
~ u B ~ & w ~ ? ~ M U U ~ B ~  v ~ ~ ~ ~ \ ~ B ~ u ~ ~ ~ ~ ~ ~ Q L Q A ~ ~ ~ I ~ ~ ~ B I ~ B Y I ~ ~ u ~ w ~ ~ ?  

O ? H ~ (  MWL#UQIE%Q~~ 500 uwn. L n n v h  6 Bnddu ncnfinJql]mm 9 i9h4 

mmui9~4ulg~dnilu 42.84 uet. 840 Y~JI, dhtwiqdml~ 3 - 4 dau IABIRIIQ~~~I 
~ ~ ~ h ~ u i ; ? i &  k u l ~ m 4 d ~ i f i ~ ) ~ s ' ~ ~ r l ~ ~ h ' w ; i ~ n ~ ~ i ~ u ~ 6 ~ n ~ ~ u 3 2 r d ~ m w  

' m d u n l u ~ t ~ d ~ r i ~ u ~ u a m  i ~ ~ ~ n 1 i d d ~ ~ n ~ ~ u d u b ~ t m u ~ ~ 1 ~ n ~ m ~ ~ 1  
rlrr-~+nL 4 n k ~ u m d  ~ f i ~ w i i d w q 7 n m f i m t l ~ + 7 ~ ~ ~ ~ ~  d~irlmrnnqi~ 

mu~tni?nnvlrnn, jd# %n~rirnn*qhddtijan1#fliie Turbidlmetric Method 

wnZu%~uuul iuu~nf i~ uuhui 

~ u m ~ ~ ~ d l j i t ~ l ~ ~ ~ 1 ~ d m 1 ~ d l 1 ~ ~ ~ n ~ ~ 1 ~ ~ h ~ f l ~ d ~ # ~ 7 ~ ~ ~  dfl:a~m~udadnenjl 
4.3 

8 q a h  u a ~ ~ r i ~ n ~ w ~ u ~ u ~ ~ ~ m i i u n t 7 v l u ~ w t 3 ~ u n n ~ ~ ~ n " ~ = : ; 5 ~ n ~ ~ ~ d ~ ~ a ~ ~ i ~  

Wf~rrlmM wimtvimmlu~ntJ?u&nao~~ui~uwr~niu~lihdi~~ ni~utWqjullt 

i i a ~ i t t w f i m ~ ~ ~ ~ ~ ~ u ~ ~ ~ ~ ~ ~ u  Standard Memod uslzt~an1~~4nnltlinriqn~7~111~u~z 

nu ~ ~ ~ ~ U ~ ~ ( ~ ~ U I Q ~ ~ ~ ~ Q ~ ~ ~ B I ~ ~ ) K L Q B ~ ~ ' I J ~ I ~ ~ U  o - l o  m dnrdma734urlug 
4 A ( m ? u ~ ~ n ~ ~ g ~ ) l i ~ i S e n d w n ~ ~ u l f u n ~ ~ U A ' ~  o - roo NN & f i r i ~ ~ ~ ( n r w ~ u ~ m ~ ~ u i i  

4 A V&#WN J ~ ~ ~ d e u l l i n e  ~m~n~t31p)tl~~Y~miF?'~bh t~qu+~\dbi &q.~r~~w~n4b 
ihrbhttq~~M6hfi@~t~~'*i&fie:3~~1-(2n~c) riar u i c 1 " w r i ~ k r ~ a ~ & ~ n 4 ~ 1 ~  

~4nilrm~~~liurn~4ts1d~"lu~7~k~u01 ldsn7n~n<u~7'~~pb,ida'td%q~oiejtl~ll 

d p h m m n u r a ~ f i ~ n ~  LB t ~ ~ ~ ~ i a u n ~ t e ~ ~ d ~ u w n m r n ~ u ~ ~ i ~ d u  i ~ e l f i ~ ~ n d  

~ m w f i  (head) i i g m  ~ n ~ ~ ~ ~ & i i l ~ ~ ~ t i ~ ~ ~ f i h  ~un~mnnlud 2 &II(B:- 

~ W W  t h f i ~ r e ~ ~ l  t d e ~ u s z ~ i i a m l l h m t i i 7 ~ t ~ ' 1 1 ~ i u n ' 4  8.5 - 8.8 ~~bwrn$l iu~n 

&qti~hml~. r i ~ 1 2 i d ~ 4 ~ a w t ~ a ~ ~ d ~ ~ 7 1 f i ~ I ~ u ~ 1 n + r l ' A ~ a t ~ ~ d  rn i~d~~ar  
C Y 

a&seni~&~:nd~=fham:~iiorninfi~~1~~~4~ 4.2 





'lunimmaeqd 1 5~n&il$erdn'luh~#i~viin'u 12 WJA. deiiuqnuii~qiu 

L&~srvJrnd~n~~rGuufidn~d~driim~u (ulrn~nuf i :~Zumlo 4.1 (4) un: 

4.2) r j n q h $ f i ~ & ~ n ~ ~ n n i i d n ~ d r n d u ~ u ~  ~ ~ i i n i m m n a ~ l u r i ~ ~ ~ ~ z l ~ t i j  

~ n ~ " u n : r i i u w a l ~ u r ~ f i i  2 &dn1fi ~ d o ~ ~ ~ m ~ ~ ~ r i i ~ ~ ~ i l u n i m n ~ 8 ~ u n f i u r i 1 1 u r i d r ~  
qinnimn~o.ru6q un:?vln~iriruqn~~n'1iu2nr(n1~1 n~wiirlnuurnimmnt~%'I4 

J.  ' Y 
~f i~innimms0~nni~3unu 

~ n d n ? w ~ ~ ~ l i u $ ~ ~ d ~ ~ v i ~ f i u  42,84 uat 840 un.lA. r i i ~ ~ i m o ~ ~ w @  
J : rdu~uli'iri(d~#it-7~~viin'u 28.6,28.6 UR: 28.3 tNflinrt~ucr d~uqmuqi3rafiuuionn 

rvi.liru 28.8, 28.9 u:: 28.9 s ~ ~ ~ i t ~ r r d u a  miutiph ~ z r t h r ' ~ b ~ i ~ m ~ r J ~ J i r i l u u ~ ~ ~ e n  

nw& 3 fi~~nt~n~irrwn~un'douuin ~oluqwq~luli'iclenq:O~n~71i'i~~ie~~~n 

b u  ay1ud~~t:uiu 0.2 - 0.6 o.sriirnnrdufi 

i~~mli ' i1wrk~n&iln~~u~4u#~$e~rl~~vi~f iu 42, 84 us: 840 unh. nma4 

*in 8.11.8.15 us: 8.22 )WIJU 6.30,6.37 ufi: 6.84 ~ l s r h i 6 n i ~ d i ~ n & i r ~ d m i n  250. 

273 ufi: 271 unJI. as CaCO, rihr 344,400 uaz 838 un./a. as CaCO, miudi~u #8'ay~ 

n~ranu~:~m~i i~&~unmfienn~mmnoJi:uam~~d 4.1 



I O 
50 lo0 days 150 1 0 50 

loo *IMI 

0 50 100 days1% 

I I I 

(n) %err0~6~d~nnu$u'~~~u(iu~uI~~rlm~hfiu 84 rm./s. ( 9 )  a r n n d ~ . n a ~ d ~ l l ~ n d i n ~ ~ u ~ i u i u ~ n ~ r l ~ ~ ~ ~ f i u  84 un./n. 

0 50 I W  days 150 

(n) ii~omo.16ad~n&u'n~~u~iuiuInbrlm~*1rlu 42 un./n. (1) an~nd~~ro~6~d~ndu'm1u~iuiufn~rlm~d1h 42 un.m. 



Q'- - . 
In 

-out 

0 
days 

MK) 

P - 
tbJ 8 40 

0 0 

(a) f i~j~lj~n&ijm~?u~iui~rl~~d~~Ld~liu 42 un.1~. (nnn~.tti;U) 

pld 4.2 ~ m ~ ~ ~ ~ ~ ~ n ~ n ? y 1 n i t r ~ 1 6 m ~ m ~ u n i m m ~ ~ ~ d  1 

0 20 40 80 80 100 120 140 0 20 40 60 80 100 1M 140 

(n) ~ d ~ n ~ ~ n ? l u ~ i u i u i n l d ~ l r i l f i u  42 un./n. 

- 
days 



~?wi~~u.~~nt~n~~~iv~ui ieani?r i~Lvi i f iu  4, 11.5 un: 283 un.h. dziinimvt 

rnMn~a~~wrdu~viirWavn: 90.87 un: 68 d i w k f i ~ n & j n ~ i u t ~ d n ~ d w J ?  

rhrilu 42.84 un: 840 wiui?h n~ iu t~u~u~n~~(~ '~d iL i tvundimn m&t=an~- 
nmnitriis'dnrdwwnannim~~w~ unm~1upld 4.3 & s z r i h c ~ i 7 1 u d t l : ~ ~ n d i  

mwrh&ilatdm1ulj'~1~~eiwriir dt:~njiniwt~niniii~~n~rlwildwfim~nW luck 

~ n & d i n ~ i u ~ # u 8 u n 8 . 1 ~ ~ ~ r l l i ) ~ i w % 6 ~ n d ~ ~ d d 0 ~ n r d n ~  dt:il~mwnini?4n 

doAriszq\rwiuWti?cl ~ ~ ~ ~ n t r J i ; l r i i n ~ l u ~ ~ 2 ) ~ ~ ~ ~ d ~ ~ w % r i l ~ 1 9 n d 9 u ~ 0 b i d 0  

anrdwdi ~ t : i l n ~ n i t i i n r d m z r j ~ i k i  



rm- 
am 

0 -- 'I; 









1 m n ~ n " w & m m s ~ n n i ~ m 8 m ~ ~ ~ ~ r l s : ~ n d u d l ~ f i &  4.6 frulslz 

i i . n r a i o ~ u u o i s : ~ ~ ~ n d ~ s t r ~ n ~ i r i i i  42. 84 UR: 840 unls. ~riirvi.rrii, 

loos, 888 us: lot us. dihunwjii~iirnu: f i ~ n i j ~ ~ w b a r n ~ r d  rvii~ijl 94.25.8. 

93.5:6.5 us: 6e.2:ii.~ ~ m i n d i 7 a ~ a ~ n ~ u ~ s ~ d i r ~ & ~ ~ : ~ u ~ v i i f i u  4.7.7.6 us: 2 2  

un. ufi:4iwnninriimiin 0273.0.230 u*: 0.027 us.,am.aa~d~nri-i<n miui?dill 9:riiu 

~ j 7  M T ~ ~ ~ ~ ~ J A ~ w L ~ ~ ~ ~ ~ L V ~ ~ ) I ~ ~ ~ ~ ~ U ~ ~ ~ ? W ~ ~ I [ U ~ ~ ~ P & ~  *dw11wii7r 

ij~dnniiuaubaanbd u~:8mnnitutmiliasm(~ 

I 

P ~ ? ~ ~ U % U ~ ? ~ ~ ~ ~ U ~ ~ ~ L L ~ K ~ A ( I ~ A ~ ~ M ~ ~ ~ U ( I M ~ ~  4.7 hufi  
~ ~ ~ l r l ~ l ~ d l ~ ~ l l i l ~  42,84 Us: 840 UnJn. ~ ' ~ w w u % u ~ ? u ~ ~ u ~ Q & L ~ ~ ~ ~ L ~  13. 

11 un: 5 m~s. r iwwu~uumtr i i f iu  647,619 us: 1609 unj8. s)iuiiKu q:riiuUii 
I 

h e r u % u 9 ? u s ~ u u ' u u ~ O h m ~ ~ ~ ~ ~ d i r ~ ~ ~ d l i l 1 u r i ' ~ ~ ~ ~ ~ ~  dq~~aqu- 

H ~ ~ ~ A U ~ M I ~ L U U A ~ U I I ? W L Q ~ ~ ~ I ~ ~ ~ ~ ~ A I L $ I  

A " um~uq~rnrnnsmd i ti7r~~uunih~uois:~nmiinrni:du~ mrjwunF 

i3ar4.~u'mu1~~nmI;I~'ilsr~lm1X7riirilu 42. BQ u*: BQO unJs. dfiiW17/iU 4.57 x 

10: 4.46 X 10' UtP: 3.12 X 10' cfu g W-' u s d u u ~ h * ~ ~ s ~ d ~ ~ v h f i u  2.14 X 10'. 

2.75 X 10' us: 4.26 X 10' cfu g VSS" ~ m ~ m l ( ? w u u n ~ h f i % u ' ~ n ~ ~ u u n ~ & % ~ ~  

%slds)lvilfi~ 68:32. 6238 lln: 4258 U% 1:0.47.1:0.61 Us: 1:1.38 sliud76i.1 



(n) K~d~ndiimaiu~~u5~in~rlm1ri?fiu 42 un.ln. 



(n) fi~d~nm~ijmaiutiu~u5~tdmtri1fiu 42 un.1~. 

2500 

MOO - 

1500 - t 1 - 
(n) fiadfindiinaiu~5uiudn~dm~ri~fiu 840 un.ln. 



J niPimfiu1nruuni8u8qufim~luunn 3 41~flu8ioio~liifiui'r n ~ ~ t o u n e u  ua: 
2 v v .  

A?IU+IU~QQ~IJ~J ~dol~~uadMoonu~~n8ioqutjui7 d~lun1mnae.ruuu~nin7t'i4u~: 
Wnw7'i~n1mnao~u1od7qa:ioom ~dii~o~~U"ul~)[b;ifiud41K~~~nd~u~6u~n~oi~*)~1ju 

41 ldo.m7nlu~a?0 1 nwnnaoa Maomnmao~u7~waomd~iu~~4odiin'11u~+u~uq.~n~1 
4-3 4 

nRYUGudiu?u colony ~oun4~ luwaoanaa0 .1n~ iao~~o47~n47  i~41dio~$md7d5m)[b;41n 
v v J J 

M~€l~Vl~fl~.)I.h~.~ ~ ~ : ~ 0 l O 7 ~ M l h l ~ f l ~ ~ 9 l n ~ ~ ~ ~ n ~ 1 ~ ~ 4 ~ l ~ ~ ~ ~ ~  ~~uI.)A!~~IM?M 
d .  J ~~unnrt~n~ulbis~nu~amnnao.rdr~u~uuni&nua:n~1ui+~+unc~iiij~~umnd1~6uu~n 

J J. J J d1d~oonu1~~~flud1ra~unun~1uudd01uq~un ~fi~).1~fil~u~l~illQaun~ul~14lfl~~? 
4. d- 

unudh.i~Gn u a : n ~ ~ l # f i ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ d ~ ~ ~ ~ u ~ l u n ~ ~ ~ ~ u ~ ~ ~ n n r w ~ m ? ~ f a i d m  
4. 4- fn~Zuuuanwm ~ a 1 ~ 1 ; i 1 l f i ~ n m ~ G u 1 ~ ~ ~ u n n ~ ~ u t m ~ a ' f ~ i d m 1 ~ p n ~ ~ ~ G n  inr~:uuni& 

%?dakidmfid~$4~l~fij~dd u~ia:f i~ddn"~+fi7to~M7t~L~iioucu L ~ W  ~iuniiPu?i?i 

fahdmlu$~fi Desulfobacter d~ul~~l#o:~~mmiflufi~~o~u~~~dWfi~u~~nl#~an~mm)[b; , 
d 4 "  

%fi Desulfovibrio ~~~.)uan~wrnun:bfnt~~uud~~#o:~unm um~ufi D~SU~~OCOCUS $4 

u~~fiiElr~~~uan~mmVi u~~fiiIddiil#aanimmWM ~ilu8iu ~ n ~ ~ ~ j i i n ~ 1 u n o u f i ~ ~ o 7 ~ 7 ~ u ~ i  
4 . 4- n:e41gUivi16u n~~a'uan~mmori~~iZu~lun~o~~u.s~~:t:~Gu~m~~nn~~~tm~$~a~dmi.~ 

BIS~~PIWRI~M uon~1n6u@~~ii~Mu'~4~~~uuun~hlumou&8iu~o~n~m~)ao~d 1 

1;i1l~"Irjo1~nnuii~~n'r~~11o~n1onmao.rd 1 dijvio~u~wuunihlu?:~~ 4ounwhq 
rcrd1~o7~~'7~~uadoonu7n1mn?7u~1iijoiioa~~dfi7.f uduadssnu~ii~qfiw~?nufim.)'~fi 

l~ii4uu?~h1unl?ldi:uu~d~~fiu7~no~uuni~ul~o~:uuiinlrldi:uufin7~u~m~cn' 44 
J J  J ' 3  lun~~dfin1wu~a~oun~daou1d~~on~~u~u'u~uno~ak~drnrait:uun~w'unuu~oama~ua: 

i J  a ~ a o . r a ~ r o ~ ~ ~ m l d a u u ~ d ~ u ~ o ~  



(ch 9 VSS" 104 SRB 2.14 2.75 4.26 
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LDAU 

n=8 SD 
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J 
LDAU 

1;. as CaC03) n=8 SD 
.................................................................................................. 

J 
LWU 

un./~.) G n=8 SD 
J 

tz3n3niwnit LDAU 

'1<m3o; (%I n=8 SD 
........................................................................................... 3" kdm 6 LDAU 

un.ln. as S) n=8 SD 

OD?% 1 LDAU -I 

~d9--.ii1. ;.!, (%) LDAU i 







ua. aq1u67 8 smt fiu~m~o4ntmo:%indriu~M"n'u~:uu1~~1~~1oi 500 un./a. ldiuu 
" 

4 .. 
'ldmiur?ai ~1~rni~rflurwr~:nmo:3inr#u#ud1iiam~1 n i t ~ P ; P u u i ~ r i u ~ ~ m o ~ r n ~ ~ ~ a o u  

diafDi~4ht:uuqniu n i o r i u n o m o : ~ n a . r ~ u ~ ~ d ~ : d ~ ~ i ~ ~ M " G ~ o ~ a m k 1 a ~ ~ ~ i j ~ 1 d ~ = ~ 7 ~  

3 ~~~~.ruiiupiiqku~no~lnduubmron1n6hun'uT~tiuu~un1hanuw?in~1u~uu~.rsu 

dh~ron&tliillr~ 5.9 i~~kl0jdfintddi%a~rl011u67~#7rflu 42 unr 84 d?wlu6dfinom$ 

ij%ardm1u67~#11rflu 840 un.la. 67~#7u'~lo¶lflu 5.3 

i 2.. ~a1~mraaun1nit:uui~;~rvi7~~ 43. 83 uar 843 un./a. ~ar~mraiu1u~iooniipi7 
-I rviin'u 9. 15 uar 239 un.1~. ~nl~ud~:~n~niwn~tri7<m%ardmla~ul~7~u~oua: 80, 83 

ua: 72 ii~~6~d~ntnidi%a~rlm1u~11%71flu 42. 84 ua: 840 un.ln. miui?6u d7 

mu~~dor~niin~wn~r~~4m%a~dmmao~1n~mnaw~d 

uamq~up~d 4.1 o 







I 

(n) d~nd3miu,~&u<a~rln~rhfiu 42 un./a. 



- I 4  fwimii7araro~~iim~u1uf~d~ntdddil~~dm1ui7~#7~vi7nl~1 42, 84 Un: 840 

un./a. rviifiu 1350,1254 ur:: 0 ijn33wt &mdauna~iiiaii~nu: finrn~hou'lnoon~aa'lvi~ 

fiu 90.1:g.g ,88.6:11.4 ua: 89.2: 10.8 fiu~mii7a~~mol~u~r1d~~tl~01uuBin:iu~vi7fiu 

2.4 nn: 4.0 un. ur: us:Gmo?n~tu~mii 0.333,0.308 ur: o ua./un.~10idQn6-i<m m?u 

i7Cu ~~7~67n?4uumwromn7rnm~o~no~u~n:n jd~nrrduam4~4~d 4.13 

v 

~ ~ n o ~ u ~ ~ u a a u a o u u a : : n o ~ u ~ ~ ~ ~ u u m m n o m n ~ r n ~ ~ o ~ u f o m ~ ~ ~ ~ d  4.14 ~munj 
v 

d~ntddiiilr~dmluiii 42, 84 ur: 840 un.1~. ~ ~ ~ n o . ~ ~ ~ ~ ~ u n a u r a u ~ n i o ~ v i ~ ~ u  27,47 
v 

an: 5 un.1~. d~no.run'.mK~uum~vi~Ku 693,799 ur: 1578 un.1~. miud7Ku ~~:~dulfl'iihi 
v m s  4 n o ~ ~ i ~ ~ n a u r ~ u l u ~ ~ u ~ n d ~ u ? 1 i i i ~ l r i u ~ u o u  ~~Di~'~no~~Y'~njuum~LLualU~fiunu~uo 

i r ~ t ~ i m ' 1 u i 7 ~ i ~ ~ i u - i ~  4 .1~~d~ l f l ~ l d~ l$ (19n '~1~n75 'nm~~4d  1 





(n) 1 ~ ~ n d ~ m u r Q u i ~ a r t l m r h ~  42 un.in. 



(n) (i~dandilnnu~iufir~n~dm~rhfiu 42 un./a. 

($) f i ~ ~ a n m l i l ~ i m ~ ~ i & ~ ( n ~ d m ~ ~ f i u  84 un./n. 

(a) ~ ~ d ~ n d h ~ u ~ # u # u ~ n ~ r l n ~ h f i u  tw, un.!a. 

J " J pin 4.14 ~ ~ I N ' w ~ u ~ u ~ ~ u A o u u I P ~ ( I ~ ~ ~ ' ~ ~ ~ ~ , u ~ ' ~ u ~ ~ M ~ ~ Q ~  2 



w 

~wni&a~~:7Jiimu'~w~qdgnor~'diiilnLdrn1~i7~#7~flu 42. 84 un: 840 un./a. iiil 
4 4  4- 

~vi7iiu4.54 x 10'. 4.21 x 10' un: 2.68 x 10' c h  g VSS" ua:iiuunn~ouoa~4ila~drn~vi~ 

nir 2.01 x 10: 2.73 x 10' ua: 4.33 x 10' c h  g VSS.' Grnrflu&mind~uuuniGu~h~ii~nu 
4 4  4- Diet1unn~tclom?~ila~drn~n16~ 69:31, 61:39 ua: 38:62 rn~ufiiKu wui~uunn'iwahq 

4 4  4- iirvldiji7u~~u~nni~uunn~ou~m~dila~drn ~nqiul#u#uilalrlrn1u~7L#~Lviin'u 42 ua: 84 
* 

4 4  4- 

unJn. ~ d d d i k ~ r n n P i 7 ~ n ' w i n C n  dqudirn~drn1ud~~#~~vi7n'u 840 un.1~. uunnrtoorn~4 

ilf i lr lrniifwiluu7nni7 u~:&m~0ld?une~~~nii4u~~?dilnld~liidll~u~urnlufw7luirn~drn 
J 2  3 ~#io:uun~~unu 



&d'l&nd1?~1u~j?luf~5o 2.7 f iur lnu?nno~~fo~3 i~1f i~r~nnua~n~~u~~~do~o 
" 

no4iioyabuqq1nw'I % recovery Y ~ Q ~ A  U B ~ ~ I ~ U Y M ~ ~ J ~ I ~ ~ I ~ ~ ~ U K ~ ~ ? U ~ I ~ ~ ~ ~ B ~ '  
na~uun~ioan~dwua:uun#iouak~i j tnu~ fmurg~~nd~rzlo~r~uein~rlctnao~ 

GtAnmoou 

( x lo8 cfll g VSS") SRB 2.01 2.73 4.33 



% COD recovery = [ASO:-COD + soluble organic COD + soluble CH,-COD + CH,,,, COD] X 100 

COD," 

Aso:-COD = (%n~drn~iii -iIniYImoon) x 213 

= (43 - 4) X 213 

= 26 un./r. 

soluble organic COD = a1doon 

= 55 un./n. 

soluble CH, - - K,,,, X Partial Pressure of CH, 

= 12.4X lo4 X 0.942 

= 0.001 17 1 u a l ~ .  

= 18.7 un./A. 

soluble CH, - COD = 18.7 X 4 

= 74.8 un./a. 

CH4, = partial pressure of CH4 X Total Volume 

= 0.942 X 1005 18 
v 

= 118.34 ua.ln. i i ~ d o  

= 118.34/24.7/1000 ~UR/ERT 

= 0.00479 Tun/Eno 



= 76.64 un.1~. 

CH,,, COD = 76.64 X 4 

= 306.6 un.~a. 

% COD recovery = (26 + 55 + 74.8 + 306.6) 1516 

= 89.61 % 

% electron flow to MPB = (CH&OD)I(CH,-COD+ASO,"-COD) (2.8) 

% electron flow to SRB = (ASO f COD)/ (cH,-coD+Aso,"-COD) (2.9) 

% electron flow to MPB = (306.6 + 74.8)1(306.6 + 74.8 + 26) = 93.6% 

% electron flow to SRB = 26/(306.6 + 74.8 + 26) = 6.4 % 

" 
d? % recovery UA: %electron flow no~%o~afi4u~m97nn7~1mao4~0nb?u?20u7 

" J  i Wbi?a~~n?t41u~wuuudu~riu uijGuwoi7%oyalum1n~n 4.2 UA: 4.3 ~ 7 6 7 ~ 1 ~  q:'M 
*.I v uea@&%o 1u~~d~nrru~ir%at~3m1ud7t~'?~vi?~u 42 un.1~. $fomnlu72:uulvi76 51 6 

unh. aoA?ud*7oan 55 an./*. ~:uur?u~rntd~uu@~foAlu@fi?rGun'w112:~flun"~~imu 

~ ~ ~ o u t v i ~ r i ' u a ' f o i  306.6 un./a. tfldtnwa:a7u~~t~uutvi75~4foA 74.8 zln.18. u$olvi?ITu 

ihu'lnu 28.9 ua.la. ua:lafo$ 26 un./a.'lun7r%hi"fltdw u d ~ f e ~ ~ ~ # ~ ~ r : u u u ? ~ d ~ u  

a ~ a u ? u W  Sm~fluA'? % recovery 'le; 89.61 % uun$hfih~i~n&&md~un~rlHToi 93.6 

% d?uuun~h7Z~~%atV3mijdmd~un~~l~tA'nmu6.4 % luciidfjnom$ii3ardnIdq 

r+i?tvi?~u 84 un.1~. a 1 o ~ t ~ ? r : w i v i 7 ~  521 un.~a. q~o~nlud*?oon 40 un./a. m u  

a~u~mdduu~4foi1u~m~t~u~iu1~~flun"~'11ii~nu~t~'uu~ri~5uaf& 268.3 un./a.  flu 

~ l v l ~ ~ : a ? c l ~ 7 l ~ f l ~ ~ ~ i 7 n ' ~ 4 f ~ z  74.2 u ~ . ~ ~ ~ . M % L V ~ ~ ~ U ~ ~ ~ U ' L M M  28.6 Ua./R. ~a:laff$ 
-A " 

49.7 u n . / n . ~ u n ? ~ Z ~ i ~ a ~ d m  ~~i/fomnt~~~o:uuu~~d~un~mu?u~d ?imtfluPi? % recovery 

rdi 82.96 % u u n ~ ~ u ~ h ~ ~ ~ n u i r C m d ~ u n ~ ~ l ~ f o ~  97.3 % d?u~tuniioa~ft~~%a~V3miidm 
" 

d?un?olGtIjnrnrou 12.7 % tta:lu5~l~~ntddii%tl~rlm1ui?ta"7 840 un.1~. Jfo3~ii'lt:uu 

tv i~fu 520 un.1~. 41oilud7oon 55 un./a. r:uun7u~rnrd~uu~ijfo~lu@fi~~'oun%112: 
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[ ~ a ' l +  [H'] = [HCO,] + ~[co,? + [OH] 

5 . 4 6 ~ 1 0 ~  + [ti'] = IO*'"~/IH'] + 2 ~ 1 0 " ~ * l  [HY + 10.l4fiti*] 
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%8;u?nriiuwu daTwiutjndriiniukdaTw~ahdrnu ~ I : ~ w I ~ ~ ~ ~ H ~ ~ J Q ~ ~ u o ~ A ? ~  
" 5  4 thdrnu jiilun~wroaun:aniwdi~lut~~rdu~~u ~?ud%ardmuinriiuwud~Tw~utjn 

~Twi%rdm%nCu n~deoraiuu:3wmii44~draaua:cm1wd~~r~u~u~~uKuusi 
4 4  4- rd&?nni? rwn:n~tl4u:3wmbuunnrwra~4%~rdm~l.rbbtr~u~oou~~nr,1~u 

ui l4uinni iuuni iwa~~i i~nu 





&miennu 7 iiaulvi?fiuSOo~ 384 n. (100%) 

eAgn 4 h n  r~uurvhfiuaeii 256 n. (66.6%) 

bht tqu  8 hf4 t h l t V i l f i ~ &  128 f l .  (33.3%) 





1reidlnhrrp~%nih8ubDtln~%pilwum1niflLdn~ii~~w 6.5 Il]Bfl~wi~Vil 

~~~~c(?u'1u~awn1fu~ubt l~nl '116n:n1mrj t~1~~~"t !~11n~ Gnuu? 
i ? n ~ i u w b e n n l ~ n ' e : n ~ u ~ i ~ ~ ~ u n ~ d t ) 1 ~ r : n ~ n h n ~ 6 1 ~ ~ ~  

~miwntndr~u&s?nnihwb~en~an' = 0.005 x 50,000 

= 250 un Jn. CaCO, 

:. ~?~n?mhwrnd~~u~u = 250 + 250 = 500 unJn. Cam, 



- A i h k n m ? t ' L ~ ~ i ~ ~ ~ u n ~ r ? u ~ ) S N d ~ ~ ~ ~ u a : w # t % % d ~ ~ & ~  

wdi~rh~~nd&md~un~tZ~t l ' I  87.3 % 

= 0.873 X 481 

= 420 un Jn. 

wd&%&ndd&rnd?un~t'L~fa~ 12.7 % 

= 0.127 X 481 

= 61 un ~ n .  



- u r n w n i t l ~ l s a ~ u u n f i ~ ~ ~ H n ~ ~ ~  

sinmnitn~tZBZabn~ugR~uunffriU%~Hn~vl~~ 

~H,+SO;+ H'+Hs'+~H.& 

laTmrisu 4 f u n ~ % ~ ~ ~ i n ' L a k n 4 u  sl, n. s:&bhs~~u~rrsuqint=~W I 

IUR ~ii13i(lniwviiqLau4u I &nu% 50 n. as C a C q  uaraniwnmmnq I h a  

18% 50 n. as CaCO, h u  
6nh K i u u n f i & % ~ 4 ~ ~ r d w l ~ h t ~ ~ u  61 unjs. 

nniwuiurauh = 61 x 50164 = 4a un./n. as CaCO, 

clniwnmamw = 61 x sow = 48 un./e. as C~CO, 

- w ~ n m n i t l ~ ~ ~ u u u n ~ h n h i l ~ n u  

nrriilalmrrsu 

~innunimi~l~bt~~ubu~un~hnk~~mu 

4H2 + C02 -+ CH, + 2H20 

b b t ~ s u  4 hm%3~~u@ldhtrqu 64 n. ~ n i ~ f i u ' I a a o n l q A q ~ n ~ ~ ~ u  I 

n u u ~ ~ ~ n i ~ i r e u b e ~ n ~ ~ n ~ d u i ~ i n n i h i s ~ b o s n ~ ' ~ n ' ~ : n i d ~ d ' ~ ~ ~ s l n  

eh 6$ucln?vtntfisznmn 1 &nu% 50 n. as CaCO, 

&iuun4liunhd~nul~zabt~9~ 99 un./n. 

n n ~ ~ n m ~ r n n n ~  = 9s x 50164 = n WJR. 

nde:3unn 

~ ~ n ~ ~ m r n i r 1 ~ e ~ ~ e r a ~ u u & & n h ~ ~ n u  

CH,COO' + H' 3 CH, + C02 

03ww I bwi ie~o i tu~a :~u~m 64 n. Mag~1t~w3nmindi I 

50 n. as  taco, fiunitraurniw~ii~ 50 n. as c a c q  mrnmmiwnm 50 n. 

a s  taco, lu~nr:Gu~ii~~finh~nihaulassnZan' 1 OUR nuuiiha:n'ttl& 

uihanihewboan'la~n&~) n n i ~ n m s : ~ b i n ~ i j ~ l ~ u l a s ~ n l ~ & n  

50 n. as  CaCO, ~wn~wrn%dsni t idu~u~~~dn~e iu  50 n. as  taco, 

Ihuun~&nh~il~nulire:il~ww 321 unJrr. 

aniwdwr~u4u = 321 x 50164 = 251 UnJcl. as  CaCO, 



4 4 - uimniwd?dn~d~I)UWu~ 

'lu~wounitll~if~untn'iun%~ilud~nuua=3fi\vJ~ wuii 

H, - SRB Siil2i mniwdid + 48 un./a. as CaCO, 

mniwntm - 48 un.la. as CaCO, 

H, - MPB ji72ii aniwntm - 77 un./a. as CaCO, 

Ac - MPB i i 2 f l  aniwuiid + 251 un.1~. as CaCO, 
Y ' 1 

kUu mn7wBi7~~Gunu = 251 + 48 = 299 un./a. as CaCO, 

ua:bn7wn?mamnq = 48 + 77 = 125 un.1~. as CaCO, 

* 
d,uo~tqun'.mt:u~un7tutiq wuii 

rnwdia67141273 un./n. as CaCO, 

lu~uwaunit~h~n~mTdun?d 

a n i w d i ~ a n a ~  250 un.1~. as CaCO, 

an7wntml$u$u 500 un./n. as CaCO, 

l~~aun~nd~uuntnTdun%~iluji~nuua:~a\r~~; 

mn7wui~d~$u~u 299 un./a. as CaCO, 

aniwntmanad 125 un./a. as CaCO, 

t.,a~w&u~a 
' Y 

mniwd7dl~unu = -250 + 299 = 49 Un.la. as CaCO, 
Y 

~ ~ I w ~ I ~ ~ u ~ I ~ B ~  = 49 + 273 = 322 un.1~. as CaCO, 
' 1 aniwntmliunu = 500 - 125 = 375 unJa. as CaCO, 



4 4 A 4  0 s~niroaii~rti~nrri~fu 5.86 ~~:~inmim~nn1tumnDi~n~~n0mo:3Znnum~~~~nlU 

1.8 X 10" 

K, = 1.8 X 10'" [H'] [Ac]/ [HAc] 

[Ac]/ [HAc] = 1.8 X 10, l I oJ'@ 
[Ac']/ [HAc] = 13 

(x)/(0.00795 - X) = 13 

x = 0.00739 
Y 

Iuiiirti7ijo:%in 0.00057 fua/a. jio:3lmm 0.00739 fua/a. ijo:3Zn'kiiq 8 % nod 
* 4 Y 

o:%mm &~~~urwon~iua:mqn?un7ti~u~wi~auuZi~4Ioi~~uum1~~7r~o~fl~ 

o:3rmm 

~ o ~ p n l ~ n u u u n i i u a h ~ i j ~ n u  90.5 % = 509 x 0.905 = 461 un./a. 

~~naun7tn~~~iio:~rmmnm~~niioomh4jirnu 

CH,COO' + H' + CH, + CO, 

crnd~Za n'ttriuiuno4mn7wd7.1 50 un./a.daifoz 64 un. 
Y ' 3 '  ' Y &Gu 1u~uurniwd-1.rrfiuuu = 461 x 50164 = 360 un.18. as CaCO, 

3oJ~n2flfiuuuniiwiZq+ilarAm 9.5 % = 48 un.1~. 
44 4- s~naun~rn1tl4o:~unmao~uunniwtm~~ilA~4m 

CH,COO- + SO: + 2 ~ '  + 2H,O + 2C0, + HS' 

?afnor4uiioeuiQn&~d~$ 2 h a d d f o z  64 n. i71fian?wd7.r~iuiuu~:1on7wntm 
.4 - 3 Y 

amad 100 n. as taco, d~ranihouboonlnfin~nnnu 2 h a  auuZi-ta:ai~lGilbi 
Y 

~hn~holdlmoonlnfi?a~:~~uum an~wnom4:riuiu loo n. as CaCO, uaiTwifi 

Zon-itr~u~uno~an7nd7.1 100 n. as CaCO, 
2 3 ' Y lunuu mn~nd~~cGunu = 48 x I 00164 = 75 un./a. as CaCO, 



i iouo~nu~uumu wuii 

nniwuii~i$it:uu 281 un./n. as CaCO, 

bniwuii~liuiu = 360 + 75 = 435 un.~n. as CaCO, 

finiw~ii~oon~inr:~~ = 281 + 435 = 716 un.1~. as CaCO, 



hdl i i rn*rmqinni~a0naiu3l~~u~~~n#inrahi imu i;o ii7aiirnuua:kia 

mhaubaenlad d ~ u i i i a d ~ ~ i n n ~ n i e u ~ a ~ ~ ~ l a ~ ~ ~ ~ n ~ h % ~ d d k r d ~  40 

nihmbaon\adun:IFiabbt~quQn\ddi Ai~~uu ' im~ ia~ tnuu7n  uamhuun#h 

mMrnuud~2%le~ut:uu'LBiuin i i~2abtr~uQn\d~dwt1~~ur5q:~~u~h~tl 2unun6u 

6 ~ ~ ~ U ' i ~ l ~ i q b b t ~ 9 ~ Q ~ l d a ' ~ i n  unmiiuun#inr%9~~~dmifud4~~~ei'LBi~ln v i i  

~ f i d r n u d ~ i i n ~ f l f i u n ~  fiiariu 7 ~ : ~ ~ u i r u a i u o d l ~ d ~ 6 u ~ ~ i ~ n i i c n a 4 i i l ~  fi7 

u~1uu~n~nitn:niu$ina~ii1a m u l i i i ~ b b t r ~ u ~ n ~ d b i a z n i 0 ~ i ~ d ~ n 1 u n ~  un: 

~ d n z r 1 u s f l u d & n ? u 7 m w n ~ ~ ~ ~ f i u ~ & ~ u  flm~ru$~~dkn:n~d~un~hl&fld 

4.23 dw~i~&fi~iu~iuim1unita:a1u~ima~ui~de~1heuboan1an' unzii7aifrnu 
J 3 J. 

ilmniuti?6u qinn~iuniuimtun~~:~~uri'1nmn"1~n~~nd1~6uu~wnn11u'fl~~1s)m"1a 
u 

dlii~~~vi?nirl~rq:~'imiiia~uiiu~uf~ndrvi~r~uiim~u 6 ~ ~ u ~ i t ~ u i i m i i ? a i j ~ n u u ~ n  

~inf iad~m~~n'qt :u inr*~nt~mn' l i i~u~z~iu; '~r~w'au d?u'lw~BruijeefluT~n~~ 

h d(r7~zuudmiiirbht~quilnlda'1)in~u fwimnj?ad5m'LBi~:iiri~aa~~ rmnziiia 

AZAI~&UI~~U ~ ~ ~ U ~ I Y L ~ U & ~ ~ ~ ~ I ~ L B ~ ~ U Q R L ~ ~ ~ ~ ~ ~ ' I W O U ~ ~ ~ " I ~ ~ U ~ ~ W ~ Q ~ W ~ ~  

~APIRJ&?U &U(IMIU@$ 4.29 





im~~~nn7m~no~u~nd?uu~4u7~7nn7~riouan7ubfmtl~u~fluiilnu ~~ti:K~iiindqu 

~ ~ ~ ~ u n i m m n o ~ u ~ n u ~ ~ ~ n n ~ t r i o o a a ~ o o : ~ ~ m m ~ a u u u n ~ ~ u n h . r ~ l n u  n?tldduua?t 

o ~ u ~ ~ ~ o : 3 m m n ' ~ ~ ~ ~ : d ~ ~ n d o L ( j 4 u ~ ~ i i 7 n d ~ i j n ~ u ~ n ~ ~ ~ i u ~ d  iduiiw,$i1di'tiha 
*, J ~ u ~ ~ l u n ~ m ~ r u w u t n u ~ q ~ n n ~ ~ l ~ f m ~ n u l m ~ u u n i G u ~ h . r i j m u  uu~~nn~iu1iiu3u 

akldmg~u~~n~dmu~n~iiuwo uuni~uah~ijlnudls~ry~ubdi90bfm~rsuqzl~~al~u~m 

~ a : ~ w 1 4 a ~ t o ~ u ~ o ~ u u n i i w i G ~ i ~ n ~ ~ m W M  ~ D i f i ~ ~ a ~ u ~ t n ~ ~ ~ ~ n ~ ~ M ~ ~ z ~ r i ~ 1 a " i i l o Z  

k ' ~ ~ d ? u  nitLd~uu1d~$o:~l~lmlfl~a7to7u7~7~fi~uni~ah4ij~nudu~~~bfmtr7u 

uununuin Tmi~find~ijmW~u~~~nuuniiouah.r~mud14o:~~mmdwuiu~u~nn~&m 

d ? u n 7 ~ 1 ~ f n ~ l o 7 ~ r i ~ i u ~ n ~ u l ~ u 9  jiiifi~pu~mo~7n~itli1damii~~ ad7ilbkmu ~ n m u  
-" -I 17fJd74 1 ~ ~ j l l d ~ 7 f i f i l d ~ l h i !  (Lo~ley, 1982 Ei?d~llJ Visser, 1994; Visser, 1994; Ornil, 

- 4  4- 

1997) ~ i w ~ n w ~ ~ ~ ~ ~ u i ~ ~ ~ ~ t ~ ~ u ~ u t : u ~ 1 ~ ~ u u m ~ n 1 ~ m u ~ u n n ~ ~ u t n ~ i i l ~ ~ ~ 1 m ~ u n ~ ~ d  

iiqaldmuiniiiu~o i 7 ~ f i ~ m u ~ ~ ~ u ~ o ~ u i i n l ~ u d n d ~ ~ u ~ ~ ~ ~ h u  



e(i~.~l$imiu ~~nrdo~~~uPin~ol~ano~~rijnmoauda'1cr'~~'ui1m~mn"1aiirnu~u1~ 
Y Y ' J  

omu ~ ~ ) U U ' ~ ~ ~ " I ~ ~ L ~ ~ ~ : R : A ~ U ~ ~ ~ ~ ~ M U @  n~o~mfiu~m~~~nW~ri~fiuquBrilu~~n~fluIL( 

Uuqnuin ~~~rwn:ii7alulmo~~uda:a~uo~1u~1~~ur41o:uuu~:n"1a~~houboonla~d 

r'nm$ulun~t~ouas~ua~oSun~~nufiuuEj~6i~~ijf0~~moo~fiu1m~~~ i~o i~~f lu ldM47 
2 4 

riim~~~utinwa~mau1un1o?'n$0~~rn0n"1~ rzlu n7t+qno~n"7noonq7na7uu7.1, ~nooqTmn"7n 
C J .  u%q7aqnmar4ir~%~~mn"ia rflui'u i~1cr'n~iud~rdoiieno.1fiu~mtn"1nd~Tud~~~n~~ 

dfinod$iakLrImr47 840 un./a. ~un~mmno~d 2 ii~iqamaq 
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-m- Sugar 

+ HAc 
0.333 

E 
4 
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SuNate in (mgll) 
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-* ___q 

Sulfate in (mgll) 
0 300 600 900 





+ Sugar - HAc 

- 

-27 

- 

13 

- 
5 

5 
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Sulfste in (mgn) 







- 

-8- Sugar 
- 

-310 

- 



44 4 
r d ~ ~ ~ n n ~ ~ u r ~ u # u % a ~ d m i w ~ f m u m t ~ d e n ~ t 1 H f e A n e ~ ~ ~ n i ~ u  uunn~0unuti.11II 

afe~u~nn"~:iq'iryriiiulmMuinnii n~~r~u~1~iui#u#une.1%~idni.riiufii~l~uunih 
4- ?n?~f i idm~uwf~r~u~uua:uun~hah~~ in~uu?~~uamn. r  uoi~rminruuniGulu 

3 
o , w ~ ~ q u d i ~ u ~ r V m d ~ u n ~ ~ ~ ~ f i ~ t e ~ u i ?  ~ m ~ ~ n u ~ ~ ~ u d ~ ~ ~ 6 u a : f i u 1 m n e ~ u u n ~ h ~ u  

mo~$u~uX~udq:iwa~ez:u:~~a~n~tr#~$n~~:m~~~? lnud7daDi4:dwad~fiu7mni? 

riunmuundh d?u~~~muundipu'lumouiu~u~:iu~de?:u:~?~7n7?~~7~n7?:~46? 
44 J Q  

lun~mnao~ii*d~u~n?&~e.~n~~ur#u#u.~~~rdm 42 ua: 84 un./a. r~euunnr?ctnu?u7ii$w 

rflur~adrhdmu&~ua:muQnr~uqdi?udirduiiilaidmui~~u ( ~ ~ ~ ~ - I L ~ u ~ I ~ ? E I u X ? U ~ ~  
d~nl~d~i%a~dmi#uu"udt:uim30 - 50 un.la.) n~r i f i$n~?:n~K?i~l# i?~7~u~uGn rid 

4~nuriiu~u~ntdm 840 un./a. heql#?:u:~q~7heuC7qu7~ u~it:u:~qa7~uq1nn7?iu~~u 
" 

- 4 ,  J a  4 o:uu~u~uqmlun~mm~u~~~nlm"i~~~uiuii~ 9 rw'eu kudwii~ 7 q.auninqn q~iaeiit:uu 

~41~n1?:rnK? fiwmuuniioun'in~~urd~uuud~~fieuu~i 





rwu~~n~m:rfluu.rr~ou~quum d?ud6mnd?uilfoiiieioiln~dm 12 un: 6 ~?~7mm~udi~ i i  
J ' Z  A 

rSnuru:r'u~w'nMilm~qu U ~ ~ ~ ~ : ~ ~ ~ U ~ ~ L # ~ R . I ~ ? ~ A ? I U ~ . I M L ~ ~ U B U ~ U ~ ~ ~ ~ ~ W W : L ~ ~ M W ~ ~  
A 

mauuuqm u n n i t f ~ r n m 6 ~ n d ? ? ~ ~ ~ ? ~ : ~ o m ~ & o ~ n ' ~ ~ ? u n o  Alphenaar UA:PICLd: (1993) M 
4 4  nd1~iilu~~d~ntd~ro~oaununt:u~un1Paard~6n.airrflunr:u~un~0~rSn uunn'h 

%~.dak~dmLa~u~rnah;l.~~~ma~m~uu~~~o~fmuLiiuuni~u~h~ii~nu arSm<driim$d 
Y rrld " 

rj ,~~:rf ludonildu #af~ijlu~?u~cl?n'ua~m~nuan~m:~flu~w'o~d#ond~mnd?u 

3o~doilnrdmffi~udiq:rflurwn: n?d~uun~hi~?P'il~rdmodu~ni?~$;fiuimn"lad 
4 4  A ukZbidoriuiiPiqao" u u n n m n a ~ l u a n i w u ~ p l ~ o u u ~ ~ d ~ 4 ~ ~ f l u ~ a ~ ~ n ~ : n ~ ~ ~ f l u ~ m  

Y 
4- 4- arSm4 uon~inldum~iua~u1rn1un1t1n~:imno~~unn~~t~~i~~1dm~~qiidi4oon4~ 

uunn'hahqij~nu um'n'~~ijm~iuriu1tn1unir~ni:im~~u~wod~:o~1ut:u~'Ls; 
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S6.L 

=ox 
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6'L 

1-2 
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EP 
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:05:a03 

OSL 

OE 

me115 

00s 

00s 

003 

W 6 L  W H  

J-A leqmeeseu 



vinminqd 4.11 @ G ~ ~ i i r o i B j ? r ~ n  0.265 igm6ufiuidardnlu~~rC~(un./a.) 

'~bi~rniiulnrila'~dn'~:aiu~l(~n./a.) &q:rhMii d01~lntl?u+te~medardn~4 1 (Uln 

n i l  3) ~ ~ i m ~ a ~ ~ ~ i ~ ~ i n n 1 ~ ~ ~ ~ ~ ~ 3 n  0.265 6u~aldmiiL#l~:~n&~u~fuil~'Idhn'~di 

lu4iuq%uln uddobkmiud~mnd~u~f~8deila~dman~~~+1'~n& 0.67 a k ~ h d ~ q i n  

n ~ n g ~ q ~ a n  0.265 iiiqUoln~iiqqinqiuq'~1u1n4u ~ ~ o ~ ~ i n d 6 m n d ? u ~ 1 ~ 8 d e i l ~ ~ d m ~ ~ l  
d d  d- 'In& 0.67 uunn~tutm~~~n~dmfu~~n#hah~d~n~:~d~~#a1m1~1t6ueei1.1qu~t~ 

uun#idt=mbs:~ilu11iul~le~ut:~~~~vi1b~e~~il~.Qu~u 7 uan~uiio~ino'sln 

~uiifaide~m~rndt:neu~qu ~ ~ ' I v J ~ ~ R ~ ~ ~ ~ ~ u ~ ~ w M L ~ ~ ~ K ~ ~ ~ ~ I ~ ~ ~ R I K u Q ~ L Y J ~ ~ L ~ I  

tau ji11fi~iifi~ran 0.265 ~1u~ i :a~d~ :1 i r (~n t r i i ~mnd~ud1~8de~~~dm~1n12  M% 3 

uenqini +o'oii~nl~t:nid~nmn~t~+fi~~t)n 0.265 ~~ZBIMU~~J~LUII 6 - 7.5 ~viiiu 
A  - w  3 - " A  J J 0 3 2 
L ~ ~ J ~ ~ ~ ~ ~ u u ~ ~ ~ I u ~ ~ u u u ~ & I ~ ~ ~ ~ u ~ I ~ . I ~  4.1 1 n in~ lud~~~~ennruu~:a~m~n~t  

d 4 11- j;iqiunequun$hnh~i?~nu~deif nmn~tuduneuun~ha i i~d~nuua=u l~nn~m~n~~  

ilaldm ~4iuelq1~~~Lnn8~1~i fuf i4dhJntn (fermentation tank) jli;raniii'loondi 



r 
AlMlHlf: U l ~ l ~ ~ 1 1 U  

Okld6 

(un.~~.)  

165 

170 

1 74 

153 

147 

1 32 

139 

87 

83 

iinriin (un.fR.) <nrdmoon 

(~n./n.) 

295 

282 

254 

293 

292 

281 

257 

284 

299 

LC'I 

20 

20 

20 

40 

40 

75 

75 

175 

175 

rimiu11: U:%WIPI 

<n~dmrCII 

(un./a.) 

834 

851 

816 

843 

81 1 

813 

844 

860 

843 

I 

(un.1) 

521 

517 

527 

517 

523 

522 

523 

536 

51 7 

nun 

0.29 

0.28 

0.29 

0.30 

0.54 

0.37 

0.37 

0.78 

0.80 

~ B $ L ~ I  

(un.ln.) 

507 

503 

524 

51 0 

500 

514 

508 

524 

51 6 

3u;oun 

(un./n.) 

37 

25 

42 

27 

27 

29 

34 

35 

21 

3oSuon 

(un./~.) 

39 

19 

46 

28 

43 

25 

14 

28 

27 

ak~dmr41 

(un.f~.) 

834 

848 

821 

848 

81 6 

822 

836 

848 

843 

<n~dmoon 

(un.ln.) 

245 

238 

249 

242 

251 

217 

223 

225 

231 

<RIA& 

(un.ln.) 

182 

184 

176 

174 

162 

154 

160 

108 

103 

(un./~.) 

L ~ I  

20 

20 

20 

40 

40 

75 

75 

175 

175 

oon 

0.39 

0.34 

0.37 

0.39 

1.07 

1.27 

0.88 

1.09 

1.09 



u~~d~uodlu@no~m:newiin~iiabnmn~ad Cn~i iad~~~r:uu~?~o~~~~vi?n'udn~n~f lu  

meuuon 74jiil2ifin~iialu61osnff?ni?dn~t1bu 



Coagulant 

Effluez 

Metal Sulfide 

C a h n  Source 

v 

I 

u 
A 
s 
B 



Influent - I 

tmun'i<mlau:uan 
- 

U 
Wqu'?iinimi~wu' 

Carbon Source A 
S 
B 

v r 

p ~ d  4.38 ~ a t i i ~ n i t ~ ~ t = u u ~ ~ a ~ a f i ~ ~ u ~ u t t u u ~ i ~ n n i ~ m i  
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