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The aim of the work was to determine the rational parameters of the malt plant wastewater
treatment from ferric compounds in a flow-through experimental bioreactor with the use of
duckweed. The main tasks of the study were as follows: to determine the effect of the initial
concentration of the ferrum, the amount of biomass introduced and the duration of the purification
process to reduce the content of ferric compounds in the wastewater.

The studies were carried out on existing sewage treatment plants. They used a semi-production unit
incorporated into the technology before the decontamination step.

The results show that the logarithmic nature of the biological process was detected in the concentration
range from 0.2 to 1.3 mg/dm3. Under these conditions, the rational values of the of the purification
process duration is found to be 3-8 h with the Lemna minor biomass value not exceeding 12 g/dm3.

It has been first demonstrated that the effect of sewage treatment from ferric ions in the bioreactor
with Lemna minor was up to 40% and depended on the initial concentration of the ferrum compounds in
water at the existing wastewater treatment plants at a semi-production unit for biological treatment of

wastewater from ferric compounds.
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The activities of food industry, in
particular malt production, include
technological processes of washing and
processing of raw materials, which result
in wastewater containing suspended solids,
dissolved organic, nitrogen and phosphorus
compound, ions of heavy metals, salts, etc.
above maximum admissible concentrations and
therefore need to be properly threaten before
being discharged into the natural water body.

The technological process of malt
production includes the following steps:
reception of barley grain, its cleaning, sorting
and soaking, germination of barley grains,
drying and reflection of sprouts, storage and
release of malt. As a result, wastewater with
a high content of organic matter, nitrogen,
phosphorus, etc. is formed. Also, wastewater
contains ferric compounds (III) bound to
organic substances in chelate complexes and
covalent bonds in water-soluble compounds
[1]. An additional source of ferric input to
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the water is the addition of FeCl; ferrous
coagulant in the wastewater treatment process
to increase the efficiency of precipitation of
activated sludge (due to its swelling) and the
purification of wastewater from phosphates.
A number of scientists studied the heavy
metal ions removal from the water of various
origin by duckweed Lemna minor [2—T]. At
the wastewater treatment, a high degree of
ion ferrous removal was obtained in 4—5 days,
which was 80 = 5% [4]. To date, no information
has been found on the effect of duckweed
planting density on the kinetics of the process
and on the degree of removal of iron ions from
water [8, 9]. L. minor has a high potential
for removal a wide range of pollutants such
as phosphorus, nitrogen, fluorine, copper,
manganese, arsenic, cadmium, chromium,
nickel, and ferrous from wastewater [2, 4,
10-13]. It is known that L. minor grows well
and is stable in an environment with organic
contamination and doubles its mass for
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5—6 days [14—16]. Duckweed can be fermented
with sludge in methane tank for biogas
production [17, 18].

The iron in wastewater may be presented
in the form of Fe (II), Fe (III), and ferrous
organic compounds [19]. Fe (IT) accumulates
in the form of an oxidized film Fe (III) on
the roots of plants due to oxygen release
from the roots [2]. The formation of such a
film promotes the adsorption of phosphorus
compounds from water [20]. The mechanism
of Fe (III) uptake into the duckweeds cell
occurs due to the preliminary reduction of
Fe (II) by ferric-chelate reductase at the
surface of the cell membrane and subsequent
transfer of Fe (II) into the cell by transport
protein [21, 22]. A chelating agent is required
for the process [23, 24]. In the presence of
heavy metals ions in the environment of
higher plants, phytochelatins are produced
in the form of peptide tails constructed
from y-glutamylcysteine on the cell wall
[25]. The mechanism is well studied in the
model organism Arabidopsis thaliana and is
characteristic of most plants, except herbs
[26, 27]. The partial absorption of Fe (III) ions
by the cell wall is possible, however, according
to the results of studies [28], the iron ions
is subsequently transported to the plant
by the above mechanism. Further, Fe (II)
accumulates in cells of the leaf’s mesophyll
and serves as a catalyst in the synthesis
of chlorophyll at the stage of formation
of aminolevulinic acid and the synthesis
of protoporphyrin. Iron is required in the
synthesis of cytochromes [29].

The aim of the work was to determine
the rational parameters of the malt plant
wastewater treatment from ferric compounds
in a flow-through experimental bioreactor
with the use of duckweed. The main tasks
of the study were to determine the effect
of the initial concentration of the ferum,
the amount of biomass introduced and the
duration of the purification process to
reduce the content of ferric compounds in the
wastewater.

To achieve the aim, the following objectives
were investigated:

1. To conduct a series of studies in a semi-
production experimental bioreactor for a
long time with the different technological
parameters (biomass of duckweed and
biofilm, wastewater flow) in the presence of
fluctuations in wastewater composition at the
inlet.

2. To analyze the experimental data
obtained and set rational process parameters.

Materials and Methods

Lemna minor was picked up from a
cultivator and grown in non-sterile conditions
with the following composition of water:
pH — 7.0; dissolved oxygen — 3.4 mg/l;
NH," — 1.84mg/l; NO,” — 0.74 mg/1; NO;~ —
28.74 mg/1; PO, — 3.84 mg/I.

The studies were carried out on existing
wastewater treatment facility. The chemical
composition of wastewater is shown in Table.
The wastewater at the facility undergoes the
following stages of purification: mechanical
sieves (from barley husk), averaging,
anaerobic-aerobic biological treatment in
anaerobic reactor, aeration tank, separation
of treated water and activated sludge in the
secondary sludge and further disinfection with
sodium hypochlorite solution and discharged
into the river.

A semi-production unit was used to
perform the research. The scheme of unit,
which was incorporated into the technology
before the disinfection step, is shown in
Fig. 1. For the wastewater supply, a system
consisting of the following elements was used:
existing tray 1 for wastewater disposal after
the secondary settling tanks; centrifugal
pump 2; waste water tank 3; overflow tube
4; connection tube 5. The flow rate was
established and regulated by a dispenser 6
in the range from 18 to 76 1/h. The 225.6 1
bioreactor 7 consists of 4 rectangular tanks
measuring 1 410x250x250 mm with water level
h =160 mm. The tubes are connected in series
with tubes 8. In the first container cartridges
are installed with fibrous carrier 9 in the
amount of 12 pcs. size 160x160 mm each. The

Malt plant wastewater composition

COD, SS, NH4+, NO, , NOs, P2053_, SO, , Fegep.s

Values PHI mg/l | mg/l | mgt | mg/l | mg/l | mgi | mg/d | mg/i
Before treatment | 6.8 2850 290 32.0 0.08 — 61 121 2.2
After treatment 7.0 115 24 1.5 0.02 30 10 34 0.9

Note: SS — suspended solids.
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scheme is shown in Fig. 2. Natural light was
used for the cleaning process.

The installation works as presented in
Fig. 1. The waste water from the tray 1
was pumped by the pump 2 into the tank 3.
The excess water was returned to the tray 1
through the overflow tube 4, thus ensuring a
stable water level in the tank 3. From there,
water through the wastewater tube 5 with a
dispenser 6 was fed into the bioreactor 7 with
a given steady flow rate. In the bioreactor 7,
the wastewater passes through sequentially
connected tanks, contacts the carrier 9 with
the microbial organisms immobilized therein,
and duckweed growing in the surface layer.
Wastewater is treated in the bioreactor.
Water is diverted by pipeline 10 into tray 1 for
further disinfection.

Sampling of wastewater was performed
from tank 3; at the outlet of the bioreactor
7 with fibrous media by means of a siphon
directly from the reservoir after the media
cassettes, to investigate the effect of the
purification process parameters on the degree
of decrease in the concentration of ferrum
compounds. Also, the samples were taken
at the outlet of the pipeline 10. During the
course of the study, wastewater flow rates
were changed to 19, 28 and 75 1/h and biomass
values were 12 and 25 per g/1 of water in the
bioreactor.

Determination of the ferrum concentration
in wastewater was performed according to the
standard colorimetric method with ammonium
thiocyanate. ULAB 102 spectrophotometer

250
%
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was used. The method is suitable for
measuring iron concentrations in the range
of 0.05 to 4.0 mg/1. According to the method,
the following steps were performed: 50 ml
of sample water is transferred into a heat
resistant conical flask. Then, for removal
of interfering organic matter in wastewater
sample, 1 ml of concentrated sulfuric and nitric
acids are added, stirred and gently evaporated
on an electric tile until thick acid vapors have
appeared (up to about 5—10 ml sample volume).
After cooling, 5 ml of dilute nitric acid (1:9)
is added to the evaporated residue and filtered
into a volumetric flask. Distiled water is added
to bring the volume of evaporated sample
to 50 ml. Then 2.5 ml of hydrochloric acid
solution is (1:1) added and stirred. Next, 5 ml
of 20% potassium rhodanide solution is added,
stirred and the optical density is measured at
a wavelength of A = 425 nm in a 5 cm cell for
concentrations of 0.05 to 1.00 mg/1 and 10 cm
is measured immediately (not later than 38 min)
for concentrations of 0.5-4.0 mg/I.

All experiments were performed in
triplicates. Statistical data analysis was
conducted using Microsoft Excel 2016
software. Difference between two mean values
was considered significant at P < 0.05.

Results and Discussion

According to the results (Fig. 2) it is
obvious that the decrease in the concentration
of the ferrum occurs in logarithmic
dependence, which indicates the increase of

10

Fig. 1. Scheme of semi-production experimental unit:
1 — tray for wastewater disposal after the secondary settling tanks; 2 — centrifugal pump; 3 — waste water
tank; 4 — overflow tube; 5 — plumbing tube; 6 — dispenser; 7 — bioreactor; 8 — tubes; 9 — fibrous carrier;
10 — drainage pipeline
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the purification effect with the increase of the
ferrum in the wastewater at the inlet of the
bioreactor. This can be explained by the fact
that some of the contaminants are likely to
be forms of ferum, which are strongly bound
to organic molecules that do not precipitate
or are removed by the plants. The sharp
increase in the degree of purification at high
concentrations of ferrum can be explained by
the presence of chelated complexes of ferrum
(IIT), which are restored on the surface of the
roots of the plant and sorbed by them [30], and
at a significant increase in concentrations —
the formation of ferric hydroxide.

Due to the constant change in the
concentration of pollutants in the wastewater

during the operation of the treatment
plant, it is impossible to compare the
degree of purification under different
technological parameters at certain constant
concentrations, but it is possible to compare
the approximate graphical dependencies. As it
was revealed from the obtained results, there
was no significant change in the degree of
sewage treatment of the malting plant from
ferric ions, while changing the wastewater
flow rate and biomass value, as is shown in
Fig. 3. It can be seen that all points, despite
the change in biomass and duration of the
purification process, show same logarithmic
dependence with the divergence within the
measurement error.

Fig. 2. Dependence of the ferric iron concentration Coutlet in wastewater after treatment on the ferric iron
concentration Cinlet before treatment in experimental bioreactor at the duration of purificationt=12h
and the value of biomass B = 24 g/1

Fig. 3. Dependence of the ferric iron concentration Coutlet in wastewater after treatment on the ferric iron
concentration Cinlet before treatment in experimental bioreactor at at all studied the durations
of purification and the values of biomass
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In this case, the question arises: is
wastewater treatment related to duckweed
biomass? The control experiment without
biomass of duckweed (Fig. 4) shows an
increase in the concentration of ferum, which
can be explained by the result of the flow
of the processes of the organic substances
decomposition with the recovery of ferric iron
into a ferrous form due to the processes of
anaerobic respiration of microbiocenosis [31].

Studies of the wastewater treatment plant
effluent at a semi-production plant over a 26-
day period showed a significant fluctuation in
the ferrous content in the inlet wastewater,
which is related to changes in wastewater
flow rate and their qualitative composition
due to the periodic nature of the technological
processes (Fig. 5). The minimum concentration
of ferrum at the entrance to the plant was
0.2 mg/l and the maximum — 1.4mg/l.

Fig. 4. Change in the concentration of ferrum (IIT) in a control experiment without biomass of plants at 3, 8
and 12 h of treatment

Fig. 5. Change in the concentration of ferrum (IIT) in wastewater at the inlet and outlet of the bioreactor
throughout experiment
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At the outlet of the experimental unit, the
treated wastewater had reduced amplitude
of oscillations except for the first three days
(as a result of the minimum concentration of
the ferrum at the entrance to the installation
during that period and incomplete operation
efficiency into the working mode due to the
period of duckweed and microbiocenosis
adaptation period). Also, the phenomenon
of duckweed biomass depletion was detected
after 13 days from the start of the installation,
after which the used biomass was replaced
with a new portion — from the cultivator.
The biomass replacement process was resumed
immediately after biomass replacement.

Conclusions

As a result of research carried out on
existing wastewater treatment plants at
a semi-production plant for biological
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BUKOPUCTAHHSA PACKH Lemna minor
JJIA TOOYHUIIMEHHA CTIYHUX BO/JI,
COJIOT0BOTO BABOAY
BIJI CIIOJIVK ®EPYMY

JI. A. Cabanii
M. C. Kopenuyx

Hamionansunuii Texuivamii
yHiBepcureT Y KpaiHu
«KuiBcbKU# OMiTeXHIUHUI iHCTUTYT
imeni Iropsa CikopcbKoro»

E-mail: korenchukmykola@gmail.com

Metoto poboTu 0yJI0 BUBHAUNTHU paIlioHATBHI
mapaMeTpyu OUUIIEeHHA CTIiYHUX BOJ COJOTOBOTO
3aBOJY BiJl cTIOJNYK (hepyMy B IPOTOYHOMY €KCIIe-
puMeHTaIbLHOMY OiopeakTopi i3 3acTocyBaHHAM
PACKOBUX i BCTAHOBUTHU BIJIMUB BUXIiAHOI KOH-
meHTpaIii gepymy, KiJIbKoCTi BHeceHol 6iomacu
Ta TPUBAJIOCTI IIPOIECY OUUIIIeHHA Ha SHUKEHHI
BMicTy crioryk hepyMy V CTiuHiit BOfi.

HociimxeHHs TPOBOAMIN Ha OYNCHUX CIIOPY-
Iax 0i0JOriuHOro OUMINEeHHS CTIUHUX BOJ COJIO-
IOBOTO 3aBOJY. 3aCTOCOBYBAJIN HAIIiBBUPOOHUUY
YCTaHOBKY, AKY OYJIO BBE€IEHO B TeXHOJIOTIIO IIepe]
eTaroM 3He3apaKeHHd.

Sk moKasyoTh oflep:KaHi pe3yabTaTH, B gia-
ma30Hi KOHIeHTpaIliil ioHiB pepymy Bix 0,2 1o
1,3 MI‘/I[Mg OyJi0 BUSBJIEHO JloTapu(MIiUHUN Xa-
pakTep Giosoriumoro mpoiiecy. BusBiewo, 1o 3a
X YMOB pallioHaJbHi 3HAUEHHS TPUBAJIOCTI IIPO-
Imecy ouuIleHHsa — 3—8 rof 3a HasABHOCTI 6iomacu
psacku Lemna minor se 6inbme 12 r/gm®.

VY pesyiabrari gociaimiKeHb, IPOBEAEHUX Ha
OUYMCHUX CIIOPYAAX AJA OUUIIEHHS CTIYHUX BOJ
COJIOIOBOTO 3aBOAY, sIKi OyJI0 BUKOHAHO Ha Ha-
MiBBUPOOHUUIH ycTaHOBIIL AJa OioJgoriuHoro mo-
OUUIIeHHA CTIYHUX BOJ Bix cmnoayk (depymy,
BIIEPIIIe BCTAHOBJIEHO, ITT0 e(heKT OUMNIIeHHA CTiu-
HUX BOJ Bif ioHIB pepyMy B 6iopeaKTopi 3 pACKOIO
Lemna minor carae 40% i sajgeXuTh Big BuxigHol
KOHIIeHTPAILii criosyK hepyMy y BOIi.

Knarmuwosi cnoea: criuni Bomu, OioJioriubme ouu-
IeHHs, ()epyM, PACKOBi, BOJOKHMCTE 3aBaHTa-
"KeHHs, COJIOLOBUI 3aBOJ.

HNCIIOJIb3OBAHHUE PACKH Lemna minor
OJIA TOOYUCTKHU CTOYHBIX BO/
COJIOJOBOI'O SABOIA
OT COEJJMHEHUMN JKEJIE3A

JI. A. Cabruil
M. C. Kopenuyx

HamnnonanbHBIA TeXHUUECKUHA
YHUBePCUTET Y KPauHBI
«KueBckuii mOJIUTEXHUUECKUIA HHCTUTYT
umenu Vrops CUKOpCcKOTo»

E-mail: korenchukmykola@gmail.com

ITenpro paboThl OBITIO OIpeneJieHUE pallu-
OHAJIbHBLIX [IaPaMeTPOB OUYMCTKU CTOYHBIX BO/I
COJIOZOBOTO 3aBOJa OT COEIUWHEHWHI Kejie3a B
MIPOTOYHOM 9KCIEePHUMEeHTaJbHOM OMOpeaKTope
C IpUMeHeHNeM PACKOBBIX U YCTAHOBJIEHUE BJIU-
AHUSA UCXOTHOM KOHIIEHTpPAIUU Kejie3a, KOJIU-
YyecTBa BHECEHHOUN O0MOMAacChl UM AJUTEIHLHOCTU
IIPOIlecca OUMCTKY HAa CHUYKEHIUE COIePIKAHUSA CO-
eIHEeHUH JKeJje3a B CTOUHOM BoJe.

WccnenoBanusa ocyIiecTBIAANNA Ha HeliCTBY-
IOIUX OUUCTHBIX COOPYIKEHUAX OMOJOTUUECKOI
OUMCTKU CTOUYHBLIX BOJ COJIOJZOBOTO 3aBoja. Mc-
TTOJIL30BAJIU TIOJIYIIPOU3BOACTBEHHYIO YCTAHOBKY,
KoTOopas Obljia BKJIIOUEHA B TEXHOJIOTHUIO Iepes
sTarmoM obe33apakMBaHUAd.

Kak cBugeTe bCTBYIOT MOJYUEHHBIE PE3YJb-
TaThl, B AMamas3oHe KoHIleHTpanuii or 0,2 mo
1,3 MI‘//I[M3 OBLT OOHAPYIKeH JorapuGMUUeCKUHi
xapaxTep 0MOJOTUYECKOTO IIpoliecca. BriaBieHO,
YTO IIPU JAHHBIX YCJIOBUAX PAIlMOHAJIbLHEBIE 3HAUE-
HUSA IIPOJOJIMKUTEIBHOCTH IIPOIECCa OUNUCTKHU —
3—8 u npu BeauuuHe 6romacchl Lemna minor He
Gomee 12 r/am®.

B pesynbTaTe mcciaeqoBaHUN OUUCTKHU CTOY-
HBIX BOJ COJIOJOBOTO 3aBOJia, KOTOPHIE OBLIM BHI-
IMOJIHEHBI Ha MOJYIPOU3BOACTBEHHON YCTAHOBKE
IJIs1 OMOJIOTMYECKOM JOOUMCTKM CTOUYHBIX BOJ OT
CcoeIMHEHUI JKeje3a, BIIePBbIe YCTAHOBJIEHO, UTO
9P PEKTUBHOCTH OUNCTKU CTOYHBIX BOJ OT MOHOB
JKeJie3a B OuopeakTope ¢ Lemna minor jocTuraet
40% u 3aBUCHUT OT MCXOAHOUN KOHIIEHTPAIUU CO-
eIHEeHUN jKeje3a B BoJe.

Knwouesvie cnosa: cTouHble BOIBLI, OMOJIOTHYE-

CKas OYNMCTKA, KeJjie30, PACKOBLIE, BOJOKHUCTAS
3arpysKa, COJIOJOBBIN 3aBOJI.
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