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ABSTRACT

Presented contribution is focused on long-term laboratory operation (11 mon) of membrane bio-
reactor (MBR) and sequencing batch reactor (SBR) operated with selected organic compounds
that were supposed to be strong inhibitors of nitrification process. The first term of operation
with selected inhibitor diphenylamine (DPA), the second term of operation with 4-amino-
diphenylamine (ADPA) and the third term of operation with benzothiazole (BT) were tested.
The effect of two different sludge ages and the different kinds of treatment models was exam-
ined. In SBR model, the nitrification process occurred only to the first step (high NO,—N concen-
trations) with tested inhibitors DPA and ADPA. At BT concentrations in substrate in the range
of 2-6 mg/l, slender nitrification was observed and high NH,—N effluent concentrations were
measured. On the other hand, in the MBR model the nitrification was completed to the second
step (high NO,—N concentration) almost during the whole period of operation.
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1. Introduction

Nitrification is the term used to describe the two-step
biological process in which ammonium cation (NH,*—N)
is oxidized to nitrite (NO,-N) and nitrite is oxidized to
nitrate (NO,-N) by means of autotrophic microorgan-
isms. The need for nitrification in wastewater treatment
arises from water quality concerns over:

¢ the effect of ammonia on receiving water with respect
to dissolved oxygen concentrations and fish toxicity,

¢ the need to provide nitrogen removal to control eutro-
phication, and

¢ the need to provide nitrogen control for water-reuse
applications including groundwater recharge [1].

*Corresponding author.

Nitrifying organisms are sensitive to a wide range of
organic and inorganic compounds at concentrations well
below those that would affect aerobic heterotrophic organ-
isms. Toxic compounds include solvent organic chemi-
cals, amines, proteins, tannins, phenolic compounds,
alcohols, cyanates, ethers, carbamates, and benzene. The
most significant inhibitory effects have those organic
compounds that contain both nitrogen and sulphur
in their molecules (mercaptobenzothiazole, thiourea,
allylthiourea etc.) [2—4].

Nitrification is also inhibited by un-ionized ammo-
nia (NH,) or free ammonia, and un-ionized nitrous acid
(HNO,). The inhibition effects are dependent on the total
nitrogen species concentration, temperature and pH. At
free ammonia concentrations in the range of 10 to 150
mg/1, inhibition of first step of nitrification was observed
to result in an increase in ammonium concentration in the
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reactors. On the other hand, the second step of nitrifica-
tion was also inhibited at free nitrous acid concentration
from 0.2 mg/1to 2.8 mg/1. The availability of free ammo-
nia and free nitrous acid are function of pH and solution
concentration of ammonium and nitrite. The concentra-
tions of free ammonia and free nitrous acid can be deter-
mined from the equations and graphs presented first by
Anthonisen and then by many other authors [5-8].

Very important source of nitrifying inhibitors are
industrial wastewaters containing nitrogen and sulphur
(thiourea, cyanide, phenols, aniline, etc.) and heavy met-
als (Zn, Pb, Ni, Cr, Cd, etc.) [6]. According to Knapp et al.
7 mg/1 benzothiazole (BT) causes a 50% and 54 mg/1
a 100% inhibition of ammonia oxidation, while nitrite
utilization is not affected [9]. The benzothiazole inhib-
its activated sludge respiration at a concentration of
650 mg/1 [10,11]. Other authors examined the biode-
gradability of several benzothiazoles using a degradation
test. In these conditions, only 2-hydroxybenzothiazole
was biodegraded and 2-mercaptobenzothiazole, benzo-
thiazole SO,, 2-aminobenzothiazole and 2-(methylthio)
benzothiazole were not [12-14].

Puig et al. identified forty-six different compounds
in wastewater resulting from the manufacture of rub-
ber antioxidants and accelerators. They studied their
reaction when subjected to techniques of chemical
oxidation using ozone. With regard to the benzothiazole
group, after ozonation, the heterocyclic compounds like
2-benzothiazoleamine, benzothiazole, 2-(methylthio)- or
2-mercaptobenzothiazole with activating substituting
groups were completely removed. The concentration
of 2-methylbenzothiazole and 1,2-benzisothiazole,
3-methyl were decreased by 82.3% and 79.7%. The con-
centration of benzothiazole without any substituting
group was decreased by 66% [15].

One of the most promising newer technologies for
wastewater treatment is membrane bioreactors (MBRs),
which combine membrane filtration with biodegradation
processes. Solid materials, biomass and pathogenic bacte-
ria and even macromolecules are retained while allowing
water and smaller solution species to pass through the
membrane, so that the very high quality of the effluent is
reached. The advantages offered by MBRs over the con-
ventional activated sludge process include the very high
quality of the effluent, separation of solid retention time
(SRT) from hydraulic retention time (HRT) in an MBR
system, long SRT and low sludge loading rate. The per-
formance of nitrification in such systems is much more
effective and less sensitive on inhibitors. It was dem-
onstrated that the microbial populations in an MBR are
capable of degrading a wider range of organic substances
than a culture from a conventional sludge system [16,17].

However, it is important to highlight that biological
treatment processes for industrial wastewater may heavily
influence the selection process, especially for the nitrifying

biomass, because of the presence of salts, heavy metals and
organic inhibitors. In the context of a wider experimental
investigation on the efficiency and viability of MBR for the
treatment of industrial wastewater, this paper presents a
comparison of a laboratory MBR and sequencing batch
reactor (SBR) treatment plant. Both tested plants were fed
with the same industrial wastewater with high content of
organic inhibitors of nitrification, not only in terms of pro-
cess efficiency in the removal of pollutants, but also in terms
of nitrification efficiency. The main goal of this study is to
find out effects of three tested compounds (diphenylamine,
4-amino-diphenylamine and benzothiazole) on nitrifica-
tion process using two models (MBR and SBR operated
with different SRT) in period from January to December
2009. The research was performed at Institute of Chemical
and Environmental Engineering (ICHEE) of Slovak Uni-
versity of Technology (SUT).

2. Materials and methods
2.1. Description of tested compounds and laboratory models

For the purposes of this study three potential nitrifi-
cation inhibitors were selected and used: diphenylamine,
4-amino-diphenylamine and benzothiazole. The selec-
tion of inhibitors was realized on the basis of long term
experiences with inhibition of nitrification at biologi-
cal wastewater treatment plant (WWTP) in one of the
important Slovak chemical industrial factories. Nowa-
days, the reconstruction of WWTP is being prepared
and the question of MBR installation is very actual. The
results of this study should be useful for selection of
appropriate treatment technology.

Diphenylamine (DPA; structure see Fig. 1) is a com-
pound from the third European Union (EU) list of prior-
ity pollutants. It was assigned by the EU to Germany
to assess and control its environmental risks. DPA and
its derivatives are most commonly used as stabilizers
in nitrocellulose-containing explosives and propellants,
in the perfumery, and as antioxidants in the rubber and
elastomer industry. Diphenylamines are still produced
by the chemical industries. The worldwide annual pro-
duction of DPA in the 1980s was about 40,000 t of which
nearly 4000 ¢ were produced in Germany [18,19]. This
compound still has an industrial significance, so the
current annual production may be even higher. This
is especially supported by published values showing

OO

Fig. 1. Molecular structure of DPA.
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high production rates for this compound in the eastern
countries of Europe (for example, the Slovak Republic
produced more than 10,000 ¢/y) [20].

Some ecotoxicological studies demonstrated the
potential hazard of various diphenylamines to the
aquatic environment and to bacteria and animals. Stud-
ies on the biodegradability of DPA and its derivatives
are very rare. Therefore, further investigation is required
to determine the complete dimension of the potential
environmental hazard and to introduce possible (bio)-
remediation techniques for sites that are contaminated
with this class of compounds [21].

4-amino-diphenylamine (ADPA; structure see Fig. 2)
is used in the production of hair dyes and other dyes, is
a precursor and intermediate for the synthesis of vari-
ous chemicals for photography and for pharmaceutical
products, and is used in rubber compound manufacture.
Additionally, ADPA is an azo reduction metabolite of
the widely used food dye Metanil Yellow [21].

Benzothiazole (BT, structure see Fig. 3) and its deriva-
tives are manufactured worldwide for a wide variety
of applications. They are used, among other things, as
slimicides in the paper and pulp industry, as fungicides,
as herbicides or as anti-algal agents. They are applied as
corrosion inhibitors in cooling water and in antifreeze for
automobiles. Their main use is as vulcanization accelera-
tors in rubber production, catalysing the formation of sul-
phide linkages between unsaturated elastomeric polymers
in order to obtain a flexible and elastic cross linked mate-
rial. Benzothiazoles, although found in minor concentra-
tions in natural products, are now more widely released
into the environment as industrial xenobiotics. This raises
questions about their biodegradability, their behaviour in
activated sludge systems and their general toxicity [12].

For the purposes of this study the synthetic wastewa-
ter was prepared daily in our laboratory. Composition of
synthetic wastewater met basic composition parameters
of wastewater from real Slovak industrial WWTP, where
long term inhibition of nitrification has been observed.

HH2

Fig. 2. Molecular structure of ADPA.

Fig. 3. Molecular structure of BT.

For preparing of 100 1/d of synthetic wastewater (sub-
strate), these volumes or amounts of selected substances
were needed: 200 ml methanol, 20 g peptone,
11 ml toluol, 13 ml isopropanol, 100 g NH,-N, 400 g
NaCl, 120 g Na,CO,, 170 ml P (phosphorus solution con-
centration 10 g/1) and tested inhibitor (DPA or ADPA
or BT) e.g.: for concentration of inhibitor 10 mg/I it was
dose of 1 g. The basic parameters of substrate and mod-
els are reported in Table 1. Such prepared substrate was
used as feed for both (MBR and SBR) treatment models.
Basic parameters of both laboratory models are pre-
sented in Table 1. Membrane bioreactor (MBR, Fig. 4)
model consisted basically of activated sludge tank (300 1)
with immersed flat-sheet membrane module (surface area
6.25 m?, supplied by Martin-Systems Company, Germany,
Fig. 5). MBR model was inoculated by real activated
sludge from mentioned industrial WWTP in volume of
150 1 and was filled with water to 200 1. The initial sludge
concentration in MBR model after inoculation was 11 g/L
Activated sludge in MBR model was aerated using aerator
and compressor. Daily, 1001 of substrate was pumped into

Table 1
Basic technological parameters of SBR and MBR model
operation

Parameter Unit MBR SBR
Volume of reactor 1 300 3.0
Load Bv (COD) kg/m3d 0.86 0.86
Sludge age 6x D 50 20
(predetermined)

COD substrate mg/1 3000 3000
NH,-N substrate mg/1 400 400
Total salinity g/l 6.0 6.0

Fig. 4. MBR model.
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Fig. 6. SBR model.

the MBR model continually for 20 h/d. Once a day, 100 1
of permeate (treated water from MBR model) was drained
into the sewage. Predetermined sludge age in MBR model
was 50 d (6 ] of excess sludge).

The initial sludge concentration in sequencing batch
reactor (SBR, Fig. 6) after inoculation was 7 g/1. Daily, one
litre of substrate described above - influent was pumped
into the SBR model discontinually during 21 h/d. Once
a day, after two hours of activated sludge sedimentation,
850 ml of supernatant (treated water from SBR model)
was drained into the sewage. Predetermined sludge age
in SBR model was 20 d (150 ml of excess sludge).

2.1.1. Sampling and chemical analysis

The samples of influent (substrate), permeate, SBR
supernatant (effluent, treated waste water), MBR and
SBR activated sludge were sampled regularly two times
per week and analysed in laboratory of ICHEE according

Table 2

Important dates of MBR and SBR operation

Date Day of Action Inhibitor
operation conc. [mg/1]

16th Jan Sludge inoculation 0

of MBR and SBR

The beginning of 0
substrate dosing

The beginning of 10
DPA dosing

The beginning of
oil dosing
Increase of DPA 25
concentration

Increase of DPA 50
concentration

The beginning of 0
period without
inhibitor dosing

The beginning of 10
ADPA dosing into
substrate

Increase of ADPA 25
concentration

Increase of ADPA 50
concentration

The beginning of 0
period without

inhibitor dosing

The beginning of BT 2
dosing into substrate
Increase of BT 6
concentration

The end of operation 6

19th Jan 1st
26th Jan 8th

9th Feb 22nd 20 ml*

6th March  47th

30th March 71st

4th May 106th

3rd June 136th

22nd July ~ 185th

17th Aug 211th

3lst Aug 240th

16th Oct 266th

12th Nov 293rd

16th Dec 326th

* The beginning of 20 ml/d oil dosing directly into the MBR model
with aim to eliminate foaming of activated sludge.

to standard methods [22]. During the operation the basic
quality parameters (temperature, pH, oxygen concentra-
tion, chemical oxygen demand COD, NH,-N, NO-N,
NO,-N, N, ., suspended solids etc.) of influents and
effluents were determined. The inhibitor concentrations
in each sample of influents, effluents and activated slud-
ges were analysed using chromatographic techniques in
laboratories of Research Institute of Chemical Technology
RICHT Inc. (in Slovak VUCHT a.s.).

2.1.2. The important dates of MBR and SBR operation

In Table 2, the important dates of MBR and SBR
operation during the 2009 are presented.

3. Results and discussion

In this part of contribution individual quality para-
meters of MBR and SBR models, activated sludge,
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influents and effluents during the whole operation
periods are discussed.

3.1. Temperature

The temperature values of activated sludges of labo-
ratory models were in interval between 17.9 to 28°C as
a consequence of temperature adaptation in MBR and
SBR model to air temperature in laboratory during the
operation. The temperature range in laboratory con-
ditions met the range of temperature on real WWTP
during summer and winter conditions.

3.2. Oxygen concentration

During the whole operation no problems with oxy-
gen dosing into the MBR and SBR activated sludge were
observed. The oxygen concentrations were on high
level in interval between 6.8 to circa 7.5 mg/l. During
the period of BT dosing into substrate of SBR model,
a slightly higher decrease of oxygen concentration
(5 mg/1) was observed, even though the oxygen concen-
tration in SBR sludge was still high enough.

3.3.pH

The pH values in MBR and SBR sludge were in inter-
val between 6.0 to 9.0. Sometimes, as a consequence of
H* ions formation, the decrease of pH occured. In this
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case, pH was regulated by sodium carbonate Na,CO,
dosing in adequate amount to obtain pH in interval 7 to
9 in MBR and SBR models, which corresponds with pH
values in real industrial WWTP.

3.4. Sludge concentration

The MBR and SBR sludge concentration X_changed
significantly during the operation (Fig. 7). The mem-
brane separation enabled higher sludge concentration
in the MBR model (3—4 g/1) compared to SBR model
(2-3 g/1). The reasons of the lower sludge concentra-
tion in both models could be explained with several
phenomena: (i) disintegration of sludge flocks due to
inhibition and/or toxicity of substrate compounds as
methanol, toluene, isopropanole, diphenylamine, ben-
zothiazole etc.; (ii) high salinity of substrate -6 g/1 (but
comparable with real WWTP conditions); (iii) absence of
suspended solids in substrate (contrary to real WWTP
conditions); (iv) low sludge load of systems. Probably
because of these phenomena the decay of activated
sludges in both laboratory models occurred. Part of the
sludge flocks were disintegrated and solubilised in acti-
vated sludge and afterwards partially oxidised by viable
sludge flocks. This phenomena of sludge flocks disinte-
gration occurred also at real industrial WWTP, neverthe-
less, the sludge concentration at real WWTP is higher
(ca 6-8 g/1).

12
4 25 50
1 10mg1 |mg/l| 50mg/1 |0mg/l 10 mg/1 25mg/l | mg/1 |0 mg/1| 2mg/l1| 6 mg/l
DPA DPA DPA ADPA ADPA ADPAADPA| BT BT
10
—— MBR Xc
. -8~ SBR Xc
=
2
o
=
. AN
2 S
o +—+—r—r—rr—r—r—rr—r—rrrrrr T T T T T e T e T e T
8 28 48 68 88 108 128 148 168 188 208 228 248 268 288 308

Fig. 7. Sludge concentrations in MBR and SBR model.

time [day]
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The predetermined sludge age in MBR model was
50 d, but the real value was circa 35 d, which is a higher
value in compare with the sludge age of SBR model. The
predetermined sludge age in SBR model was 20 d, but
the real value decreased to circa 10 d.

3.5. Chemical oxygen demand

In Table 3, the average COD values of effluents of MBR
and SBR model for periods with inhibitor dosing into
substrate during the whole operation are presented. The
highest COD value achieved unfiltered SBR effluent, its
average value was 609 mg/1. The best effluent was MBR

Table 3
Average COD values of MBR and SBR effluents during the
whole operation

A. Blstikovad et al. / Desalination and Water Treatment 35 (2011) 185-194

permeate, that achieved the average COD value during
the periods of inhibitor dosing into substrate 86 mg/1
(see Table 3). To compare the quality of membrane ultra-
filtration effluent, parallel samples from permeate (MBR
permeate) and sludge mixture directly from MBR model
filtered “only” through laboratory filtration paper (MBR
filt) were regularly measured. The quality of permeate was
much higher during whole tested periods. The COD con-
centration from SBR model should be analogous to efflu-
ents from real WWTP (with sedimentation tanks). All SBR
effluent values (also filtered) were significantly higher then
MBR permeate values and were comparable with effluents
from real industrial WWTP (average COD = 310 mg/I).
From this point of view (COD removal) the application of
MBR system into real industrial WWTP is very effective.

3.6. Permeate flux

Inhibitor ~Conc. MBR filt MBR SBR SBR filt
[mg/l] [mg/l] permeate unfilt [mg/I] During the MBR model operation no membrane
[mg/1] [mg/1] clogging was observed, even though vegetable oil was
dosed on the sludge surface in volume of 20 ml per day
ggﬁ ;g 332 1;8 Zig gg? to eliminate foam that could overflow MBR model, if oil
DPA 50 a7 40 454 360 would have not been dosed. Predetermined flux from
MBR model was 10 1/m*h. During the whole year opera-
ADPA 10 740 263 773 535 tion of MBR was measured flux in interval 9 to 10 1/m?h
ADPA 25 383 40 986 713 '
ADPA 50 367 37 981 707
BT ) 170 75 057 124 3.7. Nitrification process in MBR model
BT 6 191 33 241 120 On Fig. 8, nitrification process of MBR model dur-
Average 397 86 609 446 ing the whole operation is presented. For MBR permeate
600
: 25 50
1 10mg1 |mg/l |50mgA | 0 mg/ 10mg/1 25mg/l| mg/l (0mg/ | 2mg/l | 6 mg/
| DPA  |DPA | DPA ADPA ADPA ADFA| BT BT
500
400 -
< 300
& 1/ |
Z. | “ ——{NH4-N
200 \" -#-{NO3-N |
] ; ~+{NO2-N
] —<|Ntot
100 “ f
0 : *,-M',\"P.—' s Km oo ;—,_,-‘—Ffﬂ—.u;—./:'.\ bl

Fig. 8. Nitrification process in MBR model.

68 88 108 128 148 168 188 208 228 248 268 288 308

time [day]
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total nitrogen was in range 400-500 mg/1. NH,—N con-
centrations in the effluent were much lower than 10 mg /1
during the whole operation, only in the period when
inhibitor was changed, NH,—N concentrations increased
a little. At the time of activated sludge adaption on sub-
strate with selected inhibitor DPA and ADPA, NO,-N
concentrations in effluent were higher. After few days of
sludge adaption on inhibitor in substrate, NO,-N con-
centrations decreased again to zero values. The oppo-
site course was in case of NO,—N concentrations. In first
days of sludge adaption on substrate, NO,-N concen-
trations continually increased to values around 400 or
more mg/l. Thus, in MBR model the nitrification pro-
cess was inhibited only during the initial days of sludge
adaption on substrate with selected inhibitor DPA and
ADPA. During the rest of period of operation, nitrifica-
tion process with DPA, ADPA and BT was completed
to second step. The NO,-N concentration increased to
50 mg/1 during the second period without inhibitor dos-
ing into substrate. Long term operation of MBR confirms
the very low inhibition of tested organic compounds on
nitrification process.

3.8. Nitrification process in SBR model

On Fig. 9 nitrification process of SBR model dur-
ing the whole operation is presented. In SBR super-
natant - effluent (filtered treated wastewater) total
nitrogen was in interval 350-450 mg/l. The NH -N
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concentrations were very low (under 10 mg/1) during
the whole operation with DPA dosing into substrate,
i.e., the first step of nitrification (nitrite production)
was not negatively affected. Partial inhibition of sec-
ond step of nitrification occurred at DPA inhibitor con-
centration of 10 mg/l. On the other hand, the second
step of nitrification was heavily inhibited by higher a
DPA concentration which is evident from NO,-N and
NO,-N concentration courses.

In the period when tested inhibitor was ADPA, efflu-
ent NH,—N concentrations increased to 30 mg/1, which
represented slight (10-20%) inhibition of the first nitri-
fication step. The second step of nitrification was also
strongly inhibited by ADPA but inhibition was not
so serious compared with DPA using. It is indicated
by slight decrease of nitrite and also by increasing of
nitrates in this period.

The inhibition of the first nitrification step inten-
sively started already in case of low BT dosing followed
by sharp increasing of NH,—N concentrations in efflu-
ent. After increase of BT concentration to 6 mg/1 in sub-
strate, a slender nitrification (low NO,-N and NO,-N
concentrations) was observed. High NH,—N concentra-
tion values (300-350 mg/1) were measured during the
period at BT concentration 6 mg/1 in substrate. It fol-
lows, that BT at both tested concentrations was the stur-
diest inhibitor of nitrification process in the first step, but
the second step was not so severely influenced, which
was confirmed by results from Knapp [9].

600

50
| 10mg/1 25mg/1| 50 mg/1 0mg/1 10 mg/1 25mg/l1 |mg/l 0mg/ |2mg/1| 6mg/l
DPA |DPA | DPA ADPA ADPA ADPA BT BT
500
400 R8T DAL A, 7 WY ax
! | ‘ h f b
S 300 : - A
£ ] ——NH4-N
4 1 -8-NO3-N
200  |-~NO2-N {
] r ——Ntot /
100 * /
0 ‘|‘VV|H'\'H\"“|A‘Hs"lwl‘"vw

vy
hg o) . A B e e

8 28 48 68 88

Fig. 9. Nitrification process in SBR model.
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Table 4
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Measured DPA and ADPA concentrations in activated sludges and effluents of both laboratory models (abbreviation

UML - under measured limit)

Teor. Conc.in  Real Conc.in ~ SBR Unf. SBRsludge MBR Perm. MBRsludge Sample's day
Substr. [mg/1]  Substr. [mg/1] effluent [mg/l]  [mg/g] [mg/1] [mg/g]
DPA 10 10 0.05 0.185 0.05 0.170 25th
10 9.3 UML UML UML 0.05 44th
25 304 UML UML UML UML 65th
50 52.7 UML 0,04 UML 0.02 95th
ADPA 10 11.5 UML UML UML 0.0428 156th
10 109 UML UML UML 0.1994 184th
25 22,6 UML UML UML 0.2940 198th
Table 5
Calculated real and implicit DPA and ADPA concentrations in activated sludge of MBR and SBR model
Teor. Conc. Real Conc. SBR real SBR implicit MBRreal = MBR Sample's
Substr. [mg/1] Substr. [mg/1] [mg/1] [mg/1] [mg/1] implicit [mg/l]  day
DPA 10 10 0.68 57 1.33 57 25th
10 9.3 0 117 0.21 117 44th
25 304 0 280 0 280 65th
50 52.7 0.079 730 0.074 730 95th
ADPA 10 11.5 0 70 0.15 70 156th
10 109 0 163 0.701 163 184th
25 22,6 0 279 1.02 279 198th

3.9. Inhibitor concentration in samples

In Table 4 and 5, DPA and ADPA concentrations of
activated sludges, influent and effluents for both models
are presented. In case of BT no inhibitor concentration
measurements in samples were performed.

From Table 4 can be seen, that almost every mea-
sured inhibitor concentration in both activated sludges
and effluents of MBR and SBR model was under mea-
sured limit or near to zero values. It means, that both
inhibitors are biodegradable and are not accumulated
into sludge.

From Table 5 can be seen, that real measured inhibi-
tor concentrations in both activated sludges of labora-
tory models were near to zero values. On the other hand,
implicit calculated inhibitor concentrations were very
high in compare with real measured inhibitor concentra-
tions. It follows, that DPA and ADPA inhibitors in acti-
vated sludges of both laboratory models were removed.

4. Conclusions

Based on year operation (16th Jan—-16th Dec 2009) of
laboratory MBR and SBR models with tested inhibitors
of nitrification, diphenylamine DPA, 4-amine-diphenyl-
amine ADPA and benzothiazole BT following conclu-
sions can be stated:

4.1. MBR model

* By using of membrane filtration the permeate COD
concentration decreased to 3040 mg/l. Average per-
meate COD concentration during the whole operation
with inhibitor dosing into substrate was 86 mg/1.

e The suspended solids concentrations in permeate
were under measured limit.

* The decrease of permeate colour in compare with influ-
ent colour occurred thanks to membrane filtration.

* At higher sludge age as in case of MBR model (pre-
determined 50 d), complete nitrification into the both
steps at each inhibitor in substrate was achieved. In
MBR model nitrification process was inhibited only
during the first days of sludge adaption on substrate
with selected inhibitor DPA and ADPA. The rest of the
period of operation, nitrification process with DPA,
ADPA and BT was completed to second step.

* Despite of membrane filtration sludge concentration
decreased from initial 11 g/1 to final 3—4 g/1. Probably
due to the high salinity concentration (6 g/1), metha-
nol, toluene, isopropanole and presence of inhibitors
in substrate, the decay of activated sludge occurred.
The predetermined sludge age in MBR model was
50 d, but the real value was circa 35 d.

¢ DPA and ADPA concentrations in permeate were
under the measured limit. The DPA and ADPA real
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measured sludge concentrations were near to zero
values in comparison with implicit calculated sludge
concentrations during the whole operation. It fol-
lows, that inhibitors DPA and ADPA were biologically
removed.

* From the long point of view can be alleged, that the
measured permeate flux values were stable in interval
9-101/m?h.

4.2. SBR model

* The average unfiltered supernatant COD concen-
tration during the whole operation with inhibitor
dosing into substrate was 609 mg/l. The lower
sludge age of SBR model had positive effect on
sludge sedimentation. Despite of that, the values of
unfiltered COD concentration of SBR model were
high. It was caused by unsedimentated suspended
solids (circa 150 mg/l), by presence of dispersed
sludge flocks and unsedimentated turbidity in
supernatant-effluent. The average filtered effluent
COD concentration of SBR model was in interval
300-700 mg/1 during the whole operation with
inhibitor dosing into substrate.

o At lower sludge age (20 d), at DPA concentration of
10 mg/1 in the substrate, slow but progressive nitri-
fication into the second stage (50-80%) was accom-
plished. After DPA concentration increased in the
substrate to 25 mg/1 and later 50 mg/1, a significant
(almost 100%) inhibitive effect on second step of nitri-
fication was achieved.

* With tested inhibitor ADPA the nitrification course
was similar to nitrification with tested inhibitor
DPA. The change occurred in case of BT dosing into
substrate. The nitrification into the second step was
observed only at BT concentration 2 mg/1 in sub-
strate. At BT concentration 6 mg/1 in substrate, the
NO,-N concentrations decreased from 350 mg/I to
50 mg/l and at these values persevered till the end
of operation. High NH,-N concentration values
(300-350 mg/1) were measured during the period at
BT concentration 6 mg/1 in substrate. It follows, that
BT at concentration 6 mg/1 was the sturdiest inhibitor
of nitrification.

¢ The sludge concentration decreased from initial 7 g/1
to final 1.5 g/1, which can be explained by higher sus-
pended solids concentration in the effluent. Probably
because of high salinity concentration (6 g/1), metha-
nol, toluene, isopropanole and presence of inhibitors
in substrate, the decay of activated sludge occurred.
The predetermined sludge age in SBR model was 20 d,
but the real value was circa 10 d.

* DPA and ADPA concentrations in the effluent were
similar to the findings with MBR model.

The long term testing of selected nitrification inhib-
itors confirmed the positive influence of membrane
filtration on nitrification process stability. The higher
sludge age, higher sludge concentration in MBR, high
sludge separation on membrane creates optimal tech-
nological conditions for reduction of inhibitors influ-
ence on nitrification process. On the other hand, SBR
system (as analogy to the classic activated sludge
system with sedimentation tanks) showed high nitri-
fication sensitivity on tested organic inhibitors. By
arrangement of membrane filtration into real techno-
logical line of industrial WWTP, the complete nitrifica-
tion into the both steps and good quality effluent could
be achieved.
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