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Biological Treatment of Antibiotic Plant Effluent in an UASFF Bioreactor
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Abstract: In this research, an up-flow anaerobic sludge blanket fixed film (UASFF) bioreactor was successfully
used for antibiotic effluent treatment. The UASFF was a hybrid system combined of two compartments for
providing granular and fixed biomasses in a single bioreactor. Sea shell was used as an internal packing for plug
flow segment. Prior to packed column, the granulated bed served as anaerobic digester. External granulation
was conducted and then transferred to the column at ambient temperature and anaerobic condition. The
bioreactor was operated under ambient temperature (24 and 37°C) and its performance was evaluated at
various organic loading rates of the antibiotic plant effluent (HRTs of 12, 18, 30 and 40 hours). Beside
COD removal, excessive amount of biogas was produced from biodegradation of the industrial

wastewater in the UASFF bioreactor.
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INTRODUCTION

The up-flow anaerobic sludge blanket (UASB) is a
popular biological treatment process, fully developed in
number of plants for the treatment of industrial
effluents [1-6]. The UASB reactor exhibits positive
features, such as high organic loadings, low energy
demand, short hydraulic retention time (HRT) and easy
reactor fabrication [7-10]. The UASB is compared with
CSTR; the UASB design relies on granulation of
bacterial biomass with enhanced settling properties
facilitates to increase retention of microbial consortia.
Washout phenomena of the microorganisms before
proper granulation is one of the major problems
associated with UASB reactors. The main reason for long
duration of start up in UASB resulted from washout of
the fine granulated sludge [11-13]. The major problem
associated with conventional UASB reactors was
resolved in this novel UASFF. There were several
mechanisms and methods for anaerobic granulation in
UASB reactor [14-18]. The up-flow anaerobic sludge
blanket fixed film (UASFF) reactor is a hybrid system with
combination of up-flow anaerobic sludge blanket and up-
flow anaerobic fixed film reactors. The lower part of
UASFF reactor is the UASB portion where flocculants
and granular sludge are developed. The upper part of
UASFF serves as fixed film bioreactor. The advantages of

this new system have high removal efficiency of the
anaerobic processes [ 19-23]. The suspended and colloidal
components in the form of fat, protein and cellulose have
an adverse impact on the performance of UASB reactors,
leading to deterioration of microbial activities and wash
out of active biomass [24]. Biogranulation is a process
taken by microbial consortia as the cell self immobilization
is formed in a sludge granular blanket. The biogranules
are dense microbial consortia packed with several
bacterial species and typically contain millions of
organisms per gram of biomass [25, 26]. Extensive studies
were conducted on performance of UASFF reactor for
treatment of several industrial wastewaters, such as
slaughterhouse, swine and starchy wastewater [27-30].
The objective of the present research was to enhance
the treatability of antibiotic plant effluents (APE) in an
anaerobic treatment process. One of the advantages of
the hybrid systems was to increase solids and microbial
detention time. The use of up-flow anaerobic sludge fixed-
film (UASFF) reactor for treating APE with a short start-up
period and high treatability of APE has been achieved.

MATERIALS AND METHODS
Experimental Set Up: The schematic diagram for the

experimental set up is shown in Figure 1. A laboratory-
scale, UASFF reactor with temperature controlled system
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Fig. 1: Schematic diagram of UASFF experimental set up

was used in this study. The system was designed to
behave plug flow, therefore height per diameter ratio was
set 20:1. The bioreactor column was fabricated with Pyrex
glass. The column with an internal diameter and height
were 6.5 and 132cm, respectively. The UASFF reactor
was operated under isothermal conditions (37°C). The
temperature was maintained by circulating hot water
through the bioreactor jacket. The circulated flow in the
jacket was sent to a water bath to ensure isothermal
operation. APE as substrate was continuously fed to
the reactor using a peristaltic pump (Thomas, Germany)
and the effluent leaves from the top of the column
through the settling chamber. In order to distribute
feed uniformly into the reactor, an influent liquid
distributor was mounted in the base of the column.
The top of the UASFF was connected to a water
displacement gas tank to measure volume of produced
biogas. The produced gas bubbles were raised from
the bottom to the top of the bioreactor column and stored
in the gas holding tank.

Antibiotic Plant Effluent: The UASFF was fed using
fresh APE. The APE samples were weekly taken from
the near by antibiotic plant industry. The wastewater
was stored in a cool room at 4°C before use. Different
dilutions of APE were prepared using distilled water.
The pH of the feed was measured to be 6.9. The
characteristics of the supplied APE are summarized in
Table 1. The APE is mostly contained organic solvents
such as methylene chloride, methyl and ethyl aceto-
acetates which were originated from amoxicillin plant.

Seed Sludge: The initial inoculums for seed culture were
the mixture of influent and sludge from the bed of an
anaerobic digestion bioreactor which was obtained from
the antibiotic treatment plant.

Reactor Operation: The reactor contained acclimated
sludge which was previously formed in the reactor. The
system was started with an initial loading rate of 10.43 g
COD/1.d and a HRT of 30 hours. The HRT was maintained
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Table 1: Characteristics of APE

Content Dose

COD 30000-35000 mg/1
Methylene chloride 450-600 mg/1
Butyl acetate 650-750 mg/1
Ethyl acetate 300-400 mg/1
Isopropyl alcohol 400 mg/1
Dimethyl acetamite 1000 mg/1
Acetone 400 mg/1
Penicillin Less than 60 mg/1
Sefixcin Less than 60 mg/1
Amoxicillin Less than 60 mg/1
Cefalexcin Less than 60 mg/1
Methyl aceto-acetates Trace

Ethyl aceto-acetates Trace

Turbidity Trace

Odor Strongly odor
Color Yellow — Brown
pH 6.8-7.0

constant through out the start up period. The influent
COD concentration was initially fed at 5215 mg/l and
then the COD concentration was stepwise increased to
20400 mg COD/1 from 7 to 16 days. The start-up period of
the bioreactor in continuous mode was achieved in a
short duration of about 16 days and influent feed
concentration of 20400 mg COD/I. Subsequently, both
OLR and HRT were altered by increasing influent COD
and hydraulic flow rate fed to the reactor. Temperature
was maintained at 37°C. There was no control of pH to
regulate the pH of the reactor since the pH was remained
relatively stable through out the experiments that was
due to biocarbonate alkalinity production during the
course of anaerobic reactions.

Analytical Methods: A colorimetric method using closed
reflux system was developed for measurement of COD.
Spectrophotometer (Unico2100, USA) at wavelength
600 nm was used to measure the light absorbance of COD
samples. Based on standard method, potassium hydrogen
phthalate (KHP) standard solution was prepared in the
range of 0 to 1000 mg/L as the wastewater sample had a
high COD range. Therefore 425 mg of KHP was dissolved
in 500 ml of distilled water. KHP has a theoretical
COD value of 1.176 mg O,/mg. Thus, the standard KHP
solution, 1000 mg/l has a theoretical COD value of
1176 mg O,/1. The standard KHP solution was used for
the preparation of COD calibration curve [31]. The
biogas was measured by displacement of water in the
gas tank and pH of the effluent was measured by a pH
meter, HANNA Model 21 (Italy).

RESULTS AND DISCUSSION

The UASFF experiments for treating APE were
continuously conducted for duration of more than nine
months. Organic loading rates were stepwise increased
and the bioreactor performance was evaluated. The
effects of HRT and temperature on treatability of APE and
COD removal was investigated during the course of the
experiment. Figure 2 presents the SEM monograms of the
biogranule samples. The microbial core generated by the
consortium of microorganisms is shown in magnifications
of 5000 and 10000. The texture of biogranules was hard
and the release funnels and cavities on the granules
surface are naturally generated by exiting biogas flow
produced from the anaerobic activities in the core of
the granules. It enhanced substrate mass transport
(convective) from outside to inside of the granules [32].
Also some parts of the SEM monograms are shown that
the microbial cores were dominated by the mixture of
bacteria, that means the consortium of bacteria creating
the biogratules of UASFF.

Figure 3 shows the COD removal with respect to
HRT at different temperatures (24 and 37°C). The
percentage of COD removal was stable and steady for
high COD concentration of about 30000 mg/1. As the HRT
was increased from 12 to 40 h, the COD removal was also
increased from 20 to 50 percent. The percentage of COD
removal was compared to similar system using palm oil
mill effluent with COD concentration of 37400 mg/l at HRT
of 40h, 75% removal rate was reported [16], while using
APE with concentration of 30000 mg/1 at the same HRT,
49% removal was obtained. The reason for lower COD
removal was justified, since the feed from antibiotic
effluent was more toxic than the palm oil mill effluent. At
low HRT, the removal of COD was not appreciable since
the anaerobic digestion and the process of hydrolysis and
acidification may required longer duration for digestion.
The hybrid system was able to handle high loading rate
with OLR of 60000mg/1.d. The obtained data showed that
the COD removal rate was increased when the HRT
increased, indicating that the readily biodegradable
fraction of COD or soluble BOD in APE is low [33, 34].
Also maximum COD removal rate was obtained as HRT
increased to 40 hours.

In UASFF process, biogas was generated. The
gas analysis showed that the percentage of methane
was increased with respect to HRT. It was attributed to
the methanogenic bacteria activities which are slow in
growth and metabolic reaction relative to other species
[35, 36]. Figure 4 depicts the biogas production rate at
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Fig. 2: The SEM monograms of the biogranule samples obtained from the column
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Fig. 3: COD removal vs HRT at 24 and 37°C
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Fig. 4: Biogas Production vs HRT at 24 and 37°C

various feed COD concentrations with respect to HRT.
At 37 °C, the rate of biogas production was also increased
as the concentration of COD or the organic load was
increased whereas inverse results obtained for the
condition with temperature of 24 °C. It might be due to
inhibiting impact of the COD concentration on
methanogenesis activities at lower temperature [37]. At
atmospheric pressure and room temperature, maximum
volume of biogas, about 380 ml/h (9.121/d) was produced

Table 2: Performance of UASFF at various HRT
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Fig. 5: COD removal rate vs OLR at various HRT and at
37°C

with COD concentration of 30000 mg/l at 40 hours
hydraulic retention time.

Figure 5 shows the COD removal rate with respect
to OLR at various HRT of 12 to 40 hours. As the HRT
increased from 12 to 40 hours the slope of the line fitted
with the experimental data was also increased. That
means at high HRT the removal rate was high. The
maximum removal rate was obtained with HRT of 40 hours
at low OLR.

Figure 6 presents the biogas production rate with
respect to COD removal rate. As the COD removal rate
increased the volume of biogas generated was increased.
At low COD removal rate the volume of biogas generated
at 30 and 40 hours were about the same while the COD
removal rate was increase, appreciable amount of the
biogas was also increased. At high COD removal rate, the
maximum volume of biogas generated at 40hours was
380ml/h.

Table 2 shows the performance of UASFF operated
at 37°C for HRT of 30 and 40 hours. The COD removal,
OLR, pH and biogas productions are also given in this

HRT=30h, T=37°C

COD (in) mg/l COD (out) mg/1 COD Removal % OLR mg/l.d COD Removal Rate mg/l.d Biogas ml/h pH
8970 6175 31.16 7176 2236 100 7
15100 10207 32.40 12080 3914 180 6.8
20150 14379 28.64 16120 4617 220 6.8
30000 21650 27.83 24000 6680 300 6.9
HRT=40h, T=37°C

COD (in) mg/1 COD (out) mg/l COD Removal % OLR mg/l.d COD Removal Rate mg/l.d Biogas ml/h pH
8970 4820 46.27 5382 2490 130 6.8
14400 8120 43.61 8640 3768 160 6.7
20400 11080 45.69 12240 5592 270 6.7
30000 15350 48.83 18000 8790 380 6.8
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Fig. 6: Biogas Product vs. COD removal rate at 37°C

table. The COD concentration of feed and the treated APE
leaving the UASFF at 37°C are summarized.

CONCLUSIONS

This study reveals that the treatability of APE using
UASFF bioreactor. In this novel hybrid bioreactor, the
high organic load and COD concentration of APE was
successfully treated. The hybrid system efficiency was
improved by gradually increasing the HRT and stepwise
increasing the organic load. The results showed that
by increasing the HRT the treatability of APE was
more effective than gradual increase in the inlet COD
concentration of feed while running the bioreactor at
suitable conditions. At HRT of 40h, 37°C column
temperature and COD concentration of 30000 mg/l,
COD removal of about 50% was achieved.

ACKNOWLEDGEMENT

The authors gratefully acknowledge the glass
below Mr. Salarieh at University of Mazandaran and the
engineers at antibiotic company and also the R&D board
of Babol, Noshirvani University of Technology, for
their cooperation and support. Also special thanks to our
Biotechnology Research Center for providing research
facilities to carry out quality research.

REFERENCES

1. Fang, HH.P. and C.L.Y. Yeong, 1993. Biological
Wastewater Treatment in Reactors with Fibrous
packing, Journal of Environmental Engineering,
119(5): 946-957.

2. Metcalf and Eddy, 2003. Wastewater engineering,
4" Ed., McGraw-Hill, New York, pp: 1005-1016.

3.

10.

11.

12.

13.

14.

Droste, R.L., 1997. Theory and practice of water
and wastewater treatment. New York, John Wiley,
pp: 578-612.

Eckenfelder Jr. W.W., 2000. Industrial water
pollution control. 3™ Ed. New, York: McGraw-Hill;
pp: 388-393.

Davis, M.L. and D.F. Cornwell, 1998. Environmental
engineering. McGraw-Hill; New York, pp: 289-298.

Joseph, F., Malina, Jr, Fredrick and G. Pohland,
1992. Design of anaerobic process for treatment of
industrial and municipal waste. Technomic
Publishing Co.,

Najafpour, G., A.A. Zinatizadeh, A.R. Mohamed,
H. Nasrollahzadeh and S.S. Wong, 2005. Micro and
macro structure analysis of.microbial granules in
UASEFF reactor for POME treatment. The AEESEAP
international conference 2005, Kuala Lumpur,
Malaysia, June 7-8,

Wen-Huei Ting and Ju-Sheng Huang, 2006. Influence
of mass transfer resistance on overall nitrate removal
rate in up-flow sludge bed reactors. Chemosphere,
65: 148-158.

Weili Zhou, Tsuyoshi Imai, Masao Ukita, Fusheng Li
and Akira Yuasa, 2007. Effect of loading rate on the
granulation process and granular activity in a bench
scale UASB reactor. Bioresource Technology,
98(7): 1386-1392.

Najafpour, G.D., A.A.L. Zinatizadeh, A.R. Mohamed,
M. Hasnain Isa and H. Nasrollahzadeh, 2006.
High-rate anaerobic digestion of palm oil mill effluent
in an up-flow anaerobic sludge-fixed film bioreactor.
Process biochemistry, 41(2): 370-379.

Liu, Y. and J. Tay, 2004. State of the art of
Biogranulation technology for wastewater treatment.
Biotechnology Advances, 22: 533-563.

Buzzini, A.P. and E.C. Pires, 2007. Evaluation of an
up-flow anaerobic sludge blanket reactor with partial
recirculation of effluent used to treat wastewaters
from pulp and paper plants. Bioresource Technology,
98(9): 1838-1848.

Zinatizadeh, A.A.L., A.R. Mohamed, G.D. Najafpour,
M. Hasnian Isa and H. Nasrollahzadeh, 2006.
Kinetic Evaluation of Palm Oil Mill Effluent
Digestion in a High rate Up-flow Anaerobic Sludge
Fixed Film Bioreactor. Process Biochemistry,
41(5): 1038-1046.

A’lvarez, J.A., 1. Ruiz, M. Go'mez, J. Presas and
M. Soto, 2006. Start-up alternatives and performance
of an UASB pilot plant treating diluted municipal
wastewater at low temperature. Bioresource
Technology, 97: 1640-1649.



15.

16.

17.

18.

19.

20.

21.

22.

23.

World Appl. Sci. J., 5 (Special Issue for Environment): 1-8, 2009

Hebert, H. and P. Fang, 1997. Inhibitation of
bioactivity of UASB biogranules by electroplating

metals. Pure & Applied Chemistry., 69(11):
2425-2429.
Najafpour, G.D., A.A.L. Zinatizadeh and

M.A. Rahman, 2005. Treatability and Microbial
Granules Analysis in Up-flow Anaerobic Sludge
Blanket Fixed Film Reactor for POME treatment.
Regional Symposium of Chemical Engineering,
RSCE 2005, Biotechnology and Food Engineering,
1: 168-174, Hanoi, Vietnam,

Zinatizadeh, A.A.L., A.R. Mohamed, A.Z. Abdullah,
M.D. Mashitah, M. Hasnain Isa and G.D. Najafpour,
2006. Process modelling and analysis of palm
oil mill effluent treatment in an up-flow anaerobic
sludge fixed film Dbioreactor using response
surface methodology (RSM). Water Research,
40(17): 3193-3208.

Zinatizadeh, A.A.L., A.R. Mohamed, G.D. Najafpour,
M.H. Isa and H. Nasrollahzadeh, 2006. Kinetic
evaluation of palm oil mill effluent digestion in a
high-rate up-flow sludge-fixed film bioreactor.
Process Biochemistry, 41(5): 1038-1046.

Khademi, M., G.D. Najafpour, B. Navaei Nia,
A.A. Zinatizadeh, R.R. Kalantary, F. Fouladi and
M. Ghasemi, 2008. Treatability in UASFF hybrid
bioreactor for antibiotic plant effluent. The
International Conference on Environment (ICENV
2008), Penang, Malaysia,

Liu, Y., S. Yang, J. Tay, Q. Liu, L. Qin and Y. Li,
2004. Cell hidrophobicity is a triggering force of
Biogranulation. Enzyme & Microbial Technology,
34:371-374.

Zinatizadeh, A.A.L., A.R. Mohamed, A.Z. Abdullah,
M.D. Mashitah and G.D. Najafpour, 2006. Pretreated
Palm Oil Mill Effluent (POME) Digestion in an
Up-flow Anaerobic Sludge Fixed Film Bioreactor,
A comparative Study. International Journal of
Engineering, 19(1): 1-9.

Zinatizadeh, A.A.L., A.R. Mohamed, M.D. Mashitah,
A.Z. Abdullah and G.D. Najafpour, 2006.
Effect of Physical and Chemical Pretreatment on
Palm Oil Mill Effluent Digestion in an Up-flow
Anaerobic Sludge Fixed Film Bioreactor. 7"
International Congress on Civil Engineering,
Tarbiat Modares University, E1198, ICCE 7",
Tehran, Iran, May 2006.

Castillo, E., M. Vergara and Y. Moreno, 2007. Landfill
leachate treatment using a rotating biological
contactor and an upward-flow anaerobic sludge bed
reactor. Waste Management, 27(5): 720-726.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Torkian, A., A. Egbali and S.J. Hashemian, 2003.

The effect of organic loading rate on the
performance  of UASB  reactor  treating
slaughterhouse effluent, Resource, Conversation

and Recycling, 40: 1-11.

Praveena, Bhat, M. Suresh Kumar, Sandeep N.
Mudliar and T. Chakrabarti, 2006. Biodegradation
of Tech-hexachlorocyclohexane in a Up-flow
Anaerobic  Sludge Blanket (UASB) reactor.
Bioresource Technology, 97: §24-830.

Zinatizadeh, A.A.L., H. Younesi, H. Bonakdari,
M. Pirsaheb, M. Pazouki, G.D. Najafpour and
M. Hasnain Isa, 2008. Effects of process factors on
biological activity of granular sludge grown in an
AHR. Renewable Energy, Article in Press,
WWW. elsevier.com/locate/renene.doi:10.1016/
j.renene. 2008.10.013.

Parawira, W., M. Murto, R. Zvauya and
B. Mattiasson, 2006. Comparative performance of a
UASB reactor and an anaerobic packed-bed reactor
when treating potato waste leachate. Renewable
Energy, 31: 893-903.

Najafpour, G.D., B. Hashemiyeh and M. Asadi,
2008. Biological treatment of dairy wastewater in
an up flow anaerobic sludge-fixed film bioreactor.
The International Conference on Environment
(ICENV 2008), Penang, Malaysia, 15-17 December
2008.

Najafpour, G.D., M. Komeili, M. Tajalipour, M. Asadi
and P.A. Ghasemi, 2008. Biological treatment of dairy
wastewater using an upflow anaerobic packed
bed bioreactor. The International Conference on
Environment (ICENV 2008), Penang, Malaysia, 15-17
December 2008.

Najafpour, G.D., B.A. Hashemiyeh, M. Asadi and
M.B. Ghasemi, 2008. Biological Treatment of Dairy
Wastewater in an Upflow Anaerobic Sludge-Fixed
Film Bioreactor.
Agriculture & Environmental Sciences, 4(2): 251-257.
American Public Health Association (APHA),
Standard Method for the Examination of Water
and Wastewater. 20" Ed., APHA, Washington DC.,
1999.

Zinatizadeh, A.A.L., A.R. Mohamed, A.Z. Abdullah,
M.D. Mashitah and M.H. Isa, 2007. Characteristics
of Granular Sludge Developed in an Up-flow
Anaerobic Sludge Fixed Film Bioreactor Treating
Palm Oil Mill Effluent, Water Environment Research,

pp: 79.

American-Eurasian Journal of



33.

34.

35.

World Appl. Sci. J., 5 (Special Issue for Environment): 1-8, 2009

Nozawa, T. and Y. Maruyama, 1988. Anaerobic
metabolism of phthalate and other aromatic
compounds by a denitrifying bacterium. Journal of
Bacteriology, 170: 5778-5784.

Petrasek, A.C., I.J. Kugelman, B.M. Austern and
T.A. Pressley, 1983. Fate of toxic organic
compounds in wastewater treatment plants. JWPCF,
55:1275-1285.

Metcalf, L. and H. Eddy, 2003. Wastewater
Engineering. Forth ed., McGraw Hill, New York.

36.

37.

2001.
and

Rittmann, B.E. and PL. Mac Carty,
Environmental biotechnology: principles
applications. McGraw-Hill, New York.
Zinatizadeh, A.A.L., A.R. Mohamed, A.Z. Abdullah
and M.D. Mashitah, 2006. Effect of Temperature on
the Performance of an Up-flow Anaerobic Sludge
Fixed film (UASFF) bioreactor Treating Palm Oil Mill
Effluent (POME), The International Conference on
Environment (ICENV 2006), Penang, Malaysia, 15-17
December 2006.



