-
(1+03(<$8- (,I-"H-<"'#,+I-,3#(<38D-'03+0$E8+- H"#-
$- 4+3+#")+0+"',- 6$3+#($8- ,'<4- $,- F4"8+-
,"(8*-d+%+#34+8+,,I-34(,-1"+,-0"3-/#+%+03-34+-
b$0)6'(#- +R'$3("0- H#"6- E+(0)- ',+1- "0- $0-
+6/(#(<$8-E$,(,I-3$O(0)-34+-0+<+,,$#D-<$'3("0-
F4+0-(03+#/#+3(0)-(3,-/$#$6+3+#,*-2-)""1-H(3-
6$D- ,'))+,3- 34$3- 34+- /"/'8$3("0- "H- $88- 34+-
,"#/3("0-,(3+,-(,-1"6(0$3+1-ED-c',3-"0+-3D/+*
-]4+-8(0+$#(K+1-H"#6-H(33+1-(0-34(,-,3'1D-F$,^
C/(x/m)-s-BiJßLKL) + C/ßL

r-]4+->#+'018(<4-+R'$3("0-

]4+->#+'018(<4-+R'$3("0- (,- 34+-6",3-F(1+8D-
',+1- +R'$3("0- 3"- 6"1+8- ,"#/3("0- H#"6- $0-
$R'+"',-,"8'3("0-J]$R%(-+3-$8*-WCCAL*
x/m = KFC

Bin

N3- (,-+,,+03($88D-$0-+6/(#(<$8-/"F+#- 8$F- 34$3-
<$0-"08D-4"81-H"#-,6$88-C-J,(0<+-,"#/3("0-<$0
0"3-(0<#+$,+-(01+H(0(3+8DL*-d+%+#34+8+,,I-H#"6-

34+-$,,'6/3("0,-34$3-,"#/3("0-,(3+,-$#+-6'
3'$88D-(01+/+01+03-E'3-4+3+#")+0+"',-$,-#+
)$#1,-E(01(0)-+0+#)D-QI-(3-<$0-E+-1+#(%+1-JH"#-
,6$88-C-$01-,6$88-BinLI- 34$3- 34+-"<<'/$3("0-
"H-34+-/"/'8$3("0-"H-,(3+,-F(34-E(01(0)-+0+#)D-
Q-(,-)"%+#0+1-ED-34+-b$0)6'(#-+R'$3("0-F(34-
/$#$6+3+#,-ßL-s-B-$01-KLJQL-s-b0 +9/JQ/RTL-
JF4+#+-T-(,-34+-$E,"8'3+-3+6/+#$3'#+I-R-(,-34+-
'0(%+#,$8-)$,-<"0,3$03I-$01-b0 (,-$-<"0,3$03-
34$3-(,-34+-,$6+-H"#-$88-QLI-$01-34$3-34+-/#"
/"#3("0-NJQL-"H- 34",+-,(3+,-F(34-E(01(0)-+0
+#)D Q-(,-)(%+0-ED-N(QL-s-JnRTL1 [KL(Q)/b0]

YJBinL 
J=(8%$-1$-Z"<4$-+3-$8* BPPXL*-

V(%+0- 34+,+-$,,'6/3("0,I- 34+-$1(6+0,("0$8-
/$#$6+3+#- n- <$0- E+- <"0,(1+#+1- 3"- #+H8+<3-
E"34-34+-$%+#$)+-E(01(0)-+0+#)D-$01-34+-+0
+#)+3(<-4+3+#")+0+(3D-"H-34+-,"#E+03-E(01(0)-
,(3+,-J,/+<(H(<$88DI-nRT (,-34+-6+$0-"H-34+-1(,
3#(E'3("0-N(QLI-$01-JnRTLW-(,-(3,-%$#($0<+L*-

]4+->#+'018(<4-<"0,3$03-KF-Jk6"8BYBin-bBin-)1LI-
F4(<4-(,-34+-%$8'+-"H-x/m-H"#-C-s-BI-$88"F,-$-
<"6/$#(,"0-3"-E+-6$1+-"H-1(HH+#+03-,"#E+03-
,"#/3("0- <$/$<(3(+,*- ]4+- 8(0+$#(K+1- >#+'0
18(<4-+R'$3("0-H(33+1-F$,^
8")-Cs-s-8")-KF l-J8")-C)/n

r-]4+-]+6O(0-+R'$3("0

]4+-]+6O(0-+R'$3("0-(,^
!-s-JRT/bL-80JKTCL
F4+#+-!-(,-34+-/#"/"#3("0-"H-"<<'/(+1-,"#/
3("0- ,(3+,I- $01- (,- ,(6(8$#- 3"- 34+- >#+'018(<4-
+R'$3("0- (0- 34$3- (3- <$0- "08D- 4"81- H"#- ,6$88-
+0"')4-C*-N3-/#+1(<3,-34$3-3"3$8-"<<'/$3("0-J!"
s-BL-F(88-"<<'#-$3-$-H(0(3+-+R'(8(E#('6-<"0<+0
3#$3("0-C6$9*

b(O+-34+-b$0)6'(#-+R'$3("0I-(3,-1+#(%$3("0-$,
,'6+,- 34$3-$88- 34+-,"#/3("0-,(3+,-$#+- (1+03(
<$8-E'3I-'08(O+-34+-b$0)6'(#-+R'$3("0I-(3-$8,"-
$,,'6+,- 34$3I- 1'+- 3"- 34+- (0H8'+0<+- "H- 34+-
/$#3(<8+,- ,"#E+1- $3- 0+()4E"'#(0)- ,(3+,I- 34+-
,"#/3("0-+0+#)D-"H-+$<4-'0"<<'/(+1-,(3+-1+
<#+$,+,-/#"/"#3("0$88D-F(34-34+-(0<#+$,+-(0-!^-
Q = Q0JBt!!I-F4+#+-!-(,-$-<"0,3$03-J;$00(<+-
$01- m"D<+- WCC[L*- ]4(,- $,,'6/3("0- (6/8(+,-
34$3-F4+0-$88-34+-,(3+,-$#+-"<<'/(+1I-34+-1(,
3#(E'3("0- "H- ,"#/3("0- +0+#)(+,- (,- '0(H"#6- "0-

[ APPLYING FREUNDLICH, LANGMUIR AND TEMKIM MODELS IN Cu AND Pb SOIL SORPTION EXPERIMENTS ]
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34+-(03+#%$8-uJBY!LQ0,Q0v*-211(3("0$88DI-(3-(,-$,
,'6+1-34$3-!-1"+,-0"3-$//#"$<4-+(34+#-K+#"-
"#- '0(3D- J6"#+- ,/+<(H(<$88DI- 34$3- w80J!iJBY!LLw-
(,-%+#D-,6$88-(0-<"6/$#(,"0-F(34-w!Q0!iRTwL*-
V(%+0-34+,+-$,,'6/3("0,I-KT-(,-34+-,"#/3("0-
+R'(8(E#('6-<"0,3$03-F4+0-!-s-CI-$01-b = !Q0 
(,-34+-F(134-"H-34+-#$0)+-"H-,"#/3("0-+0+#)(+,*-
]4+-]+6O(0-+R'$3("0-(,-8(0+$#(K+1-3"-
! = A-l-B1-80JCL
F4+#+^
B1 = RT/b-$01-
A = B1-80-KT 

Q"F+%+#I-(0-34+-/#+,+03-<"03+93-(0-F4(<4-34+-
6+$,'#+1-1+/+01+03-%$#($E8+- (,-x/mI- H(33(0)-
34+-+R'$3("0
x/m = A’-l-B1f-80JCL
(6/8(+,- 34+- (0<8',("0- "H- $- <"0,3$03- ßT- 34$3-
#+/#+,+03- 34+- 0'6E+#- "H- ,"#/3("0- ,(3+,- /+#-
)#$66+-"H-,"#E+03^-
B1f-s-ßTRT/bI-Af-s-B1f-80-KTI-$01-b’ = RTiB1f-
= bißT*-e+3-34+-0'6E+#-"H-,"#/3("0-,(3+,-/+#-
)#$66+-"H-,"#E+03- (,-F4$3- (,-6+$,'#+1-ED-
34+-b$0)6'(#-/$#$6+3+#-ßL*-ßT 6$D-34+#+H"#+-
E+-(1+03(H(+1-F(34-ßL-F4(<4-6$O+,-(3-/",,(E8+-
3"-<$8<'8$3+-34+-F(134-"H-34+-#$0)+-"H-,"#/3("0-
+0+#)(+,^-b = ßLb’*

=3$3(,3(<$8-$0$8D,+,

]4+- ,()0(H(<$0<+- "H- 1(HH+#+0<+,- $6"0)- 6+$0,-
F$,-+,3(6$3+1-ED-$0-$0$8D,(,-"H-%$#($0<+-J2da
;2L-H"88"F+1-ED-8+$,3-,()0(H(<$03-1(HH+#+0<+-Jb=5L-
3+,3,I-F4+0-%$#($0<+,-F+#+-0"3-,++0-3"-E+-4+3
+#")+0+"',I-"#-ED-5'00+33f,-]@-3+,3-(H-34+D-F+#+*-
]4+-1+/+01+0<+-"H-ßLI-KF-$01-b’-"0-,"(8-/#"/+#
3(+,-F$,- (0%+,3()$3+1-H"#-+$<4-6+3$8-ED-6+$0,-
"H- /$(#YF(,+-G+$#,"0f,- <"##+8$3("0- $0$8D,+,*-288-
34+-,3$3(,3(<$8-<$8<'8$3("0,-F+#+-/+#H"#6+1-',(0)-
=G==-H"#-g(01"F,I-%+#,("0-B_*C*

3. Results 
Table 1- 8(,3,-34+-#+8+%$03-/#"/+#3(+,-"H-34+-4"#(
K"0,-,3'1(+1I-$01-Figure 1-,4"F,-34+-(,"34+#6,-
"H-.'-$01-GE- ,"#/3("0-"#-1+,"#/3("0-"0- 34+,+-
4"#(K"0,*- N0-)+0+#$8I- H"#-E"34-6+3$8,I- 34+-,"#/
3("0- <'#%+,- $#+- ,6""34+#- 34$0- 34+- 1+,"#/3("0-
<'#%+,*- N0- $0D- <$,+I- 6",3- "H- 34+6- $#+- bY3D/+-
<'#%+,-+94(E(3(0)-$-3+01+0<D-3"-,$3'#$3("0-JV(8+,-
+3-$8*-BPX_M-=/",(3"-BPT_L*-

288-34+-H(3,-"H-34+-6"1+8-+R'$3("0,-3"-+9/+#(6+0
3$8-1$3$-/#+,+03+1-$<<+/3$E8+-<"+HH(<(+03,-"H-1+
3+#6(0$3("0-R2I-#$0)(0)-H#"6-C*AA-J]+6O(0-+R'$
3("0-H"#-<"//+#-,"#/3("0-$01-#+3+03("0-"0-Q?B*
7FL-3"-C*PTA-Jb$0)6'(#-+R'$3("0-H"#-,"#/3("0-"H-
<"//+#-"0-Q?W*2L- JTables 2 and 3L*- N0-)+0+#$8I-
H"#- $- )(%+0- 4"#(K"0I-R2- (0<#+$,+1- (0- 34+- "#1+#-
]+6O(0-x->#+'018(<4-x-b$0)6'(#-H"#-.'-$01-GE-
,"#/3("0-$01-#+3+03("0-"H-GEI-F4+#+$,-34+-6"1+8-
+R'$3("0,-E+4$%+1-6"#+-+##$3(<$88D-(0-.'-#+3+0
3("0-1$3$*
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Table 1: .4$#$<3+#(,3(<,-"H-34+-4"#(K"0,-,3'1(+1

aU^-"#)$0(<-6$33+#I-.\.+^-+HH+<3(%+-<$3("0-+9<4$0)+-<$/$<(3DI-+9<4*^-+9<4$0)+$E8+*-g(34(0-+$<4-#"FI-%$8'+,-$,,"<($3+1-F(34-34+-,$6+-
8+33+#-1"-0"3-1(HH+#-,()0(q<$038D-$3-34+ p-s-C*C[-8+%+8*-
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Figure 1.-N,"34+#6,-H"#-.'-$01-GE-,"#/3("0-$01-1+,"#/3("0-(0-,"(8-4"#(K"0,*

="(8
Q'6(<

?6E#(,"8-B
Q'6(<

?6E#(,"8-W
?6E#(<
.$6E(,"8

Q"#(K"0 A AB 73 7F A 7F A 7F

/QQWa _*AX$ _*P@$ _*T@$ [*B@$ _*XX$ -_*PC$ _*AC$ _*X@$

aU-J)-O)1L @P*WX< @T*@[< BC*[B+ @*AXH AC*T@E WW*X_1 PW*_C$ _C*BT<

28-"9(1+,-J)-O)1L X*AA1 BW*P[E A*TP1 W*@X+ BX*B_$ BB*@[< B@*CXE BW*T_E

>+-"9(1+,-J)-O)1L @*XT) [*@W+ _*@AH W*@@4 WC*AB$ BA*A_< B@*AX+ BX*C@E

U0-"9(1+,-J)-O)1L C*BW< C*@B$ C*@CE C*CW1 C*B@< C*CW1 C*CB+ C*CB+

CEC+-J<6"8-O)1L W*TB$E B*PX$E B*XWE<1 B*W@<1 B*PCE< C*TT1 _*[_$ @*B_$E

d$+9<4*-J<6"8-O)1L C*BW< C*BW< C*BC< C*B[E C*B[E C*B[E C*BP$ C*BAE

S+9<4*-J<6"8-O)1L C*W[$E C*BXE< C*B@<1 C*C[1 C*BA< C*CP1 C*@X$ C*W_E

.$+9<4*-J<6"8-O)1L C*BC$ C*CX$ C*CA$ C*CA$ C*C_$ C*C_$ C*B[$ C*BC$

U)+9<4*-J<6"8-O)1L C*CX$ C*C@$E C*C_$E C*C_$E C*CWE C*CBE C*CP$ C*CA$

28+9<4*-J<6"8-O)1L C*XC< C*_P1 C*_@1 C*WT+ C*_P1 C*BTH B*BX$ C*TBE

=$01-y AP*A[$ AB*CAE [X*CAE< XC*TB$ [W*P_< AW*CPE _T*C_<1 _[*A_1

=(83-y BT*_@< W_*TPE W_*[_E BX*BB< @C*BA$ WX*CT$E @B*_W$ W@*PWE

.8$D-y BB*PW1+ B_*C[1 BT*_CE< BW*CT1+ BA*PC< BC*T@+ WC*[_E @C*__$
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Table 2: G$#$6+3+#,-"H-34+-+R'$3("0,-q33+1-3"-34+-,"#/3("0-1$3$-F(34-
34+-<"##+,/"01(0)-<"+Hq<(+03,-"H-1+3+#6(0$3("0

g(34(0-+$<4-<"8'60I-"H-+$<4-6+3$8I-%$8'+,-$,,"<($3+1-F(34-34+-,$6+-8+33+#-1"-0"3-1(HH+#-,()0(q<$038D-$3-34+-p-s-C*C[-8+%+8*

Table 3: G$#$6+3+#,-"H-34+-+R'$3("0,-q33+1-3"-34+-1+,"#/3("0-1$3$-F(34-
34+-<"##+,/"01(0)-<"+Hq<(+03,-"H-1+3+#6(0$3("0

="(8iQ"#(K"0

.'

b2dVU?NZ ]\USNd >Z\?d5bN.Q

R2 ßL R2 b’ R2 KF

Q?B*2 C*PT[ BC*_B<1 C*TPX WC*BT1 C*PBP C*@X1

Q?B*27 C*PT[ BC*_P< C*TPX WW*T<1 C*P[@ C*[WE

Q?B*73 C*TPW [*A[+ C*TWA @T*XE C*P_[ C*WP+

Q?B*7F C*X_C W*P_H C*AA_ AT*_A$ C*TTA C*B[H

Q?W*2 C*PTA B@*[T< C*PC[ BX*XP1+ C*PBW C*A_E

Q?W*7F C*PX[ P*WT1 C*TAX W[*[X< C*PXB C*@P<1

?.*2 C*PTX WB*_P$ C*PCB BC*APH C*PCT C*X[$

?.*7F C*PXX B[*TBE C*TT@ B_*CTH C*P_[ C*_@<

GE

Q?B*2 C*PTB B[*B[E< C*T[P BX*C_E C*P@A C*[W<

Q?B*27 C*PAT B_*@@< C*TB[ __*W@$E C*PBA C*@P1

Q?B*73 C*P_C X*[T+ C*T@B @[*WTE C*P@[ C*WT+

Q?B*7F C*P_[ @*TXH C*T_T AW*AX$ C*PWP C*BAH

Q?W*2 C*PTW BX*@XE C*TA@ B[*ATE C*PBP C*X@E

Q?W*7F C*PXB BB*TP1 C*T@@ W@*T[E C*PBT C*_W1

?.*2 C*PXC WP*XB$ C*T_P P*CXE C*TPT B*B[$

?.*7F C*PXT BT*CAE C*T_@ B_*XPE C*TPC C*[@<

="(8iQ"#(K"0

.'

b2dVU?NZ ]\USNd >Z\?d5bN.Q

R2 ßL R2 b’ R2 KF

Q?B*2 C*TTW P*@[< C*PWC BX*T[W1< C*XXB C*T@P1

Q?B*27 C*PTA P*W@< C*PAT BX*[WP1< C*T[P B*CWT<

Q?B*73 C*TXT @*T[1 C*T_@ _W*XWBE C*PCC C*[XXH

Q?B*7F C*AXW W*PA1 C*A[[ [_*B_W$ C*PC@ C*W_X+

Q?W*2 C*TX_ BW*PXE C*P_A B_*B_P< C*X_@ B*_BCE

Q?W*7F C*PXP X*CP< C*PBA W@*XPC< C*P@C C*[PP+

?.*2 C*X_P W@*B_$ C*P[T X*X[_1 C*TCA B*[[W$

?.*7F C*PX@ B_*X[E C*TP@ BW*@CT< C*P__ C*AWW+
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g(34(0-+$<4-<"8'60I-"H-+$<4-6+3$8I-%$8'+,-$,,"<($3+1-F(34-34+-,$6+-8+33+#-1"-0"3-1(HH+#-,()0(q<$038D-$3-34+-p-s-C*C[-
8+%+8*

4. Discussion
2<<"#1(0)- 3"- 34+- /$#$6+3+#- ßL- H#"6- b$0)6'(#-
+R'$3("0,- JTables  2  and  3LI- 34+- 4"#(K"0- F(34-
34+-)#+$3+,3-.'-$01-GE-,"#/3("0-$01- #+3+03("0-
<$/$<(3D- (,-?.*2*- N0-O++/(0)-F(34- 34(,I-?.*2- (,-
34+-4"#(K"0-F(34- 34+-4()4+,3-KF- %$8'+,I- (*+*- 34+-
8$#)+,3-#+8$3(%+-,"#/3("0-$01-#+3+03("0-<$/$<(3(+,-
F4+0- 34+- <"0<+03#$3("0-"H-6+3$8- (0- ,"8'3("0- $3-
+R'(8(E#('6-(,-B-k6"8-b1*-23-34+-"34+#-+01-"H-34+-
,<$8+I-Q?B*7FI-H"88"F+1-ED-Q?B*73-$#+-34+-4"#(
K"0,-F(34-34+-8"F+,3-ßL-$01-KF-%$8'+,*

?.*2-$01-Q?B*7F-$8,"-#+,/+<3(%+8D-/#+,+03-34+-
8"F+,3-$01-4()4+,3-%$8'+,-"H-34+-]+6O(0Y#+8$3+1-
/$#$6+3+#- b’- J+9<+/3- H"#- Q?B*27I- F4(<4- 4$,-
$-4()4+#-b’- %$8'+- 34$0-Q?B*73- H"#-.'-,"#/3("0L-
J]$E8+,-W-$01-@L*->"#-.'I-34+-b-%$8'+,-<$8<'8$3+1-
H#"6-34+-H(33+1-ßL-$01-b’-%$8'+,-#$0)+-H#"6-WCB-
3"-W_W-m-6"81-$01-H#"6-BAC-3"-BT_-m-6"81-F4+0-
<$8<'8$3+1-F(34- 34+-1$3$- H#"6-34+-,"#/3("0-$01-
1+,"#/3("0-+9/+#(6+03,I-#+,/+<3(%+8D*-]4+-<"##+
,/"01(0)-#$0)+,-H"#-GE-$#+-W_@YA@_-m-6"81-JW_@Y
WT_-m-6"81-(H-4"#(K"0-Q?B*27-(,-+9<8'1+1L-$01-
BPAYW_A-m-6"81*-]4+,+-b-%$8'+,-$01-34+-F(134-"H-
34+-#$0)+-"H-,"#/3("0-+0+#)(+,-E+3F++0-K+#"-$01-
3"3$8-,"#/3("0-,(3+-"<<'/$3("0-$#+-%+#D-8"F-F4+0-
<"6/$#+1I-H"#-+9$6/8+I-F(34-3D/(<$8-,"#/3("0-+0
+#)(+,-"H-34+-"#1+#-"H-,+%+#$8I-"#-,+%+#$8-3+0,I-"H-
Om-6"81*-N0-O++/(0)-F(34-34+-)+0+#$88D-)""1-H(3-"H-
34+-b$0)6'(#I-34+,+-0$##"F-+0+#)D-#$0)+,-,')
)+,3- 34$3- (0- +$<4- 4"#(K"0I- ,"#/3("0- H'01$6+0

3$88D-(0%"8%+,-"08D-$-,(0)8+-3D/+-"H-,"#E+03-6$3+
#($8I-$834"')4-34+-,8()438D-4()4+#-%$8'+,-"E3$(0+1-
H"#-GE-,'))+,3-34$3-(3-(,-,"6+F4$3-E#"$1+#-34$0-
.'-(0-34(,-#+,/+<3*-]4$3-b-%$8'+,-"E3$(0+1-H#"6-
34+-1+,"#/3("0-+9/+#(6+03-1$3$-$#+- 8"F+#- 34$0-
34",+- "E3$(0+1- H#"6- 34+- ,"#/3("0- +9/+#(6+03-
1$3$I-,'))+,3(0)-34$3-34+-E(01(0)-"H-,"6+-"H-34+-
,"#E+1-6+3$8-E+<"6+,- (##+%+#,(E8+I-F4(<4- (,- (0-
O++/(0)-F(34-34+-<"0<"6(3$03-1+<#+$,+-(0-ßL*

?.*2- $01- Q?B*7F- $#+- 34+- 4"#(K"0,- F(34- 34+-
4()4+,3- $01- 8"F+,3- "#)$0(<- 6$33+#- <"03+03,-
J]$E8+-BL*- N01++1I-34+-#$3("-"H-34+-?.*2-<"03+03-
3"- 34$3-"H-Q?B*7F- (,-6'<4-)#+$3+#- H"#-"#)$0(<-
6$33+#I-W[*BI-34$0-H"#-$0D-"34+#-"H-34+-/",,(E8+-
,"#/3("0Y1+3+#6(0(0)- H$<3"#,- <"0,(1+#+1^- 34+-
0+93-8$#)+,3-#$3(",-$#+-H"#-+9<4$0)+$E8+-S-JX*_LI-
>+-"9(1+,-J[*PL-$01-28-"9(1+,-J[*[L*-]4(,-,'))+,3,-
34$3-"#)$0(<-6$33+#-(,-34+-1"6(0$03-,"#/3("0Y1+
3+#6(0(0)-H$<3"#I-F4",+-+9(,3+0<+-(,-,'))+,3+1-
ED-34+-)+0+#$88D-)""1-H(3-"H-34+-b$0)6'(#-+R'$
3("0- $01- 34+- #+,'83,- H"#- 34+- ]+6O(0- /$#$6+3+#-
b’*- ]"- ,'//"#3- 34(,- 4D/"34+,(,I- G+$#,"0f,- <"#
#+8$3("0,-E+3F++0-,"(8-<4$#$<3+#(,3(<,-$01-H(33+1-
6"1+8- +R'$3("0,- /$#$6+3+#,- F+#+- <$8<'8$3+1-
JTable 4I-34+-/$#$6+3+#-b’-F$,-',+1-H"#-34+-]+6
O(0-+R'$3("0L*-

GE

Q?B*2 C*PX_ B_*@@< C*TPP B_1H C*TXP B*@W<

Q?B*27 C*PX[ B@*@X1 C*T@W BA*T_1 C*PW_ B*CT1

Q?B*73 C*P@X [*_[H C*TXA @[*PBE C*TPX C*[BH

Q?B*7F C*PCW _*BB) C*XXP [W$ C*P@T C*WA)

Q?W*2 C*P[[ BA*[@E C*TAB B@*@_H C*TXC B*_TE

Q?W*7F C*PXP P*_X+ C*TX[ WW*T[< C*PCP C*AA+

?.*2 C*P_P @B*@W$ C*TB[ X*A[) C*PC[ W*_X$

?.*7F C*P[W BA*X_E C*XTT B_*AT1H C*P[B B*C[1

[ APPLYING FREUNDLICH, LANGMUIR AND TEMKIM MODELS IN Cu AND Pb SOIL SORPTION EXPERIMENTS ]



SJSS. SPANISH JOURNAL OF SOIL SCIENCE           YEAR 2011           VOLUME 1           ISSUE 1 SJSS. SPANISH JOURNAL OF SOIL SCIENCE           YEAR 2011           VOLUME 1           ISSUE 1

28 29

[ VEGA, F.A., COVELO, E.F. & ANDRADE, M.L. ]

Table 4: G+$#,"0-<"##+8$3("0,-E+3F++0-,"(8-<4$#$<3+#(,3(<,-$01-34+-/$#$6+3+#,-
"H-34+-6"1+8-+R'$3("0,-q33+1

G#"/+#3D

="#/3("0

.' GE

ßL b´ KF ßL b’ KF

a#)$0(<-6$33+# C*P@[JzzL YC*XA@JzzL C*P_AJzzL C*PA[JzzL YC*[TXJzzL C*PXBJzzL

28-"9(1+, C*XWAJzzL YC*TWCJzzL C*T[AJzzL C*AT@JzzL YC*[_XJzzL C*A@XJzzL

>+-"9(1+, C*AWAJzzL YC*ACPJzzL C*ABXJzzL C*[@_JzzL YC*[_AJzzL C*[[XJzzL

CEC+ C*TWXJzzL YC*AC@JzzL C*AWWJzzL C*T_TJzzL YC*_XPJzL C*XPBJzzL

d$-+9<4*  C*A[@JzzL C*[WAJzzL C*AW_JzzL C*A@TJzzL

S-+9<4* C*TTCJzzL YC*X_WJzzL C*XW@JzzL C*PB_JzzL YC*[[AJzzL C*T_[JzzL

.$-+9<4*
U)-+9<4* C*_PXJzL C*[@PJzzL C*[BAJzzL

28-+9<4* C*T_CJzzL YC*AB_JzzL C*A@TJzzL C*T[[JzzL YC*_PXJzL C*XPPJzzL

=$01 YC*XABJzzL C*A_@JzzL YC*AA@JzzL YC*AXAJzzL C*_TCJzL YC*A@BJzzL

=(83 C*ATCJzzL YC*A@TJzzL C*T@XJzzL C*AXBJzzL YC*__BJzL C*XBPJzzL

.8$D C*[A_JzzL YC*_WAJzL C*__TJzL

G#"/+#3D

Z+3+03("0

.' GE

ßL b´ KF ßL b’ KF

a#)$0(<-6$33+# C*P[BJzzL YC*TW_JzzL C*PWAJzzL C*PXBJzzL YC*TWBJzzL C*PXPJzzL

28-"9(1+, C*A[AJzzL YC*T@WJzzL C*XACJzzL C*AWBJzzL YC*TB_JzzL C*AB[JzzL

>+-"9(1+, C*[AAJzzL YC*AWCJzzL C*_AXJzL C*_X_JzL YC*[A[JzzL C*_CXJzL

CEC+ C*TACJzzL YC*AW@JzzL C*[P[JzzL C*TXBJzzL YC*A@@JzzL C*TW[JzzL

d$-+9<4*  C*APXJzzL YC*_WTJzL C*_BPJzL C*A[[JzzL C*[@PJzzL

S-+9<4* C*TPBJzzL YC*X[AJzzL C*AP_JzzL C*PBXJzzL YC*XXBJzzL C*TPXJzzL

.$-+9<4* C*_CXJzL

U)-+9<4* C*[[TJzzL C*[TPJzzL C*[X[JzzL

28-+9<4* C*TXWJzzL YC*A@@JzzL C*ABWJzzL C*TXXJzzL YC*A_CJzzL C*T@[JzzL

=$01 YC*XW_JzzL C*[PWJzzL YC*[BAJzzL YC*A@_JzzL C*[[_JzzL YC*[_BJzzL

=(83 C*A_AJzzL YC*[PTJzzL C*X[[JzzL C*AWXJzzL YC*[PWJzzL C*AWWJzzL

.8$D C*[@TJzzL C*_WWJzL

CEC+^-+HH+<3(%+-<$3("0-+9<4$0)+-<$/$<(3DI-+9<4*^-+9<4$0)+$E8+*-JzzL^-,()0(q<$03-$3-34+ p s-C*CB-8+%+8I-JzL^-,()0(q<$03-$3-34+-
p-s-C*CCB-8+%+8*
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]4+-#+,'83,-,4"F-34$3-"#)$0(<-6$33+#-<"##+8$3+,-
F+88I-$01-E+33+#- 34$0-$0D-"34+#-,"(8-<4$#$<3+#
(,3(<I-F(34-$86",3-$88-34+-6"1+8-/$#$6+3+#,-J34+-
<4(+H- +9<+/3("0,- <"0<+#0+1-b’- H"#-.'-$01-GE-
,"#/3("0L*- d+%+#34+8+,,I- ,"6+- "34+#- ,"(8- <4$#
$<3+#(,3(<,- J.\.+I- +9<4$0)+$E8+-SI- +9<4$0)+
$E8+-28I-$01-28-"9(1+,-<"03+03,L-$8,"-<"##+8$3+-
F+88-F(34-$-0'6E+#-"H-/$#$6+3+#,*-

N0-"#1+#- 3"-+,3(6$3+- 34+- (0H8'+0<+-"H-$88-"H- 34+-
F+88Y<"##+8$3+1- ,"(8- <4$#$<3+#(,3(<,- (01(<$3+1-
$E"%+- "0- 34+- +0+#)D- #+R'(#+1- H"#- .'- $01- GE-
Jb’L- (66"E(8(K$3("0I- ,"#/3("0- <$/$<(3D- JßLL- $01-
34+-#+8$3(%+-,"#/3("0-$01-#+3+03("0-<$/$<(3(+,-$3-
$0-+R'(8(E#('6-<"0<+03#$3("0-"H-B-k6"8-b1-JKFLI-
+R'$3("0,-"H-%$#("',-O(01,-F+#+-H(33+1-3"-#+8$3+-

34+-,"(8-<"6/"0+03-R'$03(3D-3"-34+-6"1+8-+R'$
3("0-/$#$6+3+#,*-V#$/4,-"H-34+-H(33+1-+R'$3("0,-
(0-$-0"0Y,3$01$#1(K+1-H"#6-$#+-,4"F0-(0-Figures 
26I-$01-34+-<"##+,/"01(0)-,3$01$#1(K+1-+R'$
3("0,-$#+-8(,3+1-(0-Tables 5 and 6*-

Table 5: =3$01$#1(K+1-+R'$3("0,-q33+1-3"-34+-6"1+8-/$#$6+3+#,-H"#-.'-,"#/3("0-$01-
#+3+03("0-$,-$-H'0<3("0-"H-%$#("',-,"(8-<4$#$<3+#(,3(<,-

CEC+^-+HH+<3(%+-<$3("0-+9<4$0)+-<$/$<(3D*

="(8-/#"/+#3D
JxL

G$#$6+3+#
JyL

="#/3("0 Z+3+03("0

R2 \R'$3("0 R2 \R'$3("0

a#)$0(<-6$33+#

ßL C*P_ 80-y-s-80-xC*PX C*PB 80-y-s-80-xC*P[

b´ C*P@ 80-y-s-80-xYC*PA C*PB 80-y-s-80-xYC*PA

KF C*P@ 80-y-s-80-xC*PA C*TX 80-y-s-80-xC*P@

28-"9(1+,

ßL C*XT 80-D-s-80-xC*TP C*A[ 80-D-s-80-xC*TB

b´ C*T[ y-s-YC*PW-80-x C*XX y-s-YC*TT-80-x

KF C*TX 80-y-s-80-xC*P_ C*X@ 80-y-s-80-xC*T[

CEC+

ßL C*AT y-s-C*T@x C*X_ y-s-C*TAx

b´ C*AT 80-y-s-+YC*XA9 C*[P 80-y-s-+YC*XA9

\9<4$0)+$E8+-28
ßL C*XB y-s-C*T_x C*XA y-s-C*TXx

b´ C*[P 80-y-s-+YC*XX9 C*AB 80-y-s-+YC*XT9

\9<4$0)+$E8+-S-

ßL C*XT y-s-C*TTx C*XP y-s-C*TPx

b´ C*T@ 80-y-s-80-xYC*PB C*XX 80-y-s-80-xYC*TT

KF C*A_ 80-y-s-80-xC*T C*A_ 80-y-s-80-xC*T

[ APPLYING FREUNDLICH, LANGMUIR AND TEMKIM MODELS IN Cu AND Pb SOIL SORPTION EXPERIMENTS ]
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Table 6: =3$01$#1(K+1-+R'$3("0,-q33+1-3"-34+-6"1+8-/$#$6+3+#,-H"#-GE-,"#/3("0-$01-#+3+03("0-
$,-$-H'0<3("0-"H-%$#("',-,"(8-<4$#$<3+#(,3(<,

CEC+^-+HH+<3(%+-<$3("0-+9<4$0)+-<$/$<(3D*

="(8-/#"/+#3D
JxL

G$#$6+3+#
JyL

="#/3("0 Z+3+03("0

R2 \R'$3("0 R2 \R'$3("0

a#)$0(<-6$33+#

ßL C*PA 80-y-s-80-xC*PT C*P@ 80-y-s-80-xC*PA

b´ C*AX 80-y-s-80-xYC*TW C*P[ 80-y-s-80-xYC*PX

KF C*PW 80-y-s-80-xC*PA C*P@ 80-y-s-80-xC*PT

28-"9(1+,

ßL C*XA 80-D-s-80-xC*TX C*A@ 80-D-s-80-xC*XP

b´ xC*A C*XP y-s-YC*TP-80-x

KF C*AA 80-y-s-80-xC*TW C*AA 80-y-s-80-xC*TB

CEC+

ßL C*XW y-s-C*T[x C*XA y-s-C*TXx

b´ xC*A C*[P 80-y-s-+YC*XX9

KF C*A@ y-s-C*XPx C*AT y-s-C*T@x

\9<4$0)+$E8+-28

ßL C*X@ y-s-C*TAx C*P@ y-s-C*TTx

b´ xC*A C*AB 80-y-s-+YC*XT9

KF C*A_ y-s-C*Tx C*XC y-s-C*T_x

\9<4$0)+$E8+-S-

ßL C*T_ y-s-C*PBx C*T_ y-s-C*PWx

b´ C*A 80-y-s-80-xYC*XX C*TW 80-y-s-80-xYC*PB

KF C*X@ 80-y-s-80-xC*T[ C*T_ 80-y-s-80-xC*PW

2,-0"3+1-$E"%+I-"#)$0(<-6$33+#- (0<#+$,+,- 34+-
<$/$<(3D-"H-,"(8,-3"-#+3$(0-0'3#(+03,-$01-/"88'3
$03,I- (0<8'1(0)- 6+3$8- ("0,*- ]4+#+H"#+I- O0"F8
+1)+-"H-(3,-<"0<+03#$3("0-(0-34+-4"#(K"0,-"H-$<(1-
,"(8,-/#"%(1+,-$- #+8($E8+-+9/8$0$3("0- JFigure 2L-
$01-/#+1(<3("0- JTables 5 and 6L-"H- 34+-1+/+0
1+03-%$#($E8+,-(0-$88-34+-4"#(K"0,-JR2-`-C*T-(0-$88-
<$,+,-+9<+/3-b’-H"#-GE-#+3+03("0-"H-GE-H"#-F4(<4-
R2- s- C*ATL*- 288- 34+- H(33+1- +R'$3("0,- $#+- /"F+#-
8$F,I-(*+*-34+-<$/$<(3D-"H-+$<4-4"#(K"0-3"-(66"
E(8(K+-.'-$01-GE-(0<#+$,+,-6'<4-6"#+-#$/(18D-
34$0- (3,-"#)$0(<-6$33+#-<"03+03*-]4(,- (,-6$(08D-
1'+-3"-34+-+0+#)D-#+R'(#+1-H"#-34+- (66"E(8(K$
3("0-"H-$-)(%+0-$6"'03-"H-6+3$8-H$88(0)-#$/(18D-$,-
"#)$0(<-6$33+#-<"03+03-(0<#+$,+,*-

]4+-28- "9(1+-<"03+03,-"H- 34+-4"#(K"0,-"H- $<(1-
,"(8,- $8,"- ,()0(H(<$038D- (0H8'+0<+- .'- $01- GE-
,"#/3("0- $01- #+3+03("0- <$/$<(3D- JFigure  3L*- 23-
$0- $<(1- $01- 0+'3#$8- /QI- ,()0(H(<$03- $6"'03,-
"H-4'6(<-$<(1,-<$0-E+-$1,"#E+1-"0-/",(3(%+8D-
<4$#)+1-,'#H$<+,-"H-,"(8-6(0+#$8,-,'<4-$,-28-"9

(1+,- $01- "9D4D1#"9(1+,I- (0%+#3(0)- 34+(#- <4$#)+-
J5$%(,-$01-74$30$)$#-BPP[LM-$01-"#)$0"6(0+#$8-
,'#H$<+-<"$3(0),-,3#"0)8D-,"#E-4+$%D-6+3$8-("0,I-
4(01+#(0)- 34+(#- /#")#+,,- 3"F$#1,- '01+#)#"'01-
F$3+#,-JU'#/4D-$01-{$<4$#$-BPP[M->+(0-$01-5+
8+$-BPPPL*-]4+-+R'$3("0,-+9/8$(0(0)- 34+-ßL- $01-
KF-%$8'+,-$,-H'0<3("0,-"H-28-"9(1+,-<"03+03-$#+-
/"F+#-8$F,-$01I-$,-(0-34+-<$,+-"H-"#)$0(<-6$33+#-
<"03+03I- 34+- 4"#(K"0,-F(34- 34+- 4()4+,3- <"03+03-
$#+-34+#+H"#+-34",+-F(34-34+-)#+$3+,3-.'-$01-GE-
,"#/3("0- $01- #+3+03("0- <$/$<(3D*- Q"F+%+#I- 34+-
$<<"6/$0D(0)- 1+<#+$,+- (0- #+R'(#+1- +0+#)D-
JFigure 3L- (,- 8+,,-/#"0"'0<+1- 34$0- H"#-"#)$0(<-
6$33+#*-

]4+-<$3("0-+9<4$0)+-<$/$<(3D-1+/+01,-"0- 34+-
R'$03(3D-$01-3D/+-"H-E"34-(3,-"#)$0(<-$01-6(0+#$8-
<"6/"0+03,*-Q"F+%+#I- 34+- H$<3- 34$3- 34+-<"+HH(
<(+03,-"H-1+3+#6(0$3("0- H"#- 34+- H(33+1-+R'$3("0,-
$#+-8"F+#-H"#-.\.-JFigure 4L-34$0-H"#-"#)$0(<-6$3
3+#-JFigure 2L-,'))+,3,I-$,-1"+,-34+-<"##+,/"01
(0)-<"6/$#(,"0-"H-34+-G+$#,"0f,-<"##+8$3("0-#+
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,'83,-J,++-$E"%+LI-34$3-<8$D-(0-34+,+-4"#(K"0,-4$,-
$-/""#-,"#/3("0-<$/$<(3D-"#-4$,-8(338+-(0H8'+0<+-"0-
.'-$01-GE-(66"E(8(K$3("0*-d"3+-4"F-34+-+R'$
3("0,-H"#-ßL-$01-KF %,*-.\.-$#+-8(0+$#I-(*+*-$-)(%+0-
(0<#+6+03-(0-.\.-(01'<+,-34+-,$6+-(0<#+$,+-(0-
34+-,"#/3("0-$01-#+3+03("0-<$/$<(3(+,I-#+)$#18+,,-
"H-34+-$E,"8'3+-.\.-%$8'+*

N0- ,"(8,I- 4+3+#"%$8+03- <$3("0- +9<4$0)+- #+$<
3("0,-0"#6$88D-(0%"8%+-34+-+9<4$0)+-"H-6"0"%$
8+03-$01-1(%$8+03-<$3("0,I-$834"')4-<$3("0,-"H-$-
4()4+#-%$8+0<DI-,'<4-$,-28@lI-$#+-$8,"-+9<4$0)+1-
J\%$0)+8"'- $01- G4(88(/,- WCC[L*- N0- 34+- /#+,+03-
,3'1DI-34+-8(O+8(4""1-"H-$-,()0(H(<$03-+9<4$0)+-"H-
28@l-(,-,'))+,3+1-ED-E"34-34+-8"F-/Q-J,(0<+-28@l 
#+R'(#+,-$-8"F-/Q-3"-#+6$(0-(0-,"8'3("0-"#-(0-$0-
+9<4$0)+$E8+-H"#6L-$01-ED-28@l-E+(0)-"0+-"H-34+-
3F"-+9<4$0)+$E8+-<$3("0,-t-34+-"34+#-(,-Sl-t-34$3-
$#+-#+$,"0$E8D-F+88-<"##+8$3+1-F(34-ßLI-KF-$01-b’ 
JTable 4L*-211(3("0$88D-34+-+R'$3("0,-H(33+1-3"-+9
/8$(0-.'-$01-GE-,"#/3("0-$01-#+3+03("0-$,-H'0<
3("0,-"H-28@l-$01-Sl-JFigures 5 and 6L-,4"F-4"F-
34+,+-$#+- 34+-<$3("0,- #+,/"0,(E8+- H"#- 34+- (0H8'

+0<+-"H-.\.+-"0-.'-$01-GE-(66"E(8(K$3("0-(0-34+-
4"#(K"0,-"H-34+-$<(1-,"(8,-,3'1(+1*->'#34+#6"#+I-
,(0<+- 34+-+9<4$0)+-<"6/8+9+,-"H- 34+-4"#(K"0,-
,3'1(+1-$#+-1"6(0$3+1-ED-28I-)+0+#$88D-F(34-S-$,-
34+-,+<"01-6",3-$E'01$03-+9<4$0)+$E8+-<$3("0-
JTable 1LI-(3-(,-8(O+8D-34$3-34+-,"#/3("0-$01-1+,"#/
3("0- +9/+#(6+03,- (0%"8%+- 34+- +,3$E8(,46+03- "H-
#+8$3("0,-"H-$-.'WlY28@lYSl--$01-GEWlY28@lYSl-3D/+*

N0- 34(,-,3'1DI-4"#(K"0-?.*2-4$1-34+-4()4+,3-"#
)$0(<- 6$33+#- <"03+03I- 34+- 4()4+,3- .\.+I- $01-
"0+-"H- 34+-4()4+,3-28-"9(1+-<"03+03,- JTable 1L*-
288- 34#++- <4$#$<3+#(,3(<,- F(88- 4$%+- ,()0(H(<$038D-
<"03#(E'3+1- 3"- (3,- 4()4+#- <$/$<(3D- H"#- .'- $01-
GE- (66"E(8(K$3("0- $,- ,4"F0- ED- 34+- ,"#/3("0-
$01- 1+,"#/3("0- (,"34+#6,- (0- Figure  1I- $01- $,-
,'66$#(K+1- (0- H(33+1- b$0)6'(#I- >#+'018(<4- $01-
]+6O(0- +R'$3("0- /$#$6+3+#,- JTables  2  and  3L*-
N0-<"03#$,3I-4"#(K"0-Q?B*7F-4$,-34+-8"F+,3-"#
)$0(<-6$33+#-$01-28-"9(1+-<"03+03,I-$01-"0+-"H-
34+-8"F+,3-.\.+,-JTable 1LM-34+#+H"#+-34+,+-<4$#
$<3+#(,3(<,-<"03#(E'3+-3"-(3,-,<$03-.'-$01-GE-(6
6"E(8(K$3("0-<$/$<(3D-JFigure 1M-Tables 2 and 3L*-
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Figure 2.->(33+1-+R'$3("0,-#+8$3(0)-"#)$0(<-6$33+#-<"03+03-3"-34+-6"1+8-+R'$3("0-/$#$6+3+#,*
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Figure 3.->(33+1-+R'$3("0,-#+8$3(0)-28-"9(1+,-<"03+03-3"-34+-6"1+8-+R'$3("0-/$#$6+3+#,*-- -
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Figure 6.->(33+1-+R'$3("0,-#+8$3(0)-+9<4$0)+$E8+-S-<"03+03,-3"-34+-6"1+8-+R'$3("0-/$#$6+3+#,*
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5. Conclusions
]4(,-,3'1D-4$,-%+#(H(+1-34+-%$8(1(3D-"H-34+-b$0)
6'(#I->#+'018(<4-$01-]+6O(0-6"1+8,-3"-$0$8DK+-
.'-$01-GE-,"#/3("0-$01-#+3+03("0-ED-$<(1-,"(8,*-
]4+- /$#$6+3+#,- "H- 34+- H(33+1- 6"1+8,- "H- 34+,+-
3D/+,-<"4+#+038D-#+H8+<3-6$9(6'6-,"#/3("0-$01-
#+3+03("0-<$/$<(3(+,-(0-#+8$3("0-3"-34+-+0+#)D-#+
R'(#+1- H"#- 34+,+- /#"<+,,+,*- ]4+,+- /$#$6+3+#,-
$8,"-6$O+-(3-/",,(E8+-3"-(1+03(3D-34+-,"(8-<4$#$<
3+#(,3(<,-34$3-6",3-(0H8'+0<+-.'-$01-GE-(66"E(
8(K$3("0*-

]4+- ,"(8- <"6/"0+03- 34$3- 6",3- ,3#"0)8D- 1+3+#
6(0+,-34+-<$/$<(3D-"H-$<(1-,"(8,-3"-(66"E(8(K+-.'-
$01-GE- (,- "#)$0(<-6$33+#- <"03+03I- H"88"F+1-ED-
28-"9(1+-<"03+03*-Q()4-<"03+03,-"H- 34+,+-<"6
/"0+03,I-+,/+<($88D-"#)$0(<-6$33+#I-<"03#(E'3+-3"-
$- ,6$88+#- +0+#)D- #+R'(#+6+03- H"#- 34+- (66"E(8(
K$3("0-"H-6+3$8-<$3("0,I-F4(<4-<"##+,/"01,-3"-$-
)#+$3+#-<$/$<(3D-H"#-,"#/3("0-$01-#+3+03("0-"H-.'-
$01-GE-ED-34+-,"(8*-

N0-34+-4"#(K"0,-,3'1(+1I-34+-+9<4$0)+-<"6/8+9-
(,-1"6(0$3+1-ED-28@lI-H"88"F+1-ED-SlI-$01-34+,+-
<$3("0,-$#+-#+,/"0,(E8+-H"#-34+-8(0+$#-#+8$3("0,4(/-
E+3F++0-.\.+-$01-34+-(66"E(8(K$3("0-"H-.'-$01-
GE-(0-34+-4"#(K"0,-"H-34+-$<(1-,"(8,-,3'1(+1*-
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0+"',-,"#/3("0-$01-1+,"#/3("0-"H-.1I-.#I-d(I-.'I-GE-
$01-{0- (0-$<(1-,"(8,- NN*-="(8- #$0O(0)-$01- (0!'+0<+-"H-
,"(8-<4$#$<3+#(,3(<,*-m*-Q$K$#1*-U$3+#*-B_XJ@L^TAWYTXC*

r-."%+8"-\>I-U$3:$,-mUI-;+)$->2I-Z+()",$-UmI-20
1#$1+-Ub*-WCCT*-2-3#++-#+)#+,,("0-$0$8D,(,-"H-H$<3"#,-
1+3+#6(0(0)-34+-,"#/3("0-$01-#+3+03("0-"H-4+$%D-6+
3$8,-ED-,"(8*-V+"1+#6$-B_X^X[YT[*

r- 5$%(,- 2GI- 74$30$)$#- ;*- BPP[*- 21,"#/3("0- "H- <$1
6('6-$01-4'6(<-$<(1-"03"-4+6$3(3+*-.4+6",/4+#+-
@CJWL^W_@YW[A*-

r-5$D-GZ*- BPA[*- G$#3(<8+- H#$<3("0$3("0- $01- /$#3(<8+Y
,(K+- $0$8D,(,*- N0^- 78$<O- .2I- +1(3"#*-U+34"1,- "H- ="(8-
20$8D,(,*- G$#3- N*- U$1(,"0I-g(,<"0,(0^- 2=2*- /*- [_[Y
[AA*

r-\88("33-Q2I-b(E+#$3(-UZI-Q'$0)-.G*-BPTA*-."6/+3(
3(%+-$1,"#/3("0-"H-4+$%D-6+3$8,-ED-,"(8,*-m*-\0%(#"0*-
�'$8*-B[J@L^WB_YWBP*

r-\%$0)+8"'-;GI-G4(88(/,-Z\*-WCC[*-.$3("0-+9<4$0)+-(0-
,"(8,*-N0^-]$E$3$E$(-U2-$01-=/$#O,-5bI-+1(3"#,*-.4+
6(<$8-/#"<+,,+,- (0-,"(8,*-U$1(,"0I-g(,<"0,(0*-?=2^-
===2I-N0<*-/*-@_@Y_BC*

r->$##$4-QI-G(<O+#(0)-g>*-BPXP*-/Q-+HH+<3,-(0-34+-$1
,"#/3("0-"H-4+$%D-6+3$8- ("0,-ED-<8$D,*-.4+6*-V+"8*-
W[^@BXY@WA*-

r->+(0-m7I-5+8+$-5*-BPPP-\9/+#(6+03$8-,3'1D-"H- 34+-
+HH+<3-"H-\5]2-"0-.1-$1,"#/3("0-ED-7$<(88',-,'E3(8(,^-
$- 3+,3-"H- 34+-<4+6(<$8-+R'(8(E#('6-$//#"$<4*-.4+6*-
V+"8*-BABJ_L^@X[Y@T@*

r- V$#<:$YU(#$)$D$- mI- G$)+- 2b*- BPXT*- ="#/3("0- "H-
3#$<+-R'$03(3(+,-"H-.1-ED-,"(8,-F(34-1(HH+#+03-<4+6(<$8-
$01-6(0+#$8")(<$8-<"6/",(3("0*-g$3+#-2(#-="(8-G"88'3*-
P^WTPYWPP*-

r- V(8+,- .QI- =6(34- 5I- Q'(3,"0- 2*- BPX_*- 2- )+0+#$8-
3#+$36+03-$01-<8$,,(q<$3("0-"H-34+-,"8'3+-$1,"#/3("0-
(,"34+#6*-N*-]4+"#+3(<$8*-m*-."88"(1-N03+#H*-=<(*-_X^X[[Y
XA[*-

r-V"6+,-G.I->"03+,-UG>I-1$-=(8%$-5VI-U+01"0�$-\-
1+-=I-d+33"-2Z*-WCCB*-=+8+<3(%(3D-,+R'+0<+-$01-<"6
/+3(3(%+- ,"#/3("0- "H- 4+$%D-6+3$8,- ED- 7#$K(8($0- ,"(8,*-
="(8-=<(*-="<*-26*-m*-A[^BBB[YBBWB*-

r-V'(3(j0- >I-.$#E$88$,- ]*- BPXA*- ]�<0(<$,- 1+- $0j8(,(,-
1+- ,'+8",*- =$03($)"- 1+- ."6/",3+8$^- \1(3"#($8- G(<"-
=$<#"*

r-Vh0$D-2I-2#,8$0O$D$-\I-]",'0I-N*-WCCX*-b+$1-#+6"
%$8-H#"6-$R'+"',-,"8'3("0-ED-0$3'#$8-$01-/#+3#+$3+1-
<8(0"/3(8"8(3+^- $1,"#/3("0- +R'(8(E#('6- $01- O(0+3(<,*- m*-
Q$K$#1*-U$3+#*-B_A^@AWY@XB*

r-Q$#3+#-Z5I-d$(1'-Z*-WCCB*-20-$,,+,,6+03-"H-+0%(
#"06+03$8- $01- ,"8'3("0- /$#$6+3+#- (6/$<3- "0- 3#$<+Y
6+3$8-,"#/3("0-ED-,"(8,*-="(8-=<(*-="<*-26*-m*-A[^[PXY
ABW*

r-Q,'-GQ*-BPTP*-28'6(0'6-"9(1+,-$01-"9(4D1#"9(1+,*-
N0^-5(9"0-m7-$01-g++1-=7I-+1(3"#,*-U(0+#$8,- (0-,"(8-
+0%(#"06+03,*- W01- +1*- U$1(,"0I- gN*- ?=2^- ===2-
7""O-=+#*-d"*-B*-/*-@@BY@XB*-

r-S+#01"#H-QI-=<40(3K+#-U*-BPTC*-="#/3("0-"H-6+3$8,-
"0-4'6(<-$<(1*-V+"<4(6*-.",6"<4(6*-2<3$-__^BXCBY
BXCT*

r-S""0+#-{=*-BPP@*-."6/$#$3(%+-,3'1D-"H-$1,"#/3("0-
E+4$%("#- "H- <"//+#I- 8+$1I- $01- K(0<- "03"- )"+34(3+- (0-
$R'+"',-,D,3+6,*-\0%(#"0-V+"8*-WB^W_WYW[C*

r-b$(#-VmI-V+#K$E+O-UQI-Q$E+#4$'+#-V*-WCCX*-="#/
3("0- "H- 4+$%D- 6+3$8,- "0- "#)$0(<- $01- (0"#)$0(<- ,"(8-
<"0,3(3'+03,*-\0%(#"0*-.4+6*-b+33*-[^W@YWX*

r-U$1#(1-bI-5:$KY7$##(+03",-\*-BPPW*-N0!'+0<+-"H-<$#
E"0$3+-"0-34+-#+$<3("0-"H-4+$%D-6+3$8,-(0-,"(8,*-m*-="(8-
=<(*-_@^XCPYXWB*

[ APPLYING FREUNDLICH, LANGMUIR AND TEMKIM MODELS IN Cu AND Pb SOIL SORPTION EXPERIMENTS ]
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r-U+4#$-aGI-m$<O,"0-Ub*-BPAC*- N#"0-"9(1+- #+6"%$8-
H#"6- ,"(8,- $01- <8$D,- ED- $- 1(34("0(3+Y<(3#$3+- ,D,3+6-
E'HH+#+1-F(34-,"1('6-E(<$#E"0$3+*-.8$D-.8$D,-U(0+#*-
X^@BXY@WX*

r-U'#/4D-\UI-{$<4$#$-mU*-BPP[*-]4+-#"8+-"H-,"#E+1-
4'6(<-,'E,3$0<+,-"0-34+-1(,3#(E'3("0-"H-"#)$0(<-$01-
(0"#)$0(<- <"03$6(0$03,- (0- )#"'01F$3+#*- V+"1+#6$-
AX^BC@YBW_*-

r-Z$6-dI-;+#8""-U*-BPT[*-\HH+<3-"H- %$#("',-"#)$0(<-
6$3+#($8,-"0-34+-6"E(8(3D-"H-4+$%D-6+3$8,-(0-,"(8*-\0%(
#"0-G"88'3*-BCJ_L^W_BYW_T*-

r-Z++%+-dI-='60+#-U\*-BPXB*-.$3("0-+9<4$0)+-<$
/$<(3D-$01-+9<4$0)+$E8+-$8'6(0'6-(0-d$3$8-"9(,"8,*-
="(8-=<(*-="<*-26*-G#"<*-@[JBL^@TY_W*

r-Z"1#:)'+K-aI-Z"1#:)'+K-2*-WCCW*-."6/$#$<(�0-1+-
8$-.N.-+0-1",-,'+8",-'3(8(K$01"-$<+3$3"-1+-$6"0("I-
$<+3$3"-1+-,"1("-D-<8"#'#"-1+-$6"0("*-Z+%*->$<*-2)#*-
b?{*-BPJ@L^W[@YWA@*

r-=<40(3K+#-U*-BPAP*-Z+$<3("0,-E+3F++0-H'8%(<-$<(1I-$-
,"(8-4'6(<-<"6/"'01-$01-(0"#)$0(<-,"(8-<"0,3(3'+03,*-
="(8-=<(*-="<*-26*-G#"<*-@@^X[YTB*

r- =+6'- \I- =(0)4- 7ZI- =+86+#Ya8,+0- 2Z*- BPTX*- 21
,"#/3("0-"H-6+#<'#D-<"6/"'01,-ED-3#"/(<$8-,"(8,^- NN*-
\HH+<3- "H- ,"(8^- ,"8'3("0- #$3("I- ("0(<- ,3#+0)34I-/QI- $01-
"#)$0(<-6$33+#*-g$3+#-2(#-="(8-G"88*-@W^BYBC*

r- =(8%$- 1$- Z"<4$-UI- N4$- SI- >$8+(#",- 2.I- ."#$3- \mI-
;jKR'+K-='j#+KYN4$-U\*-BPPX*->#+'018(<4f,-(,"34+#6-
+93+01+1-ED-,3$3(,3(<$8-6+<4$0(<,*-m*-."88"(1-$01-N0
3+#H$<+-=<(*-BT[^_P@Y_PA*

r-=/$#O,-5bI-=<4+(1+))+#-2UI-=3#$F0-5VI-=<4+<O+8-
SV*-BPPP*-S(0+3(<,-$01-6+<4$0(,6,-"H-6+3$8-,"#/3("0-
$3-34+-6(0+#$8YF$3+#-(03+#H$<+*-N0^-=/$#O,-5bI-V#'018-
]mI- +1(3"#,*- U(0+#$8Yg$3+#- N03+#H$<($8- Z+$<3("0,*-
g$,4(0)3"0I-5.^- 2.=-=D6/*-=+#(+,- XB[I- 26+#(<$0-
.4+6(<$8-="<(+3D*-/*-BCTYB@[*

r- =/",(3"- V*- BPT_*- ]4+- ,'#H$<+- <4+6(,3#D- "H- ,"(8,*-
d+F-e"#O^-a9H"#1-?0(%+#,(3D-G#+,,*-

r-='66+#-U\I-U(88+#-gG*-BPPA*-U+34"1,-"H-="(8-20$
8D,(,I-G$#3-@I-.4+6(<$8-U+34"1,*-U$1(,"0I-gN^-===2-
7""O-=+#(+,-%"8*-[*

r-]$R%(-=NQI-Q$,$0D-=UI-74$0)+#-UNI-=4$4-=g*-WCCA*-
\9/8"(3$3("0-"H-E+$<4-,$01-$,-$-8"F-<",3-,"#E+03-H"#-
34+- #+6"%$8- "H- GEJNNL- ("0,- H#"6- $R'+"',- ,"8'3("0,*-
=+/*-=<(*-]+<40"8*-_BJ@L^[@BY[_X*-

r-]+66(0)4"HH-\mUI-;$0-1+#-{++-=\2]UI-S+(K+#-UV*-
BPP_*-]4+-(0!'+0<+-"H-/Q-"0-34+-1+,"#/3("0-$01-,/+
<($3("0-"H-<"//+#- (0-$-,$01D-,"(8*-="(8-=<(*-B[T^@PTY-
_CT*

r-]+66(0)4"HH-\mUI-;$0-1+#-{++-=\2]UI-1+-Q$$0-
>2U*-BPP[*-=/+<($3("0-$01-<$8<('6-<"6/+3(3("0-+H
H+<3,-"0-<$16('6-,"#/3("0-ED-,$01D-,"(8-$3-%$#("',-
/Q,*-\'#*-m*-="(8-=<(*-_A^A_PYA[[*

r-]+,,(+#-2I-.$#()0$0-ZI-5'E#+'(8-7I-Z$/(0->*- BPTP*-
G$#3(3("0(0)-"H-K(0<-E+3F++0-34+-F$3+#-<"8'60-$01-34+-
"9(<-,+1(6+03,-(0-8$O+,*-V+"<4(6*-.",6"<4(6*-2<3$-
[@^B[BBYB[WW*-

r-]4"6$,-Vg*-BPTW*-\9<4$0)+$E8+-<$3("0,*-N0^-G$)+-
2bI- U(88+#- ZQI- S++0+D- 5I- +1(3"#,*- U+34"1,- "H- ="(8-
20$8D,(,^-G$#3- W^-.4+6(<$8- $01-6(<#"E("8")(<$8- /#"
/+#3(+,*-U$1(,"0I-gN^-2)#"0"6D-U"0")#*-0p-P*W01-+1*-
2=2-$01-===2-/*-B[PYBA[*

r-;$00(<+-U2I- m"D<+-gQ*-WCC[*-S(0+3(<,-"H- <$3$8D
3(<- #+$<3("0,*-d+F-e"#O^-=/#(0)+#-=<(+0<+l7',(0+,,-
U+1($-N0<*-/*-PP-YBCB*

r- ;+)$- >2I-."%+8"- \>I- 201#$1+-Ub*- WCCA*-."6/+
3(3(%+- $1,"#/3("0- $01- 1+,"#/3("0- "H- 4+$%D-6+3$8,- (0-
6(0+- ,"(8,^- (0!'+0<+- "H-6(0+- ,"(8- <4$#$<3+#(,3(<,*- m*-
."88"(1-N03+#H*-=<(*-WPT^[TWY[PW*

r-;+)$->2I-."%+8"-\>I-;jKR'+K-mI-201#$1+-Ub*-WCCX*-
N0!'+0<+-"H-6(0+#$8-$01-"#)$0(<-<"6/"0+03,-"0-<"/
/+#I-8+$1I-$01-K(0<-,"#/3("0-ED-$<(1-,"(8,*-m*-\0%(#"0*-
=<(*-Q+$8*-2*-_WJB_L^WBAXYWBX@*

r-g$8O+D-2I-78$<O-N2*-BP@_*-20-+9$6(0$3("0-"H-5+)3c$
#+HH-6+34"1-H"#-1+3+#6(0(0)-,"(8-"#)$0(<-6$33+#-$01-$-
/#"/",+1-6"1(q<$3("0-"H-34+-<#"6(<-3(3#$3("0-6+34"1*-
="(8-=<(*-@_^WPY@T*

r-e'$0-VI-b$%O'8(<4-bU*-BPPX*-="#/3("0-E+4$%("#-"H-
<"//+#I-K(0<I-$01-<$16('6-(0-#+,/"0,+-3"-,(6'8$3+1-
<4$0)+,- (0-,"(8-/#"/+#3(+,*-."66'0*-="(8-=<(*-G8$03-
20$8*-WT^[XBY[TX*


