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ABSTRACT 

 One Bulk Drug unit of Kolkata use different types of raw materials, both organic and 

inorganic in nature with the former being either of synthetic or of animal and vegetable origins. 

Even though these industries use high quality of water, the emanated effluents are strong and 

toxic. The synthesis of organic chemicals produces wastewater consisting of organic and 

inorganic materials. The organic wastes involve solvents, salts, acids, and plant and animal 

derivatives. The waste is usually high in COD, BOD and TDS. The pH is either very low or very 

high & frequently the wastes are coloured. The wastes are generally toxic to aquatic life and 

fishes. In the present study en effort has been made to examine the treatability of a particular 

bulk drug industry using a lab-scale reactor with acclimatized and mixed consortia. A chemical 

treatment has been done as a pre-treatment to reduce the COD and neutralize the acidic effluent.  

About 57 percent of COD has been reduced through chemical treatment with Ca(OH)2 and 

Aluminum Sulphate. Treatability studies were done with acclimatized bacteria and 98.2% 

removal of COD from as high as 8000mg/l COD concentration could be achieved. 
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INTRODUCTION 

Pharmaceutical drugs are essential for our civilization and life. These are used for the benefit of 

human and animal health. The production of pharmaceutical products can be broken down into 

three main stages: (1) research and development; (2) the conversion of organic and natural 

substances into bulk pharmaceutical substances or ingredients through fermentation, extraction, 

and/or chemical synthesis; and (3) the formulation and assembly of the final pharmaceutical 

product [17]. In this case we are concerned about the manufacturing of the bulk drug. 

Chemical synthesis forms the basic process for preparing the compounds that are used today as 

pharmaceutical products. The manufacture of pharmaceutical compounds through chemical 

synthesis mainly involves a complex series of batch processes where many intermediate stages 

and chemical reactions are performed sequentially. The processes use various raw materials and 

generate wastes and emissions. The wastewaters arise mainly from equipment cleaning other 

than the usual manufacturing streams such as pump seal waters, waste scrubbers wastewaters, 

boiler blow down and floor washing. The wastewater may therefore be high in biochemical 

oxygen demand (BOD), chemical oxygen demand (COD) and total suspended solids (TSS), with 

a wide range of pH from 1 to 11[ 17]. 

It is clear that the bulk drug manufacturing industries generate different waste products which are 

unfavorable to environment. The widespread use of pharmaceutical drugs for various therapeutic 
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needs resulted in detection of pharmaceutical chemicals in the environment. To keep the 

environment and ecology unaffected, the generated waste should be treated before disposal to the 

environment and the rate of generation of waste should also be minimized. 

Treatability study for effluents of bulk drug industries is therefore a great need of the hour and 

the present attempt is in conformity with the need. 
 

MATERIALS AND METHODS  

Source and Characterization of wastewater 

The Industry (situated at Behala, Kolkata) manufactures CALCIUM D-SACCHARATE USP 

(Calcium Glucarate) from dextrose to fulfill domestic requirement as well as export. During the 

production of CALCIUM D-SACCHARATE USP some waste is generated. The waste is mainly 

OXALIC ACID and un-reacted Dextrose. The sample was characterized using standard methods 

[14].  

Chemical Treatment of Effluent Sample Collected from the Industry  

Effluent sample has been treated chemically by Lime [Ca(OH)2] for neutralization [11] .  A trial 

experiment has been run with 100 ml sample to study the effect of chemical treatment with 

calcium hydroxide as neutralizing agent and aluminium sulphate and ferric chloride as 

coagulants.  

Biological Treatment of Chemically Treated Effluent Sample Collected From the 

Industry 

Seed Preparation and Acclimatization 

The seed sample prepared from soil [16] was taken in a 1000 ml measuring cylinder, where 

sugar, starch and peptone solution have been added as feed to bacterial mass to initiate bacterial 

growth and afterwards the acclimatization of the microorganisms in presence of effluent sample 

has been achieved by gradually increasing the dose of industrial effluent. 

Reactor 

 Aerobic oxidation was performed in the laboratory in a 2-litre measuring cylinder made of glass 

(Fig. 1). The reactor was equipped externally with an air flow pump. It is also effective for 

uniform mixing [11]. 

Bacterial Degradation 

Two experimental runs have been conducted with the chemically treated effluent sample 

collected from the industry. Continuous aeration has been done in the reactor content. 

 

RESULTS AND DISCUSSION 

The results of analysis of effluent sample from industry are furnished bellow (Table 1).  
 

Table: 1:  Results of Analysis of Effluent Sample of the Industry  

 

Sl. No. Parameter Quantity 

1. pH 3.5 

2 Total solids 364.54 x 10
3
 mg/lit 

3. Volatile solids 179.51 x 10
3
 mg /lit 

4. Fixed solids 185.04 x 10
3
 mg /lit 

5. COD 83593 mg/lit 

6. BOD5 36256 mg/lit 
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Photo 1: Reactor and Airflow in Control 

 

It is observed from the Table 1 that pH value of the sample is too low, which indicates that the 

sample is highly acidic in nature. Simultaneously, it is noticed that BOD and COD values are 

quite high as huge amount of organic components are present in the sample. High value of 

volatile solids content of the effluent sample also reflects presence of great amount of organic 

solids.  

 

This sample is not suitable for biological treatment because of the acidic characteristic of the 

waste and the wastewater sample being high in organic content. For this reason the sample of 

wastewater is first of all neutralized by chemical treatment before subjecting it to biological 

treatment. It is obvious that by chemical treatment with some alkali material pH will be expected 

to increase and become suitable for biodegradation and the organic content will also be reduced 

to a great extent. 

 

During the chemical treatment, pH value increases with addition of lime. The results of 

neutralization of effluent sample from Industry I show that, pH value of 100 ml sample may be 

increased from 3.5 to 7.0 by addition of 21.5 ml 1(N) Ca(OH)2
 

solution. During the 

neutralization process huge amount of suspended solids (Calcium oxalate) has been formed due 

to the reaction between Oxalic acid and Ca(OH)2 , which  is mostly settleable in nature 

(solubility of Ca-Oxalate in cold water 0.67 mg/100 ml) and as a result this portion settles down 

at the bottom of the container where the neutralization is done.  

 

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

Calcium hydroxide                         Oxalic acid              Calcium Oxalate 

 

It has been found that after neutralization of the acidic sample by calcium hydroxide the sample 

still contains quite a good amount of un-reacted oxalic acid and soluble part of the calcium 
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oxalate, which is reflected in the subsequent COD value of the neutralized sample. The reduction 

in the COD value due to neutralization by calcium hydroxide is about 54 % (Table 2). 

 

Further attempts have been made to subject the neutralized sample to chemical treatment by 

adding coagulants (aluminium sulphate and ferric chloride). No substantial reduction of COD 

value (only 7.4 % reduction) has been observed due to coagulation by aluminium sulphate but 

due to addition of ferric chloride the COD value has been found to increase. This increase in 

COD value may be attributed to the conversion of some insoluble part of the sediment to some 

soluble organic constituents, which show higher COD value than that of neutralized sample    

(Table 2).  

 

Table 2 Results of Chemical Treatment 

S
l.

 N
o
. 

Parameter Before 

Chemical 

treatment by 

Ca(OH)2 

After 

chemical 

treatment by 

Ca(OH)2 

After adding 

Aluminium 

Sulphate as 

coagulant 

After adding 

Ferric Chloride 

as coagulant 

1. pH 3.5 7.0 7.0 7.2 

2. Total solids gm/lit 365 206 166 257 

3. Volatile solids gm/lit 180 100 79 107 

4. Fixed solids gm/lit 185 106  87 150 

5. COD mg/lit 83594 38880  36000 48960 

6. BOD5 mg/lit 36256 16863 15614 21235 

 

About 57 percent of COD has been reduced through chemical treatment with Ca(OH)2  and 

aluminium sulphate. The effluent sample after being treated chemically by Ca(OH)2 and 

aluminium sulphate is diluted 4 times to obtain the low  COD value before being subjected to 

biological treatment. 

 

The treatability studies of pharmaceutical wastewater (Trial I during 7/12/2009 to 12/12/2009 

and Trial II during 16/12/2009 to 24/12/2009) were conducted. During this study many 

parameters were analyzed for the characterization of raw wastewater and effluent wastewater 

after treatment. The results of biodegradation study are shown in Table 3.  

 

Table 3 The Results of Biodegradation Study 

 

Parameters Raw Effluent 

sample 

Chemically 

Treated 

Sample 

After bio 

degradation* 

Trial I 

After bio 

degradation* 

 Trial II 

1. COD 

mg/lit 
83594 36000 135 1853 

2. BOD5 

mg/lit 
36256 15614 59 803 

3. pH 4.3 7.2 9.2 9.2 
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* After chemical treatment the sample is diluted 4 times before being subjected to 

biodegradation. 

 

3.1 Comparison of Results with Previous Research Findings 

The results of the research of different researchers on treatability of effluents with high TDS, 

BOD and COD generating from Bulk Drug Industries are shown in Table 4. 

 

The Table 4 shows the results obtained by different researchers on treatability of effluents with 

high TDS, BOD and COD generating from Bulk Drug Industries. Most of the researchers viz. 

Rao Gangagni A.  et. al.  (2005),  Yalcin Askin Oktem et.al. (2007), Sreekanth D et. al. (2009) 

conducted their experiments in anaerobic reactors.                 

 

The findings of their study show that they could reduce the COD value of the effluent to the 

maximum extent of 73% [13]. The minimum COD value achieved after anaerobic treatment has 

been found to be 1680 mg/l (after 72% removal of COD from initial COD concentration of 6000 

mg/l) [17].   

 

Samuel D. et. al. (2005) conducted his experiment under aerobic condition with different initial 

COD concentration. He observed that up to 4000 mg/l initial COD concentration the percent 

COD reduction was 80%, whereas at 5000 mg/l the same is only 45%. So he concluded that the 

optimum initial concentration in aerobic treatment was 4000 mg/l. The minimum COD value that 

was achieved through biological treatment was 800 mg/l. 

 

In the present study, effluents from one Bulk Drug Industry have been selected for 

biodegradability study. The effluent from the Industry has been subjected to two trial runs (Trial 

I and Trial II).  This effluent is primarily treated with chemicals to reduce the COD value to 

about 36,000 mg/l. After reduction of COD value through chemical treatment, the same is 

diluted 4 times before subjecting to aerobic biological treatment. The initial COD concentration 

in Trial I is 7449 mg/l and that of Trial II is 8333 mg/l. The percent reduction of COD values 

through bacterial degradation in Trial I and Trial II is 98.2 and 77.76 respectively. The minimum 

COD value that has been achieved through biological treatment in Trial I is 135 mg/l. 

 

The percent reduction in Trial II is found to be much lower, which may be due to low 

temperature (for 11.11% of the total bacterial residence time, the temperature is below 15
o
C 

unlike Trial I where for only 0.35% of the total bacterial residence time the temperature is below 

15
o
C). Due to the above low temperature, possibly bacterial degradation has become much 

slower [15]. 

 

The treated effluents from the Industry show both COD and BOD5 results are good for 

acceptance. In the Trial II experiment with the effluent from the Industry the values have 

exceeded the limits. The reason behind this is attributed to the low temperature where the 

bacterial degradation rate is much slower. 
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Table 4 The Results Obtained by Different Researchers on Treatability of Effluents 

Generating From Bulk Drug Industries 

 Author 

& Year 

Type of 

treatment 

Startin

g 

COD 

mg/l 

After 

chemica

l 

treatmen

t COD 

concn.  

mg/l 

Percent 

COD 

reduction 

by 

chemical 

treatment 

mg/l 

COD 

concn. 

before 

biologica

l 

treatment 

mg/l 

COD 

concentr

ation 

after 

biologic

al 

treatmen

t mg/l 

Percent 

removed 

by 

biologica

l 

treatment 

(as  

reported ) 

Rao 

Gangagn

i A. et. 

al. 

(2005) 

Anaerobic 

fixed film 

reactor 

(AFFR) 

25,000 ---------- --------- ---------- 7500 - 

10000 

60 to 

70% 

Samuel 

D. et.al. 

(2005) 

Lab-scale 

activated 

sludge 

reactor with 

acclimatized 

mixed 

consortia 

12378.

4 ± 

553.4 

8480 ± 

414.73 

31.49 ± 

6.14 

4000 800 80%  

5000 3850 45% 

Yalcin 

Askin 

Oktem 

et.al. 

(2007) 

lab-scale 

hybrid up-

flow 

anaerobic 

sludge 

blanket 

(UASB) 

reactor 

40,000

–

60,000 

-------- -------- 6000 to 

27000 

-------- 72%. 

 

Sreekant

h D et. 

al. 

(2009) 

Hybrid up 

flow 

anaerobic 

sludge 

blanket 

reactor 

13,000

–

15,000 

---------- -------- --------- 3500 - 

4900 

67% – 

73% 

Present 

study  

(2009) 

Aerobic 

batch reactor 

83593 36000 57 Trial 

I 

7449 135 98.2 

Trial 

II 

8333 1853 77.76 

 

CONCLUSION 

From the discussion made in the previous section based on the study results obtained, the 

following important conclusions may be drawn in regard to the potential of biodegradation of 

waste from bulk drug industry. 
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The quantity of effluent generated from the Industry with full production rate is 200 litre per day 

(in two batches @ 100 litre per batch). The effluent is disposed of after completion of every 

batch.  Hence the discharge of effluent is intermittent and may be subjected to batch process both 

for chemical and biological treatment, which is feasible for this industry.  

 

The characteristics of wastewater from bulk drug industry show high BOD5 and COD value. The 

average BOD5: COD ratio of the effluent from the Bulk Drug Industry is found to be 0.43, which 

indicates that the wastes comprise biodegradable organics which are susceptible to biological 

treatment.  

 

The present reactor models are developed on the basis of batch culture system and time to time 

wasting of excess biomass has not been done from the system. Steady state condition could not 

be maintained in the present experiment. In the reactor, biomass concentration has gradually 

increased and COD concentration has gradually decreased resulting in consistent decrease in the 

F/M ratio.  This F/M ratio has definite role in growth of microorganisms. This is reflected in 

present study results also. The F/M ratio at lower range shows better bacterial growth. This is 

also supported by previous studies [11, 13]. 

 

Based on the findings of the physicochemical and biological treatment of effluent from Bulk 

Drug Industry, the following conclusions may be drawn:  

 

(1) The results obtained from the investigation revealed the biodegradability potential of the 

effluent from Bulk Drug Industry using mixed microorganisms by integrating with 

chemical treatment (chemical precipitation, neutralization and coagulation) as pre-

biological treatment. Chemical precipitation and neutralization by calcium hydroxide and 

subsequent coagulation by aluminum sulphate will reduce COD concentration by 57%. 

Physicochemical treatment will be cost-effective because of attainment of high reduction 
of COD due to application of low doses of coagulants. 

(2) The reactor study performed to evaluate basic biological characteristics of the industrial 

effluent shows that they can be successfully treated biologically without any inhibitory 
effect on bacterial growth by effluent. 

(3)  The high BOD5 and COD values are reduced to great extent by enriched microbial 

culture in aerobic system. The wastewater containing high COD can be treated at HRT’s 

(hydraulic retention time) or MCRT’s (mean cell residence time) ranging from 4 to 9 

days. It is possible to remove COD even up to 98% if temperature is conducive to 
bacterial growth. 
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