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USE OF HIGHER CONCENTRATION OF ACTIVE SLUDGE
ORGANISMS FOR INTENSIFYING DAIRIES’
WASTEWATER TREATMENT PROCESS

O. Semenova, N. Bublienko, J. Smirnova, T. Tkachenko

National University for Food Technologies

L. Reshetnyak
National Aviation University

Key words: ABSTRACT
Concentrated wastewater The ecological state of food industry enterprises, namely the
Aerobic fermentation dairy plants, has been analyzed. The concentrated wastewater is
Chemical oxygen demand proved to carry substantial risk for water bodies. The
Culture liquid, separator effectiveness of the integrated anacrobic-aerobic technology to
Article history: treat wastewater of this category has been confirmed, which
Received 7.03.2013 includes the process of methane fermentation at the first stage
Received in revised form followed by further aerobic treatment in aeration tanks to
21.03.2013 indicators of sewage pollution upto acceptable values to be
Accepted 1.04.2013 discharged into a centralized sewer system of settlements and
Corresponding author: natural water objects. A method of intensification stage of
aerobic fermentation by applying higher concentration of active
E-mail: sludge organisms has been suggested. Separation of sludge-
npnuht@ukr.net water mixture is carried out by using a separator followed by

further separation of active sludge from treated water in the
secondary clarifier. The introduction of the studied ways of
aerobic fermentation intensification allows substantially
accelerating the treatment process, and reducing the working
sizes of the aeration tank.

BUKOPUCTAHHSA NIABULLEHOI KOHLEHTPALLI
OPrAHI3MIB AKTUBHOIO MyJy 3 METOIO
IHTEHCU®IKALLII NPOLIECY OUMMLLEHHA
CTIMHUX BO4 MOJIOKO3ABOAOIB

O.1. Cemenona, H.A. By6uaienxo, €.C. Cmipnosa, T.JI. Tkauenko
Hayionanvnuit ynisepcumem xap4o6ux mexnonozii

JI.P. Pemierusik

Hayionanvnuu asiayitinuti ynisepcumem

IIpoananizo6ano  exonoeiuHUll  CMaH NIONPUEMCIE  XAPHOBOT NPOMUCA0BOCHIL, 30KpeMA,
MONOKONepepobHol cany3i. BcmanoBneHo, wo KOHYEHMPOBAHI CMIYHI 600U HUHSANG 3HAYHY
nebesnexy Ha 600Hi 00 'ckmu. ITiomeepOdceno egexmusHicmy 3acmocy8anis KOMIIAEKCHOT
anaepobOHO-aepoOHOT MeXHONOIT OISl OYUWYEHHST CIMIYHUX 800 OAHOI Kame2opil. 3anponoHo8aHo
cnoci6 inmencugikayii cmadii aepobHoi gepmenmayii WASXOM 3ACMOCYSAHHS NIOSUWEHOT
KOHYeHmpayii opeanizmie akmueHo2o myny. Pozoinenns mynio60058H01 cymiuil 30IUCHIOEMbCS 30
00NOMO2010 Cenapamopa 3 NOOAILIUUM GIOOKPEMIEHHIM AKMUBHO20 MYILY 810 OYUWYEHOT 600U Y
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SMOpUHHOMY i0CmilNUKY. Bnposadoicents docnidowernozo cnocoby inmencugixayii aepobnoi

epmenmayii 003601€ 3HAYHO NPUCKOPUMU NPOYEC OUUWCHHS MA IMEHULYE POOOYT poO3MIpU
aepomenky.

Kniouosi cnosa: xonyenmposani cmiuni 6ou, aepobna ghepmenmayis, XimiuHe CROMCUBAHHS
KUCHIO, KYAbMYPaibHa PIOUHA, Cenapamop.

Food production technology suggests at each enterprise the formation of some wastes that
differ in quantity, indicators of pollution, the state of aggregation, etc.

Wastewater of some food industries due to pollution is related to concentrate. It contains
substantial amounts of organic matter that get into them during processing of raw materials.

The most contaminated wastewater is of alcohol, meat, dairy and sugar industry. Since these
companies are mainly in urban areas, wastewater of some of them is discharged into a centralized
sewer. However, the analysis of ecological situation of settlements shows that municipal treatment
plants are not working effectively. In addition, wastewater of most of food companies does not meet
the requirements of their discharge into the sewer by contaminants concentration. So, the discharge of
wastewater into sewers is substantial violation of rules and regulations.

The problem of wastewater sewage has not been solved yet at any field of food industry.

For many years food industry has tried to solve the problem of wastewater treatment.
Meanwhile, the construction of wastewater treatment facilities took place on the basis of
conventional biological treatment technology used for the disposal of sewage. However, this
technology is not suitable for concentrated polluted wastewater purification.

To solve the problem of concentrated wastewater treatment the anaerobic-aerobic treatment
technology was proposed [1 —2].

The main point of it is that the concentration of contaminants initially is sharply reduced by
methane fermentation, followed by the purification method of aerobic fermentation in the
aeration tanks.

Implementation of methane fermentation affected the search of new, alternative energy
soarces. Methane fermentation is of great importance for biogas, which is a cheap and promising
energy source.

Liquid and solid wastes of almost of all food enterprises can be converted into biogas [3].

Assortment list of dairy industry companies can be safely regarded as one of the most
diverse. Up-to-date powerful, competitative dairy has 60-80 items of finished products — from
traditional milk and yogurt to curd desserts and butter. Dairy plants, such as, for example, Ltd.
«Lubensky dairy plant», produce more than 200 kinds of products, including Rennet, solid,
sausage and melted cheeses, as well as ice cream. Therefore it is quite clear that the range of
dairy products and technologies of its production involves the formation some waste at each
plant which differs in terms of pollution indicators: chemical oxygen demand (COD) — 1000 +
+ 5000 mg 0,/dm’; biochemical oxygen demand (BOD) — 700 = 3700 mg O,/dm’; total
nitrogen content — 20 + 170 mg/dm’; pH — 4.5 ... 10.4.

Aerobic stage of wastewater treatment at dairies is an integral technology component to
neutralize contaminants.

One of the ways to intensify the process of aerobic fermentation is the use of higher
concentration of active sludge organisms.

Studies were conducted on the wastewater, the concentration of pollutants for which the
COD was 900 mg 0,/dm’, was achieved after methane fermentation. And it also may be typical
for those dairy enterprises that specialize in producing only drinking kinds of milk.

Two series of experiments — using conventional active sludge concentration — 10.0 g/dm’
and higher concentration of silt — 30.0 g/dm’ — were conducted simultaneously. This in terms
of dry weight constituted 5.0 and 15.0 g/dm’ correspondently.

In both series of experiments aeration of various duration took place: 4, 8, 12, 16, 20 and
24 hours. After each period of aeration the value of COD was determined. The experimental
results are shown in Fig. 1.

24 ———————— Hayxosi npayi HVXT Ne 50



EKOJIOTIA TA OXOPOHA HABKOJIHIIIHbOI' O CEPE/IOBHUIIIA

100 T Under the higher concentration of active

288 AN 5 sludge (15.0 g/dm’) in production conditions,

“— 700 X <150 ] in our opinion, the 8-hour aeration would be

% 600 \ & = sufficient for the complete pollution eli-

% 500 mination at their such relatively low (900 mg
g 400 \ O,/dm”) original content.

=300 \ Y In laboratory conditions, they had to

8 200 LY need 12 hours, during which the concent-

100 ] N ration of contaminants for COD decrea-

1 3
—a sed upto 25 mg O,/dm” that corresponds

bl %k S 13k Ioh 0h 248 1 BOD within 12 — 13 mg Odta’ 18,

AL duitio, have purification of wastewater by standards is
achieved that allows to discharge
wastewater into natural water bodies. In
addition it should be noted that if a food
industry plant (dairy) is situated within a settlement, equipped with its"own set of facilities for
sewage treatment, primarily household, the duration of aeration can be reduced upto 4 hours,
because according to the «Rules of discharging of enterprises wastewater into communal and
departmental sanitations of towns and villages of Ukraine» wastewater with pollution index for
COD at 300 mg O,/dm’, can be routed to centralized sewage treatment plants [4].

Practical implementation of higher concentration of active sludge is problematic because it
can lead to disruption of the secondary clarifier.

Theoretically, there are two ways to solve this problem:

1) separation of active sludge from treated water through a separator and rotating it into the
aeration tanks. In this case, the need to use the secondary clarifier disappears at all;

2) partial separation from active sludge-water mixture through a separator, followed by
further separation of culture fluid in traditional secondary clarifiers using gravitational forces
within a standard two-hour period.

It’s determined empirically: the separation of sludge-water mixture to the content of suspended
solids (sludge) upto 15 — 20 mg/dm’, i.c., the necessary standards one requires the separator with the
number of revolutions over 3000 per minute, with duration of separation — 15 minutes.

Experimental verification showed that raising in the concentration of suspended solids
(sludge) leads to increase of separation duration. First the precipitate of large flakes of silt
occurs followed by fine particles that deposit hard under the influence of centrifugal force.

Using higher sludge concentration in the aeration tanks (15 g/dm’) for separation of silt
mixture the separator with a frequency of 600 rev per min’', should be used which will run
4.6 minutes. During this operation incomplete separation of culture fluid will occur and detained
suspended matter will come back into the aeration tanks to maintain constant sludge
concentration, which should ensure a smooth process of wastewater treatment.

Sludge remaining in the culture fluid after separation (its concentration is up to 5 g/dm’) will
precipitate naturally for two hours in the clarifier, some excess sludge is removed from the
system and after partial dehydration can be used as a fertilizer or feed supplement for cattle .

Fig. 1. Effect of active sludge concentration
to replace COD during aerobic wastewater treatment

Conclusions

The proposed intensified technology of wastewater treatment in this category (COD contamination
index is about 900 mg Oydm®) by acrobic fermentation method allows to accelerate the oxidation
process of wastewater pollutants from 24 to 12 hours. Separating of culture fluid is used by a separator
with the frequency of revolutions 600 min, the period of work is 4 — 6 minutes. During this time, such
an active sludge concentration in sludge-water mixture will be received that can be separated from the
treated water by a process of mechanical precipitate of silt particles in the secondary clarifying tank. The
introduction of the studied method of aerobic fermentation intensification can substantially reduce the
working sizes of aeration tanks.
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MCMNOJIb3OBAHME NOBbILUEHHOU KOHLIEEHTPALIUU
OPrAHU3MOB AKTUBHOIO UNA C LIENbIO
MHTEHCUOUKALIUU NMPOLIECCA OYNCTKMN CTOUYHbBIX
BOO MOJIOKO3ABOOOB

E.Y. Cemenosa, H.A. By6imenko, E.C. Cmupnosa, T.JI. Tkauenko
Hayuonanvruiii yHusepcumen Nuebix mexHoi02uil

JL.P. PemieTHsik

Hayuonanvuwiil asuayuontwiil ynugepcumem

TIpoananusuposano skoi02uU4eCKOe COCMOSIHUE NPeOnpUAMUNL NUUEEOU NPOMBIUIEHHOCTU, 6
YACTMHOCTU, MOJIOKONEpepabamul8aioweli ompaciu. YCmaHoGIeHo, Ymo KOHYUEHMPUPOBAHHbLE
CMOYHbIE 600bl HECYM 3HAYUMENbHYK) ONACHOCMb 015 800HbIX 00bekmos. Iloomeepoicoena
a¢hpexmusHocms NpUMEHEHUsT KOMNIEKCHOU AHA3POOHO-AdPOOHOU MEXHONIO2UU OIS OHUCTKU
CMOYHBIX 600 OAHHOU KAMe20pul, KOMOPasi BKIAIHAem & cebsl npoyecc Memano6020 OPOHCeHUs.
Ha nepeoti cmaouu U OWIbHEUUYI0 a3POOHYI0 OOOYUCKY 6 AIPOMEHKAX 00 NoKazamenel
3ACPASHEHHOCMU CMOYHBIX 800 00 3HAYEHUN OONYCMUMbBIX OJi CKUObIGAHUA 6 YEeHMPAIu-
306aHHbLe KAHAIU3AYUOHHBIE CUCTEMb] HACCIEHHbIX NYHKMOG U NPUPOOHbIE 80OHbBIE 00BEKMbL.
Ipeonoowcen cnocob unmencugurkayuu cmaouu aspooHOll pepMeHmayuu nymem npumeHerus
NOBIUEHHON KOHYSHMPAYUY OpP2aHU3MOE GKMUEHo20 und. Paszoenenue un0600sHoU cmecu
OCYWECMBIAEeMCs C NOMOWBIO Cenapamopa ¢ NOCIe0VIOuUM OMOeNIeHUeM aAKMUEBHO20 Uld Om
OUUWEHHOU 800bl 60 BMOPUYHOM OMCHIOUHUKe. BHeopenue uccrnedosanno2o cnocoba unmer-
cuguxayuu aspobHoll epmenmayuu no36oasem 3HAYUMENIbHO YCKOPUNLb NPOUECC OHYUCTKU U
YMeHbUUMs padoyue pasmepsl a3POmeHKa.

Krroueewle cnosa: konyenmpuposanvie cmodnble 600bl, A3poOHAs epMenmayus, XUuMuiecKoe
nompebienue Kuciopooa, KyJIbmypaibHas HCUOKOCHb, CENapamop.
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