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APORTES A LA GESTION Y OPTIMIZACION DE LA TECNOLOGIA AMBIENTAL DEL SECTOR PORCINO

RECUPERACION DE NUTRIENTES DESDE PURINES PORCINOS
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CAPITULO 8. OBTENCION DE ESTRUVITA A PARTIR DE UN EFLUENTE DE PURIN DE CERDO TRATADO ANAEROBICAMENTE

1. INTRODUCCION
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APORTES A LA GESTION Y OPTIMIZACION DE LA TECNOLOGIA AMBIENTAL DEL SECTOR PORCINO

RECUPERACION DE NUTRIENTES DESDE PURINES PORCINOS
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&$(%0'+./# *(# 2/# )+)6(40# OrR@# j60/92(# 0,+60*&# $0%0# ("#
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CAPITULO 8. OBTENCION DE ESTRUVITA A PARTIR DE UN EFLUENTE DE PURIN DE CERDO TRATADO ANAEROBICAMENTE
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APORTES A LA GESTION Y OPTIMIZACION DE LA TECNOLOGIA AMBIENTAL DEL SECTOR PORCINO

RECUPERACION DE NUTRIENTES DESDE PURINES PORCINOS
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CAPITULO 8. OBTENCION DE ESTRUVITA A PARTIR DE UN EFLUENTE DE PURIN DE CERDO TRATADO ANAEROBICAMENTE
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4. CONCLUSIONES
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1. INTRODUCCION
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2. METODOLOGIA
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/&#4&)6%.#*+B(%(/'+0)#+4$&%60/6()?#(/#'20/6&#0"#'%('+4+(/6&#0"&‐
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Figura 3.#X2()6%(&#(/#6(%%(/&#*(#Schoenoplectus californicus.
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Figura 5.#i("0'+./#(/6%(#"0#012/*0/'+0#%("0-K0#*(#Schoenoplec‐
tus californicus?#'&/'(/6%0'+./#*(#B.)B&%&#C#'0%,0#*(#/+6%.,(/&D
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Y+6%.,(/&# Jo?J#w# H?\# JJ?G# w# H?P# H?N# w# H?H# H?J# w# H?H

g.)B&%&# J?b#w# H?H# H?NG# w# H?H# H?J# w# H?H# H?HJ# w# H?H

V&60)+&# JP?J#w# H?\# N?J# w# H?o# H?b# w# H?H# H?Ho# w# H?H

p0"&%()#'&%%()$&/*(/#0#JG#*(6(%4+/0'+&/()

!/# "0# h01"0# G?# )(# *()'%+1(# ()60'+&/0"4(/6(?# ("# '&/6(/+*&# (/#
1+&40)0# C# /26%+(/6()# *(# Schoenoplectus  californicus# 8LDrD#
X]C(%A#R.e0SD#U&)#%()2"60*&)?#*(4&)6%0%&/#92(#Schoenoplectus 
californicus#62K&#4(/&%#'%('+4+(/6&#'&%$&%0"#81+&40)0A?#(/#("#
$(%+&*&# GHHf# 8PGG# ,Q4GA?# %()$('6&# 0"# GHJH# 8NGf# ,Q4GA?# ()6&#
0*(47)#%("0'+&/0*&#'&/#2/# +/'%(4(/6&#*("#/+6%.,(/&#8H?J\#j#
H?G#S,#YQM0#*A?#*2%0/6(#()(#$(%+&*&#8GHHfAD#�M0/,#et al.#8GHHaA?#
'&/#Schoenoplectus validus#0#2/0#'0%,0#(/6%(#H?J#j#J?H#S,#YQM0#
*?#%($&%60%&/#K0"&%()#)+4+"0%()#*(#'%('+4+(/6&#8JHa#j#PaJ#,Q4G

).  

V&%#&6%&#"0*&?#"0#1+&40)0#B&"+0%#(/#Schoenoplectus californicus, 
)+(4$%(#B2(#40C&%#8f\#W#ff#IA#92(#"0#1+&40)0#%0*+'2"0%?#"&#92(#

)2,+(%(#92(#("#/+6%.,(/&#$%()(/6(?#$2*&#+/T2(/'+0%#2/#40C&%#
*()0%%&""&#B&"+0%#(/#"0#$"0/60D#!"#0/7"+)+)#$%&;+40"?#(K+*(/'+.#2/#
bGI#*(#'0%1&/&#$%()(/6(#(/#"0#$"0/60?#C#60/#)."&#2/#oI#'&4&#Y?#
V#C#{D#U0#%("0'+./#Y`V#(/#"0#$"0/60?#*2%0/6(#("#$(%+&*&#GHHf#8a?\A#
B2(#4(/&%#92(#$0%0#("#$(%+&*&#GHJH#8J\A?# "&#92(#$2(*(#()60%#
%("0'+&/0*&#'&/#2/0#*+)4+/2'+./#*("#/+6%.,(/&#8H?J\#j#H?G#S,#
YQM0#*A?#*2%0/6(#("#$(%+&*&#GHJHD#p0"&%()#+/B(%+&%()#8H?P#j#a?HA?#
M0/#)+*&#%($&%60*&)#$&%#�M0/,#et alD#8GHHaAD
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G24@2$!"$L%('+4+(/6&#C#'&4$&%604+(/6&#*(#"0#g04+"+0#LC$(%0'(0(#(/#M24(*0"()#'&/)6%2+*&)

%/7(5-($ G-7>$X':(?2@$ G-7>$ JBP$ Y->:2/2$ O(@25-1)$ Z4')?2)5-2$ O(E(3()5-2/
$ $ $ %&'()*($ [.PSM2$?$ .S:2$ PDF$$ H\)?-U-?'>/S:2I     

  Sc  V]^$ F'3-)(/$ _`_A$a$_`!$ A!!$a$b!c$ d`e$a$#e`_$ #!$a$#_d$ %/*($*3242f>
  St# ZgR# L0%/(# oG#j#JaP# JoJ\#j#GHGo# W# W# {0*"('#et alD#8GHHPA
# # # $%&*2'6&)#"7'6(&)# # # # # # #
  Sg# ZgpRR# <&4])-'&# H?J# NPH#W#GHHH## W# oa#j#JNP# l+/0*0)0#et al.    
# # # # # # # # 8GHH\A
  Sv# ZgpRR# <&4])-'&# H?J#j#J?H## JHa#j#PaJ# H?P#j#a?H# ba#W#\b# �M0/,#et alD#8GHHaA
  Sv# ZgpRR# <&4])-'&# H?G#j#H?b# W# H?f# JJG# <(1+/,#et al.    

# # # # # # # # 8GHJHA#
  Sv# ZgZRR# U('M(%:0# GG?H#j#af?H# W# W# JbN#W#obb# ^M&)M#C#^&$0"## #
# # # # # # # # 8GHJHA
Cp: Cyperus papyrus; Sc: Schoenoplectus californicus; Sg: Scirpus grossus; 

(.V'(5/#K-$'."6/7-$W'(,V'(5?%0&%K605,-$',"O0#&"02%&,"&/W'
hLR`#h0)0#*(#'0%,0#)2$(%E'+0"k#ZgZR`#Z24(*0"#*(#T2e&#M&%+3&/60"#)2$(%E'+0"#ZgZRR`#Z24(*0"#*(#T2e&#M&%+3&/60"#)2$(%E'+0"k#ZgpRR`#
Z24(*0"#*(#T2e&#M&%+3&/60"#)21)2$(%E'+0"k#ZgR`#Z24(*0"#*(#T2e&#M&%+3&/60"#

4 CONCLUSIONES

Schoenoplectus  californicus# 8LDrD# X]C(%A# R&e7S# (/# 2/#
M24(*0"#'&/)6%2+*&#0"+4(/60*&#'&/#$2%+/()#*(#'(%*&?#$2(*(#
'%('(%# 0"&4]6%+'04(/6(# (/6%(# oJ?G# C# fa?b?# C# $%()(/60%# 2/0#
012/*0/'+0# %("0-K0# (/6%(# GJ# C# JHa# +/*+K+*2&)Q4G?# *2%0/6(#
&6&d&# C# $%+40K(%0D# !)6(# '%('+4+(/6&# B2(# +/T2(/'+0*&# $&%# ("#
'&/6(/+*&#*(#/+6%.,(/&#8(/6%(#H?HP#j#G?H#S,#YQM0#*A#$%()(/6(#
(/# ("# M24(*0"# '&/)6%2+*&D# !"# '&/6(/+*&# *(# B.)B&%&# *(/6%&#
*("# M24(*0"# 024(/6.?# $%&101"(4(/6(?# $&%# "&)# $%&'()&)# *(#
0'%()+./# C# )(/()'(/'+0# *(# "0)# $"0/60)# *2%0/6(# ("# +/K+(%/&D#
Schoenoplectus californicus#$2(*(#'%('(%#(/6%(#PGG#C#NGf#,Q4G

, 

C#()#$&6(/'+0*&#$&%#("#'&/6(/+*&#*(#/+6%.,(/&#8(/6%(#H?HP#j#G?H#

S,#YQM0#*A#*2%0/6(#("#GHJH#(#+/M+1+*&#$&%#])6(?#(/#("#GHHfD
U0#$%(*&4+/0/'+0#*("#'%('+4+(/6&#B&"+0%#$&%#)&1%(#("#%0*+'2"0%?#
'&4&#6041+]/#"0#%("0'+./#Y`V#(/6%(#a#C#J\?#)2,+(%(#"0#+/T2(/'+0#
*("#/+6%.,(/&#$%()(/6(#(/#("#M24(*0"#)&1%(#"0#1+&40)0#0]%(0?#
47)#92(#)&1%(#"0#%0*+'2"0%D
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1. INTRODUCCION

!"# $2%:/# *(# '(%*&# '%2*&# M0# )+*&# (4$"(0*&# 6%0*+'+&/0"4(/6(#
'&4&#01&/&#0,%:'&"0#8R7/'M(3#0/*#^&/37"(3?#GHHPA#*(1+*&#0#)2#
0"6&#'&/6(/+*&#(/#406(%+0#&%,7/+'0#8GHWJJH#,#<=>

T
QUA#8X&/6&C0#

0/*#X0%-/?#GHHPA#C#/+6%.,(/&#8H?PWb?H#,QUA#8g+)'M(%#0/*#|M0"(/?#
GHHPAD#R+/#(410%,&?#"0)#'0%0'6(%:)-'0)#0/6()#+/*+'0*0)#C#("#0"6&#
%('2(/6&#*(# '&"+B&%4()# B('0"()# JH3WJH8 OgLQ4U# 8i2B(6(  et  al., 
GHH\A#$2(*(#'&/)-62+%#2/#%+(),&#$0%0#"&)#('&)+)6(40)#C#"0#)0"2*#
*(#"0)#$(%)&/0)#8p(/,"&K)SC#et alD?#GHHfAD
V&%# &6%&# "0*&?# "0# 6&;+'+*0*# 0,2*0# 8p+""040%# et  alD?# GHJGA# C#
4(60/&,]/+'0# *("# $2%:/# $&%'+/&# *(1+*&# 0# "0# '&/'(/6%0'+./#
*(# 04&/+&# C# 4(60"()# $()0*&)?# (/6%(# &6%&)?# 42()6%0/# 92(# 0#
'&/'(/6%0'+&/()# )2$(%+&%()# 0# bH# 4,# YWYZ

3
QU# $2(*(/# '02)0%#

"0# +/M+1+'+./# (/# "0# 0'-K+*0*# *("# PHI# *(# "0# '&42/+*0*# *(#
10'6(%+0)# 4(60/&,]/+'0)# 8@("4&/6(# et  alD?# GHJJAD# <(1+*&#
0# "0# '0%0'6(%:)-'0)# *(# "&)# )2)6%06&)?# ()# 92(# "0)# ()6%06(,+0)# *(#
$%(6%0604+(/6&# C# &$(%0'+./# *(# "&)# )+)6(40)# *(# 6%0604+(/6&#
)&/#()(/'+0"()# 8Y0K+0#et alD?# GHHok#p+*0"# 0/*#<+(3?# GHHoAD#r):?#
K("&'+*0*()# *(# '0%,0# '%('+(/6()# (/# 6%0604+(/6&)# 0/0(%.1+'&)#
8J?No# j# G?ba# ,# <=>QU[*A?# $2(*(/# $%&*2'+%# 0*0$60'+./# *("#
'&/)&%'+&#10'6(%+0/&#C#024(/60%#"0#(E'+(/'+0#*(#'&/K(%)+./#*(#
406(%+0#&%,7/+'0#0#4(60/&#*(#PP#0#aPI#8i&*%:,2(3#et al.?#GHJJA#
C#("+4+/0'+./#*(#'&"+B&%4()#B('0"()#(/#JWG#2/+*0*()#"&,0%:64+'0)#
8R&1)(C#et al.?#GHH\A#$%()(/6()#(/#()6(#-$&#*(#%()+*2&)D
U0# *+)$&)+'+./# *(# )2)6%06&)# (/# )2("&)# *(1(# '&/)+*(%0%# "0 
K2"/(%01+"+*0*#*(#])6(?#0):#'&4&#"0)#$%&$+(*0*()#*("#)2)6%06&#0#
*+)$&/(%D#V%&K&"&#8GHHPA#()601"('(#92(#$0%0#2/#)2("&#K2"/(%01"(#
0# "0# "+;+K+0'+./# *(# /+6%06&)?# "0# 0$"+'0'+./# *(# $2%:/# *(1(%:0#
'&/)+*(%0%# 2/0# 60)0# *(# 0$"+'0'+./# *(# JNH# 0# obH# S,#YQM0t0d&#

qYgUO!YLqr#<!#Ur#h!LY>U>^qr#rYr!i>@qLr#!Y#Ur#@q>g!ihqiiq^rLq>Y#
CON PURIN DE CERDO EN UN SUELO LIMOSO

L&/)60/30#LM0%-(%?#<0/+("0#U.$(3#C#^"0*C)#p+*0"

^%2$&#*(#q/,(/+(%:0#C#@+&6('/&"&,:0#r41+(/60"?
L(/6%&#*(#L+(/'+0)#r41+(/60"()#!OUrWLM+"(?#
O/+K(%)+*0*#*(#L&/'($'+./?#L0)+""0#J\HWL?#L&/'($'+./?#
LM+"(D

$0%0#)2("&)#/&#K2"/(%01"()D#V&%#&6%0#$0%6(?#&6%0)#0$"+'0'+&/()#
'&/)+*(%0/#B(%-%%+(,&#'&/#$2%:/#0#%03./#*(#J`P#&#J`b#'&/#0,20#
*(#%+(,&?#"&#92(#)(#6%0*2'(#(/#0$"+'0'+&/()#*(#NHH#S,#YQM0t0d&#
8LM0%-(%?#GHJJAD#
!)# $&)+1"(# ()601"('(%# 92(# "0)# $%&$+(*0*()# 6(;62%0"()# *(# "&)#
)2("&)#(e(%'(/#(B('6&)#)&1%(#"0)#'0%0'6(%:)-'0)#*(#"&)#)2)6%06&)#
92(#)&/#0$"+'0*&)?#*(E/+(/*&#K0"&%()#()$(':E'&)#*(#%(6(/'+./#
*(#'&4$2()6&)#C#$(%4(01+"+*0*D#!)#0):#'&4&#2/#)2("&#*(#6(;62%0#
E/0#80%'+""0)A?#-(/(#"0#'0$0'+*0*#*(#%(6(/(%#47)#'&4$2()6&)#C#
0,20#92(#2/# )2("&#*(# 6(;62%0# ,%2()0?#4+(/6%0)#92(#2/# )2("&#
4(*+&# 8"+4&)A# $%()(/60#40C&%# (92+"+1%+&# (/# )2)# $%&$+(*0*()#
�)+'&W92:4+'0)#8Y0K+0 et alD?#GHHoAD
r#"0#M&%0#*(#(K0"20%#"0#$&6(/'+0"+*0*#*(#2-"+30%#()6&)#)2)6%06&)#
(/#B(%-%%+(,&?#/&#)&"&#)(#*(1(/#'&/)+*(%0%#"0)#'0%0'6(%:)-'0)#*("#
)2("&#C#)2)#/('()+*0*()#*(#B(%-"+30/6()?#)+/&#92(#6041+]/#)(#*(1(#
'&/)+*(%0%#"0#'0%,0#4+'%&1+&".,+'0D#!)6&#*(1+*&#$%+/'+$0"4(/6(#0#
92(#"0#'&/'(/6%0'+./#$%()(/6(#*(#4+'%&&%,0/+)4&)#10'6(%+0/&)#
B('0"()?# 60"()# '&4&# '&"+B&%4()# B('0"()# JH3WJH8# OgLQ4U?# "&)#
'20"()# $2(*(/# "+4+60%# "0)# $&6(/'+0"+*0*()# *(# %(2)&# *(# ()6&)#
$2%+/()#8i2B(6( et alD?#GHH\AD
<(/6%&#*(#"0)#10'6(%+0)#92(#)(#$2(*(/#(/'&/6%0%#(/#"&)#$2%+/()#
$&%'+/&)?# (/6(%&10'6(%+0)?# )&/# 2/# ,%2$&# *(# 10'6(%+0)# ^%04#
/(,0-K0)# 92(# )(# (/'2(/6%0/# (/# ("# 041+(/6(# C# (/# ("# 6%0'6&#
*+,()-K&#*(#M240/&)#C#0/+40"()D#r",2/0)#)&/#$&6(/'+0"4(/6(#
$06&,]/+'0)# $0%0# ("# M240/&?# 4+(/6%0)# 92(# 0",2/&)# ,]/(%&)#
8;/,#%O"5,0#4' Q&,0#%O"5,0#4' Q$5?0#/5?/"4' C"1&/"# C# (0##"3") 
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Figura 1.#X2()6%(&#*(#)2("&#C#604+30*&#*(#42()6%0)

'02)0/# +/B(''+&/()# &$&%62/+)60)D# Escherichia  coli# ()# 2/0#
10'6(%+0# 10'+"0%?# ^%04# /(,0-K0# C# B(%4(/60*&%0# *(# "0'6&)0?#
)+(/*&# ("# &%,0/+)4&# *(#40C&%# $%(*&4+/0/'+0# *(/6%&# *(# "&)#
'&"+B&%4()# B('0"()# 8X0*+,0/#et al.?# GHHbAD# !)60)#10'6(%+0)# )&/#
2-"+30*0)# '&4&# +/*+'0*&%()# *(# '&/604+/0'+./# B('0"# 8rVZrj
r||rj|VLg?#JffaAD
!;+)6(/#$&'&)#()62*+&)#92(#(K0"5(/# "&)#(B('6&)#*(# "0#406(%+0#
&%,7/+'0?#/+6%.,(/&#C#B.)B&%&#C#)2#%("0'+./#'&/#("#6%0/)$&%6(#C#
)&1%(K+K(/'+0# *(#$06.,(/&)# '&/6(/+*&)# (/# )2)6%06&)#92(# )&/#
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t#g+)'M(%#!D?#|M0"(/#RD#GHHPD#i06()#0/*#'&/6%&")#&/#*(/+6%+E'0‐
-&/#+/#0/#0,%+'2"62%0"#)&+"#B(%-"+3(*#z+6M#"+92+*#"0,&&/#)z+/(#
z0)6(D#E-,#/0&,';A560'D@#%05%$A$,024 71?#GNJWGaND

t#^21(%#rD?#RM("6&/#<D?#V0'M($)SC#nD#GHHPD#h%0/)$&%6#0/*#%(6(/‐
-&/#&B#40/2%(W1&%/(#'&"+B&%4)#+/#)&+"D#Y"7%$0'Z%&0'8%-#&"64 
4?#aGaWaoND

t#U(z+)#lD?#Re�)6%&4#lD#GHJHD#>$-4+3+/,#6M(#(;$(%+4(/60"#*()+,/#
&B#)&+"#'&"24/)#+/#)062%06(*#0/*#2/)062%06(*#6%0/)$&%6#(;$(‐
%+4(/6)D'8%-#&"6'%1';%&,"2/&"&,'CA7#%6%@A4'115?#JWJoD

t#X0*+,0/#XD?#X0%-/S&#lD?#V0%S(%#lD#GHHbD#@%&'S?#1+&"&,C#&B#4+‐
'%&&%,0/+)4)?#JH6M#(*D':0"#$%&'Q7-5"5/[&4#JHJJ#$$D

t# Y0K+0# iD?# U(K(6# UD?# X&%0# XDUD?# p+*0"# ^D?# <+(3# XDLD# GHHoD#
r""&$M0/+'#)&+"#0*)&%$-&/#)C)6(4#0)#0#1"(0'M(*#S%0�#4+""#0(‐
%&1+'#(�2(/6#$&)6W6%(064(/6D#9",0#4'D/#'"&7'(%/6':%66-,"&,4 
148?#oGoWoooD
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t#V%&K&"&#^D#GHHPD#X0/2%(#40/0,(4(/6#$%0'-'()#+/#U&410%*C#
8q60"CAD#=/%#0$%-#50'>05?&%6%@A4 96?#JbPWJPGD

t# i&*%:,2(3#<D?# @("4&/6(#XD?# V(d2("0)#^D?# L04$&)# lDU?# p+*0"#
^D#GHJJD#@(M0K+&2%#&B#4&"('2"0%#z(+,M6#*+)6%+12-&/#B&%#6M(#
"+92+*# B%0'-&/#&B#$+,# )"2%%C# 6%(06(*#1C#0/0(%&1+'#*+,()-&/D#
Q&./#%&20&,"6'>05?&%6%@A4 32?#bJfWbGPD#

t#i2B(6(#@D?#V(%(3WX2%'+0#XD?#V(%(3W!)$+/&30#rD?#X&%0"#iD?#X&‐
%(/&WL0)(""()# lD?#V0%(*()#LD#GHH\D#h&60"#0/*# B0('0"# '&"+B&%4#
10'6(%+0#$(%)+)6(/'(# +/#0#$+,#)"2%%C#04(/*(*#)&+"D#J/.0$,%5\'
(5/0&504'102?#GJJWGJPD

t#R7/'M(3#XD?#^&/37"(3#lDUD#GHHPD#hM(#B(%-"+3(%#K0"2(#&B#$+,#)"2‐
%%CD#qD#p0"2()#*($(/*+/,#&/#6M(#6C$(#&B#&$(%0-&/D Bioresource 
>05?&%6%@A4 96?#JJJNWJJGoD

t#R&1)(C#XD?#{M0-1#UD?#Z+""#pD?#r"&'+"e0#!D?#V+""0+#pD#GHH\D#V06M&‐
,(/)#+/#0/+40")#z0)6(#0/*#6M(#+4$0'6#&B#z0)6(#40/0,(4(/6#
$%0'-'()# &/# 6M(+%# )2%K+K0"?# 6%0/)$&%6# 0/*# B06(D# q/`# i+'(# lD?#
L0"*z(""#<D?#Z24(/+S#gD#8(*AD#r/+40"#r,%+'2"62%(#0/*#6M(#!/‐
K+%&/4(/6`#Y0-&/0"# L(/6(%# B&%#X0/2%(# 0/*#r/+40"#|0)6(#
X0/0,(4(/6D#R6D#l&)($M?#X+'M+,0/D#$$D#\HfW\\\D

t#O/'#rD?#^&))#XD#GHHbD#h%0/)$&%6#&B#10'6(%+0#B%&4#40/2%(#0/*#
$%&6('-&/#&B#z06(%#%()&2%'()D#Applied Soil Ecology, 25?#JWJaD

t#p(/,"&K)SC#lD?#R0)0S&K0#YD?#V"0'M0#qD#GHHfD#V06M&,(/)#0/*#0/‐
-1+&-'#%()+*2()#+/#0/+40"#40/2%()#0/*#MC,+(/+'#0/*#('&"&,+‐
'0"#%+)S)#%("06(*#6&#)21)(92(/6#"0/*#0$$"+'0-&/D Bioresource 
>05?&%6%@A4 100?#Poa\WPofJD

t#p+*0"#^D?#<+(3#XDLD#GHHoD#q/T2(/'(#&B#B((*)6&'S#0/*#1"(0'M+/,#
6('M/&"&,+()# &/# 4(6M0/&,(/+'# 6&;+'+6C# &B# S%0�# 4+""# z0)‐
6(z06(%D#9",0#'(5/0&50'"&7'>05?&%6%@A4 48 8\A?#JbfWJPPD

t#p+""040%#LD#rD?#L0d260#hD?#@("4&/6(#XD?#p+*0"#^D#GHJGD#LM0‐
%0'6(%+30-&/#&B# )z+/(#z0)6(z06(%#1C# h&;+'+6C# q*(/-E'0-&/#
!K0"20-&/#X(6M&*&"&,C#8hq!AD#9",0#'D/#'"&7'(%/6':%66-3%&, 
223?#o\oWo\f
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1. INTRODUCCION

!)6(# 6%010e&# # $%()(/60# ("# *()0%%&""&# *(# 2/0# M(%%04+(/60# 92(#
$(%4+6(#$"0/+E'0%#C#(e('260%#0''+&/()#92(#$%&42(K0/#("#12(/#
2)&# *(# "&)# $2%+/()# ,(/(%0*&)# (/# "0# $%&*2''+./# 0,%&$('20%+0#
+/6(/)+K0D#V&%#(""&#)(#$%&$&/(#,(/(%0%#2/#)&$&%6(#*(#*('+)+./?#
92(#()#2/0#M(%%04+(/60#6]'/+'0#'&&$(%0-K0#)&1%(#"0#,()-./#C#
("#*()0%%&""&#*(#2/#)('6&%#0,%&$('20%+&#04+,01"(?#'041+0/*&#"0#
B&%40#*(#4+%0%#)2)#%()+*2&)#*()*(#2/0#$(%)$('-K0#$%&1"(47-'0#
M0'+0# 2/0# '&/'($'+./# *(# &$&%62/+*0*# *(# '&&$(%0'+./# (#
+/6(,%0'+./# '&/# "&)# 0,%+'2"6&%()# 92(# )(# (/'2(/6%0/# (/# )2)#
+/4(*+0'+&/()D# !"# )+)6(40# *(# ,()-./# $%&$2()6&# '24$"+%7#
*&)# B2/'+&/()# B2/*04(/60"()`# 8JA# $%&$&%'+&/0%# +/B&%40'+./#
C# '&/&'+4+(/6&# $0%0# "0# ,()-./?# C0# /&# *(# 2/# *()('M&# )+# /&#
40)#1+(/#*(#2/# %('2%)&# 8V2%:/A?# C# 8GA# )(%K+%# *(#10)(#$0%0# "0)#
+/)-62'+&/()# E)'0"+30*&%0)# $(%4+-(/*&# ,(/(%0%# $%&$2()60)# C#
)2$(%K+)0%#"0#*+)$&)+'+./#*(#"&)#%('2%)&)D
!"# )+)6(40# *(# ^()-./# *(# V2%+/()# '&4&# g(%-"+30/6(# 8R^VgA?#
)(# *()0%%&"".# '&/)+*(%0/*&# "0# %("0'+./# )2("&W$"0/60W0,20# C#
"0)# '&/*+'+&/()# '"+47-'0)# 92(# +4$(%0/# )&1%(# "&)# $%(*+&)#
*&/*(# )(# *+)$&/*%7/# "&)# $2%+/()D# !)6(# )+)6(40# *(# ,()-./#
$(%4+6(# '0"'2"0%# "0)# 60)0)#*(#$2%:/#92(#$2(*(/# )(%# 0$"+'0*0)#
0"#)2("&?#10e&#'&/*+'+&/()#()$(':E'0)#*("#7%(0#C#'2"-K&)D#V0%0#
*(6(%4+/0%#"0#60)0#*(#0$"+'0'+./#*("#$2%:/#()#+4$&%60/6(#'&/60%#
'&/# +/B&%40'+./# 60"# '&4&# "0)# '&/'(/6%0'+&/()# *(# /+6%.,(/&#
C# B.)B&%&# &%,7/+'&# (# +/&%,7/+'&# $%()(/6(# (/# ("# $2%:/?# ("#
()60*&#/26%+'+&/0"# *("# )2("&# C# '&/6(/+*&#*(#406(%+0#&%,7/+'0#
$%()(/6(?# 0*(47)#*(# "0)# %('&4(/*0'+&/()#/26%+'+&/0"()#$0%0#

8R^VgA#RqRh!Xr#<!#^!Rhq>Y#<!#VOiqY!R#L>X>#g!ihqUq�rYh!

Z]'6&%#g"&%()?#<+(,&#i+K(%0#C#l&)]#U2+)#r%24:

<($0%604(/6&#*(#i('2%)&)#Z:*%+'&)?
g0'2"60*#*(#q/,(/+(%:0#r,%:'&"0?
O/+K(%)+*0*#*(#L&/'($'+./?#L04$2)#LM+""7/D
L0)+""0#PoPWL?#LM+""7/?#LM+"(D

2/# %(/*+4+(/6&#*(#$%&*2''+./#*(6(%4+/0*0#)(,5/#'2"-K&D#U0#
'0/-*0*#*(#$2%:/#$&)+1"(#*(#0$"+'0%#()60#'&/*+'+&/0*0#$&%# "0#
K&"0-30'+./?#4+/(%0"+30'+./#*(#406(%+0#&%,7/+'0?#*()/+6%+E'0'+./#
(# +/4&K+"+30'+./?# $%&'()&)# 92(# )&/# +/T2+*&)# $&%# "0# 0'-K+*0*#
4+'%&1+&".,+'0?#6(;62%0#*("#)2("&?#6(4$(%062%0?#(/6%(#&6%&)D

!"# )+)6(40# *(# )&$&%6(# *(# *('+)+./# $0%0# "0# 0$"+'0'+./# *(# $2‐
%:/?#+/6(,%0#4&*("&)#%("0'+&/0/*&#"&)#'+'"&)#*(#/26%+(/6()#'&/#
"&)# $%&'()&)# *(# 8i+(,&?# $%('+$+60'+./AW()'&%%(/�0?# (%&)+./# C#
6%0/)$&%6(#*+)2("6&#C#0*)&%'+./#*(# "&)#("(4(/6&)#/+6%.,(/&#C#
B.)B&%&D#!)6(#)+)6(40#*(#)&$&%6(#*(#*('+)+./?#%()60#&#)240#"0)#
$]%*+*0)#C# 6%0/)B&%40'+&/()#$&6(/'+0"()#*(# "&)#/26%+(/6()#(/#
("# 10"0/'(# ,(/(%0"?# '&/# "&# '20"# )(#$2(*(# '&/&'(%# "0# '0/-*0*#
*(# /26%+(/6(# *+)$&/+1"(# 92(# 92(*0# $0%0# ("# '2"-K&# (/# )2("&D#
r*(47)#("#2)20%+&# )(%7#'0$03#*(#,(/(%0%# %7$+*04(/6(#K0%+&)#
()'(/0%+&)#*(#0$"+'0'+&/()#*(#$2%+/()#B262%0)?#&$-4+30/*&#"0#
2-"+30'+./#*(#/26%+(/6()#C#*+)4+/2C(/*&#"0)#$]%*+*0)D#!)6(#R+)‐
6(40#*(#)&$&%6(#*(#*('+)+./#B2(#*()0%%&""0*&#2)0/*&#"0)#('20‐
'+&/()# %("0'+&/0*0)# '&/# "0)# 6%0/)B&%40'+&/()# C#4&K+4+(/6&)#
*(#/26%+(/6()#$%()(/6()#(/# "&)#4&*("&)#R|rh#8Y(+6)'M#(6#0"D?#
GHHPA#C#rV!y#8|+""+04)#0/*#q302%%0"*(?#GHHNA#'2C&)#%()2"60*&)#
)&/#$%()(/60*&)#0#6%0K])#*(#2/0#+/6(%B03#,%7E'0#%(0"+30*0#'&/#
("#$%&,%040#X06"01D
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2. METODOLOGIA

U0#0$"+'0'+./#*(#2/#)+)6(40#*(#10"0/'()#'&4&#2/#+/)6%24(/6&#
$0%0# 2/0# 40C&%# )2)6(/601+"+*0*# *(# "0)# $%7'-'0)# *(# 40/(e&#
/26%+'+&/0"()# %(92+(%(# )(%# ()601"('+*&?# '&/# &1e(-K&)#
041+(/60"()#C#0,%&/.4+'&)#8>1&%/#et alD?#GHHok#Z(*"2/*#et al., 
GHHoAD# !/# ()6(# '0)&# ()# +4$&%60/6(# *(6(%4+/0%# ("# 10"0/'(# *(#
*&)#/26%+(/6()?#'&/'%(604(/6(#Y?#V# 8YS&/C0#et al.?#GHHPAD#O/#
10"0/'(#*(#/26%+(/6()#()-40#"0#*+B(%(/'+0#(/6%(#"0#'0/-*0*#*(#
/26%+(/6()#92(#(/6%0/#C#"0#92(#)0"(/#*(#2/#)+)6(40#(/#$0%-'2"0%#
(/#2/0#()'0"0#()$0'+&#C#-(4$&#*(E/+*0###8qYW>Oh#AD#!)6&)#10"0/'()#
(/#"0#0,%+'2"62%0#'&/)+*(%0/#"0#'0$0#*(#)2("&#(;$"&%0*0#$&%#"0)#
%0:'()#'&4&#("#()60/92(#*&/*(# "&)#/26%+(/6()#)&/#0,%(,0*&)?#
6%0/)B&%40*&)#C#0*)&%1+*&)D#!/#,(/(%0"#("#10"0/'(#*()'%+1(#("#
'+'"&#*(# "&)#/26%+(/6()#(/#("# )2("&#10)0*&)#'&/# "0)# %("0'+&/()#
*()'%+60)#(/#"+6(%062%0#8@2C))(#et al.?#GHHPAD
U0# '0/-*0*# *(# /26%+(/6()# 0# %($&/(%# ()# '0"'2"0*&# '&4&# "0#
*+B(%(/'+0#(/6%(#"0#/('()+*0*#*(#Y?#V#*("#'2"-K&?#*+)$&/+1+"+*0*#
(/# ("# )2("&?# '0%0'6(%:)-'0)# *("# $2%:/# C# "0)# 6%0)B&%40'+&/()#
$%&$+0)# *(# (""&)# 92(# -(/(/# "2,0%# 10e&# '+(%60)# '&/*+'+&/()#
$%&$+0)# *(# "0# 3&/0?# )(,5/# >1&%/# et  alD# 8GHHoAD# !"# 40/(e&#
)2)6(/601"(#*(#/26%+(/6()#*($(/*(%7#*(#'&4&#)&/#40/(e0*&)#
()6&)#0#/+K("#*(#'04$&?#)+(/*&#"&)#$%+/'+$0"()#B&'&)#*(#06(/'+./?#
"0# )+/'%&/+30'+./# C# "&'0"+30'+./# *(# "0# *(40/*0# *(# /26%+(/6()#
*("#'2"-K&D#V0%0#*()0%%&""0%#("#)+)6(40#*(#)&$&%6(#*(#*('+)+./?#
("# $%+4(%# $0)&# ()# "0# '&/)6%2''+./# *(# 2/# 4&*("&# '&/'($620"#
*&/*(# )(# %($%()(/60/# "0)# '&/*+'+&/()# "&'0"()# *("# 7%(0# *(#
()62*+&?# +*(/-E'0/*&# C# e(%0%92+30/*&# "0)# K0%+01"()# '"0K()#
92(# $2(*(/# 0B('60%# *+%('60# &# +/*+%('604(/6(# "0)# '&/*+'+&/()#
4(*+&#041+(/60"()#%("0'+&/0*0)#'&/#"0#"+;+K+0'+./#C#0%%0)6%()#*(#
/26%+(/6()?#92(#()67/#0)&'+0*&)#0#"0#*(,%0*0'+./#*(#"&)#'2(%$&)#
*(#0,20)D#V0%0#()6(#'0)&#)(#2)0%7#("#4+)4&#4&*("&#'&/'($620"#
*()'%+6&# (/# ("# $2/6&# 0/6(%+&%D# R(# 0*K+(%6(# 92(# "&)# B0'6&%()#
'"0K()#0#'&/)+*(%0%#$0%0#'&/)(,2+%#2/#40/(e&#041+(/60"4(/6(#
)2)6(/601"(?# 4+/+4+30/*&# "0)# $]%*+*0)# *(# /26%+(/6()?# ()67/#

0)&'+0*&)# 60/6&#0# "0)#12(/0)#$%7'-'0)#*(# B(%-"+30'+./?#C0#)(0#
0%-E'+0"#C#/062%0"?#'&4&#("#40/(e&#*("#%+(,&D
O/0# K(3# *(E/+*0)# "0)# ('20'+&/()# *("# X&*("&# R|rh# C# rV!y?#
92(# $(%4+6(/# %($%()(/60%# "0)# %("0'+&/()# (# +/6(%0''+&/()# *("#
)+)6(40#*(#+/6(%])?#4(*+0/6(#X06"01#)(#,(/(%.#2/#)+)6(40#*(#
)&$&%6(# *(# *('+)+./# %("0'+&/0/*&# '0*0# 2/&# *(# "&)# $%&'()&)#
+/K&"2'%0*&)# (/# "0# ,()-./# $%(*+0"# *("# $2%:/# 8g+,2%0# J0A?#
$0%0# $&)6(%+&%4(/6(# +/6(,%0%# 6&*&# 0# 2/0# +/6(%B03# ,%7E'0# *(#
O)20%+&D# U&)#*06&)#/('()0%+&)#$0%0# '&%%(%#("# $%&,%040#M0'(/#
%(B(%(/'+0# 0# "0)# '0%0'6(%:)-'0)# �)+'&# 92:4+'0)# *("# )2("&# C# *("#
$2%:/#8g+,2%0#J1A#C#8g+,2%0#J'A?#"0)#'0%0'6(%:)-'0)#'"+47-'0)#*("#
$%(*+&?#/('()+*0*()#/26%+'+&/0"()#C#M:*%+'0)#*("#'2"-K&?#'&4&#
"0# K0%+0'+./# *(# "0# 6(4$(%062%0# *("# )2("&# $0%0# "0)# *+B(%(/6()#
()6%06&)# C# "&)# $0%74(6%&)# M+*%&".,+'&)# )&/# &16(/+*&)# *(# "0#
8g+,2%0#J*AD
L&/##("##$%&$.)+6&#*(##(K0"20%##"0##4(6&*&"&,:0?##()60##)(##0$"+'.##
(/##("##$%(*+&##*(#R0/#^2+""(%4&?#21+'0*&#0##GG##S4##0"##/&%()6(##
*(# # "0# '+2*0*# *(# LM+""7/?# L&42/0# *(# L&+M2('&?# $%&K+/'+0# *(#
}21"(?#%(,+./#*("#@:&W@:&?#LM+"(D
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Figura 1.#q/6(%B03#,%7E'0D

3. RESULTADOS 

+"#$^-/*(:2$?($/>7>3*($?($?(5-/-1)

V0%0#()6(#'0)&#)(#'&/6(4$"0#("#'2"-K&#*(#X0:3# B&%%0e(%&# 8�(0#
40C)A?#("#'20"#-(/(#2/0#+4$&%60/'+0#%("(K0/6(#(/#"0#3&/0#'(/6%&#
)2%# *(# LM+"(# C# ()# (/# ,%0/#4(*+*0# 2-"+30*&# $0%0# *+)$&/(%# *(#
"&)#$2%+/()D#!)6(#)+)6(40#*(#)&$&%6(#*(#*('+)+./#$(%4+-%#0#0"#
2)20%+&#(K0"20%#'20"92+(%#'2"-K&?#*(1+(/*&#6(/(%#'"0%+*0*#*(#"0#
/('()+*0*#/26%+'+&/0"#*(#()6(#0#*+B(%(/6()#()60*&)#B(/&".,+'&)?#
$0%0# ("# '0)&# *(# ()62*+&# "0# +/B&%40'+./# *("# %(92(%+4+(/6&#
/26%+'+&/0"#)(#&162K&#*(#Z+%3("#0/*#@()6#8GHHGA?#"&)#'&(E'+(/6()#
*(# '2"-K&)# $0%0# *+B(%(/6()# ()60*&)# B(/&".,+'&)# B2(%&/#
%('010*&)#*(#g(%%(C%0#(6#0"D#8GHHPAD#U&)#*06&)#4(6(&%&".,+'&)#
B2(%&/# %('&"('60*&)# $&%# "0# ()60'+./# 4(6(&%&".,+'0# *(# "0#
O/+K(%)+*0*#*(#L&/'($'+./#O1+'0*0#(/# "0#'&42/0#*(#LM+""7/?#
%(,+./#*("#@+&W@+&?#U0-62*#o\#ob�#R2%#C#U&/,+62*#NG#H\�#>()6(D#
V0%0# ()6(# (e(4$"&# )(# 2-"+3.# ("# )('6&%# r# *("# $%(*+&?# '2C0)#
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