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ABSTRAK 

Hidrogen sulfida (H2S) dikenali sebagai salah satu daripada bahan pencemar berbahaya 

dari air sisa penapisan petroleum (petroleum refinery based wastewater, PRW), yang 

dilaporkan dalam kes persekitaran dan ekonomi, di samping komplikasi kesihatan 

terhadap manusia. Sifat semulajadi heterogen PRW berserta kekurangan pendekatan 

klasik mitigasi fizikokimia menjadi sebab pencarian alternatif yang efektif kos dan 

endah alam sekitar dengan kesan negatif yang minimum. Kultur bakteria bercampur 

(bacterial mixed culture, BMC) terintegrasi baru, Pseudomonas putida (ATCC 49128) 

dan Bacillus cereus (ATCC 14579) dengan kebolehan biodegradasi terhadap PRW 

kompleks dan berkepekatan tinggi dicadangkan sebagai alternatif pengoksidaan sulfida 

yang mampu menangani kekurangan tersebut. Kesan saling melengkapi tersebut 

mungkin menjadi punca toleransi terhadap kesan rencatan H2S. Untuk permulaan, kesan 

kepekatan nutrient dan keadaan fizikal operasi lain iaitu suhu, pengadukan, dan masa 

aklimatisasi terhadap pertumbuhan pencilan tersebut disaring dan seterusnya dioptimum 

di dalam kelalang goncang dengan bantuan perisian Design Expert. Berdasarkan 

keadaan pertumbuhan optimum, bandingan RE BMC berserta kultur tulen dijalankan 

menggunakan air sisa disimulasikan pada kepekatan berbeza (200, 300 dan 500 ppm). 

Nilai RE model kultur tulen dan bercampur didapati pada 95%–100% dengan 

menggunakan air sisa disimulasikan dalam kelalang goncang. Walau bagaimanapun, 

nilai RE mantap ditunjukkan oleh model terpilih (BMC) dengan nilai RE tertinggi pada 

99% bagi 500 ppm S
−2

 dalam tempoh 24 jam HRT. Tambahan lagi, kesan bersinergi 

parameter proses kultur kelompok terhadap pengoksidaan sulfida menggunakan BMC 

dioptimumkan melalui kaedah statistik menggunakan kaedah reka bentuk komposit 

pusat berpusatkan muka tiga aras (face-centered central composite design, FCCCD) dan 

kaedah permukaan gerak balas (response surface methodology, RSM). Nilai RE 

tertinggi pada 91% dicapai melalui model BMC pada parameter proses yang optimum 

500 ppm, 0.5 vvm, 30 °C, dan 140 rpm masing-masing bagi kepekatan sulfida influen, 

pengudaraan, suhu, dan pengadukan, dalam tempoh 8 jam HRT. Tambahan pula, 

keupayaan biodegradasi sulfida oleh BMC disahkan menggunakan PRW sebenar 

berdasarkan parameter optimum dengan nilai RE yang tinggi pada 98.76%–99.75%. 

Sebagai kesimpulan, dapatan kajian ini dapat mengisi kelompongan berkaitan 

pengoksidaan sulfida dalam PRW rekalsitran secara biologi oleh model BMC baru 

dalam bioreaktor kultur aerobik kelompok skala makmal. Untuk itu, keandalan dan 

kebolehan peramalan model endah alam sekitar ini adalah sesuai untuk merawat air sisa 

sarat sulfida dengan potensi keupayaan RE yang maksimum. 

 



iv 

ABSTRACT 

Hydrogen sulfide (H2S) has been recognized as one of the hazardous pollutants from 

petroleum refinery based wastewater (PRW), with reported cases of environmental and 

economic challenges, besides other human health complications. The heterogeneous 

nature of PRW couple with the documented shortfalls of the classical physicochemical 

mitigation approaches was behind the quest for a cost-effective and eco-friendly 

alternative with minimum adverse effects. A novel integrated bacterial mixed culture 

(BMC), Pseudomonas putida (ATCC 49128) and Bacillus cereus (ATCC 14579) with 

traceable imprints in biodegradation of high-strength PRW proposed as a suitable 

alternative sulfide oxidation approach with a potential solution to the shortfalls. Their 

complementary helper effects could be the reason behind their tolerance to the H2S 

inhibitory effect. Initially, the impact of nutrient concentration and other physical 

operating conditions of temperature, agitation and acclimatization time to the isolates 

growth were screened and subsequently optimized in shake flasks with the aid of 

Design-Expert software. Based on these optimized growth conditions, relative removal 

efficiency RE of BMC along with the corresponding pure cultures were carried out 

using simulated wastewater at different concentrations (200, 300 and 500 ppm). The RE 

of the pure and mixed-culture models was found to be 95%–100% with simulated 

wastewater in shake flasks. However, a sustained RE was displayed by the selected 

model (BMC), with the highest RE of 99% in 500 ppm of S
−2

 within the HRT of 24 

hours. Furthermore, the synergistic contribution effects of the batch culture process 

parameters on the BMC sulfide oxidation were optimized at three coded levels using 

face-centered central composite design (FCCCD) and response surface methodology 

(RSM) statistical tools. The highest RE of 91% was obtained with the BMC model at 

optimum process parameters of influent sulfide concentration, aeration, temperature, 

and agitation of 500 ppm, 0.5 vvm, 30 °C, and 140 rpm, respectively, within 8 hours of 

HRT. Moreover, the sulfide biodegradation capability of BMC was validated using the 

actual PRW based on the optimum parameters which resulted in overwhelming RE 

values of 98.76%–99.75%. Conclusively, the findings fill in some gaps concerning the 

biological sulfide oxidation from recalcitrant PRW by a novel BMC model in a lab-

scale batch culture aerobic bioreactor. It suggested that the reliability and prediction 

ability of this eco-friendly model is therefore suitable for treating high-strength sulfide-

laden wastewater with potential capabilities of maximum RE.  
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