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)40O=<91524:[p! <1! 4<14A! _/<A0578.01O! 0-:! RGt$! =4Ac4.<4.=K! PA! 0104.9B4! "43<12-1241! Z-! 5780::41Q!

?<.3! 34.! ;0-4.5=9::! <A! )40O=9..0-A! A<=! ;=<7O5=9::! C4.3.[12=K! ,?<57841! 34A! g<C40-24:[p! -13! 34A!

&-3<9A4=4..98.! O9AA=! 45! Z-! 4<14A! g<C40-0-52/4<78! 34.! ;c4..:/>55<2O4<=Q! ?4/7845! 01! 34.! ;O0/0! 345!

&-3<9A4=4..98.5!0B/45B0.!<5=K!#//4!3.4<!B<5!C<4.!+024!4.:9/2=!4<14!L.9B41108A4!345!60545!Z-!605010/f54K!

H9.=4</!3<454.!605A455-12! /<42=! <1!34.!4<1:07841!#1?413-12K!M4.!_95=410-:?013!345!&-3<9A4=4.5! <5=!

548.! 24.<12Q! 3084.! :>.! 6[.=45=C4.:08.41! <A! '0B9.A0p5=0B! 244<214=K! "4<! \455A4=89341! A<=!

;c4..:/>55<2O4<=! <5=! Z-!B4078=41Q! 3055! 5<78! B45=<AA=4!"<9205B45=013=4</4!?<4! ZK"K! _98/415=9::3<9`<3Q! <1!

34.!a/>55<2O4<=! /^541!O^1141K!M-.78!#15[-4.1!34.!;c4..:/>55<2O4<=!O011!3<4!64:08.!4=?05!4<1243[AA=!

?4.341K!M05!\4555f5=4A!B0-=!0-:2.-13!C91!34.!@0554.5[-/4!4<1!642413.-7O!0-:Q!?4/7845!Z-!8^84.41!

605C4./-5=41! :>8.41! O011K! &<1! ?4<=4.4.! g078=4</! <5=Q! 3055! O91=<1-<4./<78! @0554.! 107824:>//=! ?4.341!

A-55K!nFTQFGo!!
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2. Hintergrund 

!

FJ!

60550AA4/.98.!

#/5!?4<=4.4!\4=8934!Z-.!"45=<AA-12!C91!"<9205C9/-A<10!2</=!3<4!#cc0.0=-.!345!60550AA4/.98.5K!M<4!

\455A4=8934!?<.3!>B4.!H4.3.[12-12!C91!4<14.!;c4..:/>55<2O4<=!0-5!34A!60550AA4/.98.!.40/<5<4.=K!,-.!

*1O-B0=<91! ?<.3! =4Ac4.<4.=45! @0554.B03! 934.! 4<1! *1O-B0=<915578.01O! C4.?4134=K! M<4! #10/f54! 34.!

605Z-50AA4154=Z-12! 4.:9/2=! 54c0.0=! 0-5! 34A! 60550AA4/.98.! d5<484! #BBKDNJNDeK! g078=4</! 3<454.!

\4=8934!<5=!3<4!&<1578.[1O-12!345!605C9/-A415!3-.78!3<4!6.^p4!345!60550AA4/.98.5K!nFTo

 

 

 

 

 

 

 

 

 

=55IC:O:CQ.60550AA4/.98.!Z-.!"45=<AA-12!C91!605C9/-A41!>B4.!H4.3.[12-12!4<14.!;c4..:/>55<2O4<=K
nFTo

.

%984184<A4.!"<92054.=.025=45=!

M05! %984184<A4.! "<9205C4.:08.41! B05<4.=! 0-:! 4<14! a4.A41=0=<91! <1! 6/055c.<=Z41! d_9/B41c.9B4.eK! &<1!

Z-5[=Z/<7845! 60550AA4/24:[p! <5=! 8<4.B4<! 1<78=! 4.:9.34./<78K! M4.! H4.578/-55! 34.! ;c.<=Z4! <5=! 3-.78! 4<14!

;78/0-78O/4AA4! C4.54841! -13! >B4.! 4<14! ;</<O91c05=4! C4.3<78=4=K! M4.! _9/B41c.9B4.! ?<.3! <1! 4<14A!

+.97O41578.01O!B4:<13/<7841!)9=9.0-:B0-!O91=<1-<4./<78!3-.78A<578=!-13!B484<Z=!d5<484!#BBKDNJNReK!M05!

24B</34=4! "<9205! ?<.3! 01! 34.! ;O0/<4.-12! 0A! _9/B41c.9B4.! 0B24/4541K! M<4! #10/f54! 34.!

"<9205Z-50AA4154=Z-12!4.:9/2=!3<.4O=!>B4.!341!_9/B41c.9B4.KnFTo!

 

=55IC:O:MQ.%984184<A4.!"<92054.=.025=45=!A<=!_9/B41c.9B4.!d6/055c.<=Z41eK
nFTo
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2. Hintergrund 

!

FW!

605N;c4<784.B4-=4/.

,-.!"45=<AA-12!C91!"<9205A41241!C91!2.9p41!a4.A41=0=<915C9/-A41!C91!uFE/!?<.3!3<4!\4=8934!A<=!

605N;c4<784.B4-=4/!241-=Z=K!605N;c4<784.B4-=4/!5<13!:>.!B459134.5! /4<78=4!-13!Z-C4./[55<24!;0AA/-12!

C91!60541K! ,-.! +4Ac4.<4.-12!?<.3! 0-:2.-13! 34.! 6.^p4! 345! )40O=<91524:[p45! 4<1! *1O-B0=<915578.01O!

C4.?4134=! d5<484! #BBKDNJNTeK! M05! <A! a9/<41B4-=4/! 245c4<784.=4! "<9205! ?<.3! 01! 4<14.! 605A4555=0=<91!

010/f5<4.=K! %<4.:>.! 4<2141! 5<78! 0-:2.-13! 34.! 89841! 605C9/-A<10! c.9! \455-12! *1:.0.9=N! -13!

4/4O=.9784A<5784!\4=89341Q!?4/784!B459134.5! O95=412>15=<2!-13! :>.! 2.9p4!605C9/-A<10!0124:4.=<2=!

5<13K!"4<!24.<1241!605A41241!<5=!]43978!4<14!#10/f54!A<==4/5!34.!60578.9A0=92.0c8<4!4.:9.34./<78KnFTo!

 

=55IC:O:NQ.6055c4<784.B4-=4/!B4<!6[.c.9Z45541K
!nFTo

.

6414.4//! 80B41! 3<4! 84.O^AA/<7841! 6[.=45=0cc0.0=-.41! 1078!;<5) =>?@! 341! H9.=4</Q! 3055! 5<4! 1<43.<24!

rB4.3.>7O4!.40/<5<4.41!O^1141K!M4.!;f5=4A<11413.-7O!80=!4<141!2.9p41!&<1:/-55!0-:!3<4!6053<78=<2O4<=!

34.! #cc0.0=-.! 0/5! 0-78! 0-:! 3<4! '^5/<78O4<=! 34.! "<9205O9Ac9141=41K! "4<5c<4/5?4<54! ?<.3! 3-.78! 3<4!

H4.?413-12! 4<145! 605N;c4<784.B4-=4/5! 3<4! 6055c4<784.-12! 345! c.93-Z<4.41341! "<920545! C4.8<134.=!

-13! 59A<=! 1<43.<24! ;f5=4A>B4.3.>7O4! .40/<5<4.=K! M0.>B4.! 8<10-5! 5<13! 3<4! #cc0.0=-.41! 4<14!

O95=412>15=<24! H0.<01=4! Z-.! "45=<AA-12! C91! "<9205A41241K! g078=4</! 3<454.! \455A4=89341! <5=! 305!

B42.41Z=4!\455C9/-A41K!M<45!4.:9.34.=! .424/A[p<245!#B/05541!C91!60541!?[8.413!345!6[.c.9Z45545K!

M<4! #10/f542410-<2O4<=! ?<4! ZK"K! 3<4! 6053<78=<2O4<=! /4<34=! 59A<=! 30.-1=4.K! Y434! 34.! B4578.<4B4141!

#cc0.0=-.41! ?4<541! ;=[.O41! -13! ;78?[7841! 0-:K! ;9A<=! O011! ]4! 1078! H4.5-78501:9.34.-12! d_95=41Q!

#10/f542410-<2O4<=!4=7Ke!]434!H4.5-7850cc0.0=-.!Z<4/:>8.413!54<1K!!

!
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2. Hintergrund 

!

FV!

60578.9A0=92.0c8<4!

M<4!60578.9A0=92.0c8<4!3<41=!Z-.!2410-41!605010/f54!C91!O/4<141!605A41241K!M<4! <1!3<454A!_0c<=4/!

B4578.<4B4141!84.O^AA/<7841!(::/<14!\4=89341!Z-.!"45=<AA-12!C91!"<92054.=.[241!O^1141!3-.78!3<4!

Z-5[=Z/<784!#1?413-12!34.!6$N#10/f54!Z-.!8^84.41!\4552410-<2O4<=!:>8.41K!

M<4!60578.9A0=92.0c8<4!3<41=!Z-.!+.411-12!C91!:/>78=<241!;-B5=01Z24A<57841K!M<4!#-:=.411-12!4.:9/2=!

>B4.! 4<14! 5=0=<91[.4! L8054Q! 3<4! 0-5! 4<14A! a45=5=9::! 934.! 4<14! A<=! 4<14A! a/>55<2O4<=5:</A! B4347O=4!

(B4.:/[784!B45=48=K!#/5!A9B</4!L8054!3<41=!4<1!+.[24.205Q!?4/7845!341!+.015c9.=!345!#10/f=5!3-.78!3<4!

;[-/4!4.A^2/<78=!"#$%"&'('$)*+,%"-.(&%"/%&'%.'"(0&"%$*%,"1%2(34'%*"5+06%")7%,"%$*%"8(2$66(,&+06%!"#(&"

L.<1Z<c! 34.! 60578.9A0=92.0c8<4! ?<.3! A<=! 34A! ;784A0! DNJNG! 30.245=4//=K! M05! 5<78! <1! 4<14A!

6053.-7OB48[/=4.! B4:<134134! +.[24.205! d%4/<-A! 934.! ;=<7O5=9::e! ?<.3! O91=<1-<4./<78! <1! 341! B484<Z=41!

&<15c.<=ZB/97O! d*1/4=e! 24/4<=4=K! M<454.! *1/4=! =.[2=! 4<1! ;4c=-A! <1! 5<78Q! ?9! 3-.78! 305! &<15c.<=Z41! 34.!

*1]4O=<9155c.<=Z4! 3<4! L.9B4! 4<124:>8.=!?<.3K! *A! L.9B41.0-A! C4.30Ac:=! 305! ;-B5=01Z24A<578! -13! /^5=!

5<78!<1!4<1Z4/14!_9Ac9141=41!<8.4.!c8f5<O0/<57841!&<2415780:=41!<1!3<4!5=0=<91[.4!L8054K!M4.!M-.78=.<==!

34.!4<1Z4/141!_9Ac9141=41!?<.3!C9A!M4=4O=9.!24A45541K[26]!

 

=55IC:O:FQ.M<454!5784A0=<5784!#BB</3-12!4<14.!60578.9A0=92.0c8<4K!
nDJo
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2. Hintergrund 

!

FU!

<9J9<(3',>M",1%2*.(?@/,.%,"#+"&.#(

!

#-=9A0=<5784!6[.=45=5f5=4A4!3<4141!Z-.!C4.4<1:078=41!&.A<==/-12!C91!"<92050-5B4-=41K!M<4!\455-12!

?<.3! 3-.78! H4.?413-12! C91! C9/-A4=.<5784!605A45524.[=41! dZK"K!*'//'A&1($"-#+9e! -13! ;4159.41! dZK"K!

"$LN$%T!;4159.41e!.40/<5<4.=K!!

M05! 6[.=45=C4.:08.41! B'+/C%&1#+9! C91! 7/"+1+-1) d5<484! #BBKDNJNJe! <5=! 4<145! 3<454.! 0-=9A0=<57841!

\4555f5=4A4!Z-.!&.A<==/-12!C91!\4=8010-5B4-=41K!&5!B45=48=!0-5!$%TN!*1:.0.9=N60554159.41!d0-:!34A!

)40O=9.B48[/=4.e! -13! 4<14A! L.[Z<5<915C9/-A41A4554.! d5<484! #BB</3-12! DNJNWeK! M<4! $%TN60554159.41!

34=4O=<4.41!341!\4=80101=4</! <A!"<9205!>B4.! *1:.0.9=5=.08/-12K!M05! 2450A=4!c.93-Z<4.=4!"<9205!?<.3!

C91!341!*'//'A&1($"-#+9-!0-:!"05<5!C91!a/>55<2O4<=5C4.3.[12-12!B45=<AA=K!H9.=4</!3<454.!\4=8934! <5=Q!

3055! O4<1!\<1345=205C9/-A41! 19=?413<2! <5=! -13! 0-78! 548.! 24.<125=4! 605c.93-O=<915.0=41!A<=! 8984.!

6410-<2O4<=! 24A45541! ?4.341! O^1141K! *A! H4.2/4<78! Z-! 0134.41! 0-=9A0=<57841! ;f5=4A41! 5<13! B4<A!

i<4/3A05=4.! O4<14! ;c>/ZfO/41! 19=?413<2! -13! \455:48/4.! ?4.341! C4.A<4341K! M<4! _9AB<10=<91! C91!

\4=80154159.41! -13! L.[Z<5<915C9/-A41A4554.! 4.A^2/<78=! 3<4! 2/4<78Z4<=<24! 605A455-12! -13!

"45=<AA-12! 345! \4=8012480/=5K! &5! 4.:9/2=! 4<14! 0-=9A0=<5784Q! (1/<14! M9O-A41=0=<91! >B4.! 305!

L.92.0AA!"#$H/5KnFJo!

!

=55IC:O:OQ.#-=9A0=<57845!605A455-12!C91!4<14A!"<9205N"0=78N6[.5f5=4A!>B4.!QQi<4/3A05=4.b!C91!"/-45415K
!nFJo
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=55IC:O:PQ.\<//<60579-1=4.!Z-.!&.:055-12!C91!605A41241K
!nEFT

.



2. Hintergrund 

!

DE!

&<1!?4<=4.45!0-=9A0=<5<4.=45!"<9205N"0=78N6[.5f5=4A!<5=!305!C91!34.!a<.A0!)<==4.K!M05!;f5=4A!<5=![81/<78!

34.! C91! 34.! a<.A0! 7/"+1+-1K! ,-.! *1O-B0=<91! ?<.3! 4<1! _/<A0578.01O! C4.?4134=! <1! 34A! 5<78! 3<4!

)40O=<9124:[p4! B4:<1341K! M<4! 605A455-12! 4.:9/2=! 3-.78! 3<4! 0-:! 34A! +.97O41578.01O! 0124B.078=41!

*'//'A&1($"-#+9K!M<4!0-=9A0=<5784!\45530=414.:055-12!?<.3!3-.78!3<4!;9:=?0.4!D'E&%$!4.A^2/<78=!-13!

O011!<1!a9.A!C91!&`74/NM0=4<41!4`c9.=<4.=!?4.34KnFWo!
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!nEPT
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!

M05! C4.?4134=4! 6[.=45=C4.:08.41!!*.02) !!! d!"#$%&#'()*+#,&-+) .$#+-#'&/) 0+1#) 231#+%6) C91! "L$! <5=!

0-78!4<1!0-=9A0=<5<4.=45!6[.=45=5f5=4AK!*A!H4.2/4<78!Z-!341!%4.5=4//4.1!)<==4.!-13!"/-45415!4.:9/2=!3<4!

605A455-12!345!!*.02) 55)A<=!4<14.!$(DNa<`<4./^5-12!-13!60554159.41K!M4.!$(DN#1=4</! <A!"<9205!?<.3!

C91! 4<14.! 0/O0/<57841! '^5-12! :<`<4.=! -13! A<==4/5! 4<14.! +<=.0=<91! 01578/<4p413! B45=<AA=K! M4.!

\4=8012480/=! ?<.3! >B4.! ;4159.41Q! 3<4! 0-:! 305! L.<1Z<c! 34.! a/>55<2O4<=5C4.3.[12-12! -13! #-:=.<4B!

0.B4<=41Q!4.:055=K!@411!4<1!34:<1<4.=45!H9/-A41!3-.78!3<4!H9..<78=-12!5=.^A=!?<.3!4<1!3<2<=0/4.!*Ac-/5!

4.Z4-2=K!M<4545!?<.3!4.:055=!-13!0-:24Z4<7814=K!!

M<4! 0-=9A0=<57841!6[.=45=5f5=4A4!4.A^2/<7841!4<141!89841!L.9B413-.7850=Z! B4<! &78=Z4<=?4.=41!34.!

\4=801c.93-O=<91K!&<14!3<.4O=4!605A455-12!4.A^2/<78=!8^84.4!6053<78=<2O4<=!-13!59A<=!4<14!2.^p4.4!

\4552410-<2O4<=K! M45!@4<=4.41! <5=! 3-.78! 3<4! H4.?413-12! C91!60554159.41! O4<1!\<1345=205C9/-A41!

19=?413<2K!M4.!8984!#-=9A0=<5<4.-125:0O=9.! <5=! <A! '0B9.A0p5=0B! C91!2.9p4A!H9.=4</K! Y43978! <5=! 34.!

_95=410-:?013! :>.! 0-=9A0=<5784! 6[.=45=5f5=4A4! <A! H4.2/4<78! Z-! 341! 84.O^AA/<7841! ;f5=4A41! 548.!
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60578.9A0=92.0c8<4! $+$!#10/f=<75! $g!FEJEWEVV!
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.
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!

?45IM:E:CQ.#-:/<5=-12!34.!C4.?4134=41!$84A<O0/<41!A<=!341!41=5c.47841341!%4.5=4//4.!-13!$80.2411-AA4.K.

Y$"3,H4+,"'. L")2#"++"). Y$4)*"''033").

%D;(T! )9=8! FJFGDDG!

;0/Z5[-.4! )9=8! FTUJTJU!

(`0/5[-.4! a<584.!$84A<70/! FRUJDETFVJ!

"0.<-A78/9.<3! )9=8! FERJFNRWND!

\4=8f/9.0124N*13<O0=9.! )9=8! FREDG!
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3. Material und Methoden!
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*A! )08A41! 3<454.! "0784/9.0.B4<=! ?-.34! 0/5! ;-B5=.0=! :>.! 3<4! 6[.C4.5-784! 4<1! )45=5=9::! 0-5! 34.!

#/=c0c<4.0-:B4.4<=-12!24?[8/=K!%<4.B4<!80134/=!45!5<78!-A!4<141!59241011=41!M4<1O<12578/0AAQ!34.!B4<!

34.! M.-7O:0.B4141=:4.1-12! 0-5! 34A! #/=c0c<4.! >B4.! 4<141! a/9=0=<915c.9Z455! 01:[//=K! M<454.! ;78/0AA!

Z4<7814=! 5<78! 3-.78! 8984! 6480/=4! 01! #19.201<O! 0-5Q! 3<4! 0-:! B4<! 34.! L0c<4.c.93-O=<91! C4.?4134=4!

a>//5=9::4!d_09/<1Q!$0/7<-A70.B910=e!Z-.>7OZ-:>8.41!5<13K!M4.!9.201<5784!#1=4</!B45=48=!<A!@4541=/<7841!

0-5! a054.A0=4.<0/! d$4//-/954Q! %4A<74//-/954Q! '<21<1eQ! M.-7O:0.B41! -13! "<134A<==4/1K! M<4!

,-50AA4154=Z-12!34.!;78/[AA4!O011!5=0.O!C0.<<4.41!-13!8[12=!C91!34.!0-:B4.4<=4=41!#/=c0c<4.59.=4!

0BKnDWo!

#C<74/!

#C<74/! <5=! A<O.9O.<5=0//<14! $4//-/954! -13! ?<.3! 0/5! )4:4.41Zc.9B4! C4.?4134=K! M<4! H4.?413-12! 4<14.!

)4:4.41Zc.9B4!345541!"<9205c9=41Z<0/5!B4O011=!<5=Q!3<41=!Z-A!#B2/4<78!34.!#O=<C<=[=!345!*Ac:578/0AA5K!

\<O.9O.<5=0//<14! $4//-/954! <5=! 4<1! 244<214=45! )4:4.41Z5-B5=.0=Q! 30! 45! C9//5=[13<2! 0BB0-B0.! <5=! -13! 0-5!

.4<14.! $4//-/954! B45=48=K! #C<74/! ?4<5=! -1=4.! C9//5=[13<24A! PA50=Z! -13! -1=4.! "4.>7O5<78=<2-12! 34.!

g4-B</3-12! C91! "<9A0554Q! 4<1! "<9205c9=41Z<0/! C91! WTE! A/gw29+;! ! B<5! WGE! A/gw29+;! ! 0-:K! "4<! 2-=4A!

"<9205c9=41Z<0/!59//=41!VEk!345!@4.=45!4..4<78=!?4.341K!nFTo!!

!

*19O-/-A!

#/5! *19O-/-A! ?-.34! a0-/578/0AA! 0-5! 34.! _/[.01/024! ;44C4=0/! C4.?4134=K! &<1! +02! C9.! 34A!

H4.5-785B42<11! ?-.34! 34.! a0-/578/0AA! :.<578! 0B2489/=! -13! B4<! )0-A=4Ac4.0=-.! 24/024.=K!

6.-135[=Z/<78! <5=! *Ac:578/0AA! 0-5! O9AA-10/41! _/[.01/0241! 244<214=Q! 30! 3<454! 4<14! C<4/54<=<24!

"<9Z^1954! 80B41! -13! <1! 34.! )424/! O4<14! *18<B<=9.41! 41=80/=41K! g078! 341! HM*N)<78=/<1<41! 59//=4! 305!

*19O-/-A!4<141!9.201<57841!+.97O415-B5=01Z2480/=!d9+;e!C91!>B4.!GEk!345!+.97O412480/=5!0-:?4<541K!!

!

!

!

!

!



3. Material und Methoden!

!

DR!

D9D(P*"/"$,./1%1./'#&(6./(E'4%,/",.(

!

M<4! ;-B5=.0=4! ?-.341! 59?4<=! ?<4! A^2/<78! 0-:! +.97O415-B5=01Z2480/=! d+;e! -13! 9.201<5784!

+.97O415-B5=01Z2480/=! d9+;e! 780.0O=4.<5<4.=K! ,-.! $80.0O=4.<5<4.-12! 34.! &<150=Z5=9::4! ?-.341! :9/24134!

#10/f54A4=89341!C4.?4134=K!!

D9D98((7/>2$.#%'4%,"#0&.*"+,((Q7ER(L.%,1MM'#&(

!

,-.!"45=<AA-12!34.!+.97O415-B5=01Z!?-.341!3<4!L.9B41!<1!4<1!Z-C9.!0-524?9241!6/05B48[/=4.!24:>//=K!

M05!L.9B41A0=4.<0/!?-.34!B4<!FEG!t$!<A!+.97O41578.01O!DE8!B<5!Z-.!64?<78=5O915=01Z!24=.97O14=K!,-.!

"4.4781-12!345!+.97O412480/=5!?-.34!:9/24134!a9.A4/!!C4.?4134=I!

+;!nko!z!
!!"!

!!"#!!
!{!FEE!

\<=I!!!!!!!!!+;!z!+.97O415-B5=01Z2480/=!

!!!!!!!!!!!!!!!!A=.!z!\0554!01!+.97O415-B5=01Z!

!!!!!!!!!!!!!!!!A:4-!z!\0554!01!a4-78=5-B5=01Z  

 

!

D9D9<((S/&"#1%2*.(7/>2$.#%'4%,"#0&.*"+,(Q>7ER(

!

"4<! 34.! "45=<AA-12! 34.! 9.201<57841! +.97O415-B5=01Z! A-55! 14B41! 34A! +.97O412480/=! 0-78! 34.!

#57842480/=! dA0578e! 34.! L.9B41! B45=<AA=! ?4.341K! %<4.:>.! ?-.341! 3<4! L.9B41! B4<! GGEt$! >B4.! g078=!

C4.0578=K!#1578/<4p413!4.:9/2=!3<4!#BO>8/-12!<A!&`5<OO0=9.!-13!#-5?0024!34.!C4.0578=41!L.9B4K!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!9+;!nko!z!
!!!"#N!!!"#$%

!!"#
!!{!FEE!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

\<=I!!!!!!

!!!!!!!!!!!!!!9+;!z!9.201<5784!+.97O415-B5=01Z2480/=!

!!!!!!!!!!!!!!A=.!!!z!\0554!01!+.97O415-B5=01Z!

!!!!!!!!!!!!!!A:4-!z!!\0554!01!a4-78=5-B5=01Z!

!!!!!!!!!!!!!!A0578z!\0554!01!#5784!

!

!



3. Material und Methoden!

!

DT!

D9F(P*"/"$,./1%1./'#&(6./(G/>6'$,.(

!

".411?4.=B45=<AA-12!

H91!341!"<9205.>7O5=[1341!d6[..45=41e!?-.34!34.!".411?4.=w%4<Z?4.=!A<=!4<14A!"9AB41N_0/9.<A4=4.!

B45=<AA=K! &<1! _0/9.<A4=4.! <5=! 4<14!#cc0.0=-.! Z-.! "45=<AA-12!34.! 5c4Z<:<57841!@[.A4O0c0Z<=[=! 4<145!

;=9::45K!,-1[785=!4.:9/2=!4<14!#-:?[.AZ4<=!C91!DE!\<1-=41K!&5!?4.341!B<5!Z-!A0`<A0/!FQFE!2!C91!341!

24=.97O14=41!"<9205.>7O5=[1341!<1!4<14.!O/4<141!L/05=<O=>=4!d".4118</:4e!4<124?9241K!M<454!?<.3!<1!4<1!

&34/5=08/578[/7841!24/42=!-13!<1!3<4!%0/=4.-12!345!"9AB41O9c:45!4<1248[12=K!M<4!"9AB4!?<.3!A<=!G!A/!

345=<//<4.=4A!@0554.!24:>//=!-13!C4.578/95541K!rB4.!341!"9AB41O9c:!4.:9/2=!3<4!a>//-12!345!"48[/=4.5!

A<=!;0-4.5=9::K!M4.!_0/9.<A4=4.B48[/=4.!?<.3!A<=!DEEE!2!dSwN!EQG!2e!34A<14.0/<5<4.=4A!@0554.!24:>//=!-13!

0-:! 4<14! +4Ac4.0=-.! C91! R! t$! -1=4.! \01=4/=4Ac4.0=-.! 24B.078=K! "4C9.! 3<4! "9AB4! <1! 341!

_0/9.<A4=4.B48[/=4.! 245=4//=! ?<.3Q! ?4.341! 3<4! ,>133.[8=4! 0A! "9AB41O9c:! 0124B.078=K! g078! 34.!

&<120B4!345!L.9B41N!-13!".4118</:4124?<78=5!01!34.!"43<41-125O9159/4!B42<11=!34.!\455C9.2012K!"4<!

4.:9/2.4<784.! H4.B.411-12!?<.3! 34.! 24A455414!%4<Z?4.=! <1!\YwO2+;! 0-52424B41K!M<4! #BB</3-12! RNTNF!

Z4<2=!341!5784A0=<57841!#-:B0-!4<145!_0/9.<A4=4.5KnDVo!

!

!

 

=55IM:NQ;784A0=<5784!M0.5=4//-12!4<145!_0/9.<A4=4.5K
!nRRo

.

 

 

 



3. Material und Methoden!

!

DG!

D9H(?@/%T%,.M(6.%(3KG7E())(

!

#\L+;!**!!

a>.!3<4! '0B9.N6[.C4.5-784!?-.34!4<1!!"#$%&#'()*+#,&-+).$#+-#'&/)0+1#)231#+%) d#\L+! **e! C4.?4134=K!

M05!#\L+;!**!?-.34!C91!7'$89$(+11):$-#9$/)2F+C+-)!7!47.:6!:>.!(1/<14!\455-1241!C91!548.!24.<1241!

"<9A4=801!a/-55.0=41!0104.9B4.!#BB0-c.9Z4554! <A!'0B9.A0p5=0B!O915=.-<4.=K!M05!\455C4.:08.41!34.!

#\L+;! **! <5=! 34A! O91C41=<914//41! \4=801B</3-125c9=41Z<0/=45=5! 548.! [81/<78! -13! 4.A^2/<78=! 59A<=!

4<141! 3<.4O=41! H4.2/4<78!A<=! 3<454AK!@[8.413! 345! 2450A=41! 6[.C4.5-785! 4.:9/2=! 4<14! 0-=9A0=<5784!

605A455-12!>B4.!60554159.41! 0-:! 34A!L.<1Z<c!34.! a/>55<2O4<=5C4.3.[12-12K!M05!6[.5f5=4A!#\L+;! **!

B45=48=!0-5!R!&<184<=41!d5<484!#BB</3-12!RNGNFeInDUo!

• *1! 34.! &<184<=! #! dL.9B41<1O-B0=<91e! 5<13! FG! "48[/=4.! 24:>//=! A<=! 34.! ]4?4</<241! L.9B4! -13!

0104.9B41! *19O-/-AQ! 3<4! B4<! 34.! 24?>1578=41! +4Ac4.0=-.! <1! 4<14A! @0554.B03! <1O-B<4.=!

?4.341K!M05!\43<-A!?<.3!3-.78!4<141!)>8.4.!<A!)40O=9..0-A!/01250A!3-.78A<578=K!!

• *1!34.!&<184<=!"! d$(DNa<`<4.-12e!?<.3!305! <1! ]434A!)40O=<91524:[p!c.93-Z<4.=4!"<9205! <1!4<141!

54c0.0=41!"48[/=4.!A<=!0/O0/<5784.!'^5-12!dg0(%e!24/4<=4=K!M05!g0(%!B<134=!_98/415=9::3<9`<3!

d$(De!-13!/[55=!\4=801!Z-.!"<9A4=801!605A455-1254<184<=!c055<4.41K!!

• *1! 34.! &<184<=! $! d605A455-125N&<184<=e! ?<.3! 305! H9/-A41! 01!\4=801! d$%Te! ?4/7845! C91! 34.!

&<184<=! "!?4<=4.24/4<=4=! ?<.3Q! 24A45541K! &5! 80134/=! 5<78! 8<4.B4<! -A! 4<14! 605A455-12501/024!

dg0554! #-5:>8.-12e! A<=! FG!\455Z4//41Q! 305! 0-:! 34A! L.<1Z<c! 34.! a/>55<2O4<=5C4.3.[12-12! -13!

#-:=.<4B!B05<4.=K!&<1!3<2<=0/4.! *Ac-/5!?<.3!0-524/^5=!?411!4<14!34:<1<4.=4!605A4124!3-.78!3<4!

\45501/024! 5=.^A=K! M05! 4<124B0-=4! ;f5=4A! Z-.! M0=414.:055-12! 4.A^2/<78=! 3<4! #-:Z4<781-12Q!

M0.5=4//-12!-13!#10/f5<4.-12!34.!\4554.24B1<554KnDUo.

 

=55IM:F:EQ.#-=9A0=<7!\4=801!L9=41=<0/!+45=!;f5=4A!d#\L+;!**eK
!nDUo

.

.

.



3. Material und Methoden!

!

DJ!

&<1?0024!C91!*19O-/-A!-13!;-B5=.0=!

,-1[785=!4.:9/2=4!3<4!+;N!-13!9+;N"45=<AA-12!34.!;-B5=.0=4!-13!345!*19O-/-A5K!#1578/<4p413!O911=4!

3<4!&<1?0024!:>.!341!6[.C4.5-78!B4.47814=!?4.341K!M05!H4.8[/=1<5!C91!*19O-/-A!Z-A!;-B5=.0=!<5=!DIF!

-13!4<14!6450A=4<1?0024!C91!TEE!2!K!M<4!\0554!01!*19O-/-A!?<.3!A<=!:9/24134.!a9.A4/!B4.47814=I!!

!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!" ! !"" ! !!"#! ! !"#!" ! ! ! ! !!"#! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

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

\<=I!!!!!!!A*1!!!!!!z!\0554!01!*19O-/-A!

!!!!!!!!!!!!!!9+;;!!z!9.201<5784!+.97O415-B5=01Z2480/=!C9A!;-B5=.0=!!

!!!!!!!!!!!!!!9+;*1!z!9.201<5784!+.97O415-B5=01Z2480/=!C9A!*19O-/-A!

"4<!34.!-1=41!0B24B</34=41!a9.A4/!?-.34!:>.!9+;;!34.!O/4<15=4!@4.=!0//4.!L.9B41!C4.?4134=K!M<4!

4..47814=4!\0554!01!*19O-/-A!?-.34!:>.!0//4!#15[=Z4!>B4.19AA41K!M<4!\0554!01!;-B5=.0=!-13!

;=0130.3!4.:9/2=4!>B4.!3<4!a9.A4/I!

                                                           !! ! !
!!"!!"#!"

!!!!"#!

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

M<4!M<::4.41Z!Z-!TEE!2!?-.34!A<=!%D(345=!!0-:24:>//=K!"4<!34A!"/<13?4.=!?-.34!3<4!\0554!01!*19O-/-A!B<5!

TEE!2!A<=!%D(345=!0-:24:>//=K! 

#154=Z=41!34.!$(D!ja<`<4./^5-12!!

?45IM:FQ.#-:/<5=-12!34.!B41^=<2=41!;-B5=01Z41!-13!'^5-1241!:>.!3<4!$(D!ja<`<4./^5-12!A<=!341!41=5c.47841341!

_91Z41=.0=<9141!-13!&<1?00241K.

@052#4'/. U%'/"'#)4#,%'.. J,'R44*"..

g0(%! R!A9/w'! DTE!2!

+8fA9/c8=0/4<1! U!AA9/w'! TE!A2!

&=8019/! UUk! U!A'!

%D(345=!! N! F!A'!

!

a>.! D! '<=4.! a<`<4./^5-12! ?4.341! DTE! 2! g0(%! 0-:! D! '! %D(345=! 0-:24:>//=K! #/5! *13<O0=9.! ?-.34!

+8fA9/c8=0/4<1! C4.?4134=K! M0:>.!?-.341! TE!A2! +8fA9/c8=0/4<1! <1! U!A/! &=8019/! dUUQGk<24.! &=8019/e!

-13! F! A'! %D(345=! ! 24/^5=K! M<454! FE! A/! +8fA9/c8=0/4<1! ?-.341! 341! D! '! g0(%N'^5-12! Z-24:>2=K!

#1578/<4p413! 4.:9/2=! 3<4! rB4.:>8.-12! C91! VE!A'! a<`<4./^5-12! <1! FEE!A'! a/057841K! M<454! a<`<4./^5-12!

B<134=!305!<A!"<9205!41=80/=414!$(D!-13!/[55=!305!\4=801!-1C4.[134.=!Z-.!605A45501/024!c055<4.41K!



3. Material und Methoden!

!

DW!

M-.78:>8.-12!345!6[.C4.:08.415!

g078!34.!&<1?0024!-13!,-50AA41B0-!34.!)40O=9.41!?-.34!4<1!M<78=4N+45=!3-.7824:>8.=K!M0B4<!?-.34!

]434.!)40O=9.! <1!4<141!@0554.B48[/=4.! 2454=Z=!-13!>B4.!341!H4.578/-55578/0-78!?-.34!;=<7O5=9::! dgDe!

4<124:>8.=K! @411! 45! Z-! O4<14.! "/0541B</3-12! O0AQ! O911=4! 34.! )40O=9.! C4.?4134=! ?4.341K! M05!

@0554.B03!:>.!3<4!)40O=9.41!<1!34.!&<184<=!#!?-.34!0-:!RWt$!0-:24?[.A=K!g07834A!3<4!&<184<=41!#!-13!

"!A<=! 4<10134.! C4.B-1341!?-.341Q! 4.:9/2=4! 3<4! ;c>/-12!34.! )40O=9.41!A<=!gDQ! -A!3<4! <A!%4035c074!

d)40O=9.O9c:e!41=80/=4!6054!d'-:=e!Z-!C4.3.[1241!-13!0104.9B4!"43<12-1241!84.Z-5=4//41K!,-.!_91=.9//4!

345! #\L+;! **N;f5=4A5! ?-.341! J! )40O=9.41! 1<78=! A<=! 34.! $(DNa<`<4./^5-12! C4.B-1341! 59134.1! A<=!

59241011=41! 605A[-541! d5<484! #BB</3-12! RNGNDe! C4.54841K! M<4! 605A[-54! 4.A^2/<78=41! 4<14!

L.9B41108A4! >B4.! 4<14! %4035c074N;c.<=Z4! -13! 3<4! &.A<==/-12! 34.! 605Z-50AA4154=Z-12!A<==4/5! 34.!

60578.9A0=92.0c8<4K! M4.! 6[.C4.5-78! ?-.34! DF! +024! B4<! A459c8</41! "43<12-1241! dRWt$e! B4=.<4B41K!

@[8.413! 345! L.9Z45545! ?-.341! 605c.9B41! 41=19AA41! -13! A<=! 34.! 60578.9A0=92.0c8<4! 3<4!

605Z-50AA4154=Z-12!B45=<AA=K!!

 

 

=55IM:F:CQ.605A0-5!0-5!6/05K!\<=!Z?4<!24^::14=4!_01[/41!d/<1O5!-13!.478=5e!-13!4<141!24578/9554141!A<=!4<14A!;4c=-A!<A!

#/-A<1<-A347O4/K
!SCZT

.

(

(

!

!

!

!

!

!



3. Material und Methoden!

!

DV!

D9J(?"%2*/>M",>&/"A*1.(

!

,-.! rB4.c.>:-12! 34.! "<9205N! BZ?K! \4=8010-5B4-=41! 3<4! 0-:! 34.! "05<5! 345! #\L+;! **N6[.5f5=4A5!

4.A<==4/=!?-.341Q!?-.341!=[2/<78!605c.9B41!41=19AA41Q!3<4!A<==4/5!60578.9A0=92.0c8<4!8<15<78=/<78!

345! $(DN! -13! 345! \4=8012480/=5! 010/f5<4.=! ?-.341K! %<4.:>.! ?-.34! 4<14! 4<2414! \455A4=8934!

41=?<7O4/=K!M<4!C4.?4134=41!64.[=4!-13!6$N&<15=4//-1241!5<13!34.!+0B4//4!RNJ!Z-!41=148A41K!

?45"++".M:OQ.6$NL0.0A4=4.!:>.!3<4!"45=<AA-12!34.!"<9205Z-50AA4154=Z-12K!

;Y:;")<#.

!+fc!d%4.5=4//4.e! %L!JVUE!;4.<4!

M4=4O=9.! a*M!

A'+"#.

!+fc!! ;c/<=!

+4Ac4.0=-.! VE!t$!

M.-7O! GE!OL0!

;c/<=N)0=<9! FEIEF!

;c/<=Na/-55! VJQT!A'wA<1!

a/-55!=9=0/! UWQG!A'wA<1!

;Y:[7"'.

!#1:0125=4Ac4.0=-.! GE!t$!

#-:84<Z.0=4! FD!t$wA<1!

&13=4Ac4.0=-.! DTE!t$!

'0-:Z4<=!=9=0/! RRQT!A<1!

;Y:@<0+".

!+fc!d%4.5=4//4.e! $L!L9.0L/9=|!

'[124! DWQG!A!

*11413-.78A4554.! GRE!!A!

a</A3<7O4! DE!!A!

!%5,+".>$42".

!+.[24.205! %4/<-A!

a/-55.0=4! VQJ!A'wA<1!

A'\"H#%).

!L.9B415c>/-12! F!\0/!

L.9B41c-Ac41! T!\0/!

*1]4O=<915C9/-A41! EQDE!!A!

;c.<=Z41C9/-A41! FE!!A!

 



3. Material und Methoden!

!

DU!

M05!.45-/=<4.4134!$8.9A0=92.0AA!59//=4!<340/4.?4<54!?<4!<1!#BB</3-12!RNJ!0-554841K!,-.!"4.4781-12!

34.! L.9B41Z-50AA4154=Z-12! <1! %<1B/<7O! 0-:! -1=4.578<43/<784! "45=013=4</4! <5=! 3<4! L40O:/[784! #!

19=?413<2K!

 

=55IM:OI!$8.9A0=92.0AA!A<=!4<14A!<340/41!L40OK.\<=!=})zg4==9!)4=41=<915Z4<=Q!=)z".-==9!)4=41=<915Z4<=Q!=Ez+9=Z4<=Q!?z".4<=4Q!

!!
!
z%0/B?4.=5B.4<=4Q!8z%^84Q!!!

!
z!80/B4!%^84K!

nDJo
.

,-.!"4.4781-12!34.!L40O:/[784!?<.3!:9/24134!a9.A4/!C4.?4134=I!

!!z!!!
!
!{!!,!

\<=I!!

#!!!!z!L40O:/[784!!

!!
!
z!%0/B?4.=5B.4<=4!345!L40O5! !"# !

8!!!!!z!L40O8^84!!

rB4.!3<4!L40O:/[784!O^1141!3<4!c.9Z41=-0/41!#1=4</4!01!\4=801!-13!_98/415=9::3<9`<3!<1!"<9205c.9B4!

B4.47814=! ?4.341K! &<14! _0/<B.<4.-12! ?-.34! 1<78=! 3-.7824:>8.=K! M<4! "4.4781-12! 4.:9/2=4! -1=4.! 34.!

#1108A4Q!3055!<A!B4c.9B=41!"<9205!0-p4.!$%T!-13!$(D!O4<14!?4<=4.41!6054!C9.801341!5<13K!#-5!34A!

0B59/-=41! H4.8[/=1<5! 34.! \4=801N! -13! $(D! L40O:/[7841! ?-.34! 3011! 305! H4.8[/=1<5! C91! $%T! Z-! $(D!

B4.47814=K!

 

CH4 = 
!!"!

!!"!
!!!"!

 * 100 !  

CO2 = 100% - CH4  !  



3. Material und Methoden!

!

RE!

D9U(L./.2*#'#&(6.%(K.,*"#41+6'#&%A>,.#,1"+%(

D9U98(3KG7E())(

!

M05! 7'$(,+%'(&/) *+#,&-+) .$#+-#'&/! d"\Le! <5=! 34.! ?4541=/<784! _411?4.=! B4<! 34.! H4.2[.-12! 4<145!

;-B5=.0=45K! &5! 3<41=! Z-! "4578.4<B-12! 34.! \4124! 01! c.93-Z<4.B0.41! \4=801! c.9! 6.0AA! 9+;K! M0B4<!

?4.341! 3<4! \4=8010-5B4-=41! 34.! "/<13c.9B4! d*19O-/-Ae! C91! 34.! \4=8010-5B4-=4! 345! ;-B5=.0=45!

0B24Z9241Q!-A!59!3<4!\4=801A4124!Z-!4.80/=41!3<4!0-:!"05<5!34.!;-B5=.0=C4.2[.-12!41=5=01341!<5=K!!

!"# ! !

!! ! !!! !
!!"

!!"

!!"!"

!

\<=I!

"\L!z!19.A0/<5<4.=45!H9/-A41!01!c.93-Z<4.=41!\4=801!c.9!6.0AA!9+;!

!!!z!H9/-A41!01!\4=801!4<14.!L.9B4!d*19O-/-A!-13!;-B5=.0=e!<A!)40O=9.!

!!!z!H9/-A41!01!\4=801!34.!"/<13c.9B41!!

!!"!z!\0554!01!*19O-/-A!<1!34.!L.9B4!

!!"!z!\0554!01!*19O-/-A!<1!34.!"/<13c.9B4!

!!"!"
!z!9.201<5784!+.97O415-B5=01Z!345!;-B5=.0=5!<1!34.!L.9B4!

!

M0! 45! 5<78! B4<! 34A! L.9B410150=Z! -A! M9cc4/=N! BZ?K! M.4<:078B45=<AA-1241! 80134/=Q! ?-.34! :>.! 3<4!

]4?4</<241!L.9B41!34.!\<==4/?4.=!C4.?4134=K!!

!

D9U9<(PS<VL.%,1MM'#&(

!

,-.!"45=<AA-12!34.!B4<!341!H4.2[.-125C4.5-7841!A<==4/5!#\L+;! **!4.Z4-2=41!$(DN\4124Q!?-.34!3<4!

$(DN_91Z41=.0=<91!34.!a<`<4./^5-1241!A<==4/5!345!:9/241341!+<=.0=<915C4.:08.415!4.A<==4/=K!

!#A!&134!34.!"<9205C4.5-784!<5=!305!$(D!<1!34.!D!\!g0(%N'^5-12!:<`<4.=K!%<4.C91!?-.341!c.9!L.9B4!DG!

A/!41=19AA41!-13!A<=!$(DN:.4<4A!d0B24O978=41e!@0554.!0-:!GEE!A/!0-:24:>//=K!"4<!34.!+<=.0=<91!#!?<.3!

3<4! C4.3>11=4! a<`<4./^5-12!A<=! G! +.9c:41!\4=8f/9.0124N*13<O0=9.! C4.54=Z=Q! 45! :9/2=! 4<1! a0.B-A578/02!

C91! Z-! 54841! <5=! d"/0-N64/BeK! #1578/<4p413! 4.:9/2=! 3<4! +<=.0=<91! A<=! EQF! \! ;0/Z5[-.4! B<5! Z-! 4<14A!

?4<=4.41! a0.B578/02! d64/B! Z-! (.0124w)9=eK! M<4! 30:>.! C4.?4134=4! \4124! 01! ;0/Z5[-.4! ?<.3! :>.! 3<4!

"4.4781-12!345! :<`<4.=41!$(D!19=<4.=K!#1578/<4p413!4.:9/2=!4<14!+<=.0=<91!A<=!EQF!\!"0.<-A78/9.<3K!#/5!



3. Material und Methoden!

!

RF!

*13<O0=9.! ?4.341! R! +.9c:41! L8419/c8=80/4<1! C4.?4134=Q! ?4/7845! 4<141! a0.B-A578/02! C91! :0.B/95! Z-!

.950!A<=!5<78!:>8.=K!g078!4=?0!FE!A<1!@0.=4Z4<=!?<.3!0A!"48[/=4.B9341!0-524:0//4145!g0=.<-A70.B910=!

5<78=B0.K!&5!?<.3!A<=!EQF!\!(`0/5[-.4!B<5!Z-A!a0.B-A578/02!C91!.950!Z-!:0.B/95!=<=.<4.=K!#//24A4<1!2</=!]4!

A48.!"<9205! 24B</34=!?-.34Q! 345=9!A48.!g0(%!?-.34! Z-.! a<`<4.-12!345! $(D! B41^=<2=Q! 345=9!?41<24.!

(`0/5[-.4! ?<.3! B4<! 34.! +<=.0=<91! C4.B.0-78=K! M<4! "4.4781-12! 345! $(D! ?<.3! <1! 341! 1078:9/241341!

)47841578.<==41!30.245=4//=I!nREo!

"45=<AA-12!345!E+1&%#+-)G&HI)4-#$#&/6I!

*1!34.!a<`<4./^5-12!.402<4.=!$(D!A<=!g0(%!Z-!g0D$(RI!

D!g0(%!!S!!%D$(R!!!!!!!g0D$(R!!S!!D!%D(!

M05!C4.B/<4B414!g0(%!!dg0(%.45=e!-13!305!g0D$(R!?4.341!3-.78!3<4!;0/Z5[-.4!14-=.0/<5<4.=I!

g0(%.45=!!S!!g0D$(R!!S!!R!%$/!!!!!R!g0$/!!S!!D!%D(!!S!!$(D~!

&5!2</=I!

1=9=0/!dg0(%e!z!1!d%$/e!!!

1=9=0/!dg0(%e!z!7!d%$/e!!{!!H!d%$/e!!{!!H4.3>11-125:0O=9.!F!!{!!H4.3>11-125:0O=9.!D!!

H4.3>11-125:0O=9.!F!z!DG!A'!w!GEE!A'!z!DE!

H4.3>11-125:0O=9.!D!z!4<124?92414!\4124!34.!a<`<4./^5-12!B4<A!"<9205C4.5-78!w!DG!A/!

"45=<AA-12!345!J9+'+-)G&HI)4-J9+'6I!

1:.4<!dg0(%e!z!1!d(`0/5[-.4e!

1:.4<!dg0(%e!z!7!d(`0/5[-.4e!!{!!H!d(`0/5[-.4e!!{!Z!!{!H4.3>11-125:0O=9.!F!!{!H4.3>11-125:0O=9.!D!

Z!z!DQ!?4</I!

D!g0(%!!S!!$D%D(T!!!!!g0D$D(T!!S!!D!%D(!dF!A9/!(`0/5[-.4!14-=.0/<5<4.=!D!A9/!g0(%e!

H4.3>11-125:0O=9.41!F!-K!DI!5<484!9B41!

"45=<AA-12!345!$(DI!

n (CO2) = [(ntotal (NaOH)  –  nfrei (NaOH)) / 2]  

M0! 305! $(D! <A! g0D$(R! 24B-1341! C9./<42=! -13! $(R
DN! Z?4<?4.=<2! <5=! d<A! 6424150=Z! Z-! g0SeQ! <5=! 3<4!

;=9::A4124!C91!g0S!39cc4/=!59!8978!?<4!3<4!C91!$(R
DN!

H!d$(De!z!HA!!{!!1!d$(De!

HA!z!DDQT!A'wAA9/!!

!



4. Ergebnisse und Diskussion!

!

RD!

F9(:/&.4#1%%.('#6(!1%$'%%1>#(

F98(P*"/"$,./1%1./'#&(6./(E'4%,/",.('#6(6.%()#>$'+'M%(

!

,-.! #154=Z-12! 34.! "0=78N_-/=-.41! 34.! a4.A41=0=<91! 4.:9/2=4! Z-1[785=! 3<4! "45=<AA-12! 345!

+.97O415-B5=01Z2480/=45! d+;e! -13! 345! 9.201<57841! +.97O415-B5=01Z2480/=45! d9+;e! 34.! ;-B5=.0=4K! M<4!

"45=<AA-12! 345! 9+;N6480/=45! 3<41=4! Z-.! |-01=<:<Z<4.-12! 345! 9.201<57841! #1=4</5! <1! 34.!

+.97O415-B5=01Z! -13! 59A<=! Z-.! "45=<AA-12! 34.! &<1?0024! 34.! ;-B5=.0=4! :>.! 341! 6[.c.9Z455K!

&1=5c.478413!_0c<=4/!RKR!?-.34!3<4!+;N!-13!9+;N"45=<AA-12!3-.7824:>8.=K!M<4!&.24B1<554!5<13! <1!34.!

+0B4//4!TNFNF!30.245=4//=K!!

M0B4<!80==4!305!*19O-/-A!4<141!34-=/<78!24.<1241!+.97O415-B5=01Z2480/=!dDQRke!<A!H4.2/4<78!Z-!#C<74/!

dUWQDke! -13! M4<1O<12578/0AA! dUVQFkeQ! 30! 45! <1! :/>55<24.! a9.A! C9./<42=K! M4.! ?4541=/<784! #1=4</! Z-.!

"<9205c.93-O=<91! <5=! 34.! 9.201<5784! +.97O415-B5=01Z01=4</! 34.! ;-B5=.0=4K! M<4! <A! a0-/578/0AA!

B4:<13/<7841! \<O.99.201<5A41! B41^=<241! :>.! 8984! "<92054.=.[24! 41=5c.478413! 2.9p4! #1=4</4! 01!

9.201<5784A! \0=4.<0/K! #C<74/! ?<45! 0/5! .4<14! $4//-/954! 341! 2.^p=41! 9+;N6480/=! dUWQDke! 0-:K! ,-.!

;<784.5=4//-12!34.!B<9/92<57841!#O=<C<=[=!345!4<12454=Z=41!*Ac:578/0AA5!B<4=4=!5<78!#C<74/!01Q!30!345541!

"<9205c9=41=<0/! B4O011=! <5=Q! 45! 1<78=! Z-! 57814//! C4.2[.=Q! 0B4.! 2/4<78Z4<=<2! C9//5=[13<2! 0BB0-B0.! <5=! nFToK!

#C<74/!BZ?K!A<O.9O.<5=0//<14!$4//-/954!?-.34!0-78!B4<!341!P1=4.5-78-1241!C91!2#9K%L+9E)+#)&/M! dDEFTe!

0/5! )4:4.41Z5-B5=.0=! 4<12454=Z=! nDDoK! M4.!M4<1O<12578/0AA!?<45! 4<141! 24.<1241!9.201<57841!#1=4</! C91!

DWQGk! 0-:K! M4.! 6.9p=4</! 345! M4<1O<12578/0AA5! B45=48=! 0-5! 019.201<57841! a>//5=9::41! dWFQGk!

#57842480/=eQ!3<4!>B/<784.?4<54!B4<!34.!L0c<4.c.93-O=<91!4<12454=Z=!?4.341K!

!

?45IN:E:EQ.$80.0O=4.<5<4.-12!34.!*19O-/-ANQ!#C<74/!N!-13!M4<1O<12578/0AAc.9B41!1078!+;Q!#57842480/=!-13!9+;K!

>)%5". ?)%-H"'2052#4'/*"$4+#.

S]T.

=2-$"*"$4+#.

S]T.

%)*4',2-$".?)%-H"'2052#4'/*"$4+#.

S]T.

Inokulum 2,3 42,5 1,3 

Avicel 97,2 0 97,2 

Deinkingschlamm 98,1 71,5 27,5 

 

 

@<4!<1!_0c<=4/!RKG!B4578.<4B41Q!O011!0-5!34A!9+;N6480/=!34.!L.9B41!3<4!&<1?00241!:>.!341!6[.C4.5-78!

B4.47814=! ?4.341K! "4<! 4<14A! 6450A=C9/-A41! C91! TEE! A'! c.9! )40O=9.! -13! 4<14A! H4.8[/=1<5! C91!

*19O-/-A!Z-!;-B5=.0=!C91!DIFQ!4.24B41!5<78!:9/24134!&<1?00241!d+0B4//4!TNFNDeK!

.



4. Ergebnisse und Diskussion!

!

RR!

?45IN:E:CQ.&<1?00241!B4Z9241!0-:!9+;!:>.!"/<13c.9B4!d*19O-/-AeQ!)4:4.41Z.c9B4!d#C<74/e!-13!;-B5=.0=!dM4<1O<12578/0AAe!:>.!

305!;f5=4A!*!-13!**!345!6[.C4.5-785K!

>)%5".

%)*4',2-$".

?)%-H"'2052#4'/.

.S]T.

J,'R44*".A'%H0+03..

.

S*T.

J,'R44*".@052#)4#..

.

S*T.

J,'R44*".LC[.

.

S39T.

*19O-/-A!. ! FQR! RUEQG! EQE! UQG!

#C<74/! ! UWQD! RUEQG! DQW! JQV!

M4<1O<12578/0AA! ! DWQG! RUEQG! UQG! EQE!

(

F9<(W>/-./%'2*(M1,('#,./%2*1.6+12*.#(:1#%,.++'#&.#("M(3KG7E())(

!

*A! )08A41! 3<454.! #.B4<=! ?-.341! 4<1! H9.C4.5-78! -13! 4<1! %0-c=C4.5-78! 3-.7824:>8.=K! "4<! B4<341!

H4.5-7841! ?-.341! 3<4! 2/4<7841! &<150=Z5=9::4! BZ?K! ;-B5=.0=4! C4.?4134=K! *A! %0-c=C4.5-78! ?-.34! 3<4!

"<9205Z-50AA4154=Z-12! 0-524?[8/=4.! L.9B41!A<==4/5!60578.9A0=92.0c8<4! B45=<AA=!-13!8<4.0-5! 3<4!

\4=801c.93-O=<91! B4.47814=K! M<454! @4.=4! ?-.341! A<=! 341! C9A! #\L+;! **N;f5=4A! 0-=9A0=<578!

4.A<==4/=41!\4=8010-5B4-=41! C4.2/<7841K! ;9A<=! O911=4! 1<78=! 1-.! 3<4! \4552410-<2O4<=! 345! #\L+;! **!

>B4.c.>:=!?4.341Q! 59134.1! 0-78! 4<1! 2414.4//4.!\4=89341C4.2/4<78! Z-.! "45=<AA-12! 345! "<9205N! BZ?K!

\4=801c9=41=<0/5!01245=4//=!?4.341K!!

M4.! H9.C4.5-78! 3<41=4! Z-.! P1=4.5-78-12! 34.! L0.0A4=4.4<15=4//-12! QQ#55-A43! $%T! $91=41=b! <1! 34.!

;9:=?0.4! 345! #\L+;! **N;f5=4A5K! M<454! &<15=4//-12! 3<41=! Z-.! &<1=.02-12! 345! Z-! 4.?0.=41341!

\4=8012480/=5! <A! "<9205! 345! ]4?4</<241! ;-B5=.0=5K! ;9//! ZK"K! 305! 6450A=C9/-A41! 01! "<9205! 4.:055=!

?4.341Q!4Ac:<48/=!34.!%4.5=4//4.!3<4!&<15=4//-12!qFEEk!$%Tb!Z-!148A41K!M4.!\4=8012480/=! <A!"<9205!

C0.<<4.=! A<=! 34A! 4<12454=Z=41! ;-B5=.0=! -13! O011! Z?<57841! GEk! -13! WDk! /<4241! nFToK! M0! :>.! 3<4!

6[.C4.5-784Q!3<4!<A!)08A41!3<454.!#.B4<=!3-.7824:>8.=!?-.341Q!-1=4.578<43/<784!;-B5=.0=4!4<12454=Z=!

?-.341Q! ?0.! Z-! 4.?0.=41Q! 3055! 0-78! 34.! \4=8012480/=! <A! "<9205! 34.! ;-B5=.0=4! -1=4.578<43/<78! <5=K!

M084.!?-.341!:>.!]4345!;-B5=.0=!d*19O-/-AQ!#C<74/Q!M4<1O<12578/0AAe!-1=4.578<43/<784!&<15=4//-1241!:>.!

341! Z-! 4.?0.=41341! \4=8012480/=! <A! "<9205! <A! "4.4<78! C91! GEk! N! VEk! 24?[8/=! -13! 01578/<4p413!

>B4.c.>:=Q! <1?<4?4<=! 3<454! &<15=4//-1241! &<1:/-55! 0-:! 305! &.24B1<5Q! 3K8K! 3<4! C9A! #\L+;! **N;f5=4A!

4.A<==4/=4!\4=8010-5B4-=4!80B41K!a>.!341!6[.C4.5-78!4.20B!5<78!8<4.0-5!:9/241345!;4=-c!d+0B4//4!TNFN

ReK!

!

!

!



4. Ergebnisse und Diskussion!

!

RT!

?45IN:E:MQ.H9.C4.5-78!j!;4=-c!:>.!341!6[.C4.5-78!A<=!-1=4.578<43/<7841!&<15=4//-1241!0A!#\L+;!**!:>.!341!Z-!4.?0.=41341!

\4=8012480/=!<A!"<9205!34.!;-B5=.0=4K.

^"4H#%). >)%5". J,'2#"++0'*.

;f5=4A!*I!F!N!R. *19O-/-A! JEk!$%T!

;f5=4A!*I!T!N!J! #C<74/! JEk!$%T!

;f5=4A!*I!W!N!U! M4<1O<12578/0AA! JEk!$%T!

;f5=4A!*I!FE!N!FD! #C<74/! GEk!$%T!

;f5=4A!*I!FR!N!FG! M4<1O<12578/0AA! GEk!$%T!

;f5=4A!**I!FE!N!FD! *19O-/-A! WEk!$%T!

;f5=4A!**I!FR!N!FG! *19O-/-A! VEk!$%T!

!

M4.!9.201<5784!#1=4</!345!*19O-/-A5!B45=48=!>B4.?<42413!0-5!L.9=4<141!BZ?K!&1ZfA41Q!3084.!?<.3!4<1!

\4=8012480/=! Z?<57841! JEk!-13!VEk! <A!"<9205! 4.?0.=4=! nDToK! #C<74/! B45=48=! 0-5! .4<14.! $4//-/954K! a>.!

.4<14! _98/418f3.0=5-B5=.0=4! ?4.341! \4=8012480/=4! C91! 70K! GEk! <A! "<9205! 4.?0.=4=! nFToK! M<4!

,-50AA4154=Z-12! C91!M4<1O<12578/[AA41! <5=! 548.! 84=4.9241!-13!8[12=! 5=0.O! C91!34.! 0-:B4.4<=4=41!

#/=c0c<4.59.=4! 0BK! M4.! 9.201<5784!#1=4</! C91!M4<1O<12578/[AA41! B45=48=! Z-A! +4</! 0-5! $4//-/954Q! 3K8K!

_98/418f3.0=4Q! 59?<4! 0-5! 0134.41! ;=9::41Q! ?<4! ZK"K! a4==5[-.41Q! '<21<1! -13! M.-7O:0.B41c<2A41=41K!

;9A<=!<5=!34.!Z-!4.?0.=4134!\4=8012480/=!<A!"<9205!3<454.!L.9B41!578?4.!C9.84.Z-50241K!!

*1! P1=4.5-78-1241Q! 3<4! 3<454.! #.B4<=! C9.0-524201241! 5<13Q! ?-.341! "\LN+45=5! A<=! M4<1O<12578/0AA!

3-.7824:>8.=Q!?<4!<1!_0c<=4/!RKWKD!B4578.<4B41!-13!34.!$(DN6480/=!<1!341!a<`<4./^5-1241!B45=<AA=K!rB4.!

#33<=<91!34.!:<`<4.=41!\4124!01!$(D!-13!\4=801!d<1!A'eQ!?4/784!0-=9A0=<578!C9A!#\L+;!**!4.A<==4/=!

?-.34Q! O011!3<4! =849.4=<5784!\4124!01!"<9205!B4.47814=!?4.341K!M<45! 24578<48=!10=>./<78!-1=4.!34.!

#1108A4Q!3055!5<78!305!"<9205! /43<2/<78!0-5!3<4541!B4<341!_9Ac9141=41!Z-50AA4154=Z=!d$(D!S!$%T!z!
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4. Ergebnisse und Diskussion!
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4. Ergebnisse und Diskussion!
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4. Ergebnisse und Diskussion!
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#BBK!DWeQ!DEFTKP)'I8==c5IwwA43<0=84OK:1.K34w2.0:<O41w30=41N-13N:0O=41wB<9414.2<4wB<9205K8=A/!d;=013I!

DGKEVKDEFGe!

SFT! a0780241=-.!g078?07854134!)985=9::4! 4KH! dag)eI!%013.4<78-12I! "<920524?<11-12!-13!j1-=Z-12K!

'4<cZ<2Q!DEETK!DJNTFQVJNFER!

SOT! $8013.0! )KQ! +0O44-78<! %KQ! %05420?0! +KI! )414?0B/4! 013! ;-5=0<10B/4! &14.2f! )4C<4?5K! \4=8014!

c.93-7=<91! :.9A! /<21974//-/95<7! 02.<7-/=-.0/! 7.9c!?05=45I! #! .4C<4?! <1! 791=4`=! =9! 547913! 2414.0=<91! 9:!

B<9:-4/!c.93-7=<91KDEFDKFJQ!FTJDNFTWJ!

SPT!_0/=?0554.Q!"KYKI!"<9205I!)42414.0=<C4!&14.2<44.Z4-2-12!3-.78!0104.9B4!a4.A41=0=<91!9.201<5784.!

#B:[//4!<1!"<920501/0241K!@<45B0341!-13!"4./<1I!"0-C4./02K!FUVEKDENDRQGFNGR!

SGT!(==9?Q!YK$K6Ks!"<3/<12A0<4.Q!@KI!PA?4/=B<9=47819/92<4K!;=-==20.=I!a<5784.!H4./02KFUUWK!FTUNFGRQFWEN

FWF!

SZT!6.0:Q!@KI!_.0:=?4.O!@<454I!;=.9A!-13!@[.A4!0-5!6.05KDK#-:/024Q!"99O5!91!M4A013K!DEEF!

SEDT!;78<::4.Q!aKI!\<:.0=<5K!???KA<:.0=<5K34!d;=013I!FWKEWKDEFGe!

SEET!@4//<124.Q!#KQ!"054.20!PKQ!&34/A011!@KQ!&224.!_KQ!;4</4.!"KI!"<9205!%013B-78!N!6.-13/0241Q!L/01-12N!

"4=.<4B!/013?<.=5780:=/<784.!#1/0241K!,>.<78I!H4./02!@<.Z!#0.0-K!FUUFKGENGJ!

SECT!".0-1Q!)K!I!"<9205!N!\4=8012[.-12!9.201<5784.!#B:0//5=9::4K!@<41!-13!g4?!i9.OI!;c.<124.N!H4./02K!

FUVFK!JVNWVQFFRNFDD!

SEMT!a0780241=-.!:>.!1078?07854134!)985=9::4!4KHK!dag)eI!".9578>.4!j!"<9205KDEFD!

SENT! HM*N)<78=/<1<4! TJRE! H4.4<1! M4-=5784.! *1241<4-.4K! H4.2[.-12! 9.201<5784.! ;=9::4!

;-B5=.0=780.0O=4.<5<4.-12Q! L.9B4108A4Q! ;=9::30=414.84B-12Q! 6[.C4.5-784! 34.! HM*N6454//5780:=!

&14.2<4=4781<Os!a0780-5578-55!)42414.0=<C4!&14.2<4=4781<OK!M>554/39.:K!DEEJ!

SEFT!)<==4.!6AB%!�!$9K!_6I!M0=41B/0==!\<//<60579-1=4.K!P)'I!???K.<==4.K34!d;=013IDUKEUKFGe!

SEOT! "/-5415! 205! 54159.! 6AB%I! i<4/3A05=4.! j! ;f5=4A! Z-.! \455-12! 345! $%TN605B</3-125c9=41Z<0/5K!

".9578>.4K!DEFG!



6 Literaturverzeichnis!

!

GE!

SEPT!)<==4.!6AB%!�!$9K!_6I!"<9205N"0=78N6[.f5=4AK".9578>.4KDEFG!

SEGT! a.<=ZQ! +KI! &1=?<7O/-12Q! *Ac/4A41=<4.-12! -13! H0/<3<4.-12! 4<145! c.0`<510841! H4.:08.415! Z-.!

"45=<AA-12!C91!"<9205N!BZ?K!\4=8014.=.[241K!M<554.=0=<91K!)95=97OQ!DEEVK!

SEZT!a0780241=-.!g078?07854134!)985=9::4!4KH!dag)eK!

P)'I8==c5IwwA43<0=84OK:1.K34w2.0:<O41wc.45542.0:<O41wB<9414.2<4w?0.A4C4.59.2-12N3-.78N

B<920501/0241K8=A/!d;=013I!FEKEUKFGe!

SCDT!#54AQ!%K!I!$91C4.5<91!9:!/<21974//-/95<7!A0=4.<0/!<1=9!a4.A41=0B/4!5-20.5K!M<554.=0=<91KDEFDK;KJQW!

SCET! )0c959Q! aKQ! a4.1�134ZN$42.�Q!HKQ!M4! /0!)-B<0Q!\K#KQ!"9.]0Q!)KQ!"�/<14Q! aKQ! $0C<10=9Q!$KQ!M4A<.4.Q!6KQ!

a4.1�134ZQ! "KQ! a4.1�134ZNL9/0179Q!\KQ! a.<291Q! YK$KQ! 601458Q! )KQ! _0c0.0]-Q! LKQ! _9-B9C0Q! YKQ!\�134ZQ! )KQ!

\41<1Q! 6KQ! L4414Q! #KQ! ;784.4.Q! LKQ! +9..<]95Q!\KQ! P4//41308/Q! %KQ!@<4.<17OQ! *KQ! 34!@</34Q! HKI! "<9784A<70/!

A4=8014! c9=41=<0/! d"\Le! 9:! 59/<3! 9.201<7! 5-B5=.0=45I! 4C0/-0=<91! 9:! 0104.9B<7! B<9342.030B</<=f! -5<12!

30=0!:.9A!01!<1=4.10=<910/!<1=4./0B9.0=9.f!5=-3fK!YK!$84AK!+47819/K!"<9=47819/K!DEFFKVJQ!FEVVjFEUV!

SCCT!;=.^AB4.2Q!;KQ!g<5=9.Q!\KQ!'<-Q!YKI!+9?0.35!4/<A<10=<12!5f5=4A0=<7!4..9.5!70-543!Bf!=84!4`c4.<A41=0/!

7913<=<915!<1!"<9784A<70/!\4=8014!L9=41=<0/!d"\Le!=45=5K!@05=4!\01024A41=Q!DEFTK!RTQFURUNFUTVK!!

SCMT! _978Q! _KQ! i03<.0Q! "KQ! aKQ!M.4?45Q! YKQ! &KI! *1:/-4174!9:! 84035c074! :/-58<12!c1!A4=8014!c.93-7=<91! <1!

"<9784A<70/!\4=8014!L9=41=<0/!d"\Le!=45=5K!"<9.459-.74!+47819/92f!QDEFGK!FVJQ!FWRNFWV!

SCNT!@4</013Q!LKI!6.-13/0241!34.!\4=801C4.2[.-12!j!"<9/92<4!-13!;-B5=.0=4!<1!HM*N"4.<78=4!FJDEK!HM*N

H4./02!6AB%K!M>554/39.:Q!DEEFK!;K!FUNRD!

SCFT! '4<B/4Q! 'KQ! _[/B4.Q! ;KQ! _0cc/4.! 6KQ! (478514.! %KQ! \^178N+42434.Q! \KI! "<9205! 0-5!

'013?<.=5780:=5c:/4242.05! j!\^2/<78O4<=! -13!6.41Z41K! _0./5.-84! *15=<=-=4! 9:! +47819/92fK! _<=! ;7<41=<:<7!

)4c9.=!WJUFK!_0./5.-84Q!DEFGK!FFNFGK!

SCOT! )>7O4.Q! 6KQ! g4-24B0-4.Q! \KQ! @<//4A5Q! 6K6KI! *15=.-A41=4//4! c80.A0Z4-=<5784! #10/f=<OK!

@<55415780:=/<784!H4./0252454//5780:=!6AB%K!;=-==20.=Q!FUUDK!DVNRE!

SCPT! +.-Ac:Q! )KQ! ;9AA4.Q! YKI! &14.24=<5784! g-=Z-12! C91! )45=5=9::41! -13! &.50=ZB.4115=9::41! <1!

-1=4.578<43/<7841!a4-4.-1255f5=4A41N_91Z4c=!Z-.!H4.59.2-12!C91!*13-5=.<4B4=.<4B41K!&c.9c/01!6AB%K!

;=-==20.=Q!DEEWK!

SCGT!%9/Z?<.=5780:=5<15=<=-=!P1<C4.5<=[=!%0AB-.2K!"43<41-12501/4<=-12!_0/9.<A4=4.KDEFGK!

SCZo!"<9c.97455!$91=.9/!#"I!#-=9A0=<7!\4=8014!L9=41=<0/!+45=!;f5=4A! **K!(c4.0=<91!013!\0<1=410174!

\01-0/K!

SMDT!%9/Z?<.=5780:=5<15=<=-=!P1<C4.5<=[=!%0AB-.2K!#1/4<=-12!$(DN+<=.0=<91!345!#\L+;!**K!

SMET!a0780241=-.!g078?07854134!)985=9::4!4KHK!dag)eK!!

P)'I8==cIwwB<9205K:1.K34wB<920524?<11-12w204.B<9/92<4w!d;=013IFRKFEKFGe!

SMCT! _/0-5-12Q! "KQ! Y01Z91Q! )KQ! %44.41O/024Q! YKQ! ;78>==Q! aKQ! ;00O4Q! "KQ! _^.14.Q! *KI! L.4N+.40=A41=! 9:!

'<21974//-/95<7!6.441!@05=4!=9!#//9?!#104.9B<7!M<245=<91K!(.B<=K!%0AB-.2Q!DEFEK!



6 Literaturverzeichnis!

!

GF!

SMMT! ;</B4.1024/Q! ;K! Q! M45c9c9-/95Q! #KI! +0578410=/05! L8f5<9/92<4K! +8<4A4K\43<Z<1C4./02! ;=-==20.=QDEFDK!

DTENDTTK!

SMNT!&12<144.<12=99/B9`I!605/^5/<78O4<=5O-.C4!C91!_98/415=9::3<9`<3!d$(De!-13!\4=801!d$%Te!<1!@0554.K!

P)'I! 8==c5IwwO/<A0O0=05=.9c84K:</45K?9.3c.455K79AwDEEVwEWw205/945/<78O4<=K]c2kRa?kRMWEE! d;=013I!

FEKEUKFGe!

!

!



7. Anhang!

!

GD!

U9(3#*"#&(

!

 
........1!>.:.;Y.S3+.YLN.W*%?@T.

Tage! Avicel  DS  

1 3,14 42,88 

4 348,68 78,27 

5 404,96 80,20 

6 422,72 83,25 

7 454,59 87,79 

8 451,10 108,80 

11 479,40 126,46 

12 498,88 125,97 

13 489,46 125,03 

14 493,90 114,06 

15 521,80 117,93 

!

!

1!>.:.=!>?@..S3+.YLN.W*%?@T.

?4*". =(,-"+.OD]. 6@.PD].

0 0,00 0,00 

1 8,43 61,87 

2 122,90 99,83 

3 298,38 111,74 

4 344,46 111,83 

5 358,03 112,16 

6 364,66 112,68 

7 368,68 113,26 

8 372,64 114,49 

11 375,65 115,45 

12 378,22 116,52 

13 379,55 117,06 

14 380,39 117,35 

15 381,12 117,65 

18 381,96 118,34 

19 382,99 119,41 

!

!

!

!

!

!

!

!



7. Anhang!

!

GR!

!

.........................................;YQ.YLN.,'.S]T.

?4*". A'%H0+03.aEDD]b. =(,-"+.aEDD]b. 6@.aEDD]b.

1 62,12 63,66 70,37 

4 77,63 72,55 70,75 

5 77,33 73,65 73,26 

6 79,38 74,76 75,13 

7 78,89 78,43 76,54 

8 83,40 78,18 78,56 

11 82,06 80,91 82,99 

12 88,28 84,54 85,36 

13 88,18 83,13 84,84 

14 89,47 83,93 81,64 

15 86,86 87,08 81,53 

18 90,49 87,78 80,35 

19 90,81 88,71 85,21 

!

!

!

`%)(")20-$Q.YLN:.=!>?@.AA.,'.S_3+T.

?4*". =(,-"+.

FDIE.

=(,-"+..

FDIC.

=(,-"+.

FDIM.

=(,-"+..

ODIC.

=(,-"+.

ODIM.

6@.

FDIE.

6@.

FDIC.

6@.

FDIM.

0 0 0 0 0 0 0 0 0 

1 197,3 214,3 196,1 225 216,1 356,7 358,5 385,4 

2 566,1 620,2 560,2 625,4 583 624,1 609,2 648,9 

3 1144,6 1158,9 1096,4 1131,4 1112,4 763,2 762,4 781,7 

4 1227,5 1224 1170,5 1193,4 1189,3 788,6 787,3 805,7 

5 1276,3 1264,1 1213,6 1224,6 1235,9 805,1 803,9 820,7 

6 1309,7 1286,4 1241,2 1243,8 1267,6 818 817,3 833,8 

7 1335,3 1305,3 1262,5 1260,3 1292 832,1 828,6 847,6 

8 1353,3 1320,6 1279,7 1273,6 1310,9 843,4 838,9 858,6 

9 1369,7 1335,3 1295,8 1286,7 1327,5 854 849,2 869,2 

10 1383,8 1348,2 1309,2 1298,1 1342,2 864,5 861,3 879 

11 1397,7 1360,5 1323 1310,3 1355,7 873,3 868,7 888 

12 1409,1 1371,4 1334,5 1319,7 1368,2 883,2 878,1 894,7 

13 1418,4 1379,4 1342,7 1326,8 1377,2 888,2 884,9 899,9 

14 1427,6 1388,4 1351,8 1333,7 1383,3 894 891,9 906,5 

15 1436,4 1397,3 1360,2 1340,7 1390,5 900,5 898 912,9 

!

!

!

!

!

!

!



7. Anhang!

!

GT!

!

!

!

`%)(")20-$.1,%*42:.=!>?@.AA.[Nml].

?4*".
A'%H0+03.

EDDIE.

A'%H0+03.

EDDIC.

A'%H0+03.

EDDIM.

=(,-"+.

EDDIE.

=(,-"+.

EDDIC.

=(,-"+.

EDDIM.

6@.

EDDIE.

6@.

EDDIC.

1 184,5 186,4 184,1 280,7 284,5 295,2 502,2 525 

2 278,2 282,2 277 908,2 907,6 924 882,1 904 

3 373,5 379,3 369,1 1819,1 1780 1786,9 1080,2 1097,3 

4 396,8 402,9 391,9 1911,3 1869,1 1870,4 1115,5 1132,4 

5 414,6 421,1 408,8 1963,6 1919,3 1917,6 1138,1 1156,3 

6 429,4 436,2 422,2 1999,3 1953 1944,9 1156,9 1175,7 

7 440,6 448,7 434,2 2025,4 1978,2 1967 1173,2 1191,9 

8 451,3 459,3 444,3 2044,9 1997,4 1983,9 1185,9 1204,9 

9 461 469,1 453,5 2063,2 2015,4 2000,4 1199,1 1218,7 

10 470,2 477,9 462,2 2078,5 2031 2014,1 1210,9 1231,3 

11 479,3 486,9 471 2093,5 2045,3 2028,3 1223,1 1244,3 

12 487,1 494,3 478,6 2105,9 2058,4 2039,7 1234 1254,7 

13 493,7 501 484,4 2116,4 2068 2049 1241,9 1264 

14 500,6 508 490,8 2127,5 2078,5 2058,8 1251,8 1274 

15 507,8 515 496,9 2138,2 2088,5 2067,9 1260,7 1283,3 

!

!

!

!

`%)(")20-$Q.YLN:.=!>?@.AA.,'.S_3+T.

Tage DS 
60.1 

DS 
60.2 

DS 
60.3 

Inokulum 
60.1 

Inokulum 
60.2 

Inokulum 
60.3 

Inokulum 
70.1 

Inokulum 
70.2 

Inokulum 
70.3 

1 375,6 386,1 417,9 132,1 139,1 140,3 138 143,3 141,9 

2 632,8 640,7 680,1 200,8 210,8 213,2 211 216,6 215,8 

3 776,3 793,1 822,9 277,6 289,8 296 288,5 293,6 294,9 

4 802,2 817,3 850,1 297,2 310,1 316,9 308,9 312,7 314,8 

5 818,3 833,6 868 311,6 324,9 332 323,6 325,7 328,7 

6 831,2 846,6 883,3 322,7 336,2 344,2 336 337,1 340,5 

7 844,8 861,2 898,8 333,8 347,2 356,8 347,5 347,9 350,4 

8 855,3 872,2 910,8 342,1 356 366,3 355,8 356 358,9 

9 866,1 882,5 923,2 350,5 364,9 375,9 365,3 364,1 367,3 

10 876,3 892,6 934,1 357,7 372,8 384,8 373,2 370,6 375,8 

11 886,4 903,3 944,8 365,8 380,7 393,1 380,3 378,2 384 

12 895,1 911,6 953,4 372,2 387,3 401,6 386,3 384,9 391,5 

13 902,8 918,6 959,5 377,6 392 406,6 392 389,6 396,4 

14 911 926,1 966,3 383,8 397,4 412,2 398,1 395,4 402,2 

15 918,1 933,4 972 388,7 403,3 418,6 403,9 401,3 409,1 



7. Anhang!

!

GG!

!

L40X#(")20-$.:.1,%*42.S_3+T.

?4*". A'%H0+03.E. A'%H0+03.C. A'%H0+03.M. =(,-"+.E. =(,-"+.C. =(,-"+.M. 6@E. 6@.C. 6@.M.

1 135,5 133,7 133,7 153,4 153 151 318,8 327,8 224,9 

2 197,6 191 192,8 697,4 663,3 675,2 504,7 517,5 396,1 

3 242 231,4 233,6 1264,3 1280,6 1263,4 579,7 598,4 447,2 

4 280,3 266,3 270,6 1642,4 1653,8 1618,2 625,3 647,5 457,7 

5 304,9 288,5 294,2 1782,9 1769,2 1755,4 652,9 677,4 469,1 

6 328,1 309,5 316,5 1841,4 1826,3 1809,2 679,9 707,3 496,3 

7 347,2 326,3 334,2 1878,6 1862,7 1843,8 701,7 731,8 510,6 

8 362,3 339,3 348 1905,3 1890,7 1872,7 719,9 751,2 510,6 

9 372,7 348,3 356,8 1925,3 1908,6 1892 733 766,2 510,6 

10 380,4 355,6 363,3 1939,5 1922,6 1906 742,9 777,3 510,6 

11 387 361,6 369,1 1951,2 1934,9 1918,3 751,6 786,7 510,6 

12 392,3 366,4 371,5 1960,3 1943,7 1926,3 759,5 795,1 510,6 

13 397,2 370,8 374 1966,9 1950,3 1932,2 765,2 800,5 510,6 

14 401,3 374,6 376,5 1971,4 1955,8 1937,2 770,8 805,4 510,6 

15 405,8 378,4 379,3 1976,5 1961,8 1943,2 776,3 810 510,6 

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!



!

GJ!

:16.%%,"",+12*.(:/$+@/'#&(

!

*78!C4.5<784.4!8<4.A<=Q!3055!<78!3<4!C9./<424134!"0784/9.0.B4<=!54/B5=5=[13<2!C4.:055=!-13!O4<14!0134.41!

0/5! 3<4! 012424B4141! %</:5A<==4/! B41-=Z=! 80B4K! @^.=/<78! 934.! 34A! ;<11! 1078! 0-5! 0134.41! @4.O41!

41=19AA414!;=4//41!5<13!-1=4.!#120B4!34.!|-4//41!O411=/<78!24A078=K!

%0AB-.2Q!FJK(O=9B4.!DEFG!!

!

!

\<10!"91f03



!

!

!


