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ABSTRACT---A year-long study has been carried out on 

aerobic biological treatment of  bulk drug industrial effluent 

which is highly acidic in nature and shows high value of BOD5 

(≈ 36000 mg/l), COD (≈ 84000 mg/l), and volatile solids (≈ 1, 

70,000 mg/l). Chemical treatment conducted for neutralizing the 

pH followed by biological treatment using a lab-scale reactor 

with acclimatized bacterial consortia isolated from natural soil 

has confirmed its biological treatability. About 99% removal of 

COD from starting value of around 8000 mg/l has been achieved. 

The COD value in different hydraulic retention time (HRT) has 

been brought down to less than 100 mg/l in treated effluent, 

showing high removal of dissolved organics by aerobic biological 

treatment. The biochemical and genetic analysis has confirmed 

the Bacillus sp. playing an omnipotent role in treating the 

chemically treated and diluted bulk drug industrial effluent and 

in bringing down the COD value to a level which conform the 

effluent standard for discharge to surface water. 

Index Terms—Keywords: Bulk Drug Effluent, Aerobic 

Biological Treatment, COD, Bio-kinetic Constants, Bacillus Sp. 

I. INTRODUCTION 

Treatment of effluent is of great concern for any kind of 

industry, especially for bulk drug industry. A wide variety of 

chemical compounds generated from bulk drug or 

pharmaceutical industry mix with the effluent causing 

highly polluted wastewater [2, 4]. It includes organic, 

inorganic and suspended particles which alter the pH of the 

water and enhance the COD i.e. Chemical Oxygen Demand 

and BOD i.e. Biochemical Oxygen Demand of the 

wastewater [26].  

For the treatment of the pharmaceutical effluents, various 

strategies have been proposed which includes physical, 

chemical and biological treatment [2, 10, 12, and 26]. 

Biological treatment is a natural process and it plays 

significant role in degradation of the organic compounds [5, 

17]. Both the aerobic and anaerobic biological systems have 

been proposed for the treatment of pharmaceutical effluents 

[15, 17, 27]. Anaerobic treatment is more efficient in terms 

of sludge yield, it deals with high concentration of 

wastewater, has low operation cost, causes recovery of 

methane gas etc. It is associated with high-capacity reactors 
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and it requires skilled-man power for operation. Its 

installation cost is very high which can hardly be afforded 

by small bulk drug producing industries [12, 15]. 

Alternatively, aerobic treatment is a conventional process 

having low installation cost and efficient for treatment of 

various types of pharmaceutical wastewaters [5].  

Activated sludge process is a very common aerobic 

treatment process which involves suspended 

microorganisms in the wastewater. The microorganisms are 

activated by air [26]. In this study acclimatized bacterial 

consortia isolated from natural soil has been introduced and 

their potentialities in bringing down the COD value to a 

level which conform the effluent standard for discharge to 

surface water has been investigated.  

The objective of this present research is to develop 

affordable, simple wastewater treatment process for the 

small bulk drug producing industries. The bacterial species 

have been identified and the bio-kinetic constants are 

evaluated This will also involve identification of bacterial 

species and evaluation of bio-kinetic constants for 

understanding their potentialities in degrading the 

pharmaceutical effluents emanated specifically from the 

small bulk drug industries [1, 16, 25]. This study will 

definitely help the small bulk drug producing industries to 

treat their effluents in a most cost-effective and affordable 

manner by using simple reactors and the identified bacterial 

species responsible for biodegradation.  

II. MATERIALS AND METHODS 

2.1 Material 

For this present research the wastewater has been 

collected from the equalization tank of a Kolkata based 

small bulk drug producing industry.  For this present 

research all the chemicals are either AR grade or Molecular 

Biology grade. Double distilled water has been used for 

routine chemical analysis and Millipore water is used for 

Molecular Biology work. 

2.2 Seed Preparation and Acclimatization 

The inoculums for seeding the reactor have been prepared 

from the soil adjacent to the surface drain of the industry 

expecting probable presence of the specific waste degrading 

bacteria. The bacterial growth has been maintained in the 

media containing sugar, starch and peptone as carbon  
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source, MgSO4, KCl, FeCl3, CaCl2, MnCl2 as 

micronutrients and NH4Cl along with (NH4)2HPO4 as 

nitrogen and phosphate source[14]. Acclimatization of the 

microorganisms has been done by introducing industrial 

effluent in the media with gradually increased dose [10, 24]. 

The acclimatization process has been initiated with the 

effluent containing the COD value of 1000 mg/lit and the 

concentration has gradually increased up to 8000 mg/lit with 

an increment of 1000 mg/lit in every stage. Each increment 

of 1000 mg/lit is done when the earlier dose of COD has 

been completely exhausted. The COD value has been 

measured at the interval of 6 hrs corresponding to each dose. 

For normal growth of the bacterium the requirement of 

BOD5: N: P = 100:5:1[14] has been strictly maintained. 

Bacterial propagation and acclimatization has been 

continued with constant aeration @ 2m3/hr at 300C 

temperature.  

 

 
 

Fig.1. Schematic Diagram of the experimental setup (1- 

Reactor Stand, 2- Reactor I, 3- Reactor II, 4- Air pumps, 

5- Aeration pipe, 6 - Air diffuser, 7- Sludge discharge 

way). 

2.3 Reactor 

A laboratory scale reactor made with cylindrical glass of 

2 liter capacity has been used for biodegradation study.  

Constant air supply at the bottom of the reactor has been 

maintained by an air diffuser fitted with air pipe which is 

ultimately connected to an air pump. Air valve is used for 

controlling the volume of the air in the reactor. The reactor 

is equipped with an outlet facility to discharge the sludge 

and the wastewater (Fig 1). 

2.4 Chemical Analysis 

The physico-chemical characteristics {pH, COD, BOD, 

Total solids (TS) and Total Volatile solids (TVS)} of the 

wastewater have been routinely determined following the 

procedures provided in the Standard Methods [21].  

2.5 Bacterial Identification 

2.5.1. Biochemical Characterization by Staining Method 

Before and after acclimatization the bacterial colonies have 

been microscopically identified by standard gram staining.  

2.5.2 Genetic Characterization 

Total genomic DNA was isolated from the soil and 16S 

rDNA amplified by PCR with 8F and 1492R universal 

primers (Fig 6-f and 6-g). The capillary sequencing was 

done by ABi 3730 XL DNA Analyzer machine (GCC 

Biotech, Kolkata)[13]. 

2.5.2.1 Bioinformatics Analysis 

Organisms have been identified for each assay by 

comparing consensus sequences to a database library of 

known 16S rRNA gene sequences in GenBank 

(http://www.ncbi.nlm.nih.gov/blast/Blast.cgi) by multiple 

sequence alignment. The bacterial source of the sequence 

has been identified by matching it with a series for the 

maximum identity score from the GenBank database. Where 

more than one bacterial species have the same highest score, 

all species have been recorded in the results. Sequences with 

97 % similarity to hits from the GenBank database have 

been considered to be of poor quality and has been excluded 

from this study. With respect to the 762/598 bp PCR, the 

individual 762 bp and 598 bp sequences as well as the 1445 

bp consensus sequence have been analyzed from the 

database of GenBank and it will ensure that the two 

fragments have been derived from the same bacterial 

species. 

The evolutionary relationships of 17 taxa have been 

deduced from UPGMA method. The optimal tree is depicted 

with the sum of branch length = 1.46861360. The 

percentage of replicate trees in which the associated taxa 

clustered together in the bootstrap test (500 replicates) is 

shown above the branches. The evolutionary distances have 

been computed using the Maximum Composite Likelihood 

method and are in the units of the number of base 

substitutions per site. Codon positions included are 

1st+2nd+3rd+Noncoding. All positions containing gaps and 

missing data have been eliminated from the dataset 

(Complete deletion option). There are a total of 1383 

positions in the final dataset. Phylogenetic analyses have 

been conducted in MEGA4 software.  

Before and after acclimatization the bacterial colonies 

have been microscopically identified by standard gram 

staining.  

 

 
Fig.2. Acclimatization of the Microorganisms: The 

microorganisms have been acclimatized with the gradual 

increase of concentration of COD of the wastewater 

(1000mg/l- 8000mg/l)and their complete reduction have 

been studied with time. Each colour represents the 

concentration of COD. 
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Fig.3. Percentage of COD Reduction of the effluents in 

the bioreactor: Several Hydraulic Retention time (HRT) 

has been observed (HRT-4 to 8; represents by different 

colour) for reduction of initial COD value (8000mg/l) to 

permissible level (80mg/l; approximate 100%). 

III. RESULT AND DISCUSSION 

3.1 Characteristics of the Wastewater 

The physicochemical characteristics of the wastewater are 

given in the Table 1. The wastewater is highly acidic. The 

values of BOD and COD are found to be reasonably high 

due to the presence of significant amount of organic 

components in the wastewater sample having the value of 

BOD/COD = 0.44. This accounts for less biodegradability 

of the waste. High volatile solids content of the wastewater 

sample also reflects the presence of organic solids in 

appreciable amount.  

 

 
Fig.4. MLVSS Concentration in different HRT. 

 
Fig.5. Correlation between percentage of increase of 

MLVSS concentration, vs. percentage COD reduction in 

different HRT. 

 

Table 1:  Characteristics of the industrial wastewater 

sample 

 

Sl. No. 

Parameter Magnitude 

I pH value 3.4 

II Total solids 379.46 x 103 mg/l 

III Volatile solids 168.43 x 103 mg/l 

IV Fixed solids 188.02 x 103 mg/l 

V COD 83793 mg/l 

VI BOD5 36885 mg/l 

 

Table 2 : Characteristics of the chemically treated 

industrial wastewater sample 

S
l.

 N
o

. 

Parameter 

Before 

chemical 

treatment by 

Ca(OH)2 

After chemical 

treatment by 

Ca(OH)2 

1. pH 3.5 7.0 

2. 
Total solids 

gm/lit 
379.46 206 

3. 
Volatile solids 

gm/lit 
168.43 100 

4. 
Fixed solids 

gm/lit 
188.02 106 

5. COD mg/lit 83793 36008 

6. BOD5 mg/lit 36885 30606 
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Table 3: Results of COD uptake at the end of day 1 

during acclimatization 
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3.2 Chemical Treatment  

The present sample is found to have acidic characteristic, 

high COD value and less BOD/COD ratio. So it is not found 

to be suitable for biological treatment. The sample has been 

neutralized by Ca(OH)2 and the chemical properties of the 

treated sample are given in Table 2. A large amount of 

suspended solids in the form of calcium oxalate has been 

generated during this process of neutralization as a result of 

the reaction between Ca(OH)2 and oxalic acid. Solubility of 

Ca-Oxalate is found to be 0.67mg/100ml in cold water and 

most of this oxalate settles at the bottom of the container 

used for neutralization. 

 

Table 4 : Analytical data of the biodegradation process 

Sl. 

No. 

Parameters COD 

mg/lit 

BOD5 mg/lit 

1.  Sample of untreated 

wastewater  

83793 36885 

2 Sample of 

wastewater after 

chemical treatment 

(pre treated)  

36008 30606 

3.  After bio degradation 

(HRT = 4days) 

79.85 50.31 

4. After bio degradation 

(HRT = 5days) 

79.09 50.02 

6. After bio degradation 

(HRT = 6days) 

79.87 50.21 

7. After bio degradation 

(HRT = 7days) 

81.05 51.01 

8. After bio degradation 

(HRT = 8days) 

79.48 50.82 

 

Table 5 :  Average Biokinetic Constants Evaluated in 

different HRT 
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Ca(OH)2 + HO2C-CO2H --->Ca(C2O4) + 2H2O 

Calcium Oxalic acidCalcium OxalateHydroxide 

 

The result of this experiment suggests that the chemical 

treatment with calcium hydroxide plays a vital role for 

reducing significant amount of COD value, the removal 

being about fifty four percent (54%).  The pH remains 

almost neutral at 7.0 and BOD/COD ratio becomes 0.85 

showing increase in biodegradability of the treated waste. 

Total Solids (TS) and Total Volatile Solids (TVS) are 

substantially reduced. 

3.3 Acclimatization of the Microorganisms 

The percentage COD removal corresponding to each 

addition of 1000 mg/lit of COD till the complete exhaustion 

of the same during the period of acclimatization is shown in 

Fig 2.  It is noted from Fig 2 that uptake of COD by 

microorganisms is increased gradually up to the peak 

concentration of COD (8000 mg/lit). Table 3 shows the 

gradual increase in COD removal in mg/lit by 

microorganisms after one day for different concentrations of 

COD value. The increase in COD removal confirms the 

enhancement of biodegradation capacity of microorganisms 

and establishes acclimatization of the bacterial species in the 

environment of the bulk drug effluent. 

3.4 Identification of Bacterial Organism Isolated from Soil 

Routine gram staining has been performed for the 

identification of the bacterial organisms isolated from the 

soil and examined under light microscope (Fig 6- a,b,c ). 

Microscopic examination has suggested the abundance of 

both the gram „+‟ve and gram „─‟ve bacteria and the 

morphological structure of the bacterium suggested the 

presence of both bacilli and cocci[22]. 

3.5 Treatability Studies of Pharmaceutical Wastes 

Chemical treatment has neutralized the pharmaceutical 

wastewater and has also reduced the COD level in 

significant amount (Table 2). Further biological treatment of 

the wastewater has been followed in the reactor and 

efficiency of the bacterial organism has been evaluated with 

regard to the degradation of the organic material. 
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3.5.1 Reduction of BOD and COD 

The biodegradation in the reactor has occurred at normal 

climatic temperature (temperature varies in Durgapur from 

120C-420C throughout the year) and the experiments have 

been conducted throughout year. In individual batch of 

experiment the COD value has been measured every day 

until it reaches to around 80 mg/lit and conforms the 

effluent standard of 250 mg/lit as per the environment 

protection rules of Govt. of India, 1986 [1, 7, 8, 23]. The 

initial COD value was 8000 mg/L and to achieve the final 

value of 250mg/L i.e. about 97% reduction in COD, 

different hydraulic retention times (HRT 4, 5, 6, 7 and 8 in 

days ) have been observed. As the experiments have been 

conducted throughout the year, the variation of the climatic 

condition (temperature, humidity etc.) may be attributed to 

the change in HRT values. (Fig.-3). 

Gradual increase of volatile suspended solids (MLVSS) 

values in the mixed liquor measured at regular interval of 1-

day indicates the positive activity of the microorganisms in 

reducing the COD values [18]. The amount of MLVSS in 

different HRT has been measured and represented 

graphically in Fig 4.  The experiment suggests that 

corresponding to each HRT (5, 6, 7 and 8 days) the amount 

of MLVSS has increased with the time and the curves have 

reached the steady stage. At this stage the growth rate of the 

microorganism has become slow due to inadequate 

availability of food.  It is obvious that as the microorganisms 

are very active in degradation of chemical compounds, the 

COD values are reduced and MLVSS values are increased. 

From these two different experiments one correlation can be 

drawn between the percentage of COD reduction and 

MLVSS amount in each HRT. This correlation has given in 

the Fig 5, which suggests that the MLVSS amount is 

directly proportional to percentage of COD reduction. 

The experiments have been started with the initial COD 

and BOD5 concentrations of wastewater around 84000 mg/l 

and 37000 mg/l respectively. Ultimately after chemical 

treatment followed by biological treatment the COD values 

have significantly reduced to 80 mg/l. As a consequence the 

BOD5 values have also been reduced to the level of 50 mg/l 

(Table 4).  The reduction of both COD and BOD5 after 

biological treatment has confirmed the high efficiency of 

bacterial removal of organic content from the wastewater.  

3.6 Evaluation of Biokinetic Constants 

With starting BOD5 concentration of 5670 mg/l (the 

value obtained after chemical treatment and diluting the 

same four times with distilled water), the BOD5 values at 

varying θc in the reactor have been considered for 

evaluating biokinetic constants by using the following 

modified Monad‟s equations. 

1

𝑈
 =  

𝐾𝑠

𝐾
  

1

𝑆
 +  

1

𝐾
  (1) 

𝑈 =
S0− S

𝜃𝑋
 (2) 

1

𝜃𝑐
= 𝑌𝑈 −  𝐾𝑑  (3) 

Where U = specific rate of utilization, mg BOD applied / 

mg MLVSS / day, Ks = half-velocity constant, mg/l, K = rate 

of utilization of substrate per day, Y = yield coefficient, Kd = 

decay coefficient per day, θc = mean cell residence time, 

μmax = maximum specific growth rate, S = final BOD, mg/l, 

and So = initial BOD, mg/l. 

The BOD based values for Ks, K,Kd and Y were 2379 – 

3934 mg/l, 1.2 – 2.17 d-1 , 0.039 - 0.064 d-1and 0.35 – 0.82, 

respectively. Average constants are cited in Table 5 for 

different HRT. 

3.7 Identification of Bacterial Organism Isolated from 

Post-Treatment Sludge 

To identify the bacterial species present in the post-

treatment sludge, routine gram staining has been performed 

and observed under the light microscope [22]. Only the gram 

positive bacilli have been identified (Fig 6-d, e). To confirm 

this observation Molecular Biology technique was adopted. 

The conserved 16S rRNA gene of the bacteria contains 

variable regions which are genus and species specific and 

characterization of the bacteria on the basis of the variable 

region of the 16S rRNA is a widely used method [9, 13, and 20].  

The 16SrRNA gene has been amplified and further 

sequenced for identification of the variable region. When the 

sequence has been searched from the database, only the 

bacillus species have been identified. The sequence showed 

100% homology with Bacillus strain, also it shows best 

homolog is Bacillus aerius strain 24K (ref / 

NR_118439.1/)[3, 6, 20] (Fig 6-h) by  phylogenetic analysis 

based on 16S rRNA gene sequences. 

 

 
Fig.6. Identification of bacterial species: a,b and c: 

bacteria from pre- acclimatization soil;a: both gram 

positive (black arrow) and gram negative (white arrow) 

bacteria. b: shows bacilli and c: shows cocci forms. d and 

e: bacteria identified from post treatment sludge; d: 

gram positive and e: only bacilli form. f: lane M 

represents the DNA ladder and lane C1 represents the 

genomic DNA isolated from post treated sludge. g: Lane 

1 represents the DNA ladder and lane 2 & 3 represent 

the PCR amplification of 16sRNA gene. h: The 

phylogenetic tree has drawn on the basis of the 

sequences of 16sRNA gene of bacteria (C1) isolated from 

post treated sludge. 
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IV. CONCLUSIONS 

Aerobic biological treatment has showed the reduction of 

the BOD5 and COD of the concerned effluent to required 

level within short hydraulic retention time (starting from 4 

days to maximum 8 days). From this study it is concluded 

that this treatment can be effectively carried out to treat the 

small-scale bulk drug industrial effluents throughout the 

year irrespective of change in climatic condition 

(temperature, humidity etc.). The most significant part of 

this study is identification of the dominant role of Bacillus 

species in treating the wastewater specifically for the small 

bulk drug producing industrial effluents. 
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