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Abstract. This study explored the treatability of dissolved organic matter (DOM) in palm oil mill 

effluent (POME) by dielectric barrier discharge (DBD) treatment under aerated and non-aerated 

conditions at different electric voltages of 15, 20, and 25 kV.  The DOM composition was monitored 

by fluorescence excitation-emission matrix (EEM) analysis, and tryptophan-like Peak 2 and humic-

like Peak 5 were dominant in POME. Chemical oxygen demand (COD), biochemical oxygen demand 

(BOD), and total solids (TS) were significantly removed by DBD treatment under aerated and non-

aerated conditions by 93–98%, 96–98%, and 78–83%, respectively. The relative changes Peak 

3/Peak 2 revealed the DOM treatability by DBD treatment, where more protein-like substances 

were reduced than humic-like substances, owing to the different composition interaction against 

the oxidation reaction performed by reactive species (O3, •OH, H2O2) generated from the DBD 

reactor. In contrast, humic-like substances increased after DBD treatment under aerated and non-

aerated conditions. Fluorescence indices demonstrated that DBD treatment caused significant 

changes in the fluorescence index (FI), while no significant changes were observed in the 

humification index (HIX) and biological index (BIX). This study provides useful information on the 

changes in DOM from POME after DBD treatment, evaluated by fluorescence EEM analysis. 

 

Keywords: Dielectric Barrier Discharge, Dissolved Organic Matter, Fluorescence EEM Analysis, 

Humic-like Substances, Palm Oil Mill Effluent. 

 

INTRODUCTION 

 

Palm oil mill effluent (POME) refers to the 

wastewater generated during palm oil 

production through several stages, including 

sterilization, threshing, digestion, pressing, 
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clarification, and drying. It is reported that 

around 600–700 L/tons of POME were 

generated from the Indonesian palm oil 

industry and existed in forms of high total 

solids (TS), chemical oxygen demand (COD), 

biochemical oxygen demand (BOD), oil, and 

grease (ESDM, 2022; Desmiarti et al., 2022). In 

a summary by Yusof et al. (2023), COD in 

POME varied between 50,000–150,000 mg/L 

and the BOD value of 25,000–75,000. POME 

also contains nutrient-rich substances such as 

phenolic (5800 mg/L) and lignin (4700 mg/L) 

(Mohammad et al., 2021). It is clearly stated 

that POME contains high concentrations of 

organic pollutants. Yet, unclear information 

on the composition of dissolved organic 

matter (DOM) in POME has not been fully 

explored since DOM can raise concerns about 

the effectiveness of the physicochemical 

wastewater treatment. 

DOM is one of the major concerns during 

the POME treatment, and it is highly 

heterogeneous. It is derived from residual 

plant debris, other synthetic chemicals, and 

soluble microbial products released from 

substrate metabolism and biomass decay. 

DOM in POME is found to be biodegradable 

and can form toxic by-products from the 

decomposition process, such as volatile fatty 

acids, alcohols, and organic acids (Mahmod 

et al., 2023; Ahmad et al., 2019). It is reported 

that aromatic compounds, such as phenol 

and fulvic acid-like in POME, are recalcitrant 

and have low biodegradability. Thus, 

conventional water treatment processes face 

unsatisfactory removal efficiency (Choi et al., 

2017). Various treatment processes are 

employed to remove or reduce DOM from 

POME through physicochemical and 

biological processes to address these 

concerns. Coagulation has been used to 

remove the bulk of DOM with relatively 

higher removal efficiency than filtration and 

chlorination. COD and BOD were removed by 

98% and 96%, respectively, using FeSO4.H2O 

as a coagulant under pH 4.7 (Hossain et al., 

2022). However, the complex non-

biodegradable contaminants are difficult to 

remove by conventional treatment processes 

(e.g., coagulation and chlorination). 

Therefore, considering the DOM 

compositions and their treatability during 

wastewater treatment, a sensitive analytical 

technique is proposed to see the changes in 

DOM composition through the advanced 

treatment process. 

Fluorescence excitation-emission matrix 

(EEM) analysis has been widely used to 

characterize the compositions of DOM based 

on the positions of fluorescence peaks that 

determine the different intensity responses to 

excitation and emission wavelengths. The 

DOM in wastewater contains complex 

components derived from microbial 

metabolites and micropollutants and is 

dominated by protein-like and humic-like 

substances (Li et al., 2020). The position of 

each fluorescence peak in a fluorescence map 

could provide some information on the DOM 

physicochemical properties, such as 

molecular size, extension of the conjugated 

system, hydrophobicity, and hydrophilicity. 

The different characteristics of each 

fluorescence peak may respond distinctly to 

the physical, biological, and chemical 

treatment processes. Humic substances 

located in lower excitation wavelengths in the 

fluorescence map consist of a mixture of 

fulvic acid-like and humic acid-like, making 

them complex components with hydrophobic 

and hydrophilic characteristics that are not 

easily removed by conventional water 

treatment processes (Rosadi et al., 2023). 

Humic substances in longer excitation 

wavelengths consist of hydrophobic 

characters with a limited aromatic chain 
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derived from microbial metabolites and are 

easily removed by coagulation. During the 

treatment, protein-like substances featured in 

POME were dominated by tryptophan-like 

components derived from the soluble 

microbial product (SMP). It is known that 

protein-like substances perhaps transform 

into low molecular weight (MW) after 

oxidation treatment and cause an increase in 

the intensity of low MW fractions and the 

structural changes of protein-like 

components similar to the humic molecules 

(Rosadi et al., 2023; How et al., 2017). With the 

different characteristics in fluorescent 

components consisting of POME, a different 

interaction against the water treatment may 

provide information on DOM’s treatability 

during water and wastewater treatment. 

Dielectric barrier discharge (DBD) is one 

of the non-thermal plasma technologies that 

generate reactive species (e.g., •OH, O2, H2O2, 

O3, etc.) from the physiochemical effects (UV 

irradiation, ultrasonic wave, thermal 

radiation, etc.) to have strong interactions 

with various organic pollutants (Guo et al., 

2023; Mouele et al., 2021; Mok et al., 2007). 

Preliminary studies have shown that the 

reactive species, such as O3 and H2O2, were 

generated from the DBD reactor and reduced 

COD and BOD by 60% and 40%, respectively, 

by maintaining a low temperature during the 

treatment (Ma et al., 2020). Maintaining the 

optimum condition during DBD treatment is 

crucial to maximizing the productivity of 

reactive species from the electric charges. 

Oxidation reactions are performed during 

DBD treatment involving the reaction of 

reactive species and organic waste or 

chemicals in water. Increasing the electric 

voltage can also increase the generation of 

reactive species. In a study by Luvita et al. 

(2022), increasing electric voltage from 15 kV 

to 17 kV demonstrated the high formation of 

O3 and H2O2 by the ionization, excitation, and 

dissociation process, thus improving the 

oxidation process. The study also 

investigated the fact that the treatment time 

significantly increased the production of 

reactive species of O3 and H2O2 due to the 

accumulation of reactive species that can 

promote an optimum oxidation process. The 

DOM in water and wastewater varies in 

concentration and composition and may 

behave differently through treatment. O3, 

•OH, and H2O2 in water generated during 

DBD treatment react selectively with certain 

moieties of DOM through electron-rich 

carbon-carbon double bonds on O3 and •OH 

radical reactions and the reactivity of 

hydrophobic and hydrophilic organic acids 

(Mouele et al., 2020; Wert et al., 2009). The 

previous studies observed that the aromatic 

constituents of DOM and electron-enriched 

aromatics were preferentially reactive with O3 

than aliphatic carbon content (Lim et al., 

2022; Hao et al., 2021). These findings 

provided useful information on how the 

reactive species interacted with certain DOM 

characteristics. However, the interaction 

between reactive species generated from the 

DBD reactor and the fluorescence peaks 

determined from the fluorescence EEM 

analysis has not been fully explored. 

The fluorescent DOM has been observed 

in various municipal and industrial 

wastewater effluent from paper mills, oil 

refineries, slaughterhouses, and others (Hao 

et al., 2021; Louvet et al., 2013; Rodríguez-

vidal et al., 2020). However, less information 

on the DOM composition from POME was 

assessed by fluorescence EEM analysis. It 

should be noted that POME poses harmful 

contaminants that can deteriorate the water 

quality once it is discharged without proper 

treatment. A comprehensive evaluation for 

monitoring the changes in DOM composition 
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in POME shall be addressed from a better 

understanding of the POME treatability using 

DBD treatment. Although the fluorescent 

components overlap among industries and 

are difficult to identify as a fingerprint for a 

specific industrial sector, POME’s abundant 

humic and protein substances may have 

unique characteristics and treatability against 

the DBD treatment. This study investigated 

the role of DBD treatment in reducing and 

monitoring the changes in DOM composition 

containing POME using fluorescence EEM 

analysis. The system was established under 

aerated and non-aerated conditions at 

different electric voltages of 15, 20, and 25 kV. 

The bulk DOM evaluated by COD and BOD 

was investigated and showed significant 

changes, followed by a reduction in 

fluorescent components after DBD treatment. 

 

MATERIALS AND METHODS 

 

POME Used in This Study 

POME was collected from the primary 

sedimentation tank in a wastewater 

treatment facility in a palm oil company in 

Indrapura, West Sumatra, Indonesia. POME 

was screened to remove dirt, plant cell debris, 

fibers, and other solids before the experiment 

and was subjected to water quality analysis 

described later in 2.3; the remaining part of 

POME was used for the DBD treatment 

experiment. 

 

The Experiment of DOM Changes in POME 

by DBD Treatment 

DBD treatment was working under 

aerated (a) and non-aerated (b) conditions 

and is shown in Figure 1. 800 mL POME was 

introduced into both aerated and non-

aerated reactors, and air was supplied using 

the Silent β-120 air pump (Nisso, Tokyo, 

Japan) to the aerated reactor with a flow rate 

of 2.5 L/min. Both reactors were supplied with 

electric voltages of 15, 20, and 25 kV with the 

current intensity of 0.8, 0.9, and 1 A, 

respectively, under controlled room 

temperature (25°C), atmospheric pressure (1 

atm), and reaction time of 120 min following 

the procedures described previously 

(Desmiarti et al., 2022). During DBD 

treatment, energy consumption was 

evaluated to see the performance under the 

optimum conditions. The energy 

consumption is calculated based on Eq. (1).  

Energy consumption =
𝐼 𝑥 𝑣 𝑥 𝑡

∆𝐶𝑂𝐷 𝑥 𝑉
 (1) 

where I is the current intensity (A), v is voltage 

(Volt), t is the time of the DBD process (hour), 

ΔCOD is the experimental COD reduction 

(mg/L), and V is the POME volume (mL). 

 

 

Fig. 1: Schematic procedures of DBD 

treatment systems working under the 

aerated condition (a) and non-aerated 

condition (b). 

 

Water Quality Analysis 

COD, BOD, and TS were measured 

according to the procedures mentioned in 

the APHA Standard Method (APHA, 2005). 

For the COD measurement, samples were 

mixed with solutions containing HgSO4, 

K2Cr2O7, and sulfuric acid and refluxed for 2 h. 

Titration was performed using ferrous 

ammonium sulfate (FAS). Samples were 

dropped with a ferroin indicator into the 

samples. Titration was immediately stopped 

when the samples showed a first sharp color 
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change. COD concentration was calculated 

based on Eq. (2). For BOD, samples were 

poured into a dissolved oxygen (DO) bottle 

and stored in a 20°C incubator for 5 days. DO 

was measured using a JPB-70A DO meter 

(Shenzhen Yago Technology, Shenzhen, 

China) after 5 days of incubation. TS was 

measured by pouring 100 mL samples into 

ceramic dishes, drying them at 105°C for 3 

hours, cooling them in a desiccator, and 

weighing the dried samples. The work was 

repeated until the constant weight value. pH 

was measured using a HI98107 pH meter 

(Hanna, Woonsocket, USA), and oxidation-

reduction potential (ORP) was measured 

using a HI98120 ORP meter (Hanna, 

Woonsocket, USA). 

COD as mgO2/L =
(A−B) x M x 8000

mL sample
 (2) 

where A is the volume of ferroin solution used 

for the blank, B is the volume of ferroin 

solution used for samples, M is the molarity 

of the ferroin solution, and 8000 is the 

milliequivalent weight of oxygen times 1000 

mL/L. 

Fluorescence EEM analysis was done with 

the RF-6000 spectrofluorometer (Shimadzu, 

Tokyo, Japan). Fluorescence peaks obtained 

in this measurement were determined using 

the peak-picking method and can be 

classified into protein-like and humic-like 

peaks, as shown in Table 1. The inner filter 

correction was done automatically after 

measurement using the corresponding 

correction function. The excitation (Ex) and 

emission (Em) wavelengths were set from 220 

to 550 nm with a scanning interval of 5 nm. 

The fluorescence data were stored as the 

fluorescence intensity in arbitrary units (AU) 

within the Ex/Em wavelength range. 

 

Table 1. Description of fluorescent components found in this study was determined by the peak-

picking method 

Peak Components 

Excitation 

wavelength 

(Ex) 

Emission 

wavelength 

(Ex) 

Possible sources References 

Peak 1 Protein-like 

(tyrosine-like) 

225 nm 295 nm Amino acids-tyrosine Bridgemana et al., 2013; 

Hudson et al., 2007; Rosadi 

et al., 2020; Rodríguez-vidal 

et al., 2021 

Peak 2 Protein-like 

(tryptophan-like) 

230 nm 345 nm Amino acids-

tryptophan 

Bridgemana et al., 2013; 

Hudson et al., 2007; Rosadi 

et al., 2020; Rodríguez-vidal 

et al., 2021 

Peak 3 Humic-like, fulvic-

like 

225 nm 425 nm Terrestrial humic Bridgemana et al., 2013; 

Hudson et al., 2007; Rosadi 

et al., 2020; Rodríguez-vidal 

et al., 2021 

Peak 4 Protein-like 

(tryptophan-like) 

270 nm 350 nm Microbial-derived 

amino acids-

tryptophan 

Bridgemana et al., 2013; 

Hudson et al., 2007; Rosadi 

et al., 2020; Rodríguez-vidal 

et al., 2021 

Peak 5 Humic-like 330 nm 430 nm Microbial-derived 

humic 

Bridgemana et al., 2013; 

Hudson et al., 2007; Rosadi 

et al., 2020; Rodríguez-vidal 

et al., 2021 

Peak 6 Humic-like 320 nm 390 nm Microbial-derived 

humic 

Du et al., 2017 

Peak 7 Humic-like 495 nm 515 nm Conjugated humic 

(wastewater humic) 

Du et al., 2017 
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The humification index (HIX) was used to 

indicate the degree of DOM humification, 

with a high HIX value (10–16) indicating 

strongly humified organic matter from the 

terrestrial origin. At the same time, a low HIX 

(<4) indicates freshly produced DOM in the 

system. HIX was calculated as the area under 

the emission wavelength of 435–480 nm 

divided by the sum of the 200–345 nm 

emission wavelength and 435–480 nm at the 

excitation wavelength of 255 nm (Qiao et al., 

2021). The fluorescence index (FI) indicates 

the microbial or terrestrial source of DOM, 

with a high FI value (>1.9) indicating 

microbial sources and a low FI value (<1.4) 

indicating a terrestrial and soil source. FI was 

calculated as the fluorescence intensity ratio 

of 470 nm and 520 nm emission wavelengths 

at the excitation wavelength of 370 nm 

(McKnight et al., 2001). The biological index 

(BIX) was used to determine the freshness of 

DOM, with a high BIX value (>1) indicating 

the newly produced DOM from microbial 

activities and a low BIX value (0.6–0.7) 

indicating low DOM production. BIX was 

calculated as the ratio of the emission 

wavelength of 380 nm to that of 430 nm 

using the excitation wavelength of 310 nm 

(Lidén et al., 2017). Peak 3/Peak 2 was 

calculated as the intensity ratio of humic-like 

Peak 3 and protein-like Peak 2, and the value 

indicates the aromaticity and treatability of 

DOM (Rosadi et al., 2023). 

The humification index (HIX) was used to 

indicate the degree of DOM humification, 

with a high HIX value (10–16) indicating 

strongly humified organic matter from the 

terrestrial origin. At the same time, a low HIX 

(<4) indicates freshly produced DOM in the 

system. HIX was calculated as the area under 

the emission wavelength of 435–480 nm 

divided by the sum of the 200–345 nm 

emission wavelength and 435–480 nm at the 

excitation wavelength of 255 nm (Qiao et al., 

2021). The fluorescence index (FI) indicates 

the microbial or terrestrial source of DOM, 

with a high FI value (>1.9) indicating 

microbial sources and a low FI value (<1.4) 

indicating a terrestrial and soil source. FI was 

calculated as the fluorescence intensity ratio 

of 470 nm and 520 nm emission wavelengths 

at the excitation wavelength of 370 nm 

(McKinight et al., 2001). The biological index 

(BIX) was used to determine the freshness of 

DOM, with a high BIX value (>1) indicating 

the newly produced DOM from microbial 

activities and a low BIX value (0.6–0.7) 

indicating low DOM production. BIX was 

calculated as the ratio of the emission 

wavelength of 380 nm to that of 430 nm 

using the excitation wavelength of 310 nm 

(Lidén et al., 2017). Peak 3/Peak 2 was 

calculated as the intensity ratio of humic-like 

Peak 3 and protein-like Peak 2, and the value 

indicates the aromaticity and treatability of 

DOM (Rosadi et al., 2023). 

 

Data Analysis 

The significant differences between the 

observed data obtained in this study were 

analyzed by one-way analysis of variance 

(ANOVA) with a confidence level of 95% (p = 

0.05) using IBM SPSS Statistics 21.0. 

 

RESULTS AND DISCUSSION 

 

POME Characteristics 

Table 2 shows that raw POME contains 

7210.5 mg/L COD, 3180.5 mg/L BOD, and 

2222 mg/L TS, which is comparatively lower 

than the previous studies (Akhbari et al., 2019; 

Foong et al., 2021). However, in some 

findings, POME contained lower COD, BOD, 

and TS than ours (James et al., 2023; Shairah 

et al., 2015). The finding indicates that POME 

characteristics depend on the quality of the 
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raw materials and the production processes. 

Although the concentrations of COD and 

BOD in this study are lower than those 

previously reported, the DOM compositions 

reflected by those two parameters are 

considerably affected by the effectiveness of 

the selected treatment processes 

(coagulation, chlorination, and oxidation). 

 

Table 2. Characteristics of POME in this 

study. The values in the table are shown as 

mean values with the standard deviations  

(n = 3). 

Parameters Values 

pH 4.3 ± 0.67 

ORP (mV) -155 ± 119.6 

DO (mg/L) 1.08 ± 0.07 

COD (mg/L) 7210.5 ± 560 

BOD (mg/L) 3180.5 ± 241.2 

TSS (mg/L) 2222 ± 192.5 

Peak 1 (AU) 455 ± 39 

Peak 2 (AU) 804 ± 58.7 

Peak 3 (AU) 856 ± 36.6 

Peak 4 (AU) 857 ± 24 

Peak 5 (AU) 914 ± 80.8 

Peak 6 (AU) 659 ± 33.3 

Peak 7 (AU) 857 ± 35 

 

Fluorescent DOM components extracted 

from the fluorescence peak-picking method 

revealed that seven identified components 

had characteristics for fluorescence derived 

from humic and protein substances, which 

are commonly found in freshwater and 

wastewater (Rosadi et al., 2023; Rodríguez-

vidal et al., 2021). Peak 1 describes the 

tyrosine-like components derived from 

soluble microbial products (SMP) with less 

content of aromatic rings in their structures. 

Peak 2 and Peak 4 are identified as 

tryptophan-like components and are the 

most abundant protein-like. Peak 2 contained 

phenolic moieties in lignin and low-MW 

protein substances originating from lignin in 

fibrous materials. Peak 4, which accounted for 

16% of the total fluorescent components, is 

the second most abundant fluorescent DOM 

and is originally derived from microbial 

degradation as the soluble microbial by-

product (SMP). These two components are 

also bound in humic structures commonly 

observed in the landfill leachate and sludge 

associated with microbial activity (Rosadi et 

al., 2023; Du et al., 2017; Wu et al., 2019). Peak 

5 is the most abundant component of 

fluorescent DOM, accounting for a large 

proportion of total variability, and it is 

thought to be hydrophobic and has large 

aromatic chains in humic molecules (Li et al., 

2020). Peak 5 has the highest fluorescence 

intensity, indicating the contribution of non-

humic materials cited in long excitation 

wavelengths, which come from POME. The 

higher intensity of Peak 5 compared to Peak 

3 was also observed in pulp mill effluent 

(Ciputra et al., 2010), supporting the 

difference in the origin of humic substances 

between wastewater and natural water. 

Fluorescent components emitted in the 

longer excitation wavelength found in this 

study as Peak 7 are known to have 

characteristics assigned to the hydrophobic 

humic-like components with large molecular 

sizes detected in raw POME and were well 

identified in municipal wastewater (Li et al., 

2020; Du et al., 2017). Peak 7 also sometimes 

overlaps with the humic-like Peak 5 and 

shares the humic characteristics found in 

wastewater, with Peak 7 being more 

susceptible to the treatment processes than 

Peak 5. Another component cited in the 

longer excitation wavelength in the 

fluorescence EEM is component Peak 6, which 

also overlaps with humic-like Peak 5. The 

fluorescent component Peak 6 indicates the 

presence of soluble microbial humic-like 

materials and derived recent biological 

activity. Peak 3 coincides with the mixture of 
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humic-like and fulvic-like components in the 

humic substances and has a complex 

composition originating from soil organic 

matter, terrestrial plant debris, and microbial 

processes in water. The complex structure in 

humic-like components Peak 3 could indicate 

the DOM treatability in natural systems and 

throughout the water and wastewater 

treatment processes due to higher 

aromaticity and degradability (Li et al., 2020; 

Xiao et al., 2018). 

BOD:COD value in raw POME is 0.44, 

which indicates that POME contains 

biodegradable organic matter (Table 3). The 

value of BOD:COD in this study was 

comparatively lower than that found in paper 

mill, oil refinery, and industrial park 

wastewater (Park et al., 2022). 

 

Table 3. DOM composition by COD/BOD 

and fluorescence indices in POME samples. 

The values in the table are shown as mean 

values with the standard deviation (n = 3). 

Parameters Values 

COD/BOD 0.65 ± 0.11 

HIX 0.96 ± 0.16 

FI 1.58 ± 0.512 

BIX 1.13 ± 0.20 

Peak 3/Peak 2 1.07 ± 0.12 

 

The content of BOD significantly 

influenced the biodegradability of organic 

matter because of the different chemical 

properties of DOM in wastewater, resulting in 

different treatability in the selected treatment 

processes. HIX in raw POME indicates the 

degree of DOM’s humification with the 

content of humic substances. This study 

observed HIX below 4, indicating a lower 

extent of humification with the strong 

autochthonous components and the weak 

terrestrial humic features in DOM. The lignin-

rich content in POME caused the low HIX 

value, with the addition of the biological 

process involved in POME. BIX in POME 

posed a value of 1.13, which characterized 

DOM as a freshly produced material released 

into water from the biological/microbial 

origin. The FI value of 1.58 (FI < 2.0) indicates 

that DOM was less influenced by microbial 

transformation and more affected by 

allochthonous origin. The FI value in POME 

indicates that DOM majorly contains lignin 

derivatives with rich conjugated aromatic 

structures. 

 

Changes in COD, BOD, and TS 

DBD treatment caused a significant 

reduction in COD, BOD, and TS, with the most 

significant reduction observed under the 

aerated condition (Figure 2). COD and BOD 

were removed by > 95% under the aerated 

and non-aerated conditions at different 

electric voltages of 15, 20, and 25 kV with a 

natural pH of 4.3 (Table 4). The generation of 

reactive species (including O3 and •OH) by 

the DBD reactor greatly impacted the COD, 

BOD, and TS reduction with the increase in 

the electric voltage. With the increase in 

electric voltage to 25 kV, COD reduced from 

the initial concentration of 7210 mg/L to 164 

mg/L during 2 hours of treatment due to the 

decomposition of organic compounds in 

POME by the generated reactive species. The 

high concentrations of COD and BOD after 

treatment under 25 kV are probably due to 

the different responses of organic matter to 

oxidation. Another reason could be the 

presence of resistant organic matter in POME 

that is hard to oxidize. This could be linked to 

a high residual of fulvic acid-like substances 

that were thought to be oxidation-resistant. 

The findings further support the earlier 

investigation by Ma et al. (2020), where a 

multi-hole DBD system caused a 40% and 

60% reduction for COD and BOD, 

respectively, after 20 min treatment.  
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Fig.  2: Changes in COD, BOD, and TS during 

DBD treatment under the aerated and non-

aerated conditions at different electric 

voltages of 15, 20, and 25 kV. The different 

letters indicate the observed data are 

statistically different at p < 0.05 (n = 3). 

 

TS gradually decreased from 2167 mg/L 

to below 1700 mg/L with the increase in 

electric voltage due to the disruption of the 

structure of particles in POME. The removal of 

TS under the aerated conditions was 

relatively higher (82.2–83.2%) compared to 

the non-aerated conditions (77.8–79.8%) 

(Table 4). The presence of oxygen from the 

supplied air under the aerated condition 

could assist the reduction in TS as more 

oxidants are formed to increase the soluble 

solids in POME. Thus, the removal of TS under 

the aerated conditions was higher than the 

non-aerated conditions. The results showed 

that DBD treatment systems, both under 

aerated and non-aerated conditions, were 

responsible for disrupting bulk organic 

matter by activating oxidants to generate 

reactive species from the DBD reactor.  

 

Table 4. Average removal of COD, BOD, and 

TS during DBD treatment under the aerated 

and non-aerated conditions at different 

electric voltages of 15, 20, and 25 kV. The 

values in the table are shown as mean values 

with the standard deviation (n = 3). 

Conditions 
Removal percentage (%) 

COD BOD TS 

Aerated 15 kV 97.9 ± 

0.15 

97.3 ± 

0.14 

82.2 ± 0.04 

 20 kV 98.5 ± 

0.02 

98.3 ± 

0.15 

83.2 ± 0.03 

 25 kV 97.7 ± 

0.04 

97.4 ± 

0.09 

83.0 ± 0.04 

Non-

aerated 

15 kV 94.4 ± 

0.64 

96.2 ± 

0.33 

77.8 ± 0.05 

 20 kV 95.5 ± 

0.22 

96.9 ± 

0.39 

79.0 ± 0.16 

 25 kV 95.9 ± 

0.31 

95.9 ± 

0.01 

79.9 ± 0.13 

 

Changes in Biodegradability Index 

BOD/COD 

The ratio of BOD/COD in raw POME was 

0.44 and increased under the aerated 

condition with a higher enhancement at 15 

kV, while a similar value was observed at the 

electric voltages of 20 and 25 kV (Figure 3). 

The increase in BOD/COD under the aerated 

condition indicates parts of new organic 

substances or intermediate products were 

transformed into biodegradable products, 

and some parts were not degraded by the 

reactive species generated from DBD 
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treatment. The increase in BOD/COD during 

DBD treatment under the aerated condition is 

also attributed to the destruction of 

molecular structures by reactive species and 

the degradation of macromolecular-weight 

organics (such as fulvic and humic acids) into 

smaller molecular-weight substances (Chen 

et al., 2019; Jin et al., 2016). Previous studies 

demonstrated that the decrease in pH 

indicated the presence of the acid anion by-

product from organic substances released 

after oxidation (Erdem et al., 2020; 

Dominguez et al., 2019), and the decrease in 

pH contributed to the increase in BOD/COD. 

 

 

Fig. 3: Changes in the ratio BOD/COD 

during DBD treatment under the aerated 

and non-aerated conditions at different 

electric voltages of 15, 20, and 25 kV (p < 

0.05, n = 3). 

 

However, the pH in this study remained 

constant after DBD treatment (pH before and 

after treatment was 4.3–4.7). This might be 

because the reactive species were not strong 

enough to degrade organic substances with 

a complex structure, and the partial oxidation 

might have occurred and affected only the 

structure of the aromatic content in DOM 

molecules, resulting in the formation of low 

MW with fewer chains of acid-formed organic 

(Dinçer et al., 2020). 

BOD/COD value under the non-aerated 

condition was 0.30, 0.31, and 0.25 at the 

electric voltages of 15, 20, and 25 kV, 

respectively. The result demonstrated that the 

reduction of BOD/COD under the non-

aerated condition indicated that the organic 

substances in POME were partly converted 

into slow-degraded substances. Collectively, 

there were no significant changes (p > 0.05) 

in the difference in electric voltage under the 

non-aerated condition. The effect of DBD 

treatment was more pronounced with and 

without the presence of air. The findings 

showed that the aerated condition promotes 

the release of new organic substances. In 

contrast, the non-aerated condition caused a 

decrease in BOD/COD, indicating a poor 

biodegradability of effluent after DBD 

treatment under the non-aerated condition. 

 

Changes in fluorescent Components of 

DOM in POME by DBD Treatment 

Figure 4 shows that DBD treatment had a 

good ability to reduce fluorescent DOM in 

POME. DOM in POME was originally derived 

from lignin materials that contain more 

humic-like components and was observed 

with relatively high intensity. The release of 

DOM from the bacteria and other particulate 

matter also influenced the content of protein-

like substances with more tryptophan-like 

components (Zhang et al., 2020; Liu et al., 

2022). Fluorescence EEM analysis showed 

that the fluorescent components in POME 

decreased markedly with the increase in the 

electric voltage. DBD treatment caused a 

significant decrease in all fluorescent 

components at 25 kV under both aerated and 

non-aerated conditions. Reactive species (O3, 

OH, H2O2, etc.) generated from the DBD 

reactor degraded the fluorophore materials 

in POME, especially humic substances. Humic 

substances react faster with the OH radical in 

water due to their strong redox properties. 

The supplied air provided oxygen that 
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assisted the formation of reactive species, 

such as O3 and H2O2, in POME, which might 

be more reactive to organic compounds. 

These radicals also react faster with humic 

substances in water. Thus, more humic 

substances (Peak 3 and Peak 5) are reduced 

than protein-like substances (Salvestrini et al., 

2020; García et al., 2020; Hwang et al., 2020).  

 

 

 

Fig. 4: Changes in fluorescent components 

during DBD treatment under the aerated 

and non-aerated conditions at different 

electric voltages of 15, 20, and 25 kV. The 

different letters indicate the observed data 

are statistically different at p < 0.05 (n = 3) 

 

The oxygen from the air could also 

maintain the available oxygen to form 

reactive species to attack more aromatic rings 

and electron-rich moieties. It is demonstrated 

that the reduction of humic-like Peak 5, 6, and 

7, which are in the emission wavelength 

above 380 nm, is more susceptible to the DBD 

treatment at 25 kV under the aerated 

condition. The finding further confirmed the 

different characteristics among humic 

substances from a perspective of their origin 

and hydrophobicity distribution (Hao et al., 

2021), in which humic-like Peaks 5, 6, and 7 

perhaps contained high MW humic-like 

components that have significant oxidation 

effects compared to that humic-like Peak 3, 

which remained higher in the residual 

fluorescence intensity.  

 

 

Fig. 5: Average removal of fluorescent 

components during DBD treatment under 

the aerated and non-aerated conditions at 

different electric voltages of 15, 20, and 25 

kV (p < 0.05; n = 3). Top row plots are scaled 

to a maximum of 80% removal; bottom row 

plots are scaled to a minimum of -40% 

removal. 

 

It is known that Peak 3 contains a high 

portion of fulvic acid-like and is more 

aliphatic and less aromatic compared to Peak 
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5 (Ikeya et al., 2020); therefore, Peak 3 is less 

susceptible to oxidation than Peak 5. There is 

no significant difference in the removal 

efficiency of both aerated and non-aerated 

conditions at 25 kV (Figure 5), demonstrating 

that both conditions could reduce DOM with 

or without the presence of oxygen supplied 

from the air. The higher electric voltage 

increased the electric field that promoted the 

ionization, excitation, and dissociation 

processes in a short time. Thus, DOM was 

significantly removed under the electric 

voltage of 25 kV. 

Humic-like Peak 3 increased with an 

enhancement rate of 7% under the non-

aerated condition at 20 kV. This result 

confirmed the insufficient DBD treatment to 

reduce DOM with complex compositions. The 

result also shows that the EEM contours of 

DOM in POME were insignificantly changed, 

especially humic-like substances, which are 

indicated with high fluorescence intensity 

even after treatment (Figure 6). Humic-like 

Peak 3 is mainly composed of hydrophobic 

fractions that would be converted into 

hydrophilic fractions after chemical processes 

and formed the humic fractions with low MW 

that are resistant to oxidation (Rosadi et al., 

2023; Xiao et al., 2018). These low MW humic 

fractions caused the increase in the 

fluorescence intensity of Peak 3 under the 

non-aerated condition at 20 kV. Another 

reason is that the generation of reactive 

species by DBD treatment was not in the 

maximum phase; thus, the available reactive 

species only reacted with the part of DOM 

that contained aromatic structures that were 

easily attacked by the reactive species. The 

finding is consistent with the previous 

observation demonstrating that some parts 

of humic substances formed after oxidation 

(Hao et al., 2021; Jin et al., 2016). Notably, the 

electric voltage influenced the generation of 

reactive species during DBD treatment. The 

difference in electric voltage produces the 

difference in the yield of reactive species and 

even the species itself. Low electric voltage 

may yield reactive species with a weak 

capability to attack organic compounds. For 

instance, reactive species generated under 15 

kV might perform oxidation by attacking 

fluorophore components’ aromatic and 

conjugated double bonds, but the 

intermediate products are not mineralized. 

This supported our findings that the 

reduction in humic-like Peak 5 under the 

aerated and non-aerated conditions yielded 

the intermediate components defined as 

humic-like Peak 6 and Peak 7, derived from 

the freshly produced DOM from the chemical 

and biological processes. 

Protein-like components Peak 2 and 

Peak 4 constantly decreased with the increase 

in electric voltage under aerated and non-

aerated conditions. The reactive species 

generated from DBD treatment employed the 

reaction involving the breakdown of aromatic 

molecules through halogen substitution that 

could reduce the fluorescent intensity of 

protein-like components. However, the 

decrease in protein-like components was 

observed for tryptophan-like Peak 4, which 

had a higher removal than tryptophan-like 

Peak 2 (Figure 5). The reason behind this is 

that Peak 4, which is originated from the 

biological/microbial activity containing a 

limited number of aromatic rings that are 

easy to remove in a high portion with the 

degradation through the oxidation process 

compared to the tryptophan-like Peak 2 (Hao 

et al., 2021). The aerated condition caused the 

increase in tryptophan-like Peak 2 at 20 kV, in 

which the intermediate products from the 

mineralization process were formed during 

DBD treatment. The finding is consistent with 

the increase in the BIX value (Figure 7), 
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indicating the presence of the newly formed 

fluorescent components. Tryptophan-like 

Peak 2 contained phenolic and amine group 

fractions, which compose more hydrophobic 

than hydrophilic features (Xiao et al., 2018). 

Reactive species such as O3 available under 

the aerated conditions of 20 kV might first 

react with the hydrophobic fractions before 

hydrophilic ones, yielding more low aromatic 

features in the hydrophilic fractions (Jin et al., 

2016). This can account for the increase in 

Peak 2 under 20 kV of the aerated condition. 

A report discussed by Wang et al., 2019 

demonstrated that pH affected the de- 

 

 

  
Fig. 6: EEM plot contour of DOM in POME before treatment (a) influent, and after treatment 

(b–g) under different DBD treatment conditions. 
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composition of DOM by reactive species, with 

7.8 causing oxidation stronger than pH 4. In 

this study, the non-aerated conditions at 15 

and 20 kV had pH 4.3, which might not be 

sufficient to degrade DOM by reactive 

species, resulting in insignificant changes in 

the fluorescence intensity of Peak 2.  

The lower intensity of Peak 2 and Peak 4 

under 25 kV of both aerated and non-aerated 

conditions indicates that the reactive species 

generated during DBD treatment confirmed 

the decomposition of proteinaceous 

compounds with the possible mechanism of 

weakened repulsion interactions between 

saturated rings in their molecules, making 

them easily break down into smaller 

molecules (Wu et al., 2019). In a study by Ge 

et al., 2022, the presence of O3 and •OH 

generated during the ionization process 

could break down the aromatic structure in 

DOM and perform the decomposition of 

proteinaceous content under the anaerobic 

condition. The significant finding of DBD 

treatment shows that the aerated conditions 

at 25 kV reduce more protein-like substances 

than the non-aerated condition. This 

indicated that the supplied air led to the 

higher •OH radicals bound to water under the 

aerated condition. At the same time, reactive 

species such as O3 produced from the DBD 

reactor increased the formation of H2O2 

within the solution as the higher electric 

voltage accelerated plasma formation (Luvita 

et al., 2022), thus increasing the reactive 

species’ productivities.  

Tryptophan-like Peak 4, which was 

thought to have hydrophobic fractions, 

reduced significantly in their aromatization 

degree. Reactive species such as •OH 

produced a hydrogen-abstraction reaction 

from C-H bonds of lignin substances but was 

unsatisfactory for eliminating condensed 

aromatic protein-like substances (Conde et 

al., 2023). The presence of reactive species 

also can perform the electrostatic force 

between protein-like substances that lowered 

hydrophobicity through aggregation and 

precipitation (Zhou et al., 2018), resulting in a 

consistent decrease in Peak 4 under both 

aerated and non-aerated conditions. 

Tyrosine-like Peak 1 with low MW features 

perhaps converted into refractory hydrophilic 

fractions and still presented with insignificant 

changes in the fluorescence intensity after 

DBD treatment under the non-aerated 

condition at 25 kV.  The removal efficiency of 

DBD treatment under the aerated condition is 

substantially higher than that of the non-

aerated condition. 

The supplied air provided oxygen that 

assisted the formation of reactive species, 

such as O3 and H2O2, in POME, which might 

be more reactive to organic compounds. The 

oxygen from the air also could maintain the 

available oxygen to attack more aromatic 

rings and electron-rich moieties through 

various processes, such as dissociation, 

photolysis, and metal-based catalytic 

reactions (Luvita et al., 2022). The higher 

electric voltage produced more reactive 

species and reacted with hydrophobic DOM 

and then hydrophilic DOM. Reactive species 

preferentially react with the aromatic features 

in protein-like molecules through electron-

enriched aromatics substituted by oxygen 

and nitrogen, including phenol and amine 

groups (Xiao et al., 2018). Thus, Peak 2 

decreased significantly owing to the higher 

aromaticity. 

 

Changes in fluorescence Indices of DOM in 

POME by DBD Treatment 

A higher HIX value in wastewater should 

lead to the higher removal of DOM by 

conventional treatment processes, such as 

coagulation (Figure 7). However, COD was 
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removed by > 90% using DBD treatment, and 

it reflected that HIX could not be the indicator 

for the efficiency treatability by DBD 

treatment with the HIX value in raw POME at 

0.96. HIX increased with increased electric 

voltages of 15 and 20 kV under the aerated 

and non-aerated conditions. In contrast, HIX 

values decreased under both conditions at 25 

kV. This indicates that the effect of the electric 

voltage is more pronounced for the reduction 

in the humification degree. The reactive 

species generated at 25 kV could perform the 

maximum degradation that led to decreased 

aromatic structures by mineralizing 

condensed conjugation in fulvic-like 

fluorescence (Luvita et al., 2022), decreasing 

HIX value after DBD treatment. The increase 

in HIX value at 15 and 20 kV indicates the 

increase in the extent of humification of 

DOM, which could be attributed to the new 

formation of DOM that perhaps majorly 

consisted of humic molecules in the longer 

wavelength and preferential microbial 

removal of DOM with labile aliphatic 

structures and small molecular size which 

featured similar humic molecules (Li et al., 

2020; Rosadi et al., 2023). The results are 

consistent in the increased fluorescence 

intensity of tryptophan-like Peak 2 and 

humic-like components Peak 3. Those 

components pose a complex composition 

with the overlap of hydrophobic and 

hydrophilic fractions, and the degradation by 

reactive species might only degrade 

hydrophobic fractions, which are thought to 

be more prone to the oxidation and the 

breakdown of high MW into low MW 

fractions that were accounted in the increase 

of their intensities. 

Figure 7 shows the FI value of DOM in 

POME before DBD treatment was 1.52, 

indicating the presence of terrestrially derived 

DOM. The decrease in FI value in all 

conditions suggested the relative increase of 

terrestrial DOM during DBD treatment. The 

increase in FI value under the non-aerated 

condition at 25 kV confirmed the degradation 

of DOM due to endogenous generation. The 

finding also suggests the contribution of the 

fresh DOM produced from the biological 

activity in POME during DBD treatment, 

which was dominated by proteinaceous 

materials and amino acids, thus increasing FI 

value.  

 

 

Fig. 7: Changes in HIX, FI, and BIX during 

POME DBD treatment under aerated and 

non-aerated conditions at different electric 

voltages of 15, 20, and 25 kV (n = 3) 
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The decrease in FI value was consistent 

with the increase in HIX value, where more 

terrestrially derived DOM (lignin sources) 

dominated the composition of DOM in POME 

after DBD treatment in terms of aerated and 

non-aerated conditions. DBD treatment 

caused a slight increase in BIX value above 1 

after DBD treatment in all conditions, except 

under the non-aerated condition with the 

discharge voltage at 15 kV (Figure 7). 

The decrease in BIX indicates the 

reduction in microbial-derived DOM and 

easily decomposable organics, leaving the 

portion of terrestrial-derived DOM in POME 

under the non-aerated condition at 15 kV. BIX 

values in all conditions were above 1.0 before 

and after DBD treatment, suggesting the 

partial oxidation by reactive species of labile 

or easily decomposable DOM. The increase in 

BIX was also thought to be due to the newly 

formed organic fractions during DBD 

treatment with low aromatics and low MW, 

which indicate some stable structure after 

being oxidized by reactive species during 

DBD treatment. The finding supported the 

increased fluorescence intensity of 

fluorescence DOM in long emission 

wavelengths (Peak 2, Peak 6, and Peak 7). HIX 

and FI values suggest that the residual DOM 

was majorly derived from the terrestrial 

origin, perhaps from the lignin degradation 

with low aromaticity in humic molecules. 

However, the findings were not in line with 

the increase in BIX value, indicating the 

contribution of freshly produced DOM by 

microbial or biological activity (e.g., microbial 

cell lysis caused by reactive species) after DBD 

treatment with the content of non-humic 

fractions. It also should be noted that the 

increase in BIX value indicates the relative 

contribution of recently produced DOM and 

BOD of DOM increases (Chaves et al., 2020). 

The increase in BIX value was inconsistent 

with the decrease in BOD concentration. 

Thus, BIX cannot be used as an indicator of 

the treatability of DOM in POME by DBD 

treatment. 

 

Changes in Fluorescence Ratio Peak3/ 

Peak2 

Figure 8 shows the changes in 

fluorescence ratio Peak 3/Peak 2 during 2-

hour DBD treatment. Peak 3/Peak 2 describes 

the DBD treatment capability in explaining 

the changes in aromatic content in the DOM 

structure. The index is as relevant as SUVA, 

indicates aromaticity in water (Rosadi et al., 

2023).  

 

Fig. 8: Correlation between Peak 3/Peak 2 (p 

< 0.05) and COD removal (p > 0.05) during 

DBD treatment under the aerated and non-

aerated conditions at different discharge 

voltages of 15, 20, and 25 kV (n = 3) 

 

Peak 3/Peak 2 increased from the initial 

value of 1.07 after DBD treatment, 

demonstrating that DBD treatment removed 

more protein-like substances than humic-like 

ones. The finding is inconsistent with the 

previous study, which described that 

oxidation preferentially removes humic-like 

components over protein-like components 

because aromatic structures in humic-like 

components are more prone to chemical 

degradation than protein-like components 

(Rosadi et al., 2023). This could be because 
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the reactive species generated from the DBD 

reactor quickly reacted with protein-like 

components to form chloramine through 

amino acid chains (Li et al., 2020; Rosadi et al., 

2023).  

Another possibility is the protection of 

aromatic molecules inside the humic 

structures that were not directly reacted with 

the reactive species to perform the 

decomposition during the partial oxidation of 

DOM. The results showed that the oxidation 

treatment proposed by Rosadi et al. (2023) 

and the DBD treatment demonstrated 

different degradation behavior of Peak 

3/Peak 2. The type of DOM exists in 

freshwater and wastewater, revealing their 

distinct characteristics. Two possibilities could 

lead to the changes in this index (increase or 

decrease of either Peak 3/Peak 2) due to 

different treatment processes. 

The non-aerated condition at 15 kV 

caused a large decrease in Peak 3/Peak 2, 

revealing that humic-like components with 

hydrophobic fractions are reduced by 

reactive species generated from the DBD 

reactor. There was an indication that Peak 2 

increased under the non-aerated condition at 

15 kV. The increase in Peak 2 under that 

condition resulted in a significant decrease in 

Peak 3/Peak 2, with a value below 1. The 

increase in Peak 2 was hypothesized that low 

and intermediate MW compounds released 

during the partial oxidation of colloidal 

matter. The humic-like Peak 3 declined more 

after DBD treatment under that condition, 

probably due to susceptible attack by the 

reactive species, such as O3 and •OH. 

Collectively, both the aerated and non-

aerated conditions caused the increase in 

Peak 3/Peak 2. This indicated that the removal 

of COD was associated with a stronger 

reduction of protein-like substances by the 

DBD treatment. In the previous study. 

Performance Comparison of DBD with 

Literature Studies 

Energy consumption was evaluated to 

determine the efficiency of DBD treatment 

under specific operating conditions. This 

study found that under the aerated condition, 

for 120 min at 20 kV and a current intensity 

of 0.9 A, energy consumption was 0.017 

kW.h/mg COD. In contrast, under the non-

aerated condition, for 120 min at 25 kV and a 

current intensity of 1 A, energy consumption 

was 0.033 kW.h/mg COD. These results 

indicate that the non-aerated condition 

required more energy than the aerated 

condition during DBD treatment. Therefore, 

further analysis of the operating costs for 

DBD treatment under both aerated and non-

aerated conditions is necessary to provide 

more accurate and reliable values. 

Furthermore, the current study demonstrated 

that the optimal conditions (aerated 

condition at 20 kV) of DBD treatment resulted 

in an effluent with COD and BOD 

concentrations of 111 and 55 mg/L, 

respectively, which is below the Palm Industry 

Wastewater Regulation based on the 

Regulation of Ministry of Environment of the 

Republic of Indonesia No. 51, 1995. Thus, 

DBD treatment is a promising technology for 

treating POME with high pollutant 

concentrations. Table 5 shows comparative 

studies of various POME treatments to 

evaluate their performance under optimal 

conditions. The results show that different 

POME treatments achieve varying levels of 

COD removal under the specified optimal 

conditions. For instance, while the electro-

Fenton demonstrated low energy 

consumption and high COD removal 

(Chairunnisak et al., 2018), the need for added 

electrolytes and H2O2 may increase the 

operational costs. The combination of the 

electro-Fenton process also demonstrated a 
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Treatments Optimum conditions Performances References 

Electro-Fenton Current intensity: 3.9 A 

Voltage: 15.8 V 

Reaction time: 35.9 min 

Energy consumption: 0.067 kW.h/mg COD 

COD removal: 99.6% Chairunnisak 

et al., 2018 

Electrocoagulation pH: 5 

Current intensity: 0.45 mA 

Reaction time: 5 min 

Energy consumption: 0.10 kW.h/m3 POME 

COD removal: 64% 

TS removal: 43% 

Phalakornkule 

et al., 2010 

Photocatalytic  pH: 5 

Current intensity: 0.004 mA 

Voltage: 0.45 V 

Reaction time: 6 hr 

Energy consumption: 1.13 kW.h/m3 POME 

COD removal: 94% Syahidda et 

al., 2021 

DBD pH: 4.3 

Current intensity: 0.9 A 

Voltage: 20 kV 

Reaction time: 120 min 

Energy consumption: 0.017 

kW.h/mg COD 

COD removal: 98.5% 

BOD removal: 98.3% 

TS removal: 83.2% 

This study 

 

 

good performance in treating POME and 

required less energy compared to 

electrocoagulation (Table 5). However, the 

need for H2O2 and ferrous chemicals may also 

increase operational costs and the possibility 

of ferric hydroxide precipitation. Combining 

DBD with other treatments could be a 

promising technology, such as DBD-

ultrafiltration and DBD-adsorption, to treat 

POME and other wastewater. However, 

energy consumption, economic outlook, 

operating conditions, treated effluent quality, 

and equipment installation must be 

considered before applying for real 

wastewater treatment. In addition, since the 

POME effluent quality after DBD treatment is 

below the national standard regulation for 

wastewater, combining DBD treatment with 

other technologies is unnecessary. 

 

CONCLUSION 

 

This study investigated the changes in 

DOM during the DBD treatment under the 

aerated and non-aerated conditions at 

different discharge voltages at 15, 20, and 25 

kV and found that COD, BOD, and TS were 

significantly reduced by 93–98%, 96–98%, 

and 78–83%, respectively. Increasing the 

discharge voltage to 25 kV caused the 

highest removal efficiency of bulk DOM both 

under the aerated and non-aerated 

conditions. The generated reactive species, 

including O3, •OH, and H2O2, with the 

presence of dissolved oxygen from the 

supplied air under the aerated condition, 

improved the biodegradability and the 

reduction of fluorescent DOM. Fluorescent 

DOM changes significantly during DBD 

treatment, with the highest reduction 

observed under the aerated condition at 25 

kV. This was a result of reactive species 

reacting more with protein-like substances. 

Humic-like Peak 5 and tryptophan-like Peak 

4 were highly removed by DBD treatment and 

accounted for 38–74% and 35–69%, 

respectively, owing to the limited number of 

aromatic rings that are easy to remove in a 

Table 5. Comparative studies of POME treatment 
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high portion with the degradation through 

the oxidation process. The relative changes 

evaluated by Peak 3/Peak 2 increased during 

the DBD treatment, suggesting the 

parameter could reflect the performance of 

DBD treatment under aerated and non-

aerated conditions at different discharge 

voltages. Energy consumption during DBD 

treatment shows a lower value under the 

aerated condition (0.017 kW.h/mg COD) than 

the non-aerated condition (0.033 kW.h/mg 

COD). The study supports the development 

of DBD treatment for wastewater treatment 

by investigating the changes in DOM in 

POME. However, more exploration should be 

conducted to investigate the generation of 

reactive species (including the types and 

concentration), pH, and temperature. 

Therefore, a deeper investigation study is 

necessary by targeting the responsible 

reactive species on the reduction of DOM in 

samples from different water and wastewater, 

including the economic feasibility for the real 

wastewater application. 
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