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Abstract 
Industrial activities and increased human population have resulted in wastewaters not entirely 
amenable to conventional treatment methods. Anaerobic digestion (AD) can treat such 
wastewaters with the advantage of bioresource recovery. However, the presence of solids and 
recalcitrant compounds in most wastewaters may affect the AD process. Thus, combining AD 
with advanced oxidation processes is necessary. This study combined ozonolysis with AD to 
treat waste activated sludge (WAS) and distillery wastewater (DWW). When applied as a 
pretreatment, ozonolysis caused the rigid cell walls in WAS to rupture and solubilised the 
extracellular polymeric substances (EPS), leading to increased biodegradability. For the 
DWW, ozonolysis pretreatment reduced the biorecalcitrant aromatic compounds to simple 
aliphatic compounds, thereby increasing biodegradability. In the ensuing AD process, the 
WAS pretreatment improved TSS and COD reductions and a 230% increase in cumulative 
biogas production. For the DWW, the ozonolysis pretreatment did not significantly impact COD 
reduction or biogas production; however, when applied as a posttreatment, ozonolysis 
effectively removed the biorecalcitrant colour of the anaerobically digested effluent and 
solubilised the TSS washed out from the AD unit. Therefore, the AD-ozonolysis process 
configuration is substrate specific; ozonolysis is best applied as a pre-AD and post-AD for 
WAS and DWW, respectively. 
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1. Introduction 

Activated sludge is the flocculent culture of organisms developed in aeration tanks due to 
wastewater treatment under controlled conditions (Ouyang et al., 2020). Industrial wastewater 
or sewage is treated such that biological floc is formed from organisms in the water by bubbling 
atmospheric air, thus reducing the sewage’s organic content (Skouteris et al., 2020). Once 
this water has been treated, the overflow of the mixed liquor is sent into settling tanks, and the 
treated liquor is released for further treatment before discharge (Singh Asiwal et al., 2016). 
The excess sludge that accumulates is called waste activated sludge (WAS) which is 
ultimately removed from the treatment process and stored in storage tanks away from the 
primary treatment process. The generated WAS is sometimes subjected to further treatment 
by aerobic or anaerobic digestion before disposal (Ozgun, 2019; Otieno et al., 2019). WAS 
management and treatment account for up to 60% of the total costs incurred by wastewater 
treatment plants (Otieno et al., 2019). Anaerobic digestion (AD) of WAS for solids reduction, 
energy recovery, and stabilisation has long been considered (Silvestre et al., 2015). However, 
the unique characteristics of WAS restrict the AD process by slowing digestion, resulting in 
low solids reduction and low biogas production (Liang et al., 2021). It is thus essential to 
introduce a pretreatment process to enhance the biodegradability of WAS, thereby improving 
biogas production and solids reduction (Otieno et al., 2019). 

Alcohol distilleries are one of the leading environmental polluters, as approximately 88% of 
the raw material (mainly molasses) used in production ends up in wastewater (Shivajirao, 
2012; Mabuza et al., 2017). Distillery wastewater (DWW) is characterised by a dark colour, 
bad smell, and a high organic load as indicated by a biochemical oxygen demand (BOD) of 
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45 000-60 000 and chemical oxygen demand (COD) of 70 000-120 000 mg/L (Apollo and 
Aoyi, 2016; Otieno et al., 2017). Discharging the DWW into receiving streams such as rivers 
and lakes can lead to eutrophication and hinder photosynthesis by aquatic plants (Otieno et 
al. 2016; Navgire et al. 2012). The anaerobic digestion method is often the preferred first step 
in treating DWW. However, the biorecalcitrant colour causing melanoidin compounds hinders 
the rate determining hydrolysis step. Moreover, during AD, the colour-causing melanoidin 
compounds repolymerises easily, thereby intensifying the colour of the AD effluent (Mabuza 
et al., 2017). 

Integrating AD with advanced oxidation processes (AOPs) such as ozonolysis is important for 
effective wastewater treatment. For DWW, ozonolysis pretreatment can break down the 
colour-causing biorecalcitrant polymeric high molecular weight (HMW) organic compounds 
into biodegradable low molecular weight (LMW) compounds, thus improving substrate 
biodegradability (Santos et al., 2013; Amaral-Silva et al., 2016). For WAS, ozonolysis has 
been an ideal pretreatment method for solubilising the solids, leading to improved 
biodegradability (Otieno et al., 2019). Additionally, the advantages of integrating ozonolysis 
as a pretreatment process are that it generates low inhibitory compounds and operates at 
ambient temperature and pressure. The ozone can be generated on-site and utilised directly, 
avoiding chemical supply and storage issues (Otieno et al., 2019). Alternatively, ozonolysis 
can be applied as a posttreatment to eliminate recalcitrant compounds that have escaped the 
AD process (Otieno et al., 2019). This study investigated the application of an integrated AD-
AOP system to treat WAS and DWW. Ozonolysis was applied as a pre- or post-treatment to 
AD to determine the best system configuration. The integrated system was evaluated based 
on biodegradability enhancement, colour and COD reductions, and sludge solubilisation to 
determine the best process configuration. 

2.  Methodology 

2.1.  Materials 

Sodium thiosulphate, phosphoric acid, methanol, potassium iodide (KI), sulphuric acid, silver 
sulfate, hydrochloric acid, sodium hydroxide, potassium dichromate, and starch were all 
obtained from Merck Limited in South Africa. All the sourced chemicals (analytical grade) were 
used as received. 

2.2. Distillery wastewater and waste activated sludge 

The waste activated sludge (WAS) used in the current study was obtained from the secondary 
settling tank of a wastewater treatment (WWT) plant in a local municipality, Vanderbijlpark, 
South Africa. Distillery wastewater (DWW) was collected from a molasses-based alcohol 
distillation plant in Durban, South Africa, and stored at 4 oC until used. The characteristics of 
the WAS and DWW are given in Tables 1 and 2, respectively. 

2.3. Ozonolysis pretreatment process for WAS and DWW 

The WAS and DWW substrates were pretreated in a 5 L fluidised ozone reactor to improve 
sludge solubilisation and enhance biodegradability before AD. Briefly, the wastewater 
substrate was transferred to the ozone reactor and then subjected to ozonolysis at a constant 
ozone dosage (45 mg/L/min) for one hour. The ozone gas from an ozone generator was 
bubbled through the substrate contained in the reactor via a gas diffuser placed at the bottom. 
The schematic representation of the ozonolysis set-up is given in Figure 1a. 

2.4. Anaerobic digestion of WAS and DWW 

Anaerobic digestion of the two wastewater substrates was carried out in two separate UASB 
reactors. For the DWW, the AD reactor (Figure 1.1b) of 2L working volume was operated at 
an optimum organic loading rate (OLR) after a successful digester start-up. The digester was 
operated stepwise during start-up from an OLR of 1.2 until the optimum OLR of 15 kg 



COD/M3/day was attained. For the start-up, the UASB digester was inoculated with active 
anaerobic sludge granules obtained from a digester treating breweries wastewater. Distillery 
wastewater was added in small amounts, increasing the amount added whenever reactor 
stability had been attained, as indicated by near constant COD reduction and biogas 
production. The start-up period lasted for 33 days. Afterwards, the digester was operated 
semi-continuously from day 34 to 54 while feeding non-pretreated DWW and from day 55 to 
74 with ozone pretreated DWW. 

For the anaerobic digestion of WAS, an already active UASB reactor of 3 L working volume, 
of which 1 L consisted of sludge granules from an anaerobic digester treating municipal 
wastewater, was used. Anaerobic digestion of WAS was done in semi-batch mode with 
manual sampling and feeding. Each batch lasted six days (as determined by near-constant 
COD reduction and diminished biogas production after the 6th day), after which a new feed 
was introduced. The digestion temperature was maintained at 37 oC using a heating tape 
wrapped around the reactor. The reactor was fed raw WAS (no pretreatment) in the first three 
batches, while ozone pretreated WAS was fed in the subsequent three batches. Daily biogas 
production was monitored. Also, samples were collected and analysed for COD and TSS. 
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Figure 1: Schematic representation of the (a) ozonation and (b) anaerobic units. 

2.5. Ozonolysis posttreatment of anaerobically digested DWW 

The effluent from the UASB reactor treating DWW was diluted with water and then subjected 
to ozonolysis in the ozone reactor to remove the biorecalcitrant colour. 

2.6. Physical and chemical analysis 

Samples withdrawn at pre-determined time intervals during the AD and ozonolysis processes 
were analysed for pH, colour, COD, dissolved organic carbon (DOC), and BOD. The COD, 
DOC, pH, and BOD were determined following standard methods (Mecha et al., 2016). 
Aromaticity and colour were determined by UV absorption measurement, while the 
concentration of the cations was determined from Ion Chromatography (Navgire et al., 2012). 

3. Results and Discussion 

3.1. Characteristics of WAS and DWW before and after pretreatment 

Tables 1 and 2 give the physicochemical characteristics of the WAS and DWW, respectively, 
before and after ozone pretreatment. During WAS pretreatment, the TSS was reduced by 29% 

(a) 
(b) 



from 20.9 mg/L to 14.9 mg/L, indicating the solubilisation of the suspended solids (Gomes et 
al., 2013; Ariunbaatar et al., 2014). The solubilisation released the suspended COD into the 
aqueous phase leading to the observed increase in DOC and soluble COD from 1 700 to 2 
300 mg/L and 155 to 245 mg/L, respectively. On the other hand, the total COD slightly 
decreased from 24 500 to 21 600 mg/L, ensuring adequate substrate retention for the ensuing 
anaerobic process. Through ozonolysis, the hard cell walls contained in WAS were ruptured, 
and the extracellular polymeric substances (EPS) solubilised, releasing the cellular contents. 
The increased concentration of sulphates (18 to 75 mg/L) and nitrates (0 to 115 mg/L) in the 
supernatant confirmed the release of cellular contents (Otieno et al., 2019). The BOD5 of the 
pre-treated WAS increased from 1 520 to 3 520 mg/L contributing to an overall 2.6-fold 
increase in biodegradability in the BOD5:COD ratio. 
 
Table 1: Characteristics of WAS before and after ozonolysis. 

Parameter 
Value 

Before ozonolysis After ozonolysis 

pH 6.7 6.1 

TSS (mg/L) 20.9 14.9 

CODT (mg/L) 24 500 21 600 

CODS (mg/L) 1 700 2 300 

DOC (mg/L) 155 245 

BOD5 (mg/L) 1 520 3520 

BOD5:COD 0.06 0.16 

Sulphate (mg/L) 18 75 

Phosphate (mg/L) 67 35 

 

Table 2: Characteristics of distillery wastewater before and after ozonolysis. 

Parameter 
Value 

Before ozonolysis After Ozonolysis 

pH 5.55 5.01 

CODT (mg/L) 15 000 14 400 

CODS (mg/L) 13 500 14 000 

DOC (mg/L) 5 580 6 200 

BOD5 (mg/L) 7 250 8352 

BOD5/COD 0.48 0.58 

Absorbance at 254 nm (a.u.) 3.85 1.75 

Absorbance at 475 nm (a.u.) 12.88 16.38 

 Key: CODT – Total COD    CODs – Soluble COD DOC – Dissolved organic carbon 

For the DWW, ozonation pretreatment increased biodegradability, as indicated by an increase 
of 21% in the BOD5:COD ratio. The complex colour-causing biorecalcitrant aromatic 
compounds such as melanoidins are broken down to biodegradable acidic intermediates and 
simple aliphatic compounds through ozonation. The reduction of the aromatics contributed to 
the reduced absorbances at 254 nm for aromaticity (3.85 to 1.75 a.u.) and 475 nm for colour 
(16.38 to 12.88 a.u.). Also, the ozonation process achieved solubilisation of suspended 
organic solids, releasing them into the aqueous face, as shown by the reduction in total COD 
but with an increase in soluble COD. However, the total COD reduction was very low (15 000 
to 14 400 mg/L), ensuring adequate biomass retention for the ensuing AD. 



3.2. Effect of ozone pretreatment on anaerobic digestion of WAS 

The COD and TSS reductions during anaerobic digestion of raw WAS and ozone pretreated 
WAS are given in Figures 2a and b, respectively. The pre-treated WAS had better COD and 
TSS reductions during anaerobic digestion than the raw WAS. Ozonolysis pretreatment led to 
the rupture of the hard cell walls and partial solubilisation (as shown by the 29% reduction in 
TSS in Table 1) of the sludge, availing the cellular contents and leading to improved 
degradation by the microorganisms. The most significant effect of the pretreatment process 
on AD was observed in biogas production, as shown in Figure 3. A comparison of the biogas 
production profiles (Figure 3a) showed that the pretreated WAS had more than double daily 
biogas production than the raw WAS. The daily biogas production was higher for the 
pretreated WAS at the beginning of digestion and remained relatively high with continued 
digestion than the raw WAS, which had a significantly diminished biogas production after the 
first day. The pre-treated WAS had a higher cumulative biogas production of  4.75 L after six 
days of digestion than the raw WAS which had 1.48 L (Figure 3b). Ozonolysis pretreatment 
solubilised part of the organic matter, which was then easily converted to biogas. The 
significant increase in biogas production indicates that a major fraction of the solubilised matter 
was biodegradable (Kim et al., 2013; Sosnowski et al., 2008).  

 

Figure 2; (a) COD and (b) TSS reductions during anaerobic digestion of raw (∆) and 
ozone pretreated (▲) waste activated sludge. 

 
Figure 3; (a) Daily and (b) cumulative biogas production during anaerobic digestion of 
raw (█) and ozone pretreated (░) waste activated sludge. 

3.3. Effect of ozone pretreatment on anaerobic digestion of DWW 

The non-pre-treated DWW and the ozonated DWW were subjected to AD, and the changes 
in COD (Figure 4a), biogas production (Figure 4b), and colour (Figure 4c) were monitored. 
The COD removal during the digestion of raw DWW increased from 32% on day 34 to around 
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63% by the 37th day. The low COD reductions observed during the initial stages (days 34 to 
36) were partly due to the acclimatisation of the microorganisms to the new feeding regime 
(semi-continuous feeding from batch). The highest reduction in COD averaged around 70% 
from the 42nd to 53rd day. To investigate the effect of pretreatment, ozone pretreated DWW 
was fed into the reactor from day 55 to 74 at the same OLR of 15 kg/m3/d. During this period, 
the average COD removal remained constant at 71%, indicating that ozone pretreatment did 
not significantly affect the AD process, despite the significant increase in biodegradability of 
the pretreated DWW (Table 2). A similar observation was made with the daily biogas 
production, which averaged 10 L/day for raw and ozone pretreated DWW (Figure 4b). The 
lack of observable differences in the anaerobic digestion of the raw and pretreated substrates 
could be because of the relatively high biodegradability of the raw DWW, with only 2% being 
biorecalcitrant (Chavan et al., 2006). 

  

  

Figure 4; (a) Reduction in COD, (b) daily biogas production, and (c) daily colour 
reduction during anaerobic digestion of raw and ozone pretreated DWW. 

A negative colour reduction indicated increased colour intensity (Figure 4c) during the 
anaerobic digestion of the raw and ozone pretreated DWW substrates. Under the mesophilic 
conditions of the UASB reactor employed, the melanoidin compounds were repolymerised into 
high molecular weight (usually > 5.0 kDa)  long chain organics, thereby increasing the 
effluent’s colour intensity (Liang et al., 2009; Liu et al., 2013). Ozone pretreatment was 
expected to eliminate the melanoidins before AD and improve colour reduction during AD. 
However, the increased colour intensity points to incomplete removal of the melanoidins 
during ozonation pretreatment. The melanoidins that remained after ozonolysis easily re-
polymerised during AD, increasing the colour intensity. Ozone pretreatment is, therefore, 
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ineffective in fully reducing the biorecalcitrant melanoidins into biodegradable compounds and 
ensuring complete colour removal during AD. 

3.4. Ozonolysis Post-treatment of Anaerobically DWW  

Table 3 shows that the DWW had a significant organic load before anaerobic digestion (BOD5 
7,200 mg/L, COD 15,000 mg/L). The BOD:COD ratio of 0.48 indicated that the DWW substrate 
was highly biodegradable (a ratio of 0.4 and above is recommended). Up to 75% of the COD 
and 95% of the BOD5 were eliminated during biodegradation, although the colour intensity 
was enhanced by 40%. After AD, there was still a sizeable quantity of COD present (3560 
mg/L), responsible for the biorecalcitrant component, mainly melanoidin compounds that were 
the source of the intense colour of the AD effluent. The effluent had a BOD5:COD ratio of 
0.05, confirming the elimination of all the biodegradable organics by AD. Sludge washout from 
the digester was indicated by the twofold increase in the total suspended solids. To remove 
the colour and solubilise the solids (sludge), ozonolysis posttreatment was applied to the 
anaerobically digested DWW effluent. 

Table 3: Characteristics of DWW before and after AD 

Parameter Before After Change, % 

pH 5.5 7.45 +62 

COD (mg/L) 15000 3560 -76 

DOC (mg/L) 5800 1700 -72 

TSS (mg/L) 2.34 4.46 +110 

BOD5 (mg/L) 7250 190 -95 

BOD5:COD 0.48 0.05 -90 

Colour/absorbance (a.u.) 3.20 4.50 +41 

 

The ozonolysis posttreatment of the anaerobically digested AD resulted in up to 80% colour 
removal and a 14% reduction in DOC. The oxidation of the melanoidin molecules and the 
mineralisation of biorecalcitrant organic substances led to reductions in colour and DOC. 
Color-causing organic compounds with aromatic rings, functional groups like OCH3 and OH, 
carbon double bonds (C=C), and atoms like N, P, O, and S (negatively charged) are selectively 
attacked by ozone (Bar Oz et al., 2018). The attack can lead to a rapid colour disappearance 
but with the formation of end products such as carboxylic acids and stable intermediates. The 
products formed are still detectable as DOC; thus, the observed low DOC reduction of 14%. 
Moreover, the products and intermediates are usually refractory to further oxidation by ozone 
(Peña et al. 2003). Ozone can also break down, resulting in the generation of hydroxyl radicals 
(OH●). The radicals can react (unselectively) with all organic compounds, potentially leading 
to total mineralisation via chain degradation reactions (Kasiri et al., 2013; Mecha et al., 2016; 
Wang et al., 2004). 

Figures 6a and b show the changes in total (CODT) and soluble (CODS) COD and the 
BOD5:COD ratio, respectively, during ozonolysis posttreatment of the AD effluent. Total, 
soluble, and suspended COD can be used to investigate the fate of sludge during ozonation. 
The CODT reduced to 1250 from 1438 mg/L (13% reduction), while the CODS was unchanged. 
The decrease in CODT was attributed to the solubilisation of sludge washed out ((suspended 
COD) from the AD reactor. After one hour of ozonolysis, the CODT and CODS levels were 
nearly similar, indicating that up to 88% of the sludge had been solubilised. Previous 
investigations on the treatment of DWW with ozonolysis found low CODT decreases within the 
first hour of treatment (Zeng et al., 2009; Sangave et al., 2007). The suspended COD (TSS) 
is dissolved during ozonolysis resulting in constant CODs, but with a reducing CODT. After the 
posttreatment, the BOD5:COD ratio of the AD effluent increased twofold (0.05 to 0.11), 
indicating improved biodegradability (Venkatesh et al., 2015). 



 

Figure 5; Colour (a) and DOC (b) reductions during ozonolysis of anaerobically digested 
DWW. 

 

Figure 6; Change in (a) CODT (○) and CODS (∆) and (b) BOD5:COD ratio during 
ozonolysis of anaerobically digested DWW. 

Conclusion and recommendations 

An integrated AD-ozonolysis treatment system is a promising technique for treating distillery 
wastewater (DWW) and waste activated sludge (WAS). Ozonolysis pretreatment of WAS 
solubilised the sludge and led to a two-fold increase in the cumulative biogas production in the 
ensued anaerobic process. In the case of distillery wastewater, ozonolysis pretreatment did 
not significantly impact COD reduction or biogas production; however, when used for post-
treatment, ozonolysis effectively removed the biorecalcitrant colour of the AD effluent and 
solubilised the TSS washed out from the AD unit. The configuration of the intergrade anaerobic 
digestion-Advanced oxidation process (AD-AOP) treatment system is thus substrate-specific. 
Ozonolysis should precede AD when treating WAS, while for DWW, ozonolysis should be 
applied as a posttreatment to AD. Kinetics and energy analyses should be determined to guide 
in designing an integrated AD-ozonation process for WAS and DWW treatment. 

0

20

40

60

80

0 10 20 30 40 50 60

C
o

lo
u
r 

re
d

u
ct

io
n
 (

%
)

Ozonolysis duration (mins)

0

6

12

0 10 20 30 40 50 60

T
O

C
 r

ed
u
ct

io
n
 (

%
)

Ozonolysis duration (mins)

1200

1250

1300

1350

1400

1450

0 15 30 45 60

C
O

D
 (

m
g
/L

)

Ozonolysis duration (mins)

0.04

0.06

0.08

0.1

0.12

0 15 30 45 60

B
O

D
5

:C
O

D

Ozonolysis duration (mins)

(b) (a) 

(a) 

(b) 



References 

Amaral-Silva, N., Martins, R.C., Castro-Silva, S. and Quinta-Ferreira, R.M. (2016). Ozonation 
and perozonation on the biodegradability improvement of a landfill leachate. Journal of 
Environmental Chemical Engineering, 4 (1), 527–533. 

Apollo, S. and Aoyi, O. (2016). Combined anaerobic digestion and photocatalytic treatment of 
distillery effluent in fluidised bed reactors focusing on energy conservation. 
Environmental technology, 37 (17), 1–9. 

Ariunbaatar, J., Panico, A., Frunzo, L., Esposito, G., Lens, P.N.L. and Pirozzi, F. (2014). 
Enhanced anaerobic digestion of food waste by thermal and ozonation pretreatment 
methods. Journal of Environmental Management, 146 , 142–149. 

Bar Oz, Y., Mamane, H., Menashe, O., Cohen-Yaniv, V., Kumar, R., Iasur Kruh, L. and 
Kurzbaum, E. (2018). Treatment of olive mill wastewater using ozonation followed by an 
encapsulated acclimated biomass. Journal of Environmental Chemical Engineering, 6 
(4), 5014–5023. 

Chavan, M.N., Kulkarni, M. V, Zope, V.P. and Mahulikar, P.P. (2006). Microbial degradation 
of melanoidins in distillery spent wash by an indigenous isolate. Indian Journal of 
Biotechnology, 5 (3), 416–421. 

Eqra, N., Ajabshirchi, Y. and Sarshar, M. (2014). Effect of ozonolysis pretreatment on 
enzymatic digestibility of sugarcane bagasse. Agricultural Engineering International: 
CIGR Journal, 16 (1), 151–156. 

Gomes, A.C., Silva, L., Simões, R., Canto, N. and Albuquerque, A. (2013). Toxicity reduction 
and biodegradability enhancement of cork processing wastewaters by ozonation. Water 
Science and Technology, 68 (10), 2214–2219. 

Kasiri, M.B., Modirshahla, N. and Mansouri, H. (2013). Decolorisation of organic dye solution 
by ozonation; Optimisation with response surface methodology. International Journal of 
Industrial Chemistry, 4 (1), 3. 

Kim, D.H., Cho, S.K., Lee, M.K. and Kim, M.S. (2013). Increased solubilisation of excess 
sludge does not always result in enhanced anaerobic digestion efficiency. Bioresource 
Technology, 143, 660–664. 

Liang, T., Elmaadawy, K., Liu, B., Hu, J., Hou, H. and Yang, J. (2021). Anaerobic fermentation 
of waste activated sludge for volatile fatty acid production: Recent updates of 
pretreatment methods and the potential effect of humic and nutrients substances. 
Process Safety and Environmental Protection, 145, 321–339. 

Liang, Z., Wang, Y., Zhou, Y. and Liu, H. (2009). Coagulation removal of melanoidins from 
biologically treated molasses wastewater using ferric chloride. Chemical Engineering 
Journal, 152 (1), 88–94. 

Liu, M., Zhu, H., Dong, B., Zheng, Y., Yu, S. and Gao, C. (2013). Submerged nanofiltration of 
biologically treated molasses fermentation wastewater for the removal of melanoidins. 
Chemical Engineering Journal, 223, 388–394. 

Mabuza, J., Otieno, B., Apollo, S., Matshediso, B. and Ochieng, A. (2017). Investigating the 
synergy of integrated anaerobic digestion and photodegradation using hybrid 
photocatalyst for molasses wastewater treatment. Euro-Mediterranean Journal for 



Environmental Integration, 2 (1), 17. 

Mecha, A.C., Onyango, M.S., Ochieng, A. and Momba, M.N.B. (2016). Impact of ozonation in 
removing organic micro-pollutants in primary and secondary municipal wastewater: Effect 
of process parameters. Water Science and Technology, 74 (3), 756–765. 

Navgire, M., Yelwande, A., Tayde, D., Arbad, B. and Lande, M. (2012). Photodegradation of 
Molasses by a MoO3-TiO2 Nanocrystalline Composite Material. Chinese Journal of 
Catalysis, 33 (2–3), 261–266. 

Otieno, B., Apollo, S., Kabuba, J., Naidoo, B. and Ochieng, A. (2019). Ozonolysis Post-
Treatment of Anaerobically Digested Distillery Wastewater Effluent. Ozone: Science & 
Engineering, 1–11. 

Otieno, B., Apollo, S., Kabuba, J., Naidoo, B., Simate, G. and Ochieng, A. (2019). Ozonolysis 
pretreatment of waste activated sludge for solubilisation and biodegradability 
enhancement. Journal of Environmental Chemical Engineering, 7 (2), 102945. 

Otieno, B., Apollo, S., Naidoo, B. and Ochieng, A. (2016). Photodegradation of Molasses 
Wastewater Using TiO 2 -ZnO Nanohybrid Photocatalyst Supported on Activated 
Carbon. Chemical Engineering Communications, 6445 (August), 1443–1454. 

Otieno, B.O., Apollo, S.O., Naidoo, B.E. and Ochieng, A. (2017). Photodecolorisation of 
melanoidins in vinasse with illuminated TiO 2 -ZnO/activated carbon composite. Journal 
of Environmental Science and Health, Part A, 52 (7), 1–8. 

Ouyang, J., Li, C., Wei, L., Wei, D., Zhao, M., Zhao, Z., Zhang, J. and Chang, C.C. (2020). 
Activated sludge and other aerobic suspended culture processes. Water Environment 
Research, 92 (10), 1717–1725. 

Ozgun, H. (2019). Anaerobic Digestion Model No. 1 (ADM1) for mathematical modeling of full-
scale sludge digester performance in a municipal wastewater treatment plant. 
Biodegradation, 30 (1), 27–36. 

Peña, M., Coca, M., González, G., Rioja, R. and García, M.T. (2003). Chemical oxidation of 
wastewater from molasses fermentation with ozone. Chemosphere, 51 (9), 893–900. 

Sangave, P.C., Gogate, P.R. and Pandit, A.B. (2007). Combination of ozonation with 
conventional aerobic oxidation for distillery wastewater treatment. Chemosphere, 68 (1), 
32–41. 

Santos, D.C., Silva, L., Albuquerque, A., Simões, R. and Gomes, A.C. (2013). Biodegradability 
enhancement and detoxification of cork processing wastewater molecular size fractions 
by ozone. Bioresource Technology, 147 , 143–151. 

Silvestre, G., Ruiz, B., Fiter, M., Ferrer, C., Berlanga, J.G., Alonso, S. and Canut, A. (2015). 
Ozonation as a pretreatment for anaerobic digestion of waste-activated sludge: Effect of 
the ozone doses. Ozone: Science and Engineering, 37 (4), 316–322. 

Singh Asiwal, R., Kumar Sar, S., Singh, S. and Sahu, M. (2016). Wastewater Treatment by 
Effluent Treatment Plants. International Journal of Civil Engineering, 3 (12), 19–24. 

Skouteris, G., Rodriguez-Garcia, G., Reinecke, S.F. and Hampel, U. (2020). The use of pure 
oxygen for aeration in aerobic wastewater treatment: A review of its potential and 
limitations. Bioresource Technology, 312 (May), 123595. 



Sosnowski, P., Klepacz-Smolka, A., Kaczorek, K. and Ledakowicz, S. (2008). Kinetic 
investigations of methane co-fermentation of sewage sludge and organic fraction of 
municipal solid wastes. Bioresource Technology, 99 (13), 5731–5737. 

Venkatesh, S., Quaff,  a. R., Pandey, N.D. and Venkatesh, K. (2015). Impact of Ozonation on 
Decolorization and Mineralization of Azo Dyes: Biodegradability Enhancement, By-
Products Formation, Required Energy and Cost. Ozone: Science & Engineering, 37 (5), 
420–430. 

Wang, Y., Yang, M., Zhang, J., Zhang, Y. and Gao, M. (2004). Improvement of 
biodegradability of oil field drilling wastewater using ozone. Ozone: Science and 
Engineering, 26 (3), 309–315. 

Zeng, Y.F., Liu, Z.L. and Qin, Z.Z. (2009). Decolorisation of molasses fermentation wastewater 
by SnO2-catalyzed ozonation. Journal of Hazardous Materials, 162 (2–3), 682–687. 

 




