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Abstract
Tannery wastewaters cause a recurrent environmental pollution problem owing to high values of chemical oxygen demand (COD), color,
and total dissolved solids (TDS). In the present study, tannery wastewater was subjected to biological treatment by Aspergillus niger
SPFSL2-a isolated from tannery sludge. The treatment resulted in the reduction of COD and color of the wastewater in the order of
81.58% and 62.21%, respectively after six days. A major part of reduction in these parameters occurred within initial two days of the
treatment, and during this period, total dissolved solids, electrical conductivity, total suspended solids and turbidity of the wastewater
have also shown decline. The efficacy of treatment with this isolate was evaluated by using germination tests on Triticum aestivum L. var.
Raj-3077. Germination tests confirmed the reduction of toxicity of the treated wastewater since while using treated tannery wastewater the
germination percentage increased up to 60% as compared to the values obtained with untreated tannery wastewater (10%).
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Introduction
The problem of water and soil pollution due to tanneries is a serious environmental threat especially in the developing countries. In
India, there are more than 2,500 tannery units, scattered all over the country, with an annual capacity of processing 0.7 million tons of
hides and skins (Rajamani, 1995; Ram et al., 1997). Leather processing in a tannery generally comprises three categories: pretreatment of skin/hide (beamhouse operations), chrome or vegetable tanning of skin/hide (tanning operation) and finishing operations
(Stoop, 2003; Thanikaivelan et al., 2004). Nearly 30 m3 of wastewater is generated during processing of one tonne of raw skin/hide
(Suthanthararajan et al., 2004). These wastewaters contains large quantities of chemical oxygen demand (COD),color, sodium
sulphide, nitrate, chloride, chromium and suspended solids (SS) (Szpyrkowicz et al., 2001).The colored wastewaters hamper light
penetration (Goncalves et al., 2000), whereas high COD resulted in decreased dissolved oxygen in the aquatic ecosystem (Raj et al.,
1996). Additionally, high concentrations of dissolved solids make the possible discharge of tannery wastewaters into water bodies
problematic, as they cause eutrophication and other adverse environmental effects (Durai and Rajasimman, 2011).Commonly applied
treatment methods for tannery wastewaters consists of integrated processes involving various combinations of physical and chemical
methods (Schrank et al., 2005; Malaviya and Singh, 2011). These integrated treatment methods are efficient but not cost effective in
terms of energy and reagent consumption besides generating large quantity of sludge which renders waste disposal problematic (Chu,
2001).
There are some studies which have been conducted employing bacteria for remediation of components of tannery wastewater
(Thacker et al., 2006; Srivastava and Thakur, 2006a) or fungal mycelia as bioabsorbent (Bai and Abraham, 2002; Srivastava and
Thakur, 2006b). But, most of the studies are pollutant specific targeting only one or two specific pollutants mostly chromium.
Moreover, fungal decolorisation studies have been performed on single model dyes at low concentrations, but these conditions are
poorly predictive of the actual decolorisation efficiency in real wastewaters where dyes are usually present as a mixture and often in
quite high concentrations (Couto, 2009). In the present work, Aspergillus niger SPFSL2-a isolated from the tannery sludge was used
for bioremediation study and was found to be significantly effective in the reduction of COD and color of tannery wastewater. The
fungal efficiency of the treatment was further supported by germination experiments on T. aestivum L. var. Raj-3077.

Materials and Methods
Tannery wastewater characterization
Tannery wastewater was collected from a tannery located in Central Leather Research Institute, (CLRI) complex, Kapurthala Road,
Jalandhar (India) and stored in a refrigerator at 4°C. Chemical oxygen demand (COD) and total suspended solids (TSS) were
determined according to American Public Health Association (APHA) methods (Greenberg et al., 1995). Color was measured
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spectrophotometrically (465nm) according to the method of Bajpai et al. (1993). Other parameters of the wastewater e.g. pH,
electrical conductivity (EC), 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
measured by Digital Turbidity Meter (Model, 331E).
Isolation of fungus and bioremediation experiments
The fungal strain was isolated from tannery sludge by dilution plating method (Mohamed et al. 2011), and it was identified as
Aspergillus niger by National Center of Fungal Taxonomy (NCFT), New Delhi. For bioremediation studies, the fungal inoculum was
prepared in the form of pellets. Erlenmeyer flasks (250 ml capacity) containing 100 ml potato dextrose broth (PDB) and
streptopenicillin (100 ppm) were taken and inoculated with mycelial discs. These flasks were incubated at 30±1°C for 6 days in orbital
shaker (Scigenics Biotech, India) at 150 rpm. The mycelium thus obtained was filtered by cheesecloth and air-dried on sterilized
petriplates. The 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 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. For evaluation of fungal growth, biomass collected by centrifugation was washed thrice with sterile
distilled water and dried at 80°C till constant weight and values were recorded.
Toxicity testing of tannery wastewater
For toxicity assessment, seeds of T. aestivum L. var. Raj-3077 were surface sterilized with 2.0% HgCl2 solution (Ahsan et al., 2007)
and ten seeds were placed in glass petridishes lined with two Whatman No.1 filter paper discs. These filter discs were moistened with
5 ml of tap water for control and with the same volume of untreated and treated tannery wastewater samples followed by incubation at
25±1°C in a BOD incubator (Scigenics Biotech, India) for a period of six days. The visible protrusion of radical from seed coat was
taken as criterion of seed germination. Various germination indices adopted from Czabator (1962), Rao et al. (1979) and Zucconi et
al. (1981) were used to record the germination parameters and seedling growth.

Results and Discussion
Tannery wastewater characterization
The physico-chemical analysis of untreated tannery wastewater has shown alkaline pH, high COD, color, TDS, TSS, chloride, sodium
and nitrate as mentioned in Table 1.The electrical conductivity was also high due to the presence of inorganic substances and salts
whereas elevated amount of COD may be due to high amount of organic compounds which are not affected by the bacterial
decomposition (Nagrajan and Ramachandramoorthy, 2002). These results are in agreement with the previous studies (Alvarez-Bernal
et al., 2006; Mishra et al., 2009).
Table 1: Physico-chemical characteristics of tannery wastewater
S.No.
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.

Parameters

Values*

pH
TDS (mg/l)
TSS (mg/l)
Turbidity (NTU)
COD (mg/l)
Color (CU)
EC (mS /cm)
Cr(VI) (mg/l)
Na+ (mg/l)
Cl- (mg/l)
NO3- (mg/l)

9.16±0.20
17650±20.10
1694±11.20
505±2.0
5776±30.10
1984.85±12.80
35.3±0.25
9.86±0.18
3080±35.60
4700±40.10
600±5.0

*=Mean ±SD (n=3)

Treatment of tannery wastewater
There was significant reduction in COD and other physico-chemical parameters of tannery wastewaters following six day treatment
with A. niger SPFSL2-a (Table 2). The results of the present study revealed that the COD removal was highly influenced by fungal
treatment of tannery wastewater because there was significant reduction of COD values (60.52%) within two days of fungal treatment,
whereas final COD reduction on sixth day was 81.58%. This was ascribed to the uptake of organic matter as a carbon source by the
fungus (Pechsuth et al., 2001), which was confirmed by increase in fungal biomass during the treatment period (Fig. 1). Mohamed et
al. (2011) reported only 19.42% COD reduction of tannery wastewater after three day treatment with A. niger, the high COD
reduction in the present study might be attributed to competency of A. niger SPFSL2-a as it was directly isolated from the
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contaminated site (tannery sludge). In similar studies, 52.5-95% COD reduction was reported in distillery wastewater treatment with
A. niger (Miranda et al., 1996; Pal and Vimala, 2012), while, 60% decrease in COD by the same isolate was reported during treatment
of poplar alkaline peroxide mechanical pulping wastewater (Liu et al., 2011). The color in tannery wastewater is a contribution of
dissolved solids, tannins and synthetic dyes etc. The color in wastewaters not only affects the aesthetics and water transparency but
also affects gas solubility of water bodies (Yuxing and Jian, 1999). In the present study, 62.21% decolorisation of tannery wastewater
was achieved after six days of fungal treatment. The decolorisation was possibly achieved by oxidative degradation of the dye
molecules (Mohorcic et al., 2006). Several authors (Miranda et al., 1996; Pal and Vimala, 2012; Liu et al., 2011) have also reported
43-69% color reduction in distillery wastewater and poplar alkaline peroxide mechanical pulping wastewater by A. niger.
High level of total suspended solids present in the tannery wastewater could be ascribed to their accumulation during the processing of
finished leather (Deepa et al., 2011). Presence of total suspended solids in water leads to turbidity resulting in poor photosynthetic
activity in the aquatic system (Goel, 2000) and clogging of gills and respiratory surfaces of fishes (Alabaster and Lloyd, 1980). After
six days of fungal treatment there was 92.55% and 99.00% reduction in TSS and turbidity, respectively because filamentous fungi
entrap the suspended solid particles in the wastewater (Alam et al., 2001; Fakhrul-Razi and Molla, 2007). The reduction in NO3-, Na+
and Cl- ions might be attributed to utilization of these ions for growth by the fungal isolate (Mert and Dizbay, 1977).

Fig1. Growth response of A. niger SPFSL2-a and reduction in COD and Color of tannery wastewater.
Table 2: Physico-chemical characteristics*of tannery wastewater after treatment with A. niger SPFSL2-a
(Figures in parenthesis show % reduction)

Parameters

2d

Treatment duration (days)
4d

6d

pH

5.86±0.31

5.81±0.19

5.66±0.19

COD (mg/l)

2280±21.20
(60.52)
1083.33±25.30
(45.42)
16600±35.10
(5.95)
818.33±12.10
(51.69)
169±3.0
(66.53)
33.2 ±1.20
(5.95)
2560±40.0
(16.88)
3970±30.40
(15.53)
533±5.0
(11.17)

1976±18
(65.79)
795.45±22.50
(59.92)
15800±31.80
(10.48)
135±3.50
(92.03)
105±1.0
(79.21)
31.6±1.10
(10.48)
2090±35.30
(32.14)
3790±22.20
(19.36)
405±4.10
(32.50)

1064±17.10
(81.58)
750 ±11.40
(62.21)
15550±29.10
(11.90)
126.20±4.0
(92.55)
005±0.05
(99.00)
31.1 ±0.77
(11.90)
1840±20.0
(40.26)
3630±18.30
(22.76)
212±2.80
(64.67)

Color (CU)
TDS (mg/l)
TSS (mg/l)
Turbidity (NTU)
EC (mS /cm)
Na+ (mg/l)
Cl- (mg/l)
NO3- (mg/l)
*=Mean ±SD (n=3)
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Toxicity evaluation of treated tannery wastewater
The effect of untreated and treated tannery wastewater on various germination parameters of T. aestivum L. var. Raj-3077 are shown
in Table 3. It was observed that untreated tannery wastewater was highly toxic in nature and showed only 10% seed germination but
after treatment, the toxicity of tannery wastewater was reduced significantly and showed 60% seed germination. Further, regarding the
seedling growth (i.e. shoot length and root length), the present study has revealed that the seeds exposed to untreated tannery
wastewater showed poor root and shoot development (0.10 and 0.30 cm) as compared to fungal treated tannery wastewater (1.5 and
1.9 cm). The inhibitory effect of untreated tannery wastewater on seed germination and seedling growth might be attributed to the high
salt load and metal content, which induces high osmotic pressure and anaerobic conditions (Saxena et al., 1986; Ramana et al., 2002).
The high osmotic pressure and anaerobic conditions impede various physiological and biochemical processes of seed germination and
seedling growth such as movement of solute, respiration and enzymatic steps of seed germination and seedling growth (Ahsan et al.,
2007). It was also reported that high salt load and metal content can act as inhibitor for plant hormones (amylases, auxins, gibberlines
and cytokinins), which are mainly required for seed germination, seedling growth and development of plants (Ahsan et al., 2007).
Table 3: Effect of untreated and treated tannery wastewater on seed germination and seedling
growth of Triticum aestivum L. var. Raj-3077*
Parameters

Treatments

Germination (%)
Germination index (%)
Speed of germination
Delay index
Peak value
Germination value
Percent inhibition
Root length (cm)
Shoot length (cm)
Seedling length (cm)
Root/Shoot ratio
Seedling Vigor index

Control
70
7.00
23.33
1633.1
3.73±0.14
4.17±0.9
7.90±0.8
0.89±0.06
553

UTW
10
0.38
0.33
2.0
3.30
33.00
60
0.10±0.02
0.30±0.01
0.40±0.02
0.33±0.01
4.0

TW
60
34.58
6.00
1.00
15.00
900
10
1.50±0.02
1.90±0.04
3.40±0.6
0.79±0.04
204

*= Mean ±SD (n=3): UTW=Untreated wastewater, TW=Treated wastewater

Conclusion
The study concluded that Aspergillus niger SPFSL2-a isolated from tannery sludge has ability to detoxify and decolorise the tannery
wastewater. Moreover, the toxicity assessment by seed germination test on Triticum aestivum showed the increase in germination and
seedling growth in treated tannery wastewater as compared with untreated wastewater. A more complete study should be performed
on the process parameter optimization such as temperature, pH, inoculum size, agitation, etc. so as to enhance the bioremediation
potency of the isolate.
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