UDC 665:628.33:628.316
DOI https://doi.org/10.32846/2306-9716/2021.ec0.4-37.6

IMPROVEMENT OF TECHNOLOGY OF INDUSTRIAL
WASTEWATER TREATMENT THE ENTERPRISES PRODUCING
VEGETABLE OILS

Kulikova D.V.

National Technical University «Dnipro Polytechnic»
D. Yavornytrskyi av. 19, 49005, Dnipro
kulikova.d.v@nmu.one

The wastewater composition of the enterprises producing vegetable oils includes a variety of organic and inorganic compounds,
including fatty substances. Depending on the conditions of formation and composition of wastewater, fats can be in the form of a fatty
phase, which forms a thin film on the surface of the liquid, dispersed particles in water (emulsion) and be in a soluble state. Fats, enter-
ing to water sources, create favourable conditions for the development of many simple organisms and bacteria, which subsequently
cause secondary pollution of water bodies. In addition, wastewater, in which the permissible fat content is significantly exceeded,
causes serious damage to sewage systems. In the presence of increased concentrations of fatty deposits in wastewater, the problem
arises of operating centralized sewage disposal systems and further wastewater treatment at special facilities. Therefore, it is extremely
necessary to neutralize wastewater before it is discharged from the treatment facilities of the enterprise, since further treatment takes
place on urban sewage systems, which receive wastewater according to strictly limited indicators, which become more and more strin-
gent every year. To date, the most common method is wastewater treatment from fatty substances using a mechanical grease trap. When
using grease traps as local treatment facilities, it is impossible to reduce the concentration of fats to the established standards only by
sedimentation methods. The article proposes to improve the technology of industrial wastewater treatment the enterprises producing
vegetable oils through the use of aerated grease traps and coagulants to reduce the fat content to the standard values, which are set by
water utilities for the purpose of further wastewater treatment in centralized sewage disposal systems. The introduction of the proposed
technology makes it possible to significantly reduce the fat content in wastewater after purification in aerated grease traps with the addi-
tion of coagulants, the final concentration of which will not exceed the approved standards — 10-20 mg/dm?. In addition, the content
of suspended solids and organic pollutants is reduced in wastewater after purification using the proposed technology. Key words: enter-
prises producing vegetable oils, waste water, fatty substances, aerated grease trap, coagulants, water quality standards.

YnockoHa1eHHs TeXHOJI0T il 04U eHHS BUPOOHMYMX CTIYHUX BOJ i ANPHEMCTB, 110 BHPOO/IAI0ThL pocsiHHi oJ1il. Kyiikosa JI.B.

Cxian CTIYHUX BOJ IMiAMPHEMCTB ONHHO-EKCTPAKIiIHOI IPOMHCIIOBOCTI MICTUTH Pi3HOMAHITHI OpPraHidHi Ta HEOPTraHIuHi CIIO-
JIyKH, 30KpeMa KHPOBi peHOBUHH. 3aJI€KHO BiJl YMOB YTBOPEHHS 1 CKIIaly CTIYHHX BOJ )KUPHU MOXKYTh OyTH Y BUIVISLI )KUPOBOI (a3,
II0 CTBOPIOE HA MOBEPXHI PiIUHMU ILUTIBKY, a00 AMCIEProBaHWX YaCTOYOK Y BOII (€MyJbCisl) Ta 3HAXOMUTUCH y PO3UMHHOMY CTaHi.
Kupu, HaIXOSIYU IO BOJHUX JDKEPEIT, YTBOPIOKOTH CIIPUATIUBE CEPEIOBHIIE T PO3BUTKY Oe3J1idi HAHMPOCTIINX OpraHi3MiB i 6ak-
Tepiil, sIKi 3r0ZI0M CIIPHYKMHIOIOTH BTOPUHHE 3a0pyIHEHHs BoJo#M. OKpiM TOTO, CTiYHI BOJIH, B IKUX BHUSABICHO IIEPEBUILECHHS T0MYCTH-
MOi HOPMH BMICTY >KHPiB, HAHOCSTH CyTTEBY IIKOAY KaHaTi3amiiHUM CHCTeMaM. 3a HasBHOCTI y CTIYHHX BOIAX KUPOBHUX 3aJIHIIKIB
y HiJBHUIIEHUX KOHLEHTPALIsSX BUHUKAE IPOOIeMa eKCIUTyaTallil CHCTEM LEHTPai30BAaHOTO BOIOBIIBEACHHS i MOAAJIBIIOTO OYUIICHHS
CTIYHUX BOJ Ha CIIEHiAIbHUX cHopyaax. ToMy BKpail HEOOXiTHO 3HEIIKOAUTH CTiYHI BOAW Hepex TXHIM BHITYCKOM 3 OYHCHHUX CIIOPY[
I APUEMCTBA, OCKIJIBKY MOAANIBINE OUUIICHHS BiJOYBaeThCS HA MICBKHX CHCTEMax KaHai3alil, ki MpUiMaroTh CTOKH 3a CTPOTO JIiMi-
TOBaHMMH TTOKa3HUKAMH, KOTPi 3 KOXKHUM POKOM CTAalOTh BCE O1IBIII >KOPCTKAMH.

HuHi HalinmommMpeHinmM METOIOM € OYMILEHHS CTIYHUX BOJ Bijl JKMPOBHUX PEUOBHMH 3a JOTOMOTOI0 MEXaHIYHOTO YXMPOBJIOBIIIO-
Baya. 3a 3aCTOCYBAaHHS B SIKOCTI JIOKQJIBHUX OYMCHHX CIIOPY/ XMPOBJIOBIIIOBAYiB HEMOXKIIMBO 3HU3UTH KOHIIEHTpaLii )KUPIB 10 BCTa-
HOBJICHHX HOPM TIJIbKH IIUISIXOM BiJCTOIOBAHHS. Y CTATTi 3allpONIOHOBAHO BJIOCKOHAINTH TEXHOJOTIIO OYHMIIEHHS BUPOOHHYHX CTO-
KiB OJIHO-eKCTpaKUiHHUX MiJIPUEMCTB 32 PaxXyHOK 3aCTOCYBAaHHS aepOBAaHHUX YKUPOBJIOBIIOBAYiB Ta KOATYISHTIB 3a1s 3HUKCHHS
BMICTY HPiB 10 HOPMaTUBHHUX 3HAU€Hb, 1110 BCTAHOBIIOIOTHCS BOJOKAaHAIAMH 3 METOIO HOANBIIOT 0OPOOKH CTIYHHUX BOJ Y CUCTEMAax
[CHTPAJIi30BaHOTO BOIOBIABCICHHS. BrpoBaykeHHS 3apONOHOBAHOT TEXHOJOTT TO3BOJIUTh 3HAYHO 3HU3UTH BMICT XHPIB Y CTIYHHX
BOZIaX MICJISI OYMIICHHS B a8POBAHMX KUPOBJIOBIIIOBAYAX 3 JOJABAaHHSAM KOATr'Y/ISHTIB, KiHIIEBa KOHIIEHTPALliS SIKMX HE ePEeBUIyBaTHMe
3arBepIpKeHHX HOpMaTuBiB — 10-20 mMr/am’. OKpiM TOTO, y CTIYHUX BOJAX ITICJIsl OUHMIICHHS 3 3aIIPOIIOHOBAHOI0 TEXHOJIOTIE 3HIKY-
€TBCSI BMICT 3aBHCIIMX PSYOBHH Ta OPTraHidHUX 3a0pyaHeHb. Knouosi ¢ioea: MiANPUEMCTBA ONTiHHO-eKCTPAKI[IHHOT IPOMHCIOBOCTI,
CTIYHI BOJH, )KUPOBI PEYOBHHH, a€POBAHHI KHPOBJIOBIIIOBAY, KOATYJISTHTH, HOPMATHUBH SIKOCTI BOJH.

Formulation of the problem. The food industry
is one of the strategic sectors of the economy, which
should ensure a sustainable supply of the population
with the necessary quality food.

Modern food production has a negative impact on
the ecological state of the environment, and its concen-
tration in large settlements — on the living conditions
and health of the population.

Food industry enterprises are characterized by high
specific water consumption and discharge of the heavily
polluted wastewater.

The composition of wastewater from food enter-
prises includes surfactants, fats, oils, lubricants, hydro-
carbons, organic acids, which when dissolved in water
are subject to biological oxidation [1]. These substances,
getting into water bodies, form a thin layer on the water
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surface, which prevents gas exchange between water
and the atmosphere and reduces the degree of oxygen
saturation of water.

Research topicality. Requirements for the content
of both organic and inorganic pollutants in surface water
and wastewater are very strict. This is due to the fact that
during their accumulation, sanitary and hygienic indica-
tors of water quality deteriorate.

The absence or imperfection of the industrial waste-
water treatment methods, and sometimes violation
of the rules for the protection of water bodies, is the rea-
son for their pollution with substances of various origins.

The problem of wastewater treatment from food
enterprises is quite acute; therefore this paper is devoted
to the improvement of methods for their purification
and increase of water quality, which is discharged for
further processing into the systems of centralized sew-
age disposal of the settlements.

Relation of copyright work with important sci-
entific and practical tasks. The maximum permissible
concentrations of pollutants discharged into the munic-
ipal sewage network, establish harsh requirements for
the qualitative composition of wastewater to receive
them from industrial enterprises and organizations
[2]. This is due to the fact that sewer networks can be
clogged, grown over with fatty deposits, and treatment
facilities purifying municipal wastewater cannot cope
with cleaning. Fats just belong to this category of pollut-
ants that affect the operation of municipal sewage net-
works and treatment facilities.

In the technological scheme of wastewater treat-
ment of enterprises producing vegetable oils, a separate
processing of fat-containing effluents is required. Their
pre-cleaning is mandatory before discharge of waste-
water in the city sewage network for further biological
treatment of production effluents together with munici-
pal wastewater.

The introduction of the proposed technology makes
it possible to significantly reduce the fat content in
wastewater after purification in aerated grease traps
with the addition of coagulants, the final concentration
of which will not exceed the approved standard values
which are set by water utilities with the aim of further
wastewater treatment in centralized sewage systems
of the settlements. In addition, the content of suspended
solids and organic pollutants is reduced in wastewater
after purification using the proposed technology.

Analysis of recent research and publications.
Facilities for primary (mechanical, physicochemical,
electrochemical) and secondary (biological) purification
are used for the wastewater treatment containing a sig-
nificant amount of organic substances [3, 4].

Mechanical treatment is used to extract insoluble
compounds from wastewater. Grids, sieves, sand traps,
sedimentation tanks, grease traps, and various filters are
used at this stage of purification [5].

Almost all enterprises producing vegetable oils have
workshop or yard grease traps for primary wastewater
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treatment [6]. Now the grease traps of various modifi-
cations are used. The duration of wastewater treatment
in them is from 15 to 30 minutes. The removal of fatty
substances is carried out using a mechanical and mech-
anized method.

Of the physicochemical methods of wastewater treat-
ment from fatty substances is most often used flotation,
sorption, as well as processing with reagents [7-9]. The
most often for the sewage treatment of the food industry
used the method of the pressure reagent flotation.

To increase the efficiency of wastewater treatment,
containing fatty substances before flotation, the method
of treating effluents by reagents is used. The wastewa-
ter treatment with coagulants and flocculants improves
the process of extraction of suspended particles and col-
loids by their concentration in the form of flakes (flocul),
with subsequent separation in systems settling, flotation
and/or filtration.

Despite the advantages, all the reagent methods are
characterized by general disadvantages, namely: the need
for reagents, low efficiency when there are several types
of pollution, sensitivity to changes in technology, diffi-
culties in the further implementation of products formed
after purification. This leads to the accumulation of fatty
deposits and, ultimately, to the shutdown of the treat-
ment facilities.

Currently, in addition to the physical and physico-
chemical methods of wastewater treatment, containing
in its composition of fats, the biological method based on
the activity of microorganisms — destructors of the fatty
substances is widely used [10].

Biological wastewater treatment has a number
of major advantages compared to other methods.
Microorganisms make a complete decomposition of pol-
lutants to gaseous products and water, thereby providing
a circulation of elements in nature. Thus, during bio-
logical treatment, unlike other methods, does not con-
centrate concentration of contaminants or their conver-
sion into another form. At the same time, the biological
methods are most economical, since with the exception
of large capital investments, practically do not require
costs during the operation of the facilities, and the main
component of biological purification is the active sludge
which has the ability to renew.

Selection of previously unresolved tasks of the gen-
eral problem. Conventional grease traps, which are
installed at the food industry enterprises, in most cases
do not provide required of defatting due to the special
conditions for the distribution of fat in the form of thin
layers on the water surface. The effectiveness of their
purification in the content of fat substances, even when
complying with the necessary sedimentation time is
approximately 40-50% [5].

Fats and organic pollutants that enter the centralized
sewage systems along with wastewater form deposits
on the inner wall of the pipes, which disrupt the unin-
terrupted and efficient operation of sewage network.
As a result, the throughput of pipes decreases, clogging
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and fat plugs constantly occur, emergency situations
are created, and treatment facilities cannot cope with
cleaning. In addition, the resulting fat plugs are a favora-
ble environment for the development of putrefactive
microorganisms that cause unpleasant odors. Therefore,
enterprises are forced to implement the regular clean-
ing of industrial sewage. That is why the water utilities
establish strict requirements for the quality composition
of wastewater, which is discharged into the municipal
sewer network from enterprises and organizations.

The purpose of the paper is to improve the technol-
ogy of wastewater treatment the enterprises producing
vegetable oils through the use of aerated grease traps
and coagulants to reduce the fat content to standards
that meet the requirements for the wastewater dis-
charge from these industrial facilities into the munic-
ipal sewage network.

The research novelty refers to improvement
of the technology of wastewater treatment the enter-
prises producing vegetable oils through to use of aerated
grease traps and coagulants makes it possible to extract
from wastewater not only fats of vegetable and animal
origin, but also suspended solids and organic com-
pounds, which are among the priority pollutants for
enterprises in this sector of the national economy.

Methodological or general scientific significance.
Compliance with the "Rules of wastewater reception
into the systems of centralized sewage of the settle-
ments" through the introduction of the proposed tech-
nology of wastewater treatment the enterprises pro-
ducing vegetable oils prevents the formation of fatty
deposits on the walls of pipes, ensuring the uninter-
rupted and efficient operation of sewage networks
and treatment facilities at the biological treatment sta-
tions of the municipal wastewater.

Outline of the main material. In the enterprises
producing vegetable oils, a large number of technolog-
ical operations are carried out, as a result of which dif-
ferent types of pollution are formed [11]. Wastewater is
formed from water separators and sludge evaporators
located in the extraction department, from grease traps,
departments of hydration, refining and oil packaging. In
the oil-pressed workshop, wastewater is formed when
cleaning of the oil on the separators. In addition, waste-
water is formed as a result of the condensation of water
vapor in capacitors and deflegmators.

The wastewater volume depends on the type
of the source of oil producing and technology, which
is used [12]. In the processes of producing and refining
of edible oil, may be formed to 1.5 m? of wastewater per
1 ton of oil.

Depending on the species, method, conditions
of processing of fatty raw materials and technological
operations, various types of fatty substances may be in
wastewater. The wastewater of the enterprises producing
vegetable oils include fatty acids, as well as glycerides,
gasoline, phosphatides, soaps, alkalis and other conco-
mitant substances [11].

Wastewater of the vegetable fats refining enterprises
for edible oil production consists mainly from emul-
sions of contaminated fats, stabilized soaps derived
from fats and fatty acids. In addition, the wastewater
contains organic acids and substances containing nitro-
gen, which, after neutralization, rot, forming hydrogen
sulfide from proteins that are decompose and sulfates
that are reduced [11].

Wastewater from enterprises producing vegetable
oils is cloudy, gray in color, and contains a suspension in
the form of flakes.

Wastewater odor is unpleasant, the oxidizability is low
(49-354 mgO,/dm?). The dry residue is 44-5000 mg/dm°.
The active reaction of the medium (pH) is 6-7,
the index of biological oxygen consumption (BOC;) is
300-520 mg/dm?, the fat content is up to 400 mg/dm’.
The fat is most often present in the form of vegetable
oils, small amounts of which cover the water mirror,
complicating re-aeration and dissolution of oxygen [12].

Adverse contaminants in wastewater from enter-
prises producing vegetable oils are the index of biolog-
ical oxygen consumption (BOC) and a large amount
of fats and suspended solids.

For enterprises which discharge wastewater contain-
ing fats after local treatment into the centralized sew-
age systems of the settlements, water utilities establish
maximum permissible concentrations (MPC) for fat
content [2]. As a rule, MPCs for fats are set in the range
of 10-20 mg/dm®. For exceeding of the discharge stand-
ards the penalties are imposed.

When grease traps are used as local treatment
facilities at the enterprises producing vegetable oils,
it is impossible to reduce the concentration of fats to
the established standards only by sedimentation. In this
case, the final concentration of fats at the outlet from
the grease trap is on average 50 mg/dm?®.

For enterprises producing vegetable oils, from
the point of view of the best available technologies with
respect to reducing the content of fatty substances in
industrial wastewater, two main directions can be dis-
tinguished [11].

The first direction is associated with the improve-
ment of existing technological processes through
the introduction of certain types of equipment, which,
with a sufficiently high output of the finished product,
can reduce emissions into the environment and the con-
sumption of various types of energy.

The second direction is associated with the intro-
duction of the technologies that completely exclude
the most dangerous processes in terms of the formation
of emissions and discharges.

The difficulty of solving the problem of indus-
trial wastewater treatment is due to the variability
of their composition, the variety of physical and chem-
ical processes underlying their treatment, large capital
and operating costs for the construction and mainte-
nance of treatment complexes and individual waste-
water facilities.
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The centralized sewage system of the city can
receive industrial waste water that does not disrupt
the operation of sewer networks and treatment facil-
ities, ensure the safety of their operation and can be
rendered harmless together with the municipal water
of the settlement in accordance with the requirements
and standards [2, 13, 14].

Requirements for the composition of industrial
wastewater [2], which are discharged into the municipal
sewer network, dictate the need to develop new treat-
ment schemes, to intensify the operation of existing
treatment facilities.

The latter can be ensured both by improving existing
constructions and by additional implementation of new
effective units in the technological scheme, which pro-
vide the necessary degree of wastewater treatment from
a certain pollutant.

To increase the efficiency of the treatment facili-
ties of the municipal sewer network, it is proposed to
improve the technology of the wastewater treatment
containing fatty substances at the enterprises producing
vegetable oils. Namely, the use of aerated grease traps
and coagulants.

Aecrated grease traps [15] are indirect flotation facil-
ities that effectively purified wastewater from cutting
fluids after washing parts and assemblies, demonstrate
a high degree of wastewater treatment from vegetable
and animal fats, oils, various petroleum products, sur-
factants, synthetic surfactants and other insoluble pol-
lutants, the specific gravity of which is less than the spe-
cific gravity of water. The facilities are also designed
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for wastewater treatment from sand, suspended solids,
rubbers and iron.

This facility can be used for wastewater treatment
of oil depots, oil refineries, oil and fat production
enterprises, meat processing plants, fish and dairy fac-
tories, etc.

The general scheme of a treatment facility with
an aerated grease trap is shown in Fig. 1.

The advantages of aerated grease traps include
the fact that they provide the highest cleaning level
among alternative options, economical. They also have
a significant service life, the lack of unpleasant odors.
In addition, the installation does not require frequent
cleansing.

Partitions which separate chambers of the facility
have a continuous perforation and can be disconnect for
cleaning as needed.

The chamber from which the purified water is dis-
charged is separated from other compartments the solid
partition. Water removal is carried out from the lower
level, where the cleanest water is located.

In aerated grease traps, air is used to intensify
the process of removal of lightweight substances from
contaminated wastewater. Air, passing through the layer
of wastewater, captures the fat particles and raises them
on the surface. In addition, the saturation of sewage by
oxygen contributes to the aerobic oxidation of organic
substances.

Flotation is applied additionally in this construction.
Due to this, surfactants, fats, petroleum products, resins
and others are extracted from wastewater.

Fig. 1. The general scheme of the treatment facility with
an aerated grease trap

1 — supply of wastewater containing fatty substances; 2 — pre-flotation and
sedimentation chamber; 3 — flotation chamber; 4 — thin-layer block; 5 — purified
water discharge; 6 — reagent injection points; 7 — sludge collection tray; 8 — saturator;
9 — primary sedimentation tank; 10 — secondary sedimentation tank
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The best results on the wastewater treatment contain-
ing fats and other organic pollutants, were achieved in
the aerated grease traps due to the additional use of coag-
ulants, namely chlorine iron (FeCl;) and aluminum sul-
fate (A1,(SO,),). The use of chlorine iron in doses of 300
mg/dm* with further deposition for 30 minutes makes
it possible to obtain a transparent liquid at the outlet
of the aerated grease trap [16].

It should be noted that the supply of wastewater to
the aerated grease trap and directly to the flotation is car-
ried out by different pumps (the supply of wastewater
can be carried out by gravity). This solution makes it
possible to increase the permissible concentration of pol-
lutants at the inlet to the treatment facility. This reduces
the risk of tripping pumps. For the supply of waste-
water, a fecal pump is selected, which is designed for
high concentrations of pollutants and for the implemen-
tation of the flotation process, a pump is selected that
ensures good mixing of oxygen with water. The resist-
ance of the flotation pump to contamination fades into
the background, because it operates in a chamber with
purified water. Thus, indirect flotation avoids excessive
mixing, emulsification of effluents at the inlet to the aer-
ated grease trap and improves the quality of the water-air
mixture on a separate flotation pump.

All this leads to an increase the efficiency of waste-
water treatment, in comparison with treatment facilities
that exist at the enterprises producing vegetable oils.
The efficiency of industrial wastewater treatment con-
taining fats in its composition after aerated grease traps
is 90-98%. In addition, in the wastewater after purifica-
tion in an aerated grease trap, the content of suspended
solids and the index of biological oxygen consumption
decrease (wastewater treatment efficiency is 80-95%
and 40-85%, respectively) [17].

Only after thorough pretreatment, wastewater
of the enterprises producing vegetable oils is sent to
municipal wastewater treatment facilities for further
biological treatment.

Conclusions. In the paper solved actual practical
problem, which is to improve the technology of waste-
water treatment the enterprises producing vegetable oils
through the use of aerated grease traps and coagulants to

reduce the fat content to values of maximum permissi-
ble concentrations, which are set by water utilities with
the aim of further wastewater treatment in the central-
ized sewage systems of the settlements.

The proposed wastewater treatment facility performs
three main functions: extraction of the fat dissolved in
water and sediments, which are in a suspended state;
reduction of the amount of organic pollution and bot-
tom sediments; the absence of the appearance of putrid
odors. These functions are the optimal set which allows
obtaining the maximum effect of the wastewater treat-
ment with minimum maintenance.

Indirect flotation facilities are well established as
a preliminary stage before biological treatment. In
addition to removing a significant part of the pollut-
ants, wastewater is saturated with dissolved oxygen,
as a result of which the oxidative processes in aera-
tion tanks and biological filters are intensified during
further biological wastewater treatment at the stations
of the municipal sewer network.

Thus, the improvement of wastewater treatment
technology containing fatty substances, at the enter-
prises producing vegetable oils, reduces the fat content
of more than 10 times (up to 2-10 mg/dm?®), which meet
the standards for discharge of wastewater at the stations
of the biological treatment of municipal sewage.

Perspectives for the further use of research results.
The introduction of the proposed technology of industrial
wastewater treatment the enterprises producing vegeta-
ble oils makes it possible to significantly reduce the fat
content in the wastewater after purification in aerated
grease traps with the addition of coagulants, the final
concentration of which will not exceed the approved
standards which are set by water utilities with the aim
of further wastewater treatment in the centralized sew-
age systems of the settlements. In addition, the content
of suspended solids and organic pollutants is reduced in
wastewater after purification using the proposed tech-
nology. In turn, this will prevents the formation of fatty
deposits on the walls of pipes, ensuring the uninterrupted
and efficient operation of the sewage networks and treat-
ment facilities at the stations of the biological treatment
of municipal wastewater.
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