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ABSTRACT 
The feasibility of using Upflow Anaerobic Sludge Blanket (UASB) reactor for the treatment of 
pharmaceutical wastewater was explored at HRT of 24 h. The UASB reactors were fed with diluted 
raw pharmaceutical wastewater for first 270 days with stepwise increase in organic loading from 0.5 - 
3.3 kg COD/m3/d. During this period, the reactor achieved a maximum removal efficiency of 91% of 
total Chemical Oxygen Demand (COD) and biogas formation upto12 L/d. The performance of the 
reactors was not satisfactory with raw pharmaceutical wastewater over a longer period. Hence, the 
reactors were subsequently fed with simulated synthetic pharmaceutical wastewater containing the 
solvents present in the said pharmaceutical effluent contributing the major organic load. An 
intermediary period between this switch over was characterized by development of biomass with 
sodium acetate as a sole source of carbon and energy. During acclamation phase, with synthetic 
wastewater organic loading was stepwise increased from 3.0 – 9.0 kg COD/m3/d. Reactor R1 was 
used as control. Acetone was introduced in reactor R2 with initial concentration of 150 mg/L and 
stepwise increased to 1003 mg/L after getting the consistent removal at each step. Similarly, methanol 
and cyclohexane were introduced in reactors R3 and R4 with initial concentrations of 200 mg/L to 
1160 mg/L and 100 mg/L to 675 mg/L respectively. Acetone and methanol were successfully 
degraded in UASB reactors giving more than 99.64% removal up to organic loading of 4.5 kg 
COD/m3/d and later decrease in efficiency was observed up to 97 % for the increase in organic 
loading to 9.0 kg COD/ m3/d. Cyclohexane being less soluble in water, the results showed large 
variation in its influent and effluent concentrations. The long time to reach the initial start-up period 
seemed to be responsible for the large variation in the day-to-day characteristics of the raw 
pharmaceutical wastewater. It is thus suggested that process optimization should focus on shortening 
the time needed to reach the start-up period and acclimation up to the actual organic load present in a 
typical pharmaceutical wastewater. Reactors started with simulated synthetic wastewater achieved 
better biodegradation of the waste, compared to the reactors operated using raw pharmaceutical 
wastewater, the overall performance of the latter were better than the performance of the former.  
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INTRODUCTION 
Biological processes in their various forms are 
still the core of pharmaceutical wastewater 
treatment. The two alternatives in biological 
wastewater treatment are aerobic and 
anaerobic biotechnology. Anaerobic digestion 
using the Upflow Anaerobic Sludge Bed 
(UASB) system has potential application for 
any wastes1. Anaerobic digestion in UASB’s 
centers on the anaerobic sludge which 
maintains superior settling characteristics for 
the stabilization of organic matter.  
The formation of anaerobic granular sludge 
can be considered as the major reason of the 

successful treatment of industrial effluent2. In 
UASB reactors, microorganisms agglutinate to 
form compact granules with high biological 
activity and settle ability. Sludge 
characteristics available inside the reactor are 
of vital importance to maximize advantages of 
UASB reactor. The organic loading rate and 
sludge loading rate applied during start-up are 
among the important parameters to govern the 
sludge characteristics.   
The sludge characteristics considered are 
VSS/SS ratio of the sludge, sludge volume index, 
specific gravity, settling velocity and metal 
contents of the sludge developed under different 
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loading rates. With the development of good 
quality of granular sludge maximum COD 
removal efficiency even at higher organic 
loading rate can be achieved. Recent studies have 
revealed that granular sludge based technology is 
effective for the treatment of industrial 
wastewater containing toxic compounds.3-5 
However, start up of the anaerobic reactors is 
more time consuming and is subjected to 
disturbance more than that of aerobic reactor. 
Many researchers6-8 reported long start up 
period  2-3 months to even more than a year 
for the anaerobic reactors. The start up of the 
anaerobic process is still considered a major 
area of research. Considerable efforts have 
been made to study the granulation process but 
the mechanism involved in the formation of 
granular sludge is still unknown. There is lack 
of information and data on the effects of 
various operating parameters on the process of 
granulation and morphology of the granules.  

AIMS AND OBJECTIVES 
To understand the effects of wastewater 
characteristics on granulation process 
occurring in UASB in the treatment of 
pharmaceutical wastewater.9 Effects of         
these  loading rates on the characteristics of the  
sludge developed are evaluated in four 
laboratory scale UASB reactors. 

MATERIAL AND METHODS 
For the study, four identical bench scale UASB 
reactors (R1, R2, R3 and R4) of total volume 
of 13L (with an effective volume of 12.5L) 
each were designed and fabricated. 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. The inlet end opens towards 
the bottom of the reactor which allows feed to 
first strike at the bottom and then gets evenly 
distributed while rising upward. 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 
50o10,11. 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 experimental set-up of UASB 
reactors used in this study. 

 
Fig. 1 : Experimental Set up of UASB reactors 

Start up of the reactors 
Reactors were operated with raw effluent from 
a bulk drug manufacturing plant with 
appropriate dilution on continuous mode for a 

period of 270 days to study the acclimatization 
of the seed sludge. The characteristics of raw 
effluent are given in Table 1. All the reactors 
were operated at room temperature (27± 5oC).  
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Table 1 : Characteristics of raw effluent 

Parameter Concentration 
pH 5.1 - 6.7 
Alkalinity, mg/L 1100 -3700 
COD, mg/L 700 - 9500 
BOD5, mg/L 400 - 5200 
SS, mg/L 260 - 1100 
VSS, mg/L 120 - 1650 
VFA, mg/L 335 - 3400 

Oil and Grease, mg/L 11- 28 

Chloride, mg/L 210 - 750 

Inoculum 
Each reactor was inoculated with 4.75 L 
combined sludge comprises of 50% anaerobic 
digester sludge from an alcohol distillery 
wastewater treatment plant, 40% activated sludge 
from the pharmaceutical effluent treatment plant 
and 10% fresh cattle manure. The inoculum 
sludge was sieved with a mesh of 1.18 millimeter 
to remove debris and inert impurities of larger 
size, which may otherwise hinder reactor 
operation. Initial concentration of inoculum as 16 
g VSS/ L of reactor volume was maintained in 
all the reactors. 
Feed 
For acclimatization of the combined sludge the 
start-up of UASB reactor was with synthetic feed 
in  R1  (control)   using   sodium   acetate  as sole  

substrate and in R2 the feed was raw wastewater 
from the said bulk drug manufacturing and 
pharmaceutical unit. The raw wastewater was 
pretreated with alum dose of 200 – 250 mg/L to 
remove the suspended solids present in the 
wastewater. The pretreated effluent was further 
diluted with tap water in the ratio to maintain the 
required organic loading. The reactors were 
started with initial organic loading of 500mg/L of 
COD. The composition of feed is given in   
Table 2.5 
Synthetic wastewater 
Due to wide day-to-day variation in the 
composition and characteristic of the 
pharmaceutical raw wastewater and its effects 
on the reactors performance, the reactors were 
switch over to synthetic feed. 

Table 2 :  Composition of feed 

Compound Concentration (mg/L) 
R1 R2 

Sodium acetate  (trihydrate)  2100 -6300 - 
Ammonium chloride 23 - 200 23 - 200 

Dipotassium hydrogen phosphate 9.99 – 11.10 9.99 – 11.10 
Potassium dihydrogen phosphate 13.2 - 20.2 13.2 - 20.2 
Sodium bicarbonate 1000 - 1500 1000 - 1500 

Calcium chloride  220-325 220-325 
Raw wastewater dilution ratio - 1.0 – 10.0 

TMS  ml/L 1 1 

The feed was prepared by mixing the solvents 
in the tap water, acetone in R2, methanol in R3  

and cyclohexane in R4 in the proportion they 
contribute the organic load in the actual 
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pharmaceutical wastewater. Organic loading 
rate was varied from 3.0 – 9.0 kg COD/m3/d. 
The control reactor R1 was having sodium 
acetate as the sole source of carbon and 
energy2, 12. The concentration of the solvents in 
the synthetic feed was increased step-wise by 
maintaining the initial HRT of 24 hrs. The 
COD: N: P ratio of 300:5:1 was maintained in 
the feed and accordingly the composition of  
synthetic feed was varied as follows : 
CH3COONa·3H2O (g/L) in R1, R2, R3 and R4 
as 6 to 18, 5.6 to 13, 5.6 to 13.4 and 5.6 to 13.2 
respectively, NH4Cl 130 to 200 mg/L, K2HPO4 
15 to 53.25 mg/L, CaCl2·2H2O 300 to 685 
mg/L, trace metal solution 1ml/L as well as 
acetone 150 to1000 mg/L in R2, methanol 250 
to 1200 mg/L in R3 and cyclohexane 100 to 
575 mg/L during acclimation period. The 
characteristic of the simulated synthetic 
wastewater employed in the present study with 
their constituent concentration expressed in 
(mg/L) is as follows : acetone in R2 (1000), 
methanol in R3 (1160), cyclohexane in R4 
(675), COD (9000), alkalinity (2500) and pH 
7·3.  
Analytical methods 
The analytical procedures for all tests were as 
outlined in the standard methods for the 
examination of water and wastewater13. 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   1µl   filtered  
liquid samples through the gas chromatograph 
(Shimadzu, GC-2014, Japan) equipped with 
FID detector. The analysis was done at an oven 
temperature of 40-80 oC with a programme of 
6.0 minute run, injector temperature was 230 
oC and detector temperature was 250 oC using 
a capillary column (Rtx – 1, 30m X 0.25mm). 
Minimum detection limit was 0.5 mg/L. 
Volatile fatty acids (VFA) in the effluent were 
measured in conformity with the procedure 

outlined APHA13. 

RESULTS AND DISCUSSION 
Reactors operated with raw pharmaceutical 
wastewater 
Process wastewater from chemical division is 
one of the most harmful wastes having 
extremely high COD, BOD, TDS, chloride, 
colour and very low pH. However, the 
combined wastewater from chemical and 
pharma divisions treated at the effluent 
treatment plant after equalization and 
neutralization is having  COD up to 12000 
mg/lit and BOD up to 5000mg/lit. The use of 
solvents in the production process results in 
high organic load in the raw effluent. 
Therefore, the present study is taken to 
examine feasibility of adopting UASB process 
as pretreatment, which may be cost effective in 
treating the above wastewater through the 
existing effluent treatment plant. 
During start-up, the UASB reactors were 
operated for 270 days for the acclimation of 
combined seed sludge and development of 
biomass using raw pharmaceutical wastewater. 
The wastewater was diluted using tap water in 
the proportions to maintain the required COD 
concentration in feed. At each step increase in 
organic loading, the feed composition was 
continued for long period. During this period 
gradual increase in the gas production was 
observed from the day 51 in R1 and 81 in R2 
and the effluent concentrations were reduced 
beyond 75% in R1 however large variations 
was observed in R2. Steady state operations 
were not achieved due to wide variation in the 
composition of the raw pharmaceutical effluent 
used in the study. Fig. 2 shows the effluent pH 
concentration in R1and R2. After 190 days of 
operation, on addition of approximately 750ml 
of  sludge to each reactor from a hybrid reactor  
treating phenolic compounds, increased in the 
gas production and percent COD removal was 
observed. Therefore, the study was carried out 
further upto 270 days of operations at different 
organic loading of 1500 mg/L, 2000 mg/L, 
2500 mg/L and 3000 mg/L and the 
corresponding increased in the percent COD 
removal and the biogas production are as 
shown in Fig. 3 and Fig. 4 respectively. The 
UASB reactors fed with raw pharmaceutical 
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wastewater achieved a maximum removal 
efficiency of 91% of total Chemical Oxygen 
Demand (COD) and biogas formation upto 
12L/d. The observed performance beyond 250 
days of operations of the reactors was not 
satisfactory.  
Problems encountered 
Every time large variations in the 
characteristics of raw pharmaceutical waste 
water was observed. Difficulties were 
encountered in monitoring the day to day 
characteristics of the feed. Low pH and high 
VFA resulted into low biomass activity during 
the first three months of start up operations. 
Wiegant et al., reported similar results during 
start up14. Washout of the sludge was observed 
for almost seven months and slowly the 
amount of sludge wastage reduced but the loss 
of small amounts of sludge wastage continues 

to be there.  The sludge showed poor settle 
ability and VSS/SS ratio was between. 0.20 to 
0.35 during the acclimation stage. Granulations 
were also not attained in the reactors15.  
Start-up and operations of the reactors with 
simulated synthetic feed 
Due to enormous decrease in the VSS/SS ratio 
during first 270 days of operation, it was 
decided to operate the reactors with synthetic 
feed having sodium acetate as the sole source 
of carbon and energy for all the reactors to 
avoid the adverse effect of toxicity and 
variation in the composition of the raw 
wastewater for increasing the biomass and 
granulation. In this phase, the reactors were 
operated for 190 days with increasing organic 
loading from 3.0 kg COD/m/d  to 5.0 kg 
COD/m3/d  and  the characteristics of the built 
up biomass is presented in Table 3. 

 
Fig. 2 : Effluent pH concentration in R1 and R2 

 
Fig. 3 : Percent COD removal in R1 and R2 
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Fig. 4 : Biogas formation in R1 and R2 

Table 3 : Characteristics of sludge with developed biomass 

After the development of biomass from 460th 
day of operation onwards the reactors were 
operated with synthetic feed using solvents in 
accordance with the specific objectives of the 
study. 
The study carried out using synthetic feed with 
step   increase   in  organic loading showed that  

the reactor gave more than 99.64% removal up 
to loading of 4.5 kg COD/ m3/d and later 
decrease in efficiency was observed upto 97 % 
for the increase in organic loading of 9.0 kg 
COD/ m3/d. Fig. 5 and Fig. 6 shows the COD 
removal and biogas production in R1 during 
acclimation. 

 

 
Fig. 5 :  COD removal in R1 using synthetic feed 
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Parameters Sludge inoculated with sodium acetate as carbon source 
R1 R2 R3 R4 

SS, mg/L 32,880 35,530 30,985 34,160 

VSS, mg/L 21,040 21,200 19,400 21,900 

VSS/SS ratio 0.6399 0.5966 0.6261 0.6411 

SVI ml/g 45.00 42.50 44.94 46.30 
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Fig. 6 : Biogas formation in R1 

The acclimation period was started from 460th 
days with initial concentration of acetone 150 
mg/L in R2 and subsequently it was increased 
to 175, 200, 220, 266, 350, 370, 527, 685, 790 
and 1003 mg/L.  Methanol was introduced in 
R3 with initial concentration of 200 mg/L. 
subsequently increased to 250, 300, 325, 400, 
450, 475, 632, 790, 1000 and 1160 mg/L and 
cyclohexane was also introduced in R4 with a 
initial concentration of 100 mg/L and 
subsequently increased to 150, 200, 250, 300, 
364, 468, 572 and 675 mg/L.  During the 
acclimation period, the influent and effluent 
COD, alkalinity, pH and biogas produced were 
measured. The influent and effluent 
concentration of acetone and methanol were 

measured in GC and accordingly, the percent 
removal was calculated. Performance of the 
reactors is shown in Fig. 7 to Fig. 11. 
Better degradation of methanol was observed 
having removal efficiency greater than 97% 
compared to acetone removal efficiency of 
91% during acclimation phase. The maximum 
removal efficiency of 99.93% was observed 
for methanol and 98.20%  for acetone, at 
loading rate of 790 mg/L. 
The results of cyclohexane showed wide 
fluctuation in feed and effluent concentrations 
as shown in Fig. 11. Due to its low solubility 
in water the reactor could not be fed with the 
desired concentration right from the day one of 
acclimation phase. 

 

 
Fig. 7 : Acetone removal in R2 
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Fig. 8 : Biogas formation in R2 

 
Fig. 9 : Methanol removal in R3 

 
Fig. 10 : Biogas formation in R3
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Fig. 11 : Cyclohexane removal in R4 

The measured effluent concentrations of VFA 
in all the reactors were less than 250 mg/L 
throughout and methane was measured as 
78±2%  in the biogas during acclimation phase. 
The production of methane depends upon the 
mineralization of the compounds and the pH 
inside the reactor16. Similar results were 
reported by Naomichi et al., in methanol fed 
reactor17-27.  

CONCLUSION 
The performance of the reactors started with 
raw pharmaceutical wastewater was not 
satisfactory due to wide variations in its 
composition and characteristics on day-to-day 
basis. Use of synthetic feed during start-up with 
sodium acetate as sole source of carbon and 
energy has developed the biomass with 
increased in VSS/SS ratio from 0.25 to 0.62 
within a period of 190 days of operation with 
increasing organic loading from 3.0 kg 
COD/m3/d to 5.0 kg COD/m3/d. The VSS/SS 
ratio of the sludge developed in the reactor 
depends upon the feed composition, loading 
rate applied and removal efficiency. At higher 
loading rate the VSS/SS ratio is more. Acetone 
and methanol can be successfully degraded in 
UASB reactors using sodium acetate as co-
substrate. Better degradation of methanol was 
observed having removal efficiency greater than 
97% compared to acetone removal efficiency of 
91% during acclimation phase. The maximum 
removal efficiency of 99.93% was observed for 
methanol and 98.20% for acetone, at loading 
rate of 790 mg/l. Cyclohexane being less 
soluble in water could not be fed as desired and 
therefore, the results showed large variation in 

its influent and effluent concentration. Reactors 
started with simulated synthetic wastewater 
achieved better biodegradation of the waste, 
compared to the reactors operated using raw 
pharmaceutical wastewater. 
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