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C O N C L U S IO N S  A N D  R E C O M M E N D A T IO N S

In this study, the effects o f  three types o f  surfactants, nonionic surfactant 
(T w een 80), anionic surfactant (SD S) and m ixed surfactants (Tw een 80 and SDS), on 
the solubilization  and biodegradation  o f  petro leum  hydrocarbons in the oil sludge 
obtained from  PTT PLC w ere studied by using tw o types o f  m icroorganism s; 
indigenous bacteria  consortia  originally  present in the sludge and P se u d o m o n a s  
a e r u g in o s a  isolated from  the petro leum -contam inated  sites in Thailand. The 
experim ents w ere firstly conducted in batch liquid system  and could be divided into 
2 parts: so lubilization  and biodegradation. In the solubilization studies, the effect o f 
the three surfactant ร ystem s on the solubility  o f  hydrocarbons w as exam ined at 
various surfactant concentrations and reported  as % enhanced solubilization as 
com pared w ith  the control by using both Total Petroleum  H ydrocarbon (TPH) 
ex traction  technique and G C /M S analysis. In the b iodegradation  studies, the 
b iodegradation  o f  hydrocarbons in the oil sludge was quantified as the TPH 
degradation  and com pared w ith  the degradation  in the control experim ents (no 
addition  o f  surfactant).

From  the solubilization  studies, it w as found that the addition o f  surfactant 
greatly  enhanced  the solubilization  o f  hydrocarbons in the oil sludge. The 
enhancem ent o f  the hydrocarbon solubilization  increased w ith  increasing surfactant 
concentra tion  and reached its m axim um  value at a specific concentration  or optimal 
concentra tion  w ell above the critical m icelle concentration  o f  each surfactant. SDS 
w as show n to have greater effect on the solubilization  orf  hydrocarbons in the sludge 
than T w een 80 but the m axim um  solubilization  occurred at m uch higher 
concentration . A pparently , the m ixed-surfactant system  provided the highest 
enhancing effect on  the solubilization  o f  hydrocarbons in the sludge. The degree o f  
enhancem ent o f  the solubilization  o f  hydrocarbons could be related to their water 
solubility , w hich  nonpolar solutes are generally  less soluble in the surfactant micelles 
than polar com pounds. T herefore the solubilization  capacity  is in the following 
order: arom atic  >  cyclic aliphatic > linear aliphatic as observed in this study.
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From  the batch liquid biodegradation studies, it w as clearly  show n that the 
biodegradation  o f  hydrocarbons in the sludge by both  indigenous bacteria  and p . 
a e r u g in o s a  w as greatly enhanced by the addition  o f  surfactant for all th ree  surfactant 
system s as com pared to the control (no surfactant addition). S im ilar to the 
so lubilization , the h ighest biodegradation  w as achieved in the culture having the 
m ixed-surfactant system  follow ed by SDS and Tw een 80 in the single-surfactant 
system . A fter the batch study, the biodegradation  o f  hydrocarbons in the oil sludge 
w as further studied in the sem i-batch b ioreactor (500 m l w orking  volum e) using a 
fill-and-draw  operation. 50 m l o f  sam ple w as w ithdraw n from  the reactors each day 
and then the sam e volum e o f  M SM  contain ing d ifferen t am ounts oil sludge and 
surfactant w as filled back  into the reactors. In this study, 4 d ifferen t oil sludge and 
surfactant loadings w ere used in this sem i-batch b ioreactor. The cultures were 
cu ltivated  in the b ioreactor for 1 0  days o f  w hich sam ple w as analyzed  on daily  basis. 
In addition, in one reactor (reactor 5), g lucose w as added  in o rder to exam ine its 
effect on grow th and hydrocarbon biodegradation  in the b ioreactor. The results 
show ed that, for both cultures, the grow th and b iodegradation  o f  hydrocarbons 
obtained in the test reactors w ere significantly  h igher than  those o f  the control reactor 
in the absence o f  surfactant. The addition o f  g lucose w as found to  resu lt in a higher 
grow th but not the hydrocarbon biodegradation.

U pon com pletion  o f  the study, although several conclusions can be drawn 
but there are still a few  issues need to be further investigated. For exam ple, the 
grow th o f  the bacterial culture in the sem i-batch reactor w as still considerab ly  low  
w hich should be enriched to get a better grow th and biodegradation . In addition, the 
bioreactor ..could be enlarged in order to study the surfactant-enhanced 
b iodegradation  o f  hydrocarbons in the oil sludge at a larger scale (e.g., 3-5 liters).
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