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Abstract

The use of a membrane bioreactor (MBR) has
been rapidly developing over the last decade.
This technology is based on the biodegradation
of wastewater with activated sludge in a combi-
nation with the physical process of membrane
filtration and has become of particular interest
due to its numerous advantages during waste-
water treatment. The objectives of this work
were to treat laboratory-prepared wastewater
using MBR, in order to determine its effective-
ness regarding wastewater treatment, and to es-
tablish operational parameters and system sta-
bility which would provide optimum treatment.
The operational parameters, e.g. inlet waste-
water flow, concentration of oxygen within a
bio-unit and the monitoring of ultrafiltration
pressure, were adjusted during the treatment
process. By measuring individual parameters
and implementing the chemical analysis, a sat-
isfactory functioning of the MBR system was
demonstrated, since the efficiency value regard-
ing COD reduction and the elimination of dyes,
expressed as SAC (Spectral Absorption Coef-
ficient), reached 70-90% for both parameters.
The results show that the removal efficiency of
COD was 90% and of the dyes 97%, respective-
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lzvlecek

Uporaba membranskega bioreaktorja (MBR), ki pomeni biolosko
razgradnjo odpadnih voda z aktivnim blatom v kombinaciji s fizikal-
nim procesom membranske filtracije, je postala zanimiva predvsem
zaradi Stevilnih prednosti pri ¢iscenju tekstilnih odpadnih voda in
hitrega razvoja v zadnjem desetletju. Namen dela je bil ocistiti mo-
delno odpadno vodo z membranskim bioreaktorjem ter doloci-
ti njegovo ucinkovitost ¢iscenja modelne tekstilne odpadne vode,
pripravljene v laboratoriju po recepturi iz industrije. Cilj je bil vzpo-
staviti obratovalne razmere in stabilnost celotnega sistema, ki bi dal
maksimalen izkoristek ¢is¢enja z Zeleno kakovostjo ocis¢ene vode.
S spremljanjem obratovalnih parametrov, kot so pretok vhodne od-
padne vode, dovajanje kisika v bioloski del obdelave ter spremlja-
nje tlaka ultrafiltracije, smo nameravali zagotoviti optimalne obra-
tovalne razmere. S fizikalno-kemijskimi analizami smo dokazali, da
so se vrednosti KPK in koncentracije barvila, izrazene kot spektralni
absorpcijski koeficient (SAK), znizale, in sicer za 70 do 90 odstotkov.
Iz rezultatov je razvidno, da je bila uc¢inkovitost znizanja KPK oko-
li 90-odstotna, ucinkovitost znizanja vsebnosti barvil pa doseze do
97 odstotkov. Iz navedenega lahko povzamemo, da je tehnologija
MBR, ki je kombinacija bioloskega in fizikalnega ¢is¢enja, zelo ucin-

kovita pri ¢is¢enju tekstilne odpadne vode.

Klju¢ne besede: reaktivna azobarvila, tekstiine odpadne vode, mem-
branski bioreaktor, aktivno blato.
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ly. It can be concluded that the MBR technol-
ogy, as a combination of biological and physi-
cal treatments, is very effective for the textile

wastewater treatment.

Keywords: reactive azo dyes, membrane biore-

actor, wastewater treatment, activated sludge

1 Introduction

The textile finishing process requires large
amounts of water and, consequently, gener-
ates a large quantity of wastewater. The aver-
age consumption of water ranges between 100-
150 m? per tonne of textile material [1]. During
the textile dyeing processes, vast quantities of
chemicals (dyes, auxiliaries) are consumed,
which strongly charge the wastewater. The tex-
tile wastewater contains large amounts of dis-
solved organic matter and inorganic substances,
a high pH value and low BOD/COD (biological
oxygen demand/chemical oxygen demand) ra-
tio. The wastewater contains heavy metals, sul-
phide components, fats, oils and fibres. The res-
idues of non-biodegradable dyes remain mostly
in the wastewater, being the result of incomplete
binding of dyes to the textile fibre. The average
rate of dye-fixation when dyeing with reactive
dyes is 60-80%. The residues of non-fixed col-
ours are washed from the textile and thus con-
taminate the wastewater [1, 2]. The textile dyes
are distinguished by their high thermal stabil-
ity and photo-stability; therefore, the degra-
dation of dyes is slow and the process is rather
complex. It is well-known that the decompo-
sition products of reactive dyes are in the vast
majority of cases colourless compounds which
are generally more toxic than the dye itself (ar-
omatic amines, derived from the degradation of
azo dyes) [3, 4].

Several methods have been developed for the
decolourization of textile wastewater; howev-
et, due to the complex structure of textile waste-
water (the multiplicity and diversity within
the chemical structures of compounds), a suit-
able universal purification process has still not
been established. With regard to the wastewater
characteristics, the type of treatment is chosen
in order to remove dangerous impurities from

the water. There are different textile wastewa-
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1 Uvod

Plemenitenje tekstilnih materialov zahteva velike koli¢ine vode in
posledi¢no nastajajo velike koli¢ine odpadne vode. V povpredju se
porabi od 100 do 150 kubi¢nih metrov vode na tono tekstilnega
materiala [1]. Pri procesih barvanja tekstilij se porabi velika koli¢i-
na kemikalij (barvila, tekstilna pomozna sredstva), ki po konc¢anih
procesih moc¢no obremenjujejo odpadno vodo. Tekstilne odpadne
vode imajo velik delez raztopljenih organskih in anorganskih sno-
vi, visoko pH vrednost in nizko razmerje BPK/KPK (biokemijska
potreba po kisiku/kemijska potreba po kisiku) vrednosti. Vsebuje-
jo tezke kovine, sulfidne komponente, mas¢obe in olja ter vlakna.
Najveckrat se v njih zadrzujejo ostanki biolosko nerazgradljivih
barvil, ki so rezultat nepopolne vezave barvila na tekstilno vlakno.
Pri barvanju z reaktivnimi barvili je povpre¢na stopnja fiksiranja
barvila od 60 do 80 odstotkov. Ostanek nefiksiranega barvila se iz-
pere iz tekstilij in kontaminira odpadno vodo [1, 2]. Tekstilna bar-
vila odlikujeta visoka termi¢na obstojnost in fotostabilnost, zato
je njihova razgradnja v okolju pocasen in zapleten proces. Znano
je, da so produkti razgradnje reaktivnih barvil v veliki ve¢ini brez-
barvne spojine, ki so veliko bolj toksi¢ne kot samo barvilo (aro-
matski amini, ki nastanejo pri razgradnji azobarvil) [3, 4].

Za razbarvanje tekstilnih odpadnih voda je bilo razvitih kar ne-
kaj uporabnih metod, vendar zaradi zapletene sestave tekstilne od-
padne vode ($tevilnosti in raznolikosti v kemijski strukturi spojin)
$e vedno ni primernega univerzalnega postopka ¢is¢enja. Glede na
karakteristike odpadne vode se dolo¢i vrsta postopka, s katerim
se odstranijo nevarne snovi iz vode. Za ¢i$¢enje tekstilne odpadne
vode se uporabljajo razli¢ni postopki, in sicer: klasi¢ni (fizikalno-
-kemijski), bioloski (aerobno-anaerobna biorazgradnja) ter mem-
branska filtracija. Ena od perspektivnih alternativ ¢i$¢enja tekstil-
nih odpadnih voda je uporaba membranskega bioreaktorja (MBR)
[5]. Obdelava vode z uporabo membranskega bioreaktorja (MBR)
je CiS¢enje odpadnih voda na podlagi bioloskega ¢is¢enja v kom-
binaciji z membransko filtracijo. Membrana omogoca zadrzevanje
kosmov aktivnega blata in suspendiranih snovi, poleg tega pa lah-
ko zadrzi ve¢ino mikroorganizmov in tudi velik delez raztopljenih
snovi. Po uporabi procesa MBR najdemo v o¢i$¢eni vodi manj kot
2 mg/L suspendiranih delcev, medtem ko pri klasi¢nih postopkih
najmanjsa vrednost suspendiranih snovi presega 10 mg/L. V od-
padni vodi so koli¢ina hrane in razmere za razmnozevanje odvisni
od sestave odpadne vode in koncentracije kisika.

Aromatski amini, ki nastanejo pri razgradnji azobarvila, so odpor-
ni na aerobno razgradnjo, saj aerobne bakterije niso sposobne raz-
graditi molekul z aromatskim obro¢em [6]. Zato je kombinacija
anaerobnega in anoksi¢nega dela bioenote v membranskem biore-
aktorju primerna za nastajanje razmer za rast mesane kulture mi-
kroorganizmov, ki je odgovorna za uc¢inkovito ¢iS¢enje obarvanih
tekstilnih odpadnih voda. Anoksi¢na biorazgradnja je eden kljuc-
nih korakov pri ¢i$¢enju obarvanih tekstilnih odpadnih voda, saj
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ter treatment methods, e.g. conventional (phys-
ical - chemical), biological (aerobic — anaerobic
biodegradation) and membrane filtration. One
of the more promising textile wastewater treat-
ment alternatives is the use of a membrane bi-
oreactor (MBR) [5]. The wastewater treatment
using a membrane bioreactor (MBR) is based
on biological treatment in combination with
membrane filtration. The membrane allows for
the retention of activated sludge flakes and sus-
pended solids, and can also retain the majority
of microorganisms and higher amounts of dis-
solved substances. Less than 2 mg/L of suspend-
ed solids can be found in the treated water after
the MBR process is finished, whilst with con-
ventional processes, the lowest level of suspend-
ed solids exceeds 10 mg/L. The amount of food
and reproductive conditions depends on the
composition of the wastewater and its oxygen
concentration.

Aromatic amines are formed during the degra-
dation of azo dyes, which are resistant to aer-
obic degradation, as the aerobic bacteria are
unable to degrade the molecules with aromat-
ic rings [6]. Therefore, a combination of anaer-
obic and anoxic parts of the bio-unit within a
membrane bioreactor is suitable for creating
conditions for the growth of mixed cultures of
microorganisms, which are responsible for any
effective treatment of coloured textile waste-
water. Anoxic biodegradation is one of the key
steps in the treatment of coloured textile waste-
water, since it achieves the degradation of aro-
matic rings. An efficient biodegradation of azo
dyes is achieved with a diverse community of
microorganisms found within activated sludge,
which means that the system of biodegradation
should include both the aerobic and anaerobic
parts [7, 8]. In consequence, the treated waste-
water exhibits improved physical and chemi-
cal properties, and complete decolourisation is
achieved in most cases. The wastewater can be
reused in the industrial sector through an ad-
ditional treatment, e.g. nanofiltration or reverse
osmosis [9].

The Zenon ZW-10 pilot plant is composed of
anoxic and aerobic parts, and a filtration unit
with hollow-fibre membranes. The aim of this
study was to establish the operating conditions
and stability for the whole laboratory MBR sys-
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z njo dosezemo razgradnjo aromatskih obrocev. Ucinkovita bio-
razgradnja azobarvil se doseze z raznoliko zdruzbo mikroorganiz-
mov, ki se nahajajo v aktivnem blatu, kar pomeni, da mora sistem
biorazgradnje zajemati tako aerobni kot anaerobni del [7, 8]. Tako
ocis¢eni odpadni vodi se izbolj$ajo karakteristi¢ne fizikalne in ke-
mijske lastnosti, prav tako se v vecini primerov tudi popolnoma
razbarva. Oc¢is¢ena odpadna voda se lahko s pomocjo dodatne ob-
delave, kot sta nanofiltracija ali reverzna osmoza, ponovno upora-
bi v industrijskem sektorju [9].

Modelno tekstilno odpadno vodo smo ¢istili s pilotno napravo Ze-
non ZW 10, ki je sestavljena iz anoksi¢nega in aerobnega dela ter
iz filtracijske enote z votlo-vlaknasto membrano. Namen raziskave
je bil vzpostaviti obratovalne razmere in stabilnost celotnega siste-
ma laboratorijskega MBR, ki bi dal maksimalen izkoristek ¢iS¢enja
z zeleno kakovostjo ocis¢ene vode za izpust v kanalizacijo. Gre za
izvirno raziskavo, saj v literaturi nismo zasledili, da bi se s kombi-
nacijo anoksic¢ne in aerobne faze v MBR izboljsala kakovost teks-
tilne odpadne vode. S spremljanjem obratovalnih parametrov, kot
so pretok vhodne odpadne vode, dovajanje kisika v bioloski del
obdelave ter spremljanje tlaka ultrafiltracije, je bil namen raziskave
zagotoviti optimalne obratovalne razmere.

2 Eksperimentalni del

2.1. Barvila in kemikalije

Po navodilih podjetja Beti Pletiva, d. 0. 0., smo pripravili odpa-
dno vodo (preglednica 1). Postopek plemenitenja bombaza je bil
sestavljen iz petih stopenj. Na prvi stopnji poteka beljenje surove-
ga bombaza z vodikovim peroksidom (H,O,). V 10 litrih vode smo
raztopili pripadajoco koli¢ino kemikalije CHT-entschaumer mi,
emulgirano mas¢obno spojino Biavin 109, detergent Imerol jsf, be-
lilni regulator Sirrix sb, bazi¢no raztopino NaOH in belilo H,O,.
Vodo s surovim bombazem smo segreli na 98 °C in jo pustili pri
tej temperaturi 30 minut. Po 30 minutah smo odpadno vodo odlili
v rezervoar, bombaz pa uporabili na naslednji stopnji barvanja. Na
drugi stopnji barvanja bombaza je potekalo encimsko razskroblje-
vanje, kjer smo v 10 litrih vode raztopili ocetno kislino in hibridni
encim katalazo Bactosol arl. Po 20-minutnem segrevanju mesanice
bombaza in raztopljenih kemikalij pri temperaturi 50 °C smo na-
stalo odpadno vodo odlili v rezervoar z odpadno vodo, ki je nasta-
la pri prvi stopnji barvanja bombaza. Na tretji stopnji smo bombaz
barvali z reaktivnimi azobarvili. Ponovno smo v 10 litrih raztopi-
li CHT-entschaumer mi, za$¢itno izolirno sredstvo Meropan dpe,
emulgirano mas¢obno spojino Biavin 109, omakalno sredstvo Al-
viron rfr, NaCl, reaktivno barvilo Drimaren blau hf-Ir, Drimaren
gelb hf-r in barvilo Drimaren rot hf-3b, kalcirano sodo in bazi¢-
no raztopino NaOH. Mesanico smo segreli do 60 °C ter jo pri tej
temperaturi pustili eno uro in jo nato odlili v skupen rezervoar. Na
Cetrti stopnji barvanja bombaza je sledilo izpiranje nezreagiranih
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tem to achieve the maximum pollutant remov-  snovi. V 10 litrih vode smo raztopili pripadajo¢o koli¢ino ocetne
al efficiency with the desired quality of treat-  Kisline in jo za 10 minut segreli na 60 °C. Po 10 minutah smo jo
ed water being discharged into the sewer. This  odlili v rezervoar s preostalo odpadno vodo, ki je nastala pri prej-
was a novel investigation, since nothing could ~ $njih stopnjah barvanja. V zadnji fazi barvanja bombaza smo raz-
be found in the literature about the combina-  topili v 10 litrih vode kemikaliji Cotoblanc n st in emulgirano ma-
tions of anoxic and aerobic phases in MBR to  $¢obno spojino Biavin 109 ter jo za 10 minut segreli na 98 °C. Iz
improve the quality of textile wastewater. The — kopeli smo odstranili pobarvan bombaz, nastalo odpadno vodo pa
objective of this research was to ensure opti-  dolili v rezervoar s preostalo modelno odpadno vodo.

mal operating conditions by monitoring the op-  Tako je bila pripravljena odpadna voda, ki smo jo morali Se ohla-
erating parameters, e.g. wastewater flow, oxy-  diti na sobno temperaturo, preden smo jo zaceli Cistiti.

Table 1: List of chemicals for preparing 100 L of modelled wastewater in accordance with recipe by Beti Pletiva

Temperature Time

Chemical

1* phase

Concentration

Quantity (g)

4™ phase

of chemical
cooking (°C)

CHT-ENTSCHAUMER MI 0.2g/L 20
BIAVIN 109 0.5g/L 50
IMEROL JSF 1% 100
SIRIX SB 1.2% 120 %8 %
NaOH 1.36% 140
H,0, 5% 500
ACETIC ACID 0.3g/L 30 50 20
BACTOSOL ARL 0.5% 50
CHT-ENTSCHAUMER MI 0.2 g/L 20
MEROPAN DPE 1g/L 110
BIAVIN 109 0.5g/L 50
ALVIRON RFR 1g/L 100
NaCl 60 g/L 6000
DRIMAREN BLAU HF-RL 1.1% 110 0 0
DRIMAREN GELB HF-R 0.7% 70
DRIMAREN ROT HF-3B 0.48% 50
CALCINED SODA 5g/L 500
NaOH 0.88 g/L 90

5% phase
COTOBLANC N SR 0.3g/L 30 08
BIAVIN 109 0.5¢g/L 50

cooking (min)
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gen concentration in the biological part of MBR

and transmembrane pressure.
2 Experimental

2.1 Dyes and chemicals

Modelled textile wastewater was prepared in
a laboratory using the recipe provided by the
company Beti Pletiva (cf. Table 1). The pro-
cess consisted of five stages. The bleaching of
raw cotton with hydrogen peroxide (H,0,) took
place during the first stage. Certain amounts
of chemicals CHT-entschaumer mi, emulsi-
fied fatty compound Biavin 109, detergent Im-
erol jsf, bleaching regulator Sirrix sb, alkaline
solution of NaOH and H,0, were dissolved in
10 L of water. Water with raw cotton was heat-
ed at 98°C for 30 minutes. In the second stage
of cotton dyeing, acetic acid and hybrid enzyme
catalase Bactosol arl were dissolved in 10 L of
water. After 20 minutes of heating at a temper-
ature of 50°C, the wastewater was poured into

the collection tank together with the wastewater

BILOLOGICAL UNIT
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0 i
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2.2. Pilotna naprava MBR - Zenon ZW 10

Modelno tekstilno odpadno vodo smo C¢istili v membranskem bi-
oreaktorju Zenon, model ZW - 10 z votlo-vlaknasto hidrofil-
no membrano, s povr$ino 0,93 m? in velikostjo por 0,04 pm, ki je
delovala pri najve¢ 0,2 bara podtlaka. Pilotna naprava (slika 1) je
obratovala od zacetka aprila 2009 do konca julija 2009. Membran-
ski bioreaktor je sestavljen iz bio-enote, kjer poteka biolosko ¢i-
$¢enje odpadne vode z aktivnim blatom, in iz filtracijske enote z
membranskim modulom z votlo-vlaknasto membrano. Tekstilna
odpadna voda se Crpa iz rezervoarja s pomocjo ¢rpalke v bioenoto
(anoksi¢no in aerobno cono), kjer poteka bioloska razgradnja bar-
vil, ogljikovih in dusikovih spojin. Tako mikrobiolosko obdelana
odpadna voda tece v filtracijsko enoto, kjer se nahaja ultrafiltracij-
ska membrana in v prisotnosti podtlaka poteka filtracija vode sko-
zi votlo-vlaknaste membrane. Po koncani ultrafiltraciji se o¢is¢ena
odpadna voda zbira v posebnem zbiralniku.

Membranski bioreaktor je obratoval kontinuirano, pri c¢emer smo
zagotovili neprekinjen dotok modelne odpadne vode s pretokom
med 0,3 in 1,16 L/h. Za preprecitev ireverzibilnega masenja mem-
brane smo med obratovanjem spremljali tlak filtracije do maksi-
malne vrednosti podtlaka 0,2 bara. Membrano smo mehansko ¢i-
stili s povratnim tokom permeata skozi pore membran pri tlaku
do najvec 0,25 bara.

FILTRATION UNTT

FPearmeste

Ar
Recyde

o iy
g

-

Influent to filter unit
(fres fall)

(LR

Recyding of activated biological sludge

Figure 1: MBR pilot plant

generated during the first stage of cotton dye-
ing. During the third stage, the cotton was col-
oured with reactive azo dyes. CHT-entschaum-
er mi, protective insulating mean Meropan dpe,
emulsified fatty compound Biavin 109, wetting
agent Alviron rfr, NaCl, reactive dye Drimaren
blau hf-Ir, Drimaren Gelb hf-r and dye Drima-
ren hf-rot 3b, bicarbonate and NaOH were dis-

Ucinkovitost delovanja MBR lahko izra¢unamo po enacbi 1:

(o
Vi

R

E

x 100% (1)

Kjer je:

R, - ucinkovitost [%]

Y, -~ masna koncentracija j-te komponente na iztoku [mg/L]
y,, - masna koncentracija j-te komponente na vtoku [mg/L]
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solved in 10 L of water. This mixture was heat-
ed at 60 °C for 1 hour and then poured into the
collection tank. During the fourth stage of cot-

ton dyeing, acetic acid was dissolved in 10 L of

Obdelava tekstilnih odpadnih voda z membranskim bioreaktorjem

3 Analizne metode

Merjeni parametri, ki smo jih doloc¢ali odvzetim vzorcem, ter stan-
dardne metode in aparati so prikazani v preglednici 2.

Table 2: Measured parameters, standard methods and apparatus

Parameter Standard Method Apparatus
Temperature, T (°C) DIN 38404-C4 / Thermometer
. pH meter Iskra
pH value SIST ISO 10523 electrometric MA 5740
Concentration of dissolved oxygen, y, . Oximeter
(mg O,/L) > | SIST EN 25814 electrometric WTW
Concentration of activated sludge, y . . Scales
(g/L) APHA, 1995 gravimetric MetllerAE 100
SIST ISO 10048 DIN Thermoreac-
ENISO 11905-1 tor Merck 620,
Total nitrogen, TN (mg/L) (digestion) quick test (Merck) spectrophoto-
ISO 789-1 (determi- meter Merck
nation like NO,-N) NOVA 60
Ammonium nitrogen - NH,*, N (mg/L) | SIST ISO 6778 spectrophotometric | Perkin - Elmer
Nitrate nitrogen - NO,", N (mg/L) ISO 7890 spectrophotometric | Perkin - Elmer
. Thermoreactor
Chemical oxygen demand, COD (mg | 11156 6060 titrimetric Lovibond ET
O,/L)
2 108
Water colour, SAC (m™) SIST EN ISO 7887/3 | spectrophotometric | Perkin — Elmer

water and heated at 60 °C for 10 minutes. Af-
terwards, it was poured into the collection tank.
During the final stage, Cotoblanc n sr and
emulsified fat compound Biavin 109 were dis-
solved in 10 L of water and heated at 98 °C for
10 minutes. The generated wastewater was then

poured into the tank.

2.2 Pilot plant MBR - Zenon ZW-10

The modelled textile wastewater was purified
using the Zenon membrane bioreactor, mod-
el ZW-10 with a hollow-fibre hydrophilic mem-
brane. The membrane area of 0.93 m? and
pore-size of 0.04 um were used. MBR operated
at up to 0.2 bar of vacuum. The pilot plant (cf.
Figure 1) operated April-July 2009. The mem-
brane bioreactor was composed of a bio-unit
with an activated sludge biological wastewater
treatment, and a filtration unit with a hollow-

fibre membrane. The textile wastewater was

4 Rezultati in razprava

Iz rezervoarja, kjer smo skladi$¢ili modelno pripravljeno odpadno
vodo, smo vsak dan odvzeli vzorec za analizo. Drugi vzorec smo
odvzeli na iztoku iz bioenote, kjer se voda preliva v ultrafiltracij-
sko enoto. Vzorec permeata smo odvzeli po koncani ultrafiltraciji.
Obarvanost vzorcev je razvidna iz slike 2.

Figure 2: Sample of permeate (purified water within MBR system),
sample from bio-unit (wastewater after biological treatment) and
fed solution
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pumped from the tank into the bio-unit (an-
oxic and aerobic zone) responsible for the bio-
degradation of dyes, and carbon and nitrogen
compounds. The biologically-treated wastewa-
ter flowed into the filtration unit with an ul-
trafiltration membrane, where any mixed lig-
uor was separated from the wastewater. The
purified wastewater was collected in a special
tank. The membrane bioreactor operated con-
tinuously at 0.3-1.16 L/h. In order to prevent
irreversible membrane fouling, transmembrane
pressure during the operation was monitored
to a maximum value of 0.2 bar of vacuum.
The membrane was mechanically cleaned us-
ing a reverse-current permeate flow through the
membrane pores at a pressure of up to 0.25 bar.
The efficiency of the MBR-operation can be cal-
culated according to Equation 1, where:

R, - efficiency [%],

Y — mass concentration of j" component at
outflow [mg/L],

y;, — mass concentration of j* component at in-
Sflow [mg/L].

3 Analytical methods

The measured parameters, standard methods

and equipment are enumerated in Table 2.
4 Results and discussion

Samples for the analysis were taken daily from
the reservoir where the modelled wastewater
was stored. A further sample was taken at the
effluent of the bio-unit, where the water was
poured into the ultrafiltration unit. A sample
of permeate was taken after the ultrafiltration.
The samples are shown in Figure 2.

Activated sludge was taken from the municipal
wastewater treatment plant. The adaptation of
microorganisms into the modelled wastewater
lasted for about a month.

The activated sludge growth and the efficiency
of the wastewater treatment were significant-
ly affected by the temperature and pH values of
the fed wastewater. The microorganisms which
are normally developed under such conditions
were very specific and sensitive to major chang-
es in pH or temperature [10]. At unfavourable

pH values, the bacteria were no longer able to
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Za biolosko predelavo odpadne vode smo uporabili aktivno bla-
to iz komunalne ¢istilne naprave. Potrebno je bilo priblizno me-
sec dni, da so se mikroorganizmi adaptirali na modelno odpadno
vodo.

Na rast aktivnega blata in s tem na ucinkovitost ¢i$¢enja odpa-
dne vode pomembno vplivata temperatura in pH vhodne odpa-
dne vode, odpadne vode iz bioenote in permeata. Mikroorganiz-
mi, ki se po navadi pri tem razvijejo, so zelo specifi¢ni in senzibilni
na velike spremembe pH ali temperature v sistemu [10]. Ob nepri-
merni pH-vrednosti se bakterije niso ve¢ sposobne vezati med se-
boj in kosmi aktivnega blata za¢nejo razpadati. Iz slike 3 so raz-
vidne vrednosti temperatur tekstilne modelne odpadne vode v
bioenoti in izmerjene pH-vrednosti vhodne odpadne vode, bio-
losko ¢is¢ene vode v bioenoti ter permeata v odvisnosti od casa
obratovanja procesa.
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Figure 3: pH value and temperature depending on time

pH- vrednosti modelne odpadne vode so bile med 8,5 in 11, med-
tem ko je optimalna pH-vrednost za biolosko ¢is¢enje okrog 7 [1].
Ce je pH-vrednost prenizka ali previsoka, kosmi izgubijo na tr-
dnosti, ker se bakterije niso ve¢ sposobne vezati med seboj. Tudi
pH izhodne vode je ostal relativno visok. Aktivnost mikroorganiz-
mov je obc¢utljiva na zunanje razmere, med katere spada tudi pH,
zato je treba pred biolosko predobdelavo regulirati pH.

Dolocali smo koncentracije KPK (slika 4) laboratorijsko pripra-
vljene vode in oci$¢ene vode na izhodu iz membrane UF, ki je bila
pred tem biolosko obdelana v bioenoti. Povpre¢ne vrednosti KPK
pripravljene odpadne vode so bile od 2000 do 2500 mg/L, medtem
ko so le-te na izhodu iz MBR znasale med 200 in 600 mg/L. Bi-
stveno zmanj$anje vrednosti KPK je rezultat kombinacije bioloske
enote in nadaljnjega ¢is¢enja v sistemu z membrano, kar omogo-
¢a biolosko obdelavo odpadne vode in nadaljnje fizikalno ¢is¢enje.
Nekatere rezultate kemijskih analiz za KPK smo ovrednotili z
ucinkovitostjo ¢iSCenja (R,), iz katere smo lahko razbrali, ali smo
dosegli zadovoljivo stopnjo ucinkovitosti ¢is¢enja modelne tekstil-
ne odpadne vode. U¢inkovitost zmanj$evanja KPK in starost vode
v MBR med obratovanjem v juniju in juliju 2009 prikazuje slika 5.
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bind together and the activated sludge flakes
began to fall apart. Figure 3 shows the temper-
ature and measured pH values as a function of
the operational process time, as measured in
the modelled textile wastewater, in the bio-unit,
and the permeate.

The pH values of the modelled wastewater were
8.5-11, whilst it is known that the optimum
PpH value for a biological treatment is about 7
[1]. If pH is too low or too high, the strengths of
the flakes decrease, as the bacteria are no long-
er able to bind together. The pH value for the
wastewater leaving the bio-unit remained rela-
tively high. The microbial activity is sensitive to
external conditions, e.g. pH value; therefore, it
was necessary to adjust pH before the biologi-
cal pretreatment.

The COD values (cf. Figure 4) of the modelled
wastewater and permeate were determined.
The COD values of the modelled wastewater
averaged between 2000 to 2500 mg O, /L, whilst
after the MBR treatment, the permeate COD
averaged between 200 and 600 mg O,/L. A sig-
nificant reduction in the COD value was a re-
sult of the combination of biological and mem-
brane treatments within the MBR system.

The COD removal efficiency (R) was calculated
according to Equation 1, which showed wheth-
er a satisfactory level of the purification per-
formance was achieved for the modelled textile
wastewater. The COD removal efficiencies and
hydraulic retention times within MBR during
the operations during June and July 2009 are
shown in Figure 5.

The hydraulic retention time is the time the
wastewater remains in the tank. The purpose
of measuring these parameters was to show
the correlation of hydraulic retention time and
COD removal efficiency. It is well-known that
a higher hydraulic retention time enables a low-
er oxygen demand for the same effect at lower
mixed liquor suspended solids MLSS in activat-
ed sludge [11]. The lower the MLSS, the lower
the operational costs. Figure 5 shows the line-
ar correlation of COD removal and hydraulic
retention times until day 4, then the COD re-
moval decreased. The average COD removal
efficiencies were between 60 and 90%, which
is lower than that found in the literature [12].
Detailed calculations showed that the COD re-
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Dage of raw water .FLCOD(MBR)

100 | T n ?g
|m/|
90 T ; e T 18
m =m [.' i By | = . 17
80 CREREREE . .. L i 16
7 T I I
| o liz
60 s 123
—~ | I [ty
-5 [ ) 2
;:-:\U | | 10 ;
g 7
=
40 | 8 B
] mT7 B
30 6 &
= = | = = = 5
20 4
I | | [ 2
10 i 2
| | 1
0 0

GO FEEORDPPEN VLD P L PP P P PSS PRI S
tiday)
Figure 5: COD removal efficiency and correlation using hydraulic re-
tention time

S parametrom starost odpadne vode smo hoteli prikazati, kako dol-
go se je modelna odpadna voda nahajala v rezervoarju in kako sta-
rost odpadne vode vpliva na ucinkovitost razgradnje KPK. Ugo-
tovili so namre¢, da je z vi§jo starostjo odpadne vode potrebnega
manj kisika za enak uc¢inek ¢i$¢enja pri nizji koncentraciji aktivnega
blata [11], kar obcutno zniza obratovalne stroske. Iz slike 5 je razvi-
dno, da zniZanje vrednosti KPK nara$ca linearno s starostjo model-
ne odpadne vode do 4. dne, nato za¢ne upadati. Povprec¢ne uéinko-
vitosti zmanj$evanja KPK so med 60 in 90 odstotki, kar je nekoliko
nizje, kot navajajo drugi avtorji [12]. Iz podrobnejsih izra¢unov in
primerjave med ucinkovitostjo bioloskega ¢i$¢enja in spremembo
ucinkovitosti po ultrafiltraciji smo ugotovili, da se vecji del model-
ne tekstilne odpadne vode odisti biolosko po kombinaciji aerobne-
ga in anoksi¢nega dela. Ultrafiltracija je izbolj$ala u¢inek zmanj-
$evanja KPK vrednosti predvsem takrat, ko je bila uc¢inkovitost v
bioenoti nizka (R, < 50 %). V povprecju se je po ultrafiltraciji iz-
boljsala u¢inkovitost zmanjsevanja KPK za 10 do 20 odstotkov.

Slika 6 prikazuje koncentracijo amonijevega dusika v odvisnosti
od ¢asa obratovanja procesa. Ker je za nitrifikacijo potrebna zado-
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moval efficiency was the highest after the bio-
logical treatment and lower after the ultrafil-
tration. The latter improved the COD removal
efficiency in the case of low efficiency in the bio-
unit (R,
in the COD removal efficiency after the ultra-

filtration was calculated at between 10 to 20%.

< 50%). The average improvement

Figure 6 shows the concentration of ammo-
nia nitrogen depending on time. The nitrifica-
tion runs at a certain oxygen level; therefore,
the measurements of oxygen concentrations
were conducted within the aerobic zone. They
were between 0.5 and 3 mg/L O,. NH * was de-
termined in the modelled wastewater (NH,*_
influent) together with the biologically-treat-
ed wastewater (NH,'_bio) and MBR-treated
wastewater (NH,*_effluent). Figure 6 shows a
NH " concentration decrease, which means that
complete nitrification could be reached.

The colour of the water was determined at three
wavelengths, i.e. 436 nm (yellow range), 525
nm (red range) and 620 nm (blue range), for
the dye blend. The results are presented in Fig-
ure 7.

The SAC values for the modelled wastewater
at A = 436 nm oscillated between 400 and 650
m™, and at A = 525 nm and A = 620 nm be-
tween 250 and 500 m™'. The higher the hydrau-
lic retention time, the higher the SAC value de-
termined as a consequence of the suspended
solid sedimentation in the modelled wastewa-
ter. The permeate SAC at A = 436 nm oscillated
between 100 and 200 m™, and at A = 525 nm
and A = 620 nm between 0 and 100 m™. If the
modelled wastewater SAC decreases, the dye
concentration also decreases. The colour remoy-
al efficiency at all three wavelengths was high
and oscillated at between 75 and 95%, whilst at
A =620 nm, it was between 85 and 98%.

The colour removal efficiency of the modelled
textile wastewater at A = 525 nm oscillated be-
tween 80 and 90% until day 56, then further
between 60 and 80%. The worst results were
due to the oscillation in the oxygen concentra-
tion within the anoxic phase, where the aerobe
organisms developed and prevailed over the an-
oxic ones due to a high oxygen concentration
[13].

The colour removal efficiency of the modelled

textile wastewater at A = 436 nm (R ) was

SAC(436
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stna kolic¢ina kisika, smo opravili potrebne meritve koncentracije
kisika v bioenoti in so znasale od 0,5 do 3 mg/L O,. Koncentracijo
NH,* smo spremljali v modelno pripravljeni odpadni vodi (NH,"_
vhod), bioloko predelani odpadni vodi (NH,"_bio) ter ocidceni
odpadni vodi z MBR (NH,*_izhod). Iz slike 6 je razvidno upadanje
koncentracije NH,", kar je posledica popolne nitrifikacije procesa.
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Figure 6: Concentration of NH," depending on MBR operational
time

Obarvanost vode smo dolo¢ili fotometri¢no pri treh valovnih dol-
zinah, in sicer pri 436 nm v rumenem obmo¢ju, 525 nm v rde¢em
obmoc¢ju in 620 nm v modrem obmocju za mesanico barvil. Re-
zultati meritev so prikazani na sliki 7.

Vrednosti SAK vhodne raztopine pri A = 436 nm nihajo v po-
vpre¢ju med 400 in 650 m™!, pri valovnih dolzinah A = 525 nm in
A =620 nm pa med 250 in 500 m™. S staranjem odpadne vode se
SAK povecuje, kar je posledica usedanja suspendiranih organskih
in anorganskih snovi v vhodni modelni odpadni vodi. Vrednos-
ti SAK permeata pri A = 436 nm nihajo med 100 in 200 m™, pri
A =525 nm in A = 620 nm so vrednosti SAK med 0 in 100 m™".
Zmanj$anje absorpcijskega spektralnega koeficienta (SAK) kaze
na zmanj$anje koncentracije barvila v ocisceni tekstilni modelni
odpadni vodi. U¢inkovitost zniZanja obarvanosti modelne tekstil-
ne odpadne vode je pri vseh treh valovnih dolzinah visoka in se
giblje med 75 - 95 odstotki, pri A = 620 nm pa je v povprecju med
85 in 98 odstotki.

Ucinkovitosti znizanja obarvanosti modelne tekstilne odpad-
ne vode pri A = 525 nm nihajo med 80 in 90 odstotki do 56. dne-
va obratovanja, medtem ko v nadaljnjih dneh nihajo med 60 in 80
odstotkov. Slabsi rezultati so posledica nihanja v koncentraciji ki-
sika na anoksi¢ni stopnji, pri ¢emer se razvijejo aerobni organizmi,
ki prevladajo nad anoksi¢nimi [13].

Ucinkovitosti znizanja obarvanosti modelne tekstilne odpad-
ne vode pri A = 436 nm (R, .. ) je v primerjavi z drugimi vred-
nostmi (R in R ) relativno majhna. Zmanjsana ucinko-

SAK(620) SAK(525)
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relatively low in comparison with A = 525 and
A =620 (RSAC(m) and RSAc(szs))' The reason was
the low biodegradability of the yellow dye. Until
day 56, Ry, s was between 70 and 90%. Af-
ter day 56, R decreased and was 45-70%.

SAC(436)

5 Conclusion

This research into wastewater treatment us-
ing MBR showed the effectiveness of the MBR
technology. The COD values for the MBR-treat-
ed wastewater were between 200 and 600 mg
O/L, which indicates the removal efficiency
of COD being between 50 and 97%, depend-
ing on the hydraulic retention time. The opti-
mal hydraulic retention time was determined to
be 3-4 days. The efficiency was not influenced
by the wastewater flow. The research confirmed
that the oxygen concentration within the aer-
obic and anoxic zone is crucial for the waste-
water quality. The chemical analysis showed the
removal efficiencies of the blue and red dyes to
be 70-90%. The yellow dye was not biodegrad-
able and the removal efficiency was thus lower.
Ammonia nitrogen was satisfactorily removed.
All these facts prove the effectiveness of MBR
for the textile wastewater treatment. The type of
MBR is very important, including the separated
tanks for the nitrification and denitrification of
azo dyes. If the legislation is taken into account
(UL RS 7/2007), NH " could be successfully re-
moved for a discharge into the environment; as
0.3 mg/L NH * was below the allowed value of
5 mg/L. Nevertheless, the COD and SAC values
were too high for a discharge: COD was above
200 mg O/L and at A = 436 nm, the permit-
ted value is set at 7.0, whilst the results were be-
tween 100 and 200 m™'; at A = 525 nm, the per-
mitted value is set at 5.0 m™', whilst the results
were between 0 and 100 m™, and at A = 620
nm, the permitted value is set at 3 m™, the re-
sults being between 0 and 100 m™. In regard to
the removal efficiency, the results were satisfac-
tory (50-97%), since they reduce the operating
costs regarding ecological taxes. The nanofiltra-
tion or reverse osmosis additionally improved
the wastewater quality. Such treated water

could be reused in various industrial processes.
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Figure 7: Modelled textile wastewater expressed with SAC as func-
tion of operational process time for a) A = 620 nm, b) A = 525 nm
and c) A = 436 nm

vitost SAK je posledica teZje razgradljivosti rumenega barvila. Do
56. dneva obratovanja znasa Ry, ., 0d 70 do 90 odstotkov. Od 56.
dneva naprej se R zmanj$a in znasa v povprecju od 45 do 70
odstotkov.

SAK(436)
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5 Sklep

V raziskavi obdelave modelne odpadne vode z MBR smo pokaza-
li, da smo dosegli zadovoljive rezultate izhodne ocis¢ene odpad-
ne vode glede na vhodne vrednosti. Vrednosti KPK na izhodu iz
MBR so bile od 200 do 600 mg O,/L, kar pomeni od 50- do 97-od-
stotno ucinkovitost odstranjevanja, to je odvisno od starosti pri-

v

smo dosegli pri 3 do 4 dni stari odpadni vodi. Pretok vode ni bis-
tveno vplival na cis¢enje modelne tekstilne vode. Nase raziskave
so potrdile, da je koncentracija kisika v aerobni in anoksi¢ni coni
izjemno pomemben dejavnik, ki vpliva na kakovost o¢is¢ene vode.
Iz kemijskih analiz oc¢i$¢ene vode je razvidno, da smo pri odstran-
jevanju modrega in rdecega barvila dosegli od 70- do 90-odstotno
ucinkovitost. Odstranjevanje rumenega barvila iz modelne tekstil-
ne odpadne vode je bilo zmanjsano, kar pripisujemo njegovi tezji
razgradljivosti v bioloskem delu bioreaktorja. Dosegli smo zado-
voljive vrednosti zmanjSanja koncentracij amonijevega dusika. Vse
navedene raziskave dokazujejo primernost tehnologije membran-
skega bioreaktorja za ¢i§cenje tekstilnih odpadnih voda. Pri tem je
pomembna izvedba posebnega reaktorja z lo¢enimi rezervoarji, ki
omogocajo nitrifikacijo in denitrifikacijo za razgradnjo azobarvil,
ki prevladujejo v odpadnih vodah tekstilne industrije. Ce uposte-
vamo ustrezno uredbo (UL RS 7/2007), lahko za doseZene vred-
nosti merjenih parametrov povzamemo, da bi glede na vrednos-
ti NH," ionov permeate lahko odvajali neposredno v vode, saj s
povpre¢no vrednostjo koncentracije 0,3 mg/L ne presegajo mej-
ne vrednosti 5 mg/L, medtem ko vrednosti KPK v veéini primerov
presegajo mejno vrednost 200 mg O,/L za odvajanje neposredno v
vode, prav tako tudi SAK, in sicer pri vseh treh valovnih dolzinah
(pri A = 436 nm je mejna vrednost 7,0 doseZene vrednosti pa med
100 in 200 m™%; pri A = 525 nm je mejna vrednost 5,0 m™, doseze-
na pa med 0 in 100 m™" in pri A = 620 nm je mejna vrednost 3 m™,
dosezena pa 0-100 m™). Kljub temu smo lahko zadovoljni z vi-
soko ucinkovitostjo odstranjevanja omenjenih parametrov (50-97
odstotkov), saj bi tako lahko mo¢no zmanjsali stroske placevanja
okoljskih dajatev ob izpustu v javno kanalizacijo. Ob dodatni upo-
rabi membranskih filtracij, kot je nanofiltracija oz. reverzna osmo-
za, pa lahko dosezemo visoko kakovost ocis¢ene odpadne vode, ki
bi ustrezala zahtevam po ponovni uporabi te vode kot tehnologke
vode v industrijskih procesih.
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