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ABSTRACT 
 

In the present study, tannery wastewater was subjected to biological treatment by Paecilomyces lilacinus SPFT3-b 
isolated from tannery effluent. The isolate exhibited minimum inhibitory concentration (MIC) for Cr(VI) as 600 
ppm. The treatment of tannery wastewater with Paecilomyces lilacinus resulted in the reduction of Chemical oxygen 
demand (COD), color, Cr(VI), total suspended solids (TSS), turbidity, Na+, Cl- and NO3

- in the order of 47.55, 
61.86, 83.56, 86.14, 84.16, 40.91, 21.28 and 55.50%, respectively after six days of treatment. 
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INTRODUCTION 
Leather tanneries are highly water intensive 
industries and generate huge amount of effluent 
containing high chemical oxygen demand (COD) 
and biochemical oxygen demand (BOD), 
inorganic impurities (sodium, calcium, nitrate, 
ammonia, sulfide, and chloride), dissolved and 
suspended solids, and other pollutants such as 
vegetable and/or synthetic tannins, sulfonated 
oils, chromium, pentachlorophenol and 
surfactants [1].  
The discharge of these highly oxygen demanding 
and colored wastewater not only cause depletion 
of dissolved oxygen but also reduce transparency 
of receiving water bodies thereby threaten the 
aquatic ecosystems. Similarly, chromium toxicity 
is also one of the major causes of environmental 
hazards caused by tannery effluents as it causes 

severe diarrhoea, ulcers, eye and skin irritation, 
kidney dysfunction and lung carcinoma [2].  
Bioremediation is a pollution control technology 
that uses biological systems to catalyze the 
degradation or transformation of various toxic 
chemicals to less harmful forms. These 
biological treatment methods are attractive due to 
their cost effectiveness, diverse metabolic 
pathways and versatility of microorganisms [3, 4, 
5].  
In this context, fungi are often recognized for 
their superior ability to produce a large variety of 
extracellular proteins, organic acids and other 
metabolities and for their capacities to adapt to 
extreme environmental conditions [6]. Fungal 
systems appear to be the most appropriate in the 
treatment of colored and metallic effluents [7]. 
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Therefore, in the present study an attempt has 
been made to explore the bioremediation 
potential of Paecilomyces lilacinus, an 
indigenous fungal isolate in terms of reduction in 
the pollution parameters of tannery wastewater. 
 
MATERIALS AND METHODS 
Tannery wastewater collection  
The tannery wastewater used in the 
bioremediation studies was collected in 
polyethylene containers from the final discharge 
section of a tannery located in Central Leather 
Research Institute (CLRI) complex, Kapurthala 
Road, Jalandhar, India. The collected samples 
were brought to the laboratory and stored in a 
refrigerator at 4 °C till their utilization. 

 
Tannery wastewater characterization 
The standard wastewater analysis methods were 
employed for determination of Chemical oxygen 
demand (COD), total suspended solids (TSS) and 
Cr (VI) [8]. Color was measured 
spectrophotometrically. The wastewater pH, 
electrical conductivity (EC) and total dissolved 
solids (TDS) were measured using Multi 
Parameter Water Analyzer Kit (WTW, 
Germany).  Sodium, chloride and nitrate ions 
were measured by Thermo Scientific Orion 
DUAL STAR ion meter while turbidity was 
determined by Digital Turbidity Meter (Model, 
331E). 

 
Isolation of fungus and determination of 
minimum inhibitory concentration (MIC)  
The fungal strain was isolated from tannery 
effluent by dilution plating method and it was 
identified as Paecilomyces lilacinus by National 
Center of Fungal Taxonomy (NCFT), New Delhi 
(Fig. 1). The Cr-resistance of fungal strain was 
evaluated on modified Lee’s minimal medium 
(with 0.25% glucose) supplemented with 100, 
200, 300, 400, 500, 600, and 700 ppm 
concentrations of hexavalent chromium. The 
petriplates were inoculated with 8 mm agar plugs 

from young fungal colonies, pre-grown on potato 
dextrose agar (PDA) and incubated at 28˚C for 
seven days. The fungal growth was determined 
by measuring the change in mycelia length with 
the help of measuring scale at 24 hours interval 
from the 3rd day to the 7th day post-inoculation 
[9]. The minimum inhibitory concentration for 
Cr(VI) [MIC Cr(VI)] was defined as the 
concentration of hexavalent chromium that 
inhibits visible growth of the fungal isolate. 

 
Fungal inoculum preparation for 
bioremediation experiments 
For bioremediation studies, the fungal inoculum 
was prepared in the form of pellets. The potato 
dextrose broth (PDB) containing mycelial discs 
were incubated at 30±1˚C for five days in an 
orbital shaker (Scigenics Biotech, India) at 150 
rpm. The mycelium thus obtained was filtered by 
cheese cloth and air-dried on sterilized 
petriplates. These fungal pellets (2% w/v) were 
inoculated in tannery wastewater amended with 
0.1% glucose and 0.1% ammonium nitrate. The 
pH was maintained at 5.3 and the flasks were 
incubated at 30±1˚C in an orbital shaker for six 
days at 150 rpm. The wastewater samples were 
collected at different time intervals (2d, 4d and 
6d) and reduction in COD, color and other 
pollution parameters was measured.   

 
RESULTS AND DISCUSSION 
The fungal strain Paecilomyces lilacinus SPFT3-
b was isolated from tannery effluent by serial 
dilution technique. The isolate exhibited MIC for 
Cr(VI) as 600 ppm. The tolerance to Cr(VI) 
occur by various mechanisms such as transport 
across the cell membrane, biosorption to cell 
walls and entrapment in extracellular capsules, 
precipitation, complexation and oxidation-
reduction reactions  [10].  
The combined tannery effluent used in 
bioremediation studies was dark grayish in color 
with unpleasant smell. The high values of pH, 
EC, COD, color, TSS, TDS and ions were 
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recorded in the effluent (Table 1). There was 
significant reduction in COD and other physico-
chemical parameters of tannery wastewaters 
following six days treatment with Paecilomyces 
lilacinus SPFT3-b (Table 2, Fig. 2). On the 
second day of treatment, there was 28.83% 
reduction in COD which rose to 47.55% on the 
sixth day of treatment of tannery wastewater. 
The reduction in the wastewater COD was 
attributed to utilization of highly oxidizable 
organics of tannery wastewater by the fungal 
strain. Likewise, decolorization of the 
wastewater was achieved by biodegradation and 
biosorption of dye molecules by the fungal 
strain. Similarly, acidic environments facilitated 
the biosorption of Cr(VI) ions as at low pH 
values oxyanionic dichromate species of 
chromium are likely to be attracted by the 
positively charged functional groups present on 
the fungal cell surface [11].  
The suspended solids have great implications on 
the physico-chemical treatment processes as well 
as in increasing turbidity of receiving water 
bodies and thus reducing photosynthesis in 
aquatic ecosystems [12]. The treatment of 
tannery wastewater with Paecilomyces lilacinus 
SPFT3-b resulted into 84.16 and 86.14% 
reduction in TSS and turbidity. The reduction in 
NO3-, Na+ and Cl- ions was attributed to 
utilization of these ions for growth by the fungal 
isolate [13].  

 
CONCLUSION 
The bioremediation of tannery wastewater by 
Paecilomyces lilacinus SPFT3-b is an 
ecofriendly method and can be a good substitute 
for conventional physico-chemical processes.  
The fungal treatment of tannery wastewater 
resulted into significant reduction of major 
pollution parameters i.e., COD, color and Cr(VI). 
For enhanced bioremediation at bioreactor level, 
use of immobilized biomass under optimized 
conditions is recommended. 
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Table 1.  Physico-chemical characteristics* of untreated tannery wastewater. 

Parameters Values* 

pH 9.16±0.20 

TDS (mg L-1) 17650±20.10 

TSS (mg L-1) 1694±11.20 

Turbidity (NTU) 505±2.00 

COD (mg L-1) 5776±30.10 

Color (CU) 1984.85±12.80 

EC (mS cm-1) 35.3±0.25 

Na+ (mg L-1) 3080±35.60 

Cl- (mg L-1)  4700±40.10 

NO3
- (mg L-1) 600±5.00 

Ca2+ (mg L-1) 258±12.00 

K+ (mg L-1) 290±11.50 

Cr (VI)(mg L-1) 9.86±0.180 

Total Cr (mg L-1) 12.260±0.556 

Pb(II) (mg L-1) 0.965±0.0140 

Total Pb (mg L-1) 1.126±0.0131 

Cu (mg L-1) 0.258±0.0013 

Zn (mg L-1) 0.529±0.0028 

Mn (mg L-1) 0.392±0.0090 

    *Mean±SD of three replicates 
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Table 2. Physico-chemical characteristics* of tannery wastewater after different treatment durations with 
Paecilomyces lilacinus SPFT3-b (Figures in parenthesis show % reduction). 

 
Parameters                                       Treatment duration (days) 

                  2d                   4d                  6d 

pH 5.20±0.20 5.08±0.16 4.62±0.10 

COD (mg L-1) 
4110.66±24.68 

(28.83) 

3485.33±19.32 

(39.66) 

3029.33±25.71 

(47.55) 

Color (CU) 
1181.48±19.88 

(40.47) 

1045.59±24.90 

(47.32) 

757.03±35.20 

(61.86) 

Cr(VI) (mg L-1) 
4.558±0.01 

(61.86) 

2.015±0.02 

(62.82) 

1.787±0.02 

(83.56) 

TSS (mg L-1) 
842.24±18.56 

(50.28) 

318.32±12.52 

(81.21) 

268.31±16.82 

(84.16) 

Turbidity (NTU) 
286±14.25 

(43.37) 

073±20.18 

(85.54) 

070±10.32 

(86.14) 

Na+ (mg L-1) 
2040±21.50 

(33.77) 

1990±24.98 

(35.39) 

1820±22.25 

(40.91) 

Cl- (mg L-1) 
3930±19.56 

(16.38) 

3720±19.00 

(20.85) 

3700±18.78 

(21.28) 

NO3
- (mg L-1) 

541±9.83 

(9.83) 

389±4.68 

(35.17) 

267±2.58 

(55.50) 

*=Mean±SD (n=3) 

 
Fig. 1: Paecilomyces lilacinus SPFT3-b colony. 
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Fig. 2: Reduction of Cr(VI), COD and color from tannery wastewater after different durations of treatment with 
Paecilomyces lilacinus SPFT3-b. 


