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ABSTRACT
This study describes the feasibility of anaerobic treatment of synthetic pharmaceutical wastewater
using three identical 12.5 l (effective volume) bench scale up flow anaerobic sludge blanket
(UASB) reactors (R1, R2 and R3) under mesophilic (27 ± 5 oC) conditions. Synthetic
pharmaceutical wastewater with an average Chemical Oxygen Demand (COD) of 9000 mg/l
using substrate as sodium acetate and solvents concentration of acetone  1000 mg/l and methanol
750 mg/l as co-substrate was used as feed. Effluent recirculation was employed at four different
effluents to feed recirculation ratios (R/F) of 0.25, 0.5, 1.0 and 1.5 for 100 days to study the effect
of recirculation on the performance of the reactors. Performance of the reactors improved with
increase in effluent recycles. Recycling of 60% of the effluent (recycle ratio 1.5) has completely
degraded acetone and methanol. COD removal improved from 96.19 to 98.44 % and 96.60 to
98.49% for acetone and methanol fed reactors respectively. The concentration of volatile fatty
acids in the effluent was lower than the influent when effluent to feed recirculation was employed.
A clear increase in alkalinity was also observed with increase in recirculation. Effect of shock load
on the reactors revealed that solvents shock load up to 3.0 times increase in the normal input of
solvents concentration did not affect the reactors performance irreversibly. The reactor could
tolerate a continuous shock load of 3000 mg/l of acetone and 2250 mg/l of methanol for four days
without failure. 
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INTRODUCTION
Pharmaceutical wastewater can contain a
variety of solvents (rarely contain a single
pollutant) at varying concentrations generally
and not viable for cost-effective recovery.
Solvents such as acetone, methanol, propanol
etc., though common in this wastewater type
can prove toxic to biological treatment
systems1. These compounds not only resist
degradation, but also inhibit the degradation of
other constituents of the wastewaters. The
successful treatment of solvents will require
that the major substrates should be degraded
simultaneously. 

A fairly large body of research exists on the
microbial metabolism of acetone, which many
bacteria are able to utilize as a growth
substrate2 . In aerobic wastewater treatment,
acetone is regarded as easily degradable3. In
addition, several organisms have been isolated
which are capable of degrading acetone
anaerobically, using a variety of electron
acceptors including nitrate3. , sulfate4 and car-
bon dioxide, which is reduced to methane5.
Feasibility of anaerobic treatment of methanolic
wastes seems to remain questionable and
doubts about the operation of a stable anaerobic
treatment process still persist6. In their earlier
study, indicated the upset of a digestion process
due to Volatile Fatty Acids (VFAs) accumulation*Author for correspondence
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and suggested the possibility of a two-stage
process separating acid and methane
formation6.
The remediation of organic solvents has
traditionally relied on different physical,
chemical and biological means. In general
physico-chemical processes are employed as
pre-treatment or post-treatment units coupled
with biological processes in order to reduce the
concentration of solvents to effluent discharge
limits. Recent developments have demonstrated
anaerobic treatment technology to be efficient
in handling toxic industrial wastewaters. 
Among the high rate anaerobic technologies,
upflow anaerobic sludge blanket (UASB)
treatment process has gained prominence in the
recent years. This makes it necessary to study
the removal of organic solvents which resist
degradation, but also inhibit the degradation of
other constituents of the wastewaters. Effluent
recirculation has been an integral part of the
treatment of organic wastewaters by UASB
process7. Therefore the reported study was
intended to reveal the effect of recirculation of
effluent for the treatment of pharmaceutical
wastewater containing organic solvents
employing UASB reactor. The paper further
discusses the effect of solvents shock load on
the performance of reactor fed with simulated
pharmaceutical wastewater.

MATERIAL  AND  METHODS
Experimental setup
For the study, three identical bench scale UASB
reactors (R1, R2 and R3) with an effective
volume of 12.5l each were designed and
fabricated8. The reactors are made from
transparent acrylic sheet with inner dimensions
of 0.1 m x 0.1 m, length of   1.3 m and wall
thickness of 6.0 mm. The reactor is provided
with a hopper bottom of 0.15 m length, for
which the inlet system was attached to feed the
wastewater through a peristaltic pump. Gas
Liquid Solid Separator (GLSS) device was of
square pyramid with bottom dimensions 80mm
x 80mm is placed at the top by assuming 20%
of the reactor volume with inclined walls at
50o. Baffles of sufficient overlap were
provided below the GLSS in order to avoid the
entry of biogas into settling compartment. An
outlet pipe (Ø = 1.5 cm) was provided at the top
which is connected to the effluent tank. Four
equidistant sampling ports (Ø = 1.5 cm) are

provided on its front side along its height to
facilitate sampling.  The gas collection systems
were made at the top of each reactor. Fig. 1
shows the schematic diagram of the
experimental set-up of UASB reactors.
Inoculum 
Each reactor was inoculated with 4.75 l sludge
comprises of 50% anaerobic digested sludge
from distillery, 40% wasted activated sludge
from drying beds of the pharmaceutical effluent
treatment plant and 10% fresh cow dung. Initial
concentration of inoculum as 15 g VSS/ l of
reactor volume was maintained in all the reactors.
The characteristic of the inoculum seed sludge

is given in Table 1.
Wastewater Characteristics
The composition of full strength synthetic
wastewater was prepared by mixing the organic
solvents in the tap water viz; acetone (1000
mg/l) in reactor R2 and methanol (750 mg/l) in
reactor R3 according to the proportion they
contribute the organic load in the actual
pharmaceutical wastewater with sodium acetate
as substrate. Organic loading rate was
maintained 9.0 kg COD/m3.d in the earlier HRT
study. The control reactor R1 was having

Fig. 1 : Schematic diagram of the experimental
set-up
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sodium acetate 18000 mg/l as the sole source of
carbon and energy. The COD: N: P ratio of
300:5:1 was maintained in the feed using
ammonium chloride between 130 to 200 mg/l
and dipotassium hydrogen phosphate between
15 to 20 mg/l. Calcium chloride was added in
the range of 250 to 300 mg/l with trace metal
solution of 1 mL/l in all the reactors. 
Reactor Operation
In order to dilute the actual concentrated
pharmaceutical wastewater a large amount of
water is required at the plant which is affecting
the economy of the process. Hence to avoid the
use of water the recycling of treated effluent in
place of water was planned and the process
performance with simulated synthetic feed
accompanied with the recycle of treated
effluent was studied at four different recycle
ratios viz., 0.25, 0.5, 1.0 and 1.5.  The reactor
R2 was fed with acetone (1000 mg/l) and
reactor R3 with methanol (750 mg/l) with 24
hours HRT throughout the study. At every recy-
cle ratio, the reactors were operated for 15 to 20
days under pseudo-steady state conditions. 
It is important to analyze the response of the
wastewater treatment system to shock load.
Continuous shock load study indicates system’s
behaviour under sustained high loads of large
duration, while slug doses are used to simulate
a sudden influx of concentrated steam9 . Two
reactors (R2 and R3) were subjected to shock
load of acetone and methanol, while the control
(R1) was under normal condition. The biomass
in the reactors was acclimatized with 1000 mg/l
of acetone and 750 mg/l of methanol.  Reactors
were continuously operated for more than 2
years, to study the effects of different
operational parameters, before the shock load
study was performed on day 800. For observing
the effects of shock loads, the influent
concentration of solvents were increased to 1.5,

2, 2.5 and 3 times the concentration in the
normal feed. The shock load was continued for
4 days before switching back to the normal
loading. The reactors were allowed to recover
fully from the effects of shock load before
administering the next shock load. 
Analytical methods
The analytical procedures for all tests were as
outlined by APHA10. Biogas was measured by
water displacement method and the methane
content of the biogas was measured by injecting
1ml of biogas through Gas Chromatograph
using MESSA (80-100) mesh, stainless steel
column (2.4 m x 3.0 mm). The analysis was
carried out at an oven temperature of 110oC,
injector temperature of 180oC and detector
temperature of 200oC. Hydrogen and zero air
were used to fuel the flame while nitrogen as
carrier gas was applied at the rate of 40 ml/min.
Acetone and methanol were determined by
injecting the samples through head space in the
Gas chromatograph (Shimadzu, GC-2014,
Japan) equipped with FID detector. The analysis
was done at an oven temperature of 40-80oC
with a programme of 6.0 minute run, injector
temperature was 230oC and detector temperature
was 250oC using a capillary column (Rtx-1,
30m x 0.25mm). Minimum detection limit was
0.1 mg/l. Volatile fatty acids (VFA) in the
effluent were measured in conformity with the
procedure  outlined in APHA.

RESULTS AND DISCUSSION
Effect of effluent recirculation on the
performance of the reactors
The results of the reactors at different effluent
recycles are given in Table 2.  In reactor R1 it
was observed that by increasing the recycle
ratio from 0 to 1.5 improved COD removal
efficiency from 97.74 to 98.70%. Biogas
production decreased from 0.40 m3/kg CODr to

Parameters Anaerobic digester Wasted activated sludge Cow dung sludge 
sludge from drying beds

VSS, mg/l 7000 24400 16000
SS, mg/l 12500 55400 34500
VSS/SS ratio 0.56 0.44 0.46
SVI, ml/g 50.4 15.34 27

Table 1 :  Characteristics of inoculum seed sludge
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0.38 m3/kg CODr with increase in effluent
recycle ratio from 0.25 to 1.5. Effluent total
alkalinity was observed to be 3335 mg/l at a
recycle ratio of 1.5. In reactor R2, the removal
of acetone was 97.25, 98.80, 99.80 and 100% at
0.25, 0.5, 1.0 and 1.5 recycle ratios respectively
(Fig. 2) and the corresponding gas production
observed were 0.39, 0.37, 0.36 and 0.35 m3/kg
CODr. It shows that, the increase in the effluent
recycle ratio reduced toxicity of acetone.
Increasing the recycle ratio from 0.25 to 1.5,
COD removal efficiency increased from 97.41
to 98.44%.
Methane content in the biogas was 77.4% at
recycle ratio of 1.5. Effluent total alkalinity was
observed to be 3340 mg/l at a recycle ratio of
1.5. In reactor R3, the removal of methanol was
98.62, 99.45, 99.96 and 100% at 0.25, 0.5, 1.0

and 1.5 recycle ratios respectively (Fig. 2) and
the corresponding gas productions were 0.40,
0.39, 0.38 and 0.36 m3/kg CODr. The above
results show that with increasing recycle ratio,
there was no inhibition to microbial functioning
and the toxicant/solvents was completely
removed. Methanol removal increased from
98.62 to 100 %. Increasing the recycle ratio
from 0.25 to 1.5, COD removal efficiency
increased from 97.94 to 98.49%. Methane
content in the biogas was 82% at recycle ratio
of 1.5. Effluent total alkalinity was observed to
be 3440 mg/l at a recycle ratio of 1.5. The
graphical representation in Fig. 3 shows that
overall removal of COD was above 97% at all
recycles ratio study. Best performance of the
reactors was observed at effluent recycle ratio
of 1.5.

Parameters
Parameters at different effluent recycle  ratios study
0 0.25 0.50 1.0 1.5

OLR ( kg COD/m3.d) 9.01 7.75 6.85 5.75 5.15
Reactor R1 (Control)

COD Removal (%) 97.74 98.54 98.67 98.64 98.70
Biogas production (l/d) 49.09 38.71 34.38 29.15 24.71
Effluent VFA (mg/l) 69 66 55 46 32
Inf. Alk. (mg/l) as CaCO3 2515 2702 2810 2935 3050
Eff. Alk.(mg/l) as CaCO3 2740 2943 3065 3200 3335

Reactor R2 (Acetone)

Acetone removal (%) 95.14 97.25 98.80 99.80 100
COD Removal (%) 96.19 97.41 98.25 98.30 98.44
Biogas production (l/d) 46.06 37.05 31.77 25.88 22.19
Effluent VFA (mg/l) 105 96 65 40 36
Inf. Alk. (mg/l) as CaCO3 2455 2630 2725 2960 3070
Eff. Alk.(mg/l) as CaCO3 2655 2850 2965 3220 3340

Reactor R3 (Methanol)

Methanol removal (%) 96.82 98.62 99.45 99.96 100
COD Removal (%) 96.60 97.94 98.36 98.44 98.49
Biogas production (l/d) 47.45 37.98 32.85 27.48 23.33
Effluent VFA (mg/l) 105 90 55 44 27
Inf. Alk. (mg/l) as CaCO3 2420 2645 2740 3040 3140
Eff. Alk.(mg/l) as CaCO3 2650 2900 3005 3320 3440

Table 2 : Performance of the reactors during effluent recycle study
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Fig. 2 : Removal of acetone and methanol at different effluent recycle ratio study

Fig. 3 : Removal of COD in R1, R2 and R3 at different effluent recycle ratio study

The effluent alkalinity in all the reactors was
more than the influent alkalinity at all effluent
recycle ratios which indicated that the anaerobic
metabolism produces alkalinity11. The VFA
alkalinity will be regenerated to bicarbonate
alkalinity12 . The concentration of volatile acids
in the effluent was decreased with increase in
effluent recycle. The benefit of dilution is that it
may reduce or even eliminate the inhibitory
effect caused by high substrate concentration,
which can cause built up volatile acids and
toxic compounds to an inhibitory level13-14.
Effect of shock load on the performance of
the reactors

The graphical representation of the variations in
the concentrations of acetone and methanol at
different shock load are shown in Fig. 4 and
Fig. 6 and corresponding COD removal for ace-
tone and methanol fed reactors are shown in
Fig. 5 and Fig. 7. In reactor R2 during first
shock load of 1500 mg/l of acetone concentration
(1.5 times the normal loading) the reactor
performance decreased marginally as acetone
and COD removal got reduced from 96.91% to
95.31% and 98.57% to 96.85% respectively.
Further increasing the shock load to 2.0, 2.5 and
3.0 times, the reactor showed more and more
stress in terms of its performance. The decrease
in acetone removal from 96.91% to 88.20% and

Effluent Recycle Ratio

Effluent Recycle Ratio
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Fig. 4 : Removal of acetone in R2 reactor at different shock loads

Fig. 5 : Removal of COD in (R2) acetone fed reactor at different shock loads

COD removal from 98.57% to 89.43% was
observed at three fold shock load study. 
Biogas production decreased from 0.43 to 0.34
m3/kg CODr with increase in shock load from 0
to 3.0. Effluent VFA increased from 62 to 480
mg/l and effluent alkalinity decreased from
2560 to 2454 mg/l. Similar results were reported15

where in it was observed that, substantial
accumulation of VFA upto 400 mg/l when the
shock load three fold (10 g/l) of sucrose was
administered in UASB reactor. In reactor R3
during first shock load of 1125 mg/l of
methanol concentration (1.5 times the normal

loading) the reactor performance decreased
marginally as methanol and COD removal got
reduced from 97.21% to 97.76% and 98.62% to
97.62% respectively. Further increasing the
shock load to 2.0, 2.5 and 3.0 times, the reactor
showed more and more stress in terms of its
performance. The decrease in methanol
removal from 97.21% to 94.32% and COD
removal from 98.62% to 93.33% was observed
at three fold shock load study. Biogas production
decreased from 0.43 to 0.39 m3/kg CODr with
increase in shock load from 0 to 3.0. Effluent
VFA increased from 59 to 405 mg/l and effluent
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Fig. 6  : Removal of methanol in R3 reactor at different shock loads

Fig. 6  : Removal of methanol in R3 reactor at different shock loads

alkalinity decreased from 2640 to 2550 mg/l.
Similar shock load study results were reported16

on nitrophenolic loading in UASB reactor. This
study showed that upto three fold increases in
the normal input of acetone concentration in the
form of continuous shock load for four days did
not affect the reactor performance irreversibly
and on the start of normal loading the reactor
got stabilized within three weeks time. The
performance of reactor R3 fed with methanol
was better compared to the performance of
reactor R2 fed with acetone.

CONCLUSION
Recycling of 60% of the effluent (recycle ratio
1.5) has completely degraded methanol and
acetone. COD removal improved from 96.19 to
98.44 % and 96.60 to 98.49% for acetone and
methanol fed reactors respectively. A clear
increase in alkalinity was observed on imposing
recirculation. The study showed that up to 2.5
times increase in the normal input solvents
concentration in the form of continuous shock
load for 4 days did not affect the reactors
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performance irreversibly. The acclimatized
granular sludge in the reactors was found to
have enough potential against shock load upto 3
folds of normal loading. The reactor could
tolerate a continuous shock loading of 3000
mg/l of acetone in R2 and 2250 mg/l of
methanol in R3 for four days without failure.
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