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Sedimento de manglar.
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89:;<*=9>:?@*A9>9B=CD:>CED*CD*F9EGH9=CG:?*IB:G>CED@*EI*@JBI:G9*@9AC=9D>*:@@EGC:>9A*KC>H*
=:DFBE;9@*CD*(CLD:F:*0B:DA9*A9*-:D>:*$:B>:5*(E?E=MC:N*P?($1,&:-!'($(8!)H)*(1$!@$.</+$?,)$
2((&$)A2Q(8*(9$*!$)*-!&:$,&*?-!B!:(&38$B-())A-()$*?,*$?,'($8,A)(9$8?,&:()$3&$*?($B?H)38,"$,&9$8?(138,"$
)(931(&*$@(,*A-()0$,1!&:$!*?(-)#$R&9(-$&!-1,"$8!&93*3!&)0$*?($)(931(&*)$,))!83,*(9$*!$*?($1,&:-!'()$
:(&(-,*($2,",&8()$*?,*$,""!S$*?($-(*(&*3!&$!@$?(,'H$1(*,")$3&$93@@(-(&*$8?(138,"$@!-1)#$T?(&$*?($2,",&8($
3)$ 93)-AB*(90$1(*,")$ 3&$ *?($ )(931(&*$ 8,&$ 2($1!23"3G(9$ ,&9$ 2(8!1($ ,',3",2"($ *!$ *?($ 23!*,#$ %&$ !-9(-$ *!$
()*,2"3)?$ *?($1!23"3*H$ ,&9$ 23!,',3",23"3*H$ B!*(&*3,"$ !@$.-0$+&0$I30$.A0$J&0$.90$K)$ ,&9$L2$ 3&$ )A-@,8($
)(931(&*)$,))!83,*(9$ *!$ *?($1,&:-!'()$ 3&$ *?($.</+0$ *?(3-$8!&*(&*)$S(-($,&,"HG(9$ 3&$ @!A-$,-(,)$S3*?$
93@@(-(&*$"('(")$!@$1,&:-!'($8!'(-#$P?($1(*,")$S(-($(O*-,8*(9$@!""!S3&:$*?($)(CA(&*3,"$(O*-,8*3!&$)8?(1($
!@$P())3(-$ ,&9$1(,)A-(9$2H$ %&9A8*3'("H$.!AB"(9$L",)1,$713))3!&$/B(8*-!1(*-H$ *(8?&3CA($ =%.LU7/>#$
%&$:(&(-,"0$?3:?(-$8!&8(&*-,*3!&)$!@$*?($)*A93(9$1(*,")$S(-($@!A&9$3&$*?($&!&U23!,',3",2"($@-,8*3!&#$P?($
1(*,")$+&0$I30$.A0$K)$.9$,&9$()B(83,""H$J&$8!A"9$2($B!*(&*3,""H$1!23"3G(9$2H$)(931(&*$8?,&:()$1,3&"H$
2H$*?($!O39,*3!&$)*,*($!@$)(931(&*V$&('(-*?("())0$*?($8!&8(&*-,*3!&)$!@$*?($B!*(&*3,""H$1!23"($("(1(&*)$,-($
very low and do not represent environmental risks.

 
KEY WORDS:$W(,'H$1(*,")0$P())3(-$)(CA(&*3,"$(O*-,8*3!&0$+!23"3*H0$ 3!,',3",23"3*H0$+,&:-!'($)(931(&*#

%&"#, 2((%)&

N!)$)(931(&*!)$9($1,&:",-$*3(&(&$A&,$8,B,839,9$(O*-,!-93&,-3,$9($,8A1A",-$

1(*,"()$(&$@!-1,)$CA($)!&$B!8!$23!93)B!&32"()$H$93@D83"()$9($-(1!'(-0$9(239!$,$)A)$

B-!B3(9,9()$@D)38,)$H$CAD138,)0$8,-,8*(-3G,9,)$B!-$)A$8!&9383F&$-(9A8*!-,$H$B!-$)(-$

-38!)$(&$1,*(-3,$!-:M&38,$H$(&$)A"@A-!)$=P,1$H$T!&:0$6XXYV$Z,&($et al., 2009), lo 

CA($?,$ ""(',9!$,$'3)A,"3G,-$,$ "!)$(8!)3)*(1,)$9($1,&:",-$8!1!$)3*3!)$B!*(&83,"()$

9($),&(,13(&*!$,123(&*,"$ =."!A:?$et al#0$6X[\>#$I!$!2)*,&*(0$B!-$8,123!)$(&$ ",)$

propiedades del sedimento como pH, contenidos de limos y arcillas, salinidad, 

B!*(&83,"$ -(9!O$ H$ B!-$ ,"*(-,83F&$ 9($ ",)$ 8!&9383!&()$ ,&,(-F238,$ H$ ,(-F238,0$ (&*-($

!*-!)0$"!)$1(*,"()$BA(9(&$-(1!'3"3G,-)($!$-()A)B(&9(-)($?,83,$",$8!"A1&,$9($,:A,0$

8!&'3-*3;&9!)($(&$@A(&*()$)(8A&9,-3,)$9($8!&*,13&,83F&$=P,1$H$T!&:0$6XXY>#$

N,$-(*(&83F&$9($1(*,"()$,&*-!B!:;&38!)$CA($3&:-(),&$,$"!)$(8!)3)*(1,)$9($

1,&:",-$,)!83,9!)$,$",)$B,-*D8A",)$H$,$"!)$!O3U?39-FO39!)$9($]($H$+&0$)($""(',$,$8,2!$

(&$",$8,B,$)AB(-E83,"$9("$)(931(&*!0$"!)$8A,"()$CA(9,&$,*-,B,9!)$B,A",*3&,1(&*($B!-$

efecto físico de las raíces de mangle, que disminuyen la velocidad de la corriente 

9("$,:A,0$!2"3:,&9!$,$CA($",)$B,-*D8A",)$)($B-(83B3*(&$=N,8(-9,$H$K2-^!0$6X[_V$P,1$

H$T!&:0$6XXYV$N,8(-9,$et al#0$6XXXV$+,8?,9!$et al., 2002). En los sedimentos de 

1,&:",-$B-(9!13&,&$",)$8!&9383!&()$-(9A8*!-,)0$2,Q!$",)$8A,"()$"!)$!O3U?39-FO39!)$

)($-(9A8(&$H$)($93)A("'(&0$"32(-,&9!$"!)$1(*,"()$,)!83,9!)$,$",$8!"A1&,$9("$,:A,#$

`,9!$CA($",)$,:A,)$9("$)3)*(1,$9($1,&:",-$)!&$-38,)$(&$)A"@A-!$93)A("*!0$9(239!$,"$

1(*,2!"3)1!$B-(9!13&,&*($9($ ",$ -(9A883F&$9("$ )A"@,*!$9("$ )(931(&*!0$1A8?!)$9($

"!)$1(*,"()$"32(-,9!)$,$",$8!"A1&,$9($,:A,$B-(83B3*,&$(E83(&*(1(&*($8!1!$)A"@A-!)$
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3&)!"A2"()$=N,8(-9,$et al#0$6XXa>#$K9383!&,"1(&*(0$"!)$1,&:",-()$*3(&(&$3&bA(&83,$

)!2-($",$1!'3"39,9$9($"!)$1(*,"()0$,$*-,';)$9($",$93)13&A83F&$9("$!OD:(&!$93)A("*!$

B-!9A839!$B!-$",$9()8!1B!)383F&$9($",$1,*(-3,$!-:M&38,0$B-!9A8*!$9($",$?!Q,-,)8,$

(Aragon et al#0$6XXXV$c,1!)$($/3"',$et al#0$455Y>0$B!-$"!$*,&*!0$"!)$8,123!)$()*,83!&,"()$

(&$",$:(!CAD138,$-(9!O$9("$)(931(&*!$BA(9(&$*(&(-$A&,$@A(-*($3&bA(&83,$)!2-($",$

1!'3"39,9$H$23!93)B!&323"39,9$9($"!)$1(*,"()$=d!-(*)eH$et al., 2006). 

R&!$9($"!)$B-3&83B,"()$(8!)3)*(1,)$9($1,&:",-$(&$("$.,-32($8!"!123,&!$()$("$

9($",$.3;&,:,$<-,&9($9($/,&*,$+,-*,$=.</+>0$("$8A,"$?,$()*,9!$)!1(*39!$,$B-()3!&()$

&,*A-,"()$H$,&*-FB38,)$CA($?,&$8!&*-32A39!$,$)A$9(*(-3!-!$:-,9A,"#$N,$3&*(--AB83F&$9($

"!)$bAQ!)$&,*A-,"()$9($",$.</+$8!&$("$1,-$B!-$",$8!&)*-A883F&$9($",$8,--(*(-,$.3;&,:,U

 ,--,&CA3"",0$H$8!&$("$-D!$+,:9,"(&,$B!-$",$8!&)*-A883F&$9($",$.,--(*(-,$L,"(-1!U/3*3!$

IA('!0$",$9()(8,83F&$9($83;&,:,)0$("$,B-!'(8?,13(&*!$3&8-(1(&*,9!$9($",)$,:A,)$9($"!)$

ríos de la Sierra Nevada de Santa Marta (SNSM) y la sedimentación de caños, llevaron 

,$ ",$1A(-*($9($1M)$9("$f5$g$9("$1,&:",-#$`()9($ ",$9;8,9,$9($ "!)$,h!)$a5$9("$)3:"!$

B,),9!0$)($'3(&(&$(",2!-,&9!$B",&()$9($-()*,A-,83F&$9("$(8!)3)*(1,$!-3:3&,"0$(&*-($"!)$

CA($)($9()*,8,&$",)$!2-,)$9($9-,:,9!$9($8,&,"()0$B,-,$-()*,2"(8(-$("$3&:-()!$9($,:A,$9A"8($

9()9($("$-D!$+,:9,"(&,$H$("$()*,2"(8313(&*!$9("$L",&$9($+,&(Q!$K123(&*,"$=L+K>0$8AH!$

B-3&83B,"$!2Q(*3'!$@A($13&313G,-$"!)$(@(8*!)$&(:,*3'!)$)!2-($"!)$1,&:",-()$H$)A)$-(8A-)!)$

asociados. Estas acciones, en conjunto con eventos climáticos La Niña, mejoraron 

",)$8!&9383!&()$,123(&*,"()$9("$)3)*(1,$B!-$",$93)13&A83F&$9($",$),"3&39,9$(&$,:A,)$H$

)(931(&*!)$H$("$,A1(&*!$(&$8!2(-*A-,$9($1,&:"($(&$,":A&!)$)(8*!-()$= ",&8!$et al.0$455YV$

Espinosa et al.0$455a>0$!-3:3&,&9!$)3*3!)$8!&$2!)CA()$9($,"*,0$1(93,$H$2,Q,$8!2(-*A-,$H$8!&$

8!&9383!&()$@D)38!UCAD138,)$@,'!-,2"()$B,-,$("$()*,2"(8313(&*!0$8-(8313(&*!$H$9(),--!""!$

9("$1,&:"(#$iA&*!$8!&$("$L+K0$)($""(',$,$8,2!$("$1!&3*!-(!$9($"!)$8,123!)$(&$("$)3)*(1,$

H$)($?,&$(',"A,9!$"!)$&3'("()$9($1(*,"()$B(),9!)$(&$,:A,0$)(931(&*!$H$23!*,$9($",$.</+$

=R)1(0$6X[_V$<,""!$H$.,1B!)0$6XXaV$L,--,$H$7)B3&!),0$455[>#$.!&$()*!)$()*A93!)0$)($?,$

B!939!$9(1!)*-,-$CA($",)$1,H!-()$(&*-,9,)$9($1(*,"()$B(),9!)$,$",$.</+$)($B-!9A8(&$,$

*-,';)$9("$-D!$+,:9,"(&,0$"!)$8A,"()$1A()*-,&$A&$:-,93(&*($9($9()8(&)!$?,83,$"!)$8A(-B!)$

9($,:A,$3&*(-&!)$9("$)3)*(1,0$,"8,&G,&9!$&3'("()$9($8,)3$A&$!-9(&$9($1,:&3*A9$B!-$9(2,Q!$

de los medidos en aguas del río Magdalena (Espinosa et al., 2007). Esta disminución se 

?,$,*-32A39!$,$",$B-()(&83,$9("$2!)CA($9($1,&:",-0$CA($8!&*-32A3-D,&$(&$",$8,B*,83F&$H$

-(*(&83F&$9($1(*,"()$(&$"!)$)(931(&*!)$,"(9,h!)$,$",)$B",&*,)0$,8*A,&9!$8!1!$A&$E"*-!$

natural para estos contaminantes, disminuyendo la contaminación en el sistema. 

7"$!2Q(*3'!$9($()*($()*A93!$@A($8A,&*3E8,-$("$8!&*(&39!$9($"!)$1(*,"()$.-0$+&0$

I30$.A0$J&0$.90$K)$H$L2$,)!83,9!)$,$",)$83&8!$@-,883!&()$()*,2"(839,)$(&$",$(O*-,883F&$

)(8A(&83,"$9($P())3(-0$(&$"!)$)(931(&*!)$)AB(-E83,"()$9($8A,*-!$()*,83!&()$9("$8!1B"(Q!$

",:A&,-$.</+$8!&$93@(-(&*($:-,9!$9($8!2(-*A-,$'(:(*,"0$B,-,$9(*(-13&,-$)A$B!*(&83,"$9($

1!'3"3G,83F&$H$23!93)B!&323"39,9#$N!)$1(*,"()$,&,"3G,9!)$)($)("(883!&,-!&$*(&3(&9!$(&$
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8A(&*,$",)$,8*3'39,9()$CA($)($9(),--!"",&$(&$",$8A(&8,$9("$-D!$+,:9,"(&,0$8!1!$B!)32"()$

@A(&*()$9($()*!)$8!&*,13&,&*()$,"$)3)*(1,$.</+#

O#!'* !*!-"2 %,

7"$ 8!1B"(Q!$ ",:A&,-$ .</+$ ()*M$ )3*A,9!$ ,"$ &!-*($ 9($ .!"!123,0$ (&*-($

65j_\k$H$66j55k$I$H$a_j6Yk$H$a_j\[k$T$=]3:A-,$6>#$7)*M$8A23(-*!$B!-$1,&:",-()0$

2!)CA($ )(8!$ *-!B38,"$ H$ B",&*,)$ ,8AM*38,)$ ,)!83,9,)$ ,$ B,&*,&!)$ 9($ ,:A,$ 9A"8(0$ ",)$

8A,"()$ -(B-()(&*,&$ A&,$ 31B!-*,&*($ ?(*(-!:(&(39,9$ 9($ ?M23*,*)$ CA($ )A)*(&*,$ ",$

23!93'(-)39,9$,""D$(O3)*(&*(#$7&$6XYX0$9!)$)(8*!-()$9("$8!1B"(Q!$",:A&,-$-(8323(-!&$

()*,*A)$9($B-!*(883F&0$",$G!&,$&!-*(0$,$*-,';)$9($",$9(8",-,83F&$9("$lZD,$L,-CA($%)",$

9($ /,",1,&8,mV$ H$ ",$ G!&,$ )A-0$ (&$ ("$ l/,&*A,-3!$ 9($ ],A&,$ H$ ]"!-,$ 9($ ",$ .3;&,:,$

<-,&9($9($/,&*,$+,-*,m#$7&$45550$",)$I,83!&()$R&39,)$9(8",-,-!&$,$",$(8!--(:3F&$

.</+$ 8!1!$ l?A1(9,"$ 9($ 31B!-*,&83,$ 3&*(-&,83!&,"$cK+/Kc$ H$c()(-',$ 9($ ",$

 3F)@(-,m$ =RI7/.n0$ 4555>0$ "!$ 8A,"$ (&@,*3G,$ )A$ 31B!-*,&83,$ &,83!&,"$ H$1A&93,"$

8!1!$(8!)3)*(1,$&,*A-,"$()*-,*;:38!#

`()9($ "!)$ ,h!)$ f5$ 9("$ )3:"!$ B,),9!0$ ()*($ )3)*(1,$ ()*A,-3&!$ ?,$ ()*,9!$

)!1(*39!$ ,$ 93'(-),)$ B-()3!&()$ &,*A-,"()$ H$ ,&*-!B!:;&38,)$ CA($ ?,&$ ,@(8*,9!$ )A$

(CA3"32-3!$?D9-38!0$8!&$31B"38,83!&()$9($?3B(-),"3&3G,83F&$9($,:A,)$H$)A("!)0$8!&$"!$

8A,"$?,83,$",$9;8,9,$9($"!)$X50$)($?,2D,$()*31,9!$A&,$B;-939,$9($,B-!O31,9,1(&*($

a5$g$9("$2!)CA($9($1,&:",-$= !*(-!$H$+,&8(-,0$6XXYV$L(-9!1!$et al#0$6XX[V$ !*(-!$

H$/,"GS(9("0$6XXX>#$.!&$("$B-!BF)3*!$9($-()*,2"(8(-$("$-;:31(&$?D9-38!$(&$,":A&,)$

M-(,)$9($",$.</+0$B,-,$8!&*-32A3-$,$",$-(:(&(-,83F&$&,*A-,"$9("$2!)CA($9($1,&:",-0$

(&$6XXY$)($,2-3(-!&$)(3)$8,h!)$CA($3&:-(),2,&$,:A,$9("$-D!$+,:9,"(&,$,"$)3)*(1,$

()*A,-3&!$H$)($-(8!&(8*F$B,-83,"1(&*($",$",:A&,$8!&$("$1,-$,$*-,';)$9($A&,$)(-3($9($

l2!OU8A"'(-*)m$ 8!&)*-A39!)$9(2,Q!$9($ ",$ 8,--(*(-,$.3;&,:,U ,--,&CA3"",$ = !*(-!$H$

/,"GS(9("0$6XXX>#$.!1!$8!&)(8A(&83,$9($()*!0$(&$",$,8*A,"39,9$)($(&8A(&*-,&$)3*3!)$

8!&$93@(-(&*()$()*,9!)$9($8!&)(-',83F&U-(8AB(-,83F&$9("$2!)CA($9($1,&:",-#

Las cuatro estaciones de muestreo se seleccionaron teniendo en cuenta el 

()*,9!$,8*A,"$9($8!&)(-',83F&U-(8AB(-,83F&$9("$2!)CA($9($1,&:",-0$,)Do$c3&8!&,9,0$

B!-$ )(-$ ("$ )(8*!-$ CA($ )!B!-*F$ 1(&!-$ 31B,8*!$ B!-$ ("$ 9()(CA3"32-3!$ ?D9-38!$ H$ ("$

,A1(&*!$9($",$),"3&39,90$)($8,-,8*(-3G,$B!-$*(&(-$A&$2!)CA($(&$-(",*3'!$2A(&$()*,9!$

9($8!&)(-',83F&0$8!&$B-(9!13&3!$9($M-2!"()$9($Avicennia germinans (L) Stearn  con 

`3M1(*-!$,$ ",$K"*A-,$9("$L(8?!$ =`KL>$(&*-($65$H$__$81V$.,h!$<-,&9(0$()*,83F&$

8!&$2!)CA($-(@!-()*,9!$8!&$3&93'39A!)$9($Rhizophora mangle L. que actualmente 

)AB(-,&$(&$)A$1,H!-D,$a$81$9($`KL$H$6f$1$9($,"*A-,V$K:A,)$I(:-,)0$()*,83F&$8!&$

2!)CA($(&$-(8AB(-,83F&$&,*A-,"0$9!13&,9!$B!-$M-2!"()$9($A. germinans con DAP 

(&*-($65$H$4_$81V$H$.,h!$`-,:,9!0$()*,83F&$)3&$8!2(-*A-,$'(:(*,"$'3',$=]3:A-,$6>#
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/CFJB:*P#$/3)*(1,$",:A&,-$.3;&,:,$<-,&9($9($/,&*,$+,-*,$=.</+>V$)($1A()*-,$",$A238,83F&$9($",)$8A,*-!$
()*,83!&()$9($1A()*-(!o$c3&8!&,9,$=c%>0$.,h!$`-,:,9!$=.`>0$K:A,)$I(:-,)$=KI>$H$.,h!$<-,&9($=.<>#

$'"!#%'+!-*Q*$4", ,-

7"$ 1A()*-(!$ )($ -(,"3GF$ (&$ QA&3!$ 9($ 455a0$ 9A-,&*($ ",$ ;B!8,$ 8"31M*38,$
de transición entre las lluvias y el período seco. El sedimento se colectó con 

8!-,G!&,9!-()$ @,2-38,9!)$ 8!&$ *A2!)$ 9($ LZ.$ 9($ [$ 81$ 9($ 93M1(*-!0$ "!)$ 8A,"()$ )($
*-,&)B!-*,-!&$ ,"$ ",2!-,*!-3!$ H$ )($ 8!&:(",-!&$ 3&1(93,*,1(&*(#$ 7"$ B!*(&83,"$ -(9!O$
=7?>$9("$ )(931(&*!$ )AB(-E83,"0$ )($1393F$ in situ con una sonda portátil WTW pH 

\6f30$ 8!&$ ("(8*-!9!$ 9($ B",*3&!$ H$ )!"A83F&$ ("(8*-!"D*38,$ 9($ -(@(-(&83,$ 9($d."$ \$+$
/(&*3O$ncLUTPT0$ B-('3,1(&*($ '(-3E8,9,$ 8!&$ A&,$ )!"A83F&$ ()*M&9,-$TPT$ =9($
p445$1Z$,$BW$a#55>#$7&$("$",2!-,*!-3!$)($*!1,-!&$"!)$f$81$)AB(-E83,"()$9("$*()*3:!0$
"!)$8A,"()$)($?!1!:(&3G,-!&$H$)A293'393(-!&#$R&,$@-,883F&$)($A)F$B,-,$9(*(-13&,-$("$
B!-8(&*,Q($9($?A1(9,90$("$B!-8(&*,Q($9($1,*(-3,$!-:M&38,$=+n>0$("$BW0$",$),"3&39,9$
H$ ("$ B!-8(&*,Q($ 9($ "31!)$ H$ ,-83"",)V$ H$ ",$ !*-,$ @-,883F&$ )($ )A293'393F$ (&$ 9!)0$ B,-,$
determinar los contenidos de metales pesados por duplicado.

N!)$B-!8(9313(&*!)$A*3"3G,9!)$B,-,$1(93-$ ",)$B-!B3(9,9()$E)38!CAD138,)$

)($(&8A(&*-,&$9()8-3*!)$(&$("$1,&A,"$9($*;8&38,)$,&,"D*38,)$9($%IZ7+Kc$=<,-,H$et 
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al#0$455\>#$L,-,$",$9(*(-13&,83F&$9("$B!-8(&*,Q($9($?A1(9,90$65$:$9($)(931(&*!$)($

)(8,-!&$(&$()*A@,$,$f5$j.$B!-$!8?!$9D,)0$",$?A1(9,9$8!--()B!&93F$,$",$B;-939,$(&$

B()!$9($",$1A()*-,#$L,-,$9(*(-13&,-$("$BW$H$",$),"3&39,90$)($-(,"3GF$A&,$)A)B(&)3F&$

9($6$:$9($)(931(&*!$)(8!$(&$f$1N$9($,:A,$9()3!&3G,9,$H$)($1393(-!&$",)$',-3,2"()$

(&$ ",$ )!"A83F&$ 8!&$ )!&9,)$ B-('3,1(&*($ 8,"32-,9,)$ =TPT$BW$\6f3$ H$TPT$\450$

-()B(8*3',1(&*(>0$()*,$-(",83F&$)($?3G!$2A)8,&9!$A&,$?A1(9,9$9("$[5$g$)313",-$,$",)$

1A()*-,)$(&$8,1B!#$7"$B!-8(&*,Q($9($+n$)($9(*(-13&F$8,"83&,&9!$\$:$9($1A()*-,$

=)(8,9,$B-('3,1(&*($,$65f$j.>$(&$1Ab,$,$ff5$j.0$9A-,&*($_$?V$",$1,*(-3,$!-:M&38,$

8!--()B!&9($,$",$B;-939,$(&$B()!$9($",$1A()*-,$8,"83&,9,#$L,-,$",$9(*(-13&,83F&$9($

"31!)$H$,-83"",)0$)($-(?A1(9(83F$("$)(931(&*!$)(8!$8!&$?(O,1(*,@!)@,*!$9($)!93!$

q=I,Ln
3
)Na

2
nr$,"$6$g0$)($*,13GF$(&$A&,$1,"",$9($Y\$s1$H$)($)(8F$(&$()*A@,$,$[5$j.#$

7"$B!-8(&*,Q($9($"31!)$H$,-83"",)$)($(OB-()F$8!1!$("$8!83(&*($(&*-($",$1,),$!2*(&39,$

,$*-,';)$9("$*,13G$9($Y\$s1$H$",$1,),$*!*,"$=W,""0$6XX6V$<,-,H$et al., 2003).

Los metales fueron determinados en la fracción de limos y arcillas, la cual se 

!2*A'!$*,13G,&9!$("$)(931(&*!$8!&$A&,$1,"",$9($&H"!&$9($Y\$s1#$$/($A),-!&$9!)$*3B!)$

9($(O*-,883F&o$=3>$*!*,"$8!&$WIn
3 
+

 
W]$p$W."n

4
0$(&$8,"3(&*($(&$*A2!)$9($*(bF&$H$=33>$

)(8A(&83,"$(&$83&8!$@-,883!&()0$)3:A3(&9!$("$1;*!9!$B-!BA()*!$B!-$P())3(-$et al. (1979). 

L,-,$ ",$ (O*-,883F&$ *!*,"$ )($ A*3"3G,-!&$ 5#f$ :$ 9($ )(931(&*!$ )(8!$ H$ B,-,$ ",$ (O*-,883F&$

)(8A(&83,"0$6#f$:$9($)(931(&*!$)(8!#$7)*($t"*31!$1;*!9!$)($-(,"3GF$8!&$("$B-!BF)3*!$9($

separar los metales en las siguientes fracciones geoquímicas: (F1) metales fácilmente 

3&*(-8,123,2"()0$=]4>$1(*,"()$,)!83,9!)$,$8,-2!&,*!)0$=]\>$1(*,"()$,)!83,9!)$,$!O3U

?39-FO39!)$9($]($H$+&0$=]_>$1(*,"()$!O39,2"()$=,)!83,9!)$,$8!1BA()*!)$!-:M&38!)$H$

a sulfuros) y (F5) metales residuales (asociados a silicatos). Las fracciones, reactivos 

A),9!)$H$",)$8!&9383!&()$9("$1;*!9!$)($1A()*-,&$(&$",$P,2",$6#$

/B:GGCRD Método

]6$+(*,"()$@M83"1(&*($3&*(-8,123,2"()
[$1N$9($+:."

2
$6#5$+$,$BW$u$fva0$6$?$,:3*,83F&$,$$

*(1B(-,*A-,$,123(&*(#

]4$+(*,"()$,)!83,9!)$,$8,-2!&,*!)
8 mL de acetato de sodio 1.0 M  a pH = 5 con 

M839!$,8;*38!0$f$?$,:3*,83F&$$*(1B(-,*A-,$,123(&*(#

]\$+(*,"()$,)!83,9!)$,$!O3U?39-FO39!)$9($]($H$+&
10 mL de NH

2
W."$ (&$ M839!$ ,8;*38!$ 4f$g$ ='w'>$

5#5_$+0$Y$?$,:3*,83!&$,$XY$j.#

]_$ +(*,"()$ !O39,2"()$ =,)!83,9!)$ ,$ 8!1BA()*!)$
orgánicos y a sulfuros)

3 mL de H
2
n

2
$,"$\5$g0$,$BW$u$4$8!&$WIn

3
0$4$?$

,$[f$j.#$`()BA;)$9($(&@-3,-0$f$1N$9($,8(*,*!$9($
,1!&3!$\#4$I$(&$WIn

3
$45$g$='w'>0$,:3*,83F&$B!-$

30 minutos.

F5 Metales residuales (asociados a silicatos)
`3:()*3F&$8!&$WIn

3
$p$W]$p$W."n

4
  en caliente 

=6\5$j.>#

":M?:* P#$ L-!8(9313(&*!$ A*3"3G,9!$ B,-,$ ",$ (O*-,883F&$ 9($ )(931(&*!)$ 1(93,&*($ ("$ 1;*!9!$ 9($ P())3(-0$
tomado de Jones y Turki (1997).
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L,-,$(',"A,-$",$B-(83)3F&$H$",$-(8AB(-,83F&$9($",$(O*-,883F&$*!*,"$)($(1B"(F$

("$()*M&9,-$9($-(@(-(&83,$+7//U\#$7)*($()*M&9,-$)($B-(B,-F$B!-$*-3B"38,9!$!2*(&3(&9!$

-(8AB(-,83!&()$B,-,$.-$9($X\#6$g$=Xa#a$p$_#X$s:$:-1>0$+&$X4$g$=4X[#6p$6_#X$s:$:-1), 

I3$[[#\$g$=_6#_p$4#6$s:$:-1>0$.A$[f#\$g$=4[#Xp$6#__$s:$:-1), Zn 96.7 % (153.7+ 7.7 

s:$:-1>0$.9$[Y$g$=5#45p$5#56$s:$:-1>0$H$L2$[a#X$g$=6[#fp$5#X$s:$:-1). Los reactivos 

A*3"3G,9!)$@A(-!&$:-,9!$,&,"D*38!$H$)AB-,BA-!0$)(:t&$("$8,)!#$P!9!$("$1,*(-3,"$@A($

lavado con acido nítrico al 10 %.

.!&$("$B-!BF)3*!$9($9(*(-13&,-$",$3&bA(&83,$9($",)$8!&9383!&()$E)38!CAD138,)$

9("$)(931(&*!$)!2-($",$93)*-32A83F&$9($"!)$1(*,"()$(&$",)$@-,883!&()$:(!CAD138,)0$)($

-(,"3G,-!&$,&M"3)3)$9($8!--(",83F&$8!&$("$B-!:-,1,$/*,*3)*38,#$K9(1M)0$B,-,$()*,2"(8(-$

)3$(O3)*(&$93@(-(&83,)$(&*-($"!)$8A,*-!$)3*3!)$9($1A()*-(!$B,-,$"!)$1(*,"()$(&$()*A93!0$

)($A*3"3GF$A&$,&M"3)3)$8,&F&38!$B,-,$ ",)$8A,*-!$()*,83!&()0$8,9,$A&,$8!&$)A)$83&8!$

@-,883!&()0$A*3"3G,&9!$("$B,CA(*($()*,9D)*38!$LK/P$'(-$6#[Y$=W,11(-$et al., 2001).

L!-$ !*-,$ B,-*(0$ B,-,$ *-,*,-$ 9($ ()*,2"(8(-$ ("$ B!*(&83,"$ *!O38!"F:38!$ 9($ "!)$

1(*,"()$,&,"3G,9!)$)!2-($",$@,A&,$9($",$.</+0$",)$8!&8(&*-,83!&()$)($8!1B,-,-!&$

8!&$",$.!&8(&*-,83F&$R12-,"$7@(8*3',$=P7.>0$9(E&39,$(&$",$:AD,$9($8,"39,9$9($"!)$

)(931(&*!)$9($.,&,9M0$8!1!$("$',"!-$9($8!&8(&*-,83F&$B!-$9(2,Q!$9("$8A,"$&!$)($

()B(-,$CA($!8A--,&$(@(8*!)$,9'(-)!)$)!2-($!-:,&3)1!)$)(&)32"()$CA($?,23*,&$(&$"!)$

)(931(&*!)$=Z,&($et al., 2009).

#!-2+"' ,-

N,)$ 8!&9383!&()$ E)38!CAD138,)$ 9("$ )(931(&*!$ )AB(-E83,"$ 9($ ",)$ 8A,*-!$

()*,83!&()$9($1A()*-(!$)($9()8-32(&$(&$",$P,2",$4#$7&$",)$()*,83!&()$K:A,)$I(:-,)$

H$ .,h!$ `-,:,9!$ )($ (&8!&*-,-!&$ "!)$ 1,H!-()$ B!-8(&*,Q()$ 9($ ?A1(9,9$ =x[5$ g>0$

,$ 93@(-(&83,$ 9($ ",)$ !*-,)$ 9!)$ ()*,83!&()$ CA($ *3(&(&$1,H!-$ 8!2(-*A-,$ '(:(*,"#$ N!)$

B!-8(&*,Q()$9($1,*(-3,$!-:M&38,$(&$",)$()*,83!&()$c3&8!&,9,0$.,h!$<-,&9($H$K:A,)$

I(:-,)$ ()*A'3(-!&$ (&$ ("$ M123*!$ 9($ 6a$ ,$ 6X$g0$ (&$ *,&*!$ CA($ (&$ ",$ ()*,83F&$.,h!$

`-,:,9!$=)3&$8!2(-*A-,$'(:(*,">$("$8!&*(&39!$9($1,*(-3,$!-:M&38,$@A($1M)$("(',9!0$

,"8,&G,&9!$A&$',"!-$9($4a#\$g#$.!&$(O8(B83F&$9($ ",$()*,83F&$K:A,)$I(:-,)0$ ",)$

-()*,&*()$*A'3(-!&$("(',9!)$8!&*(&39!)$9($"31!)$H$,-83"",)$y$Y5$g#

El pH de las cuatro estaciones de muestreo fue menor a 7 unidades, con el 

',"!-$9($,839(G$1M)$B-!&A&83,9!$(&$",$()*,83F&$K:A,)$I(:-,)$=_#[4V$P,2",$4>#$7"$

B!*(&83,"$ -(9!O$ =7?>$1!)*-F$8!&9383!&()$ -(9A8*!-,)$ =z6551Z>0$ ()B(83,"1(&*($(&$

",)$()*,83!&()$c3&8!&,9,$H$.,h!$`-,:,9!0$(&$",)$8A,"()$*,123;&$)($!2)(-',-!&$"!)$

',"!-()$9($),"3&39,9$1M)$,"*!)$=P,2",$4>0$3&938,&9!$8!&9383!&()$()*A,-3&,)#$N,$1(&!-$

),"3&39,9$@A($1(939,$(&$.,h!$<-,&9($H$K:A,)$I(:-,)0$"!$CA($('39(&83,$CA($()*,)$

()*,83!&()$-(832(&$1,H!-()$,B!-*()$9($,:A,$9A"8($9()9($("$-D!$+,:9,"(&,#
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N,)$1,H!-()$8!&8(&*-,83!&()$9($I30$J&0$+&0$.9$H$L2$*!*,"()0$)($(&8!&*-,-!&$

(&$",$()*,83F&$c3&8!&,9,$H$",)$9($.-$H$.A$(&$K:A,)$I(:-,)#$.!&$(O8(B83F&$9("$.A0$

",)$1(&!-()$8!&8(&*-,83!&()$9($*!9!)$"!)$1(*,"()$)($B-()(&*,-!&$(&$",$()*,83F&$.,h!$

<-,&9($=P,2",$\>#

Tabla 3#$ L-!1(93!$ H$ 9()'3,83F&$ ()*M&9,-$ 9($ ",$ 8!&8(&*-,83F&$ *!*,"$ 9($ 1(*,"()$ =s:$ :-1) medidos en 

)(931(&*!)$ )AB(-E83,"()$ ,)!83,9!)$,$ "!)$1,&:",-()$9($ ",$.</+$H$8!1B,-,83F&$8!&$ ",$ 8!&8(&*-,83F&$
A12-,"$(@(8*3',$=P7.>$=Z,&($et al#0$455X>#$KI$u$K:A,)$&(:-,)0$.`$u$.,h!$`-,:,9!0$.<$u$.,h!$<-,&9($
y RI = Rinconada.

!@>:GCRD Cr Mn Ni Cu SD Cd Pb

AN 50.9 ± 0.69 89.2 ± 7.17 16.5 ± 0.35 21.6 ± 0.11 38.7 ± 3.80 1.47 ± 0.15 62.8 ±2.43

.` 35.5 ± 0.63 161 ± 0.28 12.3 ± 0.15 9.65 ± 0.08 38.9 ± 0.14 1.97 ± 0.03 64.2 ± 2.35

.< 34.57 ±5.40 77.9 ± 2.72 8.30 ± 0.72 13.6 ± 2.28 28.2 ± 2.43 1.04 ± 0.15 29.2 ± 6.46

RI 42.8 ± 1.09 160 ± 9.82 19.8 ± 0.65 20.3 ± 0.64 65.0 ± 2.40 2.99 ± 0.30 81.7 ± 8.32

P7. 43.4 - 22.7 31.6 121 - 35.8

En general, los metales estudiados se encuentran asociados a la fracción residual 

(F5), es decir como parte de la red silicatada del sedimento (Figura 2). Más del 70 % 

9("$.-$=(O*-,D9!>$()*A'!$,)!83,9!$,$()*,$@-,883F&0$()B(83,"1(&*($(&$",$()*,83F&$K:A,)$

I(:-,)0$9!&9($)($(&8!&*-F$",$1,H!-$8!&8(&*-,83F&$=\X#X$s:$:-1>#$7&$.,h!$`-,:,9!$H$

.,h!$<-,&9($ ",$8!&8(&*-,83F&$ @A($ )313",-$ ={46#f$s:$:-1>$H$(&$c3&8!&,9,$)($!2)(-'F$

",$8!&8(&*-,83F&$1M)$2,Q,$=6_#a$s:$:-1>#$7"$-(1,&(&*($9($8!&8(&*-,83F&$9($.-$(O*-,D9!$

=|\5$g>0$)($(&8!&*-F$(&$",)$@-,883!&()$!O39,2"(0$,)!83,9,$,$1,*(-3,$!-:M&38,$H$)A"@A-!)$

=]_>$H$,)!83,9,$,$!O3U?39-FO39!)$9($]($H$+&$=]\>0$()*,$t"*31,$-(B-()(&*,&9!$(&*-($("$6$

H$("$f$g$9("$*!*,"#$7"$.-$,)!83,9!$,$",)$@-,883!&()$@M83"1(&*($3&*(-8,123,2"()$=]6>$H$9($

8,-2!&,*!)$=]4>$()*A'!$B!-$9(2,Q!$9("$"D13*($9($9(*(883F&$=z5#565$s:$:-1).

Las mayores concentraciones de Mn se determinaron en la fracción F5, 

(&$ ",)$ ()*,83!&()$.,h!$`-,:,9!$ =a4#a$ s:$ :-1>$ H$K:A,)$I(:-,)$ =Ya#[$ s:$ :-1). Las 

mayores concentraciones relacionadas con la materia orgánica y sulfuros (F4) se 

":M?:*T#$L-!B3(9,9()$E)38!CAD138,)$9($"!)$)(931(&*!)$9($1,&:",-$8!"(8*,9!)$(&$",)$8A,*-!$()*,83!&()$9($
1A()*-(!#$+n$u$1,*(-3,$!-:M&38,V$7?$u$B!*(&83,"$-(9!O#

Propiedad #CDGED:A: (:UE*0B:DA9 Aguas Negras (:UE* B:F:AE

Humedad (%) 64.7 53.9 80.3 83.4

+n$=g> 19.8 18.4 17.4 27.3

Limos y Arcillas (%) 62 60 35 64

pH 5.27 6.24 4.82 5.51

7?$=1Z> -416 -354 -284 -348

Salinidad 8.9 1.6 1.8 12.5
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/CFJB:*T#$.!&8(&*-,83!&()$=s:$:-1) de metales asociadas a las cinco fracciones de Tessier: F1, metales 

@M83"1(&*($3&*(-8,123,2"()V$]40$1(*,"()$,)!83,9!)$,$8,-2!&,*!)V$]\0$1(*,"()$,)!83,9!)$,$!O3U?39-FO39!)$9($
]($H$+&V$]_$1(*,"()$!O39,2"()$=,)!83,9!)$,$8!1BA()*!)$!-:M&38!)$H$,$)A"@A-!)>V$H$]f0$1(*,"()$-()39A,"()$
=,)!83,9!)$,$)3"38,*!)>0$(&$"!)$)(931(&*!)$)AB(-E83,"()$9($",)$8A,*-!$()*,83!&()$9($1A()*-(!$9($",$.3;&,:,$
<-,&9($9($/,&*,$+,-*,0$c3&8!&,9,$=c%>0$.,h!$`-,:,9!$=.`>0$K:A,)$I(:-,)$=KI>$H$.,h!$<-,&9($=.<>#

(&8!&*-,-!&$(&$",)$()*,83!&()$.,h!$`-,:,9!$H$c3&8!&,9,$=Ya#f$s:$:-1$H$Y[#5$s:$:-1 

respectivamente). Es de destacar que en Aguas Negras la concentración de Mn (11.2 

s:$:-1>$(&$",$@-,883F&$@M83"1(&*($3&*(-8,123,2"($=]6>$@A($)AB(-3!-$,$",$9($",)$9(1M)$

()*,83!&()$ =z5#X5$s:$:-1). Las concentraciones de Mn en las fracciones asociadas 

,$ 8,-2!&,*!)$ =]4>$ H$ ,$ !O3U?39-FO39!)$ 9($ ]($ H$+&$ =]\>$ (&$ ",)$ 8A,*-!$ ()*,83!&()0$

representaron entre 3.0 y 7.0 % del contenido total (Figura 2).

7"$I3$(&$",)$()*,83!&()$K:A,)$I(:-,)0$.,h!$̀ -,:,9!$H$.,h!$<-,&9($()*A'!$

B-3&83B,"1(&*($,)!83,9!$,$",$@-,883F&$]f0$(&$8!&8(&*-,83!&()$9($66#\0$_#Xa$H$_#Yf$s:$

g-1, respectivamente (Figura 2). En Rinconada, la mayor concentración de Ni estuvo 
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,)!83,9,$,$",$@-,883F&$]_$=f#54$s:$:-1). S!",1(&*($(&$",)$()*,83!&()$.,h!$`-,:,9!$
y Rinconada se presentó una pequeña concentración de Ni asociada a la fracción F3 

que representa el 5 % del contenido total (Figura 2). El Ni asociado a las fracciones 

]6$H$]4$()*A'!$B!-$9(2,Q!$9("$"D13*($9($9(*(883F&$9("$1;*!9!$=z5#565$s:$:-1).

7&$",)$()*,83!&()$K:A,)$I(:-,)$H$.,h!$<-,&9(0$",)$1,H!-()$8!&8(&*-,83!&()$
9($.A$()*A'3(-!&$,)!83,9,)$,$",$@-,883F&$]f$=66#4$H$X#4[$s:$:-1 respectivamente) y en 

.,h!$̀ -,:,9!$H$c3&8!&,9,$=f#\[$H$[#5_$s:$:-1, respectivamente) a la fracción F4 (Figura 

4>#$7"$.A$9($",)$@-,883!&()$]60$]4$H$]\$-(B-()(&*F$1(&!)$9("$f$g$9("$*!*,"$(&$*!9,)$",)$
()*,83!&()0$(O8(B*!$(&$.,h!$`-,:,9!0$(&$",$8A,"$("$.A$3&*(-8,123,2"($@A($8,)3$("$65$g$
9("$*!*,"$=5#[a$s:$:-1>V$H$(&$.,h!$<-,&9($H$c3&8!&,9,0$(&$",)$8A,"()$("$.A$,)!83,9!$,$
8,-2!&,*!)$()*A'!$B!-$9(2,Q!$9("$"D13*($9($9(*(883F&$9("$1;*!9!$=z5#545$s:$:-1). 

K$93@(-(&83,$9($"!)$!*-!)$1(*,"()$,&,"3G,9!)0$(&$8,9,$()*,83F&$",)$8!&8(&*-,83!&()$
más altas de Zn se encuentran en diferentes fracciones (Figura 2). En Aguas Negras la 

1,H!-$8!&8(&*-,83F&$9($()*($("(1(&*!$=\6#a$s:$:-1>$)($(&8!&*-F$(&$",$@-,883F&$]fV$(&$.,h!$
`-,:,9!$H$c3&8!&,9,$",)$1,H!-()$8!&8(&*-,83!&()$=6f#X$H$4a#$f$s:$:-1, respectivamente) 

)($9(*(-13&,-!&$(&$",$@-,883F&$]_V$H$(&$.,h!$<-,&9(0$",$1,H!-$8!&8(&*-,83F&$9($J&$
=6Y#4$s:$:-1>0$)($B-()(&*F$(&$",$@-,883F&$,)!83,9,$8!&$8,-2!&,*!)$=]4>#

Las mayores concentraciones de As se encontraron en las estaciones Aguas 

I(:-,)$ H$ .,h!$ `-,:,9!$ =6a#Y$ H$ 4f#Y$ s:$ :-1, respectivamente), principalmente 

,)!83,9,)$,$",$@-,883F&$]f$=]3:A-,$4>#$7&$.,h!$<-,&9($H$c3&8!&,9,$",)$8!&8(&*-,83!&()$
9($K)$(&$",)$@-,883!&()$]_$H$]f$@A(-!&$1AH$)313",-()$=[#5$H$[#6Y$s:$:-1$(&$.,h!$
<-,&9($H$[#a\$H$a#\5$s:$:-1 en Rinconada). En todas las estaciones la concentración 

9($K)$,)!83,9!$,$",)$@-,883!&()$]4$H$]\$@A($z4#5$s:$:-1 (Figura 2). El As fácilmente 

3&*(-8,123,2"($ =]6>$ ()*A'!$ B!-$ 9(2,Q!$ 9("$ "D13*($ 9($ 9(*(883F&$ 9("$1;*!9!$ (&$ ",)$
8A,*-!$()*,83!&()$9($1A()*-(!$=z5#545$s:$:-1).

.!&$(O8(B83F&$9($ ",$ ()*,83F&$c3&8!&,9,0$ ",$1,H!-$ 8!&8(&*-,83F&$9($.9$
)($9(*(-13&F$(&$",$@-,883F&$]f0$6#6Y$s:$:-1$(&$K:A,)$I(:-,)V$5#a\[$s:$:-1$(&$.,h!$
`-,:,9!$H$5#Y_X$s:$:-1$(&$.,h!$<-,&9($=]3:A-,$4>#$7&$c3&8!&,9,0$("$__$g$9("$.9$
*!*,"$()*A'!$,)!83,9!$,$",$@-,883F&$]_$=5#f[X$s:$:-1), el 43 % a la fracción F5 (0.579 

s:$:-1>0$H$("$6\$g$-()*,&*($,$",$@-,883F&$]\$=5#6aa$s:$:-1). En las estaciones Aguas 

I(:-,)$H$.,h!$`-,:,9!0$8(-8,$9("$65$g$9("$.9$*!*,"$()*A'!$,)!83,9!$,$",$@-,883F&$
]\$=5#6[X$H$5#64X$s:$:-1$-()B(8*3',1(&*(>#$7&$",)$8A,*-!$()*,83!&()0$("$.9$@M83"1(&*($
3&*(-8,123,2"($()*A'!$B!-$9(2,Q!$9("$"D13*($9($9(*(883F&$9("$1;*!9!$=z5#556$s:$:-1).

7&$K:A,)$I(:-,)$H$.,h!$<-,&9(0$("$655$g$9("$L2$()*A'!$,)!83,9!$,$ ",$
@-,883F&$]f$=ff#6$H$\6#\$s:$:-10$-()B(8*3',1(&*(>#$7&$.,h!$`-,:,9!$("$Y_$g$()*A'!$
,)!83,9!$,$",$@-,883F&$]f$=4[#4Y$s:$:-1>$H$("$\Y$g$$-()*,&*($=6f#X$s:$:-1) a la fracción 

]_V$H$(&$c3&8!&,9,$("$[[$g$9("$L2$()*A'!$,)!83,9!$,$",$@-,883F&$]f$=4\#_$s:$:-1) y el 

-(1,&(&*($64$g$=\#6$s:$:-1) a la fracción F4 (Figura 2). En las otras fracciones F1, 

]4$H$]\$("$L2$()*A'!$B!-$9(2,Q!$9("$"D13*($9($9(*(883F&$=z5#55[$s:$:-1).
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Los análisis de correlación mostraron que las concentraciones totales de 

*!9!)$"!)$1(*,"()$()*M&$93-(8*,1(&*($8!--(",83!&,9,)$(&*-($)D$=Bz5#5f>0$B(-!$&!$8!&$

",)$',-3,2"()$?A1(9,90$1,*(-3,$!-:M&38,0$BW0$),"3&39,90$B!*(&83,"$-(9!O0$&3$"31!)$H$

,-83"",)#$L!-$!*-,$B,-*(0$)($!2)(-',$CA($",$?A1(9,9$()*M$93-(8*,1(&*($-(",83!&,9,$8!&$

+n0$),"3&39,9$H$B!*(&83,"$-(9!O0$($ 3&'(-),1(&*($-(",83!&,9,$8!&$BW$H$8!&*(&39!$

9($"31!)$H$,-83"",)$=P,2",$_>#$N,$+n$()*M$93-(8*,1(&*($-(",83!&,9,$8!&$),"3&39,9$H$

contenido de limos y arcillas. El pH y la salinidad están directamente relacionados 

con el contenido de limos y arcillas, e inversamente relacionados con potencial 

-(9!O#$}$("$B!*(&83,"$-(9!O$()*M$3&'(-),1(&*($-(",83!&,9!$8!&$("$8!&*(&39!$9($"31!)$

H$,-83"",)#$.,2($9()*,8,-$CA($",)$',-3,2"()$CA($*3(&(&$1,H!-$8!--(",83F&$)!&$+n$8!&$

),"3&39,9$=5#[[>$H$B!*(&83,"$-(9!O$8!&$8!&*(&39!$9($"31!)$H$,-83"",)$=U5#[6>#

":M?:*V#$+,*-3G$9($8!--(",83F&$(&*-($",$8!&8(&*-,83F&$*!*,"$9($"!)$1(*,"()$B(),9!)$=s:$:-1) estudiados y los 

B,-M1(*-!)$E)38!CAD138!)$qB!-8(&*,Q()$9($?A1(9,90$9($1,*(-3,$!-:M&38,$=+n>$H$9($"31!)$H$,-83"",)$=N$H$
K>0$B!*(&83,"$-(9!O$=1Z>0$BW$H$/,"3&39,9r0$1(939!)$(&$("$)(931(&*!$)AB(-E83,"$9($",)$8A,*-!$()*,83!&()$
9($1A()*-(!#$N!)$',"!-()$8!&$8!--(",83F&$)3:&3E8,*3',$=Bz5#5f>$)($B-()(&*,&$(&$&(:-3"",#$+n$u$1,*(-3,$
!-:M&38,V$7?$u$B!*(&83,"$-(9!O#

 Cr Mn Ni Cu SD As Cd Pb 8J=9A:A MO W8 -:?CDCA:A !H +*<*'

.-$ 1.00              

Mn 0.71 1.00

Ni 0.92 0.85 1.00

.A$ 0.78 0.74 0.80 1.00

Zn 0.71 0.82 0.86 0.79 1.00

As 0.83 0.85 0.80 0.62 0.66 1.00

.9$ 0.90 0.87 0.97 0.78 0.81 0.83 1.00

L2$ 0.96 0.71 0.93 0.69 0.69 0.77 0.92 1.00

Humedad 0.08 0.26 0.11 0.03 -0.02 0.18 0.17 0.12 1.00

+n$ -0.10 0.23 0.00 -0.17 -0.05 0.15 0.06 0.01 0.52 1.00

pH -0.11 -0.15 -0.14 -0.11 0.00 -0.07 -0.18 -0.09 -0.71 0.10 1.00

Salinidad -0.13 0.23 0.02 -0.19 -0.06 0.11 0.09 -0.03 0.45 0.88 -0.10 1.00

7?$ 0.19 0.03 0.06 0.18 0.03 0.09 0.04 0.14 0.50 -0.19 -0.35 -0.50 1.00

L y A -0.20 0.03 -0.09 -0.23 -0.04 -0.01 -0.07 -0.11 -0.34 0.60 0.65 0.65 -0.81 1.00

7"$,&M"3)3)$8,&F&38!$1A()*-,$CA($("$B-31(-$(Q($(OB"38,$f[#f6$g$9($",$',-3,&G,$

total, pero estadísticamente no se registran diferencias entre las estaciones para los 

!8?!$1(*,"()$=~
2
u$$\4#[4V$Bx5#65>#$I!$!2)*,&*(0$(&$",$]3:A-,$\$)($!2)(-',$CA($.,h!$

`-,:,9!$=()*,83F&$)3&$8!2(-*A-,$'(:(*,">$()*M$93)*,&*($9($",)$!*-,)$*-()$()*,83!&()V$("$

1(*,"$CA($1M)$,B!-*,$,$()*,$)3*A,83F&$)!2-($("$B-31(-$(Q($8,&F&38!$()$("$,-);&38!$=-$u$

5#Y\f>#$7&$("$)(:A&9!$(Q($8,&F&38!0$CA($(OB"38,$6_#Y4$g$9($",$',-3,&G,0$8,913!$()$

el elemento que mayor correlación tiene con este eje (r = 0.527).



18 Boletín de Investigaciones Marinas y Costeras - Vol. 40 (1) - 2011

Figura 3#$K&M"3)3)$8,&F&38!$(&*-($",)$8A,*-!$()*,83!&()$9($1A()*-(!$9($",$.3;&,:,$<-,&9($9($/,&*,$+,-*,0$
c3&8!&,9,$=c%>0$.,h!$`-,:,9!$=.`>0$K:A,)$I(:-,)$=KI>$H$.,h!$<-,&9($=.<>0$8!&$",)$',-3,2"()$1M)$
-("(',&*()$B,-,$8,9,$(Q($8,&F&38!$K)$U$K-);&38!$H$.9$U$.,913!#

 %-(2-%)&

.!&!8(-$ ",$ 93)*-32A83F&$ 9($ "!)$ 1(*,"()$ (&$ ",)$ @-,883!&()$ :(!CAD138,)$

9("$ )(931(&*!$ B(-13*($ ?,8(-$ B-(93883!&()$ ,8(-8,$ 9($ )A$ B!*(&83,"$ 1!'3"39,9$ H$

23!93)B!&323"39,9$ 8A,&9!$ ?,H$ 8,123!)$ (&$ ",)$ 8!&9383!&()$ E)38!CAD138,)$ 9($ "!)$

)(931(&*!)#$7&$()*($)(&*39!0$",$*;8&38,$,&,"D*38,$9($(O*-,883F&$)(8A(&83,"$B-!BA()*,$

por Tessier es de gran utilidad, ya que trata de imitar las diversas condiciones 

,123(&*,"()$2,Q!$",)$8A,"()$"!)$)(931(&*!)$BA(9(&$"32(-,-$1(*,"()$,$",$8!"A1&,$9($

,:A,$H$B!-$"!$*,&*!$)3-'(&$8!1!$3&938,9!-()$9($)A$23!93)B!&323"39,9$B!*(&83,"#

L!-$!*-,$B,-*(0$",$8,-,8*(-3G,83F&$E)38!CAD138,$9("$)(931(&*!$()$9(*(-13&,&*($

de los contenidos y formas químicas en que se encuentran los metales. Los 

8!&*(&39!)$9($"31!)$H$,-83"",)$H$9($+n$8!&*-!",&$",)$8!&8(&*-,83!&()$9($1(*,"()0$H,$

CA($,A1(&*,&$",$)AB(-E83($9($,9)!-83F&$@,'!-(83(&9!$)A$-(*(&83F&0$B-3&83B,"1(&*($

B!-$3&*(-8,123!$3F&38!$H$,9)!-83F&$()B(8DE8,$(&$8!1B,-,83F&$8!&$",)$B,-*D8A",)$9($

8A,-G!$=.?,**(-Q(($et al#0$455a>#$N!)$,"*!)$8!&*(&39!)$9($+n$(&$",)$()*,83!&()$9($
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1A()*-(!$)!&$8!&)(8A(&83,$9($",$(&!-1($B-!9A883F&$9($?!Q,-,)8,$9($"!)$M-2!"()$9($

1,&:"($H$",)$8!&9383!&()$,&,(-!23,)$9!13&,&*()$(&$()*($*3B!$9($?A1(9,"()0$CA($(&$

8!&QA&*!$:(&(-,&$)A("!)$8!&$*A-2,$=.!?(&$H$ ,3"(H0$6XXaV$+,8],-",&($et al.0$455aV$

J?!A$et al.0$4565>#$/3$23(&$"!)$,&M"3)3)$()*,9D)*38!)$&!$1A()*-,&$8!--(",83F&$9($()*,)$

',-3,2"()$8!&$"!)$1(*,"()0$()$8",-!$CA($(&$",)$()*,83!&()$c3&8!&,9,0$.,h!$<-,&9($

H$.,h!$`-,:,9!$",)$8!&8(&*-,83!&()$9($1(*,"()$(&$",)$@-,883!&()$1M)$1F'3"()$=]4$

a F4) son mayores, comparadas con Aguas Negras, que tiene menores contenidos 

9($ "31!)$H$,-83"",)$=]3:A-,$40$P,2",$4>#$N,$()*,83F&$.,h!$`-,:,9!0$,$B(),-$9($&!$

B-()(&*,-$,8*A,"1(&*($8!2(-*A-,$'(:(*,"$CA($@,'!-(G8,$",$B-!9A883F&$9($?!Q,-,)8,0$

!2*A'!$"!)$1,H!-()$8!&*(&39!)$9($+n0$9(239!$B-3&83B,"1(&*($,$",$9(B!)3*,83F&$9($

enormes cantidades de material vegetal al momento de su degradación, este sitio 

()*,2,$8A23(-*!$B!-$M-2!"()$9($1,&:"($,&*()$9($)A$8!1B"(*!$H$B,A",*3&!$9(*(-3!-!#

7&$)(931(&*!)$8!1!$"!)$9($",$.</+0$9!&9($B-(9!13&,&$",)$8!&9383!&()$

-(9A8*!-,)$=7?$&(:,*3'!)V$P,2",$4>0$)($()B(-,-D,$CA($"!)$1(*,"()$()*A'3(-,&$,)!83,9!)$

,$",$@-,883F&$!O39,2"($=]_$)A"@A-!)$!$1,*(-3,$!-:M&38,>0$(&$",$8A,"$"!)$1(*,"()$)!&$B!8!$

1F'3"()$=d!-(*)eH$et al#0$455Y>#$K9(1M)0$(&$()*($)3)*(1,$*,&$',-3,2"($"!)$8,123!)$

(&$("$()*,9!$9($!O39,83F&$9($"!)$)(931(&*!)$BA(9(&$:(&(-,-$",$1!'3"3G,83F&$9($"!)$

1(*,"()$ H$ ?,8(-"!)$ 23!93)B!&32"()$ ,$ "!)$ !-:,&3)1!)$ CA($ ,""D$ ?,23*,&0$ 3&8"A39,)$ ",)$

plantas de mangle (Lacerda et al#0$6XXX0$+,8?,9!$et al#0$4554>#$I!$!2)*,&*(0$8!1!$)($

muestra en la Figura 2, en todas las estaciones de muestreo los metales estudiados se 

presentan asociados principalmente a la fracción F5 y en menor concentración a F4 y 

]\#$7"$t&38!$1(*,"$CA($)($),"3F$9($()*($()CA(1,$@A($J&$(&$",$()*,83F&$.,h!$<-,&9(0$

9!&9($",)$1,H!-()$8!&8(&*-,83!&()$()*M&$,)!83,9,)$,$"!)$8,-2!&,*!)$=]4V$]3:A-,$4>$

CA($()$A&,$@-,883F&$1M)$"M23"$H$B!-$"!$*,&*!$BA(9($1!'3"3G,-)($1M)$@M83"1(&*($9()9($

("$)(931(&*!$?,83,$",$8!"A1&,$9($,:A,0$B!-$8,123!)$(&$("$)3)*(1,$()B(83,"1(&*($(&$

el pH. Estos resultados muestran que, en general, los metales estudiados ingresan 

,"$)3)*(1,$?,83(&9!$B,-*($9($",)$B,-*D8A",)$)(931(&*,-3,)0$B!-$8A,&*!$&!$',&$,$()*,-$

93)B!&32"()$(&$:-,&9()$8!&8(&*-,83!&()$B,-,$"!)$!-:,&3)1!)0$&3$)3CA3(-,$B!-$@A(-*()$

',-3,83!&()$9("$BW$!$9("$B!*(&83,"$ -(9!O#$/($),2($CA($ ",$1,H!-$@A(&*($9($1(*,"()$

B(),9!)$,$ ",$.</+$()$("$ -D!$+,:9,"(&,0$ (&$("$ 8A,"$ ",)$ @!-1,)$CAD138,)$9($()*!)$

elementos depende de las características geológicas de su cuenca (Ingeominas, 2001). 

+(*,"()$ 8!1!$ ("$ .-0$ 8!&)39(-,9!$ 8!1!$ "3*!@D"38!$ 9($ ,8A(-9!$ 8!&$ ",$

8",)3E8,83F&$9($<!"9)8?139*0$)($,)!83,&$@A(-*(1(&*($,"$)D"38($=@!-1,&9!$13&(-,"()$

9($ -(",*3',1(&*($ 2,Q,$ 9(&)39,9>0$ ,$ ",$1,*(-3,$ !-:M&38,$ !$ ,$ "!)$ FO3U?39-FO39!)$ 9($

]($H$+&$=d!-(*)eH$et al#0$455Y>#$.!1!$)($1A()*-,$(&$",$]3:A-,$40$.-$(&$*!9,)$",)$

estaciones estuvo asociado principalmente a la fracción F5, es decir como parte 

de la red silicatada de las partículas sedimentarias y en menor concentración a F4 

=1,*(-3,$!-:M&38,$H$)A"@A-!)>$H$]\$=FO3U?39-FO39!)$9($]($H$+&>#$/3$23(&$(&$",$()*,83F&$
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Aguas Negras la concentración total d($.-$()*A'!$B!-$(&831,$9($",$8!&8(&*-,83F&$
R12-,"$ 7@(8*3',$ P7.$ =B!-$ )A)$ )3:",)$ (&$ 3&:";)V$ _\#_$ s:$ :-1V$ P,2",$ \>0$ &!$ (O3)*($
-3():!$*!O38!"F:38!$B!-$()*($1(*,"$B,-,$"!)$!-:,&3)1!)$CA($?,23*,&$(&$)(931(&*!)$
9($",)$()*,83!&()$1A()*-(,9,)0$H,$CA($",$1,H!-$8!&8(&*-,83F&$=\X#X$s:$:-1) está en la 

@-,883F&$]f$H$)A$!-3:(&$()$:(!"F:38!0$B!-$"!$*,&*!$",$8!&8(&*-,83F&$9("$.-$CA($B!9-D,$
1!'3"3G,-)($=]3:A-,$4>$()*M$8(-8,$9($8A,*-!$'(8()$B!-$9(2,Q!$9("$',"!-$P7.#

+&$3:A,"$CA($.-$()$A&$("(1(&*!$ "3*!@D"38!$CA(0$2,Q!$8!&9383!&()$,&FO38,)0$
BA(9($ ,9)!-2(-)($ )!2-($ "!)$ )A"@A-!)0$ M839!)$ '!"M*3"()$ !$ 3&8!-B!-,-)($ 9(&*-!$ 9($ "!)$
)A"@A-!)$(&$,"*!$:-,9!$9($B3-3*3G,83F&0$B(-!$:(&(-,"1(&*($&!$)($,)!83,$8!&$",$1,*(-3,$
!-:M&38,$=d!-(*)eH$et al#0$455Y>#$K9383!&,"1(&*(0$(&$)(931(&*!)$"3*!-,"()$+&$)($?,$
(&8!&*-,9!$,)!83,9!$B-3&83B,"1(&*($8!&$ ",$ @,)($9($ "!)$8,-2!&,*!)$ =d!-(*)eH$et al., 

455Y>#$KA&CA($(&$"!)$)(931(&*!)$9("$1,&:",-$9($",$.</+$A&,$B(CA(h,$8,&*39,9$9($
+&$)($(&8A(&*-,$,)!83,9,$,$ ",$@-,883F&$9($ "!)$8,-2!&,*!)$=]4>0$("$1,H!-$8!&*(&39!$
9($()*($("(1(&*!$()*M$,)!83,9!$,$",)$@-,883!&()$]_$=)A"@A-!)>$H$]f$=)3"38,*!)>#$/3$23(&$
los análisis estadísticos no muestran correlación entre el contenido de este metal y el 

B!*(&83,"$ -(9!O0$(&$ ",$]3:A-,$4$)($!2)(-',$CA($ ",)$1,H!-()$8!&8(&*-,83!&()$9($+&$
,)!83,9,)$,$",$@-,883F&$]_0$)($1393(-!&$(&$",)$()*,83!&()$.,h!$`-,:,9!$H$c3&8!&,9,0$
",)$8A,"()$B-()(&*,&$"!)$',"!-()$1M)$2,Q!)$9($B!*(&83,"$-(9!O$=P,2",$4>0$8!&'3-*3;&9!)($
()*,)$9!)$()*,83!&()$(&$)3*3!)$B!*(&83,"()$9($1!'3"3G,83F&$9($+&$B!-$8,123!$9($",)$
8!&9383!&()$B-(9!13&,&*(1(&*($-(9A839,)$,$8!&9383!&()$1M)$!O39,9,)#$

N!)$1(*,"()$ -()*,&*()0$.A0$J&0$K)0$.9$ H$ L20$ )($ (&8A(&*-,&$ 9(&*-!$ 9($ ",$
8",)3E8,83F&$ 9($ 8,"8FE"!)0$ "!)$ 8A,"()$ )($ 8,-,8*(-3G,&$ B!-$ *(&(-$ 2,Q,$ ,E&39,9$ B!-$
("$ !OD:(&!0$ B!-$ "!$ CA($ )($ (&8A(&*-,&$ B-(@(-(&83,"1(&*($ 8!1!$ )A"@A-!)$ ,"*,1(&*($
3&)!"A2"()$=d!-(*)eH$et al#0$455Y>#$7&$"!)$)(931(&*!)$9("$1,&:",-$9($",$.</+0$()*!)$
metales tienen comportamiento diferente en cada estación de muestreo. En la estación 

K:A,)$I(:-,)0$",)$1,H!-()$8!&8(&*-,83!&()$()*M&$?,83(&9!$B,-*($9($",$@-,883F&$]f0$
()$9(83-$(&$",$@!-1,$&!$23!93)B!&32"(V$)!",1(&*($.A$(&$",$@-,883F&$]_$)($(&8A(&*-,$
en una concentración relativamente alta comparada con las demás estaciones (Figura 

4>0$CA3GM)$,8!1B"(Q,9!$8!&$ ",$1,*(-3,$!-:M&38,0$H,$CA($()$ ",$ @!-1,$8,-,8*(-D)*38,$
8!1!$)($(&8A(&*-,$()*($("(1(&*!$(&$)(931(&*!)$-(9A8*!-()$=d!-(*)eH$et al., 2006). 

7&$ ",)$ ()*,83!&()$.,h!$`-,:,9!$H$c3&8!&,9,0$ "!)$1(*,"()$.A$H$J&$ ()*M&$
B-3&83B,"1(&*($,)!83,9!)$,$",$@-,883F&$]_$=)A"@A-!)$H$1,*(-3,$!-:M&38,>#$7)*!$)($9(2($,$
CA($J&0$2,Q!$8!&9383!&()$,&FO38,)0$)($(&8A(&*-,$,)!83,9!$,$)A"@A-!)$H$8,-2!&,*!)0$H$,"$
3:A,"$CA($.A$*,123;&$*3(&($A&,$@A(-*($,E&39,9$B!-$",$1,*(-3,$!-:M&38,$=d!-(*)eH$et al., 

455Y>#$7&$()*,)$9!)$()*,83!&()$"!)$1(*,"()$.A$H$J&$*3(&(&$B!*(&83,"$9($1!'3"3G,83F&$H$
23!93)B!&323"39,9$B!-$",$!8A--(&83,$9($8,123!)$(&$",)$8!&9383!&()$9($!O39!U-(9A883F&V$
&!$ !2)*,&*($ ",$ 8!&8(&*-,83F&$ 9($ ()*!)$1(*,"()$ (&$ ",$ @-,883F&$ ]_$ =8!&$ B!*(&83,"$ 9($
1!'3"3G,83F&>$&!$)AB(-,&$("$',"!-$P7.$=P,2",$\>0$B!-$ "!$ *,&*!$&!$)($8!&)39(-,$CA($

(O3)*,$-3():!$,123(&*,"$(&$",$.</+$B!-$",$"32(-,83F&$9($()tos dos metales.
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7&$",$()*,83F&$.,h!$<-,&9(0$("$t&38!$1(*,"$8!&$B!*(&83,"$9($1!'3"3G,83F&$()$

Zn, ya que las mayores concentraciones se encuentran asociadas a una de las fracciones 

1M)$"M23"()$=]4V$,)!83,9,$,$8,-2!&,*!)>#$/3&$(12,-:!0$,"$3:A,"$CA($"!)$!*-!)$("(1(&*!)$

8,"8FE"!)0$",$8!&8(&*-,83F&$9($()*($1(*,"$(&$",)$@-,883!&()$1F'3"()$()*M$B!-$9(2,Q!$9("$

',"!-$P7.$=P,2",$\>0$B!-$"!$*,&*!$*,1B!8!$)($8!&)39(-,$CA($(&$()*,$()*,83F&$("$J&$*(&:,$

(@(8*!$&(:,*3'!$)!2-($"!)$!-:,&3)1!)$CA($?,23*,&$(&$("$)(931(&*!#

(,&(+2-%,&!-

N!)$-()A"*,9!)$1A()*-,&$CA($,"$2!)CA($9($1,&:",-$9($",$.</+$,8*A,"1(&*($

no están entrando metales pesados en concentraciones que puedan generar riesgo a 

"!)$!-:,&3)1!)$CA($,""D$?,23*,&0$H,$CA($;)*!)$)($(&8A(&*-,&$B-3&83B,"1(&*($,)!83,9!)$

,$",$-(9$8-3)*,"3&,$9("$)(931(&*!$H$B!-$*,&*!$&!$)!&$23!93)B!&32"()#

A pesar de que las cuatro estaciones de estudio tienen sedimentos con 

8,-,8*(-D)*38,)$ E)38!CAD138,)$ 93@(-(&*()$ H$ )A$ 8!2(-*A-,$ 9($ 1,&:",-$ ()$ *,123;&$

93@(-(&*(0$&!$)($BA93(-!&$()*,2"(8(-$93@(-(&83,)$)3:&3E8,*3',)$(&*-($ "!)$8!&*(&39!)$

9($ 1(*,"()$ (&$ 8,9,$ @-,883F&$ :(!CAD138,0$ &3$ *(&9(&83,)$ -(",83!&,9,)$ 8!&$ 938?,)$

',-3,2"()#$

N,$ 2,Q,$ 8!&8(&*-,83F&$ 9($ "!)$ 1(*,"()$ H$ ",$ @,"*,$ 9($ 8!--(",83F&$ 9($ ",)$

8!&8(&*-,83!&()$ (&$ 8,9,$ @-,883F&$ 8!&$ ",)$ ',-3,2"()$ E)38!CAD138,)0$ &!$ B(-13*(&$

()*,2"(8(-$("$B!*(&83,"$9($1!'3"3G,83F&$9($(""!)$(&$()*A93!$2,Q!$",)$8!&9383!&()$9("$

(8!)3)*(1,$9($1,&:",-$9($",$.</+#

'0#' !(%$%!&",-

N!)$,A*!-()$,:-,9(8(&$,$i!-:($L,-,1!$H$,$W;8*!-$K&D2,"$.,1B!)$B!-$)A$

,HA9,$ (&$ "!)$ ,&M"3)3)$ ()*,9D)*38!)V$ ,$ i,&(*$Z3',)$ B!-$ ",$ (",2!-,83F&$ 9("$1,B,$ 9($

()*,83!&()V$ ,$ "!)$ ,AO3"3,-()$ n)1,&$ K-,:F&0$ .,-"!)$ W(&-H$ H$ W,"23&$ /(--,&!$ 9($

",$R&39,9$ 9($ N,2!-,*!-3!)$ NK .K+$9("$ %&)*3*A*!$ 9($ %&'()*3:,83!&()$+,-3&,)$ H$

.!)*(-,)$li!);$ (&3*!$Z3'()$9($K&9-(3)m$%IZ7+Kc$B!-$)A$,B!H!$(&$"!)$,&M"3)3)$

9($ ",2!-,*!-3!V$ H$ ,$.,-"!)$.,-2!&F0$ B!-$ )A$ ,HA9,$ (&$ "!)$1A()*-(!)$9($ 8,1B!#$K$

%IZ7+Kc$B!-$("$,B!H!$"!:D)*38!$H$,913&3)*-,*3'!#$7)*($B-!H(8*!$@A($E&,&83,9!$B!-$

("$`(B,-*,1(&*!$K913&3)*-,*3'!$9($.3(&83,$P(8&!"!:D,$($%&&!',83F&$9($.!"!123,$

.nN.%7I.%K/0$,$*-,';)$9("$B-!H(8*!$8!9o$465fU\\fU6[ffa#

6%6+%,0#'/3'

K-,:F&0$<#$P#0$K#$c#$n',""($H$i#$L#$.,-1!AG(#$6XXX#$L!-(S,*(-$,&9$*?($@!-1,*3!&$!@$3-!&$)A"E9()$3&$,$

1,&:-!'($(8!)H)*(10$/(B(*32,$ ,H0$ -,G3"#$+,&:-#$/,"*#$+,-)?#0$\o$[fUX\#
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 ",&8!0$i#$K#0$7#$K#$Z3"!-3,$H$i#$.#$I,-'M(G#$455Y#$7I/n$,&9$),"3&3*H$8?,&:()$3&$*?($.3;&,:,$<-,&9($9($

/,&*,$+,-*,$8!,)*,"$",:!!&$)H)*(10$.!"!123,&$.,-322(,&#$7)*A,-#$.!,)*#$/?("@#$/83#0$YYo$6faU6Ya#

 !*(-!0$N#$H$i#$7#$+,&8(-,#$6XXY#$/D&*()3)$9($"!)$8,123!)$9($!-3:(&$,&*-FB38!$!8A--39!)$(&$"!)$t"*31!)$

_5$,h!)$(&$",$.3;&,:,$<-,&9($9($/,&*,$+,-*,$=.!"!123,>#$c('#$K8,9#$.!"!12#$.3(&8#0$45$$=a[>o$

465-474.

 !*(-!0$N#$H$W#$/,"GS(9("#$6XXX#$c(?,23"3*,*3!&$!@$ *?($.3;&,:,$<-,&9($9($/,&*,$+,-*,0$,$1,&:-!'(U

()*A,-3&($)H)*(1$3&$*?($.,-322(,&$8!,)*$!@$.!"!123,#$n8(,&#$.!,)*#$+,&,:#0$_4o$4_\U4fY#

.?,**(-Q((0$+#0$ 7#$ Z#$ /3"',U]3"?!0$ /#$ d#$ /?,-e,-0$ /#$+#$ /("",0$ K#$  ?,**,8?,-H,0$ d#$ d#$ /,*B,*?H0$+#$

Z#$c#$ L-,),90$ /#$.?,e-,2!-*H$ H$ #$`#$ ?,**,8?,-H,#$ 455a#$`3)*-32A*3!&$ ,&9$ B!))32"($ )!A-8()$ !@$

*-,8($("(1(&*)0$ 3&$ *?($ )(931(&*$8!-()$!@$,$ *-!B38,"$1,8-!*39,"$ ()*A,-H$,&9$ *?(3-$ (8!*!O38!"!:38,"$

)3:&3E8,&8(#$7&'3-!&#$%&*(-&,"#0$\\o$\_YU\fY#

."!A:?0$ #$]#0$d#$<#$ !*!$H$L#$T#$K**3S3""#$6X[\#$+,&:-!'()$,&9$)(S,:(o$,$ -(U(',"A,*3!&#$P,)e)$ @!-$

Z(:(*,*3!&$/83(&8(0$[o$6f6U6Y6#$

.!?(&0$K#$`#$ H$K#$+#$ ,3"(H#$ 6XXa#$ L(*-!:-,B?38$ 8?,&:()$ 3&9A8(9$ 2H$ ,-*3E83,"$ 8!,"3E8,*3!&$ !@$ B(,*o$

comparison of two planar facies (Rhizophora and Cladium>$@-!1$*?($7'(-:",9()U1,&:-!'($8!1B"(O$

of Florida and a domed facies (Cyrilla>$@-!1$*?($ne(@(&!e(($/S,1B$!@$<(!-:3,#$%&*#$i#$.!,"#$<(!"#0$

34: 163-194. 

7)B3&!),0$N#$]#0$+#$N#$<F1(G$H$i#$K#$K8!)*,$=79)>#$455a#$+!&3*!-(!$9($",)$8!&9383!&()$,123(&*,"()$H$

"!)$8,123!)$()*-A8*A-,"()$H$@A&83!&,"()$9($",)$8!1A&39,9()$'(:(*,"()$H$9($"!)$-(8A-)!)$B()CA(-!)$

9A-,&*($",$-(?,23"3*,83F&$9($",$.3;&,:,$<-,&9($9($/,&*,$+,-*,#$%&@!-1($*;8&38!$E&,"0$%&)*3*A*!$9($

%&'()*3:,83!&()$+,-3&,)$H$.!)*(-,)U%IZ7+Kc0$/,&*,$+,-*,#$65f$B#

<,""!0$+#$.#$H$I#$W#$.,1B!)#$6XXa#$.!&*(&39!)$9($.90$.A$H$J&$(&$)(931(&*!)$9($G!&,)$9($1,&:",-$

(&$",$.3;&,:,$<-,&9($9($/,&*,$+,-*,$H$",$2,?D,$9($.?(&:A(0$.,-32($8!"!123,&!#$.!&*#$K12#0$6Y$

(28-29): 13-24.

<,-,H0$i#0$<#$c,1D-(G0$i#$+#$ (*,&8!A-*0$ #$+,-D&0$ #$.,9,'390$N#$L,&3GG!0$N#$N()1()0$i#$7#$/M&8?(G0$/#$

W#$N!G,&!$H$K#$]-,&8!#$455\#$+,&A,"$9($*;8&38,)$,&,"D*38,)$B,-,$",$9(*(-13&,83F&$9($B,-M1(*-!)$

E)38!CAD138!)$ H$ 8!&*,13&,&*()$ 1,-3&!)o$ ,:A,0$ )(931(&*!)$ H$ !-:,&3)1!)#$ /(-3($ `!8A1(&*!)$

<(&(-,"()$I!#$6\0$%&)*3*A*!$9($%&'()*3:,83!&()$+,-3&,)$H$.!)*(-,)U%IZ7+Kc0$/,&*,$+,-*,#$66a$B#

W,""0$N#$K#$6XX6#$K$B-("313&,-H$3&'()*3:,*3!&$3&*!$*?($)B(83,*3!&$!@$*-,8($1(*,")$3&$)(931(&*)$@-!1$*?($:A"@$

!@$L,-3,$!@@$*?($8!,)*$!@$P-3&39,9#$7&'3-!&#$%&*(-&,"#0$6ao$_\aU__a#

Hammer, Ø., D. A. T. Harper y P. D. Ryan. 2001. PAST: Paleontological Statistics Software Package for 

education and data analysis. Paleontol. Electron., 4 (1): 9.

%&:(!13&,)#$4556#$.!1B3",83F&$H$,&M"3)3)$9($9,*!)$:(!CAD138!)$9($1(*,"()$*-,G,$(&$,":A&,)$G!&,)$9("$-D!$

+,:9,"(&,$=.!"!123,>#$%&@!-1($*;8&38!0$ !:!*M#$fX$B#

d!-(*)eH0$.#$+#0$ i#$c#$W,,)0$`#$+3""(-$H$I#$P#$I9(&:,#$455Y#$/(,)!&,"$',-3,*3!&)$ 3&$B!-($S,*(-$ ,&9$

)(931(&*$:(!8?(13)*-H$!@$"3**!-,"$",e($)(931(&*)$=K)H"A1$N,e(0$+%0$R/K>#$<(!8?(1#$P-,&),8*#0$ao$

66#$?**BowwSSS#:(!8?(138,"*-,&),8*3!&)#8!1w8!&*(&*waw6w66

N,8(-9,0$N#$`#$ H$ i#$ i#$K2-^!#$ 6X[_#$W(,'H$1(*,"$ ,88A1A",*3!&$2H$1,&:-!'($ ,&9$ ),"*1,-)?$ 3&*(-*39,"$

)(931(&*)#$Z(-#$ -,)#$ 3!"#0$ao$_XUf4#

N,8(-9,0$N#$`#0$i#$N#$]-(3O!$H$/#$+#$.!("?!#$6XXa#$P?($(@@(8*$!@$ !"#$%&"'"($)#&%*+#" Loisel on trace 

1(*,")$,88A1A",*3!&$3&$3&*(-U*39,"$)(931(&*)#$+,&:-#$/,"*#$+,-)?#0$6o$456U45X#
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N,8(-9,0$N#$`#0$+#$<#$c32(3-!$i-#$H$ #$ #$<A(3-!)#$6XXX#$+,&:,&()($9H&,138)$3&$,$1,&:-!'($1A9$b,*$

*39,"$8-((e$3&$/7$ -,G3"#$+,&:-#$/,"*#$+,-)?#0$\o$65fU66f#

+,8],-",&(0$<#$c#0$.#$7#$d!""(-$H$/#$L#$ "!12(-:#$455a#$K88A1A",*3!&$,&9$B,-*3*3!&3&:$!@$?(,'H$1(*,")$

3&$1,&:-!'()o$K$)H&*?()3)$!@$E("9U2,)(9$)*A93()#$.?(1!)B?(-(0$YXo$6_f_U6_Y_#

+,8?,9!0$ T#0$ +#$ +!)8,*(""30$ N#$ <#$ c(G(&9($ H$ N#$ `#$ N,8(-9,#$ 4554#$ +(-8A-H0$ G3&80$ ,&9$ 8!!B(-$

,88A1A",*3!&$3&$1,&:-!'($)(931(&*)$)A--!A&93&:$,$",-:($",&9E""$3&$)!A*?(,)*$ -,G3"#$7&'3-!&#$L!""#0$

120: 455-461.

L,--,0$i#$L#$H$N#$]#$7)B3&!),#$455[#$̀ 3)*-32A83F&$9($1(*,"()$B(),9!)$=L20$.9$H$J&>$(&$B(-E"()$9($)(931(&*!$

asociado a Rhizophora mangle$(&$("$-D!$/('3"",$U$.3;&,:,$<-,&9($9($/,&*,$+,-*,0$.!"!123,#$ !"#$

%&'()*#$+,-#$.!)*#0$\a$=6>o$XfU665#

L(-9!1!0$N#0$%#$7&)13&:(-0$N#$]#$7)B3&!),0$.#$7")*(-0$+#$T,""&(-Ud(-),&,8?$H$+#$N#$/8?&(**(-#$6XX[#$

P?($1,&:-!'($ (8!)H)*(1$ !@$ *?($ .3;&,:,$<-,&9($ 9($ /,&*,$+,-*,$ =.!"!123,>o$ n2)(-',*3!&)$ !&$

regeneration and trace metals in sediments. Mar. Pollut. Bull., 37 (8-12): 393-403.

c,1!)$($/3"',0$.#$K#0$K#$L#$9,$/3"',$H$/#$c#$9($n"3'(3-,#$455Y#$.!&8(&*-,*3!&0$)*!8e$,&9$*-,&)B!-*$-,*($!@$

?(,'H$1(*,")$3&$,$*-!B38,"$-(9$1,&:-!'(0$I,*,"0$ -,G3"#$+,-#$.?(1#0$XXo$4U66#

P,10$I#$]#$}#$H$}#$/#$T!&:#$6XXY#$c(*(&*3!&$,&9$93)*-32A*3!&$!@$?(,'H$1(*,")$3&$1,&:-!'($)!3")$-(8(3'3&:$

wastewater. Environ. Pollut., 94 (3): 283-291.

P())3(-0$K#0$L#$<#$.#$.,1B2(""$H$+#$ 3))!&#$6XaX#$/(CA(&*3,"$(O*-,8*3!&$B-!8(9A-($@!-$*?($)B(83,*3!&$!@$

B,-*38A",*(9$1(*,")#$K&,"#$.?(1#0$f6o$[__U[f6#

RI7/.n#$4555#$N3)*$!@$23!)B?(-($-()(-'()o$*?($.3;&,:,$<-,&9($9($/,&*,$+,-*,#$P?($+K $B-!:-,11(#$

?**BowwB!-*,"#A&()8!#!-:w)83(&8(w()w('#B?B#$6aw5\w455X#$

R)1(0$/#$6X[_#$7',"A,83F&$9($ ",$8!&*,13&,83F&$B!-$8,913!$H$8!2-($(&$)(931(&*!)$B-!8(9(&*()$9($ ",$

.3;&,:,$<-,&9($9($/,&*,$+,-*,#$P()3)$�AD1#0$R&3'#$I,83!&,"$9($.!"!123,0$ !:!*M#$[f$B#

Z,&(0$.#$W#0$%#$W,--3)!&0$K#$T#$d310$Z#$+!))UW,H()0$ #$L#$Z38e(-)$H$d#$N!&:#$455X#$n-:,&38$,&9$1(*,"$

8!&*,13&,*3!&$3&$)A-@,8($1,&:-!'($)(931(&*)$!@$/!A*?$.?3&,#$+,-#$L!""A*#$ A""#0$f[o$64XU6YY#

J?!A0$ }#0$  #$ J?,!0$ }#$ L(&:$ H$ <#$ .?(&#$ 4565#$ %&bA(&8($ !@$ 1,&:-!'($ -(@!-()*,*3!&$ !&$ ?(,'H$

1(*,"$ ,88A1A",*3!&$ ,&9$ )B(83,*3!&$ 3&$ 3&*(-*39,"$ )(931(&*)#$ +,-#$ L!""A*#$  A""#$ 9!3o65#656YwQ#

1,-B!"2A"#4565#5\#565#

]7.WK$`7$c7.7L.%�Io$6[w5\w455X$ $ $$$$$$$$$$$$]7.WK$`7$K.7LPK.%�Io$4[w65w4565


