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 Abstract ： Album en  w astew ater  w as  treated  by   Mem  brane   Bi  o- reactor.  Sludge  bulking  property  of Mem  -

 brane   Bio- Reactor  w as  investigated  in  this st  udy  through  contrast  research.  W hen  the  sludg  e bulking  ap-

 peared ， the  rem  oval efficiency  of COD  in   Mem  brane   Bio- reactor  increased  slightly  under  the  functio  n of 

 filam  entous bacteria.  How ever ， the  negative  effects of  the  higher  net  water- h  ead  differential  pressures ，
 the  higherblock  rate ofm em brane  pore and  the  g  reatquantity of filam  entous bacteria atthe  e  xternalsur-

 face  presented  at the  sam  e tim e.  Thus ， plenty ofm ethods should  be  perform ed  to  contr  ol sludge  bulkin-

 g once  it happened  in   Mem  brane   Bio- reactor.
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1　  Introductio n 

 The  m em  brane  bioreactor （ MBR ）， a technologi-

 cal  com  bination  of  biological  treatm ent  w ith  a m em  -

 brane  separation  device ， is a new  biochem  ical reaction 

 system  .  The  study  on  its applications  in  treat  ing  vari-

 ous  types  of  waste  stream  s ，  such  as  dom  estic 

 wastewater ， industrial  w astew ater  and  hum an  excre-

 m ent has  therefore attracted  great attention ［1，2］.  Mi-

 croorganism  s w ere  all  retained  within  the  bio  reactor 

 due  to  the  efficient  interception  perform anc  e of  the 

 m em  brane.  Hence  there w as  no  problem  about  m as s

 lapse  of the  m icroorganism  s as  a result of  slud  ge  bul-

 king ， and  it was  w ell known  that  an  advantage  of  a 

 MBR  w as  its  good  resistance  to  sludge  bulking ［3，4］.

 The  effect  of  sludge  bulking  to  a  MBR  has  seldom 

 been  reported  since   MBRs cam  e forth.  The  purpo  se  of 

 this study  is ， therefore ， to  elucidate  the  influence  of 

 sludge  bulking  to  a subm erged  m em  brane  biorea  ctor 

（ MBR ）.

2　  Mate ria l and  m eth ods 

2.1　  Apparatus 

 The  schem  atic diagram  of  the  experim ental  set - up 

 is shown in  Fig.1.  A new  hollow  fiberm em  brane  m  od-

 ule （ Hangzhou   Zheda   Hyflux   Hualu   Mem  brane   Tec.

 Co.， Ltd.）  was  im m ersed  in  the  cylindrical  bioreac-

 tor ， whose  effective  diam  eter  w as   18. 8 cm ， with  a 

20.8 Lworking  volum e.  The  m em  brane  with a pore  size 

0.1 μ m w as  m ade  of  polyethylene ， and  its  m olecular 

 w eight cut- off （ MW CO ）  was  approxim ately   100 k Da.

 The  m em  brane  m odule  half a  m etre in  length  had  a -

 filtration  area  of   2 m 2.  The  tem  perature of the  bioreac-

 tor  w as  m aintained  in  the  range   20  ～25℃.
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2.2　 Album  en   W astew  ater 

 MBR  was  fed  w ith  album en  wastew ater ， which 

 was  m ade  of  soybean  powder  solution  with   18％  fa t，

49％  protein ，27％  polyose  and   6％  m inerals.

 Fig.1   Schem  atic diagram  of the  M BR 
1. Highly placed water tank ；2.  W ater level balance tank ；3.  Ball 

 cock ；4. Bioreactor ；5. Gas flowm eter ；6. Aeration device ；7. Hollow 

 fibre m em brane  m odule ；8. Backw ashing  obturator ；9 . Strip heater ；
10. Therm om eter 

2.3  　 Operating   Conditions 

 The  album en  wastew ater  w as  pum ped  up  to  the 

 highly placed  water  tank.  The  w ater  level  of th  e  MBR 

 was  controlled  by  the  ball cock ， which  kept  the  bal-

 ance  of influent and  effluentwith  the  variety  of the  ef-

 fluent ， in  the  water  level  balance  tank.

2.3.1　  Sludge   Bulking   Period （ SBP ）
 The  surplus  sludge  in  the  secondary clarifier of

 Harbin   Refinery and  the  surplus  sludge  used  in  the 

 last  trialw ere incubated  together  directly i  n the  reactor 

 with  interm ittentaeration.  Clear solution  w  as  taken  out 

 of the   MBR  every day.  A new  m em  brane  m odule  was 

 im m ersed  in  the  bioreactor  tw o w eeks  later.  Th  e pres-

 sure- head  show ed  as   H in   Fig. 1  was  10 k Pa at the  b e-

 ginning  ofthe  trial.  The  gas  flow  flux  was ad ju  sted  be-

 tw een   0.1   and   0.2   m 3 /h  using  a gas  flow m eter.  DO 

 concentration  m aintained  in  the  range   1 ～2   m g /  L in 

 the  bioreactor.

 The  filtration  flux  decreased  from   103 m  L  / m  in of

 the  initial  flux  ofa new  m em  brane  m odule （ HRT was 

3.37 h ）  to  51 m  L / m  in  on  the   2 nd  day ， and  to  38 m  L  / 

 m in  on  the  4 th  day ， and  to  32 m  L / m  in  on  the  6 th  day 

（ HRT was   10.8 h ）.

1 L m ixed  liquid  w as  taken  out  of  the   MBR  as 

 sam  pling  every  other  day ；  hence  the   SRT  w as   42 

 days.  The  m em  brane  w as  withoutbackw ashing  fr  om   1 st 

 to  6 th  day  during  the  operation  period.  From   7 t  h day 

on， about  1 L water  was  used  everyday  for  backw ash-

 ing ， and  the  pressure- head  showed  as   H in   Fig.1   w as 

 ad just  everyday  in  order  to  m aintain  the  filtr  ation  flux 

 ata constant  value  of 57 m  L  / m  in （ HRT was 6.08 h ）.

 The  sludge  settlability  decreased  in  the  firs  tw eek 

 of  the  operation  obviously.  The  activated  slu  dge 

 floc  was  big  and  the  filam  entous  bacteria  were  dom  i-

 nant  in  the  m icroscopic field ， which  indicates  the  bul-

 king  state  of  sludge.  The  trial  w ent  on  for  othe  r tw o 

 weeks w ithout changing  the  operation  conditi  ons.

2.3.2　 Com  parative   Trial  Period （ CTP ）

 The  source  of  the  sludge  and  the  w ay  in which  the 

 sludge  was  incubated  were the  sam  e during  the   C  TP  as 

 those  during  the   SBP.  A new  m em  brane  m odule 

 was  also  used.  But the  gas  flow  flux ， which  was  ad-

 justed  betw een   0.4   and   0.6 m 3 /h  using  a gas  flow m e-

 ter ， and  the  organic  loading  rate  w ere  m uch  higher 

 during  the   CTP  than  those  during  the   SBP.  DO  con -

 centration  m aintained  in the  range   3.5  ～4.5   m g /L  in 

 the  bioreactor.

 The  filtration  flux  decreased  from   106 m  L  / m  in of

 the  initial  flux  ofa new  m em  brane  m odule （ HRT was 

3. 27 h ）  to   53   m  L  / m  in  on  the   2 nd  day  and  to 

45   m  L / m  in  on  the   4 th  day ， and  to   40   m  L  / m  in  on 

 the   6 th  day （ HRT was   8.67 h ）.

 The   SRT ， the  backwashing  and  operation  condi-

 tions  during  the   CTP  w ere allthe  sam  e as  those  d  uring 

 the   SBP.

3　 Results  and   Discussio n 

3.1　  Com  parison  of the  Effect  of  COD 

 Rem  oval  during  the  tw o differentperiods 

 COD  concentration  in  influent fluctuated  bet  w een 

516.5   and   691.3 m g / L  during  the   SBP ， while  it un-

 dulated  between   858.2   and   1021.4 m g / L  during  t he

 CTP.

 The  organic  loading  rate （N s）  w as  ad justed  to 

 increase  abruptly  on  the   8 th  day  during  both  th  e  SBP 

 and  the   CTP （ Fig. 2 ）.  Because   MLSS  increased  dif-

 ferently ，N s  decreased  during  both  of  the  periods  and 
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 Fig. 2　 Effect  of  COD rem  oval  and  variation  of  N s

 in  M BR  during  the tw o different periods 

 there w as  a greater  downtrend  during  the   CTP  as a

 whole.

 The  filam  entousbacteria  w ith an  strong  affin  ity for 

 nutrim ent  in  the  soy  protein  w astewater  had  a h  ighly 

 com  petitive  ability  to  the  nutrim ent ， thus  the  w ater 

 quality  of  effluent  w as  good.  Therefore the  ef  fect  of 

 COD  rem  oval  during  the   SBP  w as  a little  better  t  han 

 thatduring  the   CTP ， and   F  / M  was  m uch  lower  all a-

 long.

3.2　 Com  parison  of  the   Variation  of   SVI During 

 the  Tw o  Different Periods 

 There is  no  consensus  of  the  various  reference s

 that above  which  value  of   SVI ， which  is  used  to  de-

 scribe  the  com  pressibility  of  sludge ， w ill  be ， when 

 sludge  bulking  occurs.  Itis generally accept  ed  thatthe 

 sludge  status  was  good  if  SVI is below   100 m  L  / g.  Gen-

 erally ， sludge  bulking  happens  in factual  engineerin g，
 when   SVI is  above   150 （ or   200 ）  m  L  / g.  During  the 

 SBP ， the   SVI w as   152 m  L  / g  on  the   4 th  day ， and  a-

 chieved   234 m  L  / g  on  the   6 th  day ， and  clim bed  up  to 

299 m  L / g  on  the  8 th day ， and  then  declined  a bit ， but 

 was  still beyond   200 m  L / g ， which  showed  the  bulking 

 state  of  sludge （ Fig. 3 ）.  During  the  steady- state 

 SBP ， the   SVI stood  around   100 m  L  / g  all along ， which 

 suggested  that the  sludge  status  w as  good.

3.3　  Com  parison  of  the   Variation  of   Pressure-

 Head  during  the  Tw o  Different  Periods 

 Fig. 3   Variation  of  SVI in  M BR  during 

 the tw o different periods 

 The  pressure- head  show ed  as   H in  Fig. 1  was  reg-

 ulated  to   10 kpa  everyday  from   1 st  to   6 th  day.  Fr om

 Fig. 4  itcan  be  seen  that H rose  during  both ofth  e tw o 

 differentperiods  as  tim e w ent by.  The  increas  ing  am  -

 plitude  of H during  the   SBP  w as  especially  larg  er  than 

 thatduring  the   CTP ， that is ， in  order to satisfy the  fil-

 tration  flux  need ， a higher  value  of   H w as  required 

 during  the   SBP ， which  reflected  indirectly  that fouling 

 was  m uch  heavier.  It w as  caused  by  tw o reasons ， one 

 was  the  big m ass- surface  ratio of the  filam  ent  ous bacte-

 ria ， and  the  otherw as  the  physiologicaland  bioche  m ical 

 characteristic ofthe  bacterialslim e secret  ed  by  the  fila-

 m entous bacteria.

 Now ， m any  researchers believe  that   MBR  can 

 counteract the  effect  of  sludge  bulking  very w  ell.  But 

 the  trial  results  above  showed  that  a bad  fouli  ng  w as 

 the  fatal  w ound  of   MBR  during  its  SBP.  So  the  m os t

 dom  inant factor  of the   MBR  developm ent is the  f  ouling 

 control.

3.4　 Com  parison  of  the   Scanned   Pictures  by  the 

 Electron   M icroscope  of  the   Internal   M em  -

 brane  Surface  during  the  SBP 

 The  m em  brane  surface  was  scanned  by  the  elec-

 tron  m icroscope （ KYKY -1000 B ）  at  the  end  of  the 

 SBP ， and  the  m icrocosm  ic status of the  m em  brane  sur -

 face  w as  presented 

 There w ere a m ass  of filam  entous bacteria  on  an d

 in  the  externalm em  brane  surface  atthe  end  oft  he   SBP 

（ Fig. 5 a ）， which  confirm ed  the  bulking  state  of  s-
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 Fig. 4 　 Variation  of pressure- head  in  M BR 

 during  the tw o different periods 

 ludge.  Fig. 5 b shows the  shape  of  the  filam  ento us

 bacteria  m ore evidently.

（a）  Magnified   1000   tim es 

（b）  Magnified   3000   tim es 

 Fig. 5   Scanned  pictures  of the external  m em  bra ne

 surface  at the end  of the  SBP by  the electron  m ic  roscope 

 From   Fig. 6 a it can  be  seen  clearly  that  there we re

 large  num bers of  contam  ination  on  and  in  the  in  ternal 

 m em  brane  surface  at  the  end  of  the   SBP.  The  m em  -

 brane  pore size  average  was   0.1 μm， which  w as  sm  al-

 ler  than  the  bacteria size   0.5  ～2.0 μm， in  theory ， all 

 bacteria  should  be  retained  w ithin  the  biorea  ctor ， but 

 the  trial above  showed  that  bacteria  could  sti  ck  to  the 

 internalm em  brane  surface.  It resulted  from  t  he  inho-

 m ogeneity  of the  m em  brane  pore size  and  the  all  otypi-

 caldivision  ofbacteria.

 A bad  fouling  on  and  in  the  external  m em  brane 

 surface （ Fig. 6 ） caused  the  active  area  of the  m em  -

 brane  pores  on  and  in the  externalm em  brane  sur  face  -

 decreased  during  the   SBP.  The  pressure- head  w  as  ad-

 just  to  increase  constantly  in  order  to  m ainta  in  a con-

 stant   HRT ， and  the  m em  brane  pore size  w as  uneven ；

 therefore the  filtering  velocity  of  the  big  m e  m brane  -

 pores  enhanced ， as  a result ， Thus  it was  m uch  m ore 

 possible  that  the  filam  entous  bacteria  stuck  to  the  in-

 ternal  m em  brane  surface  rapidly  and  led  fouli  ng  dur-

 ing  the   SBP of the  trial.

 Fig. 6 b obviously  shows the  clogging  and  fouli ng

 status and  the  inhom  ogeneity  of the  m em  brane  p  ores.

（a）  Magnified   2000   tim es 

（b）  Magnified   10000   tim es 

 Fig. 6   Scanned  pictures  of the internal  m em  bra ne

 surface  at the end  of the  SBP by  the electron  m ic  roscope 
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4　  Conclu sio n 

（1） The  effect  of   COD  rem  oval  during  the   SBP 

 was  a little  better  than  that  during  the   CTP ， because 

 the  filam  entous  bacteria  with  an  strong  affin  ity  for  nu-

 trim ent  in  the  soy  protein  wastew ater  had  a hig  hly 

 com  petitive  ability  to  the  nutrim ent ， thus  the  water 

 quality  of effluentwas  good.

（2） In order  to  satisfy  the  filtration  flux  need ，a

 higher  value  of pressure- head  w as  required  du  ring  the 

 SBP ， which  reflected  indirectly  that  fouling  w as  m  uch 

 heavier.  Itw as  caused  by  the  big m ass- surface  ratio of 

 the  filam  entous bacteria.

（3） Since  there were a m ass  of filam  entous  bacte-

 ria  on  and  in the  externalm em  brane  surface ， and  large 

 num bers of contam  ination  on  and  in  the  interna  lm em  -

 brane  surface  and  during  the   SBP ， a bad  fouling  w as 

 the  fatal wound  of MBR  during  its  SBP.  A little b  etter 

 rem  oval  effect can  notm ake  up  for  the  m inus eff  ect  of 

 the  fouling  during  the   SBP.  Essential  control  was  de-

 m anded  once  the  sludge  bulking  occurs for  the  s  ake  of 

 efficient  and  steady  operation  of MBR .
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