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ABSTRACT. Wastewater treatment techniques have two categories: pre- and post-treatment. Physical, chemical, and biological pre-
treatment techniques are commonly employed to treat dairy wastewater. Secondly, dairy wastewater post-treatment techniques include
physico-chemical and membrane treatment approaches. This review article aims to critically examine and describe pre- and post-treatment
techniques for dairy wastewater treatment. The benefits, drawbacks, performance comparisons, and features of each pre- and post-
treatment have been extensively investigated. This article uses a systematic literature review method to review and examine other research
findings. The results indicate that despite extensive studies on pre- and post-treatment techniques, both have limitations. In this context,
aerobic pre-treatment, for example, has high lactose levels, low water capacity, and efficiency concerns. Furthermore, anaerobic pre-
treatment has issues with lengthy starting times, a high fermentable lactose content, poor residual alkalinity, and fat consumption. In
physico-chemical post-treatment, there are high amounts of sludge production and high quantities of chemicals required for pH

corrections. Likewise, membrane post-treatment, for instance, has a short membrane lifespan, low selectivity and flux, linear up-scaling,
and concentration polarization membrane fouling. Therefore, a synergy of physico-chemical and aerobic, for example, adsorption-aerobic,
and synergy of pre-hydrolysis and anaerobic, such as enzymatic hydrolysis-anaerobic treatment, will help to overcome the drawbacks of
both anaerobic and aerobic treatment techniques. In conclusion, the most promising techniques for dairy wastewater treatment are
combinations of adsorption-aerobic and enzymatic hydrolysis-anaerobic with microfiltration, nanofiltration, reverse osmosis, and

ultrafiltration.
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1. Introduction

In the dairy industry, clean water is consumed in overall
processes. Importantly, the industry’s demand for water is co-
lossal (Sarkar et al., 2006). As a result, the dairy industry is re-
garded as the biggest source of wastewater in many countries
(Farizoglu and Uzuner, 2011; Shivayogimath and Naik, 2014).
Further, this dairy wastewater comprises high organic materi-
als, including proteins, carbohydrates, lipids, high BOD, COD,
suspended solids, and oil grease (Farizoglu and Uzuner, 2011).
For this reason, a major notice must be set to the dairy waste-
water which is emancipated to the environment (Porwal et al.,
2015). Of equal importance, appropriate treatments are re-
quired to prevent environmental pollution. Dairy wastewater
treatment techniques are categorized into pre- and post-treat-
ment techniques. Pre-treatment techniques are the prior phase
in the dairy wastewater treatment process. Briefly, these tech-
niques comprise physical, chemical, and biological treatment
techniques (Loloei et al., 2014). Having that, in the physical
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treatment of dairy wastewater, the key process comprises re-
moving the solid particles present in the dairy wastewater using
a wire screen and a grit chamber (Janet Joshiba et al., 2019).
Second, in chemical treatment, ferrous sulphate and lime are
taken as a coagulant to control the pH of dairy wastewater
(Slavov, 2017).

Then, the biological treatment technique is used as a pre-
treatment for dairy wastewater treatment (Lateef et al., 2013).
Besides, aerobic and anaerobic treatments are well-known ele-
ments of biological treatment techniques. Considering that aer-
obic treatment has various treatment processes, these include
activated sludge, aerobic lagoons, trickling filters, rotating bio-
logical contractors, and sequencing batch reactors (Janet Joshi-
baetal., 2019). With this in mind, during the treatment process,
organic nutrients are converted into carbon dioxide, water, and
cellular materials by oxidizing constituents.

Similarly, anaerobic treatment has many dairy wastewater
treatment processes, including complete stirred tank reactors,
anaerobic filter reactors, up-flow anaerobic sludge blanket,
anaerobic digestion, and membrane anaerobic reactors (Zhao et
al., 2020). From the anaerobic process, methane (biogas) can
be achieved as renewable energy (McAteer et al., 2020). The
post-treatment techniques belong to the second phase in the
dairy wastewater treatment process. These techniques embrace
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physico-chemical and membrane treatment. To begin with, the
physico-chemical treatment process includes coagulation or
flocculation, and adsorption (Kushwaha et al., 2011; Shete and
Shinkar, 2013; Ahmad et al., 2019). Following this, the physi-
co-chemical treatment is used to drop suspended, colloidal, and
dissolved constituents. On the other hand, membrane treatment
mainly comprises microfiltration, ultrafiltration, nanofiltration,
electrodialysis, and reverse osmosis (Shete and Shinkar, 2013;
Birwal et al., 2017). The rate of water usage and the necessity
for environmental preservation have increased interest in
wastewater reuse. In this context, membrane post-treatment in
effluent treatment is described as one of the most promising
techniques, allowing for water reuse. As a result, membrane
treatment is utilized for high-quality by-product recovery that
may be reused in industrial operations or for the discharge of
high-quality effluent into the environment. However, despite
extensive studies on pre- and post-treatment techniques, both
have limitations. This article critically examines and describes
pre- and post-treatment techniques for dairy wastewater treat-
ment. The benefits and drawbacks, performance comparisons,
and features of each pre- and post-treatment technique have been
thoroughly explored. Furthermore, this article suggests areas
where more study is needed.

2. Materials and Methods

A systematic literature review method is used in the mate-
rial and method section to review and examine the findings of
many independent researchers on similar concerns or subject
areas. Meanwhile, before beginning the search for a relevant
research paper, there must be specific inclusion and exclusion
criteria. The inclusion and exclusion criteria are detailed in
Table 1.

Table 1. Study Selection Criteria

No. Description

1 Articles that focus on dairy wastewater treatment
practices.

2 Articles that are published only in the English
language.

3 Studies were published from 2010 to 2021.

The review synthesis will not include any research studies
that do not meet the above inclusion criteria. Searching through
numerous databases, including Emerald, Taylor and Francis,
Elsevier Science Direct, Google Scholar, Springer Link,
PubMed/Medline, JSTOR, CrossRef, Worldcat, PsycINFO,
DOAJ, Scopus, ProQuest, Scielo, and Web of Science, is the
next step after this. The notion of employing the keywords and
phrases “pre-treatment techniques” and “post-treatment tech-
niques” was relied upon for the article search in the interim.
Pre-treatment techniques are used in the first part of the dairy
wastewater treatment process, while post-treatment techniques
are the second phase in the dairy wastewater treatment process.
After scanning numerous databases, a total of 209 research
publications were discovered. However, eight articles were
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omitted from the analysis owing to title and abstract eligibility
restrictions, and eight more were excluded due to full-text eli-
gibility constraints, leaving just 188 for analysis. A detailed proc-
ess for choosing articles and carrying out a systematic litera-
ture review is shown in Figure 1.

Article identified through database
searching (n = 209)

Identification

luded (0= 5)

1 Article

Title & Abstract screened
(n =204)

¢ > Article

Screening

luded (n = 8)

Full-text article assessed for eligibility
(n=196)

Eligibility

l|, Article excluded (n = 8)

Article included in systematic
literature review (n= 188)

'
! v

Article included in pre-treatment
techniques (n= 140)

Included

Article included in post-treatment
techniques (n = 48)

Figure 1. Flowchart of the systematic literature review.

3. Discussion of Diary Wastewater
Treatment Techniques

3.1. Pre-Treatment Techniques

Table 2 summarizes the journal name and year of publica-
tion of the included reviews in pre-treatment techniques. The
findings reveal more than 22.14% of the review articles from
2012/2013, 20% from 2010/2011, 17.86% from 2014/2015,
15.71% from 2018/2019, 12.86% from 2016/2017, and 11.43%
from 2020/2021. As previously stated, in pre-treatment tech-
niques, different methods are utilized to treat dairy wastewater,
with biological treatment techniques taking precedence. Aero-
bic and anaerobic treatments are examples of these approaches.
In the wastewater treatment system, both systems have vari-
ous applications. Following that, both treatments are classed de-
pending on the type of reactor and their benefits for treating
dairy effluent. As a result, as seen by the listed research papers,
numerous investigations on both biological treatment tech-
niques have been conducted. The specifics of each research ar-
ticle are reviewed and summarized below.

Briefly, the included publications for the systematic re-
view of aerobic treatment are as follows. Sequence batch reac-
tors’ principal benefit is that they create low-organic loading
effluent that satisfies stringent effluent regulations. SBR treat-
ment method can effectively remove the nutrients phosphate and
nitrogen, as well as COD and BOD. The organic loading can be
changed based on the hydraulic retention duration, generally
6 ~ 24 hrs. At 25 °C, volumetric organic loadings of 1.2 ~ 2.4 kg
COD m¥day resulted in COD elimination of 92 ~ 98%. At 5 °C,
COD removal ranged from 75 ~ 85% for COD loadings rang-
ing from 0.9 ~ 2.4 kg COD m®/day, BOD removal efficiency
95%, NOs-N removal by 90.3%, and TSS removal by 85.7%
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Table 2. A Summary of the Names of the Journal and Year of Publication of the Included Reviews in Pre-Treatment Techniques

Journal name

2010 ~
2011

2012 ~
2013

2014 ~
2015

2016 ~
2017

2018 ~
2019

2020 ~
2021

Total

Middle-East Journal of Scientific Research

Journal of Chemical Technology and Biotechnology
Journal of Industrial Ecology

Applied Biochemistry and Biotechnology

Journal of Dairy Science

Journal of Bioscience and Bioengineering
Bioresource Technology

International Journal of Dairy Technology

Journal Cleaner Production

Bulgarian Journal of Agricultural Science
International Journal of Environmental Research
Journal of Environmental Chemical Engineering
International Journal of Advanced Science, Engineering
and Technology

Engineering in Agriculture, Environment, and Food
Environmental Engineering and Management Journal
Water Science and Technology

International Journal of Computational Engineering
Research

Desalination

International Journal of Hydrogen Energy
Journal of Environmental Management
Process Safety and Environmental Protection
Science of the Total Environment

Water Research

Water and Environment Journal

Civil and Environmental Research
International Journal of GEOMATE

Journal of Oleo Science

Chemistry International

Archives of Biological Science Belgrade

Food Technology and Biotechnology

A Journal of Science and Technology

Think India Journal

Water Environment Research

Environmental Technology

Journal of Environment and Earth Science
Advances in Environmental Technology
Chemosphere

Chemical Engineering and Processing: Process
Intensification

Desalination and Water Treatment

Korean Journal of Chemical Engineering
International Journal of Natural Resource and Marine
Science

Asia-Pacific Journal of Chemical Engineering
Scientific Bulletin. Series F. Biotechnology
International Conference on Science and Technology
Bioengineering

International Journal of Green Energy

Journal of Renewable Energy and Environment
Journal of Health Scope

International Journal of Environmental Science and
Technology

Food Research International
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Table 2 Continued

Journal name

2014 ~
2015

2020 ~
2021

Total

Brazilian Journal of Chemical Engineering -
Science Asia -
Aquademia -
Energies -
International Biodeterioration and Biodegradation -
Ultrasonics Sonochemistry -
Global NEST Journal -
Water Resource and Industry -
The International Journal of Biotechnology -
Iranica Journal of Energy and Environment -
International Journal of Environmental Research and Public -
Health
International Journal of Science Technology and -
Engineering
Journal of Environmental Engineering -
International Research Journal of Engineering and -
Technology
Journal of Environmental Science and Health -
International Journal of Applied Sciences and Engineering -
Research
Journal of Industrial Microbiology and Biotechnology 1
Jundishapur Journal of Health Science -
Journal of the Taiwan Institute of Chemical Engineers -
Process Biochemistry -
Alexandria Engineering Journal -
International Journal of Engineering Research and -
Applications
Biosystems Engineering -
Water Practice and Technology -
Sustainable Environment Research -
Ecotoxicology and Environmental Safety
Advances in Environmental Biology -
Separation Science and Technology
Journal of Environmental Biology
Renewable Energy
Water, Air, & Soil Pollution -
International Journal of Sustainable Development and -
Planning
Sustainable Environment Research -
Material Today: Proceedings -
The International Conference on Emerging Trends in -
Engineering
Environmental Technology and Innovation -
Journal of Ecological Engineering -
Waste Management -
Bioprocess and Biosystems Engineering -
Total 28
(20%)

[y
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1
1

31 25 18 22 16
(22.143%)
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140
(11.429%) (100%)

e

(17.857%) (12.857%) (15.714%)

(Islam et al., 2011; Kayranli and Ugurlu, 2011; Rodriguez et
al., 2011; Singh and Srivastava, 2011; Zina-tizadeh et al., 2011;
Janczukowicz et al., 2012, 2013; Kulkarni, 2012; Matsumoto
et al., 2012; Aygun et al., 2014; Nasr et al., 2014; Yahi et al.,
2014; lonescu et al., 2015; Pannirselvam et al., 2015; Soliman
and Eldyasti, 2016; Jafarinejad, 2017; Ribeiro et al., 2017; Salari
et al., 2017; Aziz et al., 2018; Leonard et al., 2018; Struk-
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Sokoowska et al., 2018; Azimi et al., 2019; Al-Dhabi et al.,
2020; Vibhhute and Ingavale, 2020; Heidari et al., 2021; Anu
etal., 2021).

To effectively treat wastewater, activated sludge processes
entail a phase in which the wastewater must be in touch with
bacterial biomass while being exposed to oxygen through an
aeration system. The next step is a settling procedure. To keep
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the mixed liquor from being contaminated, some of the bio-
mass separated in the clarifying tank flowed back to the aer-
ation tank. To effectively treat wastewater, activated sludge pro-
cesses entail a phase in which the wastewater must be in touch
with bacterial biomass while being exposed to oxygen through
an aeration system. The next step is a settling procedure. To
keep the mixed liquor from being contaminated, some of the
biomass separated in the clarifying tank flowed back to the aer-
ation tank. Having that, the activated sludge processes removal
effectiveness of COD was 97%, BOD was 97.5%, and TSS was
96% (Bosco and Chiampo, 2010; Emerald et al., 2012; Lateef
etal., 2013; Shivsharan et al., 2013; Kowalska et al., 2014; Devi
etal., 2014; Tricolici et al., 2014; Gayathri et al., 2015; Sharmila
et al., 2015; Porwal et al., 2015). Sequencing batch flexible fi-
bre biofilm reactor (SB-FFBR) is a modified sequencing batch
reactor that allows microorganisms to grow on eight flexible fi-
bre bundles. The operating volume of the bioreactor is 8 liters,
and the cycle time is 24 hours. The bioreactor’s performance is
measured at 10, 3, and 10 distinct levels of influent chemical
oxygen demand (CODj,; 610 ~ 8193 mg L), retention time
(RT; 1, 1.6, and 2 days), and organic loading rate (OLR; 0.38 ~
8.19 g COD m2 d?), respectively (Abdulgader et al., 2020).

Rotating biological contactors’ principal benefits are im-
plemented for wastewater treatment and have minimal land
area, maintenance, energy, or start-up expenses, allowing for a
more decentralized water treatment system. The BOD removal
effectiveness was 96%, COD removal was 80%, and TSS re-
moval was 79% at 8 rpm (Jeswani and Mukherji, 2012; Chethan
etal., 2015; Hamasaki et al., 2017; Delgado et al., 2018; Ebrahimi
et al., 2018a, 2018b; Kamath et al., 2018; Palakshappa et al.,
2019; Samadi and Mirbagheri, 2019; del Alamo et al., 2020).

An essential treatment technique for removing pollutants
from dairy effluent uses a treatment technique known as bio-
logical trickling filters. The biological trickling filter process
involves flowing pollutants through a media bed containing
microorganisms that break down organic nutrients. The bio-
trickling filter’s performance indicated that butanol concentra-
tions successfully ranged from 0.55 ~ 4.65 g/m?®, with a maxi-
mum withdrawal capacity of 100 g/m?® (Mehrdadi et al., 2012;
Shahriari and Shokouhi, 2015; Aziz and Ali, 2017, 2019; Zytka
et al., 2018).

Standard biological treatment methods combine with mem-
brane filtration to achieve higher levels of organic load and sus-
pended material removal. When correctly designed, these sys-
tems may also provide a high level of nutrient removal. For ex-
ample, the effectiveness of MBR in removing pollutants is
COD by 94.1%, BOD by 98.1%, ammonium by 99.6%, total
nitrogen by 93.1%, and total phosphorous by 91% (Andrade et
al., 2013; Fraga et al., 2016; Alimoradi et al., 2018).

The advantage of the membrane rotating biological con-
tractor over the standard RBC is that the disk rotations serve as
both an aeration source and an integrated mechanism to man-
age membrane fouling. In this context, the aeration system
efficiency is excellent regardless of the type of membrane used.
The permeability at the steady state of the MRBC membranes
is, for the PVDF, 92.4% and PSF, 19.7%, higher than external
filtration (Wagas et al., 2021).

It has proven possible to achieve high nitrogen, ammoni-
um, phosphorus, and COD removal through a sequencing batch
biofilm reactor (SBBR). High-performance pollutant removal is
another use for it. The SBBR’s operational strategy is crucial,
meanwhile. The efficiency of SBBR in removing effluents from
dairy wastewater is COD by 81.8% and ammonium by 85.1%
(Ozturk et al., 2019).

In summary, the publications evaluated in the anaerobic
treatment systematic review are as follows. For example, up-
flow anaerobic sludge blanket (UASB) reactors have been used
effectively in full-scale wastewater treatment. Meanwhile, the
UASB is the most effective treatment technology for soluble
contaminants. A COD reduction of 77%, a BOD reduction of
87%, a TSS reduction of 47.1%, a TDS reduction of 57%, an
oil and grease reduction of 92%, and a chloride reduction of
49.8% are the effluent removal rates for UASB from dairy
wastewater (Kim and Shin, 2010; Gotmare et al., 2011;
Passeggi et al., 2012; Thenmozhi and Uma, 2012, 2013; Chen
et al., 2014; Couras et al., 2015; Elangovan and Sekar, 2015;
Banu et al., 2015; Lavanya and Jodhi, 2016; Picos-Benitez et
al., 2017; Batubara et al., 2018; Zhuang et al., 2018; Gundkal
et al., 2019; Heydari et al., 2019; Jin et al., 2019; Yang et al.,
2019; Lim et al., 2020; Mainardis et al., 2020).

In the dairy wastewater treatment process, stirred tanks are
the most commonly employed form of the reactor. A stirred
tank usually has one or more impellers installed on a shaft, baf-
fles, and other internals such as spargers, coils, and draft tubes.
Numerous parameters, such as tank and impeller shapes, tank
aspect ratio, number, type, location, and size of impellers, de-
gree of baffling, provide unrivaled flexibility and control over
the performance of stirred reactors while also posing signifi-
cant challenges to their design and scale-up (or scale-down)
(Kumari et al., 2019).

For a decrease in BOD, COD, and VSS of dairy effluent,
a biofilm support media consisting of fire bricks, gravels, PVC
rings, bamboo rings, and foam cubes in batch 5 and repeated
batch culture systems to immobilize biomass. The characteris-
tics and type of the support material are related to the effective-
ness of COD elimination. Anaerobic fixed film biotreatment
has the efficiency of removing COD by 96%, BOD by 93%,
and VSS by 90% (Qazi et al., 2011). The biohydrogen produc-
tion in the CSTR and methane in the AFBR has shown an
increasing trend despite the HRT extension. The CSTR had the
greatest biohydrogen yield at 115.2 (+ 5.3) L H2/kg VSadded,
while the AFBR had the highest methane output at 334.7 (£
18.6) L CH4/kg CODageed (Yeshanew et al., 2016).

The best parameters for dairy wastewater treatment were
COD: N: P ratio (1000 : 80 : 5), OLR (0.08 kg/m? hr.), aeration
duration (40 min/hr.), MLSS (7500 mg/l), F : M ratio (0.0286
kg, COD/kg MLSS d), and HRT (6.33 hr.). Under these condi-
tions, achieved values include: MLSS (3610 mg/l), MLVSS
(2450 mg/l), SVI (110.8 ml/g), and turbidity (29.82 NTU). Ac-
cordingly, the UAASB reactor’s integrated system provides an
efficient and controlled procedure for extracting nutrients from
industrial dairy effluent (Amini et al., 2013). The anaerobic di-
gester performed well since COD reduction was over 90%,
which was much better than the efficiency of pilot-scale anaero-
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bic digesters handling this kind of dairy wastewater (Vlys-
sides etal., 2012; Uma Rani et al., 2013; Debowski et al., 2020;
Tan et al., 2021). In the realm of anaerobic wastewater treat-
ment, granule sludge-based anaerobic systems predominate
(Karadag et al., 2015).

Sequential upflow anaerobic sludge bed reactors (UASBRS)
can lower the amount of alkalinity needed to treat dairy waste-

water by 0.05g OH/g CODagged, 71 ~ 100% for VFA, 50 ~ 92%
for COD, and 63 ~ 89% for fatty matter removal (Erdirencelebi,
2011). The purpose of utilizing a microbial consortium in or-
ganic waste is to convert it into biogas in a granular sludge
bioreactor known as an upflow anaerobic sludge-fixed film
reactor (UASFF). With a 97.5% COD reduction and a 98%
lactose conversion, UASFF effectively eliminates effluents

Table 3. Comparison of Pre-Treatment Techniques Performance on Dairy Wastewater

TSS COD BOD TN TP TS VSS VFA Methane

Reactor Y)\,/;:te HRT Reduc- Reduc- Reduc- Reduc- Reduc- Reduc- Reduc- Reduc- Q\ézrfgt?on PH References

tion (%) tion (%) tion (%) tion (%) tion (%) tion (%) tion (%) tion (%) (m¥/day)

UASB  Dairy - 56.54 87.06 94.50 - - - - 028~ 17935~ 6.9~ (Gotmare etal.,
waste- 0.43 125.55 7.1 2011)
water

SBR Dairy - 77.6 80.3 85.5 61.0 87.2 61.4 - - - - (Islam et al.,
waste- 2011)
water

SB- Dairy 1d 773~ 868~ - - - - - - - - (Abdulgader et

FFBR  waste- 99.3 97.5 al., 2020)
water

RBC Dairy 4d - 5048 ~ - - - - - - 45 ~58 - (Samadi and
waste- 80.11 Mirbagheri,
water 2019)

UASFF Dairy 2d - 97.5 - - - - - - - - (Najafpour et
waste- al., 2008)
water

AFFB  Dairy 12d - 96 93 - - - 90 - - - (Qazietal.,
waste- 2011)
water

SMBR  Dairy - - 98 - 86 86~89 - - - - - (Andrade et al.,
waste- 2014b)
water

SBBR  Dairy 8d - 81.8 - - - - - - - - (Ozturk et al.,
waste- 2019)
water

Electro- Dairy 10hr - 99 - 97 95 - - - - - (Heidari et al.,

Fenton-  waste- 2021)

SBR water

Activat- Dairy - - 800~ - - - - - - - - (Emerald et al.,

ed sludge waste- 88.4 2012)
water

UASBR Dairy - - 50~92 - - - - - 71~100 - - (Erdirencelebi,
waste- 2011)
water

ABR & Dairy - - 98 - - - - - - - - (Jietal., 2020)

UASB  waste-
water

ASBR  Dairy - - 89.7 91 - - - - - - - (Dehghani et
waste- al., 2014)
water

Anaero- Dairy - - 798~ - 505~ - - - - - - (Lim and Fox,

bic filter waste- 86.8 80.8 2011)

& bio-  water

logical

aerated

filter

Biolog- Dairy - - 90.19 - - - - - - - - (Aziz and Ali,

ical waste- 2019)

trickling water

filter
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(Sivaprakasam and Balaji, 2020).

The two most effective processes for treating dairy efflu-
ent are a combination of an anaerobic baffled reactor and an
anaerobic sludge blanket that flows upstream. In the ABR treat-
ment process, for instance, proteins were first denatured and
coagulated into solids, which generated the ideal conditions for
sludge retention in the sludge bed of the UASB. Fats were sim-
ilarly adsorbed and degraded. The combined system success-
fully removed 98% of COD, significantly reduced extra sludge
from 3 to 5 amounts of sludge (t)/day to 3 amounts of sludge
(t)/month, and produced noticeable amounts of biogas. The
remaining contaminants in the effluent also fulfilled applica-
ble criteria (Ji et al., 2020).

Low-temperature ASBR may effectively treat household
wastewater that has low strength. As temperature and HRT
dropped, the COD elimination decreased. This impact was af-
fected by the biomass concentration. Reduced biomass content
in the reactor led to lower system performance. Higher HRTs
are necessary for low-temperature and low-biomass environ-
ments. When the biomass concentration constant at 9.604 g
VSS/L was employed, the ASBR performance was better under
all applied temperatures and HRTs. At 10 g VSSI/L, the system
attained a high COD removal effectiveness of more than 93%.
At 5 g VSS/L; however, the system’s performance fell off by
up to 33% (Wang et al., 2011; Dehghani et al., 2014).

Anaerobic filters are fixed-bed biological reactors having
one or more series-connected filtering chambers. The filter ma-
terial’s active biomass, which is affixed to its surface and breaks
down organic matter, traps particles when dairy effluent runs
by it(Jo etal.,2016). Utilizing mixed culture PnSB,a membrane
sequencing batch reactor was applied. This technique might be
effective for digesting large organic matter molecules like oils
and greases. Furthermore, PnSB thrives in anaerobic environ-
ments with ORPs ranging from 300 to 200 mV and pH ranging
from 7.0 to 7.5 (Kaewsuk et al., 2010). Multiple vertical baffles
with significant active microbiological mass are set in an anaero-
bic baffled reactor (ABR) to compel dairy wastewater to pass
through the baffles, over them, or under them, covering the
whole surface of the baffles and allowing contact between in-
fluent wastewater and biomass (Karadag et al., 2014).

3.1.1. Comparison of Pre-Treatment Techniques Performance
on Diary Wastewater

Table 3 analyzes the effectiveness of several pre-treatment
approaches in detail. SBR can reduce TSS by 77.6%, COD by
80.3%, BOD by 85.5%, TN by 61.0%, TP by 87.2%, and TS by
61.4% as a result. Meanwhile, BOD, COD, TSS, TN, and TP
removal are effective. SBR is typically used for equalization
and main clarity while having a minimal footprint. SB-FFBR has
a one-day HRT and can lower TSS by 77.3 ~ 99.3% and COD
by 86.8 ~ 97.5%. RBC has a 4-day HRT, a COD reduction ca-
pacity of 50.48 ~ 80.11%, and a medium methane generation
capacity of 45 ~ 58 m’/day.

Likewise, RBC has high contact time, good sludge setting
properties, and low sludge production. Besides, SMBR can re-
duce COD by 98%, TN by 86%, and TP by 86 ~ 89 %. In line

with this, SMBR has a high volumetric load possible, high ef-
fluent quality, lower sludge production, and a rapid rate of dete-
rioration. SBBR can reduce COD by 81.8% and has eight days
of HRT. Electro-Fenton-SBR has a high capacity of COD re-
duction by 99%, TN by 97%, TP by 95%, and can have a low
HRT of 10 hrs. Similarly, activated sludge can reduce COD by
80 ~ 88.4%. ABR and UASB can reduce COD by 98%.

Additionally, UASB may reduce BOD by 94.50%, COD
by 87.06%, VFA by 0.28 to 0.43%, TSS by 56.54%, and PH by
6.9 to 7.1 while producing 179.35 to 125.55 m® of methane per
day. With a 48-hour HRT, UASFF can cut COD by 97.5%.
AFFB can cut down, on 12 days of HRT, COD by 96%, BOD
by 93%, and VSS by 90%. UASBR can reduce COD and VFA
by 50 ~ 92% and 71 ~ 100%, respectively. ASBR can reduce
COD and BOD by 89.7% and 91%, respectively. Anaerobic
and biological aerated filters can reduce COD and TN with
respective efficiency ranges of between 78.8 ~ 86.8% and
50.5 ~ 80.8%. Finally, a biological trickling filter may reduce
COD in dairy effluent by 90.19%.

3.1.2. Advantages and Disadvantages of Pre-Treatment
Techniques

This section presents the main advantages and disadvan-
tages of each pre-treatment technique used in the dairy waste-
water treatment process. For example, despite its benefits, the
dairy industry uses aerobic biological treatment as a pre-treat-
ment method. However, due to its high lactose content and low
water buffer capacity, it is confined and has challenges with ef-
ficiency (Ahmad et al., 2019). Similarly, anaerobic biological
treatment has so many advantages; for example, the anaerobic
treatment uses less energy to function than aerobic treatment
does. There is a six to eight-fold decrease in biomass produc-
tion during the anaerobic phase compared to the aerobic period.
The cost of treating and discarding sludge is thereby signifi-
cantly reduced. Despite its advantages, anaerobic treatment has
issues with extended start-up times, resulting from preliminary
biomass adaptation, fat consumption, complicated substrate
breakdown, a quick pH drop, and a high concentration of fer-
mentable lactose. Moreover, a low subtract alkalinity and other
factors (Slavov, 2017).

Contrarily, many scholars have recorded a range of treat-
ment approaches to improve the efficiency, start-up time, ef-
fluent quality, and cost features of both aerobic and anaerobic
biological treatment. Given this, it is possible to overcome the
main drawbacks of aerobic pre-treatment procedures by using
the physico-chemical treatment approach as a refining stage
before the aerobic biological treatment process. For example,
the adsorption treatment method excels in physico-chemical
treatment because it effectively removes organic nutrients from
dairy effluent while reducing energy consumption and improv-
ing efficiency (Kushwaha et al.,2011; Birwal et al.,2017; Jyothi
and Bindu, 2017). Although, the pre-hydrolysis treatment tech-
niques can be used as a prior phase before the anaerobic biolog-
ical treatment process. To improve performance and reduce the
start-up period. For example, enzymatic hydrolysis is a promi-
nent pre-treatment method as a result of (90%) COD removal
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and high methane (biogas) production (4710 ml) (Mobarak-
Qamsari et al., 2012). Table 4 lists the benefits and drawbacks
of each pre-treatment method.

3.1.3. Major Features of Pre-Treatment Techniques
Table 5 summarizes the key components of each pre-treat-
ment technique. The activated sludge process (ASP) consists of

two tanks: an aeration tank and a sedimentation tank. Conven-
tional trickling filters (CTF) consist of a dosing rate system,
and the structure includes filter media, an underdrain system,
and a settling system. A typical rotating biological contactor
(RBC) includes circular discs, a horizontal shaft, and a sedi-
mentation tank. Also, a sequencing batch reactor (SBR) is a sin-
gle fill and draws system that comprises a tank, aeration, mix-

Table 4. Advantages and Disadvantages of Pre-Treatment Techniques

Categories Reactor type

Advantage

Disadvantage

Aerobic Activated sludge process (ASP)

Conventional trickling filters
(CTF)

Membrane bioreactor (MBR)

Rotating biological contactor
(RBC)

Sequencing batch reactors (SBR)

Anaerobic  Anaerobic digestion (AD)

Easy to operate.
Easy to install.
Odor free.
Light footprint.

Low energy requirement.

No especially skilled personnel required.
Relatively low maintenance requirements.
Reduce footprint and high efficiencies.

High removal efficiency.

High effluent quality.

High volumetric load possible.
High rate of degradation.

Lower sludge production.

More compact.

Low energy consumption.

High removal efficiency.

High contact time.

Low space requirement.

Low energy consumption.

Less operator attention.

Fewer maintenance requirements.
Ability to withstand shock or toxic load.
Good sludge setting properties.
Low sludge production.
Economical (low operating cost).
Easy to operate.

High treatment efficiencies are possible for
BOD, COD, TSS, TN, and TP.
Equalizations, primary clarification.
Small space requirement.

Small footprint.

Low flow application.

Common wall construction for rectangular tanks.

Easy expansion into modules.

Operating flexibility and control.
Controllable react time and perfect quiescent
setting.

Elimination of return sludge pumping.
Potential capital cost saving by eliminating
clarifiers and other equipment.

Low energy consumption.
High removal efficiency.
Less sludge production.
Methane/biogas production.
Less space requirement.

Less N and P required.

Lake of pathogenic organisms
Cost-effective.

Low effluent quality.

Higher sludge production.

Higher energy consumption.

Bulking.

Foam production perception of iron and
carbonates.

Low efficiency during winter.

Low treatment efficiencies for BOD, COD,
TSS, TN, and TP.

Low pathogen removal.

Process affected by climate conditions.
Less flexibility in operating conditions.
High cost of operation.

Membrane pollution.

Stress on sludge in external membrane
bioreactor.

Aeration limitation.

Membrane fooling.

Control of membrane fouling.

Odor problems may occur.

A highly skilled technical operator is
required for both operation and maintenance.
High protection is required from sunlight,
wind, and rain (especially against freezing in
a cold climate).

Contact media not available at the local
market.

Continuous power supply required.

High energy consumption.

A higher level of sophistication is required
compared to conventional systems.

Higher level of maintenance.

Potential of discharging floating or settled
sludge.

Potential plugging of aeration device.
Potential requirement for equalization.
Installed aeration power based on percent
oxic of the treatment time.

Batch feeding from storage or bioselecting
required to control bulking.

Low efficiencies regarding the removal of
toxic compound.

Issues with shock load of toxic compound.
Inhibition of the microorganisms.

Long start-up time.

The strict control of the operating condition.
Highly sensitive to loads and organic shocks.
Toxic compounds.
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Table 4 Continued

Categories Reactor type

Advantage

Disadvantage

Stirred tank reactors (STR)

Up-flow anaerobic filter reactors
(UAFR)

Membrane anaerobic reactors
(MAR)

Up-flow anaerobic sludge blanket
reactor (UASB)

Anaerobic sequencing batch
reactors (ASBR)

Anaerobic baffled reactor (ABR)

No biomass retention.

High removal efficiency.
Continuous operation.
Reasonable temperature control.
Simply adopts two-phase runs.
Easy to operate.

Easy to clean.

Cost-effective.

High removal efficiency.

Short HRT.

Stable against organic and hydraulic shock
loading.

Less sludge production and sludge stabilized.

No energy consumption.

Increase biomass retention.

High removal efficiency.

Methane/biogas production.

Low energy requirement.

Small space requirement.

Low sludge yield and well-stabilized sludge.

High efficiency for COD and nutrients.
High methane/biogas production.

No primary and secondary settlers.

Flexible control.

Low energy requirement.

Small space requirement.

Low sludge yield and well-stabilized sludge.
No especially skilled personnel required.

Low conversion per unit.
By-passing and channeling probably with
weak agitation performance.

Removal and cleaning of the clogged filter
media are difficult.

Risk of clogging.

Effluent and sludge require further treatment.
Low removal of pathogens and nutrients.
Requires expert design and construction.
High retention time.

Insufficient treatment efficiency for BOD,
COD, TSS, TN, and TP.

Low pathogen removal.

Skilled personnel required.

High corrosion problem.

Low flexibility in operating condition.
Scum formation on the surface.
Low-performance efficiency if overload.

Insufficient treatment efficiency for BOD,
COD, TSS, TN, and TP.

Low pathogen removal.

Heavy corrosion problem.

Low flexibility in operating condition.

ing equipment, a decanter, and a control system. A membrane
bioreactor (MBR) contains a membrane filtration tank and
suspended growth bioreactors.

Moreover, AD has a sludge heater, gas collector cover, up-
take tube, bottom draw-off pipe, and screw pump. STR usually
has one or more impellers installed on a shaft, baffles, and other
internals like spargers, coils, and draft tubes. Numerous param-
eters, such as tank and impeller shapes, tank aspect ratio, num-
ber, type, location, and size of impellers, and degree of baffling,
provide unrivaled flexibility and control over the performance
of stirred reactors while also posing significant challenges to
their design and scale-up (or scale-down). AFR contains filter
materials (ceramics, glass plastics, or wood). MAR contains mem-
brane filtration tank, and anaerobic bioreactor. UASB contains
sludge blanket, gas-solid separator, influent-distributor, and
effluent withdrawal system. ASBR includes batch-fed, batch-
decanted, and suspended growth system. Finally, the ABR
number of the UASB reactor is connected in series.

3.2. Post-Treatment Techniques

Table 6 summarizes the journal name and year of publica-
tion of the included reviews in post-treatment approaches.
8.333%, 14.583%, 22.917%, 20.833%, 22.917%, and 10.417%
of such reviews were published in 2010 ~ 2011, in 2012 ~ 2013,
in 2014 ~ 2015, in 2016 ~ 2017, in 2018 ~ 2019, in 2020 ~

2021, respectively. The most high-quality by-product, which
can be reused in the system or public, is obtained from post-
treatment techniques. Although a lot of researches have been
performed on post-treatment techniques for dairy wastewater
treatment, considering appropriate wastewater treatment tech-
niques is still essential.

Adding substances like ferric chloride or polymer to
wastewater to destabilize the colloidal components and encour-
age the tiny particles to aggregate into bigger settleable flocs is
a common practice in the treatment of water and wastewater,
known as coagulation-flocculation (Rivas et al., 2010; Ayeche,
2012; Wolf et al., 2015; Teh et al., 2016; Mateus et al., 2017;
Formentini-Schmitt et al., 2018; Iwuozor, 2019). Changing the
pH and using a few strong chemical coagulants are some of the
options to treat dairy wastewater. These coagulants dissolve any
emulsions formed by cleaning chemicals and sanitizers. Cer-
tain chemicals also precipitate solids and lipids (Benaissaetal.,
2014; Loloei et al., 2014; Dela Justina et al., 2018; Suman et
al., 2018; Kurup et al., 2019; Muniz et al., 2020, 2021).

Flocculation is a method that enhances particle connection,
which expands aggregates and makes them simpler to be re-
moved. The technique is frequently employed in dairy waste-
water treatment facilities and may also be used to process sam-
ples for monitoring purposes (Shabna Banu and Meena John,
2017). Adsorption has an efficient performance for treating
dairy wastewater with a high concentration of phosphorus. Be-
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Table 5. Major Features of Pre-Treatment Techniques

Categories  Reactor type

Features

Aerobic Activated sludge process (ASP)

Conventional trickling filters (CTF)

Rotating biological contactor (RBC)

Membrane bioreactor (MBR)

Sequencing batch reactors (SBR)

Anaerobic  Anaerobic digestion (AD)

Stirred tank reactors (STR)

Anaerobic filter reactors (AFR)
Membrane anaerobic reactors (MAR)

Up-flow anaerobic sludge blanket reactor (UASB)

Anaerobic sequencing batch reactors (ASBR)

Anaerobic baffled reactor (ABR)

Aeration tank.

Sedimentation tank.

Dosing rate system.

The structure contains filter media (20 ~ 100 mm diameter).
An underdrain system.

A settling system.

Circular discs.

Horizontal shaft.
Sedimentation tank.
Membrane filtration tank.
Suspended growth bioreactors.
Tank.

Aeration.

Mixing equipment.

A decanter.

Control system.

Sludge heater.

Gas collecting cover.

Uptake tube.

Bottom draw-off pipe.

Screw pump.

Impeller mounted on the shaft.
Baffles.

Spargers.

Coils.

Draft tubes.

Filter materials (ceramics, glass, plastic, or wood).
Membrane filtration tank.
Anaerobic bioreactor.

Sludge blanket.

Gas — solid separator.

Influent — distributer system.
Effluent withdrawal system.
Batch-fed.

Batch-decanted.

Suspended growth system.
Number of UASB reactors connected in series.

cause of their superior removal effectiveness concerning their
adsorption capabilities, agricultural-based adsorbents will be
a competitive economic option for relatively expensive com-
mercial carbon in dairy wastewater treatment. For example,
an efficient way to reduce COD by 72.8% and BOD by 76.75%
is to use a mixed bed stationary phase with CSAC and laterite
in a 1:1 ratio (CSAC to laterite). Moreover, in a 2:1 proportion,
it functions effectively to remove COD by 75.3% and BOD by
79.69%. Finally, in a 1:2 proportion, it is productive to re-
move COD by 80.65% and BOD by 81.09% (Moradi and
Maleki, 2013; Karale and Suryavanshi, 2014; Afolabi et al.,
2015; Al-Jabari, 2016; Kurzbaum and Bar Shalom, 2016; Al-
Jabari et al., 2017; Falahati et al., 2018; Choi et al., 2019; Al-
Ananzeh, 2021).

Similarly, the nanofiltration treatment technique, which
requires less energy and has a higher rejection rate than RO
and UF, is a promising technology for treating dairy wastewater.
In the meantime, NF has the effectiveness of recovering high-
quality dairy effluent that can be recycled (Luo et al., 2010; Luo
and Ding, 2011; Luo et al., 2012; Riera et al., 2013; Andrade et
al.,2014a,2015; Chen et al., 2015; Mulyanti and Susanto, 2018;
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Chen et al., 2018; Marszalek and Puszczato, 2020). A filtration
method is a microfiltration. During the treatment of dairy
wastewater, macromolecular, colloidal, and suspended parti-
cles are concentrated, cleansed, and eliminated. A microp-
orous membrane with an applied pressure range of 0.1 to 2
bar removes various suspended particles or colloidal com-
ponents from an incoming fluid stream (Kumar et al., 2016;
Nagappan et al., 2018).

Ultrafiltration is a process that operates at low pressure and
removes colloidal and dissolved particles. There are two distinct
kinds of ultrafiltration techniques: polymer-enhanced ultrafil-
tration and micellar-enhanced ultrafiltration (Bennani et al.,
2014; Das et al., 2015; Zinadini et al., 2015; Li et al., 2018).
This technique combines a two-stage UF/NF process. The ul-
tracel PLGC ultrafiltration concentrated fat and protein during
the first stage. Reusing the NF retentate for anaerobic digestion
to create biogas is an option, while the second step aims to re-
move lactose from the retentate and reuse water from the per-
meate (Luo et al., 2011; Gong et al., 2012; Chen et al., 2016).

Such dairy factory effluent underwent reverse osmosis
after a preliminary evaluation of its stability during storage.
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Table 6. A Summary of the Names of the Journals and Year of Publication of the Included Reviews in Post-Treatment Techniques

2010 ~
2011

Journal name

2012 ~
2013

2014 ~ 2016 ~ 2018 ~ 2020 ~ Total

2015 2017 2019 2021

Desalination 1
Separation and Purification Technology -
Energy Procedia -
Journal of Water Process Engineering -
Advanced Journal of Chemistry-Section -
Water Air Soil Pollut -
Journal of Environmental Chemical Engineering -
Chemical Engineering Transactions -
International Journal of Advance Research in Science and -
Engineering

Applied Sciences -
Desalination and Water Treatment -
Bioresource Technology 1
Chemical Engineering Journal 1
Journal of Membrane Science -
Journal of Food Science and Technology -
Brazilian Journal of Chemical Engineering -
Environmental Technology -
Water Science & Technology -
Industrial & Engineering Chemistry Research -
International Journal of Environmental Health Engineering -
I0OP Conference Series: Earth and Environmental Science -
Science of the Total Environment -
Process Safety and Environmental Protection -
Journal of Agricultural and Food Chemistry 1
Environment, Development and Sustainability -
Ukrainian Food Journal -
Water -
Environmental Technology & Innovation -
Fullerenes, Nanotubes, and Carbon Nanostructures -
Pollution -
Environmental Engineering Research -
Applied Clay Science -

International Journal of Civil, Structural, Environmental, and -
Infrastructure Engineering Research and Development

International Journal of Global Environmental Issues -
Total 4

(8.333%) (14.583%)
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(22.917%) (20.833%) (22.917%) (10.417%) (100%)

Filtration performance was measured using permeate flux, wa-
ter recovery, and water quality. A 540 m? RO unit is required to
process 100 m*/d of wastewater while recovering 95% of the
water (Deshwal et al., 2021). This technique contains a sequen-
tial use of a combination of microfiltration and nanofiltration.
Besides, microfiltration and reverse osmosis within different
pressure levels for treating dairy wastewater (Bortoluzzi et
al., 2017). Dairy wastewater is treated using a two-stage com-
bination of nanofiltration and reverse osmosis. The first phase
treats chemical-biological effluents using nanofiltration as a
treatment technique. The original effluent is treated in the
second step using reverse osmosis (Hepsen and Kaya, 2012;

Kyrychuk et al., 2014).

3.2.1. Comparison of Post-Treatment Techniques Performance
on Diary Wastewater

Table 7 compares the performance of post-treatment tech-
niques in detail. As a result, a combination of coagulation/floc-
culation/sedimentation followed by microfiltration or nanofil-
tration (CFS-MF-NF) can remove COD by 96%, turbidity by
99%, color by 99%, and membrane fouling rate by 63%. Also,
MF-NF can remove COD by 51%, TKN by 58%, turbidity by
100%, and color by 96%. Alike MF-OR can remove COD by
84%, TKN by 94%, turbidity by 100%, and color by 100%. On
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the other hand, MBR-NF can remove COD by 99.9% and TS
by 93.1%. Inorganic coagulation (aluminum) can remove COD
by 68% and turbidity by 95%. Inorganic coagulation (ferrous
sulphate) can remove COD by 62% and turbidity by 95%. Co-
agulation and flocculation (FeSO4) can remove COD by 50%
and BOD by 60%. Coagulation (sludge) can remove COD by
65%, BOD by 67%, turbidity by 93%, TSS by 84%, and TDS
by 85%. Novel natural coagulant (guazuma ulmifolia) can
remove COD by 76.0%, BOD by 81.2%, and turbidity by
95.8%.

3.2.2. Advantages and Disadvantages of Post-Treatment
Techniques

Physico-chemical treatment has various benefits, includ-
ing efficiently removing suspended solids, colliding compo-
nents, and dissolved constituents in dairy wastewater treatment.
However, in physico-chemical post-treatment, there is high
sludge production, and high quantities of chemicals required
for pH corrections have a drawback. On the other hand, among
post-treatment strategies, the membrane treatment technique
has been identified as the most attractive method for dairy
wastewater treatment and recycling. As a result, numerous re-

searches focuse on enhancing the effluen’s performance and
quality by combining membrane treatment methods with other
treatment philosophies (Kaewsuk et al., 2010; Andrade et al.,
2013; Kumar et al., 2016; Bortoluzzi et al., 2017). In conclu-
sion, the membrane treatment technique has many advantages
for dairy industries, including less ecological footprint, reli-
able contaminant removal performance, low cost, and the pos-
sibility of renewable energy use (Sisay and L&szl6, 2021). How-
ever, membrane post-treatment, for instance, has a short mem-
brane lifespan, low selectivity and flux, linear up-scaling, and
concentration polarization membrane fouling. Table 8 lists the
benefits and drawbacks of each post-treatment technique.

3.2.3. Major Features of Post-Treatment Techniques

Table 9 summarizes the key components of each post-
treatment procedure. As a physico-chemical treatment tech-
nique, coagulation is made from different flash mixing ma-
terials such as hydraulic mixing using flow energy, mechan-
ical mixing, diffusers and grid system, pumped blenders, and
static mixer. Similarly, the flocculation system has two major
components: horizontal paddle wheel type and vertical floccu-
lation. Finally, absorption comprises three significant features:

Table 7. Comparison of Post-Treatment Techniques Performance on Dairy Wastewater

cob BoD TKN 1YY cor  Toc TS TDS
ity TS
Membrane
Reactor Waste type  Re- Re- Re- Re- Re- Re- Re- Re- fouling rate References
moval moval moval moval moval moval moval moval (%) Re-
oI (O B CO R (O B (O B CO NN (ORI (D oo
0
CFS-MF-NF Dairy 96 - - 99 99 - - - 63 - (Mateus et
wastewater al., 2017)
MF + NF Dairy 51 - 58 100 96 - - - - - (Bortoluzzi
wastewater etal.,
2017)
MF + OR Dairy 84 - 94 100 100 - - - - - (Bortoluzzi
wastewater etal.,
2017)
MBR + NF Dairy 99.9 - - - - - - - - 93.1 (Andrade
wastewater etal.,
2014a)
Inorganic Dairy 68 - - 95 - - - - - - (Loloei et
coagulation wastewater al., 2014)
(Aluminum)
Inorganic Dairy 62 - - 95 - - - - - - (Loloei et
coagulation wastewater al., 2014)
(Ferrous
sulphate)
Coagulation +  Dairy 50 60 - - - - - - - - (Rivas et
Flocculation wastewater al., 2010)
(FeSOu)
Coagulation Dairy 65 67 - 93 - - 84 85 - - (Suman et
(Sludge) wastewater al., 2018)
Novel natural Dairy 76.0 81.2 - 95.8 - - - - - - (Muniz et
coagulant wastewater al., 2020)
(Guazuma
ulmifolia)
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Table 8. Advantages and Disadvantages of Post-Treatment Techniques

Categories Type Chemical Advantages Disadvantages
Physico- Coagulation  Al2(SO4)s:18H.0 Simple to apply and handle. Adds dissolved solids (salts) to water.
chemical Usually used. Operative with a limited pH value range.
treatment Less amount of sludge production than
lime.
Operative between pH 6.5 ~ 7.5.
NazAl204 Operative in hard water. Often used with Al.
A small amount is commonly required. High cost.
Ineffective is soft water.
Al13(OH)20(SO)a-Clis  In some applications, Floc, formedisa  Not usually used.
denser and fast setting than aluminum.  Little full-scale data compared to other
aluminum derivatives.
Fe2(SO4)3 Operative within pH 4.6 and 8.8 ~9.2.  Adds dissolved solids (salts) to water.
Commonly require adding alkalinity.
FeCls-6H20 Operative within pH 4 ~ 11. Adds dissolved solids (salts) to water.
Consumes twice as much alkalinity as
aluminum.
FeSO4-7H20 Not pH sensitive as lime. Adds dissolved solids (salts) to water.
Commonly requires adding alkalinity.
Ca(OH)2 Usually used. pH dependent.
Very effective. High sludge production.
May not add salts to effluent. Overdose can result in poor effluent quality.
Flocculation - Process simplicity. High sludge production.
An expensive capital cost. Nondegradable nature.
Bacterial inactivation capability.
Good sludge settling and dewatering.
Adsorption Activated carbon. High effluent quality. High investment.
Synthetic polymeric. A highly effective process with fast Non-destructive processes.
Silica-based Kinetics. Non-selective methods.
adsorbent. Wide range of commercial products. Requirements for several types of adsorbents.
Wide variety of target contaminants.
Technological simplicity and process
simplicity.
Membrane Nanofiltration - Lower energy consumption. Membrane fouling.
treatment Higher rejection rate. Insufficient separation.

Reverse
0sSmosis

Microfiltration

Ultrafiltration

Simple dewatering process.

Low energy consumption.

No requirement for a complicated setup.
Low initial investment capital.

Low operating pressure is required.
Low energy consumption.

Low investment capital.

Not require energy-intensive phase

transitions.

Low energy consumption.

Simple structure.

Less space requirement.
Process simplicity.
Commonly used.

Treatment of concentrate.

Membrane lifetime and chemical resistance.
Insufficient rejection for the individual
compound.

The need for modeling and simulation tools.
Membrane fouling.

Membrane lifetime.

A low range of operating parameters (flow rate,
temperature, pH, and pressure).

Efficiency decreases as feed concentration
increases.

Reduced innovation.

Limited equipment option.

Reduced innovation.
Limited equipment option.
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Table 9. Major Features of Post-Treatment Techniques

Categories Reactor type

Features

Coagulation

Physico-chemical treatment

Flocculation

Absorption

Nanofiltration

Reverse osmosis

Microfiltration

Membrane treatment

Ultrafiltration

Flash mixing.

Hydraulic mixing using flow energy.
Mechanical mixing.
Diffusers and grid system.
Pumped blenders.

Static mixer.

Horizontal paddle wheel type.
Vertical flocculation.
Activated carbon.
Synthetic polymeric.
Silica-based adsorbent.
Polyacrylamide.
Polyamide.
Polyacrylamide.
Ceramics.

Polypropylene.

Ceramics.

Cellulose acetate.
Polysulfone.
Polyethersulfone.
Polyvinylpyrrolidone.
Polyacrylonitrile.
Polyvinylidene fluoride.

activated carbon, synthetic polymeric, and silica-based adsor-
bent materials. The membrane treatment technique is the sec-
ond post-treatment procedure. Meanwhile, these approaches
include polyacrylamide-based nanofiltration (NF). In addition,
reverse 0smosis (RO) comprises two components: polyamide
and polyacrylamide. Similarly, microfiltration (MF) contains
polysulfone, polyethersulfone, polyvinylpyrrolidone, polyacry-
lonitrile, and polyvinylidene fluoride.

4, Conclusions

Wastewater treatment procedures have two categories: pre-
and post-treatment. Physical, chemical, and biological pre-
treatment techniques are commonly employed to treat dairy ef-
fluent. Second, dairy wastewater post-treatment techniques in-
clude physico-chemical and membrane treatment approaches.
The findings suggest that despite substantial research on pre-
and post-treatment techniques, both have significant shortcom-
ings. Importantly, to reduce energy consumption and to im-
prove efficiency, the physico-chemical treatment, particularly,
the adsorption treatment is used as a refinement before the aer-
obic biological treatment. As a pre-hydrolysis treatment tech-
nique, enzymatic hydrolysis is a prominent pre-treatment for the
anaerobic biological treatment to reduce the start-up period. The
high-quality effluent can be achieved from dairy wastewater
treatment and the membrane treatment process. Finally, a combi-
nation of biological and physico-chemical treatment (e.g., ad-
sorption-aerobic), a combination of pre-hydrolysis and biological
treatment (e.g., enzymatic hydrolysis-anaerobic treatment), and

44

an integration of hybrid membrane treatment with different com-
binations (e.g., RO, NF, MF, and UF) are future research areas.

Abbreviations

ABR Anaerobic Baffled Reactor

AD Anaerobic Digestion

AFBR Anaerobic Fixed Bed Reactor

AFR Anaerobic Filter Reactor

ASBR Anaerobic Sequencing Batch Reactor
BOD Biological Oxygen Demand

CoD Chemical Oxygen Demand

CSAC Coconut Shell Activated Carbon

CSTR Continuous Stirred Tank Reactor

HRT Hydraulic Retention Time

MAR Membrane Anaerobic Reactor

MBR Membrane Bioreactor

MLSS Mixed Liquor Suspended Solids
MLVSS Mixed Liquor Volatile Suspended Solid
MRBC Membrane Rotating Biological Contactor
NF Nanofiltration

NTU Nephelometric Turbidity Unit

ORP Oxidation Reduction Potentials

PnSB Purple Non-Sulphur Bacteria
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PSF Polysulfone

PVC Polyvinyl Chloride

PVDF Polyvinylidene Fluoride

RBC Rotating biological contactor

RO Reverse Osmosis

SMBR Submerged Membrane Bioreactor
SVI Sludge Volume Index

TDS Total Dissolved Solids

TKN Total Kjeldahi Nitrogen

TN Total Nitrogen

TOC Total Organic Carbon

TP Total Phosphorus

TS Total Solids

TSS Total Suspended Solids

UAASB Up-Flow Anoxic-Aerobic Sludge Bioreactor
UASB Up-Flow Anaerobic Sludge Blanket
UF Ultrafiltration

VFA Volatile Fatty Acids

VSS Volatile Suspended Solids
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