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ABSTRACT

Anti-inflammatory agent (Naproxen) and antibiotics (Norfloxacin) were added into
the sewage water separately to assess their effect on MBR performance. Membrane
bioreactors show lower organic matters and nutrients removal when pharmaceuticals
existed in treated water. Compared with traditional sewage water removal rate (COD
was 89.84%, NH4+-N was 90.83%), the existence of Naproxen or Norfloxacin resulted in
lower removal rate for COD (90.37% and 87.46%, respectively) and NH4+-N (70.12%
and 73.68%,respectively). Sedimentation performance of active sludge showed that
undesirable settling property was got when adding Naproxen or Norfloxacin (even in low
doses) into the test water. According to the TTC-ETS bioactivity analysis, Naproxen
poison effect was higher than Norfloxacin, which was in accordance with the sludge
sedimentation performance. Membrane fouling was illustrated by SEM and
trans-membrane pressure analysis. The excess organic matter retained by membrane
led to increasing membrane pollution. Critical pressure was reached about 30h ahead of
normal time.
1. Introduction
The presence of trace organic contaminants, such as pharmaceuticals, in the
environment is recognized as an emerging issue due to their potential to cause
undesirable environmental and human health effects (Rosal et al., 2010). Policy makers,
water authorities and the scientific community have launched monitoring programs of
emerging contaminants and toxicity studies in order to bring a regular update the list of
regulated compounds. Many pharmaceuticals have been found in microgram or
nanogram per liter in raw water, wastewater treatment plant effluents and even in
drinking waters (A. Kumar, 2010; C. Fernandez, 2010; P.E. Stackelberg,2007).
Anti-inflammatory agent and antibiotics are the most common used pharmaceuticals. In
Spain, 55% of the top 200 drugs consumed are ingested orally, and approximately 5%
of them are anti-inflammatory drugs. In Germany the total consumption of antibiotics by
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men has been calculated as approx. 400 t per year. (José Luiz Tambosi, 2010). These
pharmaceuticals will be excreted as a mixture of metabolites, as unchanged substance,
or conjugated with an inactivating compound attached to the molecule. When they enter
water treatment system, they are either partially retained in the sludge, or metabolized
to a more hydrophilic but still persistent form. Due to they can work on bacteria,
especially most antibiotics are broad spectrum antibiotics and anti-inflammatory has
ability to inhibit enzymes, the inhibition of the bacterial growth in active sludge must be
evaluated.
Naproxen is known as a kind of “profens”, which possesses anti-inflammatory and
analgesic activities due to its ability to inhibit cyclooxygenase enzymes that promote
inflammation. Norfloxacin is primarily applied for treating human infections, such as
urinary tract infections and prostatitis. Norfloxacin is a first generation synthetic
quinolone, which is approved extremely effective, particularly because of its broad
spectrum of activity and good oral absorption. These two agents have been detected at
levels of up to 59.4-450 ng L-1 in wastewater treatment plant effluents ( Batt et al., 2005).
As typical agents of anti-inflammatory and antibiotics, both of them have raises
concerns about its potential ecotoxicity and genotoxicity (Kümmerer et al., 2009). In
addition, the difference of biological activities in sludge affected by these two agents is
not determined.
MBR is an alternative technology for water recycling. Becoming commercially available
only around two decades ago, MBR has been well proven and can provide a superior
rating for particulates and colloids, in terms of chemical oxygen demand (COD),
ammonia nitrogen and suspended solid removal compared to conventional activated
sludge treatment process (Melin et al., 2006; Visvanathan et al., 2000). Previous studies
have indicated that naproxen and norfloxacin could be partially removed by the activity
of microorganisms in the MBR and biosorption (Reif et al., 2008). Although they were
significantly removed from the water stream, their fate is associated with sewage sludge
because of their strong sorption properties (Golet et al., 2003) and their poor
degradation (Al-Ahmad et al., 1999). A few pioneering works using well-controlled
laboratory reactors have been conducted on the removal of specific pharmaceuticals at
environmentally relevant concentrations in MBR process(Nichanan et al., 2011), but
very few exist on their influence on water treatment system performance.
To issue the problem concerned above, the objective of the present work was to
evaluate and compare the MBR system performances when adding naproxen or
norfloxacin into the system. The connection between pollution removal and activity of
sludge is elucidated. Furthermore, their influence on membrane fouling and its control
are also reported.
2. Materials and method
2.1 Laboratory scale MBR system
The system consisted of a MBR unit, a water tank, a pressure gauge, a gas flow meter,
an effluent flow meter, a water pump, a gas pump and a set of computer control system.
The effective volume of MBR unit was 6 L. Water surface in MBR was settled by sensor
and electromagnetic valve to keep the water surface within 5 cm. The Sludge retention

and treated water filtration was achieved by polyvinylidene difluoride (PVDF) hollow
fiber membrane module, with an effective area of 0.05 m2 and a nominal pore size of
0.22μm. A constant effluent flow was keeping at 0.6 L/h. Computer recorded
trans-membrane pressure every 10 min, and the filtration period ended at 45Kpa
according to the record. Then a new membrane was used in next test. The MBR system
for this test is shown as Fig.1.
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Fig. 1 Laboratory scale MBR system
2.2 Synthetic wastewater
A synthetic wastewater simulating municipal sewage was used to ensure a stable
feeding rate throughout the experiment. Feed solution containing glucose (281.25 mg
L-1) , NH4Cl (57.25 mg L-1), KH2PO4 (13.25 mg L-1), NaHCO3 (75 mg L-1), Peptone (25
mg L-1), Yeast extract (10 mg L-1), MgSO4•7H2O (16.5 mg L-1) and FeSO4 (0.1 mg L-1).
Naproxen and norfloxacin were purchased from Harbin Pharmaceutical Group (Harbin
city, China). Individual standard solutions of the compounds (100 mg L-1) were prepared
fresh monthly and stored at -20℃. Working standard mixtures were prepared by diluting
the individual stock solution in water immediately before use. Dosage of naproxen and
norfloxacin was 0.1 mg L-1, respectively.
2.3 Biological activity measurements
Dehydrogenase (DH) activity of the electron transport system (ETS) has been found to
correlate with oxygen uptake rate (OUR) and substrate removal in activated sludge.
Dehydrogenase is responsible for taking hydrogen from a substrate and passing it along
a set of carriers to free oxygen or to synthetic acceptors further converted to coloured
products. As an artificial electron acceptor, tetrazolium salts 2,3,5-triphenyl tetrazolium

chloride (TTC) has been used for many years to quantify the respiratory activity of
microorganisms ( Paul B., 2003). The tetrazolium salts are reduced by dehydrogenase
enzymes present in the electron transport systems (ETS) of aerobic, facultative, and
anaerobic microorganisms. These enzymes convert each of the tetrazolium salts to
insoluble formazans, which can then be extracted with an organic solvent and measured
colorimetrically. The quantity of formazan produced is used as a measure of the total
respiratory or ETS activity of the microorganisms.
2.4 Analytical techniques
Naproxen and norfloxacin were analyzed by High Throughput HPLC-2010 (SHIMADZU,
Japan). Membrane fouling was illustrated by SEM (JSM-5310L, JEOL, Tokyo,
Japan).The trans-membrane pressure was tested by pressure gauge and recorded
automatically by computer control system.
2.5 MBR experimental protocol
The active sludge was taken from aeration tank of Fengxian Wastewater Treatment
Plant, China. Prior to its application for MBR, the seed sludge was diluted and
supplemented with synthetic wastewater (without naproxen or norfloxacin), aerating
until a MLSS value of 5000 mg L-1 was reached.
According to different wastewater quality (synthetic wastewater without pharmaceuticals,
synthetic wastewater with naproxen, synthetic wastewater with norfloxacin), MBR
performance was evaluated until a membrane filtration cycle was over. A new
membrane was used when next test began.
3. Results and discussion
3.1 NH4+-N and COD removal
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Fig. 2 Comparison of NH4+-N and COD removal in different water quality
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The total removal efficiency (sludge sorption + biodegradation + membrane retention) of
ammonia nitrogen and COD were determined during a membrane filtration cycle.
Changes of removal rate of ammonia nitrogen and COD during one membrane cycle
are shown as Fig.2. Compared with traditional sewage water removal rate of NH4+-N
( 90.83%), the existence of Naproxen or Norfloxacin results in lower removal rate of
NH4+-N (70.12% and 73.68%,respectively), which illustrated that nitrification was
influenced by the pharmaceuticals. According to the test, similar removal rate of COD
(sewage water was 89.84%, sewage water with naproxen was 90.37% and sewage
water with norfloxacin was 87.46%) was got. As a guarantee technology, membrane
retained most organic matter, not enough nitrates.
To find out how these two pharmaceuticals worked on nitrification, biomass and its
settling property of active sludge was determined to value the sludge sorption and
biodegradation ability.
3.2 Biomass and its settling property
The main mechanisms responsible for removal of pharmaceutical compounds in the
MBR-system are sludge sorption and biodegradation by microorganisms (J.L. Tambosi
et al., 2010) . Due to norfloxacin and naproxen has potential toxicity to microorganisms,
the pharmaceuticals absorbed on sludge lead to the amount of biomass reduced
(Fig.3a). Naproxen has much more poison effect on microorganisms. The same effect
was illustrated on sludge settling (Fig. 3b), the origin sludge showed a little expansion
but in good condition, naproxen helped to modify sludge settling property because its
poison effect on filamentous bacteria. Compared with naproxen, norfloxacin showed a
little poison effect but not much help on modifying sludge settling property.
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Fig. 3 Biomass and sludge settling property in different water quality
3.3 Active sludge bioactivity
Except the amount of biomass, activity of microorganisms played the other important
role on pollutants removal. The activity based on the capacity of organisms to divide has

TTC‐ETS / (g / mL)

also been investigated and the application of techniques that focus on cell metabolic
activity rather than cell growth have been recommended. In this test, TTC-ETS method
was adopted to evaluate the activity of microorganisms. As shown in Fig.4, the cell
metabolic activity was inhibited by norfloxacin and naproxen. The latter one showed
much more poison effect on cells, which is in accordance with the result of amount of
microorganisms’ test.
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Fig. 4 Bioactivity of active sludge in different water quality
3.4 Trans-membrane pressure

Pressure / Kpa

Norfloxacin and naproxen existed in treated water had poison effect on microorganisms,
which led to biomass reduced and bioactivity inhibited. Thus some pollutants such as
nitrogen and organic matter could not be removal by sludge sorption and biodegradation.
Some of pollutants that did not be removed by active sludge would be retained by
membrane and membrane fouling would be deteriorated. Change of trans-membrane
pressure in one membrane cycle is showed as Fig.5. Trans-membrane pressure
reached to 45KPa earlier when norfloxacin or naproxen existed in sewage water, which
made membrane filtration cycle shorter by weakening the function of active sludge.
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Fig. 5 Change of trans-membrane pressure

3.5 SEM of membrane
The extent of polluting is associated with the number of pores we observed. The more
pores were observed, the membrane was much clearer. In this test, membrane polluted
by sewage water gained more observed pores than that polluted by pharmaceutical.
The polluting level was accordance with the result of trans-membrane pressure
test.Compared with origin membrane, there was no clear pores observed on polluted
membrane, especially on membrane polluted by sewage water with naproxen (Fig.6).

(a)

(b)

(c)

(d)

(a) Origin membrane; (b) membrane polluted by sewage water; (c) membrane polluted by
sewage water with norfloxaxin; (d) membrane polluted by sewage water with naproxen.

Fig. 6 SEM of origin membrane and polluted membrane
4. Conclusions
The influence of norfloxacin or naproxen on MBR performance was studied in
laboratory-scale reactor. Their effect on the aerobic MBR sludge system were
characterized by poisoning cells. Decreasing MLSS concentration and inhibited
bioactivity led to lower removal efficiency of ammonia nitrogen and organic matter.

Thanks to membrane guaranteed filtration, the untreated organic matter in sludge
system was retained by membrane, but nitrate was leaked. However, over 70% of
ammonia nitrogen removal rate was gained in outflows, even in the affection of
norfloxacin or naproxen. The excess organic matter retained by membrane led to
increasing membrane pollution. Critical pressure was reached about 30h ahead of
normal time.
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