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Abstract

�e use of a membrane bioreactor (MBR) has 

been rapidly developing over the last decade. 

�is technology is based on the biodegradation 

of wastewater with activated sludge in a combi-

nation with the physical process of membrane 

�ltration and has become of particular interest 

due to its numerous advantages during waste-

water treatment. �e objectives of this work 

were to treat laboratory-prepared wastewater 

using MBR, in order to determine its e�ective-

ness regarding wastewater treatment, and to es-

tablish operational parameters and system sta-

bility which would provide optimum treatment. 

�e operational parameters, e.g. inlet waste-

water �ow, concentration of oxygen within a 

bio-unit and the monitoring of ultra�ltration 

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 e�ciency value regard-

ing COD reduction and the elimination of dyes, 

expressed as SAC (Spectral Absorption Coef-

�cient), reached 70–90% for both parameters. 

�e results show that the removal e�ciency of 

COD was 90% and of the dyes 97%, respective-
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je, da so produkti razgradnje reaktivnih barvil v veliki večini brez-

-

Za razbarvanje tekstilnih odpadnih voda je bilo razvitih kar ne-
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ni na aerobno razgradnjo, saj aerobne bakterije niso sposobne raz-
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1 Introduction

�e textile �nishing process requires large 

amounts of water and, consequently, gener-

ates a large quantity of wastewater. �e aver-

age consumption of water ranges between 100–

150 m3 per tonne of textile material [1]. During 

the textile dyeing processes, vast quantities of 

chemicals (dyes, auxiliaries) are consumed, 

which strongly charge the wastewater. �e 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. �e wastewater contains heavy metals, sul-

phide components, fats, oils and �bres. �e res-

idues of non-biodegradable dyes remain mostly 

in the wastewater, being the result of incomplete 

binding of dyes to the textile �bre. �e average 

rate of dye-�xation when dyeing with reactive 

dyes is 60–80%. �e residues of non-�xed col-

ours are washed from the textile and thus con-

taminate the wastewater [1, 2]. �e 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-

er, due to the complex structure of textile waste-

water (the multiplicity and diversity within 

the chemical structures of compounds), a suit-

able universal puri�cation 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. �ere are di�erent textile wastewa-

ly. It can be concluded that the MBR technol-

ogy, as a combination of biological and physi-

cal treatments, is very e�ective for the textile 

wastewater treatment. 

Keywords: reactive azo dyes, membrane biore-

actor, wastewater treatment, activated sludge
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2.1. Barvila in kemikalije
-

-

O

CHT-entschaumer mi, 

Biavin 109, detergent Imerol jsf, be-

lilni regulator Sirrix sb O

-

Bactosol arl

-

stalo odpadno vodo odlili v rezervoar z odpadno vodo, ki je nasta-

-

li CHT-entschaumer mi Meropan dpe, 

Biavin 109 Al-

viron rfr Drimaren blau hf–lr, Drimaren 

gelb hf–r in barvilo Drimaren rot hf–3b, kalcirano sodo in bazič-

ter treatment methods, e.g. conventional (phys-

ical – chemical), biological (aerobic – anaerobic 

biodegradation) and membrane �ltration. One 

of the more promising textile wastewater treat-

ment alternatives is the use of a membrane bi-

oreactor (MBR) [5]. �e wastewater treatment 

using a membrane bioreactor (MBR) is based 

on biological treatment in combination with 

membrane �ltration. �e membrane allows for 

the retention of activated sludge �akes 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 a!er 

the MBR process is �nished, whilst with con-

ventional processes, the lowest level of suspend-

ed solids exceeds 10 mg/L. �e 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]. �erefore, 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 

e�ective 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 e�cient 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. �e wastewater can be 

reused in the industrial sector through an ad-

ditional treatment, e.g. nano�ltration or reverse 

osmosis [9].

�e Zenon ZW-10 pilot plant is composed of 

anoxic and aerobic parts, and a �ltration unit 

with hollow-�bre membranes. �e aim of this 

study was to establish the operating conditions 

and stability for the whole laboratory MBR sys-
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odlili v rezervoar s preostalo odpadno vodo, ki je nastala pri prej-

-

Cotoblanc n sr -

Biavin 109

-

tem to achieve the maximum pollutant remov-

al e�ciency with the desired quality of treat-

ed water being discharged into the sewer. �is 

was a novel investigation, since nothing could 

be found in the literature about the combina-

tions of anoxic and aerobic phases in MBR to 

improve the quality of textile wastewater. �e 

objective of this research was to ensure opti-

mal operating conditions by monitoring the op-

erating parameters, e.g. wastewater �ow, oxy-

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

Concentration

st phase

O

nd phase

rd phase

th phase

th phase
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2.2. Pilotna naprava MBR – Zenon ZW 10
-

-

-

-

-

-

-

-

-

-

gen concentration in the biological part of MBR 

and transmembrane pressure. 

2 Experimental

Modelled textile wastewater was prepared in 

a laboratory using the recipe provided by the 

company Beti Pletiva (cf. Table 1). �e pro-

cess consisted of �ve stages. �e bleaching of 

raw cotton with hydrogen peroxide (H
2
O

2
) took 

place during the �rst stage. Certain amounts 

of chemicals CHT-entschaumer mi, emulsi-

�ed fatty compound Biavin 109, detergent Im-

erol jsf, bleaching regulator Sirrix sb, alkaline 

solution of NaOH and H
2
O

2
 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. A!er 20 minutes of heating at a temper-

ature of 50 °C, the wastewater was poured into 

the collection tank together with the wastewater 

Figure 1: MBR pilot plant

generated during the �rst 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, 

emulsi�ed fatty compound Biavin 109, wetting 

agent Alviron rfr, NaCl, reactive dye Drimaren 

blau hf-lr, Drimaren Gelb hf-r and dye Drima-

ren hf-rot 3b, bicarbonate and NaOH were dis-

R
E
 = 

γ
j, i

γ
j, v

kjer je:

R
E 

– 

γ
j, i

 – 

γ
j, v

 – 
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solved in 10 L of water. �is 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 

Table 2: Measured parameters, standard methods and apparatus

Standard

/

O
 

Scales 

(digestion)

-

-

spectrophoto-

+

–

O

)

water and heated at 60 °C for 10 minutes. Af-

terwards, it was poured into the collection tank. 

During the �nal stage, Cotoblanc n sr and 

emulsi�ed fat compound Biavin 109 were dis-

solved in 10 L of water and heated at 98 °C for 

10 minutes. �e generated wastewater was then 

poured into the tank.

�e modelled textile wastewater was puri�ed 

using the Zenon membrane bioreactor, mod-

el ZW-10 with a hollow-�bre hydrophilic mem-

brane. �e membrane area of 0.93 m2 and 

pore-size of 0.04 μm were used. MBR operated 

at up to 0.2 bar of vacuum. �e pilot plant (cf. 

Figure 1) operated April–July 2009. �e mem-

brane bioreactor was composed of a bio-unit 

with an activated sludge biological wastewater 

treatment, and a �ltration unit with a hollow-

�bre membrane. �e textile wastewater was 

-

Figure 2: Sample of permeate (puri�ed water within MBR system), 

sample from bio-unit (wastewater a!er 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. �e biologically-treated wastewa-

ter �owed into the �ltration unit with an ul-

tra�ltration membrane, where any mixed liq-

uor was separated from the wastewater. �e 

puri�ed wastewater was collected in a special 

tank. �e 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. 

�e membrane was mechanically cleaned us-

ing a reverse-current permeate �ow through the 

membrane pores at a pressure of up to 0.25 bar.

�e e�ciency of the MBR-operation can be cal-

culated according to Equation 1, where:

R
E
 – e�ciency [%],

γ
j,I

 – mass concentration of jth component at 

out�ow [mg/L],

γ
j,v

 – mass concentration of jth component at in-

�ow [mg/L].

3 Analytical methods

�e 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 

e&uent of the bio-unit, where the water was 

poured into the ultra�ltration unit. A sample 

of permeate was taken a!er the ultra�ltration. 

�e samples are shown in Figure 2.

Activated sludge was taken from the municipal 

wastewater treatment plant. �e adaptation of 

microorganisms into the modelled wastewater 

lasted for about a month.

�e activated sludge growth and the e�ciency 

of the wastewater treatment were signi�cant-

ly a�ected by the temperature and pH values of 

the fed wastewater. �e microorganisms which 

are normally developed under such conditions 

were very speci�c and sensitive to major chang-

es in pH or temperature [10]. At unfavourable 

pH values, the bacteria were no longer able to 

Figure 3: pH value and temperature depending on time

-

-

-

-

-

-

R
E

-
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Figure 5: COD removal e�ciency and correlation using hydraulic re-

tention time

-

-

-

-

-

-

-

-

-

bioenoti nizka (R
E

-

-

bind together and the activated sludge �akes 

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.

�e pH values of the modelled wastewater were 

8.5–11, whilst it is known that the optimum 

pH value for a biological treatment is about 7 

[1]. If pH is too low or too high, the strengths of 

the �akes decrease, as the bacteria are no long-

er able to bind together. �e pH value for the 

wastewater leaving the bio-unit remained rela-

tively high. �e microbial activity is sensitive to 

external conditions, e.g. pH value; therefore, it 

was necessary to adjust pH before the biologi-

cal pretreatment.

�e COD values (cf. Figure 4) of the modelled 

wastewater and permeate were determined. 

�e COD values of the modelled wastewater 

averaged between 2000 to 2500 mg O
2 
/L, whilst 

a!er the MBR treatment, the permeate COD 

averaged between 200 and 600 mg O
2 
/L. A sig-

ni�cant reduction in the COD value was a re-

sult of the combination of biological and mem-

brane treatments within the MBR system.

�e COD removal e�ciency (R) was calculated 

according to Equation 1, which showed wheth-

er a satisfactory level of the puri�cation per-

formance was achieved for the modelled textile 

wastewater. �e COD removal e�ciencies and 

hydraulic retention times within MBR during 

the operations during June and July 2009 are 

shown in Figure 5.

�e hydraulic retention time is the time the 

wastewater remains in the tank. �e purpose 

of measuring these parameters was to show 

the correlation of hydraulic retention time and 

COD removal e�ciency. It is well-known that 

a higher hydraulic retention time enables a low-

er oxygen demand for the same e�ect at lower 

mixed liquor suspended solids MLSS in activat-

ed sludge [11]. �e 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. �e average COD removal 

e�ciencies were between 60 and 90%, which 

is lower than that found in the literature [12]. 

Detailed calculations showed that the COD re-

Figure 4: COD concentration depending on time
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+ +_
+

+

+

moval e�ciency was the highest a!er the bio-

logical treatment and lower a!er the ultra�l-

tration. �e latter improved the COD removal 

e�ciency in the case of low e�ciency in the bio-

unit (R
ECOD

 < 50%). �e average improvement 

in the COD removal e�ciency a!er the ultra-

�ltration was calculated at between 10 to 20%. 

Figure 6 shows the concentration of ammo-

nia nitrogen depending on time. �e nitri�ca-

tion runs at a certain oxygen level; therefore, 

the measurements of oxygen concentrations 

were conducted within the aerobic zone. �ey 

were between 0.5 and 3 mg/L O
2
. NH

4
+ was de-

termined in the modelled wastewater (NH
4

+_

in�uent) together with the biologically-treat-

ed wastewater (NH
4

+_bio) and MBR-treated 

wastewater (NH
4

+_e&uent). Figure 6 shows a 

NH
4

+ concentration decrease, which means that  

complete nitri�cation could be reached. 

�e 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. �e results are presented in Fig-

ure 7.

�e SAC values for the modelled wastewater 

at λ = 436 nm oscillated between 400 and 650 

m–1, and at λ = 525 nm and λ = 620 nm be-

tween 250 and 500 m–1. �e 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. �e permeate SAC at λ = 436 nm oscillated 

between 100 and 200 m–1, and at λ = 525 nm 

and λ = 620 nm between 0 and 100 m–1. If the 

modelled wastewater SAC decreases, the dye 

concentration also decreases. �e colour remov-

al e�ciency at all three wavelengths was high 

and oscillated at between 75 and 95%, whilst at 

λ = 620 nm, it was between 85 and 98%. 

�e colour removal e�ciency of the modelled 

textile wastewater at λ = 525 nm oscillated be-

tween 80 and 90% until day 56, then further 

between 60 and 80%. �e 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].

�e colour removal e�ciency of the modelled 

textile wastewater at λ = 436 nm (R
SAC(436)

) was 

Figure 6: Concentration of NH
4

+ depending on MBR operational 

time

-

-

λ -

, pri valovnih dolžinah λ  

λ

-

λ , pri 

λ λ

-

ne odpadne vode je pri vseh treh valovnih dolžinah visoka in se 

λ

-

ne vode pri λ -

-

-

ne vode pri λ R -

R  in R -
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relatively low in comparison with λ = 525 and 

λ = 620 (R
SAC(620)

 and R
SAC(525)

). �e reason was 

the low biodegradability of the yellow dye. Until 

day 56, R
SAC(436)

 was between 70 and 90%. Af-

ter day 56, R
SAC(436)

 decreased and was 45–70%. 

5 Conclusion

�is research into wastewater treatment us-

ing MBR showed the e�ectiveness of the MBR 

technology. �e COD values for the MBR-treat-

ed wastewater were between 200 and 600 mg 

O
2
/L, which indicates the removal e�ciency 

of COD being between 50 and 97%, depend-

ing on the hydraulic retention time. �e opti-

mal hydraulic retention time was determined to 

be 3–4 days. �e e�ciency was not in�uenced 

by the wastewater �ow. �e research con�rmed 

that the oxygen concentration within the aer-

obic and anoxic zone is crucial for the waste-

water quality. �e chemical analysis showed the 

removal e�ciencies of the blue and red dyes to 

be 70–90%. �e yellow dye was not biodegrad-

able and the removal e�ciency was thus lower. 

Ammonia nitrogen was satisfactorily removed. 

All these facts prove the e�ectiveness of MBR 

for the textile wastewater treatment. �e type of 

MBR is very important, including the separated 

tanks for the nitri�cation and denitri�cation of 

azo dyes. If the legislation is taken into account 

(UL RS 7/2007), NH
4

+ could be successfully re-

moved for a discharge into the environment; as 

0.3 mg/L NH
4

+ 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
2
/L and at λ = 436 nm, the permit-

ted value is set at 7.0, whilst the results were be-

tween 100 and 200 m–1 ; at λ = 525 nm, the per-

mitted value is set at 5.0 m–1, whilst the results 

were between 0 and 100 m–1, and at λ = 620 

nm, the permitted value is set at 3 m–1, the re-

sults being between 0 and 100 m–1. In regard to 

the removal e�ciency, the results were satisfac-

tory (50–97%), since they reduce the operating 

costs regarding ecological taxes. �e nano�ltra-

tion or reverse osmosis additionally improved 

the wastewater quality. Such treated water 

could be reused in various industrial processes.

R

dneva naprej se R

Figure 7: Modelled textile wastewater expressed with SAC as func-

tion of operational process time for a) λ = 620 nm, b) λ = 525 nm 

and c) λ = 436 nm



Obdelava tekstilnih odpadnih voda z membranskim bioreaktorjem

Tekstilec, 2010, letn. 53, št. 10–12, str. 273–284 

283

-

-

-

stotno učinkovitost odstranjevanja, to je odvisno od starosti pri-

-

so potrdile, da je koncentracija kisika v aerobni in anoksični coni 
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