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ABSTRACT

This study investigated the treatability of dairy industry wastewaters by using the Fenton process
and membrane bioreactors. Firstly, the effects of the Fenton process on the reaction time, pH, Fe*
and H,0, concentrations on chemical oxygen demand (COD) and total organic carbon (TOC)
removal were determined to evaluate the treatment of dairy industry wastewater. According to
the results obtained, the optimum reaction time, pH, Fe* and H,O, concentrations were found to
be 60 min, pH 3, 1 g/L, 1.5 g/L, respectively, while the COD and TOC removal efficiencies were
87% and 75%. Secondly, biological treatability of wastewater in membrane bioreactors was inves-
tigated. The input water COD concentrations of 0.6-2 g/L, sludge age values of 3 h to 10 d and
different hydraulic waiting processes were studied. Loading was made to the system at 5 kg COD/
m’d, and later, loading was increased up to 17 kg COD/m’d based on the input water COD values.
After treatment with membrane bioreactors, the COD removal efficiency varied between 95%-98%.
As the output water concentrations obtained as a result of the study satisfied the discharge limits,

the applied biological treatment and advanced oxidation methods were completed successfully.
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1. Introduction

With the increase in the consumption of foods such as
milk and cheese linked to the rapid increase in the popu-
lation of Turkey, water pollution and environmental pollu-
tion originating from these dairy facilities have increased
considerably. Due to the high pollution load of dairy indus-
try wastewaters, discharge of untreated/partly treated
wastewaters from dairy processing industries into receiv-
ing bodies leads to significant environmental problems
[1]. The dairy and dairy product industry encompasses
the production of products such as raw milk, drinking
milk, yogurt and Aryan (a drink made out of yogurt, water
and salt), butter, cheese, ice-cream and milk powder [2].
Wastewaters coming from the dairy industry consist of
clean waters from heating and cooling systems, domestic
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wastewaters, wastewaters coming from cleaning of facilities
and equipment, and whey. In the dairy industry, ~0.2-10 L
of wastewater is produced per liter of processed milk [3].
The dairy industry produces strong wastewaters charac-
terized by high biochemical oxygen demand (BOD) and
chemical oxygen demand (COD) concentrations, dissolved
or suspended solids including oil and grease, ammonia or
nutrients such as minerals and phosphate compounds [4].
For the purpose of treating wastewaters from the dairy
industry, very different systems have been developed in
various countries around the world. These may be listed
as biological treatment (aerobic, anaerobic, trickling filter),
chemical treatment field treatment and membrane technol-
ogies. Changes observed in the amount and characteristics
of wastewaters make it difficult to biologically treat waste-
waters originating from this industry. For this, advanced
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oxidation processes (AOP) are used to reduce the organic
load and toxicity, especially before biological treatment [5].
Membrane bioreactors (MBR), ozonation and AOPs were
presented as promising technologies for the removal and/
or degradation of polar, permanent pollutants. MBR tech-
nology combines activated sludge and the biological deg-
radation process with membrane filtration and direct sol-
id-liquid separation. Membrane bioreactors have significant
advantages such as the provision of effective solid-liquid
separation, ability to provide high-quality output water,
smaller facility sizes and low rates of sludge production.
Usage of micro- or ultrafiltration technology (pore sizes
of 0.05-0.4 mm) in MBR systems allows complete physi-
cal confinement of bacterial flocks in the bioreactor and all
suspended solids [6]. The treatment efficiency is affected
by factors such as the parameter to be removed, the chem-
ical substance that is used, retention time and stirring rate,
and the amount of sludge to be formed may be more or
less based on the type of chemical substance [7].

In recent years, chemical treatment methods known as
AOP involving the production of hydroxyl radicals have
been applied successfully for degradation or removal of
resistant pollutants depending on the high oxidative power
of the OH- radical. Among AOPs, the Fenton process is a
catalytic method that is prevalently used today which is
based on the production of hydroxyl radicals (OH") from
hydrogen peroxide with iron ions that behave as homoge-
nous catalysts in acidic environments. The Fenton process
generally involves 4 states of pH adjustment, oxidation reac-
tion, neutralization-coagulation and precipitation. There
are studies in the literature showing the successful use of
AOPs regarding paper industry wastewaters [8], tannery
wastewaters [9] and drug industry wastewaters [10].

In general, the optimum H,O,/Fe** mole ratio recom-
mended for Fenton treatment is between 10 and 40 [11].
While the hydrogen peroxide dosage is important to obtain
the best degradation efficiency, the concentration of iron
ions is important for the reaction kinetics. Furthermore,
the excess of either of these compounds may reduce the
degradation efficiency as both H,O, and Fe* can capture
hydroxyl radicals as shown in Egs. (1) and (2). The stoichio-
metric ratio of H,0,/Fe* is dependent on the physical-chem-
ical properties of the wastewater. Likewise, the design of
experiments is commonly used to optimize the process
parameters and increase the quality of products by using
engineering and statistics applications. Both H,O, dose
and Fe* concentration are two important factors that are
effective on the Fenton process [12-14].

Fe** + H,0O, — Fe’* + OH" + OH~ 1)
k=63M"s™
H,0, + Fe* <> H' + FeOOH @)

Iron ions start the separation of H,O,,
form hydroxyl radicals.

The produced Fe** may react with HO, and hydrop-
eroxyl radicals in a Fenton-like process, and this leads to
the re-formation of Fe*. The ferric ions that are formed
separate hydrogen peroxide into water and oxygen by

catalyze it and

catalyzing it. Iron ions and radicals also form in the reac-
tions (Egs. (3) and (4)). Hydroxyl radicals (*OH) are effec-
tive in the degradation of organic chemicals because they
are reactive electrophiles that rapidly and non-selectively
react with electron-rich organic compounds (they prefer
electrons). For this reason, AOPs are effective in the deg-
radation of hazardous byproducts or several toxic and
bio-resistant organic pollutants without producing much
sludge. The Fenton reaction has a shorter reaction time than
other advanced oxidation processes, and for this reason,
the Fenton reactive is used when a higher COD removal
is necessary. The reactions that occur during the Fenton
process may be expressed as follows [13,14]:

H,0, + OH* - HO; + H,0 3)
k=27 x 107M s

OH" + Fe* — Fe* + OH- (4)
k=32x10°M7s!

Fenton treatment is prevalently applied for treatment
of wastewaters that cannot be biologically degraded. The
efficiency of the Fenton process is dependent on the prop-
erties of the wastewater, pH values, H,O,/Fe*" concentra-
tions and reaction time. The Fenton process uses iron ions
to enter a reaction with hydrogen peroxide, and it creates
hydroxyl radicals which are strong oxidizers to degrade
some toxic pollutants [15].

In recent years, many studies involving AOPs have
shown high efficiency in the treatment of some industrial
wastewater. For this purpose, advanced oxidation meth-
ods such as LED-assisted electro-Fenton [16] photo-Fen-
ton [17] heterogeneous sono-Fenton [18] are used in the
treatment of many industrial wastewater.

Conventional biological treatment of dairy industry
wastewaters is limited due to the presence of toxic pollut-
ants and resistant organics. Among AOPs, the Fenton pro-
cess may be effectively used to treat wastewaters. Although
the Fenton process is commonly used in treating various
industrial wastewaters, there are few studies in the literature
about the treatment of wastewaters from the dairy indus-
try by using the Fenton process. When advanced treatment
methods are applied before biological treatment methods,
they play a protective and burden-reducing role in biolog-
ical treatment systems as they remove toxic or difficult to
decompose substances from the environment. To decide
upon suitable processes for the treatment of dairy indus-
try wastewaters, wastewater characterization, treatability
studies and usage and assessment of the optimum units
and processes for wastewater treatment have been inves-
tigated. Membrane bioreactors are effective considering
the wastewater quality for the treatment of dairy industry
wastewaters with biological methods. As an alternative to
conventional methods used in treatment plants, it is possi-
ble to increase the treatment efficiency by using a dual sys-
tem (biological and chemical processes) in order to provide
a safer discharge with technological methods. For this rea-
son, by using membrane bioreactors and the Fenton pro-
cess in this study, the aim was to determine the effects of
different parameters on treatment efficiency and analyze
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the chemical and biological treatability of dairy industry
wastewaters to optimize the operational conditions.

This study was carried out at the Van Yiiziincii Yil
University Engineering Faculty Research Laboratory in
May 2020.

2. Material and method

The wastewater that was used in the experiments was
obtained from a pilot milk factory located in Van Yiiziincii
Yil University, Turkey. The amount of wastewater from the
facility varies between 2-3 m® wastewater/ton of processed
milk per day (including the wastewater from the washing
of milk cans, storage tanks, pasteurizers, cream separators,
homogenizer, and cooling systems, tools, and other equip-
ment in the bottling unit. Experiments regarding Fenton
oxidation were carried out by using 500 mL of dairy indus-
try wastewater in 1,000 mL Erlenmeyer flasks. In the Fenton
process experiments, the pH was adjusted by adding dilute
H,SO, and NaOH. During the reaction time (60 min), the stir-
ring process was achieved by using a jar test device branded
Velp Scientifica, JLT6 (Italy). Afterwards, for solid-lig-
uid separation, the specimens were centrifuged for 5 min
at 5,000 rpm by using a Hettich Rotofix 32 A (Germany)
device. COD, H,O, and total organic carbon (TOC) analyses
were conducted on specimens collected from the top phase.
In the experiments with membrane bioreactors, activated
sludge collected from the precipitation pond of the waste-
water treatment facility was used. The collected sludge was
loaded with the dairy industry wastewater as a carbon and
energy source, and the aim was to achieve adaptation of the
microorganisms to the wastewater. In the experiments, a
Kerafol-brand cylindrical ceramic membrane module with a
surface area of 1.5 m?*was used. Its pore size was 200 nm. The
ceramic membrane module had an outer diameter of 2.8 mm,
inner diameter of 2.3 mm and 165 channels. The length of
the ceramic membrane placed into a polymer housing was
315 mm. When the ceramic membrane that was used became
clogged, it was back-washed by using pressurized air.

2.1. Dairy wastewater treatment methods

In this study, a series of experiments were carried out to
provide COD and TOC removal from dairy industry waste-
waters and to find the most appropriate treatment method.
Firstly, the optimum operating conditions of the Fenton
process were determined to assess the treatment status of
dairy wastewater. In the Fenton process, FeSO,:7H,0O and
H,O, were added sequentially, followed by fast mixing at
150 rpm for 5 min and slow mixing at 60 rpm for 57 min.
In the determined time intervals, the pH of the obtained
specimens was adjusted to the range of 7-8 with sodium
hydroxide, and precipitation was facilitated. Secondly,
the biological treatability of wastewater in membrane bio-
reactors was examined. For continuous trials in the mem-
brane bioreactor that was used for continuous treatment
of the wastewater, desired concentrations of wastewa-
ter were prepared inside a feeding tank with a volume of
50 L. Afterwards, continuous feeding was carried out at
the desired flow rate with the help of a peristaltic pump
to provide wastewater input. Air flow was adjusted with a

flowmeter found on the line with the air pump. A level con-
troller was used so that the volume of the fluid exiting the
membrane module and the volume of the extracted sludge
would be equal to the feeding flow rate. A cooling circula-
tor was used to control the temperature inside the reactor.
Additionally, the system was back-washed at the desired
intervals by using a compressor in back-washing. All of
these systems were controlled with an automation system.
Continuous trials were carried out by connecting the
membrane unit to the system. The microorganisms were
habituated to the wastewater under aerobic conditions.
Hydraulic balance was achieved by equalizing the input
and output flow rates in the reactor. The amount of water
in the reactor would reduce if there was a higher flow rate
of the treated water coming out of the membrane than
the flow rate of the feed and its fluctuations. This prob-
lem was eliminated with a fluid level control system for
the output flow rate to be equal to the input flow rate in
the membrane. The volume of the reactor that was used
in this study was 15 L, while the temperature of the acti-
vated sludge in the reactor was kept constant at 25°C with
the help of a heat exchanger. Throughout the study, the pH
of the activated sludge was continuously monitored and
balanced at the value of pH 7. In the study, the wastewa-
ter was provided directly to the system with a peristaltic
pump with adjustable flow. The study was begun by keep-
ing the feed flow rate and input wastewater concentration
constant and changing the sludge age as seen in Table 1.

2.2. Sample analysis

The H,O, concentration was measured at 352 nm
spectrophotometrically (WTW-6100 UV) [19]. To correct
the intervention of H,O, on COD, the equation developed
by Talinli and Anderson was used [20]. The TOC concen-
tration was determined by using Teledyne/Tekmar-TOC
fusion. COD parameter measurements were made in com-
pliance with the Standard Methods, and the “open reflux”
titrimetric method was used [21]. The analytical method
and units for the dairy industry wastewater parameters
are shown in Table 2.

2.3. Wastewater resources and characterization

Determination of wastewater characterization is nec-
essary for the design and operation of treatment plants
and discharge units [22]. Conventional parameters were
considered for the characterization of the dairy industry

Table 1
Parameters with effects on continuous treatment of wastewater
investigated in the study and variation ranges

Parameter Variation limits

Inlet water concentration (S) 600-2,000 mg/L

Hydraulic retention time (0,) 1-6h
Volumetric organic load 5-17 kg COD m*/d
Sludge age (0) 3h-10d

Inlet water supply flow (Q,) 25-300 mL/min
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Table 2
Analytical method and unit of the dairy industry wastewater
parameters

Table 3
Properties and discharge limits of the dairy industry wastewater
used in the study

Parameter Analytical method Parameter Values Discharge limits (TWPCR)
COD, mg/L Closed reflux method, titrimetric method TCOD 9,670 160
BOD, mg/L Respirometric method DCOD 4,225 -
TSS, mg/L Gravimetric method PCOD 5,445 -
SS, mg/L Photometric method BOD 4,200 -
pH Potentiometric/pH prop TSS 8,400 -
TN, mg/L Catalytic thermal decomposition method SS 4,050 -
TP, mg/L Spectrophotometric method pH 62 69
TOC, mg/L TOC-L catalytic oxidation method TN 52 -
COD - chemical oxygen demand; BOD - biochemical oxygen ™ 25 -
TOC 840 -

demand; TSS - total suspended solids; SS — suspended solids;
TN - total nitrogen; TP - total phosphorus.

wastewaters (Table 3). Whether or not the COD removal
efficiency obtained by chemical treatment satisfied the
discharge criteria were determined based on the Turkish
Water Pollution Control Regulation (TWPCR) [23].
The wastewater specimens were kept at 4°C until analy-
sis, and they were analyzed at a laboratory accredited
with the ISO 17025 quality system.

3. Results and discussion

The results obtained from the experiments were com-
pared with the results obtained from different treatment
processes applied to dairy industry wastewaters and are
given in Table 4.

The treatment efficiency varied based on the chemical
composition of the wastewater. It was seen that dairy
industry wastewaters could be treated with high efficiency
by biological treatment, and they could be treated to the
level of about 85% with the Fenton process. While high
efficiencies were obtained in long time periods with bio-
logical treatment, similar efficiencies could be obtained in
minutes during oxidation studies. It was emphasized that
the oxidation process increased biological treatability by
increasing the BOD/COD ratio in studies where advanced
oxidation and biological treatment were carried out

Table 4
Efficiency of different treatment processes for dairy industry
wastewaters

Treatment process BOD (%) COD Reference
removal removal (%)

Fenton process - 91 [24]
Electro-Fenton process - 95.78 [25]
Membrane bioreactor 96 [26]
Activated sludge - 71 [27]
Electrocoagulation 97.95 98.84 [28]
Coagulation/flocculation - 92 [29]

This study - 95-98 -

together. The results obtained in this study were in agree-
ment with the results in the literature. Characterization
of dairy industry wastewaters containing high levels of
organic pollutants caused by BOD, COD and other waste-
water characteristics was similar to values found in other
studies in the literature [30].

3.1. Fenton treatment of dairy wastewater
3.1.1. Effects of H,0, dose on oxidation efficiency

To determine the effects of H,0, dose on oxidation effi-
ciency and determine the optimum H,0O, dose, experiments
were conducted by keeping Fe*, pH and a temperature
of 25°C constant and changing the H,O, concentration.
The effects of the H,O, concentration were studied at 6 dif-
ferent values in the range of 0.5-4.3 g/L. Accordingly, the
maximum efficiency was determined at a H,O, dose of
3.5 g/L. The results are shown in Fig. 1. When the H,O, dose
increased above a certain value the effectiveness of OH radi-
cals decreases according to the reaction given in Eq. (5), and
the removal efficiency was reduced.

HO" + H,0,— HO; + H,0 ()

In general, an increase in the H,0, concentration leads
to an increase in the degradation rate of pollutants [31,32].
However, using excessive amounts of HZO2 is not recom-
mended as excess usage of H,O, will provide a positive
intervention for COD. Another negative effect of excess
H,O, concentrations is its radical scavenging effect on OH
radicals [33,34].

3.1.2. Effects of Fe** dose on oxidation efficiency

The concentration of reactive substances used in the
Fenton process plays an important role in the degradation
of organic substances. As the Fe*" concentration increases,
the degradation speed of organic substances increases.
However, an increase in the Fe? concentration leads to
an increase in the amount of total dissolved iron ions,
resulting in sludge formation in the solution. Thus, excess
sludge formation should be avoided.
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The effects of the Fe** concentration on COD and TOC
removal efficiencies were studied at concentrations of
0.35, 0.5, 0.8, 1.0 and 4.3 g/L (Fig. 2). In the absence of Fe*,
effective oxidation does not take place based on the Fenton
reaction as there is no main factor to produce hydroxyl
radicals in the environment.

High Fe*" concentrations will lead to the consumption
of OH radicals in the medium (radical scavenging effect),
and in this way, the removal efficiency will decrease.
Additionally, excess Fe?" in the medium will lead to the
transformation of H,0, into the water by oxidation into
Fe* (Eq. (6)) [35].

Fe? + H,0, — 2H" — 2Fe? + H,0 )

3.1.3. Effects of pH on oxidation efficiency

In the Fenton process, pH is one of the important
parameters. pH varies in a narrow range of 2.0-5.0, and
the highest removal efficiency is generally obtained at
around pH 3 in the literature [36]. To determine the opti-
mum pH value, the Fenton process was applied in the range
of pH 2.0-7.0 by keeping the Fe* (1.5 g/L), H,O, (1.5 g/L)
and temperature (T = 25°C) constant (Fig. 3). The highest

90 - W COD removal (%) B TOC removal (%)
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Removal efficiency (%)

=
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0.5 0.75 1.5 35 4.3
H,0, concentration

Fig. 1. Effects of different H,O, doses on COD and TOC
removal efficiencies (pH = 3; Fe** =1 g/L; T = 25°C).
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Fig. 2. Effects of different Fe** doses on COD and TOC removal
efficiencies (pH = 3; H,0,=3.5 g/L; T=25°C).
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COD removal efficiency was obtained at pH 3. The low-
est removal efficiency was obtained at pH 7.0. Similarly,
Vinita et al. [37] found that the optimum pH was 3.5 in their
study about the removal of chlorinated aliphatic organics.

Outside the optimum pH value range, oxidation ability
decreases as a result of ferrous hydroxide complex for-
mation and scavenging of ‘OH radicals with separation
of H,0O,. As [Fe**(H,0)]** forms at low pH values, a lower
amount of hydroxyl radicals is created [38].

Mandal et al. [39] reported that pH had a significant
effect on COD removal efficiency in the treatment of dye
wastewaters, and the optimum pH range was 3-5.

According to Eq. (7) given below; the pH value must
be acidic to produce the hydroxyl radical required for
the oxidation of organic compounds (Eq. (7)) [40].

2Fe* + H,0, + 2H" — 2Fe* + 2H,0 @)

However, when the pH is too low (pH < 2.0), the
reaction slows down due to the formation of complex
iron species and the formation of the oxonium ion. Due to
the scavenging of hydroxyl radicals of the H* ion at low
pH, the removal rate is limited and the oxidation ability is
reduced (Egs. (8) and (9)) [18,41].

OH* +H'+e > HO ®)
H,0,+2H' +2¢" - 2H,0 )

3.1.4. Effects of reaction time on oxidation efficiency

The reaction time may vary based on the type of
organic substance in the wastewater. The changes in the
COD and TOC removal were observed at the optimum
conditions (Fe** = 1.0 g/L, H,0,: 3.5 g/L and initial pH: 3)
by collecting specimens at 15, 30, 60 and 90 min (Fig. 4).
The maximum removal efficiencies for the COD and TOC
parameters were reached at the 90th minute, with 70%
TOC and 86% COD removal efficiencies obtained. There
was no significant change in the removal efficiencies after
a reaction time of 60 min. Therefore, 60 min could be
taken as the most suitable reaction time based on the opti-
mum conditions. It may be stated that as the amount of

®COD removal (%) ®TOC removal (%)

ik

Fig. 3. Effects of different pH values on COD and TOC removal
efficiencies (H,0,=1.5 g/L; Fe*=1.5 g/L; T =25°C).

Removal efficiency (%)




160

90 - ® COD removal (%) ® TOC removal (%)
75 4
60 -

45

Removal efficiency (%)

15

15 30 45 60 90
Retention time (min)

Fig. 4. Effects of reaction time on COD and TOC removal effi-
ciencies (H,O, =15 g/L; Fe** = 1.5 g/L; T =25°C).

H,O, in the medium will decrease as a result of its reac-
tion with Fe?, the reaction will not change much in times
longer than 60 min. Some studies reported the reaction
time for the Fenton process was between 30 min and 2 h
[42]. The optimum reaction time was reported to 30 min in
some studies where the electro-Fenton process was used [43].

3.2. Biological treatability with membrane
bioreactors of dairy wastewater

3.2.1. Sludge age

During continuous trials, the sludge age was adjusted
manually by removing part of the concentrated sludge from
the reactor daily. This way, controlled experiments were
conducted in the reactor at the desired sludge age.

3.2.2. Hydraulic retention time

The hydraulic retention time (HRT) was adjusted with
the help of a wastewater feed pump. This pump was a
peristaltic feed pump, and it was used to feed the desired
flow rate of wastewater into the reactor. As the reactor
volume was known, the hydraulic retention time could
be easily determined by adjusting the feed flow rate.

In a study where dairy industry wastewaters were
treated in aerobic conditions, the reactor volume was 25 L.
COD, BOD,, TKN and oil-grease removal efficiency were
monitored. The COD of the treated dairy wastewater was
11,000 mg/L. HRT values of 3, 4, 6 and 8 d were studied.
At a hydraulic retention time of 3 d and organic loading
of 1,340 g BOD,/m’d, 87% COD removal efficiency was
obtained. As a result of the study, high organic matter and
N removal was obtained in the system, and it was stated
that the system could be successfully used in treatment
of dairy industry wastewaters [44].

For treatment of the dairy industry wastewater in the
membrane bioreactor, the COD and BOD, removal effi-
ciency increased with decreased organic load and increased
hydraulic retention time. As a result of treating the dairy
industry wastewater with a hydraulic retention time of
4 d and under an organic load of 0.6 kg BOD,/m%d, the
discharge standard in the TWPCR was achieved in terms
of the COD parameter. However, it was concluded that
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a longer hydraulic retention time is needed for more
ammonium removal [45].

During the operational period of continuous treat-
ment of dairy industry wastewaters in a jet loop mem-
brane bioreactor, very high performance was obtained
at retention times of 2.5-3.0 h. These times were suf-
ficient even in cases were the loads were very high
(>24 kg/m3d). However, at times where the input COD
was higher than 5,000 mg/L, the 0, had to be kept
in the range of 4-6 h. In the case of COD concentra-
tions higher than 7,000 mg/L, high efficiency could be
obtained when the 0, values were in the range of 6-8 h.
More than the high load values, high input water con-
centrations were effective on the hydraulic retention
times in the system. During the study, the 0_values were
changed between 3 and 80 h. High performance was
obtained in all cases at sludge ages of 8 h or higher [44].

3.2.3. Effects of different sludge ages on MBR performance

This study investigated how different sludge ages affect
COD removal. In the study, experiments were carried out
at input water COD concentrations of 600-2,000 mg/L,
sludge ages between 3 h and 10 d and different hydrau-
lic retention times, and Fig. 5 shows that stable outputs
were obtained from the system. The mean total suspended
solids (TSS) in the reactor was 2,000 mg/L. In the study,
the treatment efficiency was determined by consider-
ing the COD parameter. The values that were obtained
as a result of treatment were compared to the opera-
tional discharge limits, and decisions were made about
whether or not the treatment efficiency was adequate.

As seen in Fig. 5, the sludge age was directly related
to the membrane flux. Sludge was removed from the
system with a flow rate equal to the difference between
the flow rates of the feed and membrane output. At the
moment when the sludge age was kept constant at 24 h,
the COD treatment efficiency varied between 95% and
98%. Under the operational conditions at sludge age of
12 h, 90%-96% COD treatment efficiency was obtained.
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Fig. 5. Change in different sludge age values over time.
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While operating at sludge age of 3 h, the COD treatment
efficiency measured from the membrane output was in the
range of 95%-98%.

In the study, high treatment efficiencies were obtained
at high sludge concentrations. While the reaction speed
in biological wastewater treatment is dependent on fac-
tors such as old-young biomass, it is directly related to
the biomass concentration. Long sludge ages are preferred
as they help reproduction of slow-multiplying microor-
ganisms that can consume macromolecules such as poly-
saccharides, carbohydrates and proteins as substrates,
increase the TSS concentration in the reactor, and therefore,
reduce the reactor volume that is needed and the amount
of sludge to be evacuated from the reactor. Several studies
have observed that MBR systems show good performance
in cases where the sludge age is 10 d or longer [6].

3.2.4. Effects of different hydraulic retention times
on system performance

In the study, by keeping the sludge age constant at 3 h,
trials were carried out with different hydraulic retention
times for the wastewater with an input water concentra-
tion of 600 mg/L (Fig. 6). For a hydraulic retention time of
3 h, the load on the system was increased to 10 kg COD/
m°d. The COD removal efficiency was observed to be 80%.
The load was increased up to 15 kg COD/m?d at a hydrau-
lic retention time of 2 h, and when the load was increased
up to 17 kg COD/m?d at a hydraulic retention time
of 1 h, the treatment efficiency dropped to 70% as in Fig. 6.

It is understood that HRT should not be too long when
control of membrane clogging and an economic design
are desired. Studies with membrane bioreactors have rec-
ommended the optimum HRT value of 2 h [46]. Another
study investigating the effects of HRT presented three
MBR systems with HRT values of 10-12 h, 6-8 h and 4-5 h,
and it was observed that the total COD removal efficiency
was 94% in all three reactors. The slight reduction in the
COD removal with decreased HRT was explained by
substrate and dissolved oxygen transfer rate obstructed
by high TSS concentration and sludge viscosity. It was

96
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Fig. 6. Change in different hydraulic retention times over time.

claimed that low HRT causes excessive multiplication of
filamentous bacteria, and this has a negative effect on the
membrane flux [47].

3.2.5. Effects of different input water concentrations on
output water performance

In the system operated with different sludge ages and
hydraulic retention times, the best treatment efficiency
was obtained at 3 h of sludge age and hydraulic reten-
tion time as a result of the trials. As seen in Fig. 7, when
the input water concentration was increased to 1,800 mg/L
at the same feed flow rate, there was an increase in the
COD concentration, and the mean output COD concentra-
tion was determined as 100 mg/L. By increasing the input
water COD value to 2,000 mg/L, there was an increase in
the COD concentration, and the mean output COD concen-
tration was determined as 150 mg/L. Fig. 7 shows that the
system was very sensitive to hydraulic retention times.

In the study, wastewater that was subjected to pre-
treatment and had a concentration of 600 mg/L was intro-
duced. Initially, the TSS content of the bioreactor became
approximately 1,500 mg/L. By starting with 5 kg COD/m*d
organic loading in the system, occasional feeding was pro-
vided. As seen in Fig. 8, the COD loads given to the system
varied in the range of 5-17 kg/m®d. Although there were
large fluctuations in the loadings, stable outputs could be
obtained from the membrane bioreactor system even at
high loads. Fig. 8 shows that a COD removal efficiency
of higher than 95% was achieved in almost all conditions.

4. Conclusions

This study, water pollution control regulations speci-
fied in the dairy industry wastewater discharge standards
in Turkey to develop appropriate treatment system and for
this purpose various treatment alternatives (Fenton pro-
cess and membrane bioreactors) aimed to evaluate. Fenton
processes and membrane bioreactors are suitable treat-
ment technologies for the treatment of wastewaters with
high permanent organic substance content. Therefore, the
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efficiency of the Fenton process and membrane bioreactors
are considered separately due to the high COD and TOC
content of the dairy industry. Using Fenton process, under
the optimum values of initial H,O, = 3.5 g/L, Fe* =1 g/L,
pH =3, T = 25°C and reaction time of 60 min, the COD
and TOC removal efficiencies were found to be 87% and
75%, respectively. The optimum conditions determined
in the study were pH = 3, Fe*, H,O, and a reaction time
of 60 min. When these conditions were provided, >80%
COD and >60% TOC removal efficiencies were obtained. In
terms of the COD and TOC parameters, the output of the
Fenton oxidation process satisfied the discharge standards
in Turkey. Additionally, the wastewater obtained from the
milk factory was subjected to pretreatment and treated bio-
logically in membrane bioreactors in the study. Experiments
were conducted at the input water COD concentrations of
600-2,000 mg/L, sludge ages of 3 h to 10 d and different
hydraulic retention times. Higher than 95% COD removal
efficiency was obtained in almost all conditions. During
the trials, the TSS concentration varied between 1,800 and
2,000 mg/L. The sludge age and hydraulic retention time
were selected as 3 h for biological treatment of dairy indus-
try wastewater that was pretreated. As the output water
concentrations obtained as a result of the study satisfied
the operational discharge limits, it was observed that the
biological treatment method for wastewater treatment was
completed successfully. It has been observed that treatment
plants consisting of a combination of chemical and bio-
logical processes are preferred in terms of operation and
removal efficiency in enterprises with low wastewater flow.

References

[1] P. Lumina, M.P. Pavithra, Treatability studies of dairy
wastewater by electrocoagulation process, Int. J. Appl. Eng.
Res., 13 (2018) 249-252.

[2] M. Gopinathan, M. Thirumurthy, Feasibility studies on static
pile co composting of organic fraction of municipal solid waste
with dairy wastewater, Environ. Res. Eng. Manage., 60 (2012)
34-39.

[3] S. Tchamango, C.P. Nanseu-Njiki, E. Ngameni, D. Hadjiev,
A. Darchen, Treatment of dairy effluents by electrocoagulation

(6]

[7]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

A. Ozgiiven, T. Bayram / Desalination and Water Treatment 218 (2021) 155-163

using aluminium electrodes, Sci. Total Environ., 408 (2010)
947-952.

B.S. Shete, N.P. Shinkar, Dairy industry wastewater sources,
characteristics & its effects on environment, Int. J. Curr. Eng.
Technol.,, 3 (2013) 1611-1615.

TK. Nivya, TM. Pieus, Comparison of photo electroFenton
process (PEF) and combination of PEF process and membrane
bioreactor in the treatment of landfill leachate, Procedia
Technol., 24 (2016) 224-231.

P. Le-Clech, V. Chen, T.A. Fane, Fouling in membrane
bioreactors used in wastewater treatment, J. Membr. Sci.,
284 (2006) 17-53.

G. Tchobanoglous, F.L. Burton, H.D. Stensel, Metcalf & Eddy,
Wastewater Engineering: Treatment and Reuse, International
Edition, McGraw Hill, New York, 2003, pp. 361-411.

D. Hermosilla, N. Merayo, A. Gascd, A. Blanco, The application
of advanced oxidation technologies to the treatment of
effluents from the pulp and paper industry: a review, Environ.
Sci. Pollut. Res., 22 (2015) 168-191.

G. Lofrano, S. Meri¢, G.E. Zengin, D. Orhon, Chemical and
biological treatment technologies for leather tannery chemicals
and wastewaters: a review, Sci. Total Environ., 4618 (2013)
265-281.

AM. Deegan, B. Shaik, K. Nolan, K. Urell, M. Oelgemdller,
J. Tobin, A. Morrissey, Treatment options for wastewater
effluents from pharmaceutical companies, Int. J. Environ. Sci.
Technol., 8 (2011) 649-666.

S. Mohajeri, H.A. Aziz, M.H. Isa, M.]. Bashir, L. Mohajeri,
M.NN. Adlan, Influence of Fenton reagent oxidation on
mineralization and decolorization of municipal landfill
leachate, J. Environ. Sci. Health. Part A Toxic/Hazard. Subst.
Environ. Eng., 45 (2010) 692-698.

D. Patel, P. Patel, D. Paneria, C. Solanki, Fenton process
combined with coagulation for the treatment of textile
wastewater, Int. J. Eng. Res., 5 (2019) 2349-6002.

B. Jain, AK. Singh, H. Kim, E. Lichtfouse, V.K. Sharma,
Treatment of organic pollutants by homogeneous and
heterogeneous Fenton reaction processes, Environ. Chem. Lett.,
16 (2018) 947-967.

A.G. Gutierrez-Mata, S. Velazquez-Martinez, A. Alvarez-
Gallegos, M. Ahmadi, ]J.A. Hernandez-Pérez, F. Ghanbari,
S. Silva-Martinez, Recent overview of solar photocatalysis
and solar photo-Fenton processes for wastewater treatment,
Int. J. Photoenergy, 2017 (2017) 8528063.

P. Vrushali, G. Sagar, Advancement in Fenton process (AOPs)
for wastewater: a review, Int. J. Eng. Res., 5 (2016) 2454—4698.
AM. Diez, E. Rosales, M.A. Sanroman, M. Pazos, Assessment
of LED-assisted electro-Fenton reactor for the treatment of
winery wastewater, Chem. Eng. J., 310 (2017) 399-406.

C.A. Garcia, G. Hodaifa, Real olive oil mill wastewater
treatment by photo-Fenton system using artificial ultraviolet
light lamps, J. Cleaner Prod., 162 (2017) 743-753.

N. Jaafarzadeh, A. Takdastan, S. Jorfi, F. Ghanbari, M. Ahmadi,
G. Barzegar, The performance study on ultrasonic/Fe,O,/
H,0, for degradation of azo dye and real textile wastewater
treatment, J. Mol. Liq., 256 (2018) 462-470.

N.V. Klassen, D. Marchington, H.C.E. McGowan, H,O,
determination by the I3-method and by KMnO, titration, Anal.
Chem., 66 (1994) 2921-2925.

I. Talinli, G.K. Anderson, Interference of hydrogen peroxide
on the standard COD test, Water Res., 26 (1992) 107-110.
APHA, Standard Methods for the Examination of Water and
Wastewater, 20th ed., American Public Health Association,
Washington D.C., 1999.

A. Erkus, E. Oygun, M. Tiirkmenoglu, A. Aldemir, Boya
endiistrisi ~ atiklarinin  karakterizasyonu,  Yiiziinci il
Universitesi Fen Bilimleri Enstitiisii Dergisi, 23 (2018) 308-319.
TWPCR, Official Gazette Dated 31 December 2004 and
Numbered 25687, Turkish Water Pollution Control Regulation,
2004, (In Turkish).

C.C. Loures, H.J. Izario Filho, G.R.L. Samanamud, A.L. Souza,
R.F. Salazar, A.L. Peixoto, O.L Guimaries, Performance
evaluation of photo-Fenton and Fenton processes for dairy



[25]

[26]

[27]

[28]

[29]

(30]

(31]

[32]

[33]

[34]

(35]

A. Ozgiiven, T. Bayram / Desalination and Water Treatment 218 (2021) 155-163

effluent treatment, Int. Rev. Chem. Eng. (IRECHE), 5 (2013)
280-288.

R. Davarnejad, M. Nikseresht, I. Ajideh, An efficient technique
for dairy wastewater treatment, Int. J. Dairy Technol., 71 (2018)
532-538.

G.A.P. Mateus, D.M. Formentini-Schmitt, L. Nishi,
M.R. Fagundes-Klen, R.G. Gomes, R. Bergamasco, Coagulation/
flocculation with Moringa oleifera and membrane filtration for
dairy wastewater treatment, Water Air Soil Pollut., 228 (2017)
342.

G.J. Joshiba, P.S. Kumar, C.C. Femina, E. Jayashree, R. Racchana,
S. Sivanesan, Critical review on biological treatment strategies
of dairy wastewater, Desal. Water Treat., 160 (2019) 94-109.

E. Bazrafshan, H. Moein, FK. Mostafapour, S. Nakhaie,
Application of electrocoagulation process for dairy wastewater
treatment, J. Chem. 2013 (2012) 640139, https://doi.
org/10.1155/2013/640139. .

A. Ozgiiven, T. Bayram, D. Oztiirk, E. Aladag, Peyniralti
suyunun koagiilasyon/flokiilasyon yontemiyle aritilmasinda
dogal bir koagiilant olan montmorillonitin kullanilmasi,
Cukurova Universitesi Mihendislik-Mimarlik  Fakiiltesi
Dergisi, 35 (2020) 59-66.

L.H. Andrade, F.D.S. Mendes, J.C. Espindola, M.C.S. Amaral,
Reuse of dairy wastewater treated by membrane bioreactor
and nanofiltration: technical and economic feasibility, Braz. J.
Chem. Eng.,32 (2015) 735-747.

C.Fan, C.Y. Horng, S.J. Li, Structural characterization of natural
organic matter and its impact on methomyl removal efficiency
in Fenton process, Chemosphere, 93 (2013) 178-183.

J. Zhang, S. Chen, Y. Zhang, X. Quan, H. Zhao, Y. Zhang,
Reduction of acute toxicity and genotoxicity of dye effluent
using Fenton-coagulation process, J. Hazard. Mater., 274 (2014)
198-204.

YK. Bayhan, G.D. Degermenci, Kozmetik atik sularindan
Fenton prosesiyle organik madde gideriminin ve kinetiginin
incelenmesi, Gazi Universitesi Mithendislik-Mimarlik Fakiiltesi
Dergisi, 32 (2017) 181-188.

M.I. Latif, M.A. Qazi, H. Khan, N. Ahmad, N.I. Khan,
K. Mahmood, Physiochemical treatment of textile industry
effluents, J. Chem. Soc. Pak., 37 (2015) 1033-1039.

J.N. Goéde, D.H. Souza, V. Trevisan, E. Skoronski, Application
of the Fenton and Fenton-like processes in the landfill leachate
tertiary treatment, J. Environ. Chem. Eng., 7 (2019) 103352,
https://doi.org/10.1016/j.jece.2019.103352.

[36]

[37]

[38]

(39]

(40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

163

A K. Swarnkar, AK. Kakodia, B.K. Sharma, Use of photo-
Fenton reagent for photocatalytic degradation of Reactive
Red 45, Int. J. Adv. Res. Chem. Sci., 2 (2015) 6.

M. Vinita, R.PJ. Dorathi, K. Palanivelu, Degradation of
2,4,6-trichlorophenol by photo-Fenton’s like method using
nano heterogeneous catalytic ferric ion, Sol. Energy, 84 (2010)
1613-1618.

S.K. Singh, W.Z. Tang, Statistical analysis of optimum Fenton
oxidation conditions for landfill leachate treatment, Waste
Manage., 33 (2013) 81-88.

T. Mandal, S. Maity, D. Dasgupta, S. Datta, Advanced
oxidation process and biotreatment: their roles in combined
industrial wastewater treatment, Desalination, 250 (2010) 87-94.
J.L. Wang, L.J. Xu, Advanced oxidation processes for wastewater
treatment: formation of hydroxyl radical and application,
Crit. Rev. Env. Sci. Technol., 42 (2012) 251-325.

M.A. Zazouli, F. Ghanbari, M. Yousefi, S. Madihi-Bidgoli,
Photocatalytic degradation of food dye by Fe,O-TiO,
nanoparticles in presence of peroxymonosulfate: the effect of
UV sources, J. Environ. Chem. Eng., 5 (2017) 2459-2468.

Y. Wu, S. Zhou, X. Ye, R. Zhao, D. Chen, Oxidation and
coagulation removal of humic acid using Fenton process,
Colloids Surf., A, 379 (2011) 151-156.

A. Babuponnusami, K. Muthukumar, Advanced oxidation of
phenol: a comparison between Fenton, electro-Fenton, sono-
electro-Fenton and photo-electro-Fenton processes, Chem. Eng.
J., 183 (2012) 1-9.

B. Farizoglu, S. Uzuner, The investigation of dairy industry
wastewater treatment in a biological high performance
membrane system, Biochem. Eng. J., 57 (2011) 46-54.

E. Gurtekin, Ardisik kesikli reaktorde siit enddstrisi
atiksularimin biyolojik aritimi, Selguk Universitesi Miihendislik-
Mimarlik Fakiiltesi Dergisi, 24(2009) 1-6.

C. Visvanathan, R.B. Aim, K. Parameshwaran, Membrane
separation bioreactors for wastewater treatment, Crit. Rev.
Env. Sci. Technol., 30 (2000) 1-48.

S. Sirianuntapiboon, K. Chairattanawan, P. Surasinanant,
Some properties of a sequencing batch reactor for treatment
of wastewater containing thiocyanate compounds, J. Environ.
Manage, 85 (2007) 330-337.



	_Hlk45711044

