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!"#$%"&'('Las aguas del Cutuchi que aportan al canal de riego Latacunga-Salcedo-Ambato (LSA), escurren en el  
río 1 000 Millones de m3 anuales. Debido a una incapacidad de gestión del recurso hídricono seremedianlos 
efectos que causan los contaminantes biológicos. El objetivo del presente trabajo fue caracterizar la 
contaminación microbiológicae implementar tratamientos de filtración anaeróbico-aeróbico, se diseño dos 
reactores que contienen dos partes, cada una de 1 m3, la primera contiene piedra pómez(A) cubriendo 1/2 y 3/4 
del reactor (T50 y T75), el segundo contiene cascarilla de arroz(B) en 2 y 4 filas de bandejas de 15 cm de 
altura (T2 y T4), durante los  períodos enero-marzo/Julio-agosto del 2013; el  lote de estudio se ubicó en las 
coordenadas: UTM (WGS84) Zona 17S X: 766806; Y: 9895000. Se tomaron 16 muestras por 
triplicado, cada 8 días. Se analizaronDQO, DBO, E. coli y coliformes totales como NMP, Laremoción de 
DQO es del 16% y 29,2% demateria orgánica (MO), en los sistemas T50/4-T75/2, yen T50/2-T75/4 una 
remoción de 43,6 y 53,7% de MO. Se valoró estadísticamente F en el DQO, los que no son significantes para p= 
0,05 y 0,01 en las dos fases para las variables A y B por separado; el análisis AxB resultan significantes. El 
contaje bacteriano esta en  106 100 ml-1  como NMP, los sistemas T50/4-T75/2, y  T50/2-T75/4  generaron 
una remoción bacteriana de una unidad logarítmica. Los sistemas propuestos son una opción para la remoción 
de MO pero resultaron insuficientes para la carga bacteriana. 

P)*)+,)#'-*)."/!DBO, DQO, COLIFORMES, TRATAMIENTO AEROBICOS ANAEROBICOS.

0+#1,)21'(!Cutuchi waters that provide irrigation canal Latacunga-Salcedo-Ambato (LSA), drained into the 
river 1000 million m3 per year. Due the inability to management of water resources is causing the effects 
not remedy biological contaminants. The aim of this study was to characterize the microbiological 
contamination and implement anaerobic-aerobic treatment filtration, two reactors containing two parts design, 
each of 1 m3, the first contains pumice (A) covering 1/2 and 3/4 the reactor (T50 y T75). The second contains rice 
bran (B) at 2 and 4 rows of trays 15 cm(T2 y T4), during the period from January to March / July-August 
2013,  studio lot was located at coordinates: UTM WGS84) Zone 17S X: 766806; Y: 9895000, 16 triplicate 
samples, were taken every 8 days.  It was analyzed COD, BOD, E. coli and total coliforms as NMP. The COD 
removal is 16% and 29.2% of organic matter (OM) in the T50/4-T 75/2 systems, and T50/2-T75/4 removal of 
43.6% and 53.7% of MO. It was assessed statistically F in the COD, which are not significant at p = 0.05 and 
0.01 in the two phases for the variables A and B separately; the analysis AxB are significant. The bacterial 
count is at 106 

x 100 ml-1 as NMP, the T50/4-T7 /2 and T50/2-T75/4 systems generated a bacterial removal of one 
log. The proposed systems are an option for the removal of MO but were insufficient to bacterial load. 

K"345,6#"!BOD, COD, COLIFORMS, ANAEROBIC AEROBICS TREATMENT.

INTRODUCCIÓN 

El 80% del agua limpia se convierte en agua 
residual, su uso en el agro determina el 
deterioro de las condiciones de vida de la 

población rural [1], la cuenca del Cutuchi 
provee agua para regadío al canal de riego 
Latacunga Salcedo Ambato (LSA), que 
cubre una extensión aproximada de 24 000 
ha [2]. Debido a la falta de sistemas de 
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El Agua Residual y su Uso: 

M*&+ ';-:$4@%"+ !"+ .&-+ #;@.&'(;*"-+ -(*+ $*&+
#.&*(N('&'()*+&!"'$&!&3+"-+9"%:"%+!"+4&*"%&+
!(%"':&+ .&-+ &,$&-+ %"-(!$&."-+ !;4O-:('&-+ "*+
.;-+'$"%#;-+!"+&,$&-+-$#"%N('(&."-+HDIP+".+$-;+
!"+.&-+&,$&-+%"-(!$&."-+ +';*-:(:$Q"+ +N;';+!"+
';*:&4(*&'()*+!".+$-$&%(;++Q&+-"&+!"+4&*"%&+
!(%"':&+ )+ (*!(%"':&P+ ';*+ ".+ '%"'(4("*:;+
#;@.&'(;*&.+ "*+ .;-+ '"*:%;-+ $%@&*;-+ + -"+
,"*"%)+ $*+ + 4&Q;%+ 9;.$4"*+ !"+ &,$&-+
%"-(!$&."-+#;%+.;+L$"+-"+,"*"%&.(K)+-$+$-;+"*+
".+&,%;>+

R%;@."45:('&+ !"+ -&.$!+ + Q+ "N('&'(&+ !"+ .&-+
&,$&-+ !"+ %",&!<;S+ G.+ %",&!<;+ !"+ K;*&-+
'$.:(9&@."-+ ';*+ &,$&+ %"-(!$&.+ !;4O-:('&+
';*-:(:$Q"+ $*+ %("-,;+ #&%&+ .&+ -&.$!+ F$4&*&+
#;%+ .&+ #%"-"*'(&+ !"+ #&:),"*;-+ L$"+
(*9;.$'%&*S+ 9(%$-+ /"*:"%;9(%$-3+ &!"*;9(%$-3+
%;:&9(%$-23+ @&':"%(&-+ /';.(N;%4"-3+ ":'>23+
#%;:;K;;-+;+F".4(*:;-+/.;4@%('"-2+!"+;%(,"*+
F$4&*;>+ ?&-+ &,$&-+ %"-(!$&."-+ ,"*"%&*+
#%;@."4&-+ !"+ -&.$!+ #=@.('&3+ $*+ DE8+ !"+ .&+
#;@.&'()*+$%@&*&+"*+04O%('&+?&:(*&+';*:%&"+
"*N"%4"!&!"-+ (*N"''(;-&-+ &-;'(&!&-+ &.+ &,$&+
H7I>++

?&+ '&.(!&!+ -&*(:&%(&+ !".+ + &,$&+ !"+ %",&!<;+
"-:5+!":"%4(*&!&+#;%+.&+'&*:(!&!+!"+A;.(N;%T
4"-+ N"'&."-+ ';4;+ (*!('&!;%+ !"+ .;-+ *(9"."-+
!"+ @&':"%(&-+ L$"+ ,"*"%&*+ "*N"%4"!&!"-+
"*:O%('&-+ "*+ ".+ F;4@%">?&+ + '&.(!&!+ !"+ .&-+
&,$&-+ #&%&+ $-;+ &,%<';.&+ -"+ '&:",;%(K&+ "*+ C+
:(#;-+';4;+-"+;@-"%9&+"*+.&+A$&!%;+U>

A$&!%;U>+V(%"':%('"-+!"+.&+WXYZ(*N;%4"TG*,".@"%,+
-;@%"+'&.(!&!+4('%;@(;.),('&+Q+!"+["4&:;!;-+!"+
&,$&-+%"-(!$&."-+#&%&+$-;+"*+&,%('$.:$%&+/U2>+
'.&-"+ A;*!('(;*"-+ !"+

&#%;9"'F&4("*:;+
A;.(N;%4"-+N"'&."-+/\2+
/4"!(&+,";4O:%('&+]+
UEE+4.2+

0+ 1(",;+ !"+ '$.:(9;-+ L$"+
-"+ ';*-$4"*+ '%$!;-3+
'&4#;-+ !"+ !"#;%:"-+ ;+
#&%L$"-+#=@.(';->+

^+U+EEE+

_+ 1(",;+ !"+ '$.:(9;-+ !"+
'"%"&."-3+ (*!$-:%(&."-3+
N;%%&`"%;-3+ #%&!"%&-+ /C2+
Q+5%@;."-+/D2+

[;+%"';4("*!&++
*(*,$*&+*;%4&>+

A+ 1(",;+ .;'&.(K&!;+ !"+
'$.:(9;-+!"+ .&+'&:",;%<&+
_+ '$&*!;+ .;-+ :%&@&`&T
!;%"-+ *(+ ".+ #=@.(';+
"-:5*+"B#$"-:;->+

[;+"-+&#.('&@.">+

U> G*+ '&-;-+ "-#"'<N(';-3+ -"+ !"@"%<&*+ :"*"%+ "*+ '$"*:&
.;-+ N&':;%"-+ "#(!"4(;.),(';-3+ -;'(;'$.:$%&."-+ Q
&4@("*:&."-+ !"+ '&!&+ .$,&%+ Q+ 4;!(N('&%+ .&-
!(%"':%('"-+!"+&'$"%!;+';*+"..;>
\> V$%&*:"+".+#"%<;!;+!"+%(",;>
C> A;*9("*"+ "-:&@."'"%+ $*&+ !(%"':%(K+ 45-+ "-:%(':&+ /^
\EE+ ';.(N;%4"-+ N"'&."-+ #;%+ UEE+ 4.2+ #&%&+ #%&!;-
#=@.(';-3+ ';4;+ .;-+ !"+ .;-+ F;:"."-+ ';*+ .;-+ L$"+ ".
#=@.(';+#$"!"+"*:%&%+"*+';*:&':;+!(%"':;>
D> G*+ ".+ '&-;+ !"+ .;-+ 5%@;."-+ N%$:&."-3+ ".+ %(",;+ !"@"
'"-&%+!;-+-"4&*&-+&*:"-+!"+';-"'F&%+.&+N%$:&+Q+O-:&
*;+ -"+ !"@"+ %"';,"%+ !".+ -$".;>+ [;+ "-+ ';*9"*("*:"
%",&%+#;%+&-#"%-()*>

Sistemas de tratamiento de aguas: 
Y"+ '&:",;%(K&+ "*S+ #%".(4(*&%3+ #%(4&%(;3+
-"'$*!&%(;+ Q+ :"%'(&%(;+ ;+ &9&*K&!;P+4("*:%&-+
L$"+!"+&'$"%!;+&.+4"'&*(-4;3+ + .;-+4O:;!;-+
!"+'.&-(N('&*+"*S+
U2>T[W+ !"-:%$':(9;-+ ;+ a<-(';+ L$"+ (*'.$Q"S+
:O'*('&-+ 4"'5*('&-+ /!"-@&-:"3+
-"!(4"*:&'()*23+ + !"+ &!-;%'()*+ /#;%+ '&%@)*+
&':(9&!;23+ !"-;%'()*+ /-:%(##(*,23+ "B:%&''()*+
';*+ -;.9"*:"-+ Q+ N(.:%&'()*+ !"+ 4"4@%&*&+
/$.:%&+Q+*&*;N(.:%&'()*23+Q+
\2>TV"-:%$':(9;-+ L$"+ (*'.$Q"*+ :%&:&4("*:;-+
@(;.),(';-+ /&*&"%)@(';-+ Q+ &"%)@(';-2+ Q++
;B(!&'()*+ L$<4('&>+ ?;-+ 4O:;!;-+
!"-:%$':(9;-+ !"+ ;B(!&'()*+ + L$<4('&+ -"+
'.&-(N('&*+ "*+ !;-+ '&:",;%<&-S+ !(%"':;-+ Q+
&9&*K&!;->?;-+ #%(4"%;-+ -;*+ &L$"..;-+ L$"+
$:(.(K&*+ ;B<,"*;+ ';4;+ &,"*:"+ ;B(!&*:"+ "+
(*'.$Q"*S+ .&+ (*'(*"%&'()*3+ .&+ ;B(!&'()*+
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!"#$%&' ()$*' +,-' ./,%&*,012' )+.32' 4&'
0/,%&5,61' !"#$%&' 5&*&47*,5&' (8&*&49*,5')$*'
+,-' ./,%&*,012' 8)+.3' 4&' :;<$-5-7*,5&'
(=;<$-5-,*,5&4')$*'+,-'./,%&*,012'=)+.3'9'
4&'0/,%&5,61'&16%,5&'(+.3'0'$4$5*-0>;7#,5&?''
@0:' #A*0%0:' &B&1C&%0:' ,#<4,5&' 4&'
D$1$-&5,61' %$' -&%,5&4$:' !,%-0/,40' E.FGH'
50#0I'.J2'FK.K2' -&%,&5,61' ;4*-&B,04$*&' 9' $4'
#A*0%0' L$1*01' EMG?' N1' +#A-,5&' @&*,1&2' $4'
-,$D0' %$' !0-*&4,C&:' 501' &D;&:' -$:,%;&4$:'
05;<&'$4'<-,#$-'4;D&-'EOG?''

Sistemas de filtración ascendente-
descendente:  
@0:' :,:*$#&:' %$' P,4*-&5,61' Q,046D,5&'
&:5$1%$1*$' :01' *,<0:' %$' -$&5*0-$:'
&1&$-6Q,50:' >;$' <$-#,*$' #&1*$1$-' $1'
:;:<$1:,61' $4' &D;&' -$:,%;&42' 501:*,*;9$' ;1'
<-05$:0' %$' *-&*&#,$1*0' 501*,1;02' $4' ;:0' %$'
#&*$-,&4'<0-0:0'<$-#,*$'4&'P0-#&5,61'%$';1&'
<$475;4&' P,R&' >;$' &:$D;-&' 4&' -$*$15,61' %$'
:64,%0:' <0-' &%:0-5,612' :,$1%0' 4&' <,$%-&'
<6#$C' ;1' #&*$-,&4' %$' Q,0HP,4*-&5,61'
&%$5;&%0'ESG'
T,$%-&' <6#$C' 0' <0#,1&I' N:' ;1' #&*$-,&4'
UD1$02' <,-054V:*,50' <0-0:02' $1' P0-#&' %$'
$:<;#&' 9' >;$' :$' P0-#&1' %;-&1*$' ;1'
$1P-,&#,$1*0' #;9' -V<,%0' %$' ;1' #&D#&'
&:5$1%,$1*$' %$' &4*&' B,:50:,%&%2' <-$:$1*&1'
;1&' 5040-&5,61' D-,:2' %$1:,%&%' %$' W2X' &' W2S'
D5#HJ2' <F' M?J' 501' ;1' <0-5$1*&R$' %$'
!;#$%&%' %$' J2XY2' 501:*,*;,%0' QV:,5&#$1*$'
<0-'*-,6/,%0'%$':74,5$'9'*-,6/,%0'%$'&4;#,1,02'
(MZY' %$' =,.K2' ZK?OY' %$' +4K.J2' Z?M[Y' %$'
L$K.J2' Z?J\Y' %$' 8&.2' J?KJY' %$' ]&K.2'
J?OJY'%$'^K.2'32'&4*&'<0-0:,%&%'9'D-&1'V-$&'
%$' :;<$-P,5,$ EZWG?' =;' $#<4$0' $1'
Q,0P,4*-&5,61'$:'&<-0<,&%0'%$:%$'$4'<;1*0'%$'
B,:*&' $5016#,502' 9&' >;$' :;' &<4,5&5,61' $:'
:,#<4$' 9' $P,5&C2' 4&' <,$%-&' <6#$C' <0-' :;'
<0-0:,%&%' <-$:$1*&' ;1&' D-&1' 5&<&5,%&%' %$'
&%:0-5,61' %$' #&*$-,&4' ,10-DV1,50' 50#0'
0-DV1,50'EZZG'EZKG'EZJG?'
N:*;%,0:'&'$:5&4&'%$'4&Q0-&*0-,0'%$#0:*-&-01'
>;$' 4&' <,$%-&' ' <6#$C' $:' ;1' &Q:0-Q$1*$'
<-0#$*$%0-'%$'#&*$-,&'0-DV1,5&'9'$/5$4$1*$'
<&-&'-$%;5,-''4&'_`.'%$'4&:'&D;&:'-$:,%;&4$:'''

$1' B&40-$:' !&:*&' %$' W2WJK' DaDHZEZXG?' @&'
<,$%-&' <6#$C' *,$1$' ;1&' 5&<&5,%&%' %$'
&Q:0-5,61'%$'&D;&'%$'!&:*&'SW'B$5$:':;'<$:0'
$1';1'*,$#<0'%$'!&:*&'ZKW'#,1;*0:?'
8&:5&-,44&' %$' &--0CI' $:*V' 50#<;$:*0' %$'
4,D10H5$4;46:,5&2' &' 1,B$4' #;1%,&4' :$' ;*,4,C&'
50#0'&Q010''$1'<$>;$b&'$:5&4&2'$1'$:<$5,&4''
B7&'50#<0:*''9':;'#&90-'<&-*$'$:',15,1$-&%0'
EZ[G2' %$' &5;$-%0' &' &1V4,:,:' %$' :;'
50#<0:,5,61' :$' %$*$-#,1&' 40:' :,D;,$1*$:'
50#<01$1*$:' $1' <-0<0-5,61' <0-5$1*;&4I'
8$4;40:&2' XJHXSYc'F$#,H5$4;40:&2' KJHKOYc'
@,D1,1&' ZKHZ\Yc' 5$1,C&:' Z[' dKWY' 9' :74,5$'
SHZXY; $1*-$' 4&:' <-,15,<&4$:' <-0<,$%&%$:
P7:,5&:':$'*,$1$I'$:'#&*$-,&4'4,B,&102'%$'Q;$1
%-$1&R$2' ' Q&R&' 5&<&5,%&%' %$' -$*$15,61' %$
!;#$%&%2' :;:*-&*0' 0-DV1,50'%$' Q&R&' *&:&' %$
%$:50#<0:,5,61' EZ\G2' :$' -$<0-*&' $4' ;:0' %$
#&*$-,&4$:' 0-DV1,50:' -$:,:*$1*$:' &' 4&
%$:50#<0:,5,61' 9' $:*&Q4$5$' $:*;%,0:' %$4
Q,0H%$*$-,0-0'%$'4&:'P,Q-&:'%$'4&'5&:5&-,44&'$1
Q&:$'&4'&1V4,:,:%$4'5-$5,#,$1*0'%$4'!01D0'%$
<;%-,5,61' Q4&15&' Pleurotus ostreatus
%;-&1*$'JW'%7&:'501';1&'<A-%,%&'%$'<$:0'%$
KMY?'@&'5&:5&-,44&'%$'&--0C'$1':;'<-05$:0'%$
%$D-&%&5,61' 4,Q$-&' <$-6/,%0' %$' !,%-6D$10
50#0''<-,15,<&4'50#<01$1*$'$1'$4'501*-04'%$
5-$5,#,$1*0' %$' &4D&:' 50405&%0:' $1' ;1&' -$%
%$'19401'9''50#0'P40*&%0-'$1'%0:,P,5&5,01$:
B04;#A*-,5&:' %$:%$' K[' D#HJEZMG?' .*-0:
$:*;%,0:' 501P,-#&1' 4&' 5&<&5,%&%' ,1!,Q,%0-&
%$'&4D&:'%$'4&'5&:5&-,44&'%$'&--0C'%$Q,%0'&'4&
4,Q$-&5,61' %$' 50#<01$1*$:' >;7#,50:' 50#0
$:*-;5*;-&:' P$164,5&:' EZOG2' 40:' 50#<;$:*0:
P$164,50:' 4,Q$-&%0:' ' <-$:$1*&1' &5*,B,%&%
,1!,Q,*0-,&'%$'Q&5*$-,&:'EZSG?

1. MATERIALES Y MÉTODOS

1.1.  Zona de Estudio, Investigación de 
campo

N4' $:*;%,0' :$' -$&4,C6' $1' 4&:' 500-%$1&%&:'
efg'()h=OX3'i01&'ZM=' ' 'jI'M\\OW\c'kI'
SO\MJXX2'4&',1B$:*,D&5,61':$'$P$5*;6'$1'%0:'
P&:$:?' @&' <-,#$-&' P;$' $1*-$' 40:' #$:$:' %$'
$1$-0'9'#&-C0'%$4'KWZJ'$1'A<05&'%$'44;B,&'9'
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!"#$%&'()"#*"$%#*'%#%(+,%#!-$#.%$%$#)%#/'!0-#
1# "&-$+-# )%!# 2345# %(# 67-8"# )%# %$+0"/%9# :%#
+-.",-(# # 4;# .'%$+,"$# # %(# 0(+%,<"!-$# )%#
"7,-=0.")".%(+%#>#)?"$#1#$%#)%+%,.0(",-(@#
ABCD# AECFD# 8-!0*-,.%$# *%8"!%$D#
GHIIHJCKLMA0!'+0-(# N0+# GO:N4332F# 1#
+-+"!%$D# GHIIHJCKL# M# A0!'+0-(# N0+#
GP:N4332F#Q23R9#

Diseño de reactor: :%# +-.S# #8-.-#T"$%#%!#
$0$+%."##"("%,ST08-#Q24R#Q22RD#U'%#%$7%80*08"#
!"# "7!08"80S(# )%# ."+%,0"!%$# -,&V(08-$#
,%$0$+%(+%$#"# !"#)%$8-.7-$080S(#%(#$0$+%."$#
)%# *0!+,"80S(# ,V70)"D# 8-.-# %$# %!# 8"$-# )%# !"#
8"$8",0!!"#)%#",,-WD#%(#!"#X0&',"49#:%#-T$%,<"#
%!#)0$%Y-#.-)0*08")-#"("%,ST08-Z"%,ST08-9#

X0&',"# 49# # A0$%Y-# )%# $0$+%."# )%# X0!+,"80S(#
[("%,ST08-#\[%,ST08-9#]0$+"#!"+%,"!9#
L(# )0$%Y-# )%# ,%"8+-,# 8-($+"# )%# )-$# 7",+%$D#
8")"# '("# )%# 4# .5D# 8-.-# <",0"T!%$#
)%7%()0%(+%$# 70%),"# 7S.%W# 1# 8"$8",0!!"# )%#
",,-WD##!"#70%),"#7S.%W#8'T,%#%!#F3^#1#_F^#
)%!#,%"8+-,#4`[F3#1#[_FaD#%(#%!##,%"8+-,#)-$##
$%#8-!-8S#8"$8",0!!"#)%#",,-W#%(#*0!"$#)%#2#1#b#
T"()%/"$#)%#4F#8.#)%#"!+',"#`#E2#1#EbaD#%(#
!"#*"$%#H#$%#+,"+",-(##!-$##$0$+%."$@#[F3MEb#1#
[_FME2c#%(##!"#*"$%#HH#!-$#$0$+%."$@#[F3ME2#
1#[_FMEb

Descripción de los tratamientos: I"$#
<",0"T!%$# # 0()%7%()0%(+%$# U'%# $%##
%$+"T!%80%,-(# %(# # %$+%# %=7%,0.%(+-# $-(@#
J0%),"# JS.%W# 1# 8"$8",0!!"# )%# ",,-W#
%$7%80*08")"$#)%#!"#$0&'0%(+%#."(%,"9

Variables Independientes: 
X"8+-,# [@# J0%),"# 7S.%W@# [4d# F3# # 8.# )%#
"!+',"#)%!#,%"8+-,#1#[2d#_F#8.#)%#"!+',"#)%!#
,%"8+-,9##
X"8+-,# E@# ef.%,-# )%# T"()%/"$# 8-(#
8"$8",0!!"#)%#",,-W@#E4d#)-$#T"()%/"$#8-(#4F#
8.#)%#"!+',"#!!%("$#)%#8"$8",0!!"#)%#",,-W9#g#
E4d# 8'"+,-# T"()%/"$# 8-(# 4F# 8.# )%# "!+',"#
!!%("$# )%# 8"$8",0!!"# )%# ",,-W9# P-)"$# !"$#
+-."$#8-(!!%<",-(#'(#"(V!0$0$#)%#.'%$+,"#$0(#
+,"+".0%(+-9#

Análisis estadístico: [eC][D# 7,'%T"# # )%#
$0&(0*08"(80"#XD#<"!-,#U'%##$%#8-.7",S#8-(#!"#
+"T'!")"#"!#F^#1#4^D#$%#%$8-&%#%!#7",V.%+,-#
)%#8","8+%,0W"80S(@#ABC9##

2. RESULTADOS Y DISCUSIONES

L!#$0$+%."#$%#*'()".%(+"#%(#!"#,%.-80S(#)%#
."+%,0"# -,&V(08"# %(# !-$# 8'"+,-# $0$+%."$# )%#
+,"+".0%(+-# %<"!'")-$# 8-.-# A%."()"#
B'?.08"# )%# C=0&%(-D# '("# ,%.-80S(#
7-,8%(+'"!# )%!# 4;^# 1# 2hD2^# # )%# 8",&"#
-,&V(08"#%(#!-$#$0$+%."$#[F3MEb#1#[_FME2c#
.0%(+,"$# U'%# %(# !-$# $0$+%."$# # [F3ME2# 1#
[_FMEb#i"1#'("#,%.-80S(#)%#8",&"#-,&V(08"##
b5D;# 1# F5D_^9:%# <"!-,S# '("# 7,'%T"##
%$+")?$+08"#X#%(#%!#7",V.%+,-#)%#ABCD#7","#
!"# )%+%,.0("80S(# )%# $0&(0*08"(80"# $%# "7!08"#
%!#7,-&,"."#%$+")?$+08-#)%#GHeHP[E#4;D#$%#
-T+0%(%(# !-$# $0&'0%(+%$# ,%$'!+")-$# U'%# $%#
,%$'.%(#%(#%!#O'"),-#29#

O'"),-#29#[(-<"#)%!#J-,8%(+"/%#)%#K%.-80S(#)%#
ABCD#[#`[!+',"a#<$#E#`ef.%,-#)%#T"()%/"$a9#

:#d#4FDFFKZ8'")9#d#bbD23^KZ8'"),"+9#`"/'$+")-a#d#
5>D22^Djj#`$0&(0*08"+0<-aDj`e-#$0&(0*08"+0<-a#

XkLePL#
l,")-#)%#
I0T%,+")#

:'."#)%#
8'"),")-$#

G%)0"$#
O'"),V+08"$#

]"!-,#)%#X#
]"!-,#JO"!8'!")"# P"T'!")"#

lI# :O# GO# F^# 4^#
[@#[!+',"## 4# ##___Db# ##___Db# 5D22# bD;# >D>;# 3D3>bj#
E@#ef.%,-#)%#
m0!%,"$#ZT"()%/"#

4# ####55# ####52Dh;# 3D4b# bD;# >D>;# 3D_F3j#

H(+%,"880S(#[=E# 4# ##bFF4# bFF4# 4>D>2# 2Dhb_# bDF;># 3D333jj#
L,,-,# 2># ##;_;hDb# ##2b4D_;#
P-+"!# 54# 42453Dh#
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!"#$%#&'()*%#+#,-#-,.)-/%0'1%#-"#(*23'4%,#5-#
4%6%#$%#*-/74'8"#5-#/%0-*'%#7*(2"'4%#-"#
9:;#5-#$%#3%,-#<#=#<<#

>$0)*%#?4/@
AB#C%"5-6%,

DEEF
G+G+

DF

HF

EF

GF

IF

+F

JF

K
#L
-/
7
4'
8
"
#5
-#
9
:
;

M*23'4%#5-#'"0-*N%$7,#5-#K#L-/74'8"#5-#9:;
OEK#<P#Q%*%#$%#/-5'%

#
&'()*%#+R#L-$%4'8"##5-#,'("'3'4%"4'%#5-$#S7*4-"0%6-#5-#
L-/74'8"#9:;#N,R#T*%0%/'-"07,##3%,-#<U#3%,-#<<#=##
-"0*-#N%*'%V$-,#>#?%$0)*%@#=#C#?AW/-*7#5-#C%"5-6%,@#
#
X-(W"# $7,# *-,)$0%57,#5-# $7,#>A;Y>U# 0%"07#
5-$#P)%5*7#+##%,Z#47/7#5-#$%#&'()*%#+U##%#)"##
"'N-$#5-#,'("'3'4%"4'%#5-$#OE#K#?Q[FRFE@U#,-#
Q)-5-# -N'5-"4'%*# .)-# -"# $%,# 3%,-,# Q7*#
,-Q%*%57U# "7# -\',0-# 5'3-*-"4'%# ,'("'3'4%0'N%#
-"#$%#*-/74'8"#5-#$%#9:;#-"0*-#$7,#,',0-/%,##
T>DE]C+#=##T>EF]CGU#=#,',0-/%,#T>EF]C+#
=# # T>DE]CG# *-,Q-40'N%/-"0-^#/'-"0*%,# .)-#
$%# '"0-*%44'8"# -"0*-# $%,# 57,# 3%,-,U# # $%,#
N%*'%V$-,# >?%$0)*%@# =# C?AW/-*7# 5-#
C%"5-6%,@U# ,-# # 5-0-*/'"%# $%# -\',0-"4'%# 5-#
,'("'3'4%"4'%#-"0*-#'"0-*%44'8"#>#\#CR##
 
Remoción de Coliformes_#`"#JEK##5-# $7,#
*Z7,# 5-# a%0'"7%/b*'4%# Q*-,-"0%"#
47"4-"0*%4'7"-,# 5-# 47$'37*/-,# 3-4%$-,# # 47"#
N%$7*-,# '()%$-,# 7# /%=7*-,# JFRFFF#
`&P]JFF/$# -"# %()%,# .)-# ,-# -/Q$-%"# Q%*%#
*'-(7# cEdU# -"# -$# 4%,7# 5-$# 4%"%$# aX># ,-#
47"3'*/%#-,0%#%,-N-*%4'8"R##
#
!"#$%,#&'()*%#I##,-#*-(',0*%"#$%#*-/74'8"#5-#
$7,# N%$7*-,# 5-# P7$'37*/-,# 3-4%$-,# -"# $7,#
,',0-/%,# T>EF]CG# =# T>DE]C+# ?3%,-# <@^# %,Z#
47/7# 0%/V'b"# -"# $7,# ,',0-/%,# # T>EF]C+# =#
T>DE]CG#?3%,-#<<@R#

#

#
&'()*%#IR#L-/74'8"#5-#P7$'37*/-,#3-4%$-,#5-#$%,#%()%,#
5-$#4%"%$#aX>R#?%@#3%,-#<#=#?V@#3%,-#<<##47"#*-,Q-407#%#$%#
47"0%/'"%4'8"#5-#$%,#%()%,#5-$#4%"%$#aX>#
#
!$# 47"0%6-# V%40-*'%"7# ,-# # -"4)-"0*%# -"##
47"4-"0*%4'7"-,# 5-# `&P# JFH]JFF# /$# # 47/7#
AeSU# $7,# ,',0-/%,# T>EF]CG# =# T>DE]C+^# =#
T>EF]C+#=#T>DE]CG# #(-"-*%"#)"%#*-/74'8"#
V%40-*'%"%# 5-# )"%# )"'5%5# $7(%*Z0/'4%^# ,'"#
-/V%*(7U# $-# *-/74'8"# *-,)$0%# '",)3'4'-"0-#
Q%*%#4)/Q$'*#47"#$7#.)-#-,0'Q)$%#$%#"7*/%#.)-#
5-0%$$%# 47/7# $Z/'0-# /2\'/7#
Q-*/','V$-JRFFF`&P# 47/7# )"'5%5-,# "W/-*7#
/2,#Q*7V%V$-#Q7*#JFF#/$R#c+Id#
#

#

!"#"$%&'()*+,-". %/'$0
12"#"34/&3

!"#"%&(56)*+,-". %(0&%
12"#"34/%$

.

(37333"

'37333"

%$37333"

. (337333" '337333" %7$337333"

8039(

8609$

P7$'37*/-,#&-4%$-,#AeS#JFF#/$#⁻¹ %()%#"7#T*%0%5%

P
7$
'3
7*
/
-,
#&
-4
%$
-,
#A
e
S
#J
FF
#/
$⁻
¹

*#'

:

!"#"$334&)*+,-". 63646
12"#"3460&

!"#"$3$4')*+,-". 6%04'
12"#"346&6

.

(33"

'33"

%7$33"

. &33" %7$33" %7'33" $7(33" 57333"

8609(

8039$

P7$'37*/-,#&-4%$-,#AeS#JFF#/$⁻####%()%#"7#T*%0%5%
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3. CONCLUSIONES

!"#$%&'&()&#)%*+*,-#.-(/0%1*#"-#&2$3&')-#&(#
"*#+0+"0-4%*/5*#$3&'#&"#3'-#6&#$0&6%*#$71&8#
9# 6&# .*'.*%0""*# 6&# *%%-8# .-1-# '-$-%)&'# 6&#
*6'-%.07(# 6&# 1*)&%0*# -%4:(0.*# 9# .-1-#
/3&()&#4&(&%*6-%*#6&#.-1$3&')-'#+0-"740.-'#
.-(#3(*#$-)&(.0*"#*.)0;06*6#*()0+*.)&%0*(*#&#
0(<0+06-%*#6&#.%&.010&()-#.&"3"*%=#
>-'# '0')&1*'#$&%10)&(# "*# %&1-.07(#6&#?@A#
&(#'3#$*%:1&)%-#6&#BC@A#9# "*#60'10(3.07(#
6&#"*#.*%4*#+*.)&%0*(*=#!>#BC@&'#1&(-%#&(#
&"#$&%5-6-#6&#""3;0*#6&+06-#*##D3&#&20')&#3(*#
60"3.07(#6&#"*#.-()*10(*.07(#$-%#3(*#1*9-%#
$%&.0$0)*.07(# $"3;0*"# &(# "*# .3&(.*# 6&"#
E3)3.<0F#10&()%*'#D3&#&(#$&%5-6-#6&#&')0*,&#
'3.&6&# "-# .-()%*%0-=!"# .-()*,&# +*.)&%0*(-#
$*%*67,0.*1&()&# $%&'&()*# .-(.&()%*.0-(&'#
0(;&%'*'# *# "*#1*)&%0*# -%4:(0.*A# &'# $%-+*+"&#
D3&# "*# .3%;*# 6&# .%&.010&()-# )&(4*# 3(*#
1*9-%# $&(60&()&# $-%# "*'# .-(60.0-(&'# 6&#
)&1$&%*)3%*# 9# ;&"-.06*6# 6&"# *43*# &(# &"#
.*(*"A# "-#D3&#6&)&%10(&#D3&#"*'#+*.)&%0*'#'&#
&(.3&()%&(# &(# /*'&# 6&# # 13&%)&A# &')-# '&#
.-%%&"*.0-(*# .-(# 3(*# 1*9-%# .-(.&()%*.07(#
6&#BC@#&(#;&%*(-=###
B&#"-'#%&'3")*6-'#6&"#&')360-#10.%-+0-"740.-#
'&# 6&'$%&(6&# D3&# "*'# *43*'# 6&"# .*(*"# 6&#
%0&4-# $%&'&()*(# 3(# (0;&"# 6&# .-()*10(*.07(#
10.%-+0*(*# D3&# &'):# '-+%&# "-'# "510)&'#
$&%10)06-'# $-%# "*# (-%1*)0;*# ;04&()&A# GHIJA#
.-()*10(*.07(# D3&# $-(&# &(# %0&'4-# 9# D3&#
*/&.)*#1:'# *# "*# $-+"*.07(# %3%*"# D3&# 3'*# "*'#
*43*'# 6&"# .*(*"# >KLF# *'5# .-1-# )*1+0M(# *#
"-'# .3")0;-'# 6&# "*# 8-(*# D3&# $-6%5*(#
.-()*10(*%'&.
>-'# '0')&1*'# 6&# %&*.)-%&'# $%-$3&')-'# '-(#
3(*# -$.07(# $*%*# "*# %&1-.07(# 6&# 1*)&%0*#
-%4:(0.*A#$&%-# %&'3")*(# 0('3/0.0&()&'#$*%*# "*#
%&1-.07(# 6&# .*%4*# +*.)&%0*(*9#
.31$"010&()-#6&#"*#(-%1*)0;*#;04&()&#$-%#&"#
*")-# (0;&"# # 6&# .-()*10(*.07(# 6&# "*# .3&(.*#
6&"#E3)3.<0=#

N= BIBLIOGRAFÍA.
O= E0'(&%-'A#@=A#P-(8:"&8A#Q=A##9#R3&()&A#E=
S&%'$&.)0;*# 6&# *$%-;&.<*10&()-# 6&# "*'

*43*'# %&'063*"&'# &(# "*# L4%0.3")3%*=#
K&.%&)*%5*# 6&"# ?&60-# L1+0&()&# 9#
T&.3%'-'#U*)3%*"&'A#E-10'07(#U*.0-(*"#
6&"#L43*##V?WL=#HXXO=?M20.-#

H= P3)0M%%&8A# E=# >*# .-()*10(*.07(# 6&"# %5-
E3)3.<0=# YWS>=# E&()%-# Y(0;&%'0)*%0-
>*)*.3(4*=# S-')4%*6-# &(# B&%&.<-
L1+0&()*"=#>-,*=#!.3*6-%=HXOX

I= !.3*6-%# VU!E=# E&('-# 6&# "*# P&')07(A
P*')-# &# V(;&%'07(# &(# S%-)&..07(
L1+0&()*"# &(# ?3(0.0$0-'# 9# E-('&,-'
S%-;0(.0*"&'=#HXOX=

N= P0-40-'A#K=A#K)*1*)0'A#U=# 9#Z*""0*(0-)0'A
L= ?-(0)-%0(4# [*)&%# D3*"0)9# *(6
*''&''1&()# -/# "*(6# \+*'&6# (3)%0&()
"-*60(4'# *(6# .9."0(4# 0(# Z*;*"# P3"/=
Water Resources Management#HXX]=#O^A
$$=_OI\_I]=

]= `&"08A# !=A# >"*(&'A# Q=A# # L'&"*A# >=A# 9
a*)*""&%A#?=#T&b'-#6&#L43*'# %&'063*"&'
B-1M')0.*'# $*%*# T0&4-# L4%5.-"*=
`*"-%*.07(# E%5)0.*=# T&;0')*# E!UVE=
E0&(.0*'# a0-"740.*'=# HXX^=# `-"=# NXcOdA
$$I]eNN=

f= T-6%543&8A# L=A# "&)7(A# S=A# T-'*"A# T=A
B-%*6-A# ?=A# `0""*%A# K=# 9# K*(8A# Q=
W%*)*10&()-'# L;*(8*6-'# 6&# L43*'
T&'063*"&'#V(63')%0*"&'=#EVB?!=#!6=#`)=
HXXf=#?*6%06=

_= W*.-A# ?=# ?*9-%4*e>"&%&(*# !=
L$"0.*.07(# 6&"# $%-.&'-# R&()-(# &(# "*
60'10(3.07(# 6&# 1*)&%0*# -%4:(0.*# &(
*43*'# %&'063*"&'# 6&# "*# 0(63')%0*
)&%1-&"M.)%0.*=#Química Central Vol. 3
No. 1=Latindex=#HXOI=#$$H]eHg

g= K0";*A#QA#W-%%&'A#S=A#?*6&%*A#E=#T&3'-#6&
*43*'# %&'063*"&'# 6-1M')0.*'# &(
*4%0.3")3%*=# Y(*# %&;0'07(=# Agronomía
Colombiana# HfcHdA# IN_eI]^=# # Q01M(&8A
!= 9# `0""&4*'A#L=# cHXX]d=#B0'&h-# 6&# 3(
'0')&1*# 6&# +0-/0")%*.07(# $*%*# %&1-.07(
6&# &')0%&(-=# Revista EIA. No. 3.junio,
HXXg=#$$^eHX=

^= Z-.*6*40')*(A#a=A#Z-.*6*40')*(=A#W-$.3A
U= 9# B&10%.0-4"3A# U=# i*')&[*)&%
)%&*)1&()# [0)<# .-1+0(&6# 3$# /"-[
*(*&%-+0.# /02&6e+&6# *(6# '3'$&(6&6
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!"#$%&'( #"!')$#( "*+&,,"-( .&)/( !(
0"0%#!1"( +1&)2( Process Biochemistry(
34(54462(7,2(899:8;5(

842 <!=">&!1?( @2?( A/!/%!B&?( C2?( D&-"/%!B?
<2?( D!E)$$#&?( <2( FG!=+!)&$1( $H
!,,#$,&!)"( )"'/1&*+"( )$( &0,#$G"( E$&=
'/!#!')"#&E)&'E( !1-( '#$,( ,#$-+')&$2( Int.
joun. of Agr. and Vet SciencesVol. 2 (1)
jan-apr,?54852(,,(5IJK8

882 LE!=!>!1&-$+?( M2( 7$)"1)&!=( $H( #"!')&G"
H&=)"#( 0!)"#&!=E( H$#( E0!==( :E'!="
.!E)".!)"#( )#"!)0"1)( &1( N#""'"2( L/"E&E
@LC( O#'/&)"')+#"( !1-( )/"( %+&=-
"1G&#$10"1)2544I2

852 P"=$G!?( L2?( !1-( A"=&G!1$G!?( 2Q2
O-E$#,)&$1( $H( <")!=( M$1E( %R( A$#%"1)E
S$0,$E"-( $H( <!#&1"( O=T!( Saccharina
bongardiana !1-( 7#$=&H"#$+E( O=+0
&1$E&=&'!)"E( U$+#1!=( $H( F1G&#$10"1)!=
A'&"1'"( !1-( F1T&1""#&1T( O2( 5485( ,,
683J6582

8K2 Alarcón N.,  Quiroz E. Vergara A.,
Aroca G. L#!)!0&"1)$( %&$=VT&'$( -"( !&#"
'$1)!0&1!-$('$1(/&-#$'!#%+#$E(G$=W)&="E
"1(+1(%&$##"!')$#(-"(="'/$('&#'+=!1)"(!&#
=&H)2( XY( S$1T#"E$( -"( M1T"1&"#Z!
A!1&)!#&!(R(O0%&"1)!=(!&-&E:('/&="2548K

832 U&0[1"B?( F2( R( Y&==[T!E2( D&E"\$( -"( +1
E&E)"0!( -"( %&$H&=)#!'&V1( ,!#!( #"0$'&V1
-"( "E)&#"1$2( Revista EIA. No. 3.junio,
54462(,,]J54

862 A)""="?( 72( ( Technical  Manual  ‘Agro-
Industrial Use of Rice Straw.( S!&#$^
_OQ?( #"T&$1!=( $HH&'"( H$#( )/"( `"!#
F!E)2544]2

16. N!#!R?( a2?( a!==$?( <2?( S!#0$1!?( a2?( R
O#!R!?( U2( S/!#!')"#&B!)&$1( $H
!1!)$0&'!=?( '/"0&'!=?( !1-
%&$-"T#!-!%="( ,#$,"#)&"E( $H( H&%"#E
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Chilean JAR. Chilean journal of
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892 A!=.!?( O2?( C$E1R?( <2?( R( P!>#R?( <2
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Technology Conference, IWTC11 2007 
Sharm El-Sheikh, Egypt.
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