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Abstract: Proper management of water is a challenge for every individual but especially for
companies. Nowadays also legislation obliges companies to clean the wastewater before
being discharged into municipal public sewer especially if they use some chemicals or oily
elements in their production process. Construction of the wastewater cleaner depends directly
on the way of pollution, the amount of contaminated water and the energy demand of the
cleaning process. The paper deals with the construction of the wastewater cleaner, which is
based on the technology of electro-flotation for the treatment of water contaminated with
disperse colorants. The experimental work as well as the modelling using the statistical
methods proved the suitability of the chosen technology. Also, each colour combination
requires a specific time period for the water treatment. The authors determined the time
interval for cleaning the wastewater that was polluted with yellow colour to 33 minutes.
Finally, the wastewater cleaner that is based on the electro-flotation technology was included
in the company’s reverse logistics system.

Keywords: wastewater recovery; innovative treatment technologies; electro-flotation; reverse

logistics system

1. Introduction

Water, which is nowadays considered a strategic resource, is necessary not only for human wellbeing
but also for the ecosystem as a whole. To maintain the environment in a good condition requires the
involvement of each individual as well as a company, especially through its reverse logistics system.

Water conservation awareness is so important factor in behaviour of each individual that it directly
influences the water consumption in households. The awareness can be increased especially through
education and public campaigns. Two methods were used to survey the water consumption in
households of chosen villages in China [4]: questionnaire and water-use diary. Finally, the water-use
diary was proved as suitable observation method with accurate data. The data in questionnaire were
considered as perceived consumption. Discrepancies in actual and perceived water consumption
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point to the need to increase water consumption awareness in specific activities, such as for instance:
cleaning, personal hygiene, kitchen, etc.

There are still many places of drought, the very important question is what kind of water and how it
should be used for agricultural purposes. The literature review [7] tries to stress the tendency to use
the wastewater for irrigation purposes in agriculture. As every such tendency affects soil texture
properties, it is very important to be aware of what conditions must be fulfilled for the water quality.
Nowadays, especially microbiological risk is quantitatively evaluated.

The environmental ecosystem depends directly on the quality of water, but it also includes
mechanisms for getting involved directly in the cleaning process. Building technologies, which are
based on sustainability and recycling processes, is a crucial task for current research and development.
One of the ways how it is possible to make decision for a natural alternative to technical methods is
through the direct involvement of the plants into the process. The natural alternative is for instance
construction of wetlands for the purpose of wastewater treatment [21]. The method uses supply of
oxygen in the root zone for direct degradation of pollutants as oxidation plays an important role in
metabolism performed by microorganisms. Another material that is produced on natural base and is
important for water remediation is biochar [15]. Biochar is produced from biomass and it is used also
for carbon sequestration and soil remediation as well as its conditioning.

One of the relatively widespread contaminants are heavy metals [3], especially: lead, mercury,
cadmium, zinc, copper, nickel, cobalt, iron, manganese and chromium. Heavy metals occur mostly in
the form of natural minerals such as for instance: silicates, carbonates, oxides and sulphides. Testing
which substances are harmless and which are harmful to the human organism together with the
development of effective technologies for environmental remedy is a crucial role.

Although legislation obliges companies working with chemical substances to ensure that wastewater
was cleaned before being discharged into public sewers, some chemicals and, in particular,
pharmaceuticals appear in municipal wastewater [8]. Therefore, full-scale municipal wastewater
treatment plants must also focus on the removal of pharmaceuticals and some specific biologic
pollution from wastewater. Pharmaceuticals and micropollutants [2] as endocrine disrupting
compounds (EDC) may occur directly in effluents of a waste water treatment plant. Therefore the
water pollution control is necessary to monitor the concentration, especially in the places with the
aquatic environment. Bioreactor membrane (MBR) is often used for the treatment of wastewater with
a higher incidence of pharmaceuticals [17]. Membrane, which is used during the water treatment
through activated sludge process (ASP), is fouling quite often what means especially increasing
maintenance costs [5]. Prediction with dependency on parameter of mixed liquor quality might set the
optimum intervals to periodic application of chemicals to keep the membrane in the process.
Application of technologies such as disinfection, rapid sand filtration, flocculation and coagulation is
important in conventional drinking water treatment processes [14]. However the efficiency of
conventional technologies should be increased to remove organics such as oscillatoria limnetica and
microcystin toxins from sources of drinking water, which appeared for instance in the Nile River in
Egypt. Therefore, continuous monitoring of the quality of drinking water in treatment plants becomes
a necessity.

Technology of anaerobic digestion [18] is used for treatment of industrial wastewater which is
contaminated with high strength organic effluents. The anaerobic reactors were developed for
instance for the digestion of selected organic effluents from slaughterhouse, paper and distillery pulp.

The occurrence of triclosan, which is widely used as an antimicrobial agent, subsequently occurs in
the aquatic environment, lake sediments as well as surface waters [20]. Therefore it should be
monitored also in wastewater treatment plants.
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The problem of possible reuse of the wastewater effluent in textile industry was illustrated through
the technologies of ion exchange and chemical coagulation as well as electrochemical method [11]. To
increase the efficiency of electrochemical method, a certain amount of hydrogen peroxyde was added.

Disemination of nitroaromatic explosives into the environment [19], especially in the military as well
as the stone mining industry, may also cost a serious problem. The treatment methods for the
remediation of soil and water, which are contaminated this way, also require specific technologies.

Creating new technologies is sometimes linked to the detailed research of individual chemicals and
their interactions, such as proton-relays involving a water molecule [16]. Computing organic
stereoselectivity is one of the specific methods that are also used in the field of chemistry.
Nanofiltration and ultrafiltration are considered to be modern efficient technologies for the surface
water treatment [10]. A Swedish water treatment plant with a fully automated pilot is introduced.
Nanofilter and coagulation were used before an ultrafilter for the treatment of row water. One of the
advantages of the nanofiltration as well as ultrafiltration technologies is that the used installed
membranes require lower chemical consumption.

Use of iron oxide nanomaterials is a promising way in technologies for wastewater treatment [22].
However we can say that it is still in the early stage with respect to its possibilities in application. Iron
oxide nanomaterials are usually applied as photocatalysts and nanosorbents. The technology is
sometimes used only to increase the removal efficiency.

Another method for the water treatment is for instance photocatalytic ozonation [12] were various
metal oxide semiconductors were tested to increase the technology efficiency.

The analytical methods using solid-phase extraction, which was followed by liquid chromatography-
electrospray ionization tandem mass spectrometry, were used to test antimicrobials [13]. Finally
thirty-one antimicrobials were investigated in the final effluents from eight wastewater treatment
plants in Canada.

Hydrocyclone is introduced as technology to remove oily substances from offshore water [9].

A set of electrochemical technologies [6] is used for the water treatment. Depending on the type of
pollution and possible further use of water, the following technologies can be used: electrooxidation ,
electrocoagulation (EC), electrodeposition and electro-flotation (EF). Flotation as the method was
formerly used to obtain the valuable minerals from ores. Finally electro-flotation, together with the
other electrochemical technologies is used for deposition of organic as well as inorganic pollutants. In
our presented research we will stress the place of electro-flotation among the treatment technologies
with respect to its role and specification. Water treatment using the electro-flotation is included also
into the recycling process as an integral part of the reverse logistics system and was tested on the
wastewater contaminated with dispersed colorants. We will also follow our previous research [1]
regarding testing the level of the water clarity for setting the optimum time for the cleaning process.

2. Materials and Methods
2.1. Electro-flotation as a process

Electro-flotation, as one of electrochemical technologies, is based on the bubble creation. The bubble
size directly influences the effectivity of the treatment process. The bubbles are created during the
following electrolytic reaction:

Oxidation at anode:

2H,0 > 0, + 4H* + 4e~ 1)
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Reduction at cathode:
4H,0 + 4e~ » 2H, + 40H~ (2)
Overall reaction:

2H,0 - 2H, + 0, ©)

Figure 1 illustrates the meander shape of the electrode construction.

-+

+-

Figure 1. Shape of the electrode construction.

To make the electro-flotation process possible, oxidation agent should be present in the
mixture. In our experimental work the acetic acid in concentration of 1% was used as

oxidation agent.

During the cleaning process the bubbles bind the particles of dirty water and carry them to the
water level. Electro-flotation is mostly used to remedy the waste water contaminated with
some oil mixtures. Both bubble and dirt create concentrated foam on the water level. Figure 2

illustrates the electro-flotation process in details through the schematic representation.
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Figure 2. Detailed description the system of the electro-flotation process through the
schematic representation.

The water that is during the production process contaminated with some oily elements is
concentrated in the tank (1) with the pump to pour the water into the reservoir (2). The
contaminated water is in the reservoir stirred with acetic acid as oxidation agent to allow
electrolytic reaction. The acetic acid itself in concentration of 8% is stored in separate tank
(3). The process of electrofloating itself takes also place in a separate container: the flotation
tank (4). The polluted foam is wiped with the scraper (5) from the surface of the flotation
tank. Other system components include, in particular, process control elements, such as the
outlet valve (6) for pumping up the water to the flotation tank as well as outlet valve (10) for
purified water from the flotation tank and check valve (9). Pump (7) for pumping the water
into the flotation tank as well as pump (8) with the flow meter for the implementation of
acetic acid into the contaminated water and pump (11) for pumping of the purified water from
the flotation tank. Output filter (12) is checked against overfilling with overfill alarm (13).
Flotation tank (14) is also checked against overfilling with signaling (15) of the dirty water
level. Lower level (17) as well as upper level (16) of contaminated water in the tank is shown
too.

Contaminated water that contains acetic acid is pumped (18) for mixing. The water in the
vessels is controlled for its level through the following signalling: signalling (19) of filling up

with acetic acid, signalling (20) of the minimum level of acetic acid, signalling (21) of
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overfilling the tank with contaminated water, sensor and signalling (22) of the upper level in
the flotation tank, signalling for operation (23) of the flotator and signalling (24) of passing an
electric current through electrodes on the bottom in the flotation tank.

Finally, purified water is discharged through the outlet (25) into the municipal sewage system.

2.2. Electro-flotation as included into the company reverse logistics system

As legislation obliges companies to treat wastewater before being discharged into municipal
sewers, companies are forced to include the process of cleaning water from chemical
substances into their reverse logistics system. To solve the problem with wastewater that is
contaminated with the disperse colorants; the wastewater cleaner was constructed for the
company with the production of boxes for packaging purposes. The water is mostly dirty

because of the decoration of the boxes as well as the result of cleaning the machines.

The equipment of the wastewater cleaner was built according to the principles, which are
expressed in Figure 2 with the schematic representation. Figure 3 illustrates the whole

equipment with its individual parts.

p Blocking the siren

Output of the flotator

Figure 3. The equipment of the wastewater cleaner with its individual parts.
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Figure 4 shows the view on the equipment with the detail of the control box that is open. The
control box also includes an integrated circuit for coordinating control elements to direct the
water purification process.

Figure 4. View on the equipment of the wastewater cleaner with the detail of the control box

that is open.

After wastewater has been cleaned, the dirty foam of high concentration is formed on the
surface of the water. The foam, which is expressed in Figure 5, is collected and transported to
another company for further processing while the cleaned water is of such quality that it can

be discharged into municipal sewage.
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Figure 5. Output of the foam that is collected and transported into another company for

further processing.

2.3. Experimental laboratory work

In our research, modelling of the clarification processes of wastewater that was contaminated
with the disperse colorants was performed. The level of the water clarity was tested during the
treatment process. Figure 6 shows equipment for checking the level of the water clarity during

the flotation process in the phase of the experimental work.
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Figure 6. Equipment for checking the level of the water clarity during the flotation process.

Testing the clarity level is very important as water should be discharged into municipal
sewage in the phase of the highest cleanestness. The experimental device comprises flotator
that is placed in the protective metal container (10). Stainless steel electrodes (3), which are
expressed in Figure 7, with electrical current connection (11) enable the flotation process

running. The dirty foam (5) accumulates on the top of the flotator.

As water can not be tested directly in the flotation tank, it is monitored in the special syringe
(1) to which the water is supplied via silicone tubing (6), (7). . The detail of syringe (1) is
expressed in Figure 7. The water clarity is monitored by measuring the transmitted light
intensity as the water passes through the syringe. The gear pump (4) feeds water from the
flotator into the syringe that is placed through a tube (8) that protects from external light
during testing. The test itself is carried out in tube (8) via seven transmitting LED diodes and
the receiving (2) PIN diode SFH203. Precise 24-bit A/D converter (9) measures the voltage of
the photodiode.

During testing, the intensities of the light passing through the measured sample are gradually

switched and evaluated. The transmitting diodes have the following wavelengths: 400nm for
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ultraviolet, 470nm for blue, 530nm for green, 580nm for yellow, 595nm for orange, 630nm

for red and 950nm for infrared.

The schematic representation for controlling of the equipment for the wastewater cleaner
running is illustrated in Figure 9. The equipment is placed in the control box (Figure 4) of the

wastewater cleaner.

Figure 7. Detail of syringe (1) through which the intensity of the transmitted light is
measured.

Figure 8. Flotator with the illustration of stainless steel electrodes (3).
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Figure 9. The schematic representation for controlling of the equipment for the wastewater

cleaner.
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3. Results and Discussion

As the time needed to clean the wastewater during the flotation process is specific for each of
the individual colours, the experimental work should be done according to used colour
combination. The manuscript comprises testing for the yellow colour. Figure 10 comprises
graphic representation of the voltage at the photodiode for the yellow colour at each of the
wavelengths for which the measuring was performed. The measurement was conducted every
150 seconds.
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Figure 10. Graphic representation of the voltage at the photodiode for the yellow color at each
of the wavelengths.

The light transmittance was determined for the results of measurements at each of the
wavelengths according to the following formula (4):

LT; = 100 + - (4)

R

where

i ... expresses the point order,

LT: ... light transmittance in the individual point by order that is expressed on the main y-axis,
Ui ... voltage in the individual point by order,

Ukr ... expresses the reference voltage for the clear water that is specific for each wavelength.
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Time ¢ of measurement in the interval of 150 seconds is expressed on x-axis.

The difference, which is expressed on the minor y-axis, was determined according to the
formula (5) as the light transmittance in the following point, minus in the previous point:

Difference = LT;,; — LT; (5)

The trend line was constructed to express the light transmittance tendency individually at each
of the wavelengths using the statistical method of the regression with the polynomial curve
fitting (6).

y = agx® + asx® + ax* + azx® + ayx? + a;x + a, (6)

Index of determination R was set too for every of the cases. All results for the coefficients as,
as, a4, as, a2, a; and ao as well as the values of index of determination R’ are arranged in Table
1. The values were managed using the program system Excel.
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Figure 11. Graphic representation of light transmittance with the polynomial trend line and
difference during testing the wastewater with yellow colour at the wavelength of 400nm.


http://dx.doi.org/10.20944/preprints201712.0147.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 21 December 2017 d0i:10.20944/preprints201712.0147.v1

100 18

L 16
80 - L 14

- 12

\ 10

[« =]
Difference

Light Transmittance [%]

o N A

0 5 10 15 20 25 30 35 40
Time [minute]

=+=Light Transmittance [%] -e-Difference —Polynomicky (Light Transmittance [%)])

Figure 12. Graphic representation of light transmittance with the polynomial trend line and
difference during testing the wastewater with yellow colour at the wavelength of 470nm.
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Figure 14. Graphic representation of light transmittance with the polynomial trend line and
difference during testing the wastewater with yellow colour at the wavelength of 530nm.
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Figure 15. Graphic representation of light transmittance with the polynomial trend line and
difference during testing the wastewater with yellow colour at the wavelength of 580nm.
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Figure 16. Graphic representation of light transmittance with the polynomial trend line and
difference during testing the wastewater with yellow colour at the wavelength of 595nm.


http://dx.doi.org/10.20944/preprints201712.0147.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 21 December 2017 d0i:10.20944/preprints201712.0147.v1

00 -
A\
80

70 - - 10

28 8 g 3
"N
(=]
Difference

Light Transmittance [%]

0 ! T T T T T T L} 0
0 9 10 15 20 25 30 3 40

Time [minute]

=+-Light Transmittance [%] =-e=Difference —Polynomicky (Light Transmittance [%])

Figure 17. Graphic representation of light transmittance with the polynomial trend line and
difference during testing the wastewater with yellow colour at the wavelength of 630nm.
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Figure 18. Graphic representation of light transmittance with the polynomial trend line and
difference during testing the wastewater with yellow colour at the wavelength of 950nm.
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Table 1. Coefficients as, as, a4, a3, a2, ai and constant ao as well as the values for index of
determination R? of the formula (6).

Coefficients
Wavelength | R’ as as a4 as a: ai ao
[nm]
400 0.999 0.000001 -0.0001 0.0041 | -0.0611 | 0.3881 -0.7484 | 0.097
470 0.9993 | 0.000002 -0.0002 0.0069 | -0.1087 | 0.7347 -1.6178 | 0.2643
530 0.999 0.000001 -0.0001 0.0042 | -0.0637 | 0.5142 -0.8516 | 0.5235
580 0.9992 | 0.000001 -0.0001 0.0044 | -0.0662 | 0.5625 -0.5594 | 0.5803
595 0.999 -0.0000000004 0.00001 -0.001 0.0212 | -0.0566 2.0859 1.6042
630 0.9994 | -0.0000001 0.00002 -0.0012 | 0.0225 | -0.0704 2.7329 1.9756
950 0.9999 | -0.0000001 0.0001 -0.0055 | 0.1516 | -2.2372 17.551 32.214

Using the iterative method we can determine when (for which value of ¢) the differences of
light transmittance according to formula (5) differ slightly from the previous one. According
to the obtained results we can set the proper time when the water is clean enough to be
discharged into the municipal sewage. The differences (5) are very clearly displayed on the
graphical characteristics according to which the most suitable cleaning time for the yellow
colour is 33 minutes.

4. Conclusions

For including the wastewater cleaner into the company's reverse logistics system, it should
meet the criteria such as: the way of pollution, the amount of contaminated water and the
energy demand of the cleaning process, according to company specifications. The results of
the experimental work as well as the modelling show that the wastewater cleaner meets the
criterion of efficiency in cleaning waste water contaminated with disperse colorants. The
wastewater cleaner is constructed for water in the amount of thousands of litres per period of
cleaning process. The energy demand of the cleaning process does not mean high costs for the
company.

The experimental work also proved that the cleaning interval is specific according to the
mixture of colours. The time interval for the cleaning process was determined using the
measuring technique as well as the modelling for the contamination of the wastewater with
the yellow colour of the disperse colorants to 33 minutes.
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