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Abstract— Upflow anaerobic sludge blanket (UASB) reactor 

is widely used for treatment of industrial wastewater. In this 

Study, performance of a lab-scale Up-flow anaerobic sludge 

blanket (UASB) reactor, treating an antibiotic chemical 

synthesis-based pharmaceutical wastewater, was evaluated 

under different operating conditions. A pipe with a diameter 

of 152.4 mm and total height of 1050 mm with approximate 

volume of 20 liter was used as a reactor. The loading rates 

on reactor were continuous remain same after recycling of 

waste two times. After recycling of waste for getting reactor 

in saturation condition and get a maximum reduction of 

COD and continuous gas generation. The COD 

concentrations used in the present investigation ranges 

between 61405 mg/L to 63105 mg/L. During this study, 

which lasted for 30 days, the temperature of the wastewater 

entering the reactor ranged from 18 to 22
o
C and no heat 

exchanger was used. Finally the removal ratio of COD with 

hydraulic retention time of 24 hours was maximum 67.8 

percent respectively and gas generation was maximum 

0.024 m
3
/day. 
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I. INTRODUCTION 

Anaerobic conversion processes should be the core of any 

treatment process of biodegradable waste or carbon rich 

wastewater, though complemented with appropriate post-

treatment processes either biological or physicochemical. 

The wide range of feed stocks suitable for biogas production 

includes animal waste, municipal sludge, industrial 

wastewater and organic fractions of municipal solid waste 

(OFMSW), as well as aquatic and terrestrial energy crops 

whenever available for energy production. When an organic 

material enters into a digester, it contains a large fraction of  

suspended solids and complex soluble matter. Under 

anaerobic conditions, these large organic molecules are 

converted, mainly, into methane (CH4) and carbon dioxide 

(CO2) by the action of bacteria. 

The overall biochemical reaction can generally be 

simplified to: Organic material CH4 +CO2 +H2 +NH3 

+H2S 

The process of anaerobic digestion proceeds in 

three main stages; 

 hydrolysis, 

 acid formation and 

 methanogenesis [1] 

One of the main advantages of AD is the possibility 

of recovering renewable energy in the form of biogas, which 

is a versatile energy carrier that can be used for electricity 

production, heating purposes, vehicle and jet fuel and 

replacement of natural gas by injection of upgraded biogas 

in the natural gas grid. In addition, biogas may be 

considered as starting compound for biotechnological 

production of chemicals. On the other hand, organic waste 

stabilisation and nutrient redistribution are, besides energy 

production, objectives of any AD plant.[2] 

II. MATERIALS AND METHODS 

A. UASB Process: 

Mainly in there are four key biological and chemical stages 

in UASB process i.e. Hydrolysis, Acidogenesis, 

Acetogenesis and Methanogenesis. 

1) Hydrolysis: 

Mostly organic concentration of wastewater is complex in 

nature. For the bacteria in anaerobic digesters to access the 

energy potential of the material, these complex organic 

constituents should break down into their smaller constituent 

parts. These constituent parts, or monomers, such as sugars, 

are readily available to other bacteria. The process of 

breaking these chains and dissolving the smaller molecules 

into solution is called hydrolysis. Through hydrolysis the 

complex organic molecules are broken down into simple 

sugars, amino acids, and fatty acids. Acetate and hydrogen 

produced in the first stages can be used directly by 

methanogens. Other molecules, such as volatile fatty acids 

with a chain length greater than that of acetate must first be 

catabolised into compounds that can be directly used by 

methanogens. 

2) Acidogenesis: 

The biological process of acidogenesis results in further 

breakdown of the remaining components by acidogenic 

(fermentative) bacteria. Here, VFAs are created, along with 

ammonia, carbondioxide, and hydrogen sulfide, as well as 

other byproducts. 

3) Acetogenesis: 

The third stage is acetogenesis. Here, simple molecules 

created through the acidogenesis phase are further digested 

by acetogens to produce largely acetic acid, as well as 

carbon dioxide and hydrogen. 

4) Methanogenesis: 

The terminal stage of anaerobic digestion is the biological 

process of methanogenesis. Here, methanogens use the 

intermediate products of the preceding stages and convert 

them into methane, carbon dioxide, and water. These 

components make up the majority of the biogas emitted 

from the system. Methanogenesis is sensitive to both high 

and low pH and occurs between pH 6.5 and pH 8. The 

remaining, indigestible material the microbes cannot use and 

any dead bacterial remains constitute the digestate. A 

simplified generic chemical equation for the overall 

processes outlined above is as follows: 

C6H12O6 → 3CO2 + 3CH4  [3] 
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B. UASB controlling factors: 

1) pH: 

The pH value is significantly affected the UASB reactor 

performance and stability. pH for this treatment is between 

the range of 6.3-7.8. The change in pH of influent is mainly 

an important factor for system stability. Raising the pH 

value by adding NaOH is also done to increase the ph up to 

7.4 to obtain increasing in the gas production, with 

decreasing in CO2 production. 

2) Mixing: 

Good attachment between biomass and substrates is mainly 

attributed by mixing process. Mixing gives more 

opportunities of attachment by recycling biomass as well as 

activating dead zones in sludge bed which is mainly 

inhibited the phenomenon of channeling Mixing can be 

achieved through biomass recirculation, mechanical mixing, 

or slurry recirculation. Rapid mixing is considered 

undesirable mixing indicating that it causes a biomass.  [4] 

3) Temperature: 

The efficiency of the anaerobic process is highly dependent 

on reactor temperature. The rate of degradation of organics 

is enhanced at mesophilic temperatures. The mesophilic 

temperature varies between 30-40ºC. However, the effect of 

temperature is mainly governed by various physical, 

chemical, and biological processes taking place in the 

reactor. A sharp drop in methane generation appears as the 

reactor temperature exceeds 45ºC because of bacterial decay 

at higher temperatures ranging from 45 to 65ºC. The effect 

of temperature on the efficiency of the anaerobic process is 

governed by the reactor type as well. A decline in UASB 

efficiency at low temperature can be explained due to 

decreases in biological activity. 

4) HRT: 

The hydraulic retention time is significantly considered as 

the key operating parameter where its effectiveness is 

mainly controlling the performance of UASB reactor. The 

HRT is defined as the amount of time for which the 

wastewater is retained in the reactor for digestion and is 

computed by dividing the volume of the reactor by the 

influent flow rate. The UASB reactor gives high COD 

removal at very short HRT. However, it is a function of 

effluent characteristics, which vary from industry to 

industry. [5] 

The UASB reactor used in this study was made 

with a pipe of 152.4 mm inner diameter, a total height of 

1050 mm, and a total volume of 19 liter (Fig.-1). An outlet 

was provided at the top, which is connected to the effluent 

tank. On the top of the reactor a gas solid separator is 

provided to separate gas and solid raised due to the upward 

movement of the feed. This reactor was fed with synthesis 

based pharmaceutical wastewater which is generated for 

distillation column, megafine pharmaceutical industry PVT. 

LTD. that is located in Vapi, Gujarat. In order to develop the 

saturated condition by recycling of waste, continuous 

reduction of COD and continuous gas generation was 

observed in continuous flow. Following each recycle of 

waste-water the reactor was allowed to reach steady state. 

The waste-water was introduced at the bottom of the reactor 

though a tube with a 50 mm diameter and distributed over 

the cross-section by means of a three holes through the 50 

mm pipe. Sample ports were placed at 175 mm intervals 

throughout the height of column with an additional port at 

the bottom of the reactor (the port used for solids removal). 

The performance of the reactor in reduce COD was 

monitored through 24-hour flow weighted composite 

samples, taken from inlet and sample ports. It should be 

mentioned that the average wastewater temperature and pH 

were monitored daily and all the analyses were carried out 

according to the Standard Methods (APHA, 2005) [6].  

    
Fig. 1: Schematic view of the UASB reactor 

The inoculums for seeding the reactor were brought 

from UASB located in Emami pharma Industry. Around 6 

litre of biomass was added in the reactor. Because of 

anaerobic condition bacteria was generated biogas and 

which is observed by attaching ballon at the top of the 

reactor. First of for observing gas generation from the 

reactor manometric method was used which is shown in the 

figure-1 but because of winter season and lower capacity of 

reactor gas generation was observed in less quantity so that 

it was observed and measured by ballon which is shown in 

figure-2.  

SR No Parameter unit Inlet Value 

1 pH - 8.20 

2 Ammonical Nitrogen mg/L 6.1 

3 BOD mg/L 21231.74 

4 COD mg/L 61405.3 

5 Chloride as Cl
-
 mg/L 293.3 

6 Sulphate SO4
-
 mg/L 6.47 

7 VSS mg/L 41120 

8 TSS mg/L 1160 

Table 1: Characteristics of wastewater 

III. RESULTS AND DISCUSSIONS 

The startup period of an anaerobic UASB reactor is directly 

proportional to the concentration of the mi-crobial 

population. 

Rate of start-up depends on the type of inoculums, 

the type and strength of waste, level of volatile acids 

maintained. Temperature, COD, PH,gas generation were 

measured daily in UASB reactor inlet and outlet with an 

electronic temperature meter. The temperature was kept in 

psycrophilic condition (<20
o
 C) in the atmospheric 

temperature, where the UASB reactor was kept in it. 

Microbial groups involved in anaerobic degradation have a 

specific pH region for optimal growth. The desired pH for 

anaerobic treatment is between 6.6. and 7.6.[6] Values 

outside this range can be quite detrimental to the process, 

particularly to methanogenesis. Therefore, maintaining a 
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suitable and stable pH within the digester should be a major 

priority for ensuring efficient methanogenic digestion. This 

is due to the fact that the hydrogen ion concentration has a 

critical influence on the microorganisms responsible for 

anaerobic digestion, the biochemistry of digestion, alkalinity 

buffering and several other chemical reactions affecting the 

solubility and availability of dissolved ions. When an 

anaerobic process is overloaded an accumulation of  VFAs 

often occurs, resulting in a decrease in the pH of the system 

if sufficient buffering capacity is not available. Generally, 

the alkalinity needed to maintain the pH is largely governed 

by the carbonate equilibrium [7]. The pH of the reactor feed 

is always maintained neutral by adding necessary amount of 

H2SO4. The best operation of anaerobic re-actors can be 

expected when the pH is maintained near neutrality [8]. 

Soluble COD in UASB reactor influent and effluent was 

measured per day and the reactor was operated in a 

continuous mode of operation. Also after experimental 

process analysis of alkalinity, sludge volume index (SVI) 

and COD were conducted in accordance with Standard 

Method [5]. Best utilization of the reactor, respectively in 

continuous organic loading rate and hydraulic retention time 

of 24hr. Stable efficiency in this condition is 67 percent after 

30 days. Summary results of experiments are shown in 

Table II and Figs 2. Removal performance of the UASB 

reactor in terms of COD, HRT and organic loading rate is 

shown in Table II. On the basis of the obtained results, the 

optimum removal of COD is 67% with an continuous 

organic loading rate occurred at an HRT of 24 hr. In days 

leading 30 days the efficiency of pilot dropped due to 

reduction in the alkalinity of reactor. [9] 

waste 

suppl

y 

Da

y 

Inlet 

COD(mg/

l) 

Outlet 

COD(mg/

l) 

% 

COD 

remov

al 

kg 

COD 

remov

al 

1st 

recycl

e 

1 61405.3 58512 4.7 0.011 

2 61235 48120 21.4 0.050 

3 62358 37535.2 39.8 0.095 

4 61785 31232 49.5 0.117 

5 61456 27379.2 55.4 0.131 

2nd 

recycl

e 

1 62958 56600 10.1 0.024 

2 62485 47838.3 23.4 0.056 

3 61574 36954.1 40.0 0.095 

4 61456 26366 57.1 0.135 

5 60745.4 21232 65.0 0.152 

Table 2: Results of experiments on pilot plant 

waste 

supply 

Da

y 

Inlet 

COD(mg

/l) 

Outlet 

COD(mg

/l) 

% 

COD 

remov

al 

kg 

COD 

remov

al 

continuo

us flow 

1 62452 21536 65.5 0.157 

2 62414 20832.6 66.6 0.160 

3 61962 21735 64.9 0.154 

4 62126 23212 62.6 0.149 

5 62154 21314.8 65.7 0.157 

6 61875 22925 62.9 0.150 

7 61579 24516.1 60.2 0.142 

8 61325 21637 64.7 0.152 

9 60248 22427 62.8 0.145 

10 60486 20525 66.1 0.153 

Table 3: Results of experiments on pilot plant 

waste 

supply 

Da

y 

Inlet 

COD(mg

/l) 

Outlet 

COD(mg

/l) 

% 

COD 

remov

al 

kg 

COD 

remov

al 

continuo

us flow 

1 62988 23177 63.2 0.153 

2 63105 21506.4 65.9 0.160 

3 62786 21387 65.9 0.159 

4 62355 22517 63.9 0.153 

5 61922 21698.3 65.0 0.154 

6 61572 23500 61.8 0.146 

7 61256 24122 60.6 0.143 

8 60625 19546 67.8 0.158 

9 60152 20136 66.5 0.154 

10 59956 20257 66.2 0.152 

Table 4: Results of experiments on pilot plant 

 

 

 
Fig. 3: Results 

The table which is shown in 1
st
 recycle and 2

nd
 

recycle after recycling of waste the flow is continuous which 
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is as showm in table-II, table-III, table-IV and related graphs 

is shown above. 

waste 

suppl

y 

Da

y 

BOD(mg/l

) 

BOD

/ 

COD 

% 

BOD 

remova

l 

gas 

generatio

n 

1st 

recycl

e 

1 20105.2 0.344 5.30592 0.002 

2 16510.0 0.343 22.2391 0.008 

3 12784 0.341 39.7883 0.014 

4 10645 0.341 49.8628 0.018 

5 9405 0.344 55.7031 0.020 

2nd 

recycl

e 

1 19304 0.341 9.07952 0.004 

2 16505 0.345 22.2626 0.008 

3 12634 0.342 40.4947 0.014 

4 9164 0.348 56.8382 0.020 

5 7237 0.341 65.9142 0.023 

Table 5: Results of experiments on pilot plant 

waste 

suppl

y 

D

ay 

BOD(m

g/l) 

BOD/ 

COD 

% BOD 

removal 

gas 

generati

on 

contin

uous 

flow 

1 7015 0.326 66.9598 0.024 

2 7414 0.356 65.0806 0.024 

3 7987 0.367 62.3818 0.023 

4 7122 0.307 66.4559 0.022 

5 7869 0.369 62.9376 0.024 

6 7859 0.343 62.9847 0.022 

7 8315 0.339 60.8369 0.021 

8 7333 0.339 65.4621 0.023 

9 7459 0.333 64.8686 0.022 

10 6978 0.340 67.1341 0.023 

Table 6: Results of experiments on pilot plant 

waste 

supply 

Da

y 

BOD(mg/

l) 

BOD

/ 

CO

D 

% 

BOD 

remov

al 

gas 

generatio

n 

continuo

us flow 

1 7991 
0.34

5 
62.363 0.023 

2 7380 
0.34

3 

65.240

7 
0.024 

3 7375 
0.34

5 

65.264

3 
0.024 

4 7774 
0.34

5 
63.385 0.023 

5 7389 
0.34

1 

65.198

3 
0.023 

6 8102 
0.34

5 

61.840

2 
0.022 

7 6750 
0.28

0 
68.208 0.021 

8 6735 
0.34

5 

68.278

6 
0.024 

9 6843 
0.34

0 
67.77 0.023 

10 6980 
0.34

5 

67.124

7 
0.023 

Table 7: Results of experiments on pilot plant 

 

 

 
Fig. 4: Results 

Table-V, table-VI, table-VII are show the BOD 

reduction and gas generation during 1
st
 recycle and 2

nd
 

recycle and after continuous flow for 20 days. The readings 

of that are as shown in table-4,5,6. And related graphs are 

shown above. 

IV. CONCLUSION 

UASB technology is most preferable for the treatment of 

pharmaceutical wastewaster. Because of anaerobic process 

alternative gas generation is also measured from the reactor. 

After recycling of waste to the reactor, reactor is getting in 

saturation condition and give a continuous reduction of 

COD and in the continuous flow. Continuous gas generation 

is also getting form the reactor hence the gas generation is 

less in the winter season. 
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