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Abstract: Synthetic dyes are widely used in textile, printing, leather tanning, cosmetic, drug and food
processing industries. The printing and dyeing industry is considered as one of the most polluting industrial
sectors. The printing process is very versatile and includes printing on paper as well as printing on textile,
plastic and other materials. After the printing process is completed, various chemicals such as ethers,
alcohols, phenols, aldehydes, ketones, benzene, and esters are used in the cleaning procedure. Resulting
wastewater often contains a variety of solvents, surfactants, dyes, and other chemicals, thus greatly
increasing the difficulty of wastewater treatment. Improper discharge of printing and dyeing wastewater
into water bodies will have several effect, beginning with aesthetical issues followed by destruction of the
aqueous ecosystem due to light attenuation, oxygen consumption and toxicity effects. Therefore, it is very
important to find out and optimize printing and dying wastewater treatment techniques. Processes for dye
removal from wastewater can be physical, chemical, biological and more recently hybrid treatments.
Physical processes such as adsorption, based on mass transfer mechanism, are commonly used method
mainly due to ease of operation and high efficiency. Chemical processes including coagulation and
flocculation, advanced oxidation processes and electrochemical treatment are usually more expensive due
t chemicals use, equipment requirements and electrical energy consumption. However, these techniques
are destructive and may lead to total mineralization of dye molecules and accompanying pollutants.
Biological treatment is a low-cost and environmentally friendly process that produces less sludge. This
method has significant advantages but dye molecules are less prone to this kind of treatment as they are
made to be stable and reluctant. So, the adjustment and optimization of biological treatment, for dye
removal, is an ongoing field of research. In recent studies hybrid processes are gaining more attention,
combining different techniques. Integrating treatments, as a cost-saving and time-saving process, can
represent optimal solution for printing wastewater treatment.

Key words: printing dyes, wastewater management, wastewater treatment, decolourization,
mineralization

1. INTRODUCTION

Fast industrial development and overpopulation have caused serious contamination of the freshwater
resources with different kind of pollutants.. These organic and inorganic contaminants pose serious
health risks to humans and wildlife. Among these pollutants, dyes and pigments, as a large group of
pollutants, are of major concern. These substances are utilized in industries such as textile, plastic,
leather, paint, cosmetics, printing, and paper (Shah, 2018; Wazir, 2020). Around 10 000 types of synthetic
and natural dyes are produced every year all over the world which is roughly weighed in between 7x10°-
1x10° tons and a significant amount of dyes is wasted during manufacturing and application processes .
Large amount of chemicals and dyestuffs are remaining unused during textile dying and printing process
and is discharged as excess waste effluent into the environment (Chowdhury et al, 2020; Katheresan et al,
2018). Synthetic dyes and pigments released into the environment in the form of industrial effluents
causes severe ecological problems. This kind of wastewater is intensively coloured with varying degrees
of chemical oxygen demand. Neither simple chemical nor biological treatment alone has proved
adequate in decolourization and sufficient depletion of organic matter (Swaminathan et al, 2005).
Generally, printing and dyeing wastewaters are characterized by high pH value, low ratio of BODs/COD,
toxic and contain bio-recalcitrant compounds. Chemicals such as sulphur, naphthols, dyes, aromatic
amines, acetic acid, soaps, chromium compounds and heavy metals are identified in this wastewaters
making them highly toxic. As a result, treatment of this king of effluents is challenging from
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engineering aspect. Various approaches such as aerobic, anaerobic and anaerobic combined with oxic
biological treatments have been reported in wastewater treatment. Due to the inhibitory nature of many
compounds in these effluents for biological oxidation, pretreatment is often required and chemical
oxidation as well as adsorption and membrane technology are highlighted in treating and separating
complex organic compounds (Zhang et al, 2012; Zhu et al, 2018).

2. BIOLOGICAL AND PHYSICAL-CHEMICAL PROCESESS

Regarding biological process, activated sludge plays an essential role in decolourization and degradation
of dyes to inorganic products. Treatment efficiency of activated sludge depends on the characteristics of
the microorganisms involved in biological community. Specialized cultures are necessary for
decolourization of dyes. In recent years, with the development of molecular biological techniques, high-
throughput sequencing technology, which overcomes the limitation of conventional techniques, is
developed, become the most popular method for the evaluation of microbial community. Contaminants
and microorganisms involved in the printing and dying wastewater biotransformation process are
complicated. Finding the important functional bacteria is difficult if activated sludge is studied directly for
this kind of wastewater. Decolourization of, for example, azo dyes was firstly happened by the cleavage of
N-N bond , producing aromatic amines. Further on, to aromatic rings were remained after hydrolyzation
of, resulting in the formation of phenol and naphthol. Then ring opening reactions occurred by
introducing the atoms of O2 into the aromatic nucleus. Further mineralization goes towards end products
into CO2 and H20. For azo dyes genera of Enterococcus, Acidaminococcus, Bacteroides, Megasphaera,
Klebsiella demonstrated significantly positive relationships with cleavage of N-N , while Pseudomonas,
Anaerovorax and Longilinea played important roles in breaking the aromatic rings (Zhu et al, 2018).
Reverse osmosis process, are one of physical processes, that has been widely applied in printing and
dyeing wastewater treatment as it can effectively barrier various organic/inorganic contaminants and also
biological constituents. After being treated, a large proportion of influent stream can be reused directly in
printing and dyeing process, while the residual reverse osmosis concentrate (ROC) of printing and dyeing
wastewater, which is characterized by recalcitrant organics, high hardness and high salinity, cannot be
directly discharged and still remains serious environmental risks. On the other hand, the physical and
chemical treatments such as coagulation, membrane distillation and adsorption will eventually cause
secondary pollution and most of them come with a high waste disposal cost (Wang et al, 2018).

The adsorption process is one of the potential and efficient methods among all the possible techniques
for coloured effluent treatment due to its low initial investment, design simplicity and availability of low-
cost adsorbents. Low-cost and readily available natural bio-adsorbents are commonly applied for the
elimination of several kinds of pollutants from printing and dying wastewater. They have developed
specific surface area and functional properties. Bio-sorbents are considered possible substitute for the
costly and currently existing activated carbon for the uptake of the dyes from aqueous media. Removal
capacity can reach 40.89% to 69.76% with the decrease of initial concentration (Chowdhury et al, 2020).
Electrocatalytic technology has also been used for the treatment of pollutants that are more toxic and
difficult to handle. There are several advantages of the electrocatalytic technology, such as simple
equipment, easy operation, high removal efficiency, and little sludge generation. Among many kinds of
electrocatalytic materials, titanium dioxide (TiO2) is relatively cheap. Our research team has applied TiO:
electrode to treat two types. With nano-TiO:z electrode, dye and TOC removal efficiencies can reach 97%
and 56% after 160-min treatment, respectively. Under the same operation conditions but using two pairs
of electrodes, the removal efficiencies of TOC and dye were enhanced to 75.0% and 82.0%, respectively,
and could be further improved to 90.0% and 92% if the electrolytic effluent was polished by powder
activated carbon absorption (Tung et al, 2013). Development of alternate methods that can degrade toxic
organic compounds brought up ozone (Os) that becoming a versatile and environmentally sound
oxidation agent. Ozonation of water is a well-known technology and the strong oxidative properties of Os
have the ability to effectively oxidize many organic compounds. Due to its high electrochemical potential
(2.08 V), O3 is the strongest oxidant available and applicable as compared to H20; (1.78 V) and can react
with several classes of compounds through direct or indirect reaction. Oz leaves no toxic residues that
have to be removed or disposed. Ozone combinations are the most applied advanced oxidation processes
(AOP) enhancing the biodegradability of wastewater. Maximum dye and COD (87.8%) removal could be
achieved at an ozone dose of 4.33 mg/l at 30 min ozonation. In addition, Increase in the BODs/COD ratio
is observed after ozonation indicating that during ozonation biodegradability of reluctant printing and
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dying wastewater has increased. Besides ozonation, Fenton process is well known among AOPS that can
reach almost 100% of dye removal (Swaminathan et al, 2005).

3. PHOTOCHEMICAL PROCESSES

Printing dyes wastewater contains significant amount of dye, therefore, the energy of light may be
absorbed by organic molecule. As a result, the light penetration is limited to a thin layer. In order to
prevent this many techniques, which use natural or artificial radiation, are widely used in treatment
processes in order to provide cleaner water, some of them are described in this review.

3.1 UV/H:0: process

During the last decade, some researchers have reported the successful applications of the UV/H.0»
process of coloured wastewater treatment. Namely, when using hydrogen peroxide as oxidating agens
under UV radiation, hydrogen peroxide is directly photolyzed in to two hydroxyl radicals (Rosa et al,
2020). During this process, ultraviolet radiation is used to cleave the O-O bond in molekul of hydrogen
peroxide. Process of its photolysis is described by following reactions:

H,0, + hv — 2HO - (1)
H,0,+ HO - HO,+ H,0 (2)
H,0,+HO, —» HO - +H,0 + 0, (3)
2HO - H,0, (4)
2HO; — H,0, + 0, (5)
HO - +HO; — H,0 + 0, (6)

Reaction 1 is rate limiting when compared with other reactions that have much higher rate. Also, higher
initial dose of hydrogen peroxide provide more generated hydroxil radicals, but too much peroxide will
lead to reaction with hydroxyl radical and formation of HO2e (reaction 2). The major factors affecting this
process are the initial concentration of the target compound, the amount of H,02 used (beyond its
optimum limit the presence of H202 in excess will lead to scavenging action). Wastewater pH (pH values
2.5 - 3.5 are mostly used, but it really depends on the pKa of the target compounds), presence of
bicarbonate (the increase of bicarbonate anion concentration affected negatively its removal) and
reaction time. Process degradation kinetic rate is inversely proportional to the initial concentration of the
pollutant (Stasinakis, 2008).

3.2 Photocatalytic degradation

Photocatalysis is the process in which photoactivation of semiconductors is initiated by irradiation, with
electron-hole pairs appearing as a result of band gap excitation. Positive holes generated by light can
react with electron donors and generate hydroxile radicals (Alinsafi et al, 2007). Organic compounds
which include dyes, can undergo oxidative degradation through their reactions with valence bond holes,
hydroxyl and peroxide radicals as well as reductive cleavage through their reactions with electrons. The
most widely used metal oxide semiconductor is TiO2 because of its photocatalytic and strong metal
support interaction properties as well as, possibility of operating at ambient conditions, the lack of mass
transfer limitations when nanoparticles are used as photocatalysts and the possible use of solar
irradiation. Moreover, TiOz is a cheap, readily available material and the photogenerated holes are highly
oxidizing (Sajan et al, 2010), Ag (Kavitha et al, 2014), ZrO2 (Suresh et al, 2015), NiO (Suresh et al, 2015)
and MgO (Jorfi et al, 2016). In parallel, suspended composites begun to be used: TiO; impregnated with
5wt% Nb20s, magnetic ferrites [CoFe204] encapsulated by TiO2 (Aquino, 2010), TiO2 supported
molybdenum oxide catalyst (Sajan et al, 2010), Ag* doped TiO; (Sahoo et al, 2012), Zn090%/Ag10%
(Saravanan et al, 2013), TiO»/ZrO, (Das and Basu, 2015), TiO2/Sn0O: (Karthikeyan et al, 2015),
Zn0/15Zn2Sn04 (Danwittayakul et al, 2015), cerium doping TiO> (Touati et al, 2016), CulnSe: (Karthikeyan
et al, 2017). Recently, composites/nanocomposites have been increasingly used such as: copper
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sulfide/reduced graphene oxide (Saranya et al, 2015), ZnO/CdO (Saravanan et al, 2015), ZnO/Ag/CdO
(Saravanan et al, 2015) and iodine doped TiO2 (Barkul, 2017). Also, in the synthesis of the catalyst, it is
important to take into account its easy separation from wastewater due to their particle sizes sizes (for
example calcinated semiconductors) (Souza et al, 2017). Moreover, materials with good adsorption have
been added to photocatalysts — powdered active carbon (Dhas et al, 2015), Lewatit anion exchange resin
(Dhas et al, 2015), scoria coated with ZnO (Mahdizadeh et al, 2015), ZrO2, NiO and ZnO loaded activated
carbon (Suresh et al, 2015) and zeolite coated with TiO2 (Guesh et al, 2016).

3.3 Photo-Fenton process

The photo-Fenton (or photo-assisted Fenton) process involves the use of solar radiation or an artificial
radiation source, which increases the rate of contaminant degradation by stimulating the reduction of
ferric ions (Fe®) to ferric ions (Fe?*) (Parsons, 2005). This process shows high efficiency of oxidation of
organic pollutants and inactivation of microorganisms in wastewater (Villegas-Guzman et al, 2017). The
photo-Fenton process is a combination of iron ions, hydrogen peroxide and solar and UV-VIS radiation (A
<600 nm), which leads to higher production of hydroxyl radicals through the following reactions: 1)
reduction of Fe3* to Fe?* (7) and 2) photolysis of hydrogen peroxide at smaller wavelengths (8) (Pouran et
al, 2015).

Fe(OH)** + hv — Fe?* + HO' (7)
H,0, + hv — 2HO' (8)

The ferro ions formed by the photo-Fenton reaction will further react with hydrogen peroxide [Fenton
reaction] generating additional hydroxyl radicals, which will increase the rate of oxidation of the photo-
Fenton process, reduce iron consumption and sludge formation compared to the Fenton process (Pouran
et al, 2015).

In addition, research has shown that the use of iron species [ions, iron mixed with other species or other
complexes on a solid] support can: prevent sludge formation, overcome iron release into the effluent,
and overcome the challenge of range of operational pH and the challenge of iron removal from sludge
before discharge. However, modified clays, used as catalysts, such as (Yatmaz and Sen, 2018) zeolite
(Bokare and Choi, 2014) silica fabric (Moncayo-Lasso et al, 2008) resins (De Oliveira et al, 2007) and
Alumina (Clarizia et al, 2017) showed good results in treatment of dye removal. Moreover, a chelate can
be considered suitable for photo-Fenton process. Common iron-chelating agents are: citric acid, oxalic
acid, Ethylenediamine Tetra Acetic Acid (EDTA), Ethylenediamine-N,N’-disuccinic acid (EDDS),
Nitrilotriacetic acid (NTA). They can provide neutral conditions of the reaction and it is very important
that they are benign, resistant to oxidation in the medium of application and is able to generate HOe or
other reactive oxidants. It should also possess high iron-chelate complexation strength. As photo-Fenton
showed good results in dye removal, scientists investigated also non ferous catalyst such as are cerium,
copper, manganese, wich has to have multiple oxidation states to be adequate replacement for iron in
order to generate hydroxyl radicals from H202 at wide pH ranges, making the process appropriate for the
treatment of various dyes (Alinsafi et al, 2007).

4. CONCLUSIONS

No technique fully capable of satisfactory treatment exists since the nature of effluents from dying and
printing industries contains complex compounds. Various processes different in nature were applied in
research for treating this kind of effluents. High efficiencies od effluent decolourization is achieved, but
main problem that remains is mineralization degree of remaining effluents. Many scientific researches
are focused on biological treatments, while some of them had attended to chemical or physical
treatments. For further improvement, a combination of several treatments known as hybrid processes is
becoming a practice to gain the most efficient quality in the most economical way.
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