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RESUMEN  
2/! W+! -/+<'3+,&! /<! /7%:,'&! -+,'&<89'>&! ,/<! +9:+! ,/<! 6+$+$%'+<! ,/<! .+<$/+-'&! ,/!
.+U&7!,/!<+!5&$>/I>'8$!h#<0+>/%/i)!
R7%/!/7%:,'&!W+!>&$7'7%',&!/$!<+!,/%/-6'$+>'8$!>:+$%'%+%'P+!,/!<&7!-+,'&$:></',&7!
$+%:-+</7!6L7! '6I&-%+$%/7! ,/7,/! /<! I:$%&! ,/! P'7%+! ,/! <+! I-&%/>>'8$! -+,'&<89'>+!
/Z'7%/$%/7!/$!<+7!+9:+7!,/<!0+<$/+-'&)!
(+!6/,',+!,/<!>&$%/$',&!-+,'+>%'P&!,/!<+7!+9:+7!>&$7%'%:=/!:$!%/6+!>:=&!/7%:,'&!
-/7:<%+! ,/! 9-+$! '$%/-17)! (+7! +9:+7! >&$! /</6/$%&7! -+,'+>%'P&7! ,'7:/<%&7! I:/,/$!
I-&,:>'-B!>&6&!>&$7/>:/$>'+!,'-/>%+!,/!7:!>&$7:6&B!,&7'7!,/!'--+,'+>'8$!'$%/-$+!
%+$%&! I&-! '$9/7%'8$! >&6&! I&-! '$W+<+>'8$! ,/! /7%&7! /</6/$%&7)! */0',&! +! /7%&! /7!
$/>/7+-'&B!/$!+<9:$&7!>+7&7B!I-&>/,/-!+<!+$L<'7'7!=!I&7%/-'&-!/P+<:+>'8$!,/!<+!,&7'7!
+7&>'+,+!+!/7%/!>&$7:6&)!
(

91-1^#1_( %-18$`! C+,'+>%'P',+,n! C+,'&$:></',&n! 4/-'&,&! ,/! 7/6',/7'$%/9-+>'8$n!
2/-'/7!C+,'+>%'P+7)!

ABSTRACT 
Radioactivity analysis of Baños de la Concepción Spa water. 
C+,'&+>%'P'%=!+$+<=7'7!&@!.+U&7!,/! <+!5&$>/I>'8$!2I+!Y+%/-!Y/-/!>+--'/,!&:%!0=!
%W/! 5QR;#S!(+0&-+%&-=! &@! R$P'-&$6/$%+<!C+,'&+>%'P'%=)!A'%W! %W'7! +'6! %W/!6&7%!
'6I&-%+$%!$+%:-+<!-+,'&$:><',/7!Y/-/!,/%/-6'$/,!'$!Y+%/-!@-&6!7I-'$9!Y+%/-)!
SW/!6/+7:-/6/$%!+$,!y$&Y</,9/!&@!-+,'&+>%'P'%=!</P/<!'$!Y+%/-!'7!+$!'$%/-/7%'$9!
+$,! >&$P/$'/$%! %&I'>)! SW/! >&$7:6I%'&$! &@! Y+%/-! YW'>W! W+7! ,'77&<P/,! 7&6/!
-+,'&$:><',/7! >&:<,! </+,! %&! '$%/-$+<! '--+,'+%'&$! 0&%W! 0=! '$9/7%'&$! +$,! 0=!
'$W+<+%'&$)! SW/-/@&-/! '%! '7! $/>/77+-=B! '$! 7&6/! >+7/7B! %&! ,/%/-6'$/! %W/! Y+%/-!
-+,'&+>%'P'%=!</P/<!'$!&-,/-!%&!+77/77!%W/!,&7/)!
 

a$)b'#+_`!C+,'&+>%'P'%=n!C+,'&$:><',/7n!M+<@!<'P/n!C+,'&+>%'P/!7/-'/7)!

!
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!

OL(?<=:C!K44?@<(

(+! l$',+,! ,/! C+,'&+>%'P',+,! #60'/$%+<! =! E'9'<+$>'+! C+,'&<89'>+! ,/<!
,/I+-%+6/$%&! ,/! ;/,'&! #60'/$%/! ,/<! 5QR;#S! W+! -/+<'3+,&! :$! /7%:,'&! ,/! <+!
-+,'+>%'P',+,! /$! ,&7! I:$%&7! ,/! <+! ! 7:-9/$>'+! ,/<! .+<$/+-'&! ,/! .+U&7! ,/! <+!
5&$>/I>'8$B!/$!/<!I-&I'&!6+$+$%'+<!=!/$!<+!@:/$%/!j:/!/7%L!7'%:+,+!+!:$&7!6/%-&7!
,/! 17%/)! R7%/! %-+0+F&! /7%L! /$9<&0+,&! ,/$%-&! ,/! :$! /7%:,'&!6L7! +6I<'&! 7&0-/! <+7!
>+-+>%/-N7%'>+7! 9/$/-+</7! ,/! <&7! 0+<$/+-'&7! /7I+U&</7! /$! /<! j:/! 7/! '$><:=/$! <+7!
>+-+>%/-N7%'>+7!-+,'&<89'>+7!,/!7:7!+9:+7!6'$/-&6/,'>'$+</7)!

(+7! +9:+7! 7:0%/--L$/+7! j:/! >'->:<+$! I&-! <+! >&-%/3+! %/--/7%-/! >&$7%'%:=/$!
+9/$%/7! @:$,+6/$%+</7! /$! <&7! I-&>/7&7! 9/&<89'>&7! ,/! @&-6+>'8$)! 2'/$,&! :$!
7&<P/$%/!$+%:-+<! >&6I</F&!=!,'$L6'>&B! /<! +9:+!I+-%'>'I+! %+$%&!/$! <&7!I-&>/7&7!,/!
,'7&<:>'8$!=! %-+$7I&-%/!>&6&!/$! <+7!-/+>>'&$/7!j:N6'>+7!=!/$! <+! %-+$7@/-/$>'+!,/!
>+<&-B!9+7/7!=!/</6/$%&7!j:N6'>&7)!5&6&!>&$7/>:/$>'+!,/!/<<&!/7!/<!I-'$>'I+<!6/,'&!
,/! ,'7I/-7'8$! =! %-+$7I&-%/! ,/! <&7! /</6/$%&7! -+,'+>%'P&7! $+%:-+</7! +! %-+P17! ,/! <+!
0'&7@/-+!=!,/!<&7!$'P/</7!%-8@'>&7!W+7%+!+<>+$3+-!+<!W&60-/)!

[L(><PA?;?;(!*(:>!?>4=?E?!>!(

(&7! '78%&I&7!-+,'+>%'P&7!j:/!W+0'%:+<6/$%/!7/!/$>:/$%-+$!I-/7/$%/7!/$!/<!
+9:+B!/Z>/I>'8$!W/>W+!,/<!v?`_B!I-&>/,/$!,/!<+7!7/-'/7!-+,'+>%'P+7!$+%:-+</7!,/!<&7!
-+,'&$:></',&7!I-'6+-'&7!l?]b^B!l?]bd!=!SW?]b]B!j:/!7/!/$>:/$%-+$!,'7%-'0:',&7!
+0:$,+$%/6/$%/B!+:$j:/!,/!@&-6+!,/7'9:+<B!/$!<+!>&-%/3+!%/--/7%-/)!

R7%&7! -+,'&$:></',&7! >+0/3+! ,/! <+7! 7/-'/7! -+,'+>%'P+7! 7&$! ,/$&6'$+,&7!
-+,'&$:></',&7!I-'6'9/$'&7B!=+!j:/!I-&>/,/$!,/! <&7!I-'6'%'P&7!6+%/-'+</7!j:/!7/!
+>:6:<+-&$! /$! <+! @&-6+>'8$! ,/! <+! %'/--+B! =! I&-! 7:7! <+-9&7! I/-'&,&7! ,/!
7/6',/7'$%/9-+>'8$! /7%L$! +g$! I-/7/$%/7)! (+! 6+=&-! I+-%/! ,/! <&7! &%-&7!
-+,'&$:></',&7! 6'/60-&7! ,/! <+7! 7/-'/7! 7&$! ,/! I/-'&,&7! 6L7! >&-%&7! =! 7/! /7%L$!
I-&,:>'/$,&!>&$%'$:+6/$%/!I&-!<+!,/7'$%/9-+>'8$!,/!7:7!I-/>:-7&-/7B!,/!I/-'&,&7!
<+-9&7)!

(+!6+=&-!&!6/$&-!>&$>/$%-+>'8$!,/!/7%&7!-+,'&$:></',&7!/$!<+7!+9:+7!P'/$/!
>&$,'>'&$+,+!$&!78<&!I&-!<+!6+=&-!+0:$,+$>'+!/$!/<!%/--/$&!7'$&!%+60'1$!I&-!<+7!
>+-+>%/-N7%'>+7! @N7'>&?j:N6'>+7!,/! >+,+!:$&!,/!/<<&7! '$,'P',:+<6/$%/! h7&<:0'<',+,B!
/%>)i)! R<<&! W+>/! j:/! <&7! /j:'<'0-'&7! -+,'+>%'P&7! 7/>:<+-/7! /$%-/! <&7! -+,'&$:></',&7!
/Z'7%/$%/7!/$!<&7!%/--/$&7!7/!+<%/-/$!-+,'>+<6/$%/!/$!<+7!+9:+7!j:/!<&7!,'7:/<P/$!=!
+>:6:<+$)! l$! >+7&! %NI'>&! /7! /<! C$?]]]B! >:=+! +>%'P',+,! /$! +9:+! 7:/</! 7/-!6:>W&!
6+=&-! j:/! <+! ,/! 7:! I-&9/$'%&-! /<! C+?]]fB! ,/! >+-+>%/-N7%'>+7! @N7'>&?j:N6'>+7!
,'7%'$%+7B!+!I/7+-!,/!7:!I/-'&,&!,/!7/6',/7'$%/9-+>'8$!6:>W&!6L7!>&-%&)!
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!

SL(J<!?4*;(!*(>4=?E?!>!(=C=>A(

l$+! /7%'6+>'8$! ,/<! >&$%/$',&! ,/! <+! -+,'+>%'P',+,! /$! /<! +9:+! $&7! <+!
I-&I&->'&$+$! <&7! <<+6+,&7! N$,'>/7! ,/! -+,'+>%'P',+,! +<@+! %&%+<! =! 0/%+! %&%+<B! >:=+!
6/,',+!/7!7'6I</!=!-LI',+!=!j:/!$&7!I/-6'%/!,/>','-!7&0-/!<+!$/>/7',+,!,/!-/+<'3+-!
,/%/-6'$+>'&$/7! >:+$%'%+%'P+7! /! '$,'P',:+<'3+,+7! ,/! <&7! I&7'0</7! -+,'&$:></',&7!
I-/7/$%/7)!

R7%+7! 6/,',+7! 7&$B! >&6&! 7:! $&60-/! '$,'>+B! :$&7! N$,'>/7! =! I&-! %+$%&!
I-&I&->'&$+$!:$&7!P+<&-/7!&-'/$%+%'P&7B! <&7!>:+</7!7/!/ZI-/7+$!-/@'-'/$,&! %&,+! <+!
+>%'P',+,!+<@+!>&6&!7'! @:/-+!#6?]`\!=! <+!+>%'P',+,!0/%+!>&6&!2-?c_!/$!/j:'<'0-'&!
>&$!/<!r?c_)!

(+! ,/%/-6'$+>'8$! ,/! <&7! >'%+,&7! N$,'>/7! 7/! W+! -/+<'3+,&! 7'9:'/$,&! <&7!
I-&>/,'6'/$%&7!$&-6+<'3+,&7!/$!/<!<+0&-+%&-'&)!

(&7!/j:'I&7!:%'<'3+,&7!W+$!7',&!:$!>&$%+,&-!,/!>/$%/<</&!,/!7:<@:-&!,/!>'$>!
h#9iB!6&,/<&!]__e4!,/! <+! @'-6+!o5+$0/--+pB!I+-+! <+!6/,',+!,/! <+!+>%'P',+,!+<@+B!=!
:$! >&$%+,&-! I-&I&->'&$+<! ,/! @<:F&! ,/! 9+7B! 6&,/<&! ./-%W&<,! f.?ee_X]B! I+-+! <+!
6/,',+!,/!<+!+>%'P',+,!0/%+)!

WL(!*=*:2?<>4?@<(!*(:>!?C<K4A*?!C;(

(+! 7/</>>'8$! ,/! <&7! -+,'&$:></',&7! +! ,/%/-6'$+-! 7/! W+! 0+7+,&!
@:$,+6/$%+<6/$%/!/$!>-'%/-'&7!,/!I/<'9-&7',+,!-+,'&<89'>+B!7/9g$!7:!>&$%-'0:>'8$!
+! <+7! ,&7'7! ,/<! W&60-/! I&-! '$9/7%'8$! &! '$W+<+>'8$)! 2'9:'/$,&! /7%/! >-'%/-'&! 7/! W+!
/</9',&! /$! I-'6/-! <:9+-! /<! C$?]]]! =! 7:! I-&9/$'%&-! /<! C+?]]fB! j:/! 7&$! <&7!
I-'$>'I+</7!>&$%-'0:=/$%/7!,/! <+!-+,'+>%'P',+,!,/! <+!7/-'/!,/<!l?]b^B!,/0',&!+!7:7!
,/7>/$,'/$%/7! ,/! I/-'&,&! ,/! 7/6',/7'$%/9-+>'8$! >&-%&B! >&$! <&7! >:+</7! +<>+$3+!
-LI',+6/$%/! /<! /j:'<'0-'&)! (&7! -/7%+$%/7! -+,'&$:></',&7! 7/</>>'&$+,&7! W+$! 7',&!
@:$,+6/$%+<6/$%/! +j:/<<&7!,/!I/-'&,&!,/! 7/6',/7'$%/9-+>'8$! <+-9&B! j:/! 7&$! <&7!
g$'>&7!j:/!7/!I:/,/$!,/%/-6'$+-!/$!<+!I-L>%'>+!+:$j:/!7/!W+=+!-&%&!/<!/j:'<'0-'&!
-+,'+>%'P&!/$%-/!<&7!,'@/-/$%/7!-+,'&$:></',&7!,/!<+!7/-'/)!

(&7!-+,'&$:></',&7!7/</>>'&$+,&7!W+$!7',&!<&7!7'9:'/$%/7"!

:,.[[[(

R$!9/$/-+<B!/<!6+=&-!I&->/$%+F/!,/!-+,'+>%'P',+,!,/!<+7!+9:+7!7:0%/--L$/+7!
7/! ,/0/! +! <+! I-/7/$>'+! ,/! C$?]]])! */0',&! +! 7:7! I-&I'/,+,/7! @N7'>&?j:N6'>+7! 7/!
I-&,:>/!:$+!+>:6:<+>'8$!,/!-+,8$!/$!/<!+9:+!j:/!,+!<:9+-!+!P+<&-/7!,/!+>%'P',+,!
6:=!7:I/-'&-!+!<+!,/0',+!+<!7'6I</!/j:'<'0-'&!-+,'+>%'P&!>&$!7:!I-&9/$'%&-)!4&-!&%-+!
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I+-%/B!<+!I-/7/$>'+!,/!C$?]]]!F:/9+!:$!I+I/<!I-'6&-,'+<!/$!<+!+>%'P',+,!%&%+<!,/!<+7!
+9:+7B!$&!78<&!I&-!7:!I-&I'+!-+,'+>%'P',+,!7'$&!I&-j:/!/7!/<!I-/>:-7&-!,/!:$+!7/-'/!
,/!-+,'&$:></',&7!,/!I/-'&,&7!,/!7/6',/7'$%/9-+>'8$!>&-%&7B!%+</7!>&6&!/<!40?]\`!
hS\X]! u! ]fB^! 6'$:%&7i! =! .'?]\`! hS\X]! u! \cB^! 6'$:%&7iB! j:/! >&$%-'0:=/$! /$! 9-+$!
6/,',+!+!<&7!P+<&-/7!,/!+>%'P',+,!/$>&$%-+,+!/$!<+7!+9:+7)!

R<!C$?]]]!I/-%/$/>/!+!<+!7/-'/!-+,'+>%'P+!,/<!l?]b^B!@&-6+!I+-%/!,/!<&7!9+7/7!
$&0</7B!9-:I&!,/!/</6/$%&7!j:N6'>&7!,/!6:=!I&>+!-/+>%'P',+,!j:N6'>+B!I&-!<&!j:/!
7:!,'7&<:>'8$!=!+--+7%-/!I&-!/<!+9:+!7/!-/+<'3+!6/,'+$%/!I-&>/7&7!@N7'>&7)!

(&7! 61%&,&7! ,/! 6/,',+! o'$! 7'%:p! /$! /<! I-&I'&! 6+$+$%'+<! 7&$! 6/$&7!
7/$7'0</7!=!I-/>'7&7!j:/!<&7!61%&,&7!,/!,/%/-6'$+>'8$!,/!-+,8$!/$!/<!<+0&-+%&-'&B!
j:/!/7!>&6&!7/!W+$!-/+<'3+,&)!4+-+!/<<&!7/!-/j:'/-/!:$+!%&6+!,/!6:/7%-+!,/!+9:+!
/$! /<! 0+<$/+-'&! 7'$! I1-,',+7! ,/! -+,8$B! :%'<'3+$,&! I+-+! <+! 6'76+! :$! -/>'I'/$%/!
W/-61%'>+6/$%/!>/--+,&)!

(+! ,/%/-6'$+>'8$! ,/<! C$?]]]! 7/! -/+<'3+! I&-! 6/,',+! ,'-/>%+! 6/,'+$%/! <+!
%1>$'>+!,/!/7I/>%-&6/%-N+!9+66+!,/<!/$P+7/!j:/!>&$%'/$/!<+!6:/7%-+)!R<!>L<>:<&!,/!
<+!+>%'P',+,!7/!-/+<'3+!7&0-/!<&7!@&%&I'>&7!,/<!40?]\`!=!.'?]\`B!/$!/j:'<'0-'&!>&$!/<!
C$?]]]! hbi)! R<! /j:'I&! :%'<'3+,&! /7! :$! ,/%/>%&-! ,/! 9/-6+$'&! '$%-N$7/>&! o-/P/-7/p!
hC/9/i! >&$! 7:! >&--/7I&$,'/$%/! >+,/$+! /</>%-8$'>+! +7&>'+,+)! R<! ,/%/>%&-! /7%L!
-&,/+,&!>&$!:$!0<'$,+F/!,/!I<&6&!,/!\_!>6!,/!/7I/7&-!I+-+!-/,:>'-!/<!@&$,&)!

R<!/$P+7/!:%'<'3+,&!I+-+!<+!%&6+!,/!6:/7%-+B!%-+$7I&-%/!=!6/,',+!,'-/>%+!,/!
<+! +>%'P',+,! W+! 7',&! %'I&! o;+-'$/<<'pB! >&$! /<! j:/! 7/! &0%'/$/! :$! 6LZ'6&! ,/!
7/$7'0'<',+,!+$+<N%'>+)!

:1.[[I(

R<! C+?]]f! /7! :$! -+,'&$:></',&! /6'7&-! +<@+! >&$! :$! I/-'&,&! ,/!
7/6',/7'$%/9-+>'8$! S\X]! u! \f__! +U&7! =! /7! /<! I-/>:-7&-! ,/<! C$?]]])! 2:!
,/%/-6'$+>'8$! /$! +9:+! 7/! -/+<'3+! 7/9g$! /<! I-&>/,'6'/$%&! $&-6+<'3+,&! h`i!
6/,'+$%/!:$+!7/I+-+>'8$!-+,'&j:N6'>+!,/<!-+,'&!:%'<'3+$,&!I&-%+,&-!,/!0+-'&)!(+7!
6/,',+7! 7/! -/+<'3+$! >&$! :$! ,/%/>%&-! ,/! 7:<@:-&! ,/! >'$>! +! ,'7%'$%&7! '$%/-P+<&7! ,/!
%'/6I&! +! I+-%'-! ,/<! 6&6/$%&! ,/! 7/I+-+>'8$! =! 6/,'+$%/! /<! I<+$%/+6'/$%&! =!
-/7&<:>'8$!,/!:$!7'7%/6+!,/!/>:+>'&$/7!7'6:<%L$/+7!7/!&0%'/$/$!<+7!+>%'P',+,/7!,/!
C+?]]f!=!C+?]]`)!

K.[SYX(K.[SUX(K.[SW(

(&7! '78%&I&7! ,/! :-+$'&! 7/! W+$! ,/%/-6'$+,&! :%'<'3+$,&! <+! %1>$'>+! ,/!
/7I/>%-&6/%-N+! +<@+B! I-/P'+! 7/I+-+>'8$! -+,'&j:N6'>+! =! ,/I&7'>'8$! /</>%-&<N%'>+!
7&0-/!:$!,'7>&!,/!+>/-&!'$&Z',+0</B!:%'<'3+$,&!>&6&!I+%-8$!'$%/-$&!/<!l?]b]!hdi)!
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=h.[SVX(=h.[S[X(=h.[[Y(

(&7! '78%&I&7! ,/! %&-'&! 7/! W+$! ,/%/-6'$+,&! I&-! <+! /7I/>%-&6/%-N+! +<@+! hfi!
I-/P'+!7/I+-+>'8$!-+,'&j:N6'>+!=!:%'<'3+$,&!>&6&!I+%-8$!'$%/-$&!/<!SW?]]c)!

R<! SW?]b_! I/-%/$/>/! +! <+! 7/-'/! -+,'+>%'P+! $+%:-+<! ,/<! l?]b^! =! %'/$/! :$!
I/-'&,&! ,/! 7/6',/7'$%/9-+>'8$! S\X]! u! ^_)___! +U&7)! 2:! ,/%/-6'$+>'8$! /7! 6:=!
'6I&-%+$%/! I&-! %-+%+-7/! ,/! :$! -+,'&$:></',&! 6:=! -/7%-'>%'P&! ,/7,/! /<! I:$%&! ,/!
P'7%+! ,/! I-&%/>>'8$! -+,'&<89'>+B! ,+,&! j:/! /7! :$! /6'7&-! +<@+! >&$! :$! I/-'&,&! ,/!
7/6',/7'$%/9-+>'8$!6:=!<+-9&)!

9^.[OV(

40?]\_!/7!:$!/6'7&-!0/%+!>&$!:$!I/-'&,&!,/!7/6',/7'$%/9-+>'8$!S\X]!u!]]!
+U&7)! 2:! ,/%/-6'$+>'8$! 7/! -/+<'3+! I-/P'+! 7/I+-+>'8$! -+,'&j:N6'>+! ,/<! 6'76&! =!
I&7%/-'&-! 6/,',+B! %-+$7>:--',&! :$! 6/7B! >:+$,&! +<>+$3+! /<! /j:'<'0-'&! >&$! 7:!
,/7>/$,'/$%/!/<!.'?]\_B!/$!:$!>&$%+,&-!I-&I&->'&$+<!,/!@<:F&!,/!9+7!hei)!

9'.[OV(

R<! 4&?]\_! /7! :$! -+,'&$:></',&! /6'7&-! +<@+! >&$! :$! I/-'&,&! ,/!
7/6',/7'$%/9-+>'8$!,/!S\X]!u!\b^B`!,N+7)!R7!,/7>/$,'/$%/!,'-/>%&!,/<!40?]\_!=!.'?
]\_B! j:/! +! 7:! P/3! I-&P'/$/$! ,/! <+! >+,/$+! ,/! ,/7'$%/9-+>'8$! ,/<! C$?]]])! 2:!
,/%/-6'$+>'8$! /$! +9:+! 7/! -/+<'3+! 7/9g$! /<! I-&>/,'6'/$%&! $&-6+<'3+,&! h^i!
6/,'+$%/!:$!+:%&,/I87'%&!7&0-/!,'7>&!,/!I<+%+!/$!6/,'&!-/,:>%&-B!>'%-+%&!78,'>&!=!
0'76:%&! /$! 0+U&! ,/! +9:+! %/-6&7%+%'3+,&! hc_}! 5i)! R<! -/$,'6'/$%&! j:N6'>&! ,/<!
I-&>/,'6'/$%&! 7/! ,/%/-6'$+!I&-!6/,'&! ,/! :$! %-+3+,&-! ,/!4&?]_c)! (+!6/,',+! 7/!
-/+<'3+!6/,'+$%/!/7I/>%-&6/%-N+!+<@+!,/!+<%+!7/$7'0'<',+,!=!0+F&!@&$,&!>&$!,/%/>%&-!
,/!2'!'6I<+$%+,&)!

a.WV(

R<!v?!`_!/7!:$!/6'7&-!0/%+?9+66+!>&$!:$!I/-'&,&!,/! 7/6',/7'$%/9-+>'8$!
S\X]!u!\)]^Ra_c!+U&7)!2:!,/%/-6'$+>'8$!7/!-/+<'3+!I&-!/7I/>%-&6/%-N+!9+66+!hbi!+!
I+-%'-!,/<!@&%&I'>&!,/!\`f_!y/E)!

M.S(

R<! %-'%'&! /7! :$! /6'7&-! 0/%+! >&$! :$! I/-'&,&! ,/! 7/6',/7'$%/9-+>'8$! S\X]! u!
\]Bbb! +U&7)! 2:! ,/%/-6'$+>'8$! 7/! I:/,/! <</P+-! +! >+0&! 6/,'+$%/! ,/7%'<+>'8$! =!
6/,',+! ,'-/>%+! I&-! >/$%/<</&! <Nj:',&B! &! 0'/$! I&-! >&$>/$%-+>'8$! /</>%-&<N%'>+! =!
6/,',+!'9:+<6/$%/!I&-!>/$%/<</&!<Nj:',&!hcB!\_i)!4&-!/7%/!g<%'6&!61%&,&!7/!I:/,/$!
,/%/>%+-!>+$%',+,/7!6/$&-/7!,/!+>%'P',+,)!

!
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!

UL(:*;KA=>!C;(

R$! <+! S+0<+! \! 7/! 6:/7%-+! <+! >&$>/$%-+>'8$! &0%/$',+! I+-+! <&7! ,'@/-/$%/7!
-+,'&$:></',&7B!,/! <&7!,&7!I:$%&7!,/!6:/7%-/&B!=! <+!6/,'+!,/! <&7!,&7! -/7:<%+,&7B!
/ZI-/7+,&7!>&6&!+>%'P',+,!/$!./j:/-/<'&7X('%-&!=!7:!'$>/-%',:60-/!+7&>'+,+!I+-+!
:$!@+>%&-!,/!>&0/-%:-+!y!u!])!

IL(4C<4AK;?C<*;(

[&! 7/! W+! ,/%/>%+,&! $'$9g$! '78%&I&! -+,'+>%'P&! ,/! &-'9/$! +-%'@'>'+<! /$! <+7!
+9:+7!,/<!.+<$/+-'&!,/!.+U&7!,/!<+!5&$>/I>'8$)!(+!+>%'P',+,!,/%/>%+,+!/7!,/0',+!+!
<+! I-/7/$>'+! ,/! -+,'&$:></',&7! ,/! &-'9/$! $+%:-+<! I/-%/$/>'/$%/7! +! <+7! 7/-'/7!
-+,'+>%'P+7!,/<!]b^lB!]bdl!=!]b]SW)!

(+! +>%'P',+,! %&%+<! ,/%/>%+,+! /7! 0+F+! /$! >&6I+-+>'8$! >&$! &%-&7! 0+<$/+-'&7!
/7%:,'+,&7)!

(+!+>%'P',+,!,/0',+!+!<+!I-/7/$>'+!,/!]]]C$!/$!<+7!+9:+7!,/!/7%/!0+<$/+-'&!/7!
0+F+B!'$@/-'&-!+!<&7!P+<&-/7!W+0'%:+</7!/$>&$%-+,&7!/$!+9:+7!7:0%/--L$/+7B!%+$%&!/$!
R7I+U+! >&6&! /$! &%-&7! I+N7/7B! >&6&! >&--/7I&$,/! +! 3&$+7! 9/&9-L@'>+7! >&$! 7:/<&7!
7/,'6/$%+-'&7)!

!

!

*<;>FC( 2><><=?>A( QK*<=*( 2$+"1(
>%&"8"+1+(GBglAH( >%&"8"+1+(GBglAH( >%&"8"+1+(GBglAH(

#<@+!%&%+<! _B]eb!Å!_B_^]! _B]]^!Å!_B_ff! _B]d_!Å!_B__e!
./%+!%&%+<! _B\ee!Å!_B_b]! _B\ec!Å!_B_bd! _B\^!Å!_B_b`!
C$?]]]! _B_\bd!Å!_B___d\! _B_d^b!Å!_B___de! _B_bf!Å!_B___d`!
40?]\_! _B__^]!Å!_B_\e! _B__f\!Å!_B__\^! _B__e\!Å!_B__\ed!
4&?]\_! _B__``!Å!_B___c`! _B__bd!Å!_B__\`! _B__`_!Å!_B__\\!
C+?]]f! _B_ec!Å!_B_\`! _B_ed!Å!_B_\b! _B_ee!Å!_B_\b!
SW?]b]! _B__^_!Å!_B__\c! #5S)![J!*RSR5S#.(R! !
SW?]b_! _B_\^!Å!_B__`]! _B__cb!Å!_B_]b! _B_\`!Å!_B_\b!
SW?]]^! _B_\b!Å!_B__b\! _B_\]!Å!_B__b_! _B_\]!Å!_B__b!
S-'%'&! #5S)![J!*RSR5S#.(R! _B___\d!Å!_B____b]! !
l?]b^! _B_\^!Å!_B__]\! _B_\^!Å!_B__]e! _B_\`!Å!_B__]`!
l?]bd! _B__eb!Å!_B___b^! _B___e^!Å!_B___dd! _B___e!Å!_B___`e!
l?]b`! _B_`]!Å!_B__be! _B_b^!Å!_B__`b! _B_`d!Å!_B__`_!

S#.(#!\)!CR2l(S#*J2!*R(!R2Sl*QJ!C#*QJ(|KQ5J!*R(!.#([R#CQJ!*R!.#~J2!*R!(#!5J[5R45Q|[)!

!
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5&6&! &>:--/! /$! <+! 6+=&-N+! ,/! <&7! 0+<$/+-'&7! /7%:,'+,&7B! /<! P+<&-! ,/!
+>%'P',+,!+<@+!%&%+<!h_B]d!.jX(i!7:I/-+!/<!/7%+0</>',&!/$!/<!.JR!,/<!]\!,/!H/0-/-&!
,/!]__bB!>&6&!$'P/<!6LZ'6&!I/-6'%',&!I+-+!+9:+7!I&%+0</7!h_B\!.jX(iB!+:$j:/!$&!
+I<'>+!/$!/<!>+7&!,/!+9:+7!$+%:-+</7!6'$/-&?6/,'>'$+</7)!

#! <+!P'7%+!,/! <&7!-/7:<%+,&7!&0%/$',&7B!7/!I:/,/!>&$><:'-!j:/! <+7!+9:+7!,/<!
.+<$/+-'&!,/!.+U&7!,/!<+!5&$>/I>'8$!%'/$/$!P+<&-/7!0+F&7!,/!-+,'+>%'P',+,!,/!/$%-/!
<&7!/7%:,'+,&7!W+7%+!<+!@/>W+)!

TL(B?BA?CN:>QJ>(

\) S-'$',+,B!D)!#)!Ç!2:LU/3!#)!;)!h]__ci!*/%/-6'$+>'8$!,/!<+!+>%'P',+,!+<@+!%&%+<!/$!+9:+7!I&-!
>/$%/<</&!78<',&)!hC#X4S?R!_\B!]G!R,i)!*I%&)!,/!;/,'&!#60'/$%/)!5QR;#S)!

]) */%/-6'$+>'8$!,/<!N$,'>/!,/!+>%'P',+,!0/%+!%&%+<!/$!+9:+7!6/,'+$%/!>&$%+,&-!I-&I&->'&$+<)!
l[R!ebb\\?`!h]__]i)!

b) 4&3:/<&B! ;)! h]__]i! 4-&>/,'6'/$%&! ,/! ,/%/-6'$+>'8$! ,/! /6'7&-/7! 9+66+! /$! 6:/7%-+7!
+60'/$%+</7)!h4R?Q#?(C#?_ei)!*I%&)!,/!Q6I+>%&!#60'/$%+<!,/!<+!R$/-9N+!5QR;#S)!

`) K86/3B!E)B!M/-+7B!;)!5)!Ç!K+->N+!;)!C)!h\cc`i!4-&>/,'6'/$%&!I+-+!<+!,/%/-6'$+>'8$!,/!C+?
]]f!=!C+?]]`!/$!+9:+7!=!/$!7:/<&7B!6/,'+$%/!7/I+-+>'8$!-+,'&j:N6'>+!=!I&7%/-'&-!6/,',+!
+<@+!>&$!>&$%+,&-!I-&I&->'&$+<!-/@<:F&!>&$%'$:&!,/!9+7!&!>&$%+,&-!,/!>/$%/<</&)!h4C?m]?_`B!
\G!R,i)!*I%&)!,/!Q6I+>%&!#60'/$%+<!,/!<+!R$/-9N+!5QR;#S)!

d) M/-+7B!;)!5)B!K86/3B!E)B!K+->N+B!;)!C)B!4&3:/<&B!;)!Ç!K-+>'+B!D)!#)!h\ccfi!4-&>/,'6'/$%&!I+-+!
<+! 7/I+-+>'8$! -+,'&j:N6'>+! =! ,/%/-6'$+>'8$! 6/,'+$%/! /7I/>%-&6/%-N+! +<@+! ,/! :-+$'&! /$!
+9:+7B!7:/<&7B!7/,'6/$%&7!=!6:/7%-+7!0'&<89'>+7)!h4C?m]?_ci)!*I%&)!,/!Q6I+>%&!#60'/$%+<!
,/!<+!R$/-9N+!5QR;#S)!

f) 4&3:/<&B! ;)! h]__]i! 4-&>/,'6'/$%&! I+-+! <+! ,/%/-6'$+>'8$! ,/! SW?]b_! /$! +9:+7! I&-!
/7I/>%-&6/%-N+! +<@+)! h4R?Q#?(C#?_cB! \G! R,)i)! *I%&)! ,/! Q6I+>%&! #60'/$%+<! ,/! <+! R$/-9N+!
5QR;#S)!

e) K+->N+B!;)!C)!h\ccfi!4-&>/,'6'/$%&!I+-+!<+!,/%/-6'$+>'8$!,/!40?]\_!/$!+9:+7)!h4C?m]?_di)!
*I%&)!,/!Q6I+>%&!#60'/$%+<!,/!<+!R$/-9N+!5QR;#S)!

^) K+7>8B! 5)! h]__fi! */%/-6'$+>'8$! ,/! 4&?]\_! /$! +9:+! I&%+0</)! h4S?Q#XC#?Sl_fi)! *I%&)! ,/!
;/,'&!#60'/$%/)!5QR;#S)!

c) 2'68$B!;)!#)B!C&6/-&!,/<!M&60-/0:/$&B!.)!Ç!(+-/$+B!4)!h]__`i!*/%/-6'$+>'8$!,/!%-'%'&!/$!
+9:+7!I&-!>/$%/<</&!<Nj:',&!>&$!>&$>/$%-+>'8$!/</>%-&<N%'>+!I-/P'+)!h4S?Q#XC#?5(_\B!\G!R,)i)!
*I%&)!,/!;/,'&!#60'/$%/)!5QR;#S)!

\_) 5-'%/-'&7! 7+$'%+-'&7! ,/! <+! >+<',+,! ,/<! +9:+! ,/! >&$7:6&! W:6+$&! h]__bi)! C/+<! */>-/%&!
\`_X]__bB!.JR!$}!`d"!e]]^?e]`d)!

 

 

 

!
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!"#$%&'()*+!

2?4:CB?CACNJ>( !*( AC;( 2><><=?>A*;( 2?<*:C2*!?4?<>A*;( !*A(
B>A<*>:?C(!*(B>DC;(!*(A>(4C<4*94?@<
,-(Q$M"/"4(,=44=(P=1"=F(,-(0%#1"$(."(/%(P=4%(I=#M"N@(

I*J#-5#&*05()$*):'"-(]'(.(8L#)MM2)1#"9.5#$)$*)1#-&#"'#2)B0'N*-4'$#$)6(&J.95*04*2):#$-'$2)

 

RESUMEN 
2/!W+$!/7%:,'+,&!%-/7!6+$+$%'+</7!6'$/-&6/,'>'$+</7!,/<!.+<$/+-'&!,/!.+U&7!,/!
<+!5&$>/I>'8$!h#<0+>/%/i)!R<!$g6/-&!%&%+<!,/!6'>-&&-9+$'76&7!/$!/<!+9:+!W+!7',&!
,/!dB]!Z\_dX6(B!<+!6+=&-N+!P'P&7!hc]Beqi)!R<!$g6/-&!,/!0+>%/-'+7!W/%/-8%-&@+7!=!
&<'9&%-&@+7!P'+0</7!+!]]!}5!=!be!}5!W+!7',&!'$@/-'&-!+!]_!:@>X6()!(+7!>/I+7!+'7<+,+7!
>&--/7I&$,/$B! I-'$>'I+<6/$%/B! +! 0+>'<&7! K-+6! $/9+%'P&7! hf_qi! ,/! <+! ><+7/!
M.$$.J,%+"%/.9+",0.! =B! /$!6/$&-! I-&I&->'8$B! +! 0+>'<&7! h]cBfqi! =! >&>&7! K-+6!
I&7'%'P&7!h\_B`qi)![&!7/!W+$!/$>&$%-+,&!'$,'>+,&-/7!@/>+</7!$'!6'>-&&-9+$'76&7!
I+%89/$&7)! 2/! W+$! ,/%/>%+,&! 0+>%/-'+7! +6&$'@'>+$%/7B! I-&%/&<N%'>+7B! +6'<&<N%'>+7B!
$'%-'@'>+$%/7B!7:<@+%&?-/,:>%&-+7!=!W+<8@'<+7B!+7N!>&6&!W&$9&7!/$!\__!6(!,/!+9:+)!
S+60'1$! 7/! /7%:,'+-&$! <&7! 0'&%+I/%/7! @&-6+,&7! /$! /<! 6+$+$%'+<! (+! H:/$%/B!
>&$7%'%:',&7! I&-! :$+! +7&>'+>'8$! ,/! >'+$&0+>%/-'+7! @'<+6/$%&7+7! hN123/1.i! =!
/7@1-'>+7! hI1.2%+<"9"=' O12"9<%9%99)&iB! 0+>%/-'+7! @&%&%-&@+7! @'<+6/$%&7+7!
hI<*%,%P*"Q)&A!=!,'+%&6/+7!hD.409)*.i)!
!

91-1^#1_( %-18$`! ;+$+$%'+</7! %/-6+</7n! .+<$/+-'&! ,/! .+U&7! ,/! <+! 5&$>/I>'8$n!
;'>-&0'&%+!+:%8>%&$+n!.'&,'P/-7',+,n!.'&%+I/%/7)!

ABSTRACT 
Microbiology of the mineral springs of Baños de la Concepción spa 

SW-//! 6'$/-+<! 7I-'$97! W+P/! 0//$! 7%:,'/,! '$! %W/! 2I+! .+U&7! ,/! <+! 5&$>/I>'8$!
h#<0+>/%/i)!SW/!%&%+<!$:60/-!&@!6'>-&&-9+$'767!I-/7/$%! '$! %W/!Y+%/-!Y+7!&@!d)]!
Z\_dX6(B! 0/'$9! %W/!6+F&-'%=! +<'P/! hc])eqi)! SW/!$:60/-! &@! P'+0</! W/%/-&%-&IW'>!
+$,! &<'9&%-&IW'>! 0+>%/-'+B! +%! ]]}! 5! +$,! be}! 5B! Y+7! <&Y/-! %W+$! ]_! >@:X6()! SW/!
7%-+'$7!&@!%W/!W/%/-&%-&IW'>!0+>%/-'+!'7&<+%/,!I-/,&6'$+$%<=!>&--/7I&$,!%&!K-+6?
$/9+%'P/! 0+>'<<'! hf_qiB! 0/<&$9'$9! %&! %W/! 5<+77! M.$$.J,%+"%/.9+",0.! +$,! '$!
76+<</-! I-&I&-%'&$! %&! K-+6?I&7'%'P/! 0+>'<<'! h]c)fqi! +$,! >&>>'! h\_)`qi)! [/'%W/-!
@+/>+<!'$,'>+%&-7!$&-!I+%W&9/$'>(6'>-&&-9+$'767!Y/-/!@&:$,)!J$!%W/!&%W/-!W+$,B!
+66&$'@='$9B!I-&%/&<=%'>B!+6=<&<=%'>B!$'%-'@='$9B!7:<IW+%/?-/,:>'$9!+$,!W+<&IW'<'>!
0+>%/-'+!+7!Y/<<!+7!@:$9'!Y/-/!,/%/>%/,!'$!\__!6(!&@!Y+%/-)!SW/!6'>-&0'+<!6+%7!&@!
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(+! H:/$%/! 7I-'$9! Y/-/! 7%:,'/,! +7! Y/<<)! SW'7! 6+%7! >&$7'7%! &@! +$! +77&>'+%'&$! &@!
@'<+6/$%&:7! >=+$&0+>%/-'+! hN123/1.iB! 7IW+/-'>! >=+$&0+>%/-'+! hI1.2%+<"9"='
O12"9<%9%99)&iB! @'<+6/$%&:7! IW&%&%-&IW'>! 0+>%/-'+! hI<*%,%P*"Q)&i! +$,! ,'+%&67!
hD.409)*.i)(

!
a$)b'#+_`!SW/-6+<!7I-'$97n!.+U&7!,/!<+!5&$>/I>'8$!7I+n!#:%W&>%&$+!6'>-&0'&%+n!
.'&,'P/-7'%=n!;'>-&0'+<!6+%7)!

OL(?<=:C!K44?@<(

R<!.+<$/+-'&!,/!.+U&7!,/!<+!5&$>/I>'8$!I/-%/$/>/!+<!%1-6'$&!6:$'>'I+<!,/!
E'<<+%&=+B! /$! <+! I-&P'$>'+! ,/!#<0+>/%/)! 2/! /$>:/$%-+! 7'%:+,&! /$! <+! >&6+->+! ,/! (+!
;+$>W:/<+B!<&>+<'3+,+!/$!/<!/Z%-/6&!&-'/$%+<!,/!<+!I-&P'$>'+!/$!/<!<N6'%/!>&$!<+!,/!
E+</$>'+B! I&-! ,&$,/! ,'7>:--/! /<! P+<</! ,/<! -N&! 5+0-'/<)! 2/! :0'>+! 7&0-/! :$! %/--/$&!
+>>',/$%+,&!>&$!:$+!@-&$,&7+!P/9/%+>'8$!@&-6+,+!I&-!/Z%/$7&7!I'$+-/7)!

R$!<+!3&$+!/6/-9/$!P+-'&7!6+$+$%'+</7!,/!+9:+7!%/-6+</7!j:/!I:,'/-&$!7/-!
:%'<'3+,&7!,/7,/!%'/6I&7!,/! <&7!-&6+$&7B!+:$j:/! <+7!I-'6/-+7!$&%'>'+7!,/!7:!:7&!
7&$!,/<!7'9<&!mEQQQ!h\i)!2/9g$!2L$>W/3!h]i!/7%+7!+9:+7!@:/-&$!,/><+-+,+7!,/!:%'<',+,!
Ig0<'>+!/$!\^`bB!7'$!/60+-9&!<+!,'7I&7'>'8$!&@'>'+<!,+%+!,/!\^`d!hbi)!R$!/7%/!+U&!/<!
61,'>&! ,'-/>%&-! K/$&P17! =! S+6+-'%! h`i! ,/7>-'0/! <+7! >+-+>%/-N7%'>+7! @N7'>+7! ,/<!
6+$+$%'+<!,/!(&7!.+U&7!>&$!<+7!7'9:'/$%/7!I+<+0-+7"!oz&)$.$"2+"'+,.2&J.,"2+"&'1'
9,0&+.*02.&=' /*.2-.&=' )2+%&.&' 1' &).4"&=' &02' 9%*%,' 20' %*%,' .*3)2%a' &)' &./%,' "&'
*03",.$"2+"'.&+,023"2+"a' "2' *%&' ,"3)",%&'J%,'-%2-"'J.&.2' +05"2'-"' 9%*%,' 4",-%&%'1'
%9,"'.*3)2.&'J0"-,.&='1'"2'*.&',"/.*&.&'P%,$.2')2.'J"*G9)*.'J*.+".-.'9%2'*%&'9%*%,"&'
-"*'0,0&`'+%$.-.&'"2')2'4.&%'&"'4"2'$)9<.&'/),/)#.&`p6!

R<! .+<$/+-'&! /7%:P&! /$! @:$>'&$+6'/$%&! ,:-+$%/! >+7'! >'/$! +U&7B! W+7%+! <&7!
+U&7!>:+-/$%+!,/<!I+7+,&!7'9<&B!7:@-'/$,&!:$!+0+$,&$&!W+7%+!<&7!+U&7!$&P/$%+!/$!
j:/! @:/! -/>&$7%-:',&B! :%'<'3L$,&7/! I+-+! %-+%+6'/$%&7! %/-+I1:%'>&7! W+7%+! <+!
+>%:+<',+,)!

(&7! &0F/%'P&7! ,/! /7%/! /7%:,'&! W+$! 7',&! ,&7"! I-'6/-&! ,/%/-6'$+-! <&7!
6'>-&&-9+$'76&7! ,/! '$%/-17! 7+$'%+-'&! j:/! I:,'/-+$! 7:I&$/-! :$! -'/79&! I+-+! <+!
7+<:,! ,/! <&7! :7:+-'&7! j:/! -/>'0/$! <&7! %-+%+6'/$%&7! %/-+I1:%'>&7! /$! /<! .+<$/+-'&)!
(&7!6'>-&&-9+$'76&7! '$P/7%'9+,&7! 7&$! <&7! '$,'>+,&-/7! ,/! >&$%+6'$+>'8$! @/>+<! =!
+<9:$&7!I+%89/$&7!j:/!7/!%-+$76'%/$!+!%-+P17!,/<!+9:+)!R$!7/9:$,&!<:9+-B!7/!W+$!
>+-+>%/-'3+,&B! I&-! I-'6/-+! P/3! /$! /7%+7! +9:+7!6'$/-&6/,'>'$+</7B! <+!6'>-&0'&%+!
+:%8>%&$+!,/!/7%&7!6+$+$%'+</7!j:/!,/I/$,/!,/!<+7!>&$,'>'&$/7!@N7'>+7!=!j:N6'>+7!
,/!<&7!6'76&7)!S+60'1$!7/!W+$!,/%/>%+,&!7:7!+>%'P',+,/7!6/%+08<'>+7!/$!<&7!>'><&7!
0'&9/&j:N6'>&7B! I&-! 7:! '6I&-%+$%/! I+I/<! /$! <+! +:%&,/I:-+>'8$! ,/! <+7! +9:+7)!
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#,/6L7!7/!W+$!/7%:,'+,&!<&7!0'&%+I/%/7!j:/!7/!&-'9'$+$!/$!/<!P+7&!,/<!6+$+$%'+<!
,/!(+!H:/$%/!=!j:/!/7%L$!@&-6+,&7!I&-!>&6:$',+,/7!6'>-&0'+$+7!>&6I</F+7)!

[L(:*;KA=>!C;(

[LOL(2><><=?>A*;(

R<! .+<$/+-'&B! /$! <+! +>%:+<',+,B! hH'9:-+! \i! :%'<'3+! %-/7! 6+$+$%'+</7!
6'$/-&6/,'>'$+</7!,/$&6'$+,&7!(&7!.+U&7B!(+!H:/$%/!=!(+7!5:/P+7)!R<!I:$%&!,/!
/6/-9/$>'+! ,/<! 6+$+$%'+<! .+U&7! 7/! /$>:/$%-+! I-&%/9',&! I&-! :$+! I/j:/U+!
/,'@'>+>'8$!=!/7!/<!j:/!7/!/6I</+!I+-+!<&7!%-+%+6'/$%&7!%/-+I1:%'>&7!hH'9:-+!]+i)!R<!
6+$+$%'+<!(+!H:/$%/!/6/-9/!/$!/<! F+-,N$!,/<!.+<$/+-'&!=!+!%-+P17!,/!:$+!+-%N7%'>+!
@:/$%/! ,/! 7'/%/! >+U&7! 7/! :%'<'3+! I+-+! %-+%+6'/$%&7! W',-&IN$'>&7! hH'9:-+! ]0i)! R<!
6+$+$%'+<! (+7! 5:/P+7! /7%L! :0'>+,&! /$! /<! '$%/-'&-! ,/<! /,'@'>'&! ,/<! .+<$/+-'&! =!
7&<+6/$%/! 7/!:%'<'3+! >:+$,&! /7!$/>/7+-'&!:$!6+=&-! >+:,+<! I+-+! <&7! %-+%+6'/$%&7!
%8I'>&7!hH'9:-+!]>i)!R7%+7!+9:+7!6'$/-&6/,'>'$+</7!/6/-9/$!+!:$+!%/6I/-+%:-+!,/!
]^! }5B! %'/$/$! :$! IM! ,/! eBc! =! 7/! ><+7'@'>+$! >&6&! ,/! 6'$/-+<'3+>'8$! 6/,'+B! >&$!

I-/,&6'$'&!,/!7:<@+%&B!><&-:-&B!>+<>'&B!6+9$/7'&!=!7&,'&!hdB!fi)!

4+-+!-/+<'3+-!/7%/!/7%:,'&!7/!W+$!%&6+,&!6:/7%-+7!,/!+9:+!/$!<&7!I:$%&7!,/!
/6/-9/$>'+!,/!<&7!%-/7!6+$+$%'+</7B!/$!,&7!1I&>+7!,/<!+U&!]_\_B!@/0-/-&!=!6+=&)!
(+7!6:/7%-+7!7/!-/>&9'/-&$!/$!-/>'I'/$%/7!/7%1-'</7!,/!\Bd!<'%-&7B!I&-!,:I<'>+,&!=!7/!
%-+7<+,+-&$B!+!%/6I/-+%:-+!+60'/$%/!=!/$!&7>:-',+,B!W+7%+!/<!<+0&-+%&-'&!,&$,/!7/!
+$+<'3+-&$!+$%/7!,/!<+7!]`!W&-+7)!#,/6L7!7/!W+$!-/>&9',&B!/$!-/>'I'/$%/7!/7%1-'</7B!
<&7!0'&%+I/%/7!@&-6+,&7!/$!/<!P+7&!,/!<+!@:/$%/!,/<!6+$+$%'+<!(+!H:/$%/)!

!

HQKlC#!\)!R*QHQ5QJ2!*R(!.#([R#CQJ!
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[L[L(2?4:CC:N><?;2C;(=C=>A*;(F(E?EC;(

(+!9-+$!,'P/-7',+,!,/!+60'/$%/7!+>:L%'>&7!I-&I'>'+!j:/!/$!/7%&7!WL0'%+%7!7/!
/$>:/$%-/!:$+!6'>-&0'&%+!+:%8>%&$+!6:=!P+-'+,+B!/$!%+6+U&B!/7%+,&!@'7'&<89'>&!=!
+>%'P',+,! 6/%+08<'>+)! 4+-+! ,/%/-6'$+-! /<! $g6/-&! =! <+! 6&-@&<&9N+! ,/! %&,&7! <&7!
6'>-&&-9+$'76&7!I-/7/$%/7!/$!<+7!+9:+7!/7!$/>/7+-'&!-/+<'3+-!/<!-/>:/$%&!,'-/>%&!
>&$! :$! 6'>-&7>&I'&! ,/! @<:&-/7>/$>'+B! :%'<'3+$,&! P+-'&7! @<:&-&>-&6&7! j:/! $&7!
I/-6'%/$!,'7%'$9:'-!<&7!6'>-&&-9+$'76&7!6:/-%&7!,/!<&7!P'P&7)!

(&7!>&<&-+$%/7!/6I</+,&7!/$!/7%+!'$P/7%'9+>'8$!W+$!7',&"!7=%&!c!=!=&,:-&!,/!
I-&I','&!,/<!oy'%p!o.+>('9W%!('P/X*/+,p!h;&</>:<+-!4-&0/7B!R:9/$/B!JCB!l2#i)!(+7!
6:/7%-+7! %/U',+7! 7/! @'<%-+-&$! I&-! _B]! µ6! =! 7/! &07/-P+-&$! >&$! &0F/%'P&! ,/!
'$6/-7'8$!/$!:$!6'>-&7>&I'&!,/!/I'@<:&-/7>/$>'+!h['y&$i)!2/!>&$%+-&$!/<!$g6/-&!
,/!>1<:<+7!P/-,/7!hP'P+7i!=!-&F+7!h6:/-%+7iB!/ZI-/7+$,&!/<!-/7:<%+,&!>&6&!$g6/-&!
,/!6'>-&&-9+$'76&7!%&%+</7!=!P'P&7!I&-!6'<'<'%-&!,/!+9:+!hei)!

R<! $g6/-&! ,/! 6'>-&&-9+$'76&7! %&%+</7! W+! 7',&! ,/! fBc! Z\_dX! 6(! /$! /<!
6+$+$%'+<! .+U&7n! bBb! Z\_dX6(! /$! /<! 6+$+$%'+<! (+! H:/$%/! =! dBb! Z\_dX6(! /$! /<!
6+$+$%'+<! (+7! 5:/P+7B! /7%+$,&! <+! 6+=&-N+! P'P&7B! ^cBcqB! cbBcq! =! c`BbqB!
-/7I/>%'P+6/$%/)! R7%&7! -/7:<%+,&7! 7&$! 7/6/F+$%/7! +! <&7! /$>&$%-+,&7! /$! &%-&7!
6+$+$%'+</7! ,/! +9:+7! 6'$/-&6/,'>'$+</7! 7:<@+%+,+7! h^i)! R<! $g6/-&! ,/!
6'>-&&-9+$'76&7!%&%+</7B!&0%/$',&!+<!6'>-&7>&I'&B!/7!7'/6I-/!7:I/-'&-!+<!$g6/-&!
,/!P'+0</7B!&0%/$',&!I&-! >:<%'P&B! /$!,&7!+! >:+%-&!:$',+,/7! <&9+-N%6'>+7B!,/0',&!+!
j:/! 7/! >&$%+0'<'3+$! %&,&7! <&7! 6'>-&&-9+$'76&7! I-/7/$%/7B! '$><:7&! <&7! 6:/-%&7)!
#,/6L7! 6:>W+7! ,/! <+7! >1<:<+7! 6'>-&0'+$+7! $&! I:/,/$! >:<%'P+-7/! =+! j:/! 7&$!
'$>+I+>/7! ,/! >-/>/-! /$! <+7! >&$,'>'&$/7! =! 6/,'&7! ,/! >:<%'P&! :%'<'3+,&7! /$! /<!
<+0&-+%&-'&!=B!+<9:$+7!7/!/$>:/$%-+$!/$!/<!/7%+,&!,/!P'+0</!$&!>:<%'P+0</!hci)!

!

!

!

HQKlC#!])!4l[SJ2!*R!R;RCKR[5Q#!*R!(J2!;#[#[SQ#(R2)!#i!(#2!.J;.#2n!.i!(#!HlR[SRn!5i!(#2!5lRE#2)!

!



MICROBIOLOGÍA 

 

 
61 

[LSL(B>4=*:?>;(>*:CB?>;(E?>BA*;(F(*;9C:KA>!>;(

R<!-/>:/$%&!,/!0+>%/-'+7!+/-&0'+7!P'+0</7!=!/7I&-:<+,+7!7/!W+!-/+<'3+,&!I&-!
<+7!%1>$'>+7!,/!@'<%-+>'8$!h@'<%-&7!,/!_B]]!µ6i!=!,'<:>'8$!/$!I<+>+)!2/!W+$!:%'<'3+,&!
<&7!6/,'&7! +9+-! /Z%-+>%&! ,/! </P+,:-+! h\_i! I+-+! <+7! W/%/-8%-&@+7! =! +9+-!C]#! h\\i!
I+-+! <+7! &<'9&%-&@+7B! '$>:0+$,&! +! ]]! É5B! >'$>&! ,N+7! =! +! be! É5B! `^! W&-+7)! 4+-+! /<!
-/>:/$%&!,/!0+>%/-'+7!/7I&-:<+,+7! 7/!W+$!:%'<'3+,&! <+7!6'76+7! %1>$'>+7!j:/!I+-+!
P'+0</7!=!/<!6/,'&!,/!>:<%'P&!+9+-!/Z%-+>%&!,/!</P+,:-+!>&$!_B\q!,/!+<6',8$)!(&7!
-/7:<%+,&7!7/!/ZI-/7+-&$!/$!:$',+,/7!@&-6+,&-+7!,/!>&<&$'+7!I&-!6'<'<'%-&!,/!+9:+!
h:@>X6(i)!

R7%/! %'I&! ,/! -/>:/$%&! 7/! -/+<'3+! ,/7,/! <&7! '$'>'&7! ,/! <+! ;'>-&0'&<&9N+B! +!
@'$+</7!,/<!7'9<&!mQmB!I+-+!,/%/-6'$+-!<+!>+<',+,!7+$'%+-'+!,/!<+7!+9:+7!:%'<'3+,+7!/$!
/<! >&$7:6&! W:6+$&)! R$! <+7! +9:+7!6'$/-&6/,'>'$+</7B! ,/! &-'9/$! 7:0%/--L$/&B! /7!
g%'<! I+-+! ,/%/>%+-! <+! >&$%+6'$+>'8$! 6'>-&0'+$+! ,/<! +>:N@/-&! I-&>/,/$%/! ,/! <+7!
+9:+7!7:I/-@'>'+</7)!R$!/<!I:$%&!,/!/6/-9/$>'+!,/!<&7!%-/7!6+$+$%'+</7B!/<!$g6/-&!
,/!0+>%/-'+7!W/%/-8%-&@+7!=!&<'9&%-&@+7!+/-&0'+7!P'+0</7!W+!7',&!6:=!0+F&B!'$@/-'&-!+!
]_! :@>X6(B! <&! j:/! 7'9$'@'>+! j:/! <+! I-&%/>>'8$! ,/! <&7! 6+$+$%'+</7! /7! +,/>:+,+!
hS+0<+!\i)!(&7!6+$+$%'+</7!$&!I-/7/$%+$!,'@/-/$>'+7!7'9$'@'>+%'P+7!/$!/<!$g6/-&!,/!
0+>%/-'+7!&<'9&%-&@+7!=!W/%/-8%-&@+7)!(&7!P+<&-/7!&0%/$',&7!7&$!7/6/F+$%/7!+!<&7!,/!
&%-&7!6+$+$%'+</7!/7I+U&</7!6/7&%/-6+</7!h\]i)!

!
S#.(#!\)![Ñ;RCJ!*R!.#5SRCQ#2!#RCJ.Q#2!EQ#.(R2!r!R24JCl(#*#2!hlH5X;(i)!

!
B1%&$#"1_( 21,1,&"1-$_(

( (
=m(Gn4H(

(
A1_(B'f^1_(

(
A1(Q0$,&$(

(
A1_(40$81_(

M$&$#o&#'61_( ]]}!! c! !!!]! `!
( be}! ]! Ä!\! b!
C-"3'&#'61_( ]]}! \]! !!!b! e!
( be}! c! !!!\! f!
*_i'#0-1+1_( ]]}! \! !!!\! d!

( be}! \! Ä!\! \!
!

[LWL(2?4:CC:N><?;2C;(!*(?<=*:\;(;><?=>:?C(

(+7! +9:+7! 6'$/-&6/,'>'$+</7! 7/! /6I</+$! /$! <&7! 0+<$/+-'&7! I+-+!
%-+%+6'/$%&7! %/-+I1:%'>&7B! I&-! <&! j:/! /7! $/>/7+-'&! :$! >&$%-&<! 6'>-&0'&<89'>&!
I/-'8,'>&B! I+-+! /P'%+-! >:+<j:'/-! -'/79&! 7+$'%+-'&! +7&>'+,&! +! <+! I-/7/$>'+! ,/!
6'>-&&-9+$'76&7! I+%89/$&7B! j:/! I:/,+$! %-+$76'%'-7/! +! %-+P17! ,/<! +9:+! I&-! <+7!
PN+7!6L7!@-/>:/$%/7!,/!+I<'>+>'8$"!&-+<B!-/7I'-+%&-'+!&!%8I'>+)!
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4+-+!,/%/>%+-! <+! I&7'0</!I-/7/$>'+!,/! '$,'>+,&-/7! @/>+</7! 7/!W+$! -/+<'3+,&!
<&7! -/>:/$%&7! ,/! >&<'@&-6/7! %&%+</7B! >&<'@&-6/7! @/>+</7B! /$%/-&>&>&7B! /7I&-+7! ,/!
I*%&+,0-0)$! 7:<@'%&?-/,:>%&-/7! =! I6' J",P,023"2&! =! <+! I-/7/$>'+! ,/! R&9<",09<0.' 9%*0B'
+,/6L7! 7/! W+$! '$P/7%'9+,&! O.*$%2"**.! =!W&")-%$%2.&'.",)302%&.B! :%'<'3+$,&! <&7!
61%&,&7! &@'>'+</7! ,/! <+7! +9:+7! ,/! >&$7:6&!W:6+$&! h\_i! =! ,/! 0/0',+! /$P+7+,+7!
h\bi)! (+! ,/%/>>'8$!,/!O+.J<1*%9%99)&'.),")&! 7/! W+! -/+<'3+,&! @'<%-+$,&!]d_!6(!,/!
+9:+B!>:<%'P+$,&!/<!@'<%-&!/$!>+<,&!%-'I%&$+!7&F+B!+'7<+$,&!/$!+9+-!.+'-,?4+-y/-!h\`i!
/! '$>:0+$,&!+!be! É5B!`^!W&-+7)! (+! '$P/7%'9+>'8$!,/!N"30%2"**.'J2")$%J<0*.! 7/!W+!
W/>W&!I&-!<+!%1>$'>+!,/!@'<%-+>'8$B!+'7<+$,&!/$!+9+-!.5rR!+<@+!h\di)!

(&7! %-/7! 6+$+$%'+</7! /7%:,'+,&7! $&! I-/7/$%+$! 6'>-&&-9+$'76&7!
'$,'>+,&-/7! ,/! >&$%+6'$+>'8$! @/>+<' hR&9<",09<0.' 9%*0B' /$%/-&>&>&7B' I*%&+,0-0)$!
7:<@'%&?-/,:>%&-/7! $'! I*%&+,0-0)$' J",P,023"2&i! /$! \__! 6(! ,/! +9:+B! $'! 0+>%/-'+7!
I+%89/$+7! hO.*$%2"**.B! W&")-%$%2.&' .",)302%&.B! N"30%2"**.' J2")$%J<0*.! =!
O+.J<1*%9%99)&'.),")&i!/$!]d_!6(!,/!+9:+B!I&-!<&!j:/!<+7!6:/7%-+7!>:6I</$!>&$!<+!
$&-6+%'P+!,/!+9:+7!,/!>&$7:6&!W:6+$&!=!+9:+7!,/!0/0',+!/$P+7+,+7!h\_B!\fi)!

[LUL(2?4:CC:N><?;2C;(!*(?<=*:\;(*4CA@N?4C(

(+7! +9:+7! 6'$/-+</7! $+%:-+</7! I-/7/$%+$! >&6:$',+,/7! 6'>-&0'+$+7!
+:%8>%&$+7! ,/! 9-+$! '$%/-17! />&<89'>&! =+! j:/! I+-%'>'I+$! /$! <&7! I-&>/7&7!
0'&9/&j:N6'>&7! ,/<! >+-0&$&B! $'%-89/$&! =! +3:@-/)! R7%&7! 6'>-&&-9+$'76&7! I&7//$!
,'P/-7+7! >+I+>',+,/7! 6/%+08<'>+7B! %-+$7@&-6+$,&! <&7! >&6I:/7%&7! &-9L$'>&7! /$!
'$&-9L$'>&7! <&! j:/! >&$%-'0:=/! +! <+! +:%&,/I:-+>'8$! ,/! <+7! +9:+7! =! 6+$%'/$/! /<!
/j:'<'0-'&!0'&<89'>&!,/!/7%&7!+60'/$%/7!W',-&%/-6+</7!h\eB!\^i)!

4+-+! +<>+$3+-! :$&! ,/! <&7! &0F/%'P&7! I-&I:/7%&7! /$! /7%/! /7%:,'&! 7/! W+!
,/%/-6'$+,&! /<! $g6/-&! ,/! 0+>%/-'+7! j:/! '$%/-P'/$/$! /$! /<! >'><&! ,/<! >+-0&$&!
hI-&%/&<N%'>+7B! +6'<&<N%'>+7B! >/<:<&<N%'>+7iB! ,/<! $'%-89/$&! h+6&$'@'>+$%/7B!
$'%-'@'>+$%/7i! =! ,/<! +3:@-/! h7:<@+%&?-/,:>%&-+7i)! 2/! W+! :%'<'3+,&! <+! %1>$'>+! ,/<!
$g6/-&!6L7!I-&0+0</! h[;4i!=! <&7!6/,'&7!,/7>-'%&7!I&-!4&>W&$!=!S+-,'/:Z!h\ci!
I+-+!<+7!0+>%/-'+7!,/<!>'><&!,/<!>+-0&$&!=!,/<!$'%-89/$&B!=!I&-!C&,'$+!h]_i!I+-+!<+7!
7:<@+%&?-/,:>%&-+7)! (+! '$>:0+>'8$! 7/! W+! -/+<'3+,&! +! b_! É5! ,:-+$%/! b_! ,N+7! =! <&7!
-/7:<%+,&7!7/!W+$!/ZI-/7+,&!>&6&![;4!,/!6'>-&&-9+$'76&7!I&-!\__!6(!,/!+9:+!
hS+0<+!]i)!

(&7! %-/7! 6+$+$%'+</7! I-/7/$%+$! 0+>%/-'+7! I-&%/&<N%'>+7B! +6'<&<N%'>+7! =!
+6&$'@'>+$%/7! /$! P+<&-/7! 6/,'&7n! $'%-'@'>+$%/7! =! 7:<@+%&?-/,:>%&-+7! /$! $g6/-&!
0+F&)!R$!/<!6+$+$%'+<!(+7!.&60+7!+,/6L7B!7/!W+$!,/%/>%+,&!0+>%/-'+7!>/<:<&<N%'>+7!
/$!$g6/-&!6:=!0+F&)!(&7!6'>-&&-9+$'76&7!>&$!/$3'6+7!I-&%/&<N%'>&7B!+6'<&<N%'>&7!
=!+6&$'@'>+$%/7! 7&$!6:=!+0:$,+$%/7!/$! <&7!WL0'%+%7!$+%:-+</7!=! %'/$/$!:$!I+I/<!
'6I&-%+$%/! /$! <+! /<'6'$+>'8$! ,/! 6+%/-'+! &-9L$'>+! /$! <+7! +9:+7! 7:0%/--L$/+7B!
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W+0'1$,&7/!/$>&$%-+,&!/$!$:6/-&7&7!6+$+$%'+</7!6'$/-&6/,'>'$+</7!h^B!\]B!]\?
]bi)! (+7! 0+>%/-'+7! $'%-'@'>+$%/7! $&! 7:/</$! ,/%/>%+-7/! /$! /7%/! %'I&! ,/! +9:+7! &! 7/!
/$>:/$%-+$!/$!:$!$g6/-&!6:=!0+F&!h]]B!]`i)!

R7%+7! +9:+7! >&$%'/$/$! 7:<@+%&7! I&-! <&! j:/! 7/! W+$! /$>&$%-+,&! 0+>%/-'+7!
7:<@+%&?-/,:>%&-+7!j:/!'$%/-P'/$/$!/$!/<!>'><&!,/<!+3:@-/!-/,:>'/$,&!<&7!7:<@+%&7!+!
7:<@WN,-'>&! j:/! /7! &Z',+,&! I&-! :$+! 9-+$! P+-'/,+,! ,/! 6'>-&&-9+$'76&7!
>&$P'-%'1$,&<&! /$! +3:@-/! /</6/$%+<! =! >&$%-'0:=/$,&! +! <+! ,/I&7'>'8$! 0'&<89'>+! ,/!
/7%/!/</6/$%&)!2/!W+$!,/%/>%+,&!/$!$g6/-&!/7>+7&!/$!&%-&7!6+$+$%'+</7!7:<@+%+,&7!
h^B!]`i)!

*/0',&!+!j:/!/7%+7!+9:+7!7&$!,/!6'$/-+<'3+>'8$!6/,'+!7/!W+$!/7%:,'+,&!<&7!
6'>-&&-9+$'76&7! >+I+>/7! ,/! >-/>/-! +! >&$>/$%-+>'&$/7! /</P+,+7! ,/! 7+<)! (&7!
-/>:/$%&7!7/!W+$!-/+<'3+,&!I&-!<+!%1>$'>+!,/!@'<%-+>'8$B!:%'<'3+$,&!+9+-!W+<8@'<&!>&$!
\dq!,/!><&-:-&!78,'>&! h]diB! '$>:0+$,&!+!b_É5B!,:-+$%/!e!,N+7)!(&7!-/7:<%+,&7!7/!
W+$!/ZI-/7+,&!>&6&!:@>!I&-!\__!6(!,/!+9:+!hS+0<+!]i)!R<!6+$+$%'+<!(+7!5:/P+7!
I-/7/$%+! :$! $g6/-&! I/j:/U&! ,/! 0+>%/-'+7! W+<8@'<+7! @+>:<%+%'P+7! j:/! 7/! W+$!
',/$%'@'>+,&! >&6&! O+.J<1*%9%99)&' =! ;.90**)&6! R7%+7! 0+>%/-'+7! 7/! /$>:/$%-+$! /$!
+60'/$%/7! 7+<'$&7! =! 7/! W+$! ,/%/>%+,&! /$! &%-&7! 6+$+$%'+</7! ,/! 6'$/-+<'3+>'8$!
6/,'+!h]\B!]`i!=!@:/-%/!h^B!]bi)!

S+60'1$! 7/!W+$!/7%:,'+,&!&%-&7! %'I&7!,/!6'>-&&-9+$'76&7! >&$7%'%:=/$%/7!
,/!<+!6'>-&0'&%+!+:%8>%&$+!,/!/7%&7!6+$+$%'+</7"!W&$9&7B!>'+$&0+>%/-'+7!=!+<9+7)!(+!
I-/7/$>'+! ,/! +<9+7! =! >'+$&0+>%/-'+7! 7/! W+! ,/%/-6'$+,&! @'<%-+$,&! \__! 6(! /!
'$&>:<+$,&!/<!@'<%-&!/$!6/,'&!2%+$'/-!h]fiB!'$>:0+$,&!>&$!'<:6'$+>'8$!>&$%-&<+,+!+!
]`! }5B! ,:-+$%/! b_! ,N+7)! [&! 7/! W+$! ,/%/>%+,&! >'+$&0+>%/-'+7! $'! +<9+7! /$! $'$9:$+!
6:/7%-+!,/!+9:+)!

R<! -/>:/$%&!,/!W&$9&7! 7/! -/+<'38!I&-!/<!61%&,&!,/! @'<%-+>'8$B!:%'<'3+$,&!/<!
6/,'&! +9+-! 2+0&:-+:,! >&$! ><&-+$@/$'>&<! +<! _B_dq! h\`i)! (+! ',/$%'@'>+>'8$! 7/! W+!
-/+<'3+,&!7'9:'/$,&!<&7!>-'%/-'&7!,/!4'%%!=!M&>y'$9!h]ei)!(&7!W&$9&7!@'<+6/$%&7&7!7/!
W+$! /$>&$%-+,&B! I-'$>'I+<6/$%/B! /$! /<! 6+$+$%'+<! (+7! 5:/P+7! hS+0<+! ]i! =!
I/-%/$/>/$!+!<&7!91$/-&7!W"2090**0)$='B9,"$%20)$'=!B*+",2.,0.6!(+7!>/I+7!+'7<+,+7!
7&$!>+I+>/7!,/!>-/>/-!/$!6/,'&7!,/!>:<%'P&!>&$!><&-:-&!78,'>&! h\dqi!I&-! <&!j:/!
%+60'1$! 7/! W+$! ,/%/>%+,&! /$! /<! /7%:,'&! ,/! <&7! 6'>-&&-9+$'76&7! W+<8@'<&7!
6&,/-+,&7)!(+!I-/7/$>'+!,/!6&W&7!/$!+9:+7!6'$/-+</7!/7!I&>&! @-/>:/$%/!=+!j:/!
I-&>/,/$! ,/<! 7:/<&! I/-&! 7/! +,+I%+$! +! <+7! >&$,'>'&$/7! ,/! /7%&7! WL0'%+%7! =! /7%&7!
91$/-&7!7/!W+$!/$>&$%-+,&!/$!&%-&7!6+$+$%'+</7!6'$/-&6/,'>'$+</7!h^B!]\?]bi)!

!

!

!
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S#.(#!])![Ñ;RCJ!*R!;Q5CJJCK#[Q2;J2!*R!Q[SRCÖ2!R5J(|KQ5J)!

!

!

!

!

!

!

!

!

!

[LIL(?!*<=?Q?4>4?@<(!*(B>4=*:?>;(M*=*:@=:CQ>;(

(+7!>/I+7!+'7<+,+7!/$! <&7!,'7%'$%&7!6/,'&7!,/!-/>:/$%&!7/!W+$! ',/$%'@'>+,&!
I&-! <+7! >+-+>%/-N7%'>+7! 6&-@&<89'>+7B! @'7'&<89'>+7! =! 0'&j:N6'>+7B! :%'<'3+$,&! <&7!
61%&,&7!,/!5&Y+$!=!2%//<!h]^i)!#,/6L7!7/!:%'<'38!/<!7'7%/6+!,/!',/$%'@'>+>'8$!I&-!
I-:/0+7!0'&j:N6'>+7!6'$'+%:-'3+,+7!#4Q!!h0'&;1-'/:ZiB!/6I</+$,&!<+7!9+</-N+7!]_!
R! =! ]_! [R! I+-+! <&7! 0+>'<&7! K-+6! $/9+%'P&7! @/-6/$%+,&-/7! =! $&! @/-6/$%+,&-/7B!
-/7I/>%'P+6/$%/B! <+7! 9+</-'+7! 5&-=$/! I+-+! <&7! 0+>'<&7! K-+6! I&7'%'P&7! $&!
/7I&-:<+,&7!=!<+7!9+</-N+7!2%+IW!I+-+!<&7!>&>&7!K-+6!I&7'%'P&7)!(+!><+7'@'>+>'8$!7/!
-/+<'38!7/9g$!<&7!>-'%/-'&7!%+Z&$86'>&7!,/<!;+$:+<!,/!./-9/=!h]c?b\i)!

R$! <&7! %-/7! 6+$+$%'+</7! 7/! W+$! +'7<+,&! \bd! >/I+7! ,/! 0+>%/-'+7! P'+0</7!
W/%/-8%-&@+7! =! &<'9&%-&@+7B! j:/! >&--/7I&$,/$! +! <&7! %'I&7!6&-@&<89'>&7! ,/! 0+>'<&7!
K-+6! $/9+%'P&7! hf_qiB! 0+>'<&7! K-+6! I&7'%'P&7! h]cBfqi! =! >&>&7! K-+6! I&7'%'P&7!
h\_B`qi)!2/9g$!<+!><+7'@'>+>'8$!%+Z&$86'>+!,/<!;+$:+<!,/!./-9/=!hb_B!b\i!<+7!>/I+7!
',/$%'@'>+,+7! I/-%/$/>/$B! /$! 7:! 6+=&-N+B! +<! W<1*)$! W,%+"%/.9+",0.! hf_qiB! =! /$!
6/$&-! I-&I&->'8$! +! <&7! W<1*.[! B9+02%/.9+",0.! h]dBcqiB! =' E0,$09)+"&! h\`B\qi!
hH'9:-+!bi6'(+!6+=&-N+!,/!<&7!0+>'<&7!K-+6!$/9+%'P&7!+'7<+,&7!I/-%/$/>/$!+!<+!><+7/!
M.$$.J,%+"%/.9+",0.!h`cB`qi)!R7%&7!-/7:<%+,&7!7&$!7/6/F+$%/7!+!<&7!&0%/$',&7!/$!
+9:+7!6'$/-+</7!/$P+7+,+7!hb]i!=!6+$+$%'+</7!6'$/-+</7!h\]B!]]B!]bB!bbi)!

!
;'>-&&-9+$'76&7!

!
(

[;4X\__!6(!
(((((9#'&$'-5&"%'_(
(((((>f"-'-5&"%'_(
(((((4$-0-'-5&"%'_(
(((((<"&#"6"%1,&$_(
(((((>f',"6"%1,&$_(
(((((;0-61&'(:$+0%&'#$_(
:@>X\__!6((
(((((M1-o6"-'_(
(((((M',3'_(

!
;+$+$%'+</7!

(
A1_(B'f^1_! A1(Q0$,&$! A1_(40$81_!

!
]B`!Z!\_]!
`Bf!Z!\_b!
cBb!Z!\_!
\B]!Z!\_]!
`Bf!Z!\_b!
\Bd!Z!\_!

!
\!
d!

!
`Bf!Z!\_]!
]B`!Z!\_]!

?!
cB\!

`Bf!Z!\_b!
cB\!
!
?!
?!

!
]B`!Z!\_]!
`Bf!Z!\_]!

?!
\Bd!Z!\_!
]B`!Z!\_b!

b!
!
be!
]f!



MICROBIOLOGÍA 

 

 
65 

R$!/7%&7!6+$+$%'+</7!7/!W+$!+'7<+,&!:$!9-+$!$g6/-&!,/!>/I+7!,/!0+>%/-'+7!
I'96/$%+,+7B! I-'$>'I+<6/$%/! >&$! I'96/$%&7! +6+-'<<&7! =! $+-+$F+7! hH'9:-+! `i)! R7!
@-/>:/$%/!<+!I-/7/$>'+!,/!/7%/!%'I&!,/!0+>%/-'+7!/$!+9:+7!6'$/-+</7!hb`iB!,/0',&!+!
j:/!<&7!I'96/$%&7!>+-&%/$&',/7!<+7!I-&%/9/$!,/!<+7!-+,'+>'&$/7!/P'%+$,&!<+!6:/-%/!
@&%&,'$L6'>+! hb_i)! */! %&,+7! /<<+7B! ,/7%+>+6&7! ,&7! >/I+7! ,/! X.2+<02%/.9+",0)$'
*040-)$B! +'7<+,+7!/$!/<!6+$+$%'+<!(+7!.&60+7)!R7%+!/7I/>'/!I-&,:>/!:$!I'96/$%&!
P'&</%+! hP'&<+>/N$+i! ,/! 9-+$! '$%/-17B! +>%:+<6/$%/B! I&-! 7:7! I-&I'/,+,/7!
+$%'6'>-&0'+$+7!=!+$%'%:6&-+</7!j:/!I:/,/$!%/$/-!+I<'>+>'8$!@+-6+>&<89'>+!hbdi)!

!

R$! <&7! 0+>'<&7! K-+6! $/9+%'P&7B! /<! 91$/-&! W&")-%$%2.&B' F:$%&! >&$! &%-&7!
91$/-&7! 6:=! I-8Z'6&7! ,/7,/! /<! I:$%&! ,/! P'7%+! %+Z&$86'>&B! W+$! 7',&! 6:=!
@-/>:/$%/7! hS+0<+! bi)! R7%/! 91$/-&! %+60'1$! /7! I-/,&6'$+$%/! /$! +9:+7!6'$/-+</7!
/$P+7+,+7! hb]B! bfB! bei! =! /$! 6+$+$%'+</7! 6'$/-+</7! h\]B! ]\B! ]bB! b^i)! R7%&7!
6'>-&&-9+$'76&7! %'/$/$! :$&7! -/j:/-'6'/$%&7! $:%-'>'&$+</7! /7>+7&7! =! :$+!
,'P/-7',+,!6/%+08<'>+! j:/! </7! I/-6'%/! :%'<'3+-!6:=!,'P/-7+7! @:/$%/7! ,/! >+-0&$&B!
I&-!/7%&!7&$!>+I+>/7!,/!7&0-/P'P'-!=!6:<%'I<'>+-7/!/$!+60'/$%/7!&<'9&%-8@'>&7!>&6&!
<+7! +9:+7! 6'$/-&6/,'>'$+</7)! (+! /7I/>'/! OJ<023%$%2.&' J.)90$%/0*0&! W+! 7',&!
+'7<+,+! /$! <&7! %-/7!6+$+$%'+</7! hS+0<+! bi)! R7%+! /7I/>'/! /7! +:%8>%&$+! ,/! WL0'%+%7!
$+%:-+</7! hb_iB! I-&,:>/! I'96/$%&7! +6+-'<<&7! >+-&%/$&',/7! =! ,/9-+,+!
W',-&>+-0:-&7! +-&6L%'>&7! hbci! =! W+! 7',&! +'7<+,+! /$! &%-&7! 6+$+$%'+</7!
6'$/-&6/,'>'$+</7!h]\i!

R$! /<! 6+$+$%'+<! (+7! .&60+7! 7/! W+$! +'7<+,&B! ,/! <&7! >:<%'P&7! ,/!
/$-'j:/>'6'/$%&! ,/! R$%/-&0+>%/-'+7B! 7/'7! >/I+7! ,/! R2+",%/.9+",' 9*%.9.")! R7%+7!
>/I+7! @/-6/$%+$! <+! <+>%&7+! </$%+6/$%/! I&-! <&! j:/! $&! 7/! W+$! ,/%/>%+,&! /$! /<!
-/>:/$%&! ,/! >&<'@&-6/7)! R<! 91$/-&! R2+",%/.9+",B! +6I<'+6/$%/! ,'7%-'0:',&! /$! <+!
$+%:-+</3+B! 7/! /$>:/$%-+! >&$! @-/>:/$>'+! /$! +9:+7! 6'$/-+</7! $+%:-+</7! =!
6'$/-&6/,'>'$+</7!h]\B!`_i)!

Proteobacteria 

60% 

Firmicutes 

14,1% 

Actinobacteria 

25,9% 

Bacilos Gram - 

60% 

Bacilos Gram + 

29,6% 

Cocos Gram + 

10,4% 

Tipos Morfológicos Clasificación Taxonómica 

HQKlC#!b)!*QERC2Q*#*!*R!.#5SRCQ#2!MRSRC|SCJH#2!hq!*R!5R4#2i)!

!
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!

(&7!0+>'<&7!K-+6!I&7'%'P&7!7/!W+$!/$>&$%-+,&!/$!6+=&-!I-&I&->'8$!/$!<&7!
6+$+$%'+</7!(+!H:/$%/!=!(+7!5:/P+7!hS+0<+!`i)!(+!6+=&-N+!,/!<+7!>/I+7!+'7<+,+7!7&$!
,/!6&-@&<&9N+! '--/9:<+-! =! 6:>W&7! %'/$/$! I'96/$%&7! +6+-'<<&7B! $+-+$F+7! =! -&7+7)!
B,+<,%/.9+",! =! I%,12"/.9+",0)$' ! I-&>/,/$! ,/<! 7:/<&! =! 7/! W+$! /$>&$%-+,&! /$!
6+$+$%'+</7! 6'$/-+</7! W'I&%/-6+</7! h^i! =! 6/7&%/-6+</7! h]bB! ]`i)! N"0P&%20.'
.().+09.!h+$%/7!I%,12"/.9+",0)$'.().+09)$i!/7!I-&I'+!,/!+60'/$%/7!+>:L%'>&7!=!7/!
W+! ,/%/>%+,&! /$! &%-&7! 6+$+$%'+</7! 6'$/-&6/,'>'$+</7! h]]B! ]bi)! C<%-%9%99)&! /7!
6:=!-/7'7%/$%/!+!<&7!+60'/$%/7!/Z%-/6&7!=+!j:/!I&7//!L>',&7!6'>8<'>&7!=!%+60'1$!
7/!W+!+'7<+,&!,/!&%-&7!6+$+$%'+</7! h^B!\]B!]\B!]bi)!S+60'1$! 7/!W+$!,/%/>%+,&!:$!
I/j:/U&! $g6/-&! ,/! >/I+7! ,/! 0+>'<&7! K-+6! I&7'%'P&7! /7I&-:<+,&7! ,/<! 91$/-&!
;.90**)&)! R7%+7! 0+>%/-'+7! I-&>/,/$!,/<! 7:/<&! =! 7/! W+$! /$>&$%-+,&! /$!6+$+$%'+</7!
6'$/-+</7!%/-6+</7!h]]B!]`B!`\i)!

(&7!>&>&7!K-+6!I&7'%'P&7!7/!/$>:/$%-+$!/$!0+F+!I-&I&->'8$!=!>&--/7I&$,/$!
I-'$>'I+<6/$%/!+<!9/$1-&!O+.J<1*%9%99)&'hS+0<+!`i)!(+7!>/I+7!+'7<+,+7!7&$!W+<8@'<+7!
@+>:<%+%'P+7!=!I:/,/$!P'P'-!/$!>&$>/$%-+>'&$/7!/</P+,+7!,/!7+<)!R7%+7!0+>%/-'+7!7&$!
6:=!:0'>:+7!=!7/!W+$!,/%/>%+,&!/$!+9:+7!6'$/-&6/,'>'$+</7!h^B!\]B!]bi)!

2/!W+$!&07/-P+,&!+<9:$+7!,'@/-/$>'+7!/$%-/! <+!6'>-&0'&%+!+:%8>%&$+!,/!<&7!
%-/7! 6+$+$%'+</7! /7%:,'+,&7)! R<! 6+$+$%'+<! (+7! .&60+7! /7! /<! j:/! I-/7/$%+! :$+!
6+=&-!0'&,'P/-7',+,!=+!j:/!7/!W+$!+'7<+,&!]f!/7I/>'/7!,'7%'$%+7B!I-/,&6'$+$,&!<&7!
0+>'<&7!K-+6!$/9+%'P&7!,/!<+7!/7I/>'/7!R2+",%/.9+",'9*%.9."'hcBfqi!=!W&")-%$%2.&'
J)+0-.! h^B_qiB!6'/$%-+7!j:/!/$! <&7!6+$+$%'+</7!(+!H:/$%/!=!(+7!5:/P+7! 7&$!6L7!
@-/>:/$%/7!<+7!0+>%/-'+7!K-+6!I&7'%'P+7!,/<!91$/-&!C<%-%9%99)&'h\fBfqi!=!;.90**)&!
h\eBcqiB! -/7I/>%'P+6/$%/! hS+0<+7!b! =! `i)!J%-&7! +:%&-/7! %+60'1$!W+$! /$>&$%-+,&!
:$!I-/,&6'$'&!,/!/7%&7!91$/-&7!,/!0+>'<&7!K-+6!I&7'%'P&7!/$!+9:+7!7:0%/--L$/+7!
+<>+<'$+7!h`]i)!

!

!

HQKlC#!`)!.#5SRCQ#2!4QK;R[S#*#2)!
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S#.(#!b)!KÖ[RCJ2!r!R24R5QR2!*R!.#5SRCQ#2!MRSRC|SCJH#2!r!J(QKJSCJH#2!KC#;![RK#SQE#2!hq!5R4#2i)!
!

!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!

 

 

 

 

 

 

 

!

!

!

!

!

!

!

!

!

!

!

!

!

(
B1%&$#"1_(N#1f(,$31&"81_!

21,1,&"1-$_(
A1_(B'f^1_(

<pIV!
A1(Q0$,&$(
<pSI!

A1_(40$81_(
<pSZ!

<'(6$#f$,&1+'#1_(
''''''B902"+%/.9+",'9.*9%.9"+09)&(
'''''B902"+%/.9+",'*b%PP00(
'''''B*9.*03"2"&!7II(
''''';,"4)2-0$%2.&'-0$02)+.(
''''';,"4)2-0$%2.&'4"&09)*.,0&(
''''';),c<%*-",0.'9"J.90.(
'''''I<,1&"%/.9+",0)$'02-%*%3"2"&(
'''''X.2+<02%/.9+",0)$'*040-)$(
'''''W&")-%$%2.&'P*)%,"&9"2&(
'''''W&")-%$%2.&'*)+"%*.(
'''''W&")-%$%2.&'%,1U0<./0+.2&(
'''''W&")-%$%2.&'J)+0-.(
'''''W&")-%$%2.&'&+)+U",0(
'''''C.*&+%20.'J09c"++00(
'''''OJ<023%$%2.&'J.)90$%/0*0&(
!!!!![&!',/$%'@'>+,+7!
Q$#f$,&1+'#1_(
'''''B",%$%2.&'<1-,%J<0*.(
'''''R-b.,-&0"**.'+.,-.(
'''''R2+",%/.9+",'9*%.9."(
'''''W.2+%".'7II(
'''''W,%+")&'4)*3.,0&(
'''''O",,.+0.!7II(
'''''O",,.+0.'*0()"P.90"2&(
'''''O",,.+0.'J*1$)+<09.(
!!!!![&!',/$%'@'>+,+7(

WVXV!
\Bf!
?!
\Bf!
?!
\Bf!
?!
\Bf!
bB]!
`B^!
\Bf!
\Bf!
^B_!
bB]!
\Bf!
`B^!
bB]!
!

SYXW!
fB`!
\Bf!
cBf!
?!
\Bf!
bB]!
bB]!
.!

\\Bf!

SIX[!
?!
]Be!
?!
?!
?!

\_B^!
?!
?!
?!
?!
^B]!
?!
?!
?!
dB`!
^B\!
!

YXO!
?!
?!
?!
?!
?!
?!
?!
]Be!
dB`!

WOXV!
?!
?!
?!
]Bd!
]Bd!
]Bd!
?!
?!
dB\!
]Bd!
?!
?!
]Bd!
?!
]Bd!
]_Bd!
!

UXO!
?!
?!
?!
]Bd!
?!
?!
?!
]Bd!
?!
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S#.(#!`)!KÖ[RCJ2!r!R24R5QR2!*R!.#5SRCQ#2!MRSRC|SCJH#2!r!J(QKJSCJH#2!KC#;!4J2QSQE#2!hq!5R4#2i)!

(
B1%&$#"1_(N#1f(i'_"&"81_!

21,1,&"1-$_!
A1_(B'f^1_(

<pIV!
A1(Q0$,&$(
<pSI!

A1_(40$81_(
<pSZ!

B1%"-'_!
!!!!!B3,%$19"&!
!!!!!B,+<,%/.9+",!
'''''B),"%/.9+",0)$!
''''';.90**)&!
''''';,"40/.9+",0)$!
'''''I"**)*%$%2.&!
'''''I%,12"/.9+",0)$!
'''''N"0P&%20.'.().+09.!
'''''C<%-%9%99)&!
!!!!![&!Q,/$%'@'>+,&7!
!
4'%'_!
!!!!!d%9),0.',%&".!
!!!!!d%9),0.'4.,0.2&!
!!!!!L09,%9%99)&!
!!!!!O+.J<1*%9%99)&'9.J0+0&!
!!!!!O6'<%$020&!
!!!!!O6'*)3-)2"2&0&!
!!!!!O6'&90),0!
!!!!!O6'b.,2",0!
!!!!!O6'Q1*%&)&!

OUXV!
?!
\Bf!
?!
`B^!
\Bf!
bB]!
?!
?!
?!
bB]!
!

IXU!
\Bf!
?!
\Bf!
V!
?!
V!
?!
\Bf!
\Bf!

WTXS!
]Be!
]Be!
]Be!
?!
dB`!
?!
]Be!
\_B^!
\fBf!
]Be!
!

YX[!
]Be!
?!
?!
?!
?!
]Be!
?!
]Be!
?!

SUXZ!
?!
dB\!
?!

\eBc!
]Bd!
?!
?!
]Bd!
?!
eBe!
!

OTXZ!
?!
]Bd!
]Bd!
]Bd!
dB\!
?!
]Bd!
?!
]Bd!

!

[LTL(B?C=>9*=*;(

2/!W+$!%&6+,&!6:/7%-+7!,/! <&7!%+I/%/7!6'>-&0'+$&7! @&-6+,&7!/$! <+!I+-/,!
,/!6L-6&<!,/<!P+7&!,/! <+! @:/$%/!,&$,/!/6/-9/!/<! +9:+!,/<!6+$+$%'+<!,/<!6'76&!
$&60-/!hH'9:-+!di)!(+7!6:/7%-+7!7/!%&6+-&$!I&-!,:I<'>+,&!>&$!6+%/-'+<!/7%1-'<!=!
7/! -/>&9'/-&$! /$! /$P+7/7! /7%1-'</7)! l$+! ,/! /<<+7! 7/! @'F8! >&$! @&-6&<! h`qi! I+-+!
>&$7/-P+-<+!W+7%+!7:!&07/-P+>'8$!6'>-&7>8I'>+)!(+!',/$%'@'>+>'8$!,/!<+!6'>-&0'&%+!
7/!W+! -/+<'3+,&!6/,'+$%/! /<! /7%:,'&!,/! 7:!6&-@&<&9N+! /$!6'>-&7>&I'&7!,/! >+6I&!
><+-&B!>+6I&!&7>:-&B!>&$%-+7%/!,/!@+7/7!=!@<:&-/7>/$>'+)!(&7!0'&%+I/%/7!+,W/-',&7!+!
7:I/-@'>'/7! /7%L$! >&$7%'%:',&7! I&-! >&6:$',+,/7! 6'>-&0'+$+7! >&6I</F+7! j:/!
,/I/$,/$! ,/! <+7! >&$,'>'&$/7! +60'/$%+</7! h<:3B! %/6I/-+%:-+B! &ZN9/$&i! =! ,/! <+!
>&6I&7'>'8$!,/<!+9:+!hIMB!>&$>/$%-+>'8$!,/!7+</7i)!R7%&7! %+I/%/7!/7%L$! @&-6+,&7!
I&-! +7&>'+>'&$/7! ,/! 6'>-&&-9+$'76&7! I-&>+-'&%+7! =! /:>+-'&%+7! 6:>W&7! ,/! /<<&7!
@&%&7'$%1%'>&7! =! @'<+6/$%&7&7! h>'+$&0+>%/-'+7B! +<9+7iB! /$! ,&$,/! 7/! +<&F+$! &%-&7!
&-9+$'76&7! :$'>/<:<+-/7! j:/! I-&,:>/$! /Z&I&<N6/-&7B! j:/! :$/$! <&7!
6'>-&&-9+$'76&7!=!<&7!I-&%/F/$!,/!<&7!+9/$%/7!/Z%/-$&7!=!I/-6'%/$!<+!'$%/-+>>'8$!
/$%-/!<+7!>1<:<+7)!
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R7+7! I&0<+>'&$/7! >&6I+-%/$! <&7! $:%-'/$%/7B! +I&-%+$,&! ,'@/-/$%/7! /$3'6+7!
j:/!6/%+0&<'3+$!,'P/-7&7!>&6I:/7%&7!h`bi)!

!

(&7! 0'&%+I/%/7! /7%:,'+,&7! I-/7/$%+$! :$! >&<&-! P/-,/! &7>:-&! 0-'<<+$%/B! ,/!
+7I/>%&! 9/<+%'$&7&! =! >&$7'7%/$>'+! 6/,'+)! (+! I+-%/! '$@/-'&-! /7! 0<+$>+! I&-! <+!
@&-6+>'8$! ,/! >+-0&$+%&! >L<>'>&)! R7%L! >&6I:/7%&! I&-! >'+$&0+>%/-'+7! @'<+6/$%&7+7!
,/<! 91$/-&! N123/1.)! R$! 6/$&-! I-&I&->'8$B! 7/! /$>:/$%-+$! 0+>%/-'+7! @&%&%-&@+7!
@'<+6/$%&7+7!,/<!91$/-&!I<*%,%P*"Q)&!j:/!I-/7/$%+$!+:%&@<:&-/>/$>'+!-&F+!>&$! <:3!
:<%-+P'&</%+B! ,/0',&! +! <&7! I'96/$%&7! ><&-&@N<'>&7! j:/! I&7//$! hH'9:-+! fi)! (+7!
>'+$&0+>%/-'+7!/7@1-'>+7!I/-%/$/>/$!+<!91$/-&!O12"9<%9%99)&'1'I1.2%+<"9"B!+,/6L7!
7/!&07/-P+$!+0:$,+$%/7!,'+%&6/+7!hD.409)*.i!hH'9:-+!fi)!

(+7! >&6:$',+,/7! 6'>-&0'+$+7! j:/! >&$7%'%:=/$! /7%&7! %+I/%/7! 7&$!
7/6/F+$%/7! +! <+7! /$>&$%-+,+7! /$! <&7! j:/! @&-6+$! +<9:$&7! 6+$+$%'+</7!
6'$/-&6/,'>'$+</7!/7I+U&</7!h]bB!]`i!=!6+$+$%'+</7!%/-6+</7!,/!,'@/-/$%/7!I+-%/7!
,/<!6:$,&!h``?`fi)!

 

HQKlC#!d)!.QJS#4RSR2!*R(!;#[#[SQ#(!(#!HlR[SR. 

!
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SL(4C<4AK;?C<*;(

(&7!6+$+$%'+</7!I-/7/$%+$!:$!$g6/-&!0+F&!,/!0+>%/-'+7!P'+0</7B!6/$&7!,/!
]_X6(B! <&! j:/! '$,'>+! :$+! I-&%/>>'8$! +,/>:+,+! ,/! <&7! 6+$+$%'+</7)! [&! 7/! W+$!
,/%/>%+,&! '$,'>+,&-/7!,/!>&$%+6'$+>'8$! @/>+<!$'!6'>-&&-9+$'76&7!I+%89/$&7!I&-!
<&! j:/! >:6I</$! >&$! <+! $&-6+%'P+! ,/! +9:+7! ,/! >&$7:6&! W:6+$&)! (+! 6'>-&0'&%+!
+:%8>%&$+!/7%L!>&$7%'%:',+B!I-'$>'I+<6/$%/B!I&-!0+>'<&7!K-+6!$/9+%'P&7!,/<!W<1*)$'
W,%+"%/.9+",0.! <&! j:/! /7! W+0'%:+<! /$! <&7! 6+$+$%'+</7! W'I&%/-6+</7)! 2/! W+$!
,/%/>%+,&! 0+>%/-'+7! >&$! +>%'P',+,! I-&%/&<N%'>+B! +6'<&<N%'>+! =! +6&$'@'>+$%/! j:/!
'$%/-P'/$/$!/$!<&7!>'><&7!0'&9/&j:N6'>&7!=!>&$%-'0:=/$!+!<+!+:%&,/I:-+>'8$!,/!<+7!
+9:+7)!

WL(>N:>!*4?2?*<=C;(

(+7!+:%&-+7!+9-+,/>/$!+<!I-&I'/%+-'&!,/<!.+<$/+-'&!*)!#$%&$'&!K-+$/-&!=!/$!
I+-%'>:<+-! +<! 9/-/$%/!*)! #$%&$'&! 5+<&6+-,/B! %&,+7! <+7! +%/$>'&$/7! j:/! W+$! %/$',&!
>&$! /<<+7! ,:-+$%/! 7:7! /7%+$>'+7! /$! /<! /7%+0</>'6'/$%&B! +7N! >&6&! <+7! @+>'<',+,/7!
,+,+7! I+-+! <+! %&6+! ,/! 6:/7%-+7! /$! <&7! ,&7! 6:/7%-/&7! -/+<'3+,&7)! #,/6L7!
j:/-/6&7! +9-+,/>/-! <+! +=:,+! /$! /<! %-+0+F&! ,/! <+0&-+%&-'&! <</P+,+! +! >+0&! I&-! <+!
('>/$>'+,+! *&U+!;8$'>+! 4+>W/>&! =! <+! +<:6$+! *&U+! #$+! 41-/3)! #7N! 6'76&! +! <+7!
I-&@/7&-+7!*&U+!5&$>/I>'8$!4'$%+,&!=!*&U+!5+-6'$+!C&,-N9:/3!I&-!7:!+=:,+!/$!<+!
-/+<'3+>'8$!,/!/7%/!%-+0+F&)!

!
!

Lyngbya 

Cyanothece 

Navicula 

Chloroflexus 

Synechococcus 

HQKlC#!f)!.QJS#4RSR2!4JC!;Q5CJ25J4T#!*R!5J[SC#2SR!*R!H#2R2!r!H(lJCR25R[5Q#!h`_mi)!

!
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UL(B?BA?CN:>QJ>(

\) #<6/$,-&7B!D)!;)!h]__`i!R<!.+<$/+-'&!,/!<+!5&$>/I>'8$!,/!E'<<+%&=+)!M',-&<&9N+7!;1,'>+7!,/<!
7'9<&!mQm)!Q$7%'%:%&!,/!/7%:,'&7!+<0+>/%/$7/7!o*&$!D:+$!;+$:/<p)!2/-'/!Q?!R7%:,'&7?![}!\`\)!
#<0+>/%/)!

]) 2L$>W/3B! D)! h\cc]i! K:N+! ,/! /7%+0</>'6'/$%&7! 0+<$/+-'&7! ,/! R7I+U+)! ;'$'7%/-'&! ,/! J0-+7!
4g0<'>+7!=!S-+$7I&-%/)!;+,-',)!

b) H-+$>17B!;)!5)!h]_\_i!M'7%&-'+!=!9/$/-+<',+,/7!,/<!.+<$/+-'&!,/!<+!5&$>/I>'8$)!B26'C6'B9.-6'
D.96'E.,$)!ef!hRi"!Rc?Rbc)!

`) K/$&P17!=!S+6+-'%B! D)! h\^`di!;/6&-'+!7&0-/! <+7!+9:+7!=!0+U&7! @/--:9'$&7&7!,/!E'<<+%&=+)!
Q6I-)!(8I/3!=!5N+)!E+</$>'+)!

d) ;+-+P/-B!H)!Ç!#-6'F&B!H)!h]_\_i!E+,/61>:6!QQ!,/!+9:+7!6'$/-&6/,'>'$+</7!/7I+U&<+7)!R,)!
5&6I<:%/$7/)!;+,-',)!

f) S&-'F+B!R)!h]_\_i!#$L<'7'7!@'7'>&?j:N6'>&!,/!<+7!+9:+7!,/<!.+<$/+-'&!,/!<+!5&$>/I>'8$)!B26'C6'
B9.-6'D.96'E.,$)!ef!hRi"!Rde?Rfd)!

e) .&:<&7B!()B!4-1P&7%B!;)B!.+-0/+:B!.)B!5&+<<'/-B!D)!Ç!*/7F+-,'$7B!C)!h\ccci!('P/X*/+,!.+>('9W"!
+II<'>+%'&$! &@! +! $/Y! -+I',! 7%+'$'$9! 6/%W&,! @&-! ,'-/>%! /$:6/-+%'&$! &@! P'+0</! +$,! %&%+<!
0+>%/-'+!'$!,-'$y'$9!Y+%/-)!X6'L09,%/0%*6'L"+<%-)!be"!ee?^f)!

^) ;&77&B!;)!#)B!2L$>W/3B!;)!5)B!C&,-N9:/3B!5)!Ç!*/!<+!C&7+B!;)!5)!h]__fi!;'>-&0'&<&9N+!,/!<&7!
6+$+$%'+</7!6'$/-&6/,'>'$+</7!,/<!.+<$/+-'&!5/-P+$%/7)!B26'C6'B9.-6'D.96'E.,$)! e]"!]^d?
b_`)!

c) J<'P/-B!D)!*)!h]__di!SW/!P'+0</!$&$>:<%:-+0</!7%+%/!'$!0+>%/-'+)!X6'L09,%/0%*)!`b"!cb?\__)!
\_) #$8$'6&! h]__bi!C/+<!*/>-/%&!\`_X]__b!,/!e!,/! @/0-/-&! 7&0-/!5-'%/-'&7! 7+$'%+-'&7!,/! <+!

>+<',+,!,/<!+9:+!,/!>&$7:6&!W:6+$&)!.JR!`d"!e]]^?e]`d)!
\\) C/+7&$/-B!*)!D)!Ç!K/<,-/'>WB!R)!h\c^di!#!$/Y!6/,':6!@&-!%W/!/$:6/-+%'&$!+$,!7:0>:<%:-/!&@!

0+>%/-'+!@-&6!I&%+0</!Y+%/-)!BJJ*6'R240,%26'L09,%/0%*)!`c"!\?e)!
\]) */! <+! C&7+B! ;)! 5)B! 2L$>W/3B! ;)! 5)B! C&,-N9:/3B! 5)! Ç! ;&77&B! ;)#)! h]__ei! ;'>-&0'&<&9N+! ,/<!

6+$+$%'+<!6'$/-&6/,'>'$+<!,/<!.+<$/+-'&!4:/$%/!E'/79&)!B26'C6'B9.-6'D.96'E.,$)!eb"!]d\?
]fd)!

\b) #$8$'6&! h\c^ei! J-,/$! ,/! ^! ,/! 6+=&! ,/! \c^e)! ;1%&,&7! &@'>'+</7! ,/! +$L<'7'7!
6'>-&0'&<89'>&7!I+-+!<+!/<+0&-+>'8$B!>'->:<+>'8$!=!>&6/->'&!,/!+9:+7!,/!0/0',+!/$P+7+,+7)!
.JR!\\`"!\bcf`?\bceb)!

\`) #$8$'6&! h\cc^i! 2%+$,+-,!6/%W&,7! @&-! %W/! /Z+6'$+%'&$! &@! Y+%/-! +$,! Y+7%/Y+%/-)! ]_%W!
/,'%'&$)!#6/-'>+$!4:0<'>!M/+<%W!#77&>'+%'&$)!A+7W'$9%&$)!

\d) 4/<+3B! 5)!Ç!;+-%N$B! 5)! h\ccbi! (/9'&$/<&7'7)!*+%&7!,/!R7I+U+B! ,'+9$87%'>&!,/! <+0&-+%&-'&! =!
>&$%-&<!/$!'$7%+<+>'&$/7!,/!/,'@'>'&7)!Q$7%'%:%&!,/!2+<:,!5+-<&7!QQQ)!;+,-',)!

\f) #$8$'6&!h]__]i!C/+<!*/>-/%&!\_e`X]__]B!,/!\^!,/!&>%:0-/B!I&-!/<!j:/!7/!-/9:<+!/<!I-&>/7&!
,/! /<+0&-+>'8$B! >'->:<+>'8$! =! >&6/->'&! ,/! +9:+7! ,/! 0/0',+! /$P+7+,+7)! .JR! ]dc"! becb`?
bec`c)!

\e) 5W+I/<</B! H)! h]___i! K-&:$,?Y+%/-!6'>-&0'&<&9=! +$,! 9/&>W/6'7%-=)! D&W$!A'</=! +$,! 2&$7)!
[/Y!r&-y)!

\^) (/></->B! M)! Ç! ;&-/+:B! #)! h]__]i! ;'>-&0'&<&9'>+<! 7+@/%=! &@! $+%:-+<! 6'$/-+<! Y+%/-)! ERLO'
L09,%/0%*6'C"4)!]f"!]_e?]]])!

\c) 4&>W&$B! D)! Ç! S+-,'/:ZB! 4)! h\cdfi! S/>W$'j:/7! ,s+$+<=7/! /$! 6'>-&0'&<&9'/! ,:! 7&<)! */! <+!
S&:-/<</)!2%)!;+$,1!h2/'$/i)!

]_) C&,'$+B!#)!K)!h\ce]i!;/%W&,7!'$!+j:+%'>!6'>-&0'&<&9=)!l$'P/-7'%=!4+-y!4-/77)!.+<%'6&-/)!
]\) */! <+! C&7+B! ;)! 5)B! #$,:/3+B! H)B! 2L$>W/3B! ;)! 5)B! C&,-N9:/3B! 5)! Ç! ;&77&B! ;)! #)! h]__`i!

;'>-&0'&<&9N+!,/!<+7!+9:+7!6'$/-&6/,'>'$+</7!,/!<&7!.+<$/+-'&7!,/!D+-+0+)!B26'C6'B9.-6'D.96'
E.,$)!e_"!d]\?d`])!
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]]) ;&77&B! ;)! #)B! 2L$>W/3B! ;)! 5)B! 4'$%+,&B! 5)B! C&,-N9:/3B! 5! Ç! */! <+! C&7+B! ;)5)! h]__^i!
;'>-&0'&<&9N+! ,/! <&7!6+$+$%'+</7!6'$/-&6/,'>'$+</7! ,/<! .+<$/+-'&! ,/! E+<,/<+%/F+)!B26'C6'
B9.-6'D.96'E.,$)!e`"!d_d?d]\)!

]b) */! <+! C&7+B! ;)! 5)B! 4'$%+,&B! 5)B! C&,-N9:/3B! 5)! Ç! ;&77&B! ;)! #)! h]__ci! ;'>-&0'&<&9N+! ,/! <&7!
6+$+$%'+</7! 6'$/-&6/,'>'$+</7! ,/<! .+<$/+-'&! ,/! #<'>g$! ,/! <+7! S&--/7)! B26' C6' B9.-6' D.96'
E.,$)!ed"!efb?e^_)!

]`) ;&77&B! ;)! #)B! 2L$>W/3B! ;)! 5)! Ç! */! <+! C&7+B! ;)! 5)! h]__]i! ;'>-&0'&<&9N+! ,/<! +9:+!
6'$/-&6/,'>'$+<!,/!<&7!.+<$/+-'&7!,/!#<W+6+!,/!K-+$+,+)!B26'C6'B9.-6'D.96'E.,$)!f^"!b^\?
`_d)!

]d) #$8$'6&! h]__\i! 5&6I/$,':6! &@!6/%W&,7! @&-! %W/!6'>-&0'&<&9'>+<! /Z+6'$+%'&$! &@! @&&,7)!
\`%W!/,'%'&$)!#6/-'>+$!4:0<'>!M/+<%W!#77&>'+%'&$)!A+7W'$9%&$)!

]f) 2%+$'/-B!C)B!#,/<0/-9B!R)!Ç!Q$9-+W+6B!D)!h\c^`i!;'>-&0'&<&9N+)!C/P/-%1)!.+->/<&$+)!
]e) 4'%%B!D)!()!Ç!M&>y'$9B!#)!*)!h\ccei!H:$9'!+$,!@&&,!7I&'<+9/)!.<+>y'/!#>+,/6'>!Ç!4-&@/77'&$+<)!

(&$,&$)!
]^) .+--&YB!K)!Q)!Ç!H/<%W+6B!C)!v)!#)!h\ccbi!5&Y+$!+$,!2%//<s7)!;+$:+<!@&-!%W/!',/$%'@'>+%'&$!&@!

6/,'>+<!0+>%/-'+)!5+60-',9/!l$'P/-7'%=!4-/77)!5+60-',9/)!
]c) M&<%B! D)! K)B! v-'/9B! [)B! 2$/+%WB! *)B! 2<+</=B! D)! Ç! A'<<'+67B! 2)! h\cc`i! ./-9/=s7! ;+$:+<! &@!

*/%/-6'$+%'P/!.+>%/-'&<&9=)!A'<<'+67!Ç!A'<y'$7)!.+<%'6&-/)!
b_) K+--'%=B! K)B! .-/$$/-B! *)B! v-'/9B! [)! Ç! 2%+</=B! D)! h]__di! ./-9/=s7! ;+$:+<! &@! 2'7%/6+%'>!

.+>%/-'&<&9=)!2/>&$,!R,)!E&<)!QQ)!SW/!4-&%/&0+>%/-'+)!4+-%!.!+$,!5)!2I-'$9/-)![/Y!r&-y)!
b\) AW'%6+$B!A)! h]__ci! ./-9/=s7!;+$:+<! &@! 2'7%/6+%'>! .+>%/-'&<&9=)! 2/>&$,! R,)! E&<)! QQQ)SW/!

H'-6'>:%/7)!!2I-'$9/-)![/Y!r&-y)!
b]) (&=B! #)B! ./'7/-B! A)! Ç! ;/'/-B! M)! h]__di! *'P/-7'%=! &@! 0+>%/-'+! 9-&Y'$9! '$! $+%:-+<! 6'$/-+<!

Y+%/-!+@%/-!0&%%<'$96'BJJ*6'R240,%26'L09,%/0%*)!e\"!bf]`?bfb])!
bb) 4/--/+:<%B! [)! [)B! #$,/-7/$B! *)! S)B! 4&<<+-,B! A)! M)B! K-//-B! 5)! A)! Ç! AW=%/B! ()! K)! h]__ei!

5W+-+>%/-'3+%'&$! &@! %W/! I-&y+-=&%'>! ,'P/-7'%=! '$! >&<,! 7+<'$/! I/-/$$'+<! 7I-'$97! &@! %W/!
5+$+,'+$!W'9W!#-%'>)!BJJ*6'R240,%26'L09,%/0%*)!eb"!\db]?\d`b)!

b`) (//B!D)B!2W'$B!r)B!r&&$B!D)B!S+y/:>W'B!;)B!4=:$B!r)!Ç!4+-yB!r)!h]__\i!OJ<023%$%2.&'.().+0*0&!7I)!
[&P)B! OJ<023%$%2.&' c%,""2&0&! 7I)! [&P)! +$,! OJ<023%$%2.&' +."#%2"2&0&! 7I)! [&P)B! =/<<&Y?!
I'96/$%/,! 0+>%/-'+! '7&<+%/,! @-&6! $+%:-+<! 6'$/-+<! Y+%/-)! _2+6' X6' O1&+' R4%*6' L09,%/0%*)! d\"!
\`c\?\`c^)!

bd) M+yP+9B! 2)B! HF+/-P'yB! R)B! v<'$y/$0/-9B! K)! "+' .*)! h]__ci! E'&<+>/'$?! I-&,:>'$9! I%**0$%2.&!
7I)@-&6! %W/!2/+! 7:-@+>/!6'>-&<+=/-!&@! >&7%+<!Y+%/-7! '$!S-&$,/<+9B![&-Y+=)'L.,6'!,)3&)! `"!
def?d^^)!

bf) R<&6+-'B! ;)B! 5&-&</-B! ()B! Q3+-,B! *)! Ç! (/></->B! M)! h\ccdi! #! $:6/-'>+<! %+Z&$&6'>! 7%:,=! &@!
@<:&-/7>/$%! W&")-%$%2.&! 7%-+'$7! '7&<+%/,! @-&6! $+%:-+<! 6'$/-+<! Y+%/-7)! X6' BJJ*6' ;.9+",0%*)!
e^"!e\?^\)!

be) (/></->B!M)!Ç!*+!5&7%+)!;)!h]__`i!;'>-&0'&<&9=!&@!$+%:-+<!6'$/-+<!Y+%/-7)!Q$"!S/>W$&<&9=!&@!
.&%%</,!Y+%/-)!]G!R,)!.<+>Y/<<!4:0<'7W'$9)!.&7%&$)!

b^) 5&:7'$B!2)B!.-+60'<<+B!R)B!r+$9B!D)!Ç!2%+>y/0-+$,%B!R)!h]__^i!5:<%:-+0</!+/-&0'>!0+>%/-'+!@-&6!
%W/!:I7%-/+6!-/9'&$!&@!+!y+-7%!Y+%/-!-'P:</%)!_2+6'L09,%/0%*)!\\"!c\?\__)!

bc) 2%&-=B!2)!4)B!v<'$/B!R)!()B!M:9W/7B!S)!#)B!C'</=B!;)!.)!Ç!M+=+7+y+B!2)!2! h]__`i!*/9-+,+%'&$!&@!
+-&6+%'>! W=,-&>+-0&$7! 0=! OJ<023%$%2.&' J.)90$%/0*0&! 7%-+'$! R4#d_d)! B,9<6' R240,%26'
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