
a nahwugiu lun in i i~m$i~d~~~~ntzu~~nim~~4~n~w Udiq:rfluuuul# 

oen~rquu~olu'l4oon~~qun"w1u ~:iirYnacu:ruilou6uAo ~ i l ~ d a r 4 ~ 1 ~ ~ i i ~ ~ ~ ~ ~ n a ~ m i l ~  - 
a Gnilu u~od@?miimon4 d~Euilm~n4uuiuii~d~~mi~~niro'iurnSrijnwwuriimau 

rzv~i~ai?~~~#n~1rauun:mirs'uS~#nw~ou m~?l%r~nwtouluI;'~~dud~ulu~r~nLilum~? 

Sun!& h~a~oo'~;rijnwwulu$~LduCnLflum~ri:u 7 $lu'ldmirSun% rdu oonarqu, 

IULPIO~ u?o~n~d~~ilui iu n ~ t o ' ~ ~ ~ n S ~ i j n ~ t o ~ l u d ~ ~ ~ ~ ~ m ~ n ~ ~ : l ~ i w ~ ' ~ ~ ~ u ~ ' n ~ ~ u ~ ~ u ~ u  
3 Y udq w ~ . r i u ~ i ' i m a u u ~ ~ ~ ~ i : ~ ~ ~ r ~ u ~ ~ u ~ ~ a o ~ ~ ~ ~ ~ ~ u ~ ~ ~ i u ~ o u  ~nhu~ i :~~n r i ?~d~#n i t  

Y 

iir.r%mu~:ak~raaflui ~ ~ ~ U ~ ~ ~ I ? ~ U ~ % ~ ~ L ~ U ~ ~ U U ~ ~ ~ & ~ I U U ~ : : U H ~ ~ W I ~ U Q U V ~ ~  
4 -  a qn4w ud~~r~S~i jnwtoulu$ i~~u~uaiuaSm unno.rd~ii~inrnmaun"liii~nildwiuaiim 
4 -  3 no~mirs'uSdnmrou idu ~imi~~irar#nmilwui~uoon~i~u daiiw~ninrnaurflu~~~tuidisun 

47 aerobic oxidation Ki~its'uSr#nwtourfluluiwtm n " ~ : r ~ m d ~ i i m i ~ ~ ~ m ~ ~ P I ~ ~ ~ u  rflufiu 

~ r i ~ ~ ~ i u i o o ~ i ~ a S n n o ~ d j E u i l m ~ n ~ ~ i i m ~ r c n i ~ l u ~ a n ~ n o ~ ~ u n t i ~ a ~ n l ~ ~ i h r  2 

dt:mnlury' 1 miuair~u~~~nwwu ;a 

4.J- n, nimiin (Fermentation) %I d~iiS~i!m~n~no~aidr:n~~~unmn~nmnu'L~ 

ni~:dliiiai?%'irijnwtauniuuon 

a. n7tuiulq (Respiration) zo d~?r~i~mon~~6i?%~~#nwwrcniuuonr~uai t  

s'u3r#nwroupi?e)mSiiu d~aiui toui~deun~ldl~n 2 dr:mn 

- Aerobic Respiration 



- Anaerobic Respiration 

nt'lilil~dnmmu 

1 
aithardnmmu 
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uanoqd~iiiui 

- 

ded~7mqimand 

I I riSunrflu$idu I 
1 1 I 

oon3rqu 1 f i i ~ u n ~  I I lu~mrm I ilm~dm ( CQ 

1 1 1 1 1 
itnu Co1 fivfiunid 
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Oxidation 

'lubt 1 - i ~  

l~rm~mr6nm.r 

Fermentation 

( qfiId6 

Denitr~ncation Sulfate 

Reduction 
Methano 

-genesis 



dfi~i'suidr~m$u~u~:u~~~iY'mli'i~~u~~u~~!oon~~~~8~fl~idu~~u?n'udr~~m~~1~st?u 

a ~ ~ ~ u u ~ r ~ w d 1 ~ i i a o n 3 ~ q u  u ~ i . r d s ~ u u i i ~ m l i ' ~ r ~ u p i i ~ o a n ~ ~ ~ i n f i ~ t u a i ~ i i ~ o  GUIND~~ 

73un'su'4rflutnluri~u'm~~~~~~:iiu~nniil~st~~.p~~n a 1 ~ 3 u n ~ ~ n 4 ~ l 4 a p r n ~ ~ ~ u i ~ n ~ d  

t 9 m ~ 1 ~ m u q ~ u n ~ ~ i ~ 9 ~ u l n ~ ~ ~ : u u  . rrd~:uurii~'n~irJuuu~I~oon~r~ur~w:uud~u 
31 5 $ow ~njuqailwoi~uo~huniruinuiuuaiun~u ~1?1uJuw'usbo.rn~uqnawrudiuun~n1r 

J 1 .A w J J  w\lw~a?~uTuniun:n??ud~~u6u al~un?un~n?~~:uu9:~n~d~u~~d~diuo~~innini~u 
4-  maiulmun(uqnIwuaiu 7 niudo 1 ih u ~ m n i u n n i n r n ~ ~ n n ~ ~ ~ u a a ~ u n a ~ n ~ u q n a w u ~ ~  

q:pnrioummiudammun~uq~Iw~nn~~u~~ riinii]~~~1~8uw'uduuud~~101~un'u udfii 
4 -  a u~mfiwwn~nmauaiuirolfl8mun~uqm~~un1unju n(u7rnilwdl4m~m~~i4aiim~~u~ 

J 1 1  6 u i i i i l d ~ i i m n ~ i u k u w ' ~ d ~ u ~ u d ~ ~ ~ ~ ~ ~ ~  n(uqa~wumiun(unoiiluo~hun'urrazud~- 
3 J  ~u'uw'u8~urudiuio~n~~ld~iindfiii'4uiimon~un:rd~uu~ai~~unui~JuIdo~lu~dd1~ 

7 idu nopr3unifi, iiimu, ~~~u~ulrnrnnlaa'~7~nlvl6 iuhu upiai~un%~ut:uuq:qnI51 
" 4 fmuqmilwnqukrm:qnlfldluJmd~u~Viilmw'u nuod6uiriJq~udi.r 1 ulnuiu ~ULPWI:D~~IJ 

~~~s~uni~ani~:u~mt30~~~~:d~u~l4uun4hnjulmn~uud~lmm~du~~mlut:uu Kiuin 
t J - 1  

~ ~ ~ r c u ~ ~ ~ o : u u r i ~ ~ m ~ ~ ~ ~ u ~ u u ~ ~ o n i l ~ ~ ~ ~ m ~ ~ ~ ~ ~ n ~ n m u ~ n u  c l a ~ ~ n ~ u d ~ m m i d ~ d q m ~ ~  

o:uuii~ouun4ha~1~iirnu~ra:uun~~uah.rnrmd41~~uhun'u IR'3mfinirCnrfluii7a 

iirnu 



114- a 
2.2 d ~ ~ ~ ~ n ~ o c i e u a a ~ u a ~ ~ u n s u n m m a u l u ~ o ~ i p l ~ u a n ~ ~ ~ o t u n i ~  

(Day, 1989 &i;l.rhlu [wuau ~~?lnL?fi$2538: 83) 



1) \af~l?lfdfi (Hydrolysis) 

lunszu~unirl9aenbu u u n i ~ ~ ~ d ~ u l u ~ r r & ~ ~ f l u u u n i ~ a ~ ~ ~ n r m ~ : : Y i ~ ~ d ~ ~  

doum~~uai~lurnqnbo$ rdu laCu ldoiu u~z~19Tyla~mrm rfluhu lfiiinu'~mrdna~ Omu 

n 7 ? w ' 3 m ~ o u ~ ~ u ~ ~ 7 u ~ ~ ~ ~ ~ 6 ~ ~ ~ : d ~ o ~ i ~ ~ ~ a ~ ~ o n u 7 u a n ~ a 9 1 ~ '  ~(1~b~$1ot1flu19:d?u~m 

w R ' J ~ ~ i u n o z ~ u a o ~ ~ ~ u i l a l m t l a 4 a ~ ~ ~ a ~ t 3 u n %  d?ur9~5moin i~ r ' imd~~u i l#~~~~u  
4 Jd udroulaJ~ir0ul~smunu~~i~~~~~:~~iz~~dod~7~i~~:pi~vi1d j 7 w  6q?ur~ulaui 

rn a d 4 4  uunn'~u~dau~anuiuanLa~~~~nuo~n'ua16unwnua~'1uI;'1~~u rn'u ufl~trazlnal~~qu 

G7oio.114~oula~ozZllima (amylase) u~uaai~lfirilu~im'~~ InUYUun::lailmI4~ouIa~"La~dm 
(Iipase) uarromrnaL?m (esterases) uo~an~ul$~flun~raooaauazn~mInriu Od?iuheql# 

r~ulauTdtda (protease) ~ ~ u m n i u l # n a ~ u ~ f l u n ~ m ~ z i i l ~  rfludiu ~umounitlrnbsln%d 
* 

rflu~umouddou#~~~~ u a z r ~ u ~ u m o u d i i ~ m ~ ~ ~ i i ~ a o ~ ~  j201 R ~ ~ U L ~ ~ Q ~ ~ ~ ~ U I ~ : &  

ri'ufl~%~n7udt:nir rtiu ~1?7ur$u4uaa~mi5un~&rfluait~~G7uno~d~~w7r~ji, A?IU 

a J- ibu4uno.rioubJ, qcuuqij, 4rm, wunw~6~~asz~iisi0ulau'n'u~~r3umiu' rtludiu YiilS: 
r ~ n i d ~ ~ u n i t u a u a ~ ~ u ~ i ~ u ~ a ~ a i i m ~ ~ m n ~ ~ ~ ~ u  n ~ ~ ~ i ~ ~ ~ u ~ ~ ~ ~ a u ~ a f i m ~ u ~ t ~ u a m ~ ~ d i ~ ~ d  

~~ne+Pu~upd 2.3 



,..,v;p-~i .r.-. y,?!-Yi7 

\ il &.;&&WB.:+ , . . c;: , ;  , . .  . ,, . .. . . ._ .:_. _. . . 

2d i  2.3 ~ l ~ ~ ? a % 4 ~ ? ? ~ 1 ~ l l d ~ ' i l 4 ~ % l d ~ ~ ~  (McKane w:: Kandel. 1996: 143) 



2) nirah4non (Acidogenesis) 

~6~qin~urnoula9molnaa aitijun%Turaqn'Lu~s:pnriou'LJi~#na~ nn-turiluait 
4- A .  * A  

Iloznou~un~u%mnr]artinnaun:~nuun$~ah~nonnud~r%i$~an6 uunnrounniuu-tn 

a ~ i ~ n ? m ' L u n ? z u ? u n i ? ~ ~ o o n ~ i ~ ~ ~ f l ~ ~ ? n  obligate anaerobes rm: facultative uduun%%~ 
..I. .*..I 

w?n obligate anaerobes diiu?uuinniiuin i4rilurrun$iwn~uu6nnniuuin~1~mn?~1~~ 

rhri mmun$isunniu 7 milddno~ Pseudomonas, Flavobecterium, Alcaligenes, 

Escherichia Un: Aerobacter 

nitnud~ainh~rnn&miu21n~aiui?nuzi~~Bi~ilu 2 rruu h n i i  ~ r o u p  
J 

translocation u@z Active transport n i~nud~ai t~#~~ramAuuu Group translocation ruo 

aitpnnud~u'iuldrflu (taula4 d~~~i?o~dranejluu~utu~iii$niu~urn~~ mitdOnnud~qz 

Qmd~u~2d~ffluo~ui-t~nitnud~u'iuran6wuru?u~uro~ ni?nud~airr#i$ran6X~unnln 
3 ~ ~ u u ~ s : ~ ~ i ~ ~ J i ~ ~ m ~ ? ~ u u m n d i ~ m o ~ n ? i u ~ % u % u ~ o ~ a i ? ? ~ ~ i ~ 4 n i u ' L u u ~ z n 7 ~ ~ ~ n ~ a a 6  

(concentration gradient) rii?orii4no4nnhn-tmud~~Luud lbiu" n-ttnudqn~ba, dqnfma, 

mannose, N-acetylglucosamine, P - glucosides, purines, pyrimidines unzntn\n)lu 
u Y  mflu&u ~ ~ ~ i ~ ~ ~ ~ u n i r ~ u k a i ? ~ ~ i ~ ~ n n 6 ~ i ? u ? ~ u ~ 8 i ~ i n n i ? 1 ~ ~ ~ ~ i u w ' u ~ : d o a ~ ~ 3 m w ~ ~ ~ i u  

44'Lu ATP n n ~ n n i ? n u d ~ n ~ f ~ a ~ % i ~ i a ~ ~ B i ? u ~ ~  group translocation rramwjadd 2.4 

Mechanism of the phosphotransferase system of 
Elciirricliia coli. For glucose uptake, the system consists of five 

GIUCOSB 6-P proteins: Enzyme (Enz) I; Enzymes 11, 11, and 11,; and HPr. 
Sequential phosphate kansfer occurs from phosphoenolpyru- \ 

(PEP: through the proteins shown to Enzyme 11,. The lat- Cytoplasmic 
"r achally transports (and phosphorylates) the sugar. membrane 

2.4 nnhniwud~n~lnar~i$~~~6~?untzu?uni? group translocation 

U?U?ZUU phosphotransferase (Madigan LLRznNZ, 1997: 69) 



rr~inoi?du 1 ~nuf l iua i in~4n '??u~~I ; ' iw?aul4¶ i in~:a~d4L~l$~¶~d~~~n~1n~~~u 
J ,.I 

active transport ~ ~ a u d ~ ~ ~ t ~ # ~ ~ ~ a a ~ u ~ ~ ~ ~ a ~ d ~ a ~ ? n ~ ~ n w u ~ u ? ~ f n ~ ? ~ u ~ a n d  
J J 

(membrane-bound carrier) a l ? n ~ n ~ u d 4 l i i l ~ l ~ f l 6 9 : ~ ~ n ~ d f l u ~ ~ d ~ 4 ~ n l w n ~ 4 ~ ~ ~ ? : : ~ i l 4  
4 3 -  

nq~aud.s a q ~ d Q n a u d ~ o ~ u o n ~ a a ~ ~ ~ ~ d ~ Q n a ~ ~ ~ ~ i i ~ ~ ~ a ~ 6 ~ ~ ~ ~ ~ u n ~ ~ ~ ~ ~ ~ r a n ~ ~ a ~  

~ufnu'ldrdduuudn~ Muri dinic1uq4aiin, n~no:Zfud'luIu&i, n?nZun%d?uIu~ U~I: 

noi~eiiun~uluflo~u4~u~uuin rdu qn~dm, daa~d m ~~~ fd~~mno~auu  rflu6u ~ 5 4 4 1 ~ ~ 1 4  
-4 3  *.. 'Lunitaud~nol?8i?u~8u\h~~n proton motive force n~\nn1mud4nol?a~~n~0~o~d14 1 

~ i i i ~ n d u n o n d  2.5 

Membrane 

Sodium-proton 
antiponer 

Inside 

2.5 nimupldaoudi~-l ~ Q i ~ r ~ ~ ~ d i u n n ' l n  active transport 

(Madigan LLA:Afu:, 1997:70) 



v & ~ i n m i t Z u n ~ , ' g n ~ ~ d ~ ~ a " 1 ~ ~ a ~ d ~ I $ ~ q : ~ n i ~ l d l ~ ~ f l ~ ~ u 6 ~ ~ G ~ ~ 1 u ~ a : ~ ~ ~ ~  
d 4 

~io'YouImud~uns:u~un~~u'nn~ulu~aaA rd~uuai6unwn~$i~~ap1alfi~EluntmZun~ 

o:,udiu ~ifu~u~:rn~uW~iju 5 Lii? L ~ U  nsmoz35n nomfwfifoiin ua:nmiran9n du6u 

n t : u ~ u n ~ ~ v ~ ~ n n ~ u l u ~ a a n ; " n i ~ ~ ~ u i n i ~ a ~ u ~ . r ~ ~ m  3o n~~uu'nn~lma~ilulw~r~mlmud~u 
-4- . -- janq~a?munrwniq ~rnden-~eyerhof pathway uw?ohafnla3mK~umm~luadd 2.6 &q: 

riiul8iiq nidoumm~un~f~a I fu~aqn q:lmZw~r~m 2 hraqa. NADH 2 furaqa ua:wGq.r-~u 

iiu?uu&r~uurd7n'~u 2 ATP Imu NADH kl f~rou~h1u\ura~6~o~uun~& V~IHIS?~DU 

dd~A"nrnoouumz1dtnau Tau NADH 1 Tu~aqnuwqn NAD' 1 Iurnqsnudq 2 8rAnmtouus: 
dd d 

2 1dzrn.o~ ~rdraaPiaa.ruunnrtlru NAD' odo"7qiin'Ym rqa~~~dio4rdiuu NADH lfin6u'ldsd 

lupl NAD' r4oi1 NAD' n<uldlfluri lun,dno~nt:u?un?t'lhon3~qu iumouaeqnqt 

L ~ & U  NADH LOU NAD' q:r8m$uK~rram~lumun~tdold~ 

NADH -+ 2 ~ '  + 2e' + NAD' 

2 ~ '  + 2e' -+ Hz 

C~H120, + 2CH,COOH + 2C02 + 4H2 ( ~ ~ ~ W ~ ~ J ~ U L ~ U U L ~ I  4 ATP) 

C~HIZO, -+ CH3CH2COOH (propionic acid) + CH,COOH + CO, + 4H2 

CSHIZO, + CH3CH2CH2COOH (butyric acid) + 2C0, + 2H2 



Hexokinase 

Phosphohexose 
isomerase ' 1 

OH H 

F~ct- dlphosphate 

CHO 
I I 

I 
I 

I COOH COOH I 

I I ADP ATP I I I 

I 
I H - C - OH H - C -OH - H - C - 0-@ 2-Phosphoglycerale , 

I I Phospho- I Phospho- 
I olycarate I I 
I klnase ~3 mutase I 

glyc8"'e CHPH 

I 
I 

1.3-Diphospho. 
olyseric acid 

I -. 
I COOH Coon I 

I I , 4TP ADP I I 

I c = o - c - 0 4  I 
I I Pvruvae 11 

I 

I klnase 
I CH3 C"2 I 

WNviC acid Phosphoerolpyrwate i 
L - - - - - - - _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - _ - - - - - - - - 2  

td i  2.6?iilnrb1)Lda (McKane uf+= Kandel. 1996: 782) 





lucoae . 

EMP . 

2PYR . 

. ~ A C C ~ A  
2Pi 

UTP 2HAc . - .. . 

ad 2.7 d ~ ~ ~ 7 n 7 ? m h . r n z ~ 1 ~ 9 u ' ~ ? ~ ~ ~ ~ 1 n 7 ~ 1 & m n 7 9 ~ d ~ 9 7 ~ w ' ~ ~ 7 f ~ ~ ~ ~ ~ 0 ~ ~ ~ ~ ~ 1 ? ~ ~ u  

i7~Lm-~ . r  (Plans Sam-soon. 1987 67.rii.r~uiu~u Pinr~nl?firi. 2536: 13) 





Y J ~ : ~ ~ l j ~ ~ m ~ ~ ~ 8 ~ ~ ~ ~ ~ ~ o ~ m ~ i ~ w ~ ~ n u l u ~ ~ n ~ m l I j u ~ u r r ' n  tzuuyroroaia~u~tn 

~u~m:nouq3um~u~fio~luo'~uu'nl~~21ui~u~uun ~mu' im~~ojmnmzn~~l t imo~~~o'~uu 'n  

$~l~finn~lun~~lj~u'a~~r~u~un~uarha~u~to?u'ulrsu~ru~~~~ur4~tzuul8iu~n~u~;~u 

(Stander, 1966 ji7qiia1u iqu11y n?uds:ani, 2538) Iuda.ri3 1972 Lettinga ua:RN: 

(Mosey, 1982 61.$4'LuIan7 3ur?nZq?iija6 1997: 37) lflnninitl4o'~nw~lFoiniflJiYYn 
" J ~ ~ L ~ U ~ ~ ~ C ~ ~ ~ ~ U W ~ B ) ~ ~ ~ ~ ~ L L I ( ~ U U ~ Z U ~ ~ ~ I Y I ~ ~ ~ ~ ~ U ~ U P ~  ~~Dldou~l&d%d~qdnfrulfi 

a~uvnuuni7i8u m:nouq~um~u~1z~~11a~n~woonq1n~u18i i~~kdsno:uqun~dii  

yrommii n ~ t t ~ ~ u ~ t z u u ~ ~ o r o ~ i i l u r ~ n ~ ~ l o u ~ ~ u ~ m u i i ~ m r j ~ u u ~ ~ ~ u n ~ ~ ~ o ~ ' ~ ~ u : i l ~ ~ ~ d ~ n  

~ u l u ~ : ~ ~ ~ ~ Y Y m ~ ~ ~ l ~ ~ ~ ~ l ~ l 4 o o n 3 ~ ~ u C m ~ ~ ~ l d ~ ~ i i ~ ~ u a ~ ~ d t : n 1 t  L ~ U  

- dtz~un~1uu1n~~u1nlun1t~iiun'nmznouq3un'nw=neu n:neuqZun'nw=neurinuqn 
v :  Y 44 oon111r~u6i-1 vi;1uuu7nquu1oi ~ ~ o i  rrn:m:nouun~umouq muui 

SRT (Solids Retention Time) A7 il~fid?:~rn?in7~3o~tzuu~un7t~77'n 

i f a ~ 4 7  

- 14rwiin'n$~u7uu7n iilfit::o=~uiinu7mIuqj 

- ~:uurziii~a~utn~w'Lun~~~~~u d ~ ~ ~ ~ n n ~ r n ~ l ~ ~ u $ ~ n h ~ ~ ~ u n ~ t n ~ u ~ u  

tzuu 



I) 6ou$i~idu~41&i~i i .1no~C~d~ntd~j i~t :uunt:~1u$i~idu(~i~41C~~( i1~~~~~ 
I 

n i t ~ u a a o ~ ~ i r i d u ' l u ~ ~ d ~ n ~ w ~ u n ~ i n 8 ; i ~ ~ i ~ ~ j ~ u ~ ~ a 6 m ~  un:~unoennauuu 

ae.roY.rdansd 

2) r~u~r$ouun~&uuu1rjl4oon~~~~l#~'nm~umR'mq~ij~1~iu~ui~riu "tmur$olu 

$u:rra6m9'q:~~unir~flu~mu%~n4m (granule U% pellet) 
J 

3) ~$ad~n?iuuu?u~u~~q:qui?o~~iuei?~ Tmuijn~t&~~~q~nauimlu~auld 

ui~4nr~iiau$un~unta~~~u$um~~14 d~unojudij~~~uuu~uriu~~u'~:~ 
J 1 J 1 1 n~iuio~lun1~~u&~ini i~:~nl~o~31nn~mnuu1~~:u1nlunn~n~~~uu1~fl~ 

Y 

9irB:naunau (sludge blanket) 

4) ~~o~1~u~ul~~an~u~moonldn' l l r i * i$~G~un~~~n:miu1tn~i i~ i i ia i j~nul~a2~ 
d .4 7~ i jn i t ' im~~~dntduun~ia ,  dq~idu un:L4a7Sunmnadlu$m:nouupqunau 

~ ~ h u u u n o ~ r %  & n i l  GSS (Gas Solids Separator) q d n r d ~ s s  &nlwon 

uuuuaiu6naru:m1unu1mu~:~d~i~a~~njd~n~S udl4uCnnin?nAu?n'uZa 



- n ~ ~ r i o ~ h ~ u r : ~ ~ u q u r : u ~ m i u ~ t ~ n t : i i ~ & J i u ~ ~ : d t ~ n i ~ ~ ~ ~ u ' n  

- Cnlljho.rnq?lfld$irm:khe~l4rrijfoq<ntn~ 

- lu'dioql~&nnv m ~ r ~ e ~ ~ u ? : u u ~ ~ u i n n ' ~ ~ $ ; ? : ~ u d a ~ ~ n r ~ n ~ ~  

- a~u~tori~~ds:~nm1~&~~lut:uud~iinnu~nr~nuin1dqu?i~nu~mlv~uin 

i ~ l r i i i r f l u h n ~ l 4 t : u ~ n ~ i n l v ~ ~ ~ u ~ ~ I / ~ ~ ~ u ~  

- L ~ ~ o ~ ~ ~ ~ I L Q u ~ ~ ~ J ~ ~ P J ~ I u I ~ ~ ~ L ~ ~ ~ u ~ ~ ~ ~ ~ L ~ u ~ u I / J ~ ~ ~  q:iil$;nmdil44iulu 

d ? u n o ~ t : u ~ f i ~ ? ? ~ ~ ~ ~ ~ r a : n ~ d ~ ~ ~ ~ i ~ l b i  

- iiina6nq1uGuqNCau fmuluo:uu~l4mon3r~umi~um'nl~:~dduur~lur 

q3um'r6riuq 10 rdeoi%u6 lunrrc:dt~uul4oonr~uai~um~~nrdduu~flu 

19~650 - 60 rdojr%uPi 
A -  1 - aGnqmrnmnudn?qunqK~qq PLiU'l?fl dewatering 'l&Jqu 

- ~ ~ ~ & ~ " ~ ~ ~ L ~ U L ~ ~ U W A P I ~ ' N ~ ~ D ~ ? : U U ~ ~ ~ ~ ~ ~ ~ ~ ' I ~ L ~ ~ U L L U ~ J W ~ J ~ I U Z ~ ~  

- ~~~n~~~ulw~r~urmn::vloavl~~a~ini~t:~ul4~on~~~u 

- m~uiso~yn~:uulbi~fu~~aifmuZrirfluil~vi nit~ur'iuo:uulurin'nt:iil&J~u 

t:uuriu~~o~u~i?lbi~pIh kruui:~ug~m~unt~u~vi~~iuii3uq9 
4: 1 - aiu~to~un~t:uoqn~~~~um'niua:n~t:utqnmr~ununo:~u~u (organic 

load and shock load) I&@ 
- a i u ~ r r o r j ~ G p I ~ ~ r ~ u i i 9 m i ~ o ~ i ~ ~ l b i  L ~ U  W ? ~ ~ ~ T ~ : R I U ~ I & L ~ U  rfluhu 

- lria1u~tol4rfut:~~rj~Gm~au~t~"[~fi~ro~lbi ~dn~q~n$q~a~?au~mo~Liun 
,,C L " 11 

(intermediates) dl5 7 M R J L U ~ O U ~  n'l'luulm4unuuf~8@ 

- t:uurj~~~~riuuuuru"1400n3r~uu'ndiJryuidgwuqij~~ 

- ~ ? l ~ ~ ~ ~ : d ? : ~ ~ ~ l ? ~ ~ ~ ~ l ~ l 4 l ~ ~ ~ ~ u ' 4 d 0 ~ ~ ~ l n w ' ~  



w?r?.rd 2.1 fiitei~7rduun~i~uah~~rnuri71d1~zbi (Madigan uaznruz, 1997: 749) 

co, - type substrates 

Carbon dioxide (with electrons derived from H,) 

CO, + 4H2 3 CH, + 2H,O; AGO' = -131 kJlreaction 

Formate. HCOO' 

4HC00' + 4 ~ *  3 CH, + 3C0, + 2H20: AGO' = -145 Wlreaction 

Carbon monoxide. CO 

4C0 + 2H.0 + CH. + 3CO.: AGO' = -210 kJlreaction 

Methyl substrates 

Methanol. CH,OH 

4CH30H 3 3CH, + CO, + 2H20: AGO' = -319 kJlreaction 

Methylamine. CH,NH' 

~CH,NH,' + 2YO + 3CH, + C02 + 4NH,'; AGO' = -230 kJlreaction 

Dimethylamine. (CHJ,NH; 

Trimethylamine, (CH,),NH' 

Methylmercaptan. CH,SH 

Dimethylsulfide, (CH,)S 

Acetotrophic substrate 

Acetate. CH,COO' 

CH,COO' + H' + CH, + CO,: AGO' = -31 kJ1reaction 



rwnG~un~u6miuitn4iuumonlbi~flu 3 aiim miuaiimao~a~soiuidI4 Uuri 

1) Obligate acetoclastic methanogen ~ilu~un~hm9~~iirnu~l4nt~1o:3~n~ilu 

uud~wRIJqiu miumun~t 

CH,COOH --3 CH, + CO, 

d d  J 
21, Obligate hydrogenotrophic methanogen (hydrogen utilizer) L ~ u u u ~ ~ L ? ~ I ~ ~ $  

iiia'lu9mt~~ulunitw~mn"~a~~nufmul4~iha~lmoan~a6~~uuud~nih~u 64 

munit 

4H2 + C02 -+ CH, + 2H20 

dd J " 
3) Hydrogenotrophic/acetoclastic methanogen ~fluuunn~t(~nd$~.)ijrnu~bin'~qin 

ntmo:3Rnu%iiialabt~qu udl~uImtrqu'lh3nd1 

a ~ ~ i ~ a a ~ r a e ~ n a ~ u u n I i w m ~ ~ i j r n u u m m ~ ~ t ~ d  2.9 ua::hirs?ui~uunIhm~iq 

ij~um~u,'naor:nl~nlun?w~~zmu~~ut:&u~~er]n (physiology and molecular 

properties) q::~~~n~un~iOumh~~~nuo~nlbi~flu 7 n4uIuq.j 1 &~umm~lumis?qd 2.2 

-- 
add 2.9 ~ ~ i ~ a o ~ r a n ~ n a ~ u u n G h m i i ~ i j ~ n u  (Madigan LLA~AN:, 1997: 750) 



J 
b11?74n 2.2 ~ ~ u n ~ i O u ~ & ~ i i ~ n u i ~ ~ ~ n ~ 7 r ] ~ n ~ ~ : : n 7 ~ n 7 ~ n ~ ~ ~ ~ : : d ~ u ~ ~ u ~ ~ a ' u f ~ ~ ~ r ] n  

(Madigan UA%N::, 1997: 750) 

Methenothermw H + CO ,can also 

Plate-shaped cell-occurring as 

Melhamarcina H, + CO,,acetate, methanol. 

Methanol, methylamines 

MeUmnoheIobium 

Methanol, methylamines 

Methanol, methylamlnes, methyl 

Rods In chains H, + CO,: hypellhermophile. growth at 



J. w J " 
f m ~ o ~ ~ n u ' ~ f l ~ a i t K ~ n a i ~ n n i u u i n n u d ~ r d n m s o u l u r n a ~ ~ ~ ~ ~ ~ a ? ~  kriu .- 4 fm~oulau~.ruunuind~~ryluno=~?unita~~u~~~~iu (ener~y preservation) noqq5um% 

fmrou~au'~:uwndi~nioon~dl~~aa~no~~~i%m~da:niim ~~luraa6no~uun~&mfi~ii~nu 
,A. * J 

~ : i f m r ~ u 2 a ~ u i ~ r i i ? ~ ~ ~ f l u f ~ r o ~ l a u ' ~ ~ ~ i : ~ ~ d 1 ~ ~ i n ~ ~ i % m u  Urrri Cmrnuhunniuuin 

nud~aido:nou~imi9'you 1 o:mou: Methanofuran, Methanopterin, Coenzyme M, 
4. * J J  

Coenzyme F,, u a : f m l o u l n m n ~ u u ~ n ~ n ~ ~ ~ n ~ n ' ~ d ~ ~ ~ ~ i $ m o n ~  Coenzyme F,,, HS- 
J 

HTP (7-mercaptoheptanoyl threonine phosphate) 64~~~14lu[uadn 2.10 

~ ~ U ~ ~ ~ ~ U ~ ? ~ ~ ~ U I ~ I ? $ ~ ~ ) % U ~ ~ ( P ~ J R I ~ C ~ ~ U I ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ U ~ L ~ U ~ U ~ : ~ U ~ ~ ~ U  

laOmtr~u~~rfluK~l%~dnmtou usidofrum, m19ir~uuouonln6u%ududuiq~udn (~e ' )  iiii 

ur5?~rfluK~l%rdnmmu~iduCu Omulunsciino~uiqrudn ~udnq:l%rR'nrntoun'uOdtwou 

naiurflu~a~msrqu (Fe + 2H' + Fez' + H,) ~ i n ~ u u ~ n ~ & a k ~ i 1 n u 4 ~ l ~ a ~ m ~ ~ q u ~ f l u m ' ~  
W I  J luo~anmwu%nnomuu~ 

1) mi~unu~moon~n6gnnt:~ufmu methanofuran Wf~~n'~gn$s?flfilfl~ formyl 

carbon 

2) n j~d~fliingnd4qin methanofuran ldfi tetrahydromethanopterin (MP) whu 

nirgn$'i?flfi methylene carbon um:%9~dolfirflu methyl carbon 

3) njuruRagnd~qin methanopterin \~~fifmrouhu'~o'u 

4) Methyl-coenzyme M gn~~?~dlflu~lnufmu?:~~ methyl reductase F,, 

ua: HS-HTP ri(u94o'o.rhu fmu HS-HTP =i:rfluK~l%rdnrnmu lbiu?imn'ruli~flu 
n i J  irnu, ~rnak~d~no4fmlou~nu'~o"uu~1: HTP (CoM-S-S-HTP) u5mfirunounlhn 

ruii~~iniirnuuA;I~:pn$~~aCm~lafmt~~ulWw5mn'~li~flu COM rra: HS-HTP 



n6hu.l'laMai wz=&iu~16?innis?~9a' methyl-CoM ~~uirnu~na~?u??"I.n"69u 

chemiosmosis 



co, cahm 

L -  - - M F - C - H  Fm)f-hm 

420 rcd 

H2° ' M ~ . : , ~  f I Z T  
Methene carbm ., 2 

. .>. rm 
TMq- c H~ Meth)f cahm 

,----- 
I - +:cm , 

I 
I mHr$- .~ ~ - c H  

3 

Metw reductase; 

F complex 
430 -+ ATP 

~ u ~ u ~ b l h u  HS-HTP 1:??uh CHiS-CoM l?~iih\flu CH, lla: CoM-S-S-HTP $4 

CoM-S-S-HTP ~:pnn?:~uBi?trlau1ai heterodisulfide reductase I~~Tliimrj~ii~~i~m~ndrYu 

\ a f m ? l ~ u ~ a u \  F,, do$ufl'a?d~&~l; CoM-S-S-HTP nalu~flu CoM-SH 118: HS- 

HTP uazriincu\fi~u~ ~u:um~u~r~uiu:um~unitn~uw~~~~u d~~g441ud?~6~:~na4qu1~ 

h u n a h  chemiosmosis d?~n~z~?~n1~?~41~~:~n04~u~~is~#~4!1nu'9:'L~iin1~~? 

~ ~ u ' ~ ~ ~ d ? u ~ ? u ~ ~ n ~ ~ ~ ? ~ n ~ ~ ~ ~ n ? : u ? u n ~ ? # ~ ? u ~ ~ ~ ~ u  ~4u#m4'lu~i 2.12 



CTF 
* 

MF \ 0 Mb' 

El 0 c H ~ -  Ld' o II COA o 11 

.---A-CODH ++&cH,-8-CODH & C H ~ - D + - S C O A ' ~ ~ ~ ~ ,  
? "DH Clyr!dl COB 

CODH 

4 8rJn 2.12 n~iul0jl~u~t:ui1~i"on~~l~r~iino~nt:u~un1til~&~~~n:fiun:nt:~~~n1tm~~u 

wRjwuno~uunihmkqdtnu (Madigan un:aor:, 1997: 755) 

4 ~run~hmh~~rnuq:~H*nqu~u$mn'Ibi~?n methyl tetrahydromethanopterin (CH3- 
Y 

MP) lu3iinitmkqii~wun'uLaulqu.'nii corrinoid r'ih~flu CHjcorrinoid qinu'uiidiunojlu 
A 

rukdalfin'u carbon monoxide dehydrogenase rwolflunitmh~o:~Zmf~~o i4o:%n- 

fnro~:~n~?~rJl~unt:u?unid~~~~nt?:fido~d 

.I 

lu~umourr~nno~ni~mfi~d~nu~inmisll~:n~u~u3m rIIu runiuon rflubiu a i t  

dt:noui~aq:'lH*n~uLun'fl6u corrinoid r d o a h ~  CH3-corrinoid 4 4  corrinoid iiliifntdahq 

L~~U?JUU?U porphyrin-like corrin ~ S ~ A U ~ A ~ B ~ P ) ~ J ~ R ~ ~ U R ~ L ~ ~ U ~ R ~ J ~ ~ ~ ~ ~ ~ U L L U U ' I I O . I ~ ~ ? ~  
" 

d t : f l ~ u ~ ? ~ ~ ~ l . r r d ~  ?wlijuii 12 rfluhu q?n$u CH3-corrinoid q:liinqu~lfimdonYyu 

fn~ouln~r~u~iimrilrr CH,-COM urn: CH~COM q:fuSrAnmtaunaiu~flud~nu &SrAnmtaud 



d ? u n ? z u ? u n 1 t ~ ? r 8 ~ ~ ~ t ? z ~ ~ z ~ u ~ ? n n 1 ? ~ ~ n ~ u r u ~ n ~ ' 1 h q 1 n ~ u n 1 u o n u ~ ~ u  

~r8nwtourdemh~n~houuouonla6 u n z ~ ~ ~ n ~ ~ ~ u u ~ u o n l a f i n e j ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ u l ~ u  

$ l o u l d  carbon monoxide dehydrogenase Ldo1$fih4oz~~n~n~~1u~udoul ~4uan4hld 

$ 2.13 

MP m3-= 
1'- \ 

Utilization of reducing CH3- 'RR 

power to  reduce 

methdnnl t o  methane 

Gener~ti~tion of Methanogenesir 
reducing power b, 
oliddion mn T 

dehydmgcna~e 

-CODH 

m3-fl-CODH Formulation of acey-CoA 

tor tlio~6the:i5 

ATP 

add 2 . 1 3 ? ~ n 1 4 i j ? ~ n i n o ~ n ? ~ ~ ~ ~ n ? ~ ? 8 4 ~ n 9 7 z ~ ~ n r n t ~ u ? ~ n ? ? a 4 ? u ~ d 4 ~ 7 ~ n o 4 ~ ~ n ~ ~  

a h ~ i r n u ~ l $ w n ~ u o a  (Madigan unrnruz. 1997: 756) 



q:r~ulWi~uun~iwah~ii~nu~14m~0d~:nmu~u5~ &~io~l4njuru5nh~rR'nrnomu 

q?n'lafmrrqu~6ow~mij~nu ~~~i'lun?riii~ij~afrn?~quuun~iwq:iil sodium pump LLnULno 

a i i l . r m ? ~ u ~ m n d ~ ~ ~ o . ) n ? ~ u ~ $ u ~ u ~ m ~ ~ ~ ~ ~ u u ? : u ~ ~ ~ ~ ~ a 6 l u u ~ u 0 ~  ~ . I ' S : ~ ~ I ~ ~ L ~ ~ A ? ~ . I P ~ - N  

i l n d u  r l u n ~ t r d d u u ~ n 6 ~ ~ ~ u ~ 1 ~ ~ ~ n d ~ ~ ~ 1 " 4 m m n d u r ~ u ~ ~ l u ~ n 6 ~ ' ~ ~ ~ u ~ ~ ~ ~  ~qa6q: 

l # w 6 ~ j , , ~ u i ~ i i u ~ ~ ~ : w 6 n 6 u ' 1 $ ; ~ ' i m d ~ ~ ~ ~ o m n ~ ~ m ~ u ~ o ~ n j u ~ u ~ ~ ~ ~ a : ~ ' i m n ~ ? a $ ~ ~ ~ ~ n u  
d J  J  uanqlnu sodium pump ujmu?$m4finltrdw CH3-tetrahydrornethanopterin r lu  CH,- 

J  
CoM ua:nl? carboxylation PQJ rnethanofuran (MF) nm~uun~iWah~ij~nunl~afm~~~u 

uun4itumP;1~ijmuq1n~:3~m~1a1u1~0ri~~:3~[~~1ldlflunt:~~~n1til~fi~~mt~z~W 

lmumt~ Id~ulunt:u~unita~~u~(~~~iu uun4iwaP;1~S~nuinm:3rwmq:ns:djua:3mmlfiii 

n&a,u8~~ulmun~t~h~rfluo:33alm~o 44q:ldvi7d2jiikr7n'~ carbon monoxide 
J  

dehydrogenase do unzrniuu1bi?unisd~nju~u5~~~no:3~~1mlfi~u~~ubu' corrinoid Lna 
" 3 aka CH,-corrinoid q7nuirmmuurQ4 n ~ u w 5 n ~ n d ~ d ~ l ~ n ' y  tetrahydromethanopterin un: 

J J  d~doldlfi~ulm~mulau'~~udnnmmu~~~nmak~ CH,CoM d CH,CoM q:fuirarR'nmwu~~~i 

~~nn~t rddu~~1hm~~m~~n1a6~ i lun~ f~~~1mmmn1am~o1~~ou~au '  CO dehydrogenase 

w ' t w f i ~ r i ~ m ~ i ? u ~ i l ~ i i ~ n u ~ n : n ~ ~ o u ~ m o ~ n ~ a ~  ~+uamalupA 2.1 4 

f o  
I l  

CH3-8"s-COA - 
4 0 

I! 
CH,-8-CODH 

0 
I1 
X1- CODH 1 CH3-mJ 

CdM 

4 CH,-Z<@ +Irn C H ~  ATP 

Mdhanogeneslr 

J  gdn 2.14 ; l ~ n 1 ~ ~ ~ ~ ~ ~ a ~ ~ n ~ : u ? ~ n 1 ~ ? f i ~ ~ n t 1 : ~ ~ ~ ~ : n 0 : u ~ u n 1 ~ a ~ ~ u n 6 ~ ~ 1 ~ ~ o ~ u ~ n ~ i w  

mtl4ijlnuiu%no:~iw1~ (Madigan et al.. 1997: 756) 



nitafiq ATP ~ : r i i m ~ u l u ~ ~ m a u n i r ~ d ~ u u  CH,COM ~~uirnu~.r~~u~urnou~msi~u 

6~una'ln chemiosmosis r ~ u r ~ u ~ ~ u d r ~ m ~ u u u n t i ~ ~ ~ i ~ i ~ n u i ~ ~ ~ ~ ~ m t ~ q u ~ u  

~is'yeulnoonla6 

d ? ~ q n r u q i j d ~ ~ u i : 6 u d a n i ? ~ ~ ~ ~ ~ ' i ~ ~ m n o ~ ~ ~ n t i h ~ u n t : ~ 3 ~ n i t ~ ~ o ~ n ~ r ~ u i o ~  

2 494 l o  

- d9-4 20 - 45 OC h n i l  UiI~%fl (mesophilic) 

- d9.r 45 - 80 OC h n i ?  lwar%%n (thermophilic) 

- 2  Y miudn'iuh doqNulJulwunu o ' P 1 n n i t ~ ~ m d ~ i i ~ i ~ ~ i i ~ ~ : n i w i 1 ~ i ~ ~ o ~ ~ 0 ~ \ a ~  
-.I ' Y nicrluraa&:r%#u ~mtini~rq3~c'iulrnfiriu#u udq~uqun~i3unrr0ir~uB~~'iuniidra~d 

ii~iu\Bi Id? iu  nrmij?n%n ua:d?udrzneuao~~aa6uaiud?~q:pn~ini~q~~ai~n~u 

FiuaniwIBi nitrdu~aa~Qnruqij~rdun~tr~3cyr'iufmua:nitn'i~iuno~raaa~~~uii~ 
4 4  " 

qruuqijuuq uroqruuqiig~niiCu n i ~ i i ~ i u u a : n i t ~ ~ ' r r y ~ ' i u O m ~ : a m ~ ~ ~ i l ~ ~ ~ G ~ u i ~ t ~ m ~  

u i n  6~u~m~1uuedd  2.15 

q ; ~ ~ ~ d a ~ a ~ ~ ~ ~ u ~ t ~ ~ ~ 3 ~ r ' i u I ~ l ~ ~ d ~ ~ w ' ~ a n d ~ ~ ~ d ~  ~ i iw ' raa~rn iu i to r~3~  

~3~Irn\~i'ld~mfiq:odlua~~~ . u ~ u m ~ d ? u ~ u ~ u ' n i r i i ~ ~ ~ a d ~ ~ u 1 : ~ u a ~ ~ ~ d 3 ~ ~ ~ o a  5 - 10 
d 4 rwt iz rnn iwu?m&oud?u~~~ 'L~ut tua i ' iu 'n~~~oao~~~d 5 - 10 q~untuwrq'r~r'iuOmIb; 

dflraadinii 5 isunii acidophiles rdu tiua:rrunti&ui~aijm d?uw?ndis'rryr'i~lm\6d 

%all 10 - 11 & n i l  alkaliphiles 



30 

Enzymat~c reac!rons occumng 

Enzymasc reactrons occumng at a! maxrmal possrble rate 

increasrngly reprd rates 

Growth 

rate 

Minimum 
Maximum 

Temperature 

Membrane gellrng; transpolt processes so Prote~n denaturation; collapse of the 

slow that growth cannot occur cytoplasmrc membrane; themal h/sis 

-A- A -  a n. wnae.rq~uqunudo6m.nn~t~~7~~~~kae~~~nA~n:~nnmmau~~~a~~ut :&ulu~n~n 

Temperature (IC) 

a. ~ ? ~ u ~ u ~ u s i : u i i . r q [ ~ u ~ ~ R d e o ' m t ~ n ~ t ~ q ' r ~ ~ ~ ~ l m a ~ . r ~ ~ n ~ h n ~ u d ~ ~  7 di7uunm7u 
-I gcuuqJ u ~ : ~ o ~ u ~ ~ ~ L u ~ ~ ~ R ~ ~ ~ ~ ~ Q ~ ~ ? L ~ ~ Q L ~ U ~ ~  

2.15 ~ 8 8 ~ ~ ~ ~ ~ ~ ~ d ~ d e 6 ~ 1 ? 7 n 7 ~ ~ q 3 ~ ~ ' i ~ ~ ~ 1 ~ a a ~ ( ~ a d i ~ a n  u8:RNr 1997: 163) 



4) aiqaiui? (nutrient) 



iinr8nr~ud~udt:n~ui~n'ryne.1b~ou'lau' F,, d~rfluud~luI~reu'lau'di~'ry 

dsuunfliwmohqGmu &'~~uri I~lreu'lau' F,,, F,, un: 2-rnercaptoethane sulfonic acid 

I m u d n Z u ~ i ~ n r f i n r f l w ~ ~ ~ d ~ m e ~ l ~  yeast extract ua:lurn~eudu 1 viqlfluunfliwfthq 

drnu'~bi?uiinriiafmur~j'lbi~~lq od~~'ltiTm~uiin~fino~~mun'Y~n'ld~un~mnu8nZbi~du~u~ 

ti'uu8nruR'n 7 ~ ~ 1 ~ U ' n ~ 1 ~ i ~ r f l ~ ~ e ~ ~ Z u i i n ~ ? n u ' ~ ~ l u n t ~ i i d ' l ~ d ~ ~ d i i n ~ 8 a ' ~ . ~ 4 u ~ w e  

unu~nno~ i l~ Idm~dGd~o:uu~~en3~~uG~~&u~n~~:~3~~1~  4nIdidunri~ 

deuunfli4urh~drnurdmqinr1u~tomnw8nrvR'n iinr8aua:Iau:vw'ndi~~fludi~ 1 uen 

~ ~ n d i l n ' l d ~ u ~ ~ ~ a ~ a I m t ~ ~ u ~ n ~ d m ' d t : 6 ~ n ~ 1 u ~ 4 u 4 ~ ~ ~ n 1  loo - 150 un./a. rfluftade 

uunfliwrh~drnu ( i u h  w'ru~ar?n$2536) rrdecii~Itn'8 ~nZd~u~uirur4u~~A'nu'eun' 

rflua~tdi~rfluun:n~mIri~bid~v~~unfliwa~i~d~nu d~7rntq:firna~'lleauunfliwahq 

u'rnudtqn~iqwuilnZAm'~qii~ 2.6 rdefr3u6noq:1urinuflq?quupI luawdfnrau'lau' 2- 

rnercaptoethane sulfonic acid i!dn'Idm'r~u~ 4 ~dok3uinia0~dw~k~r1pI 6~~uiln'ldm' 2.6 

r d o ~ i ~ u m ~ & o ~ r ~ u d ~ u d t : n ~ ~ d d ~ ~ ' ~ n o ~ u ~ n ~ ~  n ~ i u & e ~ n i t d a ~ r J ~ a ~ . ~ u u n f l ~ a h ~  

d~wue~qudtrdSj'uuadlud?~ 1 - 25 un./n. d.rflrriruil~'ldflu:?duunfliwir?1dlfl8;4:~n 

r i i uum~nu4r~aua :n~~u6uw~ i~~una~~n"~n ImImt~~u~n Id~uuotu~n~nn i i~~~ne~o j  

dantd 



~o~uu~n~u~~riudoi~rflu%wdouun~iwlBi lhud IarAuu3oou, IdummrIuu 
Y .I aeau, rwniirIuuZoeu um:~ar~uu~seu ~osurudiufiiiin?iu~~u~um~~~uu~:~:~ilu 

dszIunGdouuntiiw udfi~n~iu~4u4u~~riiuldn"~:i.6u~ilu%~douun4& ~mu~oeuu?ndir 

~ ~ ~ n u I ~ ~ ~ z i i n ~ ~ u r f l u % ~ ~ n n i ~ ~ ~ ~ u d i i ~ ~ ~ a u I ~ ~  ~~%win~eeuno~uuniirIuuuaz 
' I  J u A ~ r ~ u u ~ u i n n i i ~ a ~ ~ ~ u ~ a z ~ d ~ ~ m ~ ~ ~ u i i ~  lo r v i i  ~ ~ ~ u ~ w Q ~ ~ Q Q u u ~ ~ ~ ~ L ~ ~ ~ u u ~ ~  

? i r a u ~ g ~ h  r~dn?iui~u~uno.r?i~o~u?ndii1d~~mniw'u~~ni?~3m~~muu'~~riluduriu~u 

iir'nmiu N n~iur4u4urYi~lrn i i ~ u ~ i u ~ i ~ ~ ~ i u ~ 4 u 4 ~ a ~ ~ I a ~ ~ ~ u d i i l d ~ Z m n i w ' ~ ~ ~ n i ~  
5 d ,  ~~mii~vlud 50 L ~ Q % u ~ ~ L ~ ~ u ~ I u ? u ~ I ~  ~ ~ u A ' ~ ~ ? ~ ~ L ~ ~ ~ u ~ u ~ ~ u L u ~ ~ u u ~ A ~ Q ~ ? : u ~ ~ ~  6 

- 40 n.18. (de Baere ua:AN:, 1984; Kugelmann ua: McCarty, 1964; Lettinga ua: 

Vinken, 1984; van den Berg uaznor:, 1976 &l.rfi.rlu ~isser, 1994) 



NH,' f) NH, + H' 



Sludge type pH T (OC) HzS TS(mS/I) Ref. 

Suspended 6.5-7.4 30 100 - 1 

7.7-7.9 125 - 1 

6.3-6.4 55 18 33 2 

7.1-7.2 21 78 2 

7.9-8.0 24 400 2 

Granular 6.4-6.6 30 246 357 3 

7.0-7.2 252 810 3 

7.8-8.0 50 84 1 3 

6.3-6.4 55 54 81 2 

7.1-7.2 75 338 2 

7.9-8.0 24 450 2 
- - 

1. Oleskieaicz un:nU:, 1989; 2. Visser un:nnr:, 1993e; Koster Unmor:, 1986 

oon3rqu - r ~ u f i w u i ~ u i n u u ' ~ : i i ~ ~ ~ ~ ~ ~ u ~ ~ ~ n r i o u  rnoi:q:viilfi 

l~u'las F,, dehydrogenase dissociation 



mitrAiui4aiim rdu 2-bromoethanesulfonic acid (BES; BrCH,CH,SO,) %m 
4 

a~~.rnitvii.riuao~uunihmh~iirnu r u o . r q i n ~ e j n ~ c u : ~ u G ~ ~ & i u n ' ~ ~ ~ ~ ~ ~ ~ ~ u ' ~ ~ ,  nit 
Jd " 

w?n chlorinated methanes D ~ I ~ F ~ ~ ~ ~ ? ~ O ~ ~ U ' ~ ~ A ~ ~ U ~ U L ~ ~ ? : R ~ Q ' L ~ ~ ,  ~I~~uwuu:?:u~I~ 

ai0irou~:woumoq6~dliiu6~ aciiqo:rn38u u?oro~8u. corrinoid antagonists urn: 

monensin riluh 

~qiiaimumiuaiimluao~uai~~~ 1 ~ 1 r j i i q : r i l u ~ a ~ u ~  aiuiiu t i  U A : L ~ A ~ ~ C D O J  

~ ~ n l d s ~ i ~ l o m u m i u a i i m ~ i u i t n l i l ~ m ~ d m ~ r l ~ ~ ~ i ~ % m ~ d ~ ~ 1 ~ ~ n i t a 4 i ~ ~ a m 6  ud~?iu 
d  d  dr 

" 
aiui~nlunitl4~m~dm~fl~6~~S~inm~~4in'mo~rrdlu~runnr~utm~4%nrdmrviiCu uunQ 

isu!2~~~mrdwriluuunir?;uWl4~on3~~uaiim~maim (Desulfovibrio rieu4i~q:nudo 

mon3r~uum:u~~ir?;u~2~4~m~dmui~d~~miuitn~2?~u~m~m~rluuo~h~ii~~bia?~) <mod 

lunpjune~uun~ha~mr~lummltnmd ~ i f ~ i / ~ ~ m : ~ ~ ? [ ~ ~ ~ 3 u l m l m u ~ h h ~ e j ~ ~ i ~ ~ i n  

d~~cl ini~r~ir~unioriQu~m1~mi~un% S ~ ~ U N : L ~ U O D J U U ~ ~ ? ~ ~ ~ ~ ~ O  m~iumiuitnlu 
d d  4- nit~2~d~m~dmwvi~l~i~mrdmrdduuldo~lu~na~~m~ddi r~o~qinuunnr~rn~4~mrdwq: 

lil~mrdmr~u6~i?ou~dnwtou6~qm~iulunitoon3lm~alm~r~ulurmqm~~~mi~dt:nou 

SunXumiuaiin ~un?riidmit1~rinmmu~o~afmt~~uh~m~mu~o:3rww iumou~qnii?d 

~ m ~ i l ~ ~ u ~ ~ ~ ~ m ~ i c l n o ~ n ? : ~ ? ~ n i t c i o ~ a n i ~ ~ ~ u 1 d l 4 ~ o n 3 ~ ~ u ~ d ~ ~ ~ ~ ? n ~ ~ ~ u : ~ ~ l o ~ n i t a h ~  
" 

itnumiudn3 a jC~ lun~:u~~n i~ i r im~ i~~uuuu l~on3r~u~ i i~m~dm~~~n~:wuuunih  

~8?~~mrd:~~lo~~un'uu~nihm~i~n?mum:~~nihnJi7~ii~num~~mu~ 

d d  4- lunit~~~~npjuno~uunn~wtm~4~m~dmocii~n~i 1 :UPliu~~iumi~itnlun~~au 
d C A  mmiunirSunw~woni~~it~i/wua:r~?[~~r~~k niuitnurj.reonlbirflu 2 npju AQ 

I) u~n~h!8~4~~rdmaiimciouamiumi~un'w"1hlimu~td (Incompletely 
d  "I Oxidizing Sulfate Reducing Bacteria; I-SRB) ~munit~unwnruij~~innisciau 

aniuii'io o:3rmm 



2) rrun~~u~' l?~~~~dmaiimuouma7um7~un~~Biou74au~?d (Completely 

Oxidizing Sulfate Reducing Bacteria; C-SRB) 

m7r74d 2.5 ~~o~74l)~iiw7n7niouaA7ufl7~un%no4 I-SRB ua: C-SRB (Widdel, 1988) 

r&~q~nuun$&n~jrr I-SRB l 6 a z ~ ~ r n m r f l u u 3 m M ~ ~ n n ~ 4 t i o u ~ ~ ~ u ~ ~ ~ u n ~  

~ n a z l u ' m ~ u ~ t o i r ~ o ~ ~ m m ~ ~ f l ~ d q : r f l u m ~ m ~ ~ ~ t d ~ o r j ~ ~ ~ ~ ~ ) r : ~ ~ ~ ~ ~ ~ ~ u ? ~ m ~ ~  i i f l7r~q 
J .I J ruo~u7q7n I-SRB a~mnahnrnu~$o.rnirn~r<mn~?~o~1a~u~.ra~mdii~nu~n~ion~niou 

b. o:armmIiulo.r od7~l??im7u I-SRB ~ ~ ~ I # ~ ~ ~ L ~ ~ ~ ~ L ~ ~ U U U ~ ~ P ~ ~ ~ ~ ~ U I B ; L ~ ~ ~ ~ ? I U D L R ~ R M U ~ ~ )  

4 4  4- IaImrr~uu~odofwm $ o u m n d ~ . r ~ n r ~ s : n ~ t ~ ~ ~ n ~ ~ u u n n ~ w r ~ ~ d i i ~ ~ d m ~ ~ m a ~ n ~ ~ d ; l ~  
J uunfliwnju I-SRB i io i~t~n~trq 's~r~ufrnd~j~?ni~nju C-SRB rdoorjIun~~:nrurr~:rnuia 

4.1 n7?rq'sryrWukao~uunnrwvl'~rno~nju 

- 
d7,'ud 

1 

2 

3 

4 

5 

6 

uunflh 

I-SRB UR: 

C-SRB 

C-SRB 

C-SRB 

I-SRB 

C-SRB 

I-SRB 

C-SRB 

I-SRB 

C-SRB 

I-SRB 

~1tlSiar3npltau 

b h t i 9 ~ ~ ' r o  

doft~pl 
oc%nlil 

TWYFIIPLUR 

O?Tirm 

u~~nrmrn 

LUU~LPR 

daiifu~ 

4H2 + SO," + H' + 4H20 + HS 

CH,COO. + SO," + 2HCO; + HS' 

4CHlCH2COO' + 7~0," + 12HCO; + 7HS + H' 

4CH3CH2COO' + 3~0," + 4CH,COO' + 4HCO; + 3HS' + H' 

2CH,(CH2)COO' + 5~0:' + 8HCO; + 5HS' + H' 

2CHl(CH2)COO' + SO," + 4CHlCOO' + HS' + H' 

~CH~CHOHCOO' +  SO," + ~HCO; + 3 ~ s '  + H' 

2CH3CHOHCOO' + SO," + 2CHlCOO' + 2HC0,' + HS' + H* 

4C,H5COO' + 15~0: + 16H20 --+ 28HCO; + 15HS' + 9 ~ '  

4C,H,COO' + 350," + 16H20 + 12CYCOO' + 4HCO; + 

3HS' + 9 ~ '  



4 4  4- ~ I L T I U ~ ~ U ~ ~ ~ L ~ U T P ~ ? ~ ~ ~ L ~ ~ D I I U ~ ~ ~ ~ N ~ I . I ~ I U ~ I W U ~ : ~ U ~ ~ ~ U O : ~ U C U L R ~ A  
- 4  d m  

(physiology and molecular properties) '9:uUnuunnrt~?P1?~a'a~d~~~n~~Lflu 2 nf$Jll4d 1 
-I 6~u~rnlumiti~n 2.6 

- 4  4- 
Dll014d 2.6 l j n ~ ~ : m u u ~ n ~ . r u u n n ~ ~ ~ ~ ~ ~ ~ ~ a ~ ~ m  (Madigan UKAN:; 1997: 672) 

Genus 

Gmup I : Nonacetate oxidizers 

Desulfovibrio 

Desulfomicrobium 

Desulfobotulus 

Desulfotomaculum 

Desulfomonile 

Desulfobacula 

Anheeoglobus 

Desulfobulbus 

Thermodusulfobaclerium 

Characteristics 

Polady flagellated, curved mds, no spores; gram-negative; contain 

desulfoviridin; tweive species, one thermoph/lic 

Motile mds, no spores: gram-negative: desulfwiridin absent; two 

species 

Vibrios; gram-negative; motile; deslufwiridln absent; one species 

Straight or curved rods; motile by peritrichous or polar flagellation: 

gram-negative; desulfwiridin absent; produce endospores; four 

species, one thermophilic; one species capable of utilizing acetate 

as energy source 

Rod; capable of reductive dechlorination of 3-chlorobenzoate to 

benzoate 

Oval to coccoid cells, marine; can oxidize various aromatic 

compounds including the aromatic hydrocarbon toluene, to CO,; 

one species 

Archaean; hyhyperthermophile, temperature optimum, 83'~; 

contains some unique coenzymes of methanogenic bacteria, 

makessmall amount of methane during growth; H,, formate, 

glucose, lactate, and pyruvate are electron donors, SO,". S,O;-, or 

SO:, electmn acceptors: two species 

h i d  or lemon-shaped cells: no spores; gram-negative; 

desulfoviridin absent: if motile, by single polar flagellum; utilizes 

pmpionate as electron donor with acetate + CO, as products; three 

species 

Small, gram-negative rods: desulfwiridin present; thenophilic. 

optimum growth at 7 0 ' ~  



- 4  4- 
witiqn 2.6 (Pin) A'n~clr:muu3no.1u~ny1uuornad<a~dw 

Genus 

Group !I: Acetate oxidizers 

Desulfobacter 

Desulfobacterium 

Desulfococcus 

Desulfonerna 

Desulfosercha 

Desulfoarculus 

Desulfaclnurn 

Desulforhebdus 

Thennodesulfo~abdus 

Characteristics 

Rods: no spores, gram-negative; desulfoviridin absent; if motile, by 

single polar flagellum: utilizes only acetate as electron donor and 

oxidizes it to CO, via the citric acid cycle; four species 

Rods, some with gasvesicles, marine; capable of autotrhphic 

growth via the acety-CoA pathway; three species 

Spherical cells; nonmotile: gram-negative; desulfwiridin present, 

no spores; utilizes C, to C,, fatty acid as electron donor with 

complete oxidation to CO,: capable of autotrophic growth via the 

acelyl-CoA pathway; two species 

Large, filamentous gliding bacteria: gram-positive, no spores; 

desulfoviridin present or absent; utilizes C, to C,, fatty acids as 

electron donor with complete oxidation to CO,: capable of 

autotrophic growth via the aceiyi-CoA pathway (ti, as electron 

donor); two species 

Cells in packets (sarcina arrangement); gram-negative; no spores: 

desulfwiridin absent: utilizes C, to C,, fatty acids as electron donor 

with complete oxidation to C02: capable of autotrophic growth via 

the acetyl-CoA pathway (H, as electron donor): one species 

Vibrios; gram-negative: motile: desulfoviridin absent: utilizes only C, 

to C,, fatty acids as electron donor 

Coccl to wal-shaped cells: gram-negative: utilizes C, to C,, fatty 

acids, very nutritionally diverse, capable of autotrophic growth; 

tharmophile 

Rods; no spores; gram-negative: nonmotile: utilizes fatty acids with 

complete oxidation to CO, 

Gram-negative motile rods; thenophilic; uses fatty acids up to C,, 



mn& 2.7 ~ n l i ~ : r u i ~ n a o ~ u ~ n ~ ~ w i ~ ~ ~ i ~ ~ ~ ~ i ' ~ ~ ~ n ~ ~ u u n ~ ~ : ~ n n u ~ ~  (Widdel, 1988) 

tl6ctrmdorrvr 

- N N N  - -FIIE%~I~ Unkmwn 

- n N n  - - -Methanol Unltncwn 
- N N n - - - A I &  p4 bi 
- N N n M R n G I m  Unkmwn 

& + - - - -  - Buwol ti 
N N -  - - - N -  Unlmmn 

4-18 + - + (+I (+I + Ra+tats. Unlmann 

phsryIwp'~te 

- N N N + + -Cholim Nons 
- n N N + + - 1 n r b s p . m m n a t e N ~  
- N N N  - - - N  hi (sl 

- N N N -  + - N  Nons 
- n N N -  + - N  None 
N N n n r -  + N N  Unlvvm 
- N N n -  - - n I  bipt 
- N n N n r - N n  Unkmwn 

+ 4 8 - + - - -  - nr None 

t3ttE + I+) + - - - n Nons 



pg,ioniulr 
abmnlur 

Derulkbacla 
porptei 
hydcgewhilur 
blur 
WW&S 

Dsrulbmrrur 
multirorrnr 

Nom IMP) 

Nom Wl 
Nom 20(pl 



nr, not reported or not determined. 

Symbols: +, utilized; +*, autotrophic growth; 0, poorly utilized: -, not utilized. 

i, incomplete oxidation to acetate as an end product; c, complete oxidation to carbon 

dioxide. 

Pa, para-a, inobenzoate; bi, biotin; pt, pantothenate; th, thiamine; ni, nicotinate. 
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u u n $ i 4 ~ * s 2 ~ d 4 n ~ d m u ~ i ~ n i i m m i u i t n ~ ~ 3 ~ ~ ~ ~ l m l i i ~ ~ n i t ~ 2 ~ $ L ~ ~ m t m l ~ ~ f l u  
11411 uoufuriiu1d2untnmulu~mtm u~omiuitnl~nlo$n~dm (~~052') uazQard~0c (so)l&b;~u uon 

sulfurylase ~flu(ii?~hdj??ui riimlflu adenosine phosphosulfate (APS) L a  PP 

(pyrophosphate) ~ ~ r ~ u ~ u u o n n o ~ n ~ z ~ ~ u n ~ i o ~ ~ ~ ~ ~ ~ ~ m  5qumma1uql~d 2.17 

OH OH OH 
I 1 I 

~~-o-:-o-;-o-:-OH /I II I1 

W ATP ~ullhvlase APS kinass 

OH OH 

ATP 

OH 0 AMP P 
I II 

Adeo -0 -P-0 -S-OH /I II SO;' SO,' 

H 
0 0 

Used in dissrm~lative metabolism 

OH 9 H  

APS (Adenosne 5. pto!.phosu:aie) 

Excret80n Organic sulfur compounds 
(cysleine, methionlne. 
and so on) 

11 11 11- 2dd 2.17 i i i n i ~ ~ ~ ~ ~ d n o ~ u u n n ~ o u t ~ ~ ~ ~ a ~ d m  (Madigan, 1997: 506) 



Y,  4 4 
d~Rrnqnqtmii74 APS ~ n u ~ n 6 u ~ u ~ n m a u r m u  1 Bi?uniwi~4iuao~~ou~au'  

pyrophosphatase ~ 4 r i 7 ~ 6 ~ i n t z ~ u d ~ ~ o u ~ b ~ m t 1 m ~ ~ n o 4  PP rflu 2Pi o"-~~ltAmqu n79 
J r - 3- 

~~41uao4rau'lau'~~ro~hosphatase fibrflunuri%? L W ~ ~ ~ L ~ U ~ ~ U ~ U ~ U U  activity A'l (weak 

activity) ~4~iim%o16iutjii.rnm1ni'~%w~;npiu1$;~'im APS ud~n?s'uiiujr~odiudqzd activity A7 

u~~roula~~ai imdi i~~m~u~tonoz~u~$;r i imd~~rn~l~  

~qu~un7~~?dgnrr~wriomi:q~ ATP mq5urnoflGun APS ~n'o'ivGimrqu AMP 

u~zdm~d68?un~tntzsjua~~r~u\9u'~~s ruductase bud FAD r%7u?du?%~4 &+~~Iu;u 

urn FAD ~~rAnwrauri imri)u FADH, q q n h  FADH, i id~iZm~6u APS riiI$u~lanldflu 

APS d~ci~uuqG4 FADH, ~meIsz'imo$ilJ N 1ui7uuri4i 5 ao4?4uU?u isoalloxazine q7nI?u 

G~umnoi?Iddmld6um~lX FAD n&uiuui ~~u~rn~Iumunit . 

E-FAD + electron carrier(red) f) E-FADH, + electron carrier(ox) 

E-FADH, + APS f) E-FADH,(SO,) + AMP 

E-FADH,(SO,) f) E-FAD + SO: 

d?un7~'i~i~g~rdnrdodh~ramd APS ~zt?un~~dorrdm~~~mq~nn~tunnw'u~:w~'~ 

41uq4'lu ATP riimrflu phosphoadenosine phosphosulfate (PAPS) 63udm4tuid 2.1 7 b uar? 

PAPS ~.r~n$hdder i imrf lu PAP umz4mld6dold q:r~u28;?'7~4mo4ntdi0~4n7rm~74 ATP 

unznqtmh.rramd lukuutnaa.rn~t'rE~d~~~dm~zl~ilmld6~~uw~mn'~n' dariimgm\d64uii 

qzriimda~u'ou78u 1 dordww~unitu? qund~rzlb;Qmldbirfluw~mn'rufiqm~iu udkumouae4 
A J  d~E~~r~d~du'~n~r f luroo~nbio~8nw~~u~un'udn~~n rou~aw~l3uda?m7iifi~~fiud 

n?7YLLri%%d~n'!J r o u ~ l i & ? z 4 ~ d r ~ u 4  sulfite reductase ~4 i iu jbn t lud l~ i~mu 
1 d rl~Eu~nitrrlduu~nlrl~rflu~mldflu~n 1 ~ u w o u u ~ u n 6 ~ u r ~ u ~ u ~ ~ ~ u w o u  rduGu?n'u 

Y 

n ? z ~ ? u n i m ~ ? u w & ~ ~ u ~ u ' ~ n ~ n ~ u ~ o ~ u & ~ a ~ ~ n u n z ~ d u m $ n u ~ n  wdrmwqza'urnauao4 

n ~ t d d u u ~ m l d b i ~ i l u ~ m l d ~ ~ u ~ ~ ~ ~ ~ u ~ ~ l ~ ~ f l u  2 muui?jqu Pmuruui?j~uurn gmId6pn 

~ ~ ? ~ & ? u ~ r ~ n w r a u  6 ~ ? k i i m r ~ u l a h s ~ d ~ u ~ ~ ~ o u ~ ~ ~ ?  d?u$nbuui?j?uUd4 n?r'rE?dgmld6 
u - ri)u~m~dk~dmito'urnotu~mun 2 firiim3u l6ud br lnhrum umzlnCo~m~dm ilfiRouqi;?d .-- 4 hIo~rnrdmrfluilmldrn~nm~ur~ukuqmn'~u 64udm.rlumunit umztild 2.18 



2e' 2e' 2e' 

3~0:  f) S30,2' f) S,0,2' + SO3 =' f) s2' + so: 
(sulfite) (trithionate) (thiosulfate) 

2.18 a u u ~ i u n i ~ ~ 3 Q n ~ d m ~ Z I ~ ~ m l d ~ w i ~ n i ~ u ~ n ~ ~ ~ u n d 1 ~  7 
fmuuun4hi'l?Qqnrdm (Barton, 1995: 176) 

nitauddr~"nmmuluuun4hi3~~~n~dm~'nm~ucj1~1afm~ntu, ferredoxin UR: 

flavodqxin \ a f m f n t u l u u ~ n ~ h ~ A ? ~ ~ n ~ d m ~ ~  \akk?d dilau~Lflununi41dfl1uin 

(very electronegative) Gunii latmfntu c, lafmfntudrflulafmtntuLowi: '&iwulu~~ii%m 

d~il~~~u~rtjnmrnuaiimiu ~ i v r r ' i d a u d ~ 3 r ~ n m ~ u ~ 1 n G ? 1 ~ ~ ~ n m m u ~ ~ ~ ~ u ~ ~ ~ ~ ~ d m l u  

APS un:i/mldfi uduanqin~afmfnou, ferredoxin un: flavodoxin ud/? uun%%~%-~.d~m~dm 

ui~a i imu'J~~afmktua i im~0~lu~nfd~ud~3~Bnm~~~Bi~u uun~hihd~nrdmui~aiirn~~ 



-r ~do3~i~nri~inmi~iuitpo~uunn~mtm~~a'~~dm rdu defrum, duiiom, f~o%lo- 
r rrlr J rum, Oq?irsm ua::ntmSunmnuni5~ouo::mouuin'i~ 18 Kq 6~uam~Iumit i~n 2.5 ua:: 2.6 

uimiuitouri.ruunn'~?~~~~a~~m0on'1X~ilu 2 ndu Muri n jud~~a~mt i~uu~ouan~mm {u 
-1 11- 

n judl3o::3rwm ~~nituri~n~ulu6naor~&rijuunn~susm~d4a~d~ui~K~do~~3~itori~b; 
rr II iiad'lbihmo.rnduiio uunnrwnu~~~~fmtr~udl4o::3wmiiluuud~ni5uou 

~ ~ o ~ ~ i n n i t a i m n ~ i u ~ n ~ i u r 4 i I ~ l u ~ ~ a o ~ ~ u m o u d i ~  1 ae~nt::u~unitmqquwAA 

~ iu fnuuun~~l 'm~4i ia rdm v i i ~ ~ o i ~ ~ m m ~ t i u a : : ~ d u m a o ~ n t : : ~ ~ ~ n i t m ~ ~ u ~ 6 . 1 ~ i ~ d ~ i i m  

~ u ~ u u u n n ' ~ u ? ~ ~ ~ i i a ~ ~ u ~  ~ u e i n a ~ : : d ~ i l u u t w ~ m ~ i ~ ~ i u ~ ~ ~ u n ~ & ~ ~ ~ d i i n i ~ m ~ u n ~ u ~ ~ ~  
4 -  Z n'urbi uPimiuitno~uiu~bi~uniwn~~~di~n~::u~uni~1~nmnu~u~uni&?'i~dQ~i4m 

Desulfovibrio ~. ron i lnwua: :a iu i tor~ i~~nun~rdumd~i im~u~~r iou~ i~~~uo~~&~ Iu 
t 4.. 

Desulfovibrio I a ~ m t i ~ u d Q n ~ ~ ~ ~ i ~ ~ u i ~ ~ n ~ n i ~ ~ ~ m ~ o u ~ u a o r : : ~ ~ n ~ ~ a ~ m t ~ ~ ~ o r j ~ ~ ~ u ' i . o  
J u ~ m 4 u ~ i n n ~ t u ~ o ~ m ~ s ? j u n ~ i i w i ~  q::\i&u~+umms~u~ 2.39 

1) rou~Pu~af~trq~rue4 (hydrogenasel d.redIu periplasm 'In6n'ubafo)fntu c, 9:: 

ssn3~m16lafmtrquun::vi1~~1d~ilurii~~ud~S~~nmmu lnfmtrqudQnoon3b~riim 

rflulafmtr~u3eouo~u~ni~add~~~innit~m~~ao~t::uu~ud~3i~nmtoulu 

r~a6ruuiu~u Zr~nmwu~inrou'lau"1afmti~~~um~::~nd~dol~~fmfntu c, ua:: 

auel~r%i~nw'Iu~qad ~~nimud.r'jdn~toucjiu~~~dwuiu~~ua::ni~i;i~ 

IafmorquZaoumu 1 ranEjsdiIH'r~admiui~nK~~ns?::~ ATP Ibibiqunnln 

chemiosmosis 



Lactote 

b'wate Acetate 

2.19 n ~ t l ~ ~ l n ~ m t ~ q u ~ ~ u m ~ ~ ~ ~ ~ t ~ m ~ u u n i i w i ~ ~ i ~ n ~ ~ m  

(Madigan umznnrz, 1997: 51 5) 

~ ~ u n ~ t ~ ~ n i ~ u o u ~ m o o n ~ a ~ ~ ~ u ~ ~ ~ . ~ ~ ~ ~ o u ~ z ~ ~ m ~ ~ c j u  acetyl-COA pathway ~4 

qznd-t?ii~luG~4odold 

9qndneiq?u+w+iu ~ d t m o u d O n ~ f l f f l u n i r ~ u d ~ ~ n ~ d m ~ ~ ~ ~ ~ a n 6 ~ ~  ATP dpn'lau 

n?sntz~u~nrdm~flu APS unzQnldh qzdqlfi ATP eln' i~ ' l~ih~ounq d l  growth yield 4.r 

~? t9z$ f i? i l  udq~nqiumq Widdel Un: Hansen (1992) unz Nethe-Jaenchen un: Thauer 

(1984) (biqiiqlu Fenchel ua:: Finlay, 1995) ~ ~ 4 7 1 4 7  growth yield dwuq%n~iridquqnnj7 

d n ~ s ~ r ~ i r u o n u n ~ w ~  u m m ~ 1 ~ ~ ~ u ~ ~ n 1 m ~ m n ~ ~ ~ ~ ~ ~ ~ ~ r 5 i 1 ~ ~ u l : e ~ w ~ n n ~ n n ~ t m ~ ~ u w ~ j  

~quetJ3nuqn 



A' n~.r~ouaa~uez~rnw1u6~i i~m~~u1rr~qzr~mau~~uigin~ntm~m~n (citric acid 
4 4  4. 

cycle) 6~uam'lufld 2.20 uduunnrwo~l?4~mrdmdtzv1nU" ~:\#~:3rmwi~uigin~n~m 

h?n~~Uud?zyn6 (modified citric acid cycle) ~fi:?:'j i jo~~8fifn~a~U~u'~~nejU (reveked 

Acetyl-CoA pahtway) Unu 

Pyruvate-(three carbons) 

NAD'+ CoA 

NADH 

pm-m- 
(b) overall reaction: pyruvate- + 4 NAD* + FAD - $To2 + m+ ! F ~ D W ~  

f l l  Substrate-level GDP + P. - &831 - ~, 
phosphorylatlon GTP + 

15ATP 

(2) ~ lectron transport 4 12 ATP 
phosphntylalon FAnU =7 ATP 

?YI$ 2.20 ?g<n~nsn~n%n;n (Madigan uazmmz. 1997: 136) 



1) Modified citric acid cycle 

~u$uurn succinyl-COA ~ : i 1 d ~ ~ u ? n i r o : ~ ~ m m h ~ ~ n 7 t n ? z p i ~ 1 ~ ~ ~ ~ u \ a ~ a i i m ~ i : ~  

I& succinate un:~:33mInror9uw'imn'~n' o:3~nInras:r%~~i~intn?m3min&~un161 

daffmik oxaloacetate ~ I U ~ ~ ? ~ ~ ? ~ ~ U I € N L ~ U \ ~ U ' A T P  - citrate lyase \~iarFI?F~lflu 

~'iPln'~n' 64~dP141~~dd 2.21 

2.21 n m \ n n ~ ? o a n ~ b ~ n z ~ ~ m m ~ i l ~ n ~ f ~ o ~ ' L m ~ ~ n ~ a m ~ m ~ ~ ~ n n ' r i u i ~ ~ ~ ~ m ~ ~ ~ ~ i r  

$in?ntm3$n (Madigan ummorz, 1997: 507) 

NADPH $0 ferredoxin d O n ! ~ ~ ? n ~ ? ' O ~ ~ t n t ~ 3 m 3 n ~ : d ~ ~ ~ ~ ~ ~ d n ~ ~ ~ u ~ d ~ ~ n r d ~  

rd~uuiinrdvt~rilu~n\dbi w6441ud\~691nni?d7~~n~~8nm~u\d~~n~dmq:~n~n'~~flu~ 

104  ATP h9un?zu?un'lo chemiosmosis 



~~udl4ntz#julri:r'im APS jjd?lnbr~u.rnirw&.r~udl~iq~nn~fi2~.1~~m~d1~ udrdo4"oqw& 

~ ~ u ~ n 7 ~ ~ & ~ 1 n n ~ t ~ i ~ ~ 1 ~ m ~ u ~ z 3 r m w ~ m ~ u  1 hrmr]mu&q w&~?udlbifidu.rwadon?td5~~ 
4 4  4- 

ATP uezdon?tr~3ry~GuOw rvrquedlo'au?uii~ouunn~worn~4~mrdmdtz~nd~~oulasi 

citrate lyase &mh~ ATP ~&4?nnrzr~?un?t substrate-level phosphorylation '~uiumounl? 

~d$uuo:3~mlnrarflu~z3~mrn 6.ruamlupi 2.22 rz~4q.rn~tu5mntm31~3n lnuoz3rmm 1 l ~ a  

d g n o o n ~ ~ ~ r ~ u ~ ~ ~ a u ~ r n o o n ~ a ~ 2  hasza$q.r ATP 1 Iumwnntzuqun?~ substrate-level 
J - a  3 

phosphotylation ATP n r ~ r r ~ u u ~ z ~ ? l ~ u u n ~ ~ i ' i ~ § ~ m ~ d m d ? ~ ~ t n ~ ~ 3 r y ~ i u f m ~ b i d ~ l ~  

oz~rmmrfludimi~io 

4 4  4- r i i ? a l i ~ . r a ~ ~ u u n n r m o r n ~ ~ ~ n ~ ~ m ~ c i ~ u ~ n ~ u ~ z ~ ~ m ~ ~ ~ m ~ ~ ~  modified citric acid cycle 

rdu Desulfobacter ~fl~h 

- 
P cy-c- CoA A a w a  

1 .  0 

Ck-E WP'w-'' 

I 

4 3 
2.22 nrzuqunqt substrate-level phosphorylation n r ~ m ~ u ~ u n ~ ~ ~ ~ ~ ~ u o z a i n ~ ~ ~  

lfluoz31mm (Fenchel U% Finlay, 1995: 40) 

2) Acetyl-CoA pathway 

4 4 1.. n?t'l~z~rmmfmuuunn~m~m~~~~ldm~zliimiu~mu~j?~n~~ acetyl-CoA pathway 

UUU~%IU~~U 

J 
acetyl-CoA pathway r i i m ~ m j u d n . r ~ u ~ n  2.23 



J zdn 2.23 Acetyl-CoA pathway (Madigan u~:R(u=, 1997: 676) 

acetyl-CoA pathway idub~u9inniheuboonla~~ni^a~~bi~ulalmt~*~u fuLnr1nvd4 
" 4.l m ~ ~ n i ~ u o u ~ n e ~ n ' l ¶ 6 ~ n ~ ~ ~ ~ ~ i ] u n ~ u w ~ n n ~ 4 ~ ~ ~ ~ m m  ~9ud~~mi~a7ua'un~nu9%o~n'u 

lR1oulau'tetrahydrofolate ~mu~uu?nn7f~~u~~10on~a9 i~n l1 ]~uu1~~~~u~~~Jdof~unr iou  
r - .  ~muroulau' formate tetrahydrofolate ~iniu:~~:?uoLnnm~~#n 4 rii?nnlurflu methyl 
"I& 

tetrahydrofolate n~ul~~m~:qnd4Pj~~d~H'n'u~~u~~~nu9lil7i~ud12 1flulRudnrmsf d9u 

n i h o u l m o o n l a m ~ n ~ ~ n ~ n v d ~ ~ n i ~ ~ ~ ~ f l u n ~ u n i ~ o i i ~ ~ ~ ~ o ~ ' 3 ~ ~ ~  lmuroulai$dunuin 

d16~riiio carbon monoxide dehydrogenase ~J~iju~ou~¶u~dt:noub;9u~nu:iin~iin rvdn 

ua:~~ndriJulnu~n~moo' i i v f i ~ d r h d  j ~ 9 1 1 i n i 0 l ~ ~ ~ n i 4 c ~ o u l m ~ ~ n l a 4 r ~ ~ i l ~  

n~houuouonla6 fiudqmneju cH, q:b$ir?uodrYun+u co IU carbon monoxide 
* 

dehydrogenase lmu CH, ~:odftmn'uiinri?nd?U CO o~ftmnYU~v<n qinWYUA*:~?uiiu COA 

~i7mrfluo:3t4nCmra u~ii~r~~rflua:3rrn~1~uui ns:u~unio~nrdmim'n~uri~:I$~:3rmmIu9n 

n i ~ ~ ~ a u n ~ u 6 u d ~ ~ 4 ~ i d n e i ~ ~ u i  udu~wn'~~n~~:'~riI~~l~ln~~~u~n:~if~oulmoonl~m' 

~ w t i : ~ ~ r ~ 1 m ~ : ~ i u ~ ~ i ~ ~ ~ ~ ~ ~ s ' u ~ ~ ~ n m t 0 ~ l ~ ~ ~ m n ' ~ l i ~ i j u ~ m l d ~ ~ n : n i f ~ o u l m o o n l a ~  

rrnu 



I 1 1  11- ~ ~ ~ ~ ~ ~ ~ o ~ u u n n r w ~ n ~ ~ ~ n ~ ~ m i ~ o u a ~ i u o : ~ ~ m m ~ m u ~ #  reversed acetyl-COA 

pathway L ~ U  Desulfomena Un: Deslufobacterium r f l u h  

11 cl n6.ruuun~rirui~?d$nrdn~'L~a~t~tznou'dun9tIn1iIdoz~rmnqzr'nm~~~u.iomon~ 

~uIu~lna~:r~~n'un~t~if l~~Omt~~u aud~3r~nmmu9;?ugnldaud8r8nmtouuuurb~n'rr 

rdaa8~~n?7ud?~~nu'tz~i~~1uun:uon~nn~~]u~u4~ un:ahq ATP ~bibi?unt:u?un?t 

cherniosmosis 

~innitilnmuunn'h~~~d~nrdm Desulfovibrio vi11fin~7~41uun4hiAa44m~dm 

aiu7torhq ATP qn'alh 1 lurnqndo4n~dmd~n~d~uu~11u~~~d~ 1 hrnqn unz1h ATP 3 

furnqade~n'lddiiOn~1]iuu~flu~n'Ld6 3 hraqm 

d ~ m u r i ? ~  ~ u n ~ h ~ ~ ? d ~ a r d m i r ~ ~ 7 n n i ? d u 4 ~ ~ 0 ~ ~ ~ n ~ ~ : u d 9 4 ~ ~ u ~ ~ i ~ ~ u 7 : ~ u  

dan~trq'o~~rRufmIud~~ 30 - 40 O c  n i t ~ d ~ u u ~ d n ~ ~ m u ~ i i d w n d o u u n ~ h ~ Z ~ d ~ n ~ d m  
-" J 11 11 11- ~iau#i;l.ru?n lmudnu~iun1mqumwu41 nit~'nm4nrdm~6n~~Omuuunn~w~m~d~n~dmluZu 

J J J m:nau$?r~usmnqszui?~ 2 - 3.9 rvi7 L L ~ ~ Q N ~ Q ~ J L ~ ~ ~ U U ~ A J ~ I J ~ ~ ~ ~ ~ J ~ L ~ N ~ : ~ ~  10 ow17 

rneriua (Rintalla LLn: Lettinga, 1992; Visser LLm:nW:, 1992; Visser UnznNz, 1993b 614 

h lu Visser, 1994: 7) 



d d d- 
d?q~rmadi~U?:~Ud8~~nn~~~fl?dq~~dp113::~d1~d?4d~~~n874 l o  dt:uqnr 7 un: 
* u'npnU'uujruodqflroad?nd? 6 u%@ndi 9 o l i ~ ~ ~ t ~ m ~ u ~ u i i d ~ ~ m i ~ n ~ d m ~ 6 n ~ u  

aquqto ~ i im~u lh~~~~ud~~ i~~nru i i~~ud~dd~f l~o~ luuue i~$~dt=u .nr  3 - 4 udrdek 
.I d .I- 

u 

uunnrrum~4~ndm~inuud~~~~uirw~:~~oum:nmmoun&uwud~~nu'~lujn~tr~3~i~ufw 

r i fof lroa~~niq 6 viilt;;riin$o~uii1f~7uj? uun~ iw i?~4~mrdmde~ luuud~$~ao~~u~o~~~  

s~qiJmniwu?ntiourdn 1 rdu ~ W N  u%aonGunu~nrAnuin 1 (microniches) u~oaniwu?n 
d o 4  A u 

tioulurzmirluinqnoou 1 K?aauuun$h (microenvironment) uniwroan~.rni i f l roaao~~~ 

t:uu rdownd ~7m~~n~dml6n~ulnu~un$hi?~4~m~dm~il~d~Km~dl~dtmouu% 

'lalmtrqdaeu n1r~dm1m1u1wo~uun~h'r??~~~~dm~~mfi~mn1wd1~'L~6~tz~u (uni4'u 
Ad. ntdn~rriin~nrdml6nnaitao~mito~u~rn~~~u~uo:mo~ao~n~4iro~1~nd~~:a517~mn~wntm 

udi~u~uuun$iw'rh4~n~dmdt:mm~iiiio~lu~w~nrdriouni~u~n) f~riqlt;;uun$hl??4 

~~~dmm~u~to~~t~aimlbiwifl~oalmuo1uao~t:~u~:iJ~;~~~n'm~u 



d d 4- 41. luufiiiuunn~tutm~d~~~dmq:iin~1umiu1tnl~n~tl4m1to~u1tn~~1~~un~f~ou 
I nlI ozmouq41B; (~su/foarcu/us bat. Thennodesulforhabdus l~ntmZuntun~nih~u~:mtlulbiq~l~ 

18 ozmeu) ~ d ~ ? 1 u ~ 1 ~ 1 t o ~ ~ l n d 1 ? n " i 1 6 m 8 t j ~ f l ~ ~ z ~ 1 ~ m ~ ~  mim~uid ' l f l~m~k? ' ld~  
* 

L~U, bbtrqu, uanrmm uazlwt~?m rviiwir d~um~w~u~~uuonr~iiosinifsz~4o~~6mlu 
4 n7tl4uinnu (Madigan unznwz, 1997: 505) n~tud4airr~o~ld4~.i[m7~i~~t6uuun~r?;u 

mh.roz3rmm~~rii'uz~iim~udou4~~~~r~lum1m~u~~~m1uaiimd ud 'Lw~~~m~i3umi~u~n~f -  

iirbnddi~~rr~nlunt,-~?un~tuu'n ~~l~ni0~iouma1umitZun%1~nt:~~~n1t i1~im~~ 

rlud~ril~oon3r~uij~&un1~dufi~nua1uu1n~uu~nii~fi~dmo~lut:uu~~u kur&unwnqt 

u'oumaiuoiquunoon~u 2 rAuni4 ;a 



4 " 3  dd dm udqun~umu ~~~u~du~Kun1tud~~ut:~i1~~~nn~mtm~4~n~dm~a:~un~I?ul 
4- 4 

a9;1~a:3rmmfi~mdWuiniin r&uni~lm~:rilur~uni~nmmn~~'s~l~t:uu~~~mlOo~n3~~~UYJ 

n&.irfludntz4w4+m visser (1994) & U O ~ ~ ~ ~ U ~ ~ ~ ~ ~ ~ U L ~ ~ ~ U Q A L ~ I R ~ ~  uunihi2?6qa~d11) 
4 ~ z r o ~ a u : u u n ~ h u S m n t m o : ~ ~ n l & r u o ~ ~ ~ n i j a ~ ~ l ~ n ~ t ~ ~ ~ ~ ~ ~ u l m d r u i i o n i ~  h q n u a  

nqtnmno~lum:nou~~r~u wui~nsmlnuSlt:~mui~u rdu lwtTilorum ua:i?3rom~ndouaa~u 

~mumt~~muuunn'hi'l?~~a~dm (Banat un: Nadwell, 1984 biqii.rlu Visser, 1994: 13) hj .. 
riu i l ~ i u d u ~ ~ : r i l u i ~ r i ~ u ~ m r ~ u n ~ ~ n ~ n i o ~ a a ~ u a ~ t ' i u n i ~ ~ ~ ~ ~ ~ : ~ i l u  Cm?id?ul~o~da 

%aid mu%n~iu~~u~uao~i ia~dm 

O. Mizuno U~:AN~ (1994) \&~nmwannnuns~~1~iur4u4u~ardmua:CmOill'Md~u 

~ ~ o i ~ i a ~ a ~ ~ m d ~ d o n ~ n i ~ ~ a a ~ ~ ~ ? ~ ~ ? m 1 ~ a n ~ w ' I ~ o n 3 ~ q u f m ~ ' 1 ~ o ' ~ d ~ n ? ~  chernostat wu 

i1Cmt1n6~uIloido~~rdetlua1wiuitij'in3~~d~~~1~~uw'~Bt:ui1~~uniiwih44+n~dm 

ua:uunIi4uaf~~iirnu lmudoinOill'Md~ul1oAd~~ardofu~nni~ 6 CmOill'Mn~twSmijrnu~:rflu 

lJdirouirdu - f r n u u u r t i h a h ~ i i ~ n ~ a ~ ~ ~ t n 1 a ; i O o ~ ~  80 rdo$r%ufi ~~ddsG~,d~u l loZ  

Pro~ardosiviiKu 1.5 uuntihi2~4~~~dw~:~ilui~lNloZd~uIu aiuitnlNlo~l'LWuin 

niq 50 r d e ~ r ~ u f i  lmua@u&? r d o C m ~ d ? u ~ l o ~ d o ~ a r d o ~ ~  i?3rtms~qn~euaa~urilu 

~muu'~uni.ro:3~mmua:nialm~mor~uOmu~~unn'riKlah.rijrnu Iunq~nriunir rjj'oGmoqhu 
dd d- l l o idoa~ l~dmi i  O~3rrmq:pn~ouan1uril~~aldh~a:o:3~mm~m~~unn~~tn~4~~~dm ua: 

dd d- o:3~mmd~~m~u~:pnriouaaiudo\rlkuuun~i4uah~dmuun:uunnrwtm~4ardm oriqq'ls 

i iw~uf i~ i i~o~~rnmmt j i i  GoaNno.r Mizuno 1 ~ ~ n n ~ t d u ~ ~ u n ~ 1 3 ; ~ u u u  chernostat u n : ~  
d .-d ~ d r s m r ~ u a i t ~ ~ ~ i t r ~ u ~ o r i ~ ~ r ~ ~ ?  ~duSmf id~~nn i tu f in~ is ' iun~~o~ua~nun~ua i im  

Juniranq?:~ut:waru:u W1Bir'imraw~:~drsm LLR:U~:UUC~G~~~~~UUUUWI~ 



eon3~qu~miuuuul3uunflhuuu~Aun~~ (fixed film) i.rq:dilqs'u~nitm7:~?ne4 

uun~iourii7uidu?~o4&?u ~4~ilu~4do~uanl~ii~41u~s'uno4 Mizuno ~nk4#efifrlno4 
1 1 1- 

Mizuno ~ ~ ~ i n n i t 3 ~ i t ~ i f i u ~ ~ ~ ~ ~ n n ~ ' 1 ~ ? m ? ~ ~ a r d m d u ? b ~ ~ ? ~ ~ ~ m d d o ~ ~ i h l ~ 1 ~ ? u ~ n  

u~qzd,iA?id?u~te~d~ila~doiq~ f?unYuilqs'uni~mot~ui~n~uunfl&i~~dInn~dnl~ 

r~uurrunflhaf~~e:~rmmqin&flr?m ud Mizuno ~ ~ B i i m f i u i ~ u ~ n f l h f i h 4 e : ~ : a m  
11 1- um:n~~rdduuoinnd?u~f~~d~ibm~d~~~mii~~~inru~nnrw?m?~~m~dmiu?bA~dr?m 

4 4  rdduuudm~~uinu'n d~~ i lu rm~nr i i J~mmu~n rwn:~~~~~romd~ulu~~nciaufimiurflu 

o:3rm~r~m:' la l~?r~u~iuni~uunflh~' i?~~m~d~da'mnd?~~l~8dtl i lm~dtl~~i~'~~~~om~IJ 
' 3 

no4 Mizuno Lwti:~~~~mfiul~~4uunfliwdt:vIn~41dL~un~~cii4Ldu~m udn&Udtld 

1ufiuinrih~~~u4n'u~nim~d?u~to'1d~~m~dm uonq~n~u~~ii?~rtmd~ulurb/~nlafplu 

uunfl~u~'i?~~m~dm~&cr~mh~~fluo:~rmmfi~a~d~q34 bktr~u~u~:uu~~d~rju'~uu~n 

f i u i n r a ~ ~ u u n f l h ~ ? b n ~ ~ ~ ~ m t ~ ~ ~ ~ ~ r i ~ ~ : d ~ ~ d t l u u i n  ($4uunfl&7~?4qardmum:uunfl- 
11 4 isuah~dmu) uddimnnd?u~lo8do~mrdef~iuunnrwnu?~~~alm?~~~~~&~i~1d~in 

ozuuudociwlm 

6. 

Visser U8ZAN: (I 9936 li.14141~ visser, I 994: 13) U~~JIS;L~U~~IUO'UII~~O(U% 

i i4iuniu~~n1?:d~mnd?~~fd8do~~~dnq4 (~ri~nir 10) nimtrn~ZP1~ws~ttlrum~mun1t 

i1~1~f~unY~na~uunfl&fi9iu~:3~mmn'yuunfliwu~bnIalm~r~u~:rflur&uniuuR'nlun1t 

cioummiutwtii~o~um ui i imn~~u~t l~pi t l~mr~mAi ii~mr~muininuwo n~taonaImawfi- 

torumtmumt~lmu~unflhi'i~4Qm~dm~:~fl~~&~ni~n1ori~~fi~1~~R'n~nu 4.1 Visser 

JUGIYJIU~~ l u n ? r i i i ~ ? i u ~ ~ u $ ~ n ~ ~ m ~ d ~ ~ i  uun~h~h~~a~dm~~~ummiu lwt31~rum 
1. 4- ~niinYmqinn~iur4u4uno~~m~dm um:Qnuunnrw~m~d~m~dmd~3b~la~mt~~u~~inu:l~ 

nituci~~#qmrdmij io~I~ 4 4  Laanbroek rrm:ftnr: (1984 61d.rlu Visser, 1994: 13) r7ufim.r 

1ddui~uunflinis~~4~m~dmdu3bn1almt~qu Desulfovibfio $~?~~m~uitn'lun?tIBInm~d~ 
11 1- 4 u i n n i ~ u u n n ~ w ~ m ~ ~ ~ m ~ ~ m i c i o u m a ~ u ~ w ~ ~ ~ ~ u m  Desulfobulbus q.rrflur~qlduunfliw 

mh~o:3rmaud.raitniruunn'hi;~arm~dmIX ud~fi?iur4u$uilmrdmqun?~inYmqinakrdm 

i in?iudiK~Cauw uunfl~~'sh~~mrdmdl~ws3ltl~umi~ri?~:ud~airud~l~w$lorum~u 

rrunn'ioufih~o:~~nmIX 

3omtIJd'l&q~n~iuno~ Mizuno urn: Visser r7iio 





dtzutnuun4iw 

SRB 

MPB 

Homoacetogens 

m ? r o ~ u ~ t  

' l l l lnt~q~ 

l u b t ~ q u  

'lalntrqu 

munqt 

4H2 + SO,'. + H' -+ 4H20 + HS- 

4H2 + CO, + CH, + 2H,O 

4H2 + H+ + 2HCO; + 
CH,COO' + 4H,O 

AGO' (kJlmol) 

-38.0 

-33.9 

-26.2 



I) nsd s riaunii K, uin 1 





d i w i t i i j r m e 9 ~ n i ~ ~ r u ' i n d l 4 ~ ~ i t ~ i l u n i t ~ ~ d ~ G u ~ d o ~ d ~ ~ ~ a 0 m ~ ~ ~ ~ n o ~ ~ u n ~ ~ u  

kaeqnPju uamqKqminqd 2.9 L L ~ :  2.10 ~~q::~d~ldi?l i~un$h! ' i~4~n~d~d~~lu$i idi  

VJY, ,ti1 U, un:: UK, q.rndiuuniihahqiimu uduun$hak.riirnuui~aiimiiii 

w i n ~ r m o ~ n i ~ ~ ~ u ' i n d ~ b i ~ ~ ~ ~ u n i i ~ ~ n $ h ? ' i ? ~ ~ a ~ d m ~ d ~ n ~ ~  odi~bi/miu fiiuoqfI~di 
4 , -  .-I inaumit i4d 2.10 dtznsuh~u ~ z w u i i ~ ~ u n $ h ~ ' i ~ 4 % ~ ~ ~ m u m i ~ n m n q ~ n i i o d i ~ ~ d ~ l b i  

Gm 

a i f i ~ ~ e ~ n d ~ q i n w i ~ i ~ d  2.9 un:: 2.10 unqdd 2.24 ~~~lfi~fluiiuun$r3;u?'i~~ 

~ardmdu?bmbbtr~ud~ulu~~z~dio'mnnit~~'s~~'lulmdq~ndi, iin~iunoudq::14 
"..I 3 - .4 ~ a ~ n t r ~ u u i n n i i  (higher affinity) rm~umiu~mnq~niiuun~ha~i~ii~nudu~~mb~mTL~u 

d d  4- 7~woqzatdlb;ii 1uni~l~ru' in uunn~tutm~4%ardmd~~lu$iiau~~1~nit~~?~~'iuImd 

ruiianiirrun$h~h~iirnudu~bmlaf~l~r~w 
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' Most of values were obtained from resuspended ("resting") cells. Marked V, values (') ware 

estimated from /ImL,, and the corresponding (real) growth yield ,(Y), according to V=W. Grams refer 

to cell dry mass. assumption for conversion of protein mass: 1 g protein corresponds to 2 g cell dry 

mass. 
d strain of H.D. Peck. 

No data, since cell densities in the muds could not determinded. 

I calculated vie solubility of H, at 101,325 Pa (1 atm):848 p mo1.L" at 10 OC; 804 p rn0l.L" at 20 OC 

.Id dr d d dr  
A I ~ I ~  2.10 riiam6' (v) amuunm~wo~l?$Inm~dm, uunn~wtutn~4Inn~~e~u~zuunfliw~h~ 

ii~mu~unl?'L~~m~~qu (Widdel, 1988) 

Only real Y values are listed, but no extrapolated Y, values (pa). 
b From chemostat culture. 

Y (g cell dry mass per mol 

H, dissimlated) 

2.1i2.9 

4.2 

1.9;3.1 

4 

4.5 

0.7-2.2 

0.5-1.0 

Speices (Strain) 

Desulfovibrio 

vulgaris (Marburg) 

Desulfotomaculum 

orientis (Singapore I) 

Methanosarcins 

barkeri strains 

Other Hz-utilizing 

methanogens 

Energy Substrates 

H, + SO: 

H, + s20,2' 
Hz + SO: 

H, + SO; 

H, + s20: 
H, + C02 

Hz + CO, 



4 4 4- 
$dd 2.24 ~m?~n~tr~?~r~u~man~uunnrw?m~n~dmun:uun$h~k.riirnudn~lul~u~u 

aodafmtrqudw 7 ih (Robinson un: Tiedje, 1984 &1;1~4odu Visser, 1994: 5) 

~~duanq~n~q~um~.r~mnflulrnu~f ndua:lnruZndumm~lfirfluii~n~~ulbi~~uuna~ 

uunflisul'i~4~nrdmun:uunflr?;u~h~ii~mulun1~lflafmtr~u~21u~~m~u1t~d~ miruy 

dq~iy4ndt:nqtuiqn"~o uunflr?;ui3~~~nrdmaiimtiaumniu~~u~t~~~n't~u4o.~w~nd 

u'ofnnlafmrrqu&~u ujn.riwquugi:rq'ory r'iufoilb;luein~~:d~fluuun$hnh~n:3rmm1u 

mn~?:dlaiiiqnrdm 6 ~ ~ u m i ~ 1 s i i w ~ i n d \ i 7 u 1 1 ~ ~ ~ ~ ~ ~ n f l r ? ; u a ~ m ? : ~ ~ a ~ 1 ~ f l u 1 ~ d ~ ~  

Visser unznru: (1 99312 6q~"nqlu Visser, 1994: 12) ~ ~ m m r i ? ~ ~ l ~ 6 m ~ ~ ~ u n ' ~ ~ 9 1 u ~ $ u ~ ~  
4 4 3  aaqqnrdmqq dai~u~~u~l~o'~d~n~~~rarnmunmgiu~bi~u~:3rmmfmu'lzj~~nrdm uunflh 

~ ' i~4~nrdmdd~umn~ua:3rmm~:~~ul f f lua~:d~~nf lh i~~~~n~d( i lddnu~~~ulafmt~~~u'~  
" 4 .  A 4  n ~ ~ o ~ r f l u i ~ u ? w u ~ n  unnq?nr~~ugidndi~u~ud~ U J U ~ ~ ~ ~ ~ Y I U D U L ~ U ? ~ ' Y ~ ~ I ~ ~ I L ~ ~ ~ J  

u u n f l ~ u ' o 3 ? ~ ~ n ~ d m 1 u n ~ t ~ n ~ a ~ ~ ~ n f l h m ~ ~ ~ ~ ~ n ~ ~ ~ ~ m n d 1 ~ a a n ~ d   mu Lovley UR:~N: 

(1982) un: L O V I ~ ~  (1985) ~firuqwnii r d n ~ q ~ n ~ ~ n ~ h ~ ~ ~ a ~ n ~ r ~ m ~ ' i h ~ b ~ t ~ q u ' ~ b i ~ t i ~ ~  
4 4  4- ild:am?in~wnii uunm~wrm?~~nldmi~mlultno'nmt:~~~afm?~~~~fik~ni~ri~~~~md 

uunflGumh~iirmuq:\iildlfl& ~ ~ l f i n ~ ? l ~ f m t r ~ u ~ ~ u u u o i ~ w d ~ ~ ~ u f m u ~ ~ n f l h m k ~  

iirnu~hAj47ursjr~u~wn (6q.140.11~ Visser, 1994: 5) ~~n:qln41ua~ Mizuno un:nN: 

(1994) wudqdanm&t?d?u~fn$d~~n~dp1nq ~rou~~uunfl~u~h~~rnudu'oryhn~afmt~qu 

~:nmn~rdaduun'uuun~rkish~~nrdmdu?hn~afm?r~u udn'ujn~iiuunflhrk~ii~mu~~ 

lut:uurr~~:iia~luflu~~du'auni~u~nii~~u 



n i t i d  2.1 I r i ~ w ~ ~ ~ i u n i ~ ~ m ~ ~ ~ m u i i i  nda~4~~n~h?a?d~a~d~1un:uunfl$udk4d~nu 

du?hno:3rmm (dhdlwin Mizuno uaznwz, 1994) 

dt:vlnuunih 

SRB 

MPB 

a i m i u i ~  

98:a~m 

B Z ~ L ~ P ,  

aunit 

CH,COO. + SO," -+ HS. + 2HCO; 

CH3COO' + H,O + CH, + HCO; 

AG, (k~lmol) 

-47.6 

-28.0 



~O~~IPPIW 'S :OW61 tePP!M 'P :~86~ 6!uue~ pue IePPlM'c :LLGL Wuuejd pue lePPm 'I :EB~L .le la dee~-olpue~a .L 

L OC S'L 860'0 W'O LVO e6pn1s~elnue~B peqsn~3 

L OE S'L 680'0 80'0 ti0 e6pnts ~etnu~ 

9 OE S'L Z'E 190'0 LWO SSO a~nltn? luewq3gu3 

L L OE QW'O 92.0 ws untlns luewtpgu3 

01 SE C'Q LVE VZ 69'0 .9VW 

~!aJBsOUeVlebv 

6 SF Z'L $1.1 SLS'O 69'0 02'1 !!/!~3 

8 LE 9'1 LV 1 92.0 11'0 VVO Iluem='s 

xuyww~e~ 

QdW 

L OE S'L SE'O 90.0 11.0 e6pnis ~elnuu6 peqsn~3 

L OE S'L 21'0 11'0 ti0 e6pnp ~elnue~g 

9 OE S'L L'E 880'0 SL0'0 11'0 WUOl0 

S LE 1's LS'O OL'O wn11n3 1uewq3yu~ 

V OE 9'1 SSO e,"J3!W 

ewwn1-a 

E BC 1'1 SS'L PVL wep!xojese 

Z 9C 1'1 IS'S SS'O weflwe3e 

urnln3ww(nma 

1 82 9S'I E0' 1 !e&rsod 

Js/3eqol/nsw 



d~q~n%aynnwma~u~mu?ijnnd wui?uun~iwihdil~~drnii%a~&~flwuuun~iw 
J 4 mh.riirnuadw4mr~u d?u4aynn~~lnru'lnlurn~ti~n 2.12 Gq'ttw7rii pmJ& nmn7wu?m 

Ahu'lunir?6um&?u 1 rk (rdu rdhur$uut:uii.r Enrichment culture b;?u{u U% Granular 
" 

d d  .I- 
sludge &?un'u) wuiqrii pmJK, na~uunnrwtm?diln~drn~d~u~nniin'~uum ~ L Q W ? :  

r r .- 
~ ~ ~ ~ J ~ J ~ A ~ ' I u L ~ ~ u ~ u ~ ~ ~ ~ : ~ L ~ w ~ I  uunnrwsm~dilardrnm~uit~~a~a~uun~iwmk~~~nu 

4 d d  4-  lbirda~qqngrnmnq~lilmqmqu~td~.~ni~ ~a:ruaG~~t~~ii~Pii ian'i i~ui~uunn~wrm~d 

ila~dmd?ulu~iiildi~am-'M~~nii&?u umm~'1$:rdu~~~?1um1~1tnlun1tl~m1ta1u1t~a:n1t 

r ~ ~ r y ~ ~ u ~ m d ~ v ~ o n i ~ ~ w ~ u n f l i n r i ' i ~ ~ ~ a ~ ~ ~  ariw~tiinqu 4~u?s'uun7u4?u~~il$:uad~~rnn 

viwr~u Cqrrmmq~urnqtq,i 2.13 

r n q t ~ d  2.13 u a n ~ ~ ~ 9 ~ ~ a e ~ n ~ t 1 ~ o j d ~ n ~ ~ 1 h a n ~ r s u r j ~ ~ m ~ ~ r 4 u i i i a r d m ~ ~  (C~ULI~J  

7711 Visser, 1994: 7) 

Substrate Biomass % COD change to H,S Ratio of CH.:H,S Ref. 
- - 

acetate Biofilm 62.5 0.5 1 

Biofilm - >0.9 1 

Granular sludge 0.0 Q) 2 

Granular sludge 100 0 3 

acid water Granular sludge 25 3 4 

Granular sludge 66.7 0.5 5 

1. Yoda unznw, 1988: 2. Ranzema, 1988: 3. Msser, 1994: 4. Rinzema urPznnrz. 1988 

5. Rlnzema Unz Schultz. 1987 



I I  d- uunnrtutm~d~ardmuaz~~un$l irua9~~i i~~udl4i lor3~~~id~~~~u~i jdmiu~0n~~3~ 

r~u~m~huaz~nru~iid~uu~rmud~mdon?trq~~r~u~m~n&~iiu~nir kurew~zw~ndviwquo~ 

~ud9~qnr~qi iuJfa~ ' in  i4rlnuan7tnmn~4ma4 Visser (1994) wuil activity h ~ ~ f l ~ 9 1 9 4 ~ 1  
.I I  I r  

uinmnoq ~~~h.sh~~uunnrwtm~4il~~dm~azno~~~nn'iwaf~~ii~nuiir i~ln&riiu.~nir i q d ~  
" A 

activity $L~ )U~~~F~U¶ IM~NUCJ~~  k ~ u w o ~ q 7 t n r 7 1 u d w ~ ~ m ~ i u  1 i~m7mi'lqrkiUa 

ntznrrq inqnruqf~ud~~ru~~~n 

A 
visser ummnrz (1993 ~ i q ~ u  ~is ier ,  1994) 7inm~.rwant=nuruo~~~nQ~uCJii~ 

rd~uuuda~o~~~n?zv l ' ~ f i ~d i idon?r~~un1da~d~1 i~n~~  ua:nszu?un1tah~ii~nu'1uo'~ 

d~nmiy~aroad w u i ~ n ~ t r i u q ~ u ~ i j ~ ~ ~ ~ ~ ~ ~  55 - 65 a ~ n ~ r ~ a r ~ u a a c i ~ ~ n t ~ u f i u  

uunn'isui~~4Q~~dm~~~~u~runn'hm3:1~~~n~lun~t~ri~14ar3~mm uazu6qqinni~~$u 
-3- A I ( *  I ( -  g ~ u r J u u n w u i ~ n ~ t 1 4 m ~ ~ ~ ~ ~ t ~ u o ~ ~ ~ n u ~ n n r w t m 4 n r d m i u  uam~'l;rGui7 

- I (  I ( -  mn~~~lu~~~mo~u~'indod~u~ul~~~~nn~mtm~4~ardmro~nuruunn'rirumh~ijrnuldi h lu 

n ~ t u r i ~ ~ ~ a ~ m ? l ~ u u a z o z ~ ~ m m  (Rintalla uaz Lettinga, 1992; Visser Uazmnrr, 1992; Virrer 

uaz~nrz,1993b 6iq?lq'Lu Visser, 1994: 7) 

ntzu~un~tl~o~n4r~udi~a~dmo~~~urinldiu~mfi~n'~~u~~1vl~~'?m$u~~ua umzii 

rr3ud~fiuu1u1uu&~i~~~n~iwi~~4G~rdmim~1uditl~n1truAnlul(lu~nrd~~ (Postgate, 

1979 414"04u visser, 1994: 8) ~ ~ ~ u n ~ ~ m n m ~ n a ~ ~ o ~ ~ ~ ~ n ~ ~ 1 ~ 6 r n ~ u ~ t o d ~ l ~ r ' i m n ~ ~ ~ n ' m  

n~or~Tryr~u Imne~u~nn ' iw i~~4 i i~~dm~do~~~nn~~n~m~uAnld i  uazo~qv i~ l~uunn ' iwah~  

d~uii$iloldir~wuuarm~uitn~a~nuzuun~h~A~4~~~dmldi 



6~dri1~fl~~d~ntoiuuulil3boni3r~uuuu~6ujua~:miuiroi~~~~l~d6mt~nini1~m~~ 
" Y dd J 

ncii~iidt:3niin1wriuu nuo~~~nitm1:8~~o~u~m~~:~m:~qm16n~amA uunnrsunbiiinqiu 
J d 1  Jd 

fiiuitolunitm1:~~~fl~IS1mfiim4~%~6uii~:~:~nw'mwioonld lunru:nuunnrmnun~iu 
11 J 

aiuitoluninnidmq:~~modluS~d~ntoi~.ruunnrwnodniuluS~~ntoiuuduanq~n 

nirud~~unithiumuGni~~~u8nud~ mu~dndt:n~tud~dri~uumw~n~tud~a'uiiiiomuu3 

~ u n i s m i : ~ r n i u ~ ~ ~  isa ua:nor: (1986) iinitnmao~uiunu~nno~n~ium~u~~o~unit 
11 1- mi:8mno~uunnrwm~4~~~dm~m:~un4io~mh~~~n~luS~nm~lifo~n9~~u dl louhu 

o:9rmm, roniu~a~~a:~a~dwuin~iiuwo wuiie:9~mwu~:r~n~uomi~u~~u1n~ncinummiulBi 

ociidds:3niiniw uonqind isa ujf i~mmrf iui i~mt~d~ut:ui~~i i~~u'11o~~~n4hmP~~ 
11 1- ~ ~ u d ~ o ~ l u 6 ~ d ~ n t d d o i i u ~ u d ~ ~ ~ l u n ? : u ~ o ~ n ~ d i B ~ n i i 6 m t i d ~ u ~ o ~ u u n n ~ ? u ~ m ~ ~  

a'ardwuqn &ldni?$u irsa ujwuii activity dimlflufid~ntoi~:fiuw'ud6u~~~n4hmh~ 

iirnuuinniq d~u~un?:ufio~n~:f i~w'ud6u~un~~+ft~~~a~dmnni waruei~duamq~fi 

~iiu3~n~~ufi~u1tolunit~ni:Gmd~~iioni~no.1~un4~fiP1~iirnu i i l f l uunn 'h f i f i~ i imu 

aiuioud~air6~uun4hift~4~~~drnlBio~1~iidt:3niiniw ud visser (1994) lBiumm~nqiu 

~mrfiu&u?n'lln?mmao~noq Isa ua:nru: (1986) l~dinitnmmoqaeq Isa n?mn?qu~nk'1u 
J J J r~o~n~trSuiiu~uuun4hu~:nitim activity ~~aiqri~lflwanitnmao~n'~bi~a~mvIaouqin 

ACI-IUL~~US~~ 

d ~ u i  Alphenaar Um:RN: (1993) Ua: Visser U~:fIrU: (1993b) (di4ii41u Visser, 

1994:~) ~8 i i lnw~~nt :u~un1t~ i imr~u~mf i im~u~~~~nso i~~orom~~~~ i iml i ' ~~~~d i i~ar~m 

~u~1n~:u~un1~~a~dmi~nnair~:naiurflunt:u~unitu6nlunisri1~mfi1s~~ni(iK7u1nii .-- Y rqniuinwo r3mmoJ'm~mmaul~~~:~il~~~imfio~m~~vi1lfl~iimniio'i~4~a~dmrflu~in uuiaciw 

ltn'm~ulun~tnrnae~Liu~n'udwui~ uun4iou+3~?~mr~mWm~~~tofih~ru'mfioJ'mq~uu~lb;ro~ 

lmuWiiuun4hmhJiirnu lmufi~'~l~~riin~u~:iiin~~:~flu~~u~dBon~vii$u i ~ f i u ~ w j q u  

iiuun4ipu~'i~4~a~dmoi~l~~~un~hak~iirnu~2lu~rnulunit~ii~dm ~rmm~ii'lus:uuuau~ 



PC'Z ~~L~L~~~~~~Mu~LKLM~LKLL~u 

y\lnL~nb$n$kLbULb L'€ - 9'1 bLpn:&L]rgpnbpUld,OLpflMbBl (€99 :€661) za!Me!NselO 
.. 2tJn heu~e33~ bBbn_bk?tLbn\:Bll 1 fljL!AlLWK?tnbpL6M2LpflM (9G9 :€66L 'ZqM0!ySelO 

' -1: 
3411 Le~lJe33~ fL\bYbLy 1661) PeSeJd bobR$k?lLb n_Un~llp\2n%L@12byUplujJbgt 

~siuunn -I. n~y~pu~~upiuju~;o~~n~pu~~~ynjn~uc~un~ :non~~n~i:bnuig~~s~m; f 

-yunn n~pubbn~puu2~ypn uvr:spbo~b~qiyunn~~pn:~n_abpn6~~u~i::bn~~pn:spio~u f .. f 

?18plVj@~~GlgnGpLLM2Ly L'Z - L'1 @Lpn:bLUQnbp"Uhl2L,LflM (9G9 :€66 1 'Z3!Me!ySelO 

ZMn heuuemw n\bybLf L661) U!U !Oc13 EB%R_bktlLbRVl Rs>~UflllEOU~LbL~LLU 

~_~n~~~~ugi~~~u~y~t~j~o~n~~~in~~wn~_~n~in~inonnnun~i~~c_~nn~p~su~nj(rn~i .. -r r .r r 
uRqp ~LHLMLBp\SLUb,R~~LU~U_l#\L~~bRM:O~nb~~1~~~1,~~bobnlqKlqlKLGld2Mn 

.. r 
cu~~u~nntp~ru~o~in~u~~y~nuig~~~v~;yunii:n~~~i~~uo~~y~piujj~g~ngyunnn~ a f r 
n?ucLun\ nabky?pn~p~ru-w inbuLn~b~piupjGEs,Rs2~unn:naLuisLunn=na r C r 
n;yunnboauunuyunq upinnspo]e~olg~~pn:snbp~~u,onjpion~ck L b~nnn:sn\:ne 

r r 
nyn~i:bu~uvr:spqi$unn~pngwys~un~~pucnnr~u:spu~n~b n;v n_unpiy\ r r a 

nuig~L~~m;unn:naoi~Luojgyurpiujpy'c,Rs;yunii mvr:bpbo~~_uns;yunncobulngi n 

fi~biu,uu~~$r,yn~igoje o~iogni~~~eploupiu~g~~~nt~y~~~~~o~cgnn:sn~tung 

s~uururunlosn y\upiupfic~;M;yunnmaLoi::bI;?uLuojgynuigbqlbM;yunn uvi~j r- 
~~'c,~yunnm~qngilPl~bis~uuj~p.b~n~iurpiupup~un~ npl( ubnbLponginF:rubn\ 

r a 

~~yutii~~uv~~on~na~n~i:bu~u~a~iyunnn~n y\nuipbywgyunn 

:na:bLpnplbnng:unrLnLwLupr,n_abpnsLun\nuipbyMM;yunnnns$iy~upuR;Pb~p~ 

-yunni,py,nbi:b njbL~bynLnbLpufiyugLnu\qoui:unugniu\bLun,bb~uLb 



61~?hlu McCartney U8: Oleszkiewicz (1993) 

u a n r n i i o ~ i n n 1 ~ 1 n ' m o ' m n n 1 t ~ ~ 3 ~ ~ ~ ~ I m ~ d ~ ~ ~ 1 n ~ ~ ~ d ( ~ f p l u m t ~ ~ 6 ~  dt::i'un~~u 

r4u4unoq1nnrdmd1 1 ~~n5i~l08~dil~~dmdd~u~n1~o:3~wm~:~io~uA~$u6uuunGh"sa?a 

~nrdwn~mdu 1 r$autiqqnrr~mdiiorj~~u ~~uunGiw'rh4ak~dmurd~:nQmiiiin~iuaiuitn 

1unir~i~n~dmui1~dumnd1~6u ~quamq~uminqd 2.15 Imuq:duIWi~lu enrichment 
r l r l  .- 

culture doon~k&o:3rmm4u uunnrwtm?4~~rdmafl~& Desulfobecter postegei &~flu 
r l r l  .I uunnrwnu~hno:~rmmiin~iunau~n~dmlraunii~fl~& Desulfovibrio &rfluw?nu3hn 

IaIUttrqu Laanbroek um:nm: (1984 61.r1-41~ Visser, 1994: 11) rram4~~~fluiln?iuaau 

irnrdmq:nm8~wiui16ud~1d$ l o  Desulfovibrio, Desulfobulbus Un: Desulfobecter &,! 
~ ~ i u ~ d u ~ n i r y l u n i t d o u ~ ~ ~ u ~ a f m t ~ ~ u ,  Iwt~Iorumun::~:3~mmmiuii6u 

@GI 

Mizuno O., Li Y.Y. Lm: 

Noike T. (1 994) 

McCartney un: 

Oleszkiewicz (1993) 

Choi u8:nm: (1991) 

Prasad u8:nm: (1 991) 

iigud 

1 

2 

3' 

4* 

niimnsq 

aiminit 

g?$rtw 

- 

unnrmm 

- 

~nnm:oj 

d8ntt-d 

chemostat 

n?m#%~ 

- 
- 

~rn~~~ls?~auil~o~~io~nnrr~rn 

SRB nu: 

0.5 

1.6 

1.7 

- 

MPB nu: 

6 

3.7 

2.7 

s 1 



L S'O (6~nq.m~) s.ue61tu o,uq,Mojlnsea 



~ ~ ~ w ~ u ~ f i a n ~ ~ : d i i ~ n ~ ~ m o ~ o ~ i ~ i i ~ r n  i ~ r i l u d m i m n i ~ i u u n ~ i 4 u i ~ ~ ~ ~ n ~ ~ m d  

u?hmo:3~~mq:~nu~nfli~i'i~d<nrdmd0:~1n~u 1 roiauzl8i d~q:iilfiuunfl&m3"1q 

ii~nua1u1~oud~a'un'uuunflh?Z~~~n~dmlhlun1tuB~l4~:3~ilm dd iwo '~~ i r~ud i i~p1~dm 
J uinriiuwo ni.rud~airrdeuB~~n~dm~~wdouii~:iim~iudi~'~nmo~ odi.rltn"miu ruo.rq7nii 

4~'oi1n'ml~n1s~wh~~il~~dm~~1ldl~~6~)a~:~I'wdmaR'm9' o i q r i i l f i n i ~ i n ' m ~ d o ~ ~ i n ~ n -  

rdmluuaa~~:C~m~iio~ Neil (1987 614i.rlu visser, 1994: 11) wuiim~iur4u4uae.rrnrdm 

?kounii 50 un.ln. vi7~firiimni~i6mri:o~qin~n~dm1~~6u~?: Lens (1994 6iqiidu 

visser, 1994: 11) ~ ~ U ? N ~ I ~ I H ~ ~ ~ ~ P I A R ' ~ ~  t:6um,7~~4u4u~n~dmddini7 300 un./n.h 

l~;~~mniAin'm~do~qin~nm~dm 

rdur~u~n '~~~~i ia imnuimr i~n lu~~~~ld  nitr~~ry~ubae~uunflrkio'i~4~mrdmua: 
Y uunfli4uskqdmuquotj6uiroaludidoi8ud visser un:mru: (1993b 6iqii~Iu visser, 

1994: 11) ilnai4o~uant:nuao~iroad~d~no:u~uni~dm~6n~uun:ns:u~un10a$1~ 

iitnwiulfian~~:rnosTu~ijn (55 o~fliraaraua) usni t i lnwuam~6~mi~i~d 2.16 d ~ u a m ~  

l f i r ~ ~ o r i i ~ ~ m ~ ~ u i i d i ~ o a ~ ~  nt:u~uniriin~dmi6n1Tu~:n~iu~flunt~~unim%mrdu lu 

atu:dtiiiran~?i7lnb~iii~~nd~flunn~~uinfu ~~unflL?;Ua$i~ij~nuiiai~)~t0~~d~a'u6u~~nfl- 

i s u i ~ ~ 4 ~ n r d m l ~ u i n f u  d~uunnitnmao.rlud~~wla~ijnnl~i~ndn~~umkn'rr (visser, 

1994: 11) 



dd .- 
[RI?I~~ 2.1 6 ~md~unitl~1~~a~uunn~wom~~~n~vJmufi:uun~hmh~d~nu (Visser un: 

nu:, 1993b 61qfi-41~ Visser, 1994: 12) 

n i t n m a o . r i ~ u ~ u u i n ~ 1 i ~ ~ ~ u ~ n ' u n i t i i i i m l i ' ~ ~ l u d d ~ n ~ ~ m 6 i ~ u n t : u ~ u n ~ o 1 i  
-1. Y o~n3r~unn~arr fmul4~~od~~n 'u l i '~~ l~du 'n~ i~~~~4uao~i l f i~drn~~  &KUSIY~~U~?~~ IN  

~ o ~ u u n ~ ~ ~ ~ ~ 1 6 ~ n ~ d r n d u ~ b ~ ~ o : 3 ~ r n m d ~ ~ ~ o u ~ ~ o d u u n ' u ~ ~ ~ u a o ~ u u n % ~ a f ~ ~ d ~ n u  

Buisman un:nN:: (1994 ij7qdqlu Visser. 1994: 12) U~~PIJ~#L~~U~I ~6m&un'uli'?r8udd 

oiilo?nd~u~lo~~oilfi~dwuinni7 20 ~:wunitl4~:~~mwlun~:u~unidfi~dmiKn~ulXd~u 
-14" Uln 9 : d ~ ~ ~ 4 l i ' i ~ ~ ~ ~ U ~ ~ t l d 9 ~ ~ 0 ~ ~ d ~ ~ ~ L d ~ r r ' ~ ~ n d l  2 rviliuiq:wunitiriLoio:3rmm~ 

l~unt:u~unidfidm?Kn~uetii~u~n 

+ L Q ~  

6.5-7.5 

~ v g '  

stdb 

nC 

8.0-8.5 

~ v g '  

stdb 

nC 

' Avg. = average, Std = standard, n = number of 0 b ~ e ~ a t i 0 n ~  

nitnmao~l4o'.rd~ntni~~o~omii, Q~MJ$I 55 oqni~mraum 

** 14o:3~mm, 1wfito~urn un:0aiirtw kun'Y~n~dm 

Percentage of substrate degraded by SRB and MPB' 

Total COD" Acetate 

SRB 

48 

8.82 

73 

85 

8.52 

51 

SRB 

33 

11 -92 

73 

79 

1 1.20 

51 

MPB 

52 

8.82 

73 

15 

8.52 

51 

MPB 

67 

11.92 

73 

21 

11.20 

51 



*A* 
iml6qinnimnaeqbu Visser (1994: 12) d i u i t ~ ~ i ~ ? l l l \ & i d ~ ~ ~ r i ~ d ~ n t d q ~ o ~ ~ f i ~ n u  

J*. 11 4.1- 

r q a i ~ n r a a i  150 iuun:r$od\iiui14~ilu~~onu~iu~~~unn~wm~4~~rdmdu~b~o:3rmmo~ 
J ***a 

r i o u u h  q:&oqI4r~aiu1nnd1 3 ?I nd1nuunnrsusn~4~ardm~:ro1au:uun$h~ii?~~~nu 

lii 

luniqnCufiu n i t ~ ~ a ~ n ? ~ ~ u ~ ~ o ~ i ~ f i u ~ ? d a ~ ~ ~ u n ~ h ~ ' i ~ ~ ~ ~ ~ d m ~ ~ ~ ~ u ? i ~ ~ ~ u  

nl?~un:riim$ulhlut:u:~~ni.o'u~u ufiq:l#fi~3~14d3~fi~.o'mt1d~~df~ipio~~~dm~~i,miu 

rd8~~inuunff~~~~d~~~d~d1a~a0m?r~~uaiuaiim~~'s~1~~f~'1hlu6n~~:d~fl~~unffrir~ 

fifi.ro:3rmm ~ u f i n ~ ~ : d ~ i i ~ a ~ r ~ m ~ ~ d ~ b i u t r ~ i ~ ~ ~ r i o u ~ ~ ~ d ~ u f i ~ ~ ~  2.4.2 ~I'L#~IU~UBOJ 
u u n $ ~ n i i m ~ l u f i O j n q ~ o ~ p i o u ~ ~ ~ ~  u~ld1~f i~~n4&?3~4i i~~d~dl40:3~~~~f luf i1~ 
DIHITU~ ~ijt~uuiudiuun$ha~m~muu3w~mo:3~mmlrmi~:~kii~~~dm visser rra: 

RN: (1 993c hiqii~~u Visser, 1994: 12) ~ ~ r n m r ~ u ~ i f i ~ m ~ ~ ~ u ~ m ~ ~ u ~ u n ~ ~ ~ a ~ ~ m ~ ~  
*J Y 

L ~ ~ \ ~ ~ ~ I L ~ U ~ I U ~ ~ ~ ~ ~ ~ ~ ~ L O L O ~ ~ Y ~ L R U . ~ B ~ ~ U D : ~ L ~ ~ I ~ U I ~ ~ ~ ~ L ~ ~  uun$iw7'iq4qarv~md 

~~ufiaiuo:3~mm~:uiuld~in~:u~l~n~:duun~h~'i~4ardmdcioufiaiulalmt~~uu'~~.rii 

o t j ~ u f i u i ~ d ~ . r  u~iquii\rr~'ndfi~urziiiiiofi~duri~m~~uun~i~aiin1mq:r~u~1~uau:1un1~ 

uli~l4o:3rwm ~&~~~nfini~:u~m&oulut:uu du qru~qij, ~ ~ I u L ~ ~ ~ u ; u D ~ . I ~ : ~ L ~ ~ ,  ~ P I L ~ W ,  

qaldm' ua:%on r i i u n u ~ n d d i ~ r y u ~ n  L L ~ : ~ I L $ Q ~ ~ ~ I U I I ~ U ~ ~ U ~ I L I ~ ~ ~ ~ ~ ~ H % ~ ~ A ~ I U L ~ ~  

4'uao~qardm& iiii~flu~o~l#~~a1~iund1duuniiw?3~4~ardm~:~oia~:uun$iwfi~ii~ 
J iirnul6 nit~:qdiuun~hd~:mnlm~:naiurflun~unlmm~P;ulu~:uuii&oi~~G~it~i~~i~ 

1 d ~ [ ~ n d i ~ u ~ u ~ j r i ~ ~ ~ ~ i d o c i ~ ~ a : ~ ~ u m ~ ~ u u r n  



Oleszkiewicz, 1993: 655) oijuiuji ~an~no~ i~~a jmi i t zuuaud~~oau~mu~~wiz  vi~lfi 

qaldAZooulm 1 Waiuitn~$~o~nrann%~ui~Zar:uiu~anG~uu~uw udii~a 

lakt~~u~aldAiidt:q~flunai.rq:~nu6n6uhiuur~6uaoah~n ri i l f iaiuitn~~~~~ana% 

diunii k~fluGnuinniiqaldau@Zoorc ud'lunsriidn~iur$u$uae~~a~dh~~ou~.~ 

Za~uaa~ilal~~ii~fluGnn'u~aa~b;~dun'u 1vqUnd~n~d~~flu~~douun~iw;i-u Conn (1987 

614ii4'lu McCartneyun: Oleszkiewicz, 1993: 657) oijuluii do~afmr~qu~a~d~dlu~aa~ 

ruurutur$i~~almd~ia~u~h rou~au'niulu~aa6~:pn~~u~qof (denature) Imunitak~ 

sulfide unz disulfide cross-links s:vii~~nldlw~rddln6 4?u~4f i4~ l~~$ l l [d t~n9~n i?  

viwiuno~l~roulau'~oua:~#u ~ i l f ln~ou2au~d1~rydan i~ l4~ i~ iv i t l r in ' i iu  udnn'ln 

n?$ui4du~q34u'~~fluduri~m 

n1tilnwd~ulv~du~n'u~~1u~fl~GnLdo~~1nilnldhdu~4a~fiun1Gu~~n1~~3m 

iirnuqinoz~rmm ij~iu~d~u4oudaulqdu~fiunitu'~~~nitu5jme:~~mmun:ni$ui~nit 

r i~~iune~uun~h~' i~4Qn~dm lmulud~~nn~otd 50 Gni<u41u~winZ~nwd~ni0 .. 
f iufi4nisu~miimuu~~~u~iLd~~~in~a1d6 ~du Kroiss unz Plahl Wabnegg (1983 & i d 4  

u 

Visser, 1994: 14) W U ~ I ~ ~ ~ ~ ~ ~ ~ U ~ ~ ~ ~ ~ ~ U ~ ~ ? ~ ~ U ~ ~ ~ I ? W ~ W ~ L ~ U ~ ~ I J ~ U L L ? ~  ni6uUjnit 
a d  uamii~nud 50 ~daMuDFinmaunn~iu~~u#una~laOmt~quilnldh 50 un./n. H,S-s 

Karhadkar Uk=4ZAN: (1987 614ii4lu Visser, 1994: 14) wuiluan?znu~1nila~dh~uut4~au 

n i l  ~ m u w u ~ i ~ 1 ~ i u ~ ~ u b i r n ~ ~ ~ a l m t ~ ~ ~ ~ ~ ~ d h d ~ 1 1 f i ~ i i m n i ~ ~ ~ . ) n i t u ~ ~ d m u d  50 
a A ~dof~4uPF riimqun 130 un./a. ~ ~ ~ u i ~ a a ~ n i m m n o ~ ~ ~ a ~ ' m ~ u n ~ u a o ~ ~ u n ~ t i l n m  ari14ltii 

m ~ u n ~ s i l n w ~ v d ~ ~ ~ ~ ~ ~ ~ s ~ ~ u n ~ d o ~ ~ ~ n ~ r o a u n : n ~ t u ~ m i i ~ a  iilS;udtwn'LBFLriilm~qu 
-" A .  a ud~1u~~unn1audsu1~ f i~~ iua~~~ '1~w1n~~ma~~vd i~u1n8u  



d i  p ~ ,  di~~uaunitnit~mni~ijdi~viin'u 7.01 d 18 OC (Weast, 1977 biqii~lu 
4 

Visser, 1994: 14) n'i8udtz~niSnitumn6?~inn"1a~flu~o4~un?itildtzul~ 2.27 n 30 OC 

(Wilhelrn unzwnr:, 1977 &IJ?I~U Visser, 1994: 14) u n ~ o ~ ~ ~ o n d d u n d o f i u i w ~ n ~ d ~  

~ M I J  1 uama~qfld 2.26 

{dd 2.26 umao~~~oadoauqnd'~,~,  Hs* umz s2~~ua?tnzniu~a~mt~quiln~d6 32 un.ln. 

(Sawyer ufl: McCarty, 1967) 

McCarty unz Oleskiewicz (1990) 1&~nmd~un~o~~nlvldidijdon1tl4unn~mmu~1= 

ez3umao~uuni~lutzuulhon3~qu vi in imnno~lmo3i~~o~in0j~u~~~odf lo~bi ' )u  
3 ~ : ~ r m m u n : u ~ n t m ~ w ~ u n * l l ~ ~ ~ ~ u u ~ n ~ ~ v ~ w u i ~ ~ u ~ ~ u ~ ~ m ~ ~ d ~ o ~ ~ ~ u o z ~ ~ i l m ,  unntmm, 

Zalns~~ulanZrlhunzgn~dlil wu.jia~'hq~3un'u~i~1u~~~~nzd~ijunn~mmunz~nLvlvJw~flud~~ 

dozneu wuiiw?iu~$u$una~~~~d6~~~umde?;ini 1,080 un.ln, uaz'lalmtrquqnldh 320 

un.ln. ~ d ~ w n d t l n i t ~ ~ u n n w ~ m  hunit14az3Uilm~zQn6u~~~flufimd~ulmumt~fiu~nld~ .- 

nzniudid~riumnp~? urd2i7~aiu~4u~u~o~lalmt~~u~nld4ip?;ini 80 u n . / n . n i ~ u i ~ n i t ~ ~  
" 

az~~mm~z~'in$uqin~n~d4in'~uumu~1~ uonqin~uu&~d&mnd~u4lo~do~nLdmLviin'u 3.7 

qzwunitazsui~i?aa~ntmlw6loruw Ciimiu~$ufiUao~~nIdh~?nndi 112 un./n. lnulw9- 
4 ' a  1orumnr~uaufiuirw'u~~u~n~~m3~nirudnmm~ uamqlfir~uii ~ ~ n ~ h ~ h % ~ d m d ~ 3 h R  

Y 

latmt~qugnu'tlfiq ~~uun~fin~~u~u'rrw~i~~ua~utzuu~du$u unnrmmilf~~n~ounaiucjiuni.r 

fw?~f0rumunu 'Iwnwm~4iu McCartney Unz Oleskiewicz (1993, 665-663) \%.inunit 
44" a~au.ao~l~~~lo~umlu~Zn4ia~unaun'3~n'~~1dunuomt1d~u4lo~doiln~dm~~1n'y 1.6 



" 
Koster umznnrz (1986) lbiilnwni~uC~d~~~~n~twijm~~nunmmKm~c'n<~~flu~m 

~ i n d ~ n t d q r o r o m d ~ l 4 o : : ~ ~ ~ m r f l u m i ~ i v i t  dt:ih4rondiq 7 lmuriin~mmmeulun~m 

~s'urrn:~ma?m6iin~.1q:~i1fi~~onn~d ~ n : ~ i ~ f i ~ f i ~ ~ f i m i u 1 ~ 0 ~ i i q i n t : u ~ ~ 8 ;  wuiim?w 

rflu9a~~o~~in1nfi'1d6&uw'~~n'~n~iu~4u4~ao~labt~~u~~ld6n:n1u~1dl~~mnei~ lmulu 

h d r o n  6.4 - 7.2 gnCu&dn?iur$u4u 250 un./a.no~Qnrdof lud?qiroq 7.8 - 8.0 gn 

~ u i ~ d n ? i u r $ u ~ u  90 un./n.noqqfirviaf 4 4  Koster ~biumm~~~u:i~~nanrznit~n7:rii~a0~ 
- 4  J uunnrsunrflurdm~z~il iTnudon~iu~fl~9~~~~ld~biq~$u ~~ti:~:~iImrnsr~uun'no.~ 

4roalurdmmKm~~riilfi4roan6~ulune~~dm~~$u 

Rinzema Un: Lettinga (1988 614ii4\u Visser, 1994: 16) u~m~\firflui04Wnao~ 
* A d  8 -A 3 ~nldmnumon1tdoumniulwt9l~ruml~n'~d~ntdq~~~~m~n~n~~bi~~l~t~lo~~m~fi:Qn~dm 

1mu14m~m~d~un'~~~1u~ii~~~~mi1~a~d1 d4ro.a 7.5 ~~ummq\upId 2.27 iqwui7 111121 

r64uno~hlmtrqu~nld6diipii~iIu 1 oo un./n, rii1finitdoumniu1wt90oLumdugn~uEq 

r~n:n?iur'u~uao~'1a~mt~qu~~~d6 140 un./n. q:vii1$r~mnituirkqn7niou6niu0wt9- 

lorumd50 rdrjooiaulii 

um::bi?um~m4uuu~iu~n'un'u Rinzema UA:: Lettinga (1988), Koster un::AN: (1986 

bi4h'lu visser, 1994: 16) dt:~~u~nn~~~fi'1d6d~dont:u?~nit~ijm~~nu'18;&~mit7~d 2.4 
4 ufi:ruer~~u~~uunimrnno~no~ Koster 6~ Rinzema UA: Lettinga Aumm~lfiriiui~uunff- 

4 A roundnumniulwfilo~um~nCu~~~~~~nld~~inndiuun~iwmk~iirnu 
- 



U - 
2 
s 2 .- 9 t! .. 
a , .  ' E 
3 gj 
0 u - 
0 QI . g 25. 
.& 
0 , L a 

2.27 sr9uiwfw6~~rum~~nrii~~1~~:6u~1?iu~~~Bu~~~r3~didi~ 1 Iu tYa IJ~n~d 
dA Y yr~roaun~au~8i?ulwfil~ruwum:Qarr3m 

(Rinzema urn: Lettinga, 1988b biqdqlu Visser, 1994: 15) 

Ad" Visser (1994: 16) ~ ~ m m r ~ u ~ ~ ~ u n ~ t ~ l m a ~ ~ n * u m ~ ~ ~ ~ ~ u n * ~ ~ ~ ~ ~ u n ~ ~ w n ~ ~ u ~ ~ o ~  

d m u  1.3 ni~u'ouamiufw6f~rum~nd~~~d~unj7n1otiouma1ue:~~mm &wanit 

n m a o ~ ~ ~ 1 t l ~ j ; u d ~ ~ ? 7 u d i ~ a o ~ m n i ? : ~ ~ ? ~ 1 ~ a u n a ~ m C ~ 1 ~ d ~ ~ d ~ : ~ 1 u 7 1 ~ ~ i l u ~ ~ 1 . 1 u 1 n  
Jd " d i ~ ~ a ~ i ~ l ~ ~ ~ ~ n ' u ~ ~ r ~ u n ~ ~ m ~ i d ? ~ ~ l ~ ~ d ~ Q ~ ~ d m ~ ~ ~ u  ni?Lieumaiufw~f~rum~:I~~~ 

ffaIA6dou#i.r~in d~qinni~nmaP4aP~ Oleskiewicz un:AU: (1989 dj.rd.rlu Visser, 
cJ 2 2 

1994:16) ~ a ~ ~ h . 1 1 ~ ~ ~ ~ ~ n ~ i u ' l ? d ~ ~ m ~ ~ l m n ~ w u n u m i ~ d i 6 ~ d ~ ~ d ~  AP uanrmn, O ? ~ L T ~ ,  

o:3rmm un:lwfi~~rum d?uaei~l~~~ufiu.o'mnd?u~la~d~Q~~d~~~ nitu'nuaa~ua:3~mnq 

r~iiouiiq:r~u~~moun'~nu*uE~u~nd~m 



Reiss urn:nN: (1 992 bi4h1u Visser, 1994: 16) 5 1 ~ 4 7 ~ ~ 1 n l t ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  

uun$&aCtitA DesuWovibrio ddu~8i?uurnnuRmpn~u$~ori?~duut~dn~?)1~#u#uno~ 

l f ~ l t ~ q U q ~ l d 6  550 un./m. $LB'~ 6.2 -6.6 

Okabe urn:nnr: (1992 6'1qhIu Visser, 1994: 16) wuiqn?s~1~Eqn7trq>~~u0m 
r- a J 

aeq Desulfovibrio desulfuricans d 50 riosiaummmaun 250 un./rn. IalmtrquiFrnldA h a  

7 

rJ 
McCartney Urn: Oleszkiewicz (1991 bi413IU Visser, 1994: 16) tiu47ui7m8mqn~u 

dd 4- n'u8mt?nd?u~~o$d~Qn~dm~nin'u 3.6 IuP:u~~J~~?~ou~RI~LLR~L~~ uunnrwom?4 
J ilrndmq:~?doak~d6uinni7uun$~af?~~~nu urn:~un1tnmrne~uuuuun~~weuecran7u 

r, a J 
rrsnrmmd$ran 7.2 - 7.6 n?tu'~~~n~tu3wd~nuurn:n~~'i~~ilrn~dmd 50 rdooi%ummmaun 

R?IuL%u~~€N%?~~~L~~I~'u 83 urn: 240 un./rn. miuOj16u ~ U ~ l ~ n ~ f i U  McCartney urn: 

Oleszkiewicz, 1993 d i ~ d ~ l u  Visser, 1994: 16) ?IUJIU~I d8mqd3uri'u~mnd?u~f~$do 
d d  4- i/PIrdmrviinYU 1.6 urn: 0.8 uunnrtutm~4~mrdwQn~~~u'ouniiuun$&ah~iirnw~nIu 

t:uii~n~0(ioumaiuunnrmm 



Stucki un::aclr:: (1992 61'7.rIqlu Visser, 1994: 16) ~~rnm~~u41ojd~noN'uuu fixed 

bed ~ ~ ~ i n d l u u n  (sulfidogenic) f~un?9ir?~m~ir~auw~u?::uii4o::~Lm~n'u~aLv~m 
2.4 Y q=~iinn??~u~~a?aunn??u~+u+un~~~a~m?~4u~n\da'q~ni? 50 un./n. d q w a n ~ m m a o ~ u  
4- 4- umn~'lfiiiui~uunnrw?m~din~dm~mriji~?iu\?do~n\da'u?n 

?,luio@+u 

Khan and Tmttier, 1978' 

Kroiss and Wabnegg, 

1983" 

isa. 1986b 

Koster, 1986' 

Rinzema and Lettionga, 

1988 

Karhadkar uPrmNr, 1987' 

n?iurh~j16u 

b b t l q u ~ ~ \ d f i  > 1.75 mM(56mg.4) 

bbtl~~gn\dfi > 1.70 mM(55mg.4) 

bb t~qubn \d f i  > 35.3 mM(1,200mgll) 

bbtrqrr3nIdbi > 7.4 mM(250mg.4) 

blntr~u~a'lddi > 250 mg.4 nmqnidofi: 

aim 6.4-7.2 u ~ t .  > 90 m u  n o i ~ h ~ d o d  

7.8 - 8.0 

b b t ~ q u % I d 6  > 3.13-7.0 mM(l00-224 

mdl) 

" 
n t r u q u n ~ t d ~ n u l l ~ q  

u'~iqnit~dduuran~tnfi~fluil~nu 

u'uijni~~dduuor3rmn~fluj~nu 

~ ~ ~ i ~ n i t u ' ~ n i l t n u  50 % ~unitrduu 

or8~nnuPrt.roniuon~fluil~nu 

u'~i i~ni tu~imi l1nu 50 % ~unitldiuu 

or3rnmrflui~nu 

~'~$~nituTimdrnu 50 % ~ u n i t r d ~ u ~  

or3lmm~fluilmu 

u'u~~nituTini?cnu 50 %~unimnnaq 

'Lq synthetic dist~llety wastewater 



rn?JiQ@<?J 
Rinzema and Lettinga, 

1988' 

Hilton and Oleszkiewicz, 

1988' 

McCartney and 

Oleszkiewicz. 1990 

Choi and Rim. 1991' ( h a  

Adnqmrdnta4i.r 1.7-2.7) 

Reis, M.A.M., Lemoa. P.C., 

Almedia, J.S. and Correndo 

M.J.T. (1992) 

McCartney and 

Oleszkiewicz, 1993 

Reiss u~znw, 1992"" 

Okabe mznorz, 1992" 

Stucki uaznw, 1992" 

Visser. 1994 

A~IUL#U~U 

b~n t~q~qn~~ lb i  > 2.98 mM(lOOmg/l) 

" 
no:u?uniodQnfiu~~ 

f i ~ i 4 n i t ~ ~ n d ~ ~  50 % IU~IYLLI~UU 

n3~mmr3u~~u~zLItz~niiniwnit 

Aw'nw~In~unamaa 

u u n i ~ % ~ ~ ~ d ~ m ~ d ~ ~ n u ' u k ~ ~ d n a ~ i n n ? l U I u i n n 4 i n ~ i u  

~CUcun~labt~~udmIdd ~uun~hdhailm~~nu'u~~~dn~~inbbt~~uda~dbi 
annnhqnIdb?quum - 
~o~mtr~rrdaIvl~ > 10 mM(320m~4) u% 

~m'ld6kwum > 33 mM (1,060 mg/l) 

qm\dbihiufi > 5.0-6.25 mM(160-200 

m@) 

~ ~ I A A ~ ~ P I  > 3.75-4.31 m~(120-140 

ma/l) 

lolmtr~u~nId6 > 547 mg/l 

~ ~ \ ~ ~ ~ - + Z A I U ~ I W W ~ D ~ ?  > 3.13 mM 

(100 mgn) 

ak\d6azniu~i~umn? > 5.38 mM 

(1 72 mg/l) 

bbtrquilaldbi > 5 ~ m u  

'Labtrqu~mIdbi > 250mgil 

ZaktrquqaIdbi > 50mg/1 

k~trnt~qrrqa~~bi > 180mgA 

Iobt~quqaldbi > r7smgil 

~ u i ~ n w r ~ i u u u a n ~ m m ~ ~ u n ~ ~ n n  

u'ukauunidui~~dqnrdn 50% 

fiuiquuniiwu3nil~nu 50% 

u'u~~nitl#u~n~mmbuuuniiwiA~d 

qmakrdm 

~1~ian7t~d~~uuanw1m~fluil~nu50% 

Cu~~nitl#umnmnbuuuni&iA~d 
5m~dm 50% 

u'~kanitl#u~n~nmbuuunihi~~d 

~m~dmdilddDesulfovibn'o n( i i~ 

d u y d  

u'uiqnit~q?~raubnna 

Desulfovibrio desulfuricens d 50% 

t~udflnubi?un~~nmwz~~~dm 

rti~akldbi~iirnni&u~ua~ 

~uianitu~nil~nu 50 % lunitr~~iuu 

nz3~nnr3uilrnu 

Cu~~nitl#nz3rmnbuuuni&~~~d 

dnrdnd 50 % 



* &i;hu McCartney UR: Oleskiewicz, 1993 

" &14fmu Visser. 1994 

dd J dnis&uii~~iuiiilald~viil~r'nnni~ulr~~ni~ii~iuao~rrunnrtun~lgb~n3r~u 
4 " YO* arii4uin u ~ i ~ u o ~ u m u n u n ~ i u ~ ~ u ~ f i u ~ ~ i u r ~ u ~ r r a s ~ ~ a l d 6 ~ ~ ~ ~ ~ ~ n 4 o ~ ~ ~ / i ~ u  i(4lunit 

nnao~rruu~rundufim~1fi~fl~~i~a~d6d~n~~u~ilum1~u~dviilfi~'im lag phase ~ u n i t u 8 l ~  
a  

iirnu Pnun?iuuiqam lag phase q:auo~fiufini~:u~m~ouas~u~a~~:riou~~i~ 

Yang Um:Rru: (1979 bi4?!4\~ Visser, 1994: 16) 84~FtLfludl lag phase ulu'l4 60 

$qPu~ua: 12 qu diuhn~iur$u$u~e~Qaldr;i 25 ua: 75 un.18. miui ich lu  enrichment 

culture 

Eis UaY'RN: (1983 #14%1~ Visser, 1994: 16) W Y ~ I W ~  lag phase u ~ u ~ i n r ~ u  

qaldii loo un./n.Ififiufiej~lqd~ndhl~uuA~ 

Maaskant Un: Hobma (1981) UR: van Bellegem Ua:PIru: (1979) (bi4341u visser, 
a 4  1994: 16) t i u 4 i u i i  n i ~ u i ~ n i t u ~ m d ~ n u d  50 % r'imaun~1~iu~tiU4uae~~ald6 i 50 404 

200 un./a. otiw~ti lmiu Maaskant ua: Hobma f i u ~ r n ~ ~ f i r i u i i n ~ t ~ ~ u ~ ~ ~ r ~ ~ i i  7 (uq: 
d?u1finiwiri4ana4~i:~qinni~llh~9no4fikm4 i ( ~ q r ~ i i e u i i n i t ~ ~ ~ ~ a o ~ f i ~ m ~ q : r i i ~ ~  

$ n i ? ~ u i K ~ i o ~ a ~ ~ u u n ~ ~ ~ ~ ? d ~ a r d m ' 1 ~ m i u i ? o ~ ~ ~ d ~ ~ ~ r l 6 ~ d ~ ~ ~ ~ d ~  d iuh f i  

d~ns~~dnittlou61~1uerii~81o~do~ n i t u ' ~ ~ 4 q i n ~ a ' ~ ~ d 6 o i ~ ~ d n ? i u d i i i ~ u ' n  (Rinzema 
J 3 

U ~ Z  Lettinga, 1988a &14hlu Visser, 1994: 17) ~~0~~1n1~t:~ur~di~dt : :a inw~~uun$-  

~ ~ ~ ~ ? d ~ R ~ d ~ l ~ ~ u ' 4 ~ 4 ~ ~ ' L ~ ? ~ ~ ~ ~ ~ 1 ~ d ~ ~ 9 ~ ~ 4 ~ f i f i l ~ l ? ~ ~ l < n ~ ~ ~ d f l  ~ 4 ~ Y ' L f l ~ ~ q i n f i  

~ ~ n o ~ ~ ~ s o n ~ i ~ u a i u i t n i i i i m 6 i ~ ~ ~ d ~ n ~ i u ~ ~ u ~ u n o ~ i l n 1 ~ c ; i  soo un./n. 18iriludriiw~lq 

(Eis LWmru:, 1983; Ferguson Ua:nW:, 1983; a m e r ,  1989 614ii4lu visser, 1997: 17) 



uun~ioud~ri'l~a~n~~~umiu~t0~nu'ui4~Bi~~ijn?~u~$u~uno~~auu?nd~4~4t:~u 
" J  

~d.3 ~a~dm~a~n"~dunS1 ~~U*i~i~n~~U'ura~~:rUYBi~~u3~Omum~uPiiin'ild~iian~w'uu'~~ua~ 
4 "  d J  

qin%~ouu?nlW ~ ~ a ~ ~ ~ u L a 4 i i ~ ~ u ~ a a ~ ~ ? n a n n ? u u 4 n ) W ~ ~ L f l u ~ ~ d l ~ ~ ~ ~ t n ~ m t 4  ud 
I  

n i t m n u $ n ~ d a ~ ~ ~ n u ~ n ~ l u u d ~ ~ i i m n u a ~ i ~ ~ ~ i ~ l ~ u ~ a l ~ : a ~ ~ r i ~ l # n i t a ~ d ~ m i t a i ~ ~ t ~ i i m  
I  
nu\BifIril4i'ln'PI (Lettinga UR:AN:, 1987 614(0du Visser, 1994: 17) I ~ ? I ~ L ~ u ~ u ~ € N  

4  J 
upltp~il~u~fiu4 400 un.1~3. iia~qriilfi~iimn~tnnlil:n~uu$nna~~~~luulut:6unput~wan 

4 J r  I  I  J 
q:d4wadau?ah:lBi m:nauumnnmmnu~:m:mui~uinnuluojdfintoSua:lu~:uuna~ua 

J 
~?ei~dduuId iilfi~iimnitq(b~~duuaal~:n active lduaz~iimn~rgm6ulu~Iuvi~ #iudqm 

" J 
aiqn'~l#~iinnitqry~du activity n w ~ i i m m & m ~ 7 d ~ ~ 1 ~ O a u ~ ~ ~ ~ u a w n n ~  

4- I  
n?14~mu~u~nmL~uunLnmau (Visser, 1987; Pereboom, 1984 4144-d~ Visser, 1994: 17) a4 

l d n i i ~ u n ~ t n n m : n a ~ u $ n n a ~ d a m ~ d n a ~ ~ r i ~ l ~ ~ i i n n ~ t ~ i n ~ ~ t p ~ d a m ~ d ~ 1 ~ ~ l 6 6 ~ ~  

(Callander Ua: Barford, 1983; Lettinga Ufi:n~:, 1987 614'l.rlu Visser, 1994: 17) 

ri~n~~ur~u4una~O~~uudri~lfiLiinn~tu'u&n~tu~miiLnun" 50 ~da5~4u6 3riqkud 

6 $4 40 n.lA. (de Baere Ua:Anr:, 1984; Kugelmann Urn: McCarty, 1964; Lettinga UR: 
3 

Vinken. 1984; van den Berg ufi:Anr:, 1976 614i4lU Visser, 1994: 17) ~?iuunndi4u~d~ 
J ii~flu~wti:mniwu~n~ou~a~m&m4ria~~~:\i1u1la7~n~tnmma~, unnt:nurua~sinnit~flu 

L(fiiln&%nid4~Apun'u (antagonism or synergism) no.ruuniiwn~udi4 1 luu?a4?: 
um:~n,tih~un~tnmmau m ~ n ~ $ ~ u ~ u ~ ~ u ~ ~ u ~ u n a ~ ~ a ~ i ~ u ~ u t : ~ u d q ~ ~ ~ ~ ~ a u i ~ ~ : ~ ~  

doO~r~uu~auniim5m~$u'~'Itj3u 

Rinzema Utp:nN: (1988 614i4lu Visser, 1994: 17) ~ 4 t n ~ ~ ~ ~ d l ~ i t ~ ~ ~ ~ ~ i t  
I J  ri~~~ua~.ruun~hmh~ij~nudlda:~~mnd 10, so ua:: loo ~de~~~uflud~lm&md~iiaaun 

nmurP'u4una4Onrffuu 5, 10 urn:: 14 n.18. mqulji~u trnuriaudq~~rn~m~u~'~irt~Liu~~fi 



Visser (1994: 17) W U ~ I  ~dna6m~%~ni713;aun'ula~uu~4u4u 1.5 - 2 UB:: 5.5 - 6 

n.1~. activity ~e~r)1m~Gmq~d~ulu~r~uu~n~hal i?.r3rnu~nCu~~d~~~ur$u#uamla~uu .-, a J 
uinnii  6 n./a. ~ m u n ~ ~ ~ r t i ~ ~ u d i ~ ~ ~ ~ ' i m n ~ ~ u E ~ n i w i i ~ i u d  50 rdo$r4umrnmaun 7 - 8 
fl./A. 

uunti~u's'l~4~~rd~do~un::~~d~~l~~i~rfludio~'lfiGuuiiu~wr~nlunis~~'1~ 

r̂ wufw (Widdel, 1988) tuni4n~ufiu uunti~~'l?~~ard~1~~7im~:~nu'ui~~il0d~?iu~~u 

$ular;uuqq lmu Vissar (1994: 17) ~u i7rdma~m~d?u1u~~f luuun~h~~?~$n~dmd3~ 

~ufar~uu~u?::6un?iu~P"u#u 1.5 - 2 n.ln. Lrn: 5.5 - 6 n.ln. activity ~mdmaRYm4q:~n 

~ui~dn?~ur~u~u~m~ariuuu~nni? 11 n.1~. udquiiqfimil ~oqndu?~t:fiun~7ur4utiu 
dd 4- aa~l~r~uuddwndeuunn~0~0m~4~n~dmiiujn~do~dou$i~\iou 



COD, = soluble COD,, + CH,, COD + COD,, (2.1) 
J 

LUB 

COD,, = a ~ + , i ~ ~ ~ u n r i o u L ~ l t : ~ ~  
soluble COD, = ~~Q~;~:~IU?-~&~WIU?:UU 

CH,, COD = i i lailuflnia~mu 

COD, = ~t~ i#p~:a~uo$u~and~n~w 

soluble COD,, = ASO?-COD + soluble CH,-COD + 

soluble organic COD (2.2) 
J 

LUD 

Aso,~' COD = ~ I B ~ ~ ~ ~ ~ ~ ~ I ~ ~ ~ Z ~ B Q P ~ L ~ ~ ~ ~ ~ L ~ ~ U U L ~ ~ U Q A I ~ A  
soluble CH,-COD = ~1~id~iin97njilnua:n7~~7 



4.4 J 
soluble organic COD = 3foZlu~dntnZun~cit:~~uua:ai~unwoun~~nuou 

maiuX~unt~uaun~t!Yoon~r~u 

Pi7 COD, ua: soluble organic COD L i l U d 7 i ~ p i l ~ ~ ~ ~ ? 4 ~ 1 n ~ ? t i L A ? 7 : ~ ~ 9 ~ d 7 4 ~ 1  

dqudi CH, ,,,- COD, soluble CH,-COD ua: Aso,~'-COD u i \ B i n 7 4 b o u ~ ~ u n l ? i i u 9 ~  
" 34 

911) stoichiometric m4u A8 

SO; + 8 ~ '  + Be' St + 4H,O (2.3) 

96 n. a h a  32 n. 

J 
s~naun7 td  2.3 ~nr~mnama.~ 96 n. r i i n q i n n i t ~ u ~ r J n m ~ ~ u  8 ILIA naiur~lu4a- 

r ~ o i  32 n. un:qinaunid 2.4 ~tinmtou 2 1un ~mriuurilugI8i\'aZX i s  n. duio g a \ ~ ~ i  
J " 

riingu 32 n. ul9inirardmnmnn4 96 n. ua:U'~iir$,n'uurd~n'u~~~~ 64 n. rw?I:a:w'w nlrcrl 

~ i i  ASOF-COD i i i ~ u q ~ \ k i n q a r d m i n m n . ~  Imuqair~mdnna~ 3 un. r ~ u u r v i ~ i i u  jato1 2 
un. 

A 
~ 9 u  CH,-COD $4 CH, ,,- COD ua: soluble CH,-COD) ~ i u ~ ~ \ X q i n f i u n 7 t n  2.5 

CH, + 20, ' + C02 + 2H,O (2.5) 

16 n. 64 n. 44 n. 

+inaunitd 2.5 ~:rflu\Bi41 drnu 16 n.vi1dfiffo~1weAnir(1~n3~9~ 64 un. rZnrilu 

ni0irau1moon\q~ua:J7 uan447 drnu 1 un, i i ~ i i r ~ u u w i i r ~ u ~ 1 8  4 un. IP~U CH, ,,. - 
COD ui!~q~nn~fim~u~mtn"iakuunuazn~n'n%aua::no~n"imd~nu~u~~puimtn"~qk~uun 

u&~i~~d~uu~uimrn"i~d~i~~nr~b;~iluiiu~u~anmn"i~drnu'aZX~ungn~~n"i d9u soluble 

CH,-COD i iu~ru1nuf4ngao~r i lu i  



COD,, = COD, - ASO:-COD - soluble organic COD - 
soluble CH4-COD - CH,, COD (2.6) 

aunit 2.6 d~??ud~~'~donitws?qaau~??uli7rdsiiaao~4oqn~~~um d4nitplmq 

aoun~iuriir~aii~ao~5oynlurd~~iuiilbifmunitiiu~~auq~u~ano~t:uu ~ ~ u ? n l f o i  

r4it:uuun:u?n4toddoonqint:uu n??urii~~eiioaw4oqnq:~qin9bun:~o.1u?n4fo~d 

oanqins:uudo~oun:no~u~nlfo~~~4it:uu & n i l  % COD recovery & % recovery 
4J , lnbriuqflu loo % iiuamii40rlaij~?iurii~doiiou~n udqinaunid 2.6 tiilIo9mb.1 

aiuitowt?qaeul~oaf~id~nrd~uua:auodluraa6~~ 6q$udi % recovery q:ddi 
" 

rflu loo % rauo rwti:di~foiduiu~d~:Dn&uii~3iuiiQn~:auo~~u~andn'~~um d u  

Fl??~tdUq?4 I Q ~ I ~ ~ ~ : ~ L A ~ ~ Z ~ W ? ~ ~ ~ ~ L W Q ~ ~ ? . I  1 ~~Qflhf lq~h~t~m 100 % ~fluldlb;uln 61 

~ ~ ? t ~ i l ~ l u i i e i i ~ f o i d ~ ~ ~ ~ d ~ ? n n ~ t ~ d ~ u u ~ f l ~ ~ a ~ ~ ~ a ~ ~ d r i i u ' o u  rdoqqinrflut:uu'lF 

oon~~quddr?n?n'n~atp6~??uiu d l  Yield observed $d?~iu?n ~ I U I P D ~ P I ~ ~ ~ ~ ~ U ~ Z ~ ~ ~ ~  

i i u i 9 q i t ~ i  d t : l u ~ u ~ l ~ i i ~ ~ ~ o ~ i u i t ~ ~ ~ ~ a o u ~ ~ ~ u r i i ~ d o i i ~ l ~ n i t i i ~ i ~ ~ ~ u u m ~ ~ i n  
Y "JJ a ~ q a u ~ n n o ~ 9 f o i d Q n ~ ~ ~ n w i ~ n ~ ~ i n ~ i t ~ ~ ~ ~ o t ~ n u ~ 4 0 ~  6du % COD recovery 

aiu~tnuilBiqinaunit 2.7 

% COD recovery = Aso~-COD + soluble organic COD + soluble CH4-COD + CH,,, COD 

COD, -(2.7) 

uonsin$u ~ i n a u q n u ? a a o ~ 9 l s ~ ~ a f ~ ~ ~ ~ u ' ~ i ~ l ~ ~ ~ & n d ~ u l l o i d O n l ~ u ~ u n ~ -  

iou~'i~4~nr~~un:uun4ii;Umf~~ij~nulbi fmu&ni? rdoQr~u~nitlrrnnw~~dnwmu d~uilh 
41flAUfl'lt 2.8 un: 2.9 

% electron flow to MPB = (cH~-coD)I(cH~-c~D+A~~~-coD) (2.8) 

% electron flow to SRB = (Aso,~'-COD)/ (cH,-COD+ASO:-COD) (2.9) 



q i n ~ d o ~ ~ ~ u i n i t ~ u n n ~ ~ ~ ~ ~ n m m u  L ? ~ ~ ~ u I ? ~ L ~ w ~ L $ u u ~ I ? u ~ ~ ~ u Y u ~ : ~ ~ ~ ~ u u ~ ~ -  
d e m  ~suom~.dQn~dmurn:uunfliour~i~i~nul8; f m u u u n f l ~ a i i m b d i ~ d ~ f ~ ~ u i n ~ ? ~ ~ a n o ~  

4 4  Jd .1 

~r~nm?ouulnni7~:~~uuunnrtun~~?7~bm~u (predominate) U7nnilllu?ruuIh 1 

sop ,,, =so, " w, + S" + HS- + H2S[,) + H,S, (2.10) 
J 

LUQ 

SO:, = ~n~doolrrdiin~d~1dodlu$?~41 

SO,", = ~naf3r~oSlu~la~lrd1~doflu~~oon 

S" = ~n~da~u~4'mldm?o~ou 

HS' = ~ n ~ d o f l u ~ b f m ~ ~ ~ u ~ r n l d ~ n : n ~ u ~ ~ d u ~ ~ n K ~  

HzSI,) = ~ n r d a f l u ~ ~ n l d 6 n : n ~ u ~ ~ d ~ ~ w 1 n ~ ~  

",So = i1n~d~fi~dl[llfmt~quil91~d~u~n1u:n"7~ 

un:: 

% sulfur re=overy = (SO,", + s2. + HS' + H2Slw) + H2S,)/ SO," , - (2.1 1) 



-" J J 4 i ~ ? q u n ~ n u ? 6 ~ a ' w o 7 d 9 ~ a f ~ ' I d ~ ~ n ~ d m d d ~ ~ d ~ n 1 ? L ~ ~ 5 6 ~ ~ d ~ i 6 n ~ ~  1Biur-i isa nnz 

mu: (1986) , Callado Un: Foresti (1992), Mizuno U~:ANz (1994) Unz Harada Un:mNz 

(1994) ~~u i i?9 'u~dnzmudi~ f i~~~~df in td~u~z~~~~u6u  fmu isa l ~ f i nw4 \honq rqu ,  

Mizuno ~#o'.~d~ntdchemostat d9u Harada I~ojdfinorGy~orom! 

- Isa un:FiNz (1986b) 



Medium Sulfate-S added %electron now 
--- - ~ 

Wl C0D:SulfaIe SRB MPB 

az3imm 0.1 16.7 2.e0.3 97.3k0.3 

- Callado N.H. Ua: Foresti E. (1992) 



- Mizuno Un:RN: (1994) 

n7mnno.1aa.1 Mizuno ii~8iwn~omn~o.1fiun7mmno.1n0~ isa buwud?!l~D~~u 
J 

~:uugnIfluni~'?~Qn~dm~~~fi~~mQn~d6uinnu ~~o6miilnd?u~foido~n~dmnnm~ ndi? 

l a  d~mr7d?ulfo4doq~~d~~vi7fiu 50 4f~Zu7nnd7 82 rdeir4~6gnrd~uu~flud~nu unqn 

rd~uurfluqnld6fiouni7 3 rdoQr4udF ud~~6mnku!lf~~de~n~drn~d~uu~ilu 0.5 a f o ~ d  

rd~uurfluu'mu~:nn~~~~~o~w'u~ 13 ~do5~4uPj udrd~uutflu~n\v)hr~u~u~iluuinni7 27 

rdofrlu6 t ~ u m d t r r n u f i n ~ 6 ~ ~ ~ ~ ~ ~ 4  2.19 

CODISO~ SRT Inf. Effluent COD % 

(Tu) COD CH, MLVSS Sulfide H2S M A  r m e r y  

20 100 85.7 7.4 0.2 0.01 1.8 95.1 



- Harada LLS:nN: (1994) 

-a?u?<uam Harada d?umon~?~4n??ud?6~no.rCm??d~u11o~do~n~dmd~do 

t:~un7t~~m~n~drni~niiuu?ni~~u fmu Harada vi?n?snmno.rfmu'l4&~ntni~~o~om~d 
"Id" d C 8 ileu~;?ui?~8u~~~nn:unuo~lnd?uafo~dorn~dnd?~ni, ddi~s?n?t:ut~na?4~~10~~1?4 

tiu 1~wsn?tnmna464udm~'lum?t7~~ 2.20 

dd ' 
m7twd 2.20 ~ 1 ~ ~ ~ ~ % u d ~ n ~ ~ I u ~ a ~ ~ ~ ~ ~ n m ~ ~ d ~ n ' l ~ u u u n ~ h i ' I ~ 4 ~ m ~ d m u n : u u n n ~ ~  

ah~~mutufidfjntniy~o~odii (8~udn~r7m1una~ Harada, 1994) 

COD:SO," Loading Rate % eleclron IJow 

SRB MPB 

1 .O 5.8 94.2 

1.5 5.4 94.8 

16.87 2.0 5.0 95.0 

2.5 5.3 94.7 

3.0 4.8 95.3 



- Smul ua: Verstraete (1999) 

2 Jd 
inmwaao~unar~uu3clou ailmao~miw~nitua:~17~hluan~nu~adoni~ 

dd 4- ud.rGut:ui~~uunnr~tm~4$a~dm~~:~~n$LjumP~~u'~nu ~iuis'uu"l#n'4djnt~~i1~om~' 
J f 

(EGSB-Expanded Granular Sludge Blanket; n61un'yyrorad udv i l4 l~nn~ luh ' l~~3 l I~~4  
t J  ,d n i l )  tdnt~nt:uonnuin 1.2 Swt 2 oY 6~utnfloub;?uuinhuu4~1~ 90 % t~un'll~idt:di 

l o  ./o ( r i :~~t:~i~unari luu~aou 125 un.1a.1 d ~ u ~ n 6 ~ v d ~ l 4 ~ i d t : d q  n--,iuioq~ua$u 3.5 - 
4.5 u./nu. 3mrflur~ain'n 5.5 nu. $ran 8.0 - 8.5 ~BuGardwlu6nti 19.5 nFu/a.-?'w r8uo:a- 

rwwrfluuud4~~~uo~'Lu6wti 6 n.%o~ln.$ardm rdo,:~~r~i~ni~:m.~~~i?duni~lmaa~d 2 
4 "  fmun~tm~uri:ir~~no4uda:o'~ ua:ruo3uelmnimmae4 2 ~d~uunilmmi~~uitrfludof~uw 

ri?uaqs 2-lutOu-~rnu Ga~drum~u~~ni t~~~i~no~~~un$l i r~mf l7~~~nudu' ib~~~1~mtr~u rra: 
f udtn~ iur~~ lvanut :u i i~  3.0-12.0 u./au. rflun'lmmao4d 3 

unnisnma~~wuiiri*~r3uddn~~ur4u4uaa*rumar~uukou~id~ul#uun~h 
: J* m h ~ d r n u m h ~ d m u r ~ l i r y ~ 3 u O ~ ~ a : l ~ O ~ ~ ~ ~ n d ~ u ~ n ~ ) m ~ i u ~ 4 u 4 u n o ~ ~ ~ ~ ~ ~ ~ u 3 o o ~ q ~  

d?u1unitnmao~dl~n?~ur~u'ubuuna~~uu3~ou~~uun$~u$~?~4~rdw~fluuun~huSn 
: Jd lut:uu ~ ~ ~ ~ ~ u ~ ~ ~ ~ ~ u u I L ~ ~ u u I ~ ~ ~ ~ I ~ L ~ ~ ~ u u ~ ~ L ~ v ~ ~ ~ ~ u ~ I  laiiilfiGuiruuun$t% 

i'l~44ardw~~8md~unitl~OoAao~uun$h~A~4G~~dm~mn.ruddt:n1slm smul ua: 
dd d m  

Verstraete 8uilu~iuiiunn~~uu~oo~d~u'Lfi~iim bridging t:uii4raa6n~4~~nn~0tltm9~ 

$ardvi i i l #uun~Lju$~~4 i la~dwmiu i t0n~o~ l~~:u~~~ i fm~1r i~~mldn '~~~oon n i t rdhu  

~ i l # ~ i ~ 3 u ~ n ~ i u r 4 u 4 u u n ~ ~ ~ u u ~ o o ~ k i l ~ i u u ~ . 1 i ~ ~ d w ~ n t : n u  uonqqn$uu'jWwu 

n i t r n ~ o u ~ ~ n o ~ u n a ~ ~ ~ u a ' ~ a ~ ' ~ n ' i ~ # n i ~ ~ d ~ ~ i t o i u i t ~ ~ i ~ ~ a n 6 & u ~ u ~ ~ ~ d d t : n 1 t ~ m  dqu 

n i t ~ d ~ u u m ~ ~ i ~ i r ~ f l ~ d o f ~ u w ,  nitr3umitrnurrcouuu~uun~h~k~irnudulibn - 4  .. :. 



- Fang un:nru: (1997) 

7ina1uaao~3a~dmdon1tciouaa1~ruulnrawludn1~:l:24oon3r~ulufid~nttli 

uuuyraramir kuud?dl~?7ur$u~~no4%~~dnt:~il4 1,000 1 4  7,500 un.18. lmu~~uqul f i  

A~~laAno~ruul~romrvi~n'u 500 un.18. mnomt:u:r?a~n~rnmao~ 320 iu dgcuuIJij 34 1 4  
37 a~r(iranraua wu41miuitnamlloil6~~1~ 98 rda~r4ueid~dq:d~~iui#u$uno~~nId6 

kuumrvi?h 769 un./n.rrn:b~mtrsu~n~d~~:n7urvi7n'u 234 un.~nrdsfifi, fim7u uonsln 

~un~s~~un?~u~$'u#una~~aLdmIfiu~n~uq:~i~l#dt:~n^an~wIun~fiZ9dir~rdwq:ana~ ud 
' 2  J ~:rGuauruar?a~d7uld fmun~mmn~~dddtdn~n~wn~fiZ~d%a~dm~.~~mdpi~~vi~n'~ a9 

2 J  
rdo&%.idi ~ ? ~ u ~ u ~ u a ~ a e ~ ? ~ u u r i i m n ~ ~ t : ~ u ~ ? ~ u ~ ~ u $ u ~ a ~ ~ a ~ d m 1 ~ ~ 7 ~ $ ~ ~ ~ i 7 n ' ~  7,500 

un./a. ~4m~18~7nd~:an~n7~l~n7t8~~ffi~u8::n7fi'i~~~~~dmd~~n4ati74~~&~8: 

r:uu~m7u7?n~u,ineiuu7~~n Fang k4ae4~4mwi7a7~L'imq7nn?7uL$u~uao4~nrdm 

uinniin?7urfluGminq~ld6 

- Omil F. ua:nru:: (1998) 



*d -- ~drflut:u:r?nquw 1 % u ~ e ) m u u n n r ~ u ~ ~ ? ~ ~ n ~ d m n ' m ~ u ~ t ~ ~ o ~ a u : ~ ~ ~ n ~ h m f ~ ~ r i ~ n u ~  

od'i~i~iin~dmu~n~'nuwo w$aufiu?u ornil C~'lbi~&4o8q~nmi7 divhni01i~~iuas~rrun?t- 
d A d "  rwnuananr:rflutdm ~loa~.r~ijuri i?~i ' lvum~u~nr~afmt~~~iln~dh~mt:~u~~ 81qrdduu 

C d "  3 udnqldrdeftq7tnrqniulua~dmm~'mq onnjt:u:r~nilunitrntl~uun4h'1~ufi~~ir;~ud 

ri~mur%u4uqnIdhq~ 1 ~f l~~v~~f iuun~h~n~~ununiudoi ln~d~bi7,u1~tui~ddi~n'u 44 
d d d m  

~U~-IU~<U~DJ Ornil un:nor~~ui~uunnrw~m~~il~~dmd~'ifnm:~~wwmi~~tni~~~u'~b;~ 

n ~ ~ u r ~ u ~ u ~ u ~ m t r ' ~ u i l n ~ ~ ~ ~ m t : u n : i l n ~ ~ ~ t . ~ v u m ~ ~ i i ~  loo un./n. rrn: 800 un./n, mqu 

i i6u d~uunn~tnmno~d6mt~d~u~loisl~iln~dm 2 Oa~viyn~tl4rn~m~v~tudut:vii~nrm 

~ u n ~ ~ u o : 3 ~ m m w u ~ u u n ~ h m ~ i ~ ~ ~ n u ~ k m d ~ u n i r l ~ l e ~ u i n n i i  (68%) d?uniol4o:ji- 
dd d- rmmdu~eri~~~$u~uun~hmk.riimun"m~u~toroiau:uunnrwtm~~~n~d~l~~dun'~ (77%) 

udt~~nnne~nmoi~o id?u~~e~do~~~dmf l~~n~n 'u  1 lun1tnmno~$l~o:3~mmori~~~~u~ ?11fi 

uuniiw3'i?$$n~drn1Hl~~~~~u~u (40 - 50%) ~n:do~*rnmii~unao~nqrnmn~ao~a'plt7 

d?ulla$doiln~dm wui~q:\iili~~un~hi~~d~nLdwlHlo$Ibiu~n~uluaN:~uun4& 
vJ r mi i?~ i i rnu~~ f~ i~B idoun~  ori~.t)ltiim~uu~nom'~d~ulloAdo$n~dm 0.5 4411o$r5ou%?q 

uumgnlfiuuun4iw3~~Qiln~dm (ntrn~un'iu'um~~u~:3~mm) ~ % 1 f o ~ g n l ~ u u u n 4 &  

~%$~n~dmkvum (0:3~mmori'1q~iu?) f iUjmiu~tnmt~q~u activity ao~uunGi~mh~d~nu  

lho~~u~q:iiip;ip?;iuiniimiu umm~iiuonq~n~q4un~.1ln~u'inuZ~ uja~qiinmlnao~nitau 

d ~ m i t h u h u  lmun1ulu~maniPl~oi~~nt~i~un'~1~1u~4u%~ao~~n~dm 41lfiuun4iwmh~ 

u'mua~i(u~~Ibin~uludmm~m~~n~1ur4u4ua~~n~dm~iu'1nv~~iiiln~dm 



4- " 
6.rdfinrdnt.rnrzuon r&uui~uu'nni~ 0.10 rum? auim 5.5 'imo ussqmA'olqnuanwmziflu 

Y 
r i m  ~ ~ u ~ u ~ ~ i r r 3 ~ ~ u n a u ~ ~ u n i m ~ u ~ u u ~ i o o n ~ G m ~ n i t ~ u n d i  7 nir 4ranr\?uquhu 

rn'9oqr\~ur)u4raa9?u~nirl~qrZuu'lammn'l~66untmlalm~nn~~n d~umimiuitl31oz3- 

rmn, l w f i l o r u m u n z ~ ~ G u n l m u ~ ~ ~ ~ d ~ u ~ ~ m m d ~ ~ ' ~ d n i u t z u z ~ ~ n i n i t ~ ~ u  r i n  1:1:1 rflu 

592 unz 1:2:2 Gm~inirzurrynrniSun%udtrin 500 un.1n.ii.r 2,600 un./a. d?uqnrdn 

rrdrrin 1,000 un.ln.fi 5.000 un./n. ~dalfl~diIfo~doiln~uJm~~if~ri16u 0.5 u8.rrinr2u 

tzuu~tzurud m6mscujn.r~flurimo~ueirflum~1'm~~u~m~ald6~fluu~n unni8<uwui~ 

nm~r7~lun4urzuii 1 - 2 u./au, niuitofi?9'PrIla3lb;odi~idtzan'1niw ueinitriu 

fi?iuii~1vniu'1fiilriiqq4u (4 - 6 u./au.) vii1fi11tdn'iniwnitfii<m10a~nm~~u~ziji¶~e~ 
3 J uqmaanrrontzuuuinu 4.rmtd4ilrjn~tl4n?7u~!?lunaunq.rr'iuld'lrmi?ii~mir3udii 

r u  Y ~?wr4u4u~nrvlmq.r ~a:~uii~?1u~i.r~~no.r~mm6mi~zu7n~muounuo~n'un?1u~ji? 

lunhriludifi nitr~un~iur9?lua~uuu'~ziilfiulimm6m4ua"~ut~~u udAYiil3iUUn?iW 
J 3 4- J*" uqmaenuant:w~fluiiu?uuin ;d~nn?iuli?~unau 6 u.lnu. Quunnrsununnwcuzi~uw~ 

uqmaanuantz~uf~ 42 rIJoJ~4udF 4, omil wuiiiimm6mins.ruunlhi'i?4~n~dmii~iu 

u8.rut.r(dtzuim 13 - 25 'ifaii?6wmt.u.) ~ounii~fim~h~aa.ruun~itumf7~ij~nu(d?zuim 
- 2  3 4 loo l m w m u )  AouCi~uin viilfiuun~~mk.r~~nuiifimd~unitlgillom~wunun 

n?iut!?'Iun~uq.r 7 d?uni?r~ufimd?ua~~az9~mm'lw~i~~ur4itzuu~ilfiun?~mh~ 
J iwuiifimd~unitlMf03uin#u ~wti~az9~nmn~~ulfin'utz~uiidiuinniin~iumiuit~ 

1 u n i t r i i ~ m a z ~ r m n n o . r ~ ~ n ~ r i u i ~ ~ ~ ~ ~ ~ ~ m 4 ~ ~ ~ i ~ t z u i  0.3 - 0.46 n. jlfoa (ozq:armn)/n. 
4 4  rlr vss - 8. luamzi fn i t~~u~~no~fwf i la~~munz~~~~rmvi i l f i~unnLt~r~~~~~nLdmi i f imd~u 

*J 3 nit'l~famnq.rau Ornil ~ . r m t d 4 i ~ i n ? i u ~ ~ u ~ u ~ n ~ d w q ~  1 uunj/&mh~~rndU'.r~ir~ 

I ~ ~ ~ I ~ ; L ~ o J ~ I ~ A ? I ~ ~ I ~ I ~ ~ I u ~ ~ ~ u ~ ~ ~ I ~ B z ~ L w ( R  d~unitamAraaqin 8 rilu 7 vii'lil 
~ a f ~ ? l ~ ~ ~ ~ 1 d 6 ~ ~ ~ 7 ~ ~ l d ~ ~ l i l n 6 9 ~ % 1 ~ f ~ t l ~ ~ ~ ~ ' 1 v l 6 ~ ~ t ~ l ~ u ~ . r ~ ~ ~ d i ~ n ? ~ n ' ~ ~ u  vi i~f i  
uun~&muerk~inu~nU'u~~o~i~~~~~fm~Uij~npi~~~11niitul2~4~nruJn uunlhiA?d 

~n~dw4.rlMfa~lurzu~l~~iio~~.ruum 

- 0. Mizuno URzANZ (1994) 

J* 0 i l n~u~n?rnuao~~9 iu~~u i~ i ln~d1ou~: :~nnd~~~fo~ f lo~~~dmnuman?d~u  

m a i u ~ ~ ~ r r m ~ u n n i w Z ~ o n ~ r r u ~ m u ~ ~ ~ ~ ~ ~ n r ~  chemostat nuim 2 a m t  nmna.rdgcuuqij 

35 o~nirnarIum rrdtrii4foZtzuii.r 2,500 a.r 10,ooo un./n. rrn~n~1ur8u8uao.r~~~dm 68 



4.1 1,667 un./n. 'IwplnoqGnrdof i~l~%~mrid?u~~oidoa'n~dm~ud?~n~i.~?:uii~ 0.5 - 
49.3 wuiio'olnd~u~loido~n~dmi2m'awnds~~1u8uw'uBr:ui1~uunlh~h~i~muua: 

uun~~u~5~4~nrdworii~~u'udi6ry r d o ~ ~ d ? u ~ ~ o ~ d o ~ n r d w u i n n ~ l  2 O inn i ru~m 

irnuq:rfludjEuirdu ~~unflc?ClmY7~i~mu~iuirnl~loil~.1 80 rdo$rquWI u d d o ~ l ~ l t i  

d?u~loido~nrdmnmn~rviin'u 0.5 uun~hi5?~~n~dm~:~~loimd?u~u~'lu?:uuunu uon 
" Z  ~ inUIUn~mo~nirr io~m~i~O~!~tm~~nr i iuumW~uGmnduodo~n~dmbi?~~d~nYU lmu 

Mizuno m?dh ~ d o ~ ~ ~ l t i d ? u ~ f o ~ d o ~ n r d m ~ ~  O~!~tmd~ulu(biq:~nrioumniu~ilui~mucjiu 

ni~o:3~mmun:l~b~r~ubuu~nl~mh~i~nu luni~neju6u d ~ m n ~ ~ u ~ ~ o A ~ o ~ n r d m r v i i  
1.1 11- 4 -  a fu 0.5 ~?!~?m~n~ouda~ur f lu~n~dd iun:o :~~ i l~~~mu~~nn~~rm?~~n~d~)  o:~:alolmmmmnu 

~nuunflrirui'l?~~n~d~u~:uun~hm~i~i)~nuud~'L#do dd?ulvdq:qnl#delmuuunlh 
" 4 

i5?4~mrdmiu3hno:~~mw ~ n : ~ u d i G m ? i n i r ~ ~ m ~ ~ ~ u ~ i n o : ~ ~ m w ~ n U Y Y U j ~ ~ o f ~ i ~  

$nldflu~qdanrclirdu~q$u 

- McCartney D.M. Un: Oleszkiewicz J.A. (1993) 



- Visser A. URZnNZ (1993) 

Visser mtd4? ~ L J ~ ~ ~ N ~ ~ ? J I U ~ ? U I ~ R ~ ? ? : ~ ~ ? ? ~ L ~ ~ ~ U ~ ~ ~ ~ ~ L ~ ~ ~ U ? : U U ~  
11 1- uinr'iuwo lafmt~~ulut:uu~~uumlut:uu~nl~muuunm~m~m~4~n~dm uolnitl#aGdrmw 

lmur~un~ioui'i~~il~~4mun:uuniirufi41~iirnuujlu'ri3uduriilmi~uuniiou~iimlm~:~il~~ 
w 

au: huluo:uuu'imiirmu o:~~mmnjuum~nl~mu~~unii~mh~~~muIua~:d'~afmt~~u~n 
1.1.- ~~rnuuunmr tuon?~~nr~n  u~1:douo~~~uud~~ui'11o~dkm4n'ou~iuinm~~~ Visser i f i fo  

at1141 uunnB~?~~4~m~dm~i~~Iw~~lufin~~:da1m~n~4m~:vii~d~du3mn~mo~3'in Yi? 
' 1 ~ ~ i u ? u u u n ~ ~ ~ ? ~ ~ n ~ d 1 ~ 1 ~ ~ f i m ~ 6 ~ ~ ~ o ~ ~ i o ~ ~ ? ~ ~ ~ u u * ~ : ~ i f i ~ ' m ~ ~ ? n ~ ~ d ~ ~ ~ r j ~ ~ ~ ~ ~ m  

3 41 -14- uirnu~i imiu uonq?n$uu'~wui? luojrJ~ntcumuuun~~tu~m~4lan~dmdouni~u~n9iw 

fi~?qu'rnuuinlunou~u&u s:riio~l~r~niu~uwnniid~~nih'.'i~4~n~4m~:r~?~~ufm 

~uu?ro?au:uun~hfik~iimu~bi LU5j?fini?:d?~ 1 n~uluOYJ~uu~:fiudonit~~?ry~~u~m 

ae~uunih?'i?4lanrvJmn"(i(iu d?unitmk~ulmfiR'91dan~uunnBh wui iuunihmh~u'mu 

l#~~n~1unita31~dmmGm4~unii ~J?U Visser ~.r~u:iii~n~r~~un~~fih~ii~nuo~bi~u 

rwti:rrun~~i'i?~~n~dma?mn~~ufiiuit0lun?rmh~~iimm6m91u~~nio'u~~ 

- Guptha uaznfuz (1993) 

11 .1- ilnmd~&uw518t:uii~~~nihfih~~~mu~n:~~nm~~tm~4irn~dm lun i t l#  

oz3:armm rumiuon un:ntmdemn lmul4dqrJljnrd chemostat ~ U ? U  2 qm qmu?nfiniwu?m 
J ~ou~uu~:au~an?tr'nnrJ~~w?n?rm~i~~~mu qn$ 2 dfin~wu?m&unr~u?:denioriimiln- 



- Harada H, un:nnr: (1993) 

d 4 4- A n n ~ i i ~ n ~ t o ~ o ' ~ u n ' u a o ~ u u n n ~ t u t m ~ ~ ~ n ~ d m u ~ : ~ ~ u n ~ ~ u m f ~ ~ i i m u l u  

nr , -u~un~t l~an~r~uO~~ul#o '~df into i~~o~~m~i~u~u 3 fidil~nnorrruiiaun'uu unr'l#& 

r ~ u & ~ r ~ t ~ r ~ i i u ~ u n : ~ ~ m ~ n a b t m r f l u m ~ m ~ u ~ ~ ~ n  Omurm%ulikijn~~ur#ubirriuurvi~ 

6u 500 un.ln. nqdvln 1 ojdfintnr' ~dtd ln?7~~%~~~~0~~n~dm'L~~df3: :O '~d~n?ru '~v i ln '~  

30, 150 unr 600 un.18. m~ud~m'u S Y ~ U ~ ~ ~ U L ~ ) U L ~ ~ - I ~ B O  iu  ~ ~ ~ ~ r u u ~ m u q ~ u ~ n n o ~ 4 ~ o ~  

,uarilnrdoi wuiidor~utrmirn~1ur~u4uaa~ilmrdm Cmnn1tu2mii~aiimus,-iid~nna~ 

rdo~q~n4Oo~~n1fl~muuunkh?2?dilmr4~~1n~u ucp:dn?~ur%u%uas.r~nrdm~~qnwu 

4~uunflGu?h4~nrdm~unu~n1un~trioua~~u4OoA'Iutruu~~ii~ 75 rdoir#urk uonqqntu 

ujiin1~~1w'?~ci1~a8m~~1no'~~ntoiu1nmaouu~d1o'slnn1tw~~1~~n~4'7~~~: (specific 

methanogenic activities; SMAs) ~u i luun~r? ;u i8?d~n~dmd?u~ounn7un~~~a~~n~1  
" 

uuniisumk~ntm unrC~iiunu~ndiA'~lun~t~mn~t~:auao~OwtiO~~un uonqqnuitujwu 

i~uun$iwi~~~~a~dma~udq:lfiaOmt~~uu~nn~~o:~~mm un:m~u~toaen~l~~flaOmt~qulbi 

i n i ~ u u n ~ ~ u ' ~ m i j ~ n u d u ~ ~ n ~ a ~ m t r q u ~ ~ u ~ ~ u ~  d~us'r~n~tud~%urdeuci~l#oz3rm~wu 

41 lud?~utnuuniiwa%~iimuoon~lmndor3rmmlBiu~nni1 ueidor?n7ciqulduun$hi~~d 

~~~dmfi61u~?~1)klK?un:~~~nur~un~~mh~~~nub~~n1tuci~l#or~rmm 



- Callado N.H. un: Foresti E. (1992) 

J ' A  
i l n a q ' o ~ u a a m n ? ~ u ~ # u # u ~ o ~ ~ n ~ d m n ~ ~ u a ~ d o n ~ t i ~ ~ ~ ~ ~ ~ ~ ~ ~ d l j n ? n i ~ r o -  

r o d  t?un:dumamn~rnma~~uam~u7~&~60~~~76 Callado UR: Foresti wudq&md?u 
m 

aeq~nrdmdQni3?ddoiin~dmdr#~ri~~nmn~ un:iimrdm~7oondri?riuuqn$u riaftq?rnrq 
rJ.a * 4~ufiu&md~un~~n"~a2nlmtr~u~n2d~nuuouuinun:dmd~un~tl~loA9oJuun~ioua31~ 

iirnudnmaq i l l #  Callado un: Foresti dfdd7 ~ ~ n f l h f i ~ i ~ ~ ~ u ~ d f B i ' ~ ~ ; n f l ~ . ~ d ~ q f l ~ d f i  

r6uh u d ~ l o i d ? u 6 U ~ ~ ~ n l ~ m u u u n ~ h ~ ~ ~ d ~ n r d m  t4duiia~7ui7ii pathway I U ~  

~r jdu~#o~f iun~t 'o~?~i in~dmun:n~~~~~i i~nu~~m$u u a : a ~ 4 ~ 6 m t i h u ~ f o ~ d o ~ n ~ d m ~  

~ f l u ~ ~ ~ ~ ~ r m o ~ i ~ ~ r r m n i w i ~ ~ ~ u a ~ ~ t : u u u d o ~ ~ a l m  

- w  4.t ~ a q ~ n o ~ . r ~ u ~ q u u u ~ ~ ' i m w n ~ m ~ n ~ u ~ t : n ~ t  ~ w i  dor~um?~rr~~u~rria~dm 

lu6q~lu nud~~nrdmlu~~oon~~ri~~~fuun:knd~uno~~nrdmd~n'o'i~dnmn~ r~yunflffa 
J ' A  ~a~dmiiuinr~unou~~lobi~i~fim QnrdmnrGunui.1'Ld~ni3?B d?u6rnd?ua~ii?a'lalmt~quii 

~~~oui i~ f lu~wt i : ' 1nbt~~~ i la '1d ia :n i~~~ '1~un bOmtrquQn'Ld~d?u'L~~~~od'Lu0~~u 

~nqn6q'~uflrhw 1 unud~:o~iu?I)nin~in un:~md?u~~oido~n~dmii~flu~?i~~umnir 

viqqquaeqr:uu ~ ~ ~ : ~ f l u ' L ~ 9 ~ n & m d ~ u n 1 t l i r a t o i d a m ~ ~ n o ~ u ~ n 4 h ~ ' i ~ d ~ n ~ ~ m  od~.~'Ltii 
- w  - - w  EW miu uu' Callado un: Foresti ~zud?unn7m~uumwa?m udunn~t?qunu~uan~'1#~flu8~uu? 

- w  J thdw 1 ~ n ~ u d t ~ n ~ t d ~ f l ~ r ] t z l ~ a r ~ ~ ~ n z a ~ n n d ~ ~ n ' u # o ~ n d ~ ~ ~ ~ n ~ ~ u ~ o u  1 

- Yoda M. un:nol: (1987) 

.I- ..I ilnw"o~n1tud~airn'~t:~i1~uun4iouuBm~~n~~~:~~nn~ru~m~diln~dmlun1r 

14~:3rmm~~ua1~1~1tlut:u:~1~ lmul~o'~~ntru"L~on3~quuuud~3m'LmA~um (fluidized 
m 

bed) lu?:6ufl~.rdlj~nit ~ u ~ i ~ i o ~ m ~ ~ o : ~ ~ m m ~ n t ~ ~ < m q : i ~ ~ ~ ~ . ~ ~ ' m t ~ n ~ r w ~ m i i ~ ~  

ii~uun:u~nqaawao~uun4hah~ii~nuamn.1odi.14~ 1 luaru:drlkr~ruam~n~dmd~n 

3hdun:u~nqnhao~uun4hi3~d~nrdm~6uq~#u ~ a m ~ l ~ r u u n ~ m ~ ~ u a i u i t ~ a ~ ~  W E  a 

~~unG~Z~~~n~dmlun~r~~~au:uun~iouah~ii~~ulu~eiul~:~:rW dtz&unqquL#u#uaoa 
m .a r: o:qunm~& 7 ~ ~ 3 n ~ t j ~ ~ n : f i ~ ~ o o n l u d ~ ~ o ' m t ~ n ~ t : u t t ~ n a ~ ~ u n m q q : ~ r i ~ ~ 0 ~ u n o ~  

J J  ezq~mm~tivi7fi 1.7 un./n.mifuouun:aa~dm 78.5 un./n. udura1nnn~qu~#u~unfi~0:3~~~1d 
r r  Jll r%qr:uuqq uun4hah~iirnuq:nn~urflu~unnr~unuunu~nuinni~ 



- Isa unznru: (1986a,b) 

2.9.2 n ~ ~ ~ ~ ~ u u ~ ~ u ' ~ r u ' ~ ~ ~ ~ u u u I i ~ ~ n ~ ~ ~ u ~ u n ~ ~ ~ ~ ~ ~ f w ~ : : ~ ~ ' n  

- Uhrie J.L. un:nru: (1995) 

J " 
' L ~ m : n a u ~ u ~ ~ ~ i n ~ ~ ~ r i i  Lamarie (Albany Country, Wyoming) a4rfluwneudii 

4 4 4- uunn~?usm?~~nrdm~~~uGuirud~~ G i u i ~ n i : ~ ~ u ~ l u ~ ~ m ~ ? u ~ ? ~ G ~ n n ~ ~ a t ~ ~  Posgate 

wfeun'Y~'iu~n~~~l4uinr' iuwalu~ui~ 4.5 n./a. b~l4uan~mm~fluK~l~~#nmmu 

nmao~l4r,~rsiiuu~4uBu lo,  20, 30 un: 40 un.18. aioiaiin 10 un./n. rarnriiuu 70 un.18. 

U~:QILUL~LIU 10 un./n. ~ u i i u 6 ~ ~ i n u i ~ l d  3 ?~miu i tnmnm~euu~n~~t~ i i~uWn~ 98 



rdef~~um~u~d~~t~i iuuoon~a6 ~~i~qquriutiuhq~m~ilu 0.1 un.1~. jidr:3nifnqwnismn 

m:nouuZnrarariiuulGq 95 rdssiauPin~ulu 4 &I~J d?r~nifn7wn~tmnm:nouw~no7f- 

raiinkt& 96 rdofr4uPinqulu 6 iurm:jidt:7nifn1wn1tri~<m~~~~~~~ul~~ 98 rdoSi%u& 
11 11 

nqulu 8 iu  Uhrie J.L. U R Z R N = % ~ ~ ~ ~  u u n n ~ w ~ m a ~ ~ m ~ d r n j i ~ ~ ~ u a ~ u ~ t n l u n ~ s r i  

oqsiaiin, ramriiuu, mrur#uu un:yr~riiuulbiociwjidt:an'in~w~fl~oarflunn~~ 

- Somlev V. UB: Tishkov S. (1994) 

l4ojnto~lh~n3rquli~flm~~riu~ii~nrdmun:a~fra~n9mul48~nn~~ 2 aiim 'to Tm- 

~n~upirm:rudnru$n8n (metallic iron) ~~~6m~~~nn7um~nm:nouae47:uuilu"m~7riu~u 

auf?unira6m~q~nficisuuuu~'L~eon~~qu (anaerobic digester) lu6rntqdqu 1:l rflurb 

iu&u ~~r~udl411ou1fin'uo'~d~nt~fldiu~q?n hydrometallurgic plant d41~~Ldm~hJhJ 6 - 
8 n.1~. r ' a u ~ a ~ a l ~ n ' u ~ ~ ~ ~ ~ ~ ~ o ~ f l ~ ~ ~ d ~ n ~ f u o u  h r i u~~ roa iuhu  4.1 ~Si~hoanflroa 

6.4 un: 6.6 d?:an'iniwn?tri?<m~n~dm 60 un: 75 rdofrqufi dr:an'in~wdoduijq~q 

nniq 0.6 un: 3.45 n.1mt.u.-iu diuh8~nn~~Tm9a~Aum:~udn~u~n8nrniud~~u nqiurh 

$uamo7~iaiin1uiqoan~oun.i? 0.1 un,/n.dar~uuiiu~L~$~ 0.6 unn. dqufiwur$u$u 

ao~Tnu:uu'n8~du 1 rdu Turriju'iIYu, fnuon6, iinriin, &n:i un:m:rk ~ ~ ~ ~ w w u ~ ~ ? u L A & J  

atomic adsorption 

- Panchanadikar V.V. Un: Kar R.N. (1993) 

11 1- u u n u u n n r ~ u ? m ? ~ a k r d ~ i ' ~ ~ ~ ~ n ~ ~ o L i ~ 4 ~ ~ 1 ~ u 7 ~ ~ ~ u 7 ~ w 7 : d ~ ~ ~ ~ ~ ~ o m n m ~ o 4  97n 
* 3 u'rrrnu~r~oduun~bilfi~9~ry~~uf~11~8?nn7~no~ Barr (Barr's medium) &~Ltfln~mm~fluu~d4 

nihou dhflroaaa~&nn~~lfi~ri~n'u 6 whuti'urZunoqumq (cu) lS;ii~?qurfiu$udw 1 
11 a 1 11 a n .  J U "  

nir q7n 25 wwroun~ 100 wwrou ~ I ~ I Y u ~ J ~ ~ u I U  4 iTdn?us~uw~~?mr~=ri wuhnmqu 

r$u$una4na.rum.r 25 dflrfu uun#h~~?~~nrdmjidtran'aniw~un~?nmno~um~~4 75 

r ~ o < r ~ u ~ i ~ ~ u i ~ a ~ u ~ t i u ~ u  100 ~G~~uil~r:~n' iniwamn~~~u 42 rda<rqufi uanq~firfiuii.r 
11 1. ~~~ua~uitnlun~rmnm:nouudnTnu:u~nao.~~~nn~~~tm~~~n~d~lBi~il~oLi~~# d?udr:- 

J ~ n ~ n 7 w n i ? ~ l < ~ ~ ~ U ~ ~ n ~ ~ ~ 4  Panchanadikar un: Kar ~ ~ i i a j ~ u i l ~ i i m ~ l n ~ ? ~ u ~ ~ u ~ a  

ne~no4umq un:n~~in'plao.IaArdrnun:unnuw 



- Dvorak D.H. rrn:RKU: (1992) 

n m e o ~ ~ ~ ~ ~ n m . j l ~ o n ~ r ~ u d n ~ i ~ < u o ~ i ~ ~ i u  7 fiqnni~d'~~tiiqin~udu, ' i ~ u  
J un:d~uununouu$iu~:di~nlflunitrwi:~~m fm~Gu~uun:Od~uq:d~ud~flroalS; 

r J 
ruui:fiun'Ynitr~~tyr~ufmnm~~un~h dhuni~~nn~.rd?ud?:nounmwnn~flunl?~~lz 

~Jim~:rflu~ud~~ifuoulfin'uu~n$~ d71[~fluni?ii~~~l$iriuqinLuiio~riiu~uddu~~ou 

bi?ufau:uCnun7uniim 2 rrdq 4ronaoqJir~auriiu 3.2 un: 6.2 ~~iurtiu4uno.r~n~dm~flu 
" -4  Y 1,002 unz 2.997 un.ln. rrui i~id~j~uninj iumu~toa~~au~~u 6.4 UR:: 7.1 &tfui i~j iudi . . .- 

~iim~innitn:nlunm~u~~~n:d~~mini~k4~niwdi.rnouuunnrm?n?~~~~dm ~ m u  

rfiu#una~~nrdmnmn~dt:ui~u 20 rdofr4ufi ~nrdm~u$isonL#u$u~viiriu 831 un: 2,387 

un.18. n~iu~#u#uno~lmv:uu'n~:~j3~ii~u, unnrijuu, ruBn, wni i ia, iinriin unztfqnri 

nrnn.mil 95 rdo~r4uPifnuu~mrijuu, rvin, iinriim un:ui~d~une~&~n:~q:4ufi~~u~nId6 

rid'Lugdfnv:h1[d6 d?uo:~ijriiuu, uu4niiia un:u~~d?une~tfun:iq:odlu~no~ 

fnu~lamtonln6uio~ih~~un 

- ~ammack R.W. un: Edenborn H.M. (1992) 

'L#n'Jd~n?oigdnt4nt:uonnuim~~uwi~~(mR~4 5.1 nu. UI~  45.7 nu. utt$qufiq 

nniqdiiqinilu~u, 3dqu un:d?uwaua~~u~iun:r~~~d~~un~t~w~:~~m &hudu4r<o 

X~u$ia:qinna~v&ur:di~h#rwi:~im h ~ n ' u n i ~ ~ u Q n ~ d n ~ # u ~ u  2,000 un./n. h u  
s *  d 

, ~ntbiuuaipr~m DIBltin7tI~n 25 ufi.ritu. L~IUL?RI 2 tfdmitl ~ i n u u ~ ~ ~ ~ ~ ~ u ~ m n ~ ~ ~ m u ~ ~ ~ i  

riutf4r~nztlflrcln 4.5 dijqnr~wr#u#u 2,000 un.18. Itou\firiut:uu~~uGmnnitIun 15 - 
25 un./nu. 'imr~urmin'nraiu 12 491~4 r~uiinriiar4u4u 50, loo, 500 ua: 1,000 un.18. 

r~o~do:~n3niwnitrii4mfn~:uriniinriin wui15ninn~nrii4m8i?unnlnnitgmZnun:n1t 

unnrd~uu~oou uddt:~n'iniwnirrii~miin~iin~iuinun:~wunitriim~~rd~~fin$uud 

eciiqk d o u i d o ~ ~ ~ f ~ ~ ~ ~ u ~ ~ n ~ [ i l ~ ~ ~ ~ ~ f l ~ ~ ~ d ~ ~ i h o u ~ d n ' ~ ~ ~ n ~ i ~  wudidnan3niw 

nirri19'miinriinijdi~~~uii~ 7 L ~ I  Hammack Un: Edenborn ~ ~ ~ f l ( ~ i u ~ n $ h ~ ' i ~ a ~ a ~ d r n  

iin~iuniuitnlunitrii~m~n~iin1[XoBi~ildt:~n~iw uu'dt:~n3niwq:~iniinitl#fi1t 

rnu' udii~iuisnnmrrmu~X~udil~4i~dp?;ini i l~n1t~~~0:~u~n:nit~uno'n~ 
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