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Organic matter (OM) is the most important factor influencing the effectivity and efficiency of micropollutant
(MP) ozonation in wastewater effluents. The importance of the quantity of OM is known, because of this, total
organic carbon (TOC) is generally used to determine the required ozone dose for any water sample. Still, the
effect of OM type on MP ozonation is not well understood. In this study, effluents from five wastewater treatment
plants were collected and the organic matter in these effluents was fractionated using membranes (F1-4) and
resin (HI, HOA, HON and HOB). Fractions were diluted to the same TOC concentration, spiked with MPs and
ozonated at three ozone doses. Our results show that all five effluents had comparable OM compositions and
similar MP removal, confirming the suitability of OM quantity (TOC) to compare the ozone requirements for
wastewater effluents. From the 19 analysed MPs, three groups were identified that showed similar removal
behaviour. The strongest differences between the groups were observed around MP ozone reactivities of 102, 104
and 106 M− 1 s− 1. This indicates the presence of three OM groups in the samples that interfere with the removal of
different MPs. MP removal in the resin fraction HON were higher for MPs with high and medium ozone reac
tivity, indicating a low interference of OM in this fraction with MP ozonation. OM in the resin fractions HOA and
HI showed higher interference with MP ozonation. Therefore, removing the HOA and HI fractions prior to
ozonation would result in a lower required ozone dose and a more efficient removal of the MPs. MP removal
correlated with the OM characteristics A300, SR and fluorescence component comp 2. These characteristics can
be used as inline tools to predict the required ozone dose in water treatment plants.

1. Introduction
Micropollutants (MPs) are found in waters across the world and pose
a threat to ecosystems and possibly human health (Kosek et al., 2020; Li,
2014; Polesel et al., 2015; Wilkinson et al., 2022). These pollutants enter
the environment via the effluent of wastewater treatment plants
(WWTPs), because WWTPs are not designed to remove MPs and only
remove them to a limited extent (Falås et al., 2016; Joss et al., 2006;
Verlicchi et al., 2012). To improve the MP removal in conventional
WWTPs, an advanced post-treatment such as ozonation can be added.
Ozonation has shown its potential to remove MPs from wastewater
effluent on large scale (Bourgin et al., 2018). Ozone itself readily reacts
with electron rich moieties such as aromatic and amine groups and it can
also form small amounts of •OH radicals that react with any compound
(Jin et al., 2012; Lee and von Gunten, 2012). The downside of the high

reactivity of ozone and the formed radicals is that they also react with
other compounds than MPs in the water matrix. Other organic com
pounds in a WWTP effluent (effluent organic matter, or EfOM) are
generally present at 103 – 106 times higher concentrations than the MPs
(mg/L compared to µg and ng/L) (Table S1) (Hofman-Caris et al., 2017;
Nilsson et al., 2017; Sousa et al., 2018). As a result, the majority of the
dosed ozone reacts with EfOM instead of the target MPs. Because of this
ozone consumption by EfOM, the required amount of ozone is generally
based on the quantity of EfOM in the water (total organic carbon TOC, or
chemical oxygen demand COD) and not only on the volume of water
(Bourgin et al., 2018; Buffle et al., 2006; Ekblad et al., 2018; Hollender
et al., 2009).
Not only the quantity of organic matter (OM), but also the compo
sition of this complex matrix affects the ozonation process. Studies have
used size (with membranes) and resin (with a hydrophobic resin) based
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fractionation methods to elucidate the composition of EfOM and its in
teractions with ozone. The effects of size and resin fractions on •OH
formation have been confirmed (Gonzales et al., 2012; Westerhoff et al.,
1999). In addition, the effect of resin fractions on by-product formation
(Qi et al., 2018), and the effect of ozone on the fraction compositions has
been studied (Jin et al., 2016). Gijn et al. (2021) showed that size and
resin based fractions show differences in interference during MP ozon
ation. Still, the variations of these fractions in different effluents and the
reasons why these fractions interfere differently are unclear.
In this study, the interference of size- and resin based fractions from
different WWTP effluents on MP ozonation was investigated and related
to the characteristics of the fractions. The aim was to elucidate whether
different WWTP effluents contain different types of OM and how these
different OM types interfere with MP ozonation.

was performed to confirm that the made dilutions did not affect the MP
ozonation (Fig. S5). The MP mix in acetonitrile was spiked in a glass
beaker and acetonitrile was evaporated under a gentle flow of nitrogen
gas in a flow cabinet for ten minutes. 200 mL of the diluted fraction was
added to the glass beaker and shaken to dissolve the MPs. The spiked
fractions were split into four equal parts of 40 mL and transferred to 50
mL tubes for ozonation at four doses: 0, 0.2, 0.4, and 0.8 g O3/g TOC.
Ozonation was done by spiking the samples with a concentrated ozone
stock solution, as described in Hoigné et al. (1985) (Appendix S4). The
accuracy of the applied ozone doses was confirmed using the indigo
method (Appendix S4 and Table S3).
2.4. Analyses
2.4.1. Organic matter
Four EfOM characteristics were measured to gain insight in the types
of functional groups present in the OM: absorbance (230 – 800 nm),
TOC, size distribution, and fluorescence. Absorbance was measured by a
microplate reader (Infinite® 200 PRO, Tecan) with 10 mm quartz cu
vettes. Total organic carbon (TOC) was measured by a TNM-L TOC
analyser (Shimadzu) using a non-purgeable organic carbon method.
OM size distribution was analysed by HPSEC on an Ultimate 3000
HPLC system (Dionex, Sunnyvale, CA, USA). Samples were centrifuged
for 5 min at 15000 rpm prior to analysis. 10µl of the sample was injected
into three TSK-Gel columns connected in series (4000-3000-2500
SuperAW; 150 × 6 mm), preceded by a TSK Super AW-L guard column
(35 × 4.6 mm) (Tosoh Bioscience, Tokyo, Japan). The columns covered
a molecular mass range from 0–250 kDa. Samples were eluted with 0.2
M NaNO3 at 55◦ C with a flow rate of 0.6 mL/min. Eluate of the column
was monitored using a Shodex RI-101 refractive index detector (Showa
Denko, Tokyo, Japan) and a UV detector (254 nm). Pullulan standards
(Polymer Laboratories, Palo Alto, CA, USA) were used for calibration.
Fluorescence emission excitation matrixes (FEEM) were measured in
a quartz cuvette using Perkin Elmer Luminescence Spectrometer LS50B
at the following scan ranges: emission 280 – 550 nm with 0.5 nm in
tervals and excitation 220 – 480 nm with 5 nm intervals. The slit width
for both emission and excitation was 5 nm and the scanning speed was
1300 nm/min. The StaRdom package in R was used to analyse FEEM
results (Pucher et al., 2019). The raw data were corrected for blanks, for
the inner filter effect using the absorbance scan and Raleigh scattering
bands were removed and interpolated. Parallel factor analysis (PAR
AFAC) was used to determine and quantify four fluorescence compo
nents (comp 1-4) in the samples (Fig. S6). Fluorescence fingerprints of
the components were compared with the online database openfluor to
gain insight in their identity (Table S4).

2. Materials and methods
2.1. Chemicals and reagents
A mix of 19 MPs was selected based on their occurrence in WWTP
effluents and their reactivity with ozone (Table S2). Secondary clarified
effluent was obtained from five Dutch WWTP, selected for their variety
in treated wastewaters: Bath, Bennekom, Ede, Epe, and Nieuwveen
(Table 1). Effluent samples were collected over 24 h on a day without
precipitation to ensure dry weather conditions. All effluent samples
were filtered through a 0.45 µm membrane filter and were stored at 4◦ C
until use for the experiments.
2.2. Fractionation
Membrane fractionation was performed based on Gijn et al. (2021)
with an updated method (Appendix S3). A Mexplorer test unit (NX
Filtration BV, The Netherlands), and three hollow fibre membranes
(Pentair, USA) with molecular weight cut-off of 150 kDa, 10 kDa, and 1
kDa were used to separate EfOM into four size ranges: 0.45 µm -150 kDa
(F1), 100 - 10 kDa (F2), between 10 and 1 kDa (F3) and smaller than 1
kDa (F4).
Resin fractionation was based on Gijn et al. (2021) and Imai et al.
(2002) with minor modifications, i.e. doubling the starting volumes to
increase OM concentrations in the final fractions (Appendix S3). EfOM
was fractionated with XAD-8 resin into four resin fractions: hydrophilic
compounds (HI), hydrophobic acids (HOA), hydrophobic neutrals
(HON) and hydrophobic bases (HOB).
The precision of both fractionation methods was confirmed with
triplicates using Bennekom effluent (Fig. S3).

2.4.2. Micropollutants
MP analysis was done with an ultra-high performance liquid chro
matograph (ExionLC AD-30 System) equipped with a tandem mass
spectrometer (Triple QuadTM 5500+ System), both from SCIEX. MPs
were separated on the LC with a phenyl-hexyl based column using water
and acetonitrile-based eluents as mobile phase, both with 0.1% (v/v)
formic acid. Quantification was done with calibration standards from 50
to 1000 ng/L. Matrix effect correction was done for the MPs with the
strongest sensitivity to the matrix, using internal standards (Table S6).
Obtained data was processed using SCIEX OS 1.7 software. For the
calibration curves R2 values of 0.989 ± 0.01 were obtained (Table S7).
Detailed LC and MS settings and the R2 values of the standard curves can
be found in Appendix S6.

2.3. Dilution, spiking and ozonation
All fractions were diluted to a TOC concentration of 3.2 mg/L (to
standardize the TOC concentrations) and spiked with the 17 MPs to final
concentrations of approximately 1 µg/L per MP. A dilution experiment
Table 1
Wastewater types and treatment processes of the five effluents.
Sample
name

Source wastewater

Treatment process

Hydraulic
capacity (m3/h)

Bath

Domestic, petrochemical
industry, tanneries
Domestic

Conventional
activated sludge
Conventional
activated sludge
Conventional
activated sludge
Aerobic granular
sludge
Conventional
activated sludge

20,000

Bennekom
Ede
Epe
Nieuwveen

Domestic, cheese
industry
Domestic, slaughter
industry
Domestic (sewer in peat
area)

1,000

2.4.3. Other parameters
Electrical conductivity and pH were measured using a Hach Lange
HQ440d—Multi-parameter pH meter.

6,750
1,000
1,000

2.4.4. Statistics
Statistical significance was tested using a Mann-Whitney test in R.
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have kO3 values around 106 M− 1 s− 1. This insight can be used to select
relevant indicator MPs to monitor ozonation processes and to help de
cision makers to set removal criteria for specific (groups of) MPs.
MP removal was similar in the five WWTP effluents for all three MP
groups and at all applied ozone doses (Fig. 3).
This means that the similar fraction composition of the OM in the five
effluents (see section 3.1) results in a similar interference with the
ozonation of MPs. Because the effluents of different WWTPs have a
similar OM composition, the OM quantity (TOC) is the most important
factor to discriminate between the effluents. Comparing different water
matrixes based on their TOC values is a reliable option for MP removal
with ozonation, which is also confirmed by literature (Buffle et al., 2006;
Nilsson et al., 2017).
The fractions showed different interference behaviour with the
ozonation of MPs. Removals of group 1 and group 2 MPs were higher in
the resin fraction HON than in the other fractions for all five WWTP
effluents (Fig. 4). The reason for this is that the OM in the HON has a
lower interference with the ozonation of these MPs. Or more specif
ically, the OM groups that interfere with the removal of group 1 and
group 2 MPs have a lower abundance in the HON fraction than in the
other fractions. Low values for most fluorescence and absorbance
characteristics and high COD were observed in the HON (Tables S10 and
S11)., which indicates that this OM fraction contains saturated hydro
carbons with low abundance of (ozone reactive) aromatic moieties and
low reactivity to ozone (Lim et al., 2022; Westerhoff et al., 1999). The
resin fraction HI showed slightly lower interference than the other
fractions. Statistical significance of the differences in MP removal in the
resin fractions were confirmed (Table S12). Only for the highly reactive
MPs at high ozone doses and for the low reactive MPs at low ozone doses
the differences between the resin fractions were not significant. The
lower interference of HON and HI could be due to differences in the
ozone reactivities (kO3 values) of the OM that is present in the fractions.
A lower abundance of highly (kO3 > 106) and moderately (kO3 ≈ 104)
reactive OM would result in higher MP removal for groups 1 and 2.
The size fractions did not show a significant difference in their
interference with MP ozonation (Fig. 4). This result is different from our
previous study where the smallest size fraction (F4) showed a lower
interference than the other fractions (van Gijn et al., 2021). The reason
for this difference could be a change in the used membranes, resulting in
different pressure and cross-flow velocity conditions (Appendix S3).
This means that the results of membrane fractionation experiments are
difficult to reproduce. The challenges of consistently creating size OM
fractions are also underlined in other studies (Assemi et al., 2004)

Correlations between MP removal and OM characteristics were inves
tigated using single correlation coefficients calculated in excel. Two
other methods were tested for this purpose (unconstrained-suppl-vars
analysis in Canoco and multi component regression with the sklearn
package in python), but were found unsuitable due to the large number
of measured variables and the limited number of samples.
3. Results and discussion
3.1. Organic matter characteristics
Effluents from five WWTPs were fractionated, the produced fractions
were diluted to the same TOC concentration and used in ozonation ex
periments. The five WWTPs had varying TOC, COD, UV254, nitrite and
bromide levels, while their pH was relatively similar (Table S8). This
confirms the dissimilarity of the selected effluents. In spite of their
different characteristics, the five effluents had similar TOC and UV254
based fraction compositions for both the size fractions, and the resin
fractions (Figs. 1 and S7) and also similar fluorescence based composi
tions (Fig. S9). For the size fractionation, the smaller fractions (F3, 1-10
and F4 <1 kDa) were dominant, while the fractions with molecules
larger than 10 kDa were not significantly present in the tested WWTP
effluents. HP-SEC measurements and other literature findings confirm
the absence of large molecules (>10 kDa) in wastewater effluents
(Fig. S10) (Komatsu et al., 2020). For the resin fractionation, HI and
HOA were dominant in all effluents, HON was present to a lower extent,
and HOB was not present (Figs. 1 and S7). Other studies found similar
resin fraction composition for WWTP effluents (Fig. S11).
3.2. Micropollutant removals
The removal of the MPs was affected by the applied ozone dose and
by the ozone reactivity of the individual MPs (Fig. 2). Based on the
observed removals in this study and on kO3 values found in literature
(Table S2), the MPs were divided into three reactivity groups: group 1
with highly reactive MPs (kO3 > 104 M− 1 s− 1), group 2 with moderately
reactive MPs (104 > kO3 > 102 M− 1 s− 1) and group 3 with low reactive
MPs (102 > kO3 M− 1 s− 1). Interestingly, despite the large range of kO3
values within each group (100-fold), the differences in MP removal
between the three groups are larger than the removal differences within
each group. This is the same for all fractions and all WWTPs (Appendix
S8). Because there is a gap in removal between sotalol and atenolol, and
mecoprop and irbesartan, while there is no gap in kO3 values between
these compounds, we conclude that there must be other compounds
present in the effluent matrix that cause interference around these
values. These other compounds are most likely organic compounds, and
the combination of their kO3 and concentration causes interference with
removals of MPs that have kO3 values around 102 and 104 M− 1 s− 1.
Additionally, the group 1 MPs were not fully removed at the ozone dose
of 0.2 g O3/g C, which indicates that the wastewater effluents also
contain another OM group that causes interference with the MPs that

3.3. Optimizing micropollutant ozonation
3.3.1. Comparing effluents
The five WWTPs selected in this study showed little variation in OM
compositions and in interference with MP ozonation (after TOC stan
dardization). Note that in this study only Dutch WWTPs were tested that
all make use of a biological treatment process for the removal of OM,

Fig. 1. TOC based size (a) and resin (b) fraction compositions of the five WWTP effluents. Error bars represent standard deviations are based on the stability test
shown in Fig. S3.
3
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Fig. 2. MP removal in the size and resin fractions of the effluent from Bath WWTP at three ozone doses. Removal in percentage is shown from 0 (red) to 100 (green).
kO3 values are presented in M− 1 s− 1, see Table S2 for references. NF means not found.

Fig. 3. MP removal of the five unfractionated WWTP effluents. Average removals and standard deviations (error bars) are shown per MP group defined in para
graph 0.

Fig. 4. MP removal of size and resin fractions of the five WWTP effluents. Average removals are shown per MP group defined in paragraph 0.
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nitrogen and phosphorus (Table 1). Because all studied effluents
behaved similarly, we conclude that using a standardized ozone dose (g
O3/g TOC), is a reliable way to compare MP ozonation results from
different WWTPs. This conclusion is confirmed by another study that
compared MP ozonation at 10 Swedish WWTP (Nilsson et al., 2017).
Reported OM concentrations in WWTP effluents around the world vary
from 3–23 mg /L dissolved organic carbon (DOC) (Table S1). Note that
DOC and TOC are comparable in WWTP effluent. Therefore, applying
ozonation for MP removal at different WWTPs would result in a factor 7
difference in the required ozone input depending on the OM levels in the
WWTP. This underlines the importance of monitoring OM in WWTP
effluents during MP ozonation.

(A300), fluorescence component 2 (comp 2) and the ratio of the
absorbance slopes at 275-295 and 350-400 nm (SR). (Table 2). A300
showed the strongest correlation for MPs with high ozone reactivity
(group 1) at the low and medium ozone dose. This relation was not
evident for group 1 MPs at the highest ozone dose because these MPs
were removed for 100% at this dose. Note that the commonly used
parameter absorbance at 254 nm (A254) showed slightly lower R2
values (approximately 0.1 point lower for the relevant MPs) (Table S13).
Comp 2 showed slightly lower R2 values than A300 for most group 1
MPs, but a slightly stronger potential to predict group 2 MP removal
(Table 2). SR also showed high R2 values for group 2 MPs at an ozone
dose of 0.4 g O3/g C (R2 > 0.7), but not for any of the other MP groups
and ozone doses (Table 2). Contrary to the other mentioned correlations,
SR showed a positive correlation, higher MP removal relating to higher
SR measurements. None of the measured OM characteristics showed
correlations (R2 all below 0.4) with the removal of group 3 MPs
(Table S13). This indicates that OM type does not affect the removal of
group 3 MPs. Group 3 MPs are more likely to be removed via reaction
with •OH radicals than via direct reaction with ozone (Ibáñez et al.,
2013; Li et al., 2019; Lim et al., 2022; Pocostales et al., 2010; Vel Leitner
and Roshani, 2010). Based on literature, specifically for size fractions, it
is expected that the type of OM does affect formation of •OH (Gonzales
et al., 2012; von Sonntag and von Gunten, 2012). This could mean that
in this study, changes in •OH formation were compensated by scav
enging of •OH by the OM. Further studies that combine measurements
of •OH exposure and MP removal in OM fractions are needed to confirm
this hypothesis.
In contrast to the other fluorescence components, fluorescence
component comp 3 showed no correlation with the MP removal which
indicates that comp 3 OM does not interfere with MP ozonation
(Table S13). Comp 3 most likely consists of terrestrial or microbial
humic like OM (Table S4). The low interference of comp 3 is confirmed
by the observation that only in the resin fraction with the lowest inter
ference (HON), comp 3 is dominant (Fig. S9). The reason for the low
interference most likely is that the OM with this characteristic has a low
reactivity with ozone.
The OM characteristics A300 and SR showed the strongest correla
tions for group 1 and group 2 MPs respectively, while fluorescence
component comp 2 showed strong correlations for both MP groups.
Therefore, these measurements can be used to control the applied ozone
dose in an ozone reactor for optimal MP removal. For application in
practise, absorbance and fluorescence measurements have the

3.3.2. Removing fractions in pre-treatment
The produced resin fractions showed consistent differences in their
interference with MP ozonation. The HON fraction showed lower
interference with the ozonation of MPs with high and moderate ozone
reactivity, while the HOA and HI fractions showed higher interference.
This means that specifically reducing the HOA and HI fractions before
ozonation would result in a reduction of the required ozone for the
removal of MPs. Several studies suggested OM removing pre-treatment
before ozonation (de Wilt et al., 2018; Hofman-Caris et al., 2017; van
Gijn et al., 2021). Biological treatment would be a preferred
pre-treatment because of its low energy use. On the other hand, using
physical treatment such as ion exchange could be more effective at
removing OM with specific charge properties (e.g. HOA) but also have a
higher energy demand (Hofman-Caris et al., 2017; van Gijn et al., 2021).
Further studies are needed to find the optimal balance between a
pre-treatment that can specifically remove the HOA and HI fractions,
with lower energy requirements than the alternative direct ozone
treatment. This will reduce the required ozone input for MP ozonation
and make implementation of MP abatement technology more feasible.
Additionally, further studies using non-target MS screening could be
used to shed further light on the molecular compositions of the most
interesting fractions (Jennings et al., 2022; Remucal et al., 2020)
3.3.3. OM characteristics for inline monitoring
A single correlation analyses between the OM characteristics of the
samples and the observed MP removals was performed to investigate
which OM characteristics have the most potential to predict MP re
movals (Table S13). The three characteristics with the strongest re
lations with MP removal (R2 up to 0.7) were: absorbance at 300 nm

Table 2
R2 values of single correlations between OM and effluent characteristics and MP removal in the different samples. Three OM characteristic that showed the strongest
correlations were selected (absorbance at 300 nm, fluorescence component 2 and SR), Table S13 shows all values . Cells are highlighted from 0 (red) to 1 (green).
Explanations of the used characteristics can be found in Table S11.

Group 1

Group 2

Group 3

Ozone dose (g O₃/g C) >

0.2

OM characteristic >
Sulfamethoxazole
Diclofenac
Trimethoprim
Carbamazepine
Propranolol
Erythromycin
Furosemide
Sotalol
Atenolol
Caffeine
4 and 5 methylbenzotriazole
Metoprolol
Dimetridazole
Mecoprop
Irbesartan
Benzotriazole
2,4-D
DEET
BAM

A300
0.67
0.72
0.71
0.65
0.70
0.67
0.63
0.74
0.21
0.16
0.12
0.07
0.06
0.28
0.03
0.05
0.05
0.19
0.31

0.4
Comp2
0.61
0.71
0.70
0.62
0.70
0.62
0.56
0.60
0.11
0.12
0.08
0.06
0.02
0.19
0.07
0.02
0.03
0.18
0.26

SR
0.41
0.50
0.54
0.48
0.56
0.60
0.31
0.61
0.07
0.16
0.12
0.09
0.02
0.15
0.12
0.08
0.00
0.21
0.17
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A300
0.42
0.34
0.43
0.38
0.50
0.76
0.29
0.51
0.53
0.54
0.42
0.51
0.44
0.06
0.08
0.10
0.19
0.13
0.18

0.8
Comp2
0.43
0.38
0.38
0.43
0.45
0.44
0.40
0.32
0.64
0.70
0.53
0.63
0.65
0.24
0.04
0.03
0.15
0.12
0.12

SR
0.18
0.13
0.17
0.17
0.22
0.33
0.11
0.16
0.77
0.77
0.70
0.77
0.77
0.32
0.05
0.02
0.25
0.31
0.14

A300
0.07
0.01
0.02
0.13
0.17
0.16
0.22
0.00
0.54
0.60
0.60
0.55
0.53
0.59
0.03
0.26
0.05
0.05
0.06

Comp2
0.17
0.01
0.05
0.18
0.04
0.04
0.28
0.03
0.28
0.67
0.42
0.28
0.68
0.71
0.00
0.35
0.02
0.01
0.02

SR
0.03
0.05
0.08
0.10
0.03
0.08
0.35
0.09
0.29
0.35
0.36
0.27
0.39
0.45
0.03
0.18
0.17
0.14
0.16
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advantage over TOC that it is easier to measure them inline in a WWTP.
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4. Conclusions
The five tested unfractionated wastewater effluents all showed
similar organic matter compositions and similar interferences with MP
ozonation. This indicates that the quantity of organic matter (TOC) is the
most relevant difference between wastewater effluents for ozonation of
MPs. Additionally, three groups of MP that showed similar removal
behaviour within the groups were identified. The groups existed around
ozone reactivities of the MPs of 102, 104 and 106 M− 1 s− 1 in all samples.
This indicates the presence of three OM groups with distinct interference
behaviour.
The resin fractions HOA and HI showed the highest interference with
MP ozonation and were abundant in all tested effluents. Removing these
fractions before ozonation will likely increase the efficiency of the
ozonation process. Further studies are needed to determine which pretreatments are most suitable to remove the HOA and HI fractions.
Several organic matter characteristics correlated strong (R2 ≈ 0.7)
with the MP removal in the different fractions, depending on the kO3
values of the MPs. Removal of MPs with higher ozone reactivities
correlated best to absorbance at 300 nm, while removal of MPs with
medium ozone reactivities correlated best to SR. Fluorescence compo
nent 2 correlated relatively well to both MP groups (R2 ≈ 0.6). These
three organic matter characteristics are useful as inline monitoring tools
to continuously determine the required dose and improve the effectivity
and efficiency of MP ozonation.
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