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Abstract 

Wastes generated by the pharmaceutical industries can contaminate the environment, so their treatment is necessary. 

Different techniques are under use, but they have some drawbacks like economical and environmental sustainability and 

further these techniques are not able to completely degrade all the pollutants, present in the effluents. Bioremediation of 

toxic wastes serves as an effective and economical method by using different microorganisms. Fungal biomasses have 

huge capability of degrading effluents discharged from various industries. The aim of this work was to treat 

pharmaceutical effluent by the micromycetes. Four species belonging to Aspergillus fungus i.e., A. niger, A. flavus, A. 

fumigatus and A. alliaceous were identified and selected for this bioremedial studies. Experimental conditions were 

optimized for fungal species. Although all four species were known to bring bioremediation which had been confirmed by 

measuring the percentage of reduction potential in pH, EC, TDS, BOD and COD; but A. niger revealed maximum upto pH 

(39.65%), EC (11.06%), TDS (9.16%), BOD (50%) and COD (44.08%) under the optimal conditions of this study. The 

extracellular enzymatic activities of this fungal species evidenced an excellent evaluation of experimental data to 

propose A. niger as a cost effective solution to treat the effluents from pharmaceutical industry. 
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Abbreviations: COD: Chemical Oxygen Demand; BOD: 
Biological Oxygen Demand; TDS: Total Dissolved Solids; 
EC: Electrical Conductivity. 
 

Introduction 

Industries producing wastes are causing 
environmental pollution at a great level. Their disposal 

into soil and water are constantly polluting environment 
and effecting both aquatic and terrestrial life including 
human beings as well [1]. Pharmaceutical industries 
generate a variety of wastes during manufacturing, 
maintenance and housekeeping. With the diversity of 
processes comes a diverse set of waste stream [2]. 
Environmental pollution is a constant threat faced by 
humanity and all living beings [3-5]. Industrial effluents 
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entering into the surface water are one of the most 
important sources of toxic contamination in the 
environment. An effective treatment of these wastes is 
necessary. Pharmaceutical effluents are usually resisting 
to the standard biological treatments, due to the complex 
aromatic compounds and extreme chemico-physical 
parameters, so their treatment requires information 
about the characteristics and composition of the waste 
[6,7]. 

 
Typically, pharmaceutical wastewater is characterized 

by high chemical oxygen demand (COD) concentration, 
and some pharmaceutical wastewaters can have COD as 
high as 80,000 mg/L [8]. Fungi, their biology, economic 
value and their capabilities are not new to human society. 
They have been used from fermentation of foods to 
production of pharmaceuticals. Fungi can tolerate 
extreme environmental habitats because of their enzyme 
system [9]. These are involved in the biodegradation of 
pollutants and convert them into harmless, tolerable or 
useful products [10].  

 
Therefore the present study is designed to isolate local 

fungal species by using malt extract and agar medium 
from pharmaceutical effluents and analyze their 
capabilities for bioremediation of pharmaceutical 
wastewater. Also the most efficient species for 
bioremediation were also validated through the 
comparison of values obtained for the parameters such as 
pH, electrical conductivity (EC), total dissolved solids 
(TDS), biological oxygen demand (BOD) and chemical 
oxygen demand (COD). 
 

Materials and Methods  

Sample Collection 

Samples were collected from a local pharmaceutical 
industry located near Lahore, Pakistan. The collected 
samples were transferred into a labeled, sterile plastic 
container that have been pre washed with 10% nitric acid 
and rinsed with de-ionized water and brought 
immediately to the laboratory and maintained at 4°C for 
further studies.  
 

Isolation, Screening and Growth Characteristics 
of Micromycetes 

One ml of each sample was cultured in a sterile petri 
plate which contains Malt Extract and Agar medium (MEA) 
by pour plate method and incubated at room temperature 

for 5-7 days. Fungal species developed on the medium 
were observed periodically. Microscopic morphology of 
fungal species i.e. hyphae, conidiophores, conidia etc. 
were noticed. The species were identified, with the help of 
following important literature i.e., Dictionary of the fungi 
[11], Fungi of Pakistan [12], Mycology [13]. Among all 
isolated fungi only potential species were selected. 
 

Degradation Studies 

Immediately after the collection of effluent, biological 
parameters such as BOD and COD were measured. 
Effluent collected from the pharmaceutical industry was 
autoclaved at 121°C for 15 minutes to make them sterile 
before inoculating the selected fungal strains. Then 
cultures of selected fungi were aseptically inoculated into 
250ml conical flasks containing 100ml effluent samples. 
The flasks were incubated at 27°C ± 1°C. Degradation 
studies were carried out after few days. Then same 
biological parameters were measured again to evaluate 
and compare their individual bioremediation efficiency. 
Initially physico-chemical parameters and biological 
parameters were also measured. Experiments were 
carried out for six days under laboratory conditions and 
everyday measurements for pH, EC, TDS were carried 
over for a regular interval of 2 hours. pH was tested using 
digital pH meter, model no. WTW 3110. EC and TDS were 
determined by standard procedure [14]. 
 

Results and Discussion 

Efficiency of Fungal Species Controlling pH, EC 
and TDS 

The treatment efficiency was validated by calculating 
the percentage reduction of all the parameters measured 
(Table 1, Figures 1-3). Pharmaceutical effluent Sample 
which was inoculated with Aspergillus niger Sensu Auct. 
there was a decrease in pH from 6.9 to 4.3, EC decreased 
from 714 µS/cm to 635 µS/cm and TDS decreased from 
491 mg/L to 446 mg/L; with Aspergillus fumigatus Fresen. 
pH decreased from 5.3 to 4.1, EC deceased from 754 
µS/cm to 653 µS/cm and TDS decreased from 639mg/L to 
554mg/L; with Aspergillus flavus Link pH decreased from 
5.9 to 5.0, EC decreased from 719 µS/cm to 682 µS/cm 
and TDS decreased from 683mg/L to 531mg/L and with 
Aspergillus alliaceous Glins., Thamavit & Sittir. The value 
of pH decreased from 6.5 to 5.1, EC decreased from 695 
µS/cm to 649 µS/cm and TDS decreased from 666mg/L to 
639mg/L. 
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Days 
Effluents Treated with Various Species of Aspergillus 

A. niger A. fumigatus A. flavus A. alliaceus 

 
pH TDS EC pH TDS EC pH TDS EC pH TDS EC 

1 6.9 491 714 5.3 639 754 5.9 683 719 6.5 666 695 
2 5.3 486 695 5.2 635 684 5.8 672 716 6.1 659 682 
3 4.9 475 660 5.1 622 673 5.6 655 712 5.8 652 664 
4 4.8 463 655 4.9 614 669 5.3 553 708 5.5 649 657 
5 4.7 449 645 4.5 592 673 5.1 549 692 5.3 645 653 
6 4.3 446 635 4.1 554 653 5 531 682 5.1 639 649 

Table 1: Variations in pH, Electrical Conductivity (EC) and Total Dissolved Solids (TDS) in the effluent from 
pharmaceutical industry treated with various fungus. 
 

 

Figure 1: Efficiency of Fungal Species. 
 

 

 

Figure 2. Efficiency of Fungal Species Controlling EC Vs Days. 
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Figure 3: Efficiency of Fungal Species Controlling TDS Vs Days. 

 

Variation in BOD and COD during 
Bioremediation of Effluents Treated with 
Various Fungus Species 

The process of bioremediation is generally understood 
with higher percentage of reduction accompanied with 
BOD and COD. These values were noted for samples of 
effluents inoculated with various fungus species (Table2, 

Figures 4-5). Significant reduction in BOD and COD values 
noted were 50% and 26.78% respectively for the samples 
inoculated with Aspergillus niger; 50.63% and 41.14% for 
the samples inoculated with A. flavus; 35.5% and 32.1% 
for samples inoculated with A. fumigatus and 35.4% and 
44.08% for samples inoculated with A. alliaceous. These 
values shows reduction trends. 

 
S. 

No. 
Sample 

% of pH 
reduction 

% of EC 
reduction 

% of TDS 
reduction 

% of BOD 
reduction 

% of COD 
reduction 

1 Aspergillus niger -39.65 11.06 9.16 50 26.78 
2 Aspergillus flavus -35.49 15.4 22.25 50.63 41.14 
3 Aspergillus fumigatus -22.64 10.74 13.3 35.5 32.1 
4 Aspergillus alliaceus -21.53 16.61 14.04 35.4 44.08 

Table 2: Variation In Biological Oxygen Demand (Bod) And Chemical Oxygen Demand (Cod) In The Effluent From 
Pharmaceutical Industry Treated With Different Aspergillus Species. 

 

 

Figure 4: Variation in BOD level effluents treated with various fungus species Vs. Days. 
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Figure 5: Variation in COD level effluents treated with various fungus species Vs Days. 
 

Variation in Physico-Chemical Parameters in 
Terms of Percentage 

The percentage reduction potential noted for all 
parameters pH, EC, TDS, BOD and COD (Table 3, Figure 6) 
for Aspergillus niger was -39.65, 11.06, 9.16, 50 and 26.78 

respectively; for A. flavus was -35.49, 15.4, 22.25, 50.63, 
and 41.14 respectively; for A. fumigatus was -22.64, 10.74, 
13.30, 35.5 and 32.1 respectively and for A. alliaceous was 
noted as -21.53, 16.61, 14.05, 35.4 and 44.08 respectively. 

 
S. No. Sample Parameters 

BOD (mg/L) COD (mg/L) 
Initial Final % Reduction Initial Final % Reduction 

1 Aspergillus niger 17.8 8.9 50 18.8 10.2 45.74 
2 Aspergillus flavus 16.7 8.1 51.4 17.5 10.3 41.14 
3 Aspergillus fumigatus 18.9 12.2 35.5 16.5 11.2 32.1 
4 Aspergillus alliaceus 16.1 10.4 35.4 18.6 10.4 44.08 

Table 3: Variation in physico - chemical parameters in terms of percentage. 
 

 

Figure 6: Percentage variation of different parameters with fungal inoculation of different effluents. 
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Comments 

Wastewater from pharmaceutical industry 
characterizes high values of BOD, COD, TDS and pH [15]. 
Pharmaceutical wastewater if disposed with insufficient 
treatment may leads to great damage to the environment 
and groundwater resources. General treatment cannot be 
used for every pharmaceutical wastewater due to its 
variable composition. Therefore, specific treatment is 
required for specific type of wastewater [16]. Inoculation 
of Aspergillus fumigatus with the pharmaceutical effluent, 
the decrease in pH, EC and TDS was observed in terms of 
percentage was 22.64%, 10.74% and 13.30% respectively. 
Similar results have been described by Van der 
Westhuizen and Pretorius [17] showing that co-efficient 
of A. fumigatus reduced the percentage of TDS from 0.44% 
to 0.33% and a reduction in pH from 6.1 to 5.0 when 
incubated for several days (5-7). Similar results had been 
found in literature while using A. fumigatus for treating 
wet corn-milling wastewater [18] and affectivity of same 
fungus for decolorization of anaerobically treated 
wastewater from pharmaceutical industry [19]. 
Inoculation of A. alliaceous with the pharmaceutical 
effluent, the decrease in pH, EC and TDS was also 
observed. The decrease in these parameters in terms of 
percentage was 21.53%, 16.61% and 14.05% respectively 
as described by different researchers [20-22]. Reduction 
in BOD and COD values were noted for effluent samples 
inoculated with A. flavus, A. fumigatus, A. alliaceous and A. 
niger for the purpose of bioremediation. Among all these 
four fungal species A. niger proved to be the best in 
potential for pollution reduction as reported by White, et 
al. when he worked with group of different species [23]. 
The reason of efficiency may be the enzymes evolved 
from A. niger offer higher protons to diffuse the pollutants 
23 and good for the reduction. Another important factor 
is the species growth rate which seems comparatively 
high so it can survive in very harsh acidic and basic 
environments [24]. To select the fungal isolate with the 
higher bioremediation potential, out of the four fungal 
species isolated from the pharmaceutical industrial 
effluent the percentage of reduction potential produced in 
different parameters were compared. It was understood 
that there was a higher reduction percentage of pH, EC, 
TDS, BOD and COD when the pharmaceutical effluent was 
inoculated with A. niger as compared to other fungal 
species. These results also supported by literature i.e., 
Buvaneswari, et al. [25] reported the percentage 
reduction potentials of three fungal species A. niger, 
Penicillium sp. and Fusarium sp. and found that the 
potential of A. niger was greater than the other species. 
 
 

Conclusion 

During this research work, it was concluded that 
although some negative effects are associated with fungal 
species, but they are also useful for many purposes. 
Fungal species were inoculated and tested for individual 
bioremedial efficiency present in pharmaceutical 
wastewater. Only four species of Aspergillus were 
identified which have ability to survive in most 
unfavorable conditions. Out of the four species A. niger 
has the maximum degrading potential i.e. pH 39.65%, EC 
11.06%, TDS 9.16%, COD 26.78% and BOD 50%. So this 
species can be used at large scale for bioremediation 
processes.  
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