
CHAPTER V II

CONCLUSIONS AND RECOMMENDATIONS

7.1 Conclusion
T he m ain  conclusions from  th is w ork  can be sum m arized  as follow :
■ The comparison of microorganisms from five sources: septic tank, the 

coastal area, a b rew ery  w astew ater treatm ent p lant, acid ic sulfate  soil, and leachate 
from  a landfill site; show ed that a m ixed-bacterial culture from  the brew ery  
w astew ater treatm ent plant has the h ighest po tency  in  facilita ting  recovery  o f  system  
in term s o f  C O D  rem oval b y  m etal su lfide precip ita tion  b y  avoid ing  system  
inhibition . This m ixed-culture w as found to be  the  m ost appropriate  bacterial 
assem blages due to its ab ility  to show  m utualistic  in teraction  betw een  su lfate  reducing  
bacteria  and m ethane p roducing  bacteria  and useful for application  in  anaerobic 
process o f  w aste contain ing b o th  h igh sulfate and heavy  m etals. T his m ixed-culture 
w as able to degrade volatile  fa tty  acids effectively , m etal-resistan t, ab le to degrade 
su lfate  in  acidogenic phase for preven ting  m ethane p roducing  bac te ria  b y  heavy  
m etal sulfide precip itation  and produced  the h igh am ount o f  m ethane. The 
anaerobic system  w ith  this m ixed-bacterial culture w as found to be easy 
to operate  and provided  a short lag  tim e to start up. T he m ajor types o f  this 
m ixed-bacterial culture w as Sporosarcina  sp. P IC -C 28, A licycliph ilus sp. R-24604, 
and M icrococcus luteus. T he sulfate reducing  bacterial type  found w as C lostrid ium  

ganghwense strain  H Y -42-06. T he overall p rocess perform ance data  obtained from  
this culture were:

•The m ethane p roduction  ra te  and the am ount o f  m ethane production  
obtained w ere 0.0072 m l/(m gM L V S S /l)-hour and 324 m l/gram  o f  C O D  rem oved, 
respectively  (expressed at STP).

•The endogenous decay  coefficient w as no t found during the 
experim ental period.

•The g lucose synthetic  w aste  reduction  ra te  w as 3x1 O'7 

liter/m gM L V SS-hour.
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■ The optimum reactor conditions for simultaneous control of sulfate and 
heavy metals in complex wastewater streams depend on the C O D :ร ratio. W ith 
the high perform ance bacterial assem blage from  a brew ery w astew ater treatm ent 
plant, the m ost effective condition  w as found at C O D :S o f  9. U nder this optim um  
condition, the outcom e o f  the m utualism  betw een sulfate reducing bacteria  and 
m ethane producing  b acteria  could be achieved. T his C O D :S ratio o f  9 suppressed the 
com petition  betw een sulfate reducing  bacteria  and m ethane producing bacteria, and 
show ed m utualistic  in teraction  betw een  these  tw o types o f  bacteria  for glucose 
synthetic w aste. A t C O D :S o f  9, the  follow ing conclusions can be draw n.

• CO D  reduction  reaction  and m ethanogenesis w ere prom oted.

• T he m axim um  specific  m ethanogenic actv ity  could  be achieved at 
0.5815 (gC H 4gasC O D )/(gC O D  rem oval-gM L V SS).

• T he C H 4 produced w as 196 m l (at STP) per gram  o f  C O D  rem oved.
• The sulfate reduced w as 0.356 gram  per gram  o f  C O D  rem oved.
• The CO D  reduction  by  SRB w as 20%  and b y  M PB w as 48%  (the 

less w as in the effluent CO D  and C O D  w hich w as assum ed to be biom ass).
• T he h ighest system  perform ance for C O D  rem oval could be achieved 

(8 6 %) w hile  sulfate reduction  still occurred  (89% ).
• The final pH  o f  the  effluent w as elevated bu t did  no t exceed a 

pH  o f  8 , w hich  w as appropriate  for m etal sulfide precipitation.
This result illustrated  the system  perform ance for a reactor involved in 

sim ultaneous m ethane production, su lfide detoxification  and a heavy  m etal 
rem ediation  process.

■ Heavy metals could negatively impact the activities of methane 
producing bacteria and sulfate reducing bacteria in anaerobic bioreactors. W ith 
high perform ance bacteria  from  the brew ery  w astew ater treatm ent p lan t at the C O D :S 
o f  9, the follow ing conclusions could be drawn.

•The highest performance in system recovery from metal sulfide
precipitation was shown. The sulfate reduction rate in the reactor which contained
copper occurred at 9xl0~7 liter/ mgMLVSS-hour.
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• T he relative tox icity  o f  heavy  m etals in the  organic 

degradation  w as C u > C d >Zn.
• C om bined heavy  m etals caused either synergism  o r antagonism , or 

both on the bacterial activ ities depending on the type and concentration  o f  
heavy  m etal. In m ost cases, com bined  heavy  m etals caused synergistic  inh ib ition  on 
the bacterial activ ity  factor. For the  system  that contained either C d o r Z n  less than  5 
mg/1, the  inhibition  could be antagonized b y  C u w hich the  concentration  w as not 
m ore than  1 mg/1. T he antagonism  w as not observed w hen  C d com bined w ith  Zn. 
T his deduced that Cd and Zn should  be separately  discarded.

• A  tool for the design and operation  o f  anaerobic system  and for 
treating heavy  m etals com m ingling  w ith  h igh sulfate  w astew aters w as proposed  as a 
m odel to prevent synergistic inh ib ition  b y  the m echanism  o f  m etal sulfide 
precip ita tion  before or during  b io logical uptake. T he m etal loading, K , w as 
(Z n/32.7+C d/56.2+C u/31.8)/W . T he value o f  K  in  w astew ater has to b e  less than 
15 m eq/kg  M LV SS. W here K  is the ratio  o f  the  sum  o f  Zn, Cd, and C u(in  meq/1) 
d ivided b y  the M LV SS, พ (in  kg/1). Zn, Cd, and C u are the  concentration  o f  the 
m etal in so lu tion  in  mg/1. A t th is m etal loading, the  re la tive  m ethane production  
activity  w as not low er than  80%  and the synergistic  inh ib ition  w as no t observed. T he 
residual heavy  m etal concentration  in  the effluent w as no t detectable. T he final pH  
w as elevated bu t d id  no t exceed 8. T hese experim ental results elucidated  the 
perform ance o f  the reacto r involved  in  su lfide detoxification  and heavy  m etal 
rem ediation  processes.

7.2 Contributions of this work
T his w ork attem pted to p ropose the criterion  m odel to prevent anaerobic 

treatm ent process from  heavy  m etal inhibition  and synergism . T he equation  proposed 
is a tool to the designer and operator to control the anaerobic treatm ent process and also 
gives the possibility  to form ulate consent conditions for a suitable industrial effluent 
control. T he inform ation obtained from  th is w ork can be further em ployed in the 
design o f  the control techn ique and m anagem ent strategies for the w astew ater 
treatm ent plant. This finding should  be beneficial for m ost ex isting  anaerobic 
w astew ater treatm ent p lan ts as it indicates the  m etal loading that can m ain tain  the



138
treatm ent process b y  p reventing  the system  before  synergism  occurred. The system  
perform ance could be w ell enhanced ju s t by  adjusting  operational param eter o f  
C O D :S, heavy  m etal and M LV SS w ithout the need to invest in  new  construction or 
equipm ent. It should be m entioned, how ever, that the conclusions obtained from  this 
w ork w ere based on the m ixed-bacteria  from  the b rew ery  w astew ater treatm ent plant 
w hich consist o f  the high potential m ethane producing  and sulfate reducing  bacteria. 
T he organic w aste used w as the read ily  g lucose synthetic w aste and the system  was 
operated  under the batch  experim ent.

In addition, it w as proven  that the C O D :S, heavy  m etals, and the b iom ass is a 
p roper condition  to show  m utualistic  in teraction  betw een sulfate  reducing  and 
m ethane p roducing  bacteria.

A nother point o f  im portance, the k inetic  coefficients o f  five m ixed-bacterial 
types from  natural sources w hich obtained from  th is study could be very  w ell 
em ployed  to the scientists, environm ental engineers and the end users. T hey can  select 
an  appropriate  bacterial type for m ore specific purpose to apply  to their w ork 
efficiently , feasib ly  and econom ically . B acteria from  the coastal area is the exam ple 
that show  high  perform ance in substrate degradation. B acteria  from  the leachate is the 
exam ple that show  high perform ance in  m ethane production  bu t need m ore tim e to 
start up.

Saving cost in  industry  w ithout generating  toxic w aste to environm ent 
sim ultaneous providing the fuel gas, th is research  dissertation  could lead to the 
sustainable developm ent.

7.3 Application for Industry
T oday indiscrim inate and uncontro lled  d ischarge o f  m etal contam inated 

industrial effluents into the environm ent has becom e an issue o f  m ajo r concern. 
H eavy m etals, being  non-biodegradable and persistent, beyond a perm issib le 
concentration  from  unspecific  com pounds inside the cells thereby  causing cellular 
toxicity. A lso, under anaerobic conditions, reduction  o f  sulfate w ill produce hydrogen 
sulfide (H 2 S) that also inhibits b io logical activity. A n alternative to rem ove heavy 
m etals, sulfate, sulfide and organic w aste from  w astew ater is b y  allow ing the two 
w aste stream s to react together. The overall tox icity  can be  reduced b y  precip itation
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o f  heavy  m etal sulfides. T he poten tial b io technological application  is the  use o f  
sulfate reducing  bacteria  (SR B ) to u tilize  the organic w aste  in anaerobic b ioreactors o f  
organic substrates for cell grow th, reducing  su lfate  (SO 42') to su lfide (ร 2') and organic 
substrate to m ethane (C H 4).

H ere m icrobial b iom ass offers an  econom ical op tion  for reduction  o f  SO 42' to 
ร 2', and the  heavy  m etal su lfide w ill b e  precipitated. T he b iom ass rem oves heavy  
m etals by  the phenom enon o f  precip ita tion  and biosorption . T he process can be m ade 
econom ical by  procuring  the m ixed-culture  o f  b iom ass from  industry  o r naturally  
available SRB. A  b atch  or a continuous process o f  rem oval o f  heavy  m etals and 
sulfate  d irectly  from  w astew ater can  be  developed  using  the  appropriate  b iom ass 
(B iom ass from  a b rew ery  w astew ater treatm ent p lan t is recom m ended). Further 
potential o f  the system  can b e  im proved b y  the op tim ization  o f  the  ratio  o f  C O D :ร 
and heavy  m etal in the  influent w astew ater befo re  treatm ent. The findings o f  the 
research  m akes it an  econom ical and sustainable option  for developing  w astew ater 
treatm ent process for rem oval o f  heav y  m etals, sulfate, su lfide and 
organic substances.

7.4 R e c o m m e n d a tio n s  fo r  f u r th e r  w o rk

This w ork w as successful in  p reventing  the  problem atic  heavy  m etals fo r three 
out o f  the  five m ost consisten tly  m etals found in T hailand and in  the  w orld. 
H ow ever, it w ill be com pleted  i f  all types o f  the  m ost consisten tly  found heavy 
m etals are studied. Further w ork should  be  conducted  to

■ Investigate the com bined effect o f  five com bined m etals o f  Cd, C u , Zn, Pb and 
N i and then find the criterion  m odel to preven t the  synergistic  inh ib ition  and m ain tain  
the anaerobic w astew ater treatm ent system .

■ E xam ine the m etal sulfide detoxification  process b y  increasing  h igher am ount o f  
sulfate concentrations than  the op tim um  am ount w ith  the expectation  to obtain  the 
h igher am ount o f  m ethane.

■ รณ dy the prevention  o f  system  inhib ition  b y  the  m ixed-bacterial culture from  
other potential bacterial sources such as bacteria  from  the Para Industry.

■ รณ dy  the prevention  o f  system  inhib ition  b y  pure  culture.
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