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Abstract—Increasing industrialization has gained a global concern 

about the introduction of several hazardous chemicals into the 

environment in the form of effluents and wastewaters. Textile industry 

is one such emerging industry, which releases toxic effluents 

containing high amount of dyes, mordants and other auxiliaries. 

High concentration of these chemicals has created an ironical 

situation for the environment as well as human health. Hence, 

development of any process for the decolourization of such dyes is on 

highest priority among the scientific society. In the present study, 

bioaccumulation and biosorption of various Reactive and Vat dyes 

using a fungal strain Aspergillus lentulus were investigated. The 

results indicated that the biosorption by pre-grown fungal biomass 

was highly efficient in removing VAT Novatic Grey (100%), Reactive 

Remazol Red (98.47%), Reactive Yellow (91.55%) and Indanthrane 

Blue (99.28%) within 4 hours of exposure at initial dye concentration 

of 100mg/L. Least biosorption after 4 hours (55.33%) was observed 

for dye Reactive S Blue. The bioaccumulation studies revealed 75.9 

to 100%removal of all the dyes after 40 hours of growth. 

Interestingly, Vat dyes were completely removed in 16 hours, while 

Reactive dyes took 40 hours for significant removal. None of the dyes 

exhibited inhibition of fungal growth. These results indicate that the 

fungus Aspergillus lentulus has a very good potential for treatment of 

industrial wastewater containing widely synthetic dyes. 

 

Keywords: A. lentulus, Biosorption, Bioaccumulation, Vat dyes, 

Reactive dyes. 

1. INTRODUCTION 

Environmental pollution can be attributed to the release of 

contaminants and toxic chemicals from various industries. The 

textile dyeing is one of the oldest process in which use of 

several hazardous dyes for coloring fibres and clothes has 

been practiced till date. Since last few decades, the extensively 

growing textile industries have impacted the environmental 

safety and human health. Several types of dyes like azo dyes, 

metal containing dyes, reactive dyes and Vat dyes are widely 

used in the textile industry. Wastewater obtained from various 

printing and dyeing units of textile and various other industries 

are often rich in residues of reactive dyes and other chemicals 

and requires appropriate removal before being released into 

the environment [1]. A high concentration of different 

synthetic dyes present in effluent are mostly toxic, mutagenic 

and carcinogenic [2]. Moreover, these effluents inhibit 

photosynthesis of algae and aquatic plants, cause 

reoxygenation problems and potential toxicity in water bodies 

[3], [4]. Synthetic dyes are hard to decolourize due to their 

chemical structure and resistance to light, water and other 

chemicals. 

Various effluent treatment strategies based on different 

physio-chemical methods have been developed in the past [5], 

[6] but these techniques are less effective and expensive. 

Different studies on biological methods for dye removal have 

gained significance due to their low cost and eco-friendly 

nature. Fungi are considered a better biological agent for dye 

removal techniques because of its better capacity to adapt to 

environmental factors due to the production of large variety of 

extracellular proteins, organic acids and other metabolites [7]–

[9]. Different strains of Aspergillus sp. have been employed in 

recent studies for removal of various synthetic dyes from 

industrial wastewater [10]. 

The aim of this study was the removal of various Reactive and 

Vat dyes from dye solutions at varied concentrations using a 

fungal strain Aspergillus lentulus at batch scale. The methods 

employed for the dye removal process were biosorption and 

bioaccumulation using live fungal biomass and spore 

suspension, respectively. This study is important in its kind as 

it uses a biological source for decolourization of dyes, which 

is a eco-friendly approach to overcome the toxic effects of 

textile pollution. 

2. MATERIALS AND METHODS 

2.1 Test organism and growing conditions 

The experiments on dye removal were performed with a 

fungal strain Aspergillus lentulus FJ172995 which has been 
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successfully established for efficient dye removal especially 

Azo dyes in the previous studies [10]. The fungal isolate was 

maintained on slants of Potato Dextrose Agar. Freshly revived 

cultures were used for all the experiments. 

2.2 Dyes and chemicals 

The dyes used in the experiment were VAT Novatic Grey, 

Reactive Remazol Red, Reactive Yellow, Reactive S Blue and 

VAT Indanthrane Blue. Absorption maxima of each dye were 

estimated by scanning the dye solution over the visible range 

(400 – 700 nm) and are tabulated in Table 1. The stock 

solutions of 1000 mg/L were prepared for each dye in distilled 

water. All the chemicals used were of analytical grade. 

Table 1: Dyes and its absorption maxima (λmax. nm)  

used in the study 

S. 

No. 

Dyes Class Absorption Maxima 

(λmax) (nm) 

1. Novatic Grey Vat 610 

2. Remazol Red Reactive 520 

3. Yellow Reactive 420 

4. S Blue Reactive 610 

5. Indanthrane Blue Vat 660 

2.3 Biosorption of dyes by A. lentulus 

Removal of dyes by pre-cultivated biomass under growth non-

supportive conditions has been referred to as Biosorption. To 

cultivate the fungal biomass, sterile Potato Dextrose Broth 

(100 ml in each flask) was inoculated with spore suspension 

(10
7 

spore/mL) of A. lentulus and incubated at 150 rpm and 

30
o
C for 24 h. The grown fungal biomass (6 ±0.5 g/L) was 

added to 100ml of dye solutions at varied initial 

concentrations: 25, 50 & 100 mg/L (prepared in distilled 

water) and agitated at 150 rpm and 30
o
C. Samples were 

withdrawn from the flasks at regular intervals of 30 min for 4 

hours and centrifuged for 12 min at 10,000 rpm. The 

supernatants of all samples were then estimated for 

absorbance at their absorbance maxima by Elisa plate reader 

(Biotek Eon C). Control (without biomass) for each set was 

run simultaneously.  

Dye mixture was also prepared by mixing all five dyes in 

equal concentration (initial concentrations were taken to be 50 

mg/L& 100 mg/L for bioaccumulation experiments and 25 

mg/L & 50 mg/L for biosorption experiments). Removal 

efficiency of the fungal isolate for this mixture was tested by 

bioaccumulation as well as biosorption mode separately. Two 

different absorption maxima were obtained for the dye 

mixtures at 540 nm and 610 nm respectively; hence, the dye 

mixtures were scanned for absorbance at both these absorption 

maxima. 

2.4 Bioaccumulation of dyes by A. lentulus 

The dye removal efficiency in growing mode by A. lentulus 

were tested for various dyes (initial concentration 50 mg/L and 

100 mg/L) using sterilized Potato Dextrose Broth (PDB) as 

media. Sterilized PDB amended with respective dye as well as 

dye mixtures in different concentrations was inoculated with 

spore suspension of A. lentulus (10
7 

spore/mL) aseptically and 

incubated in the orbital shaker at 30
o
C and 150 rpm. Samples 

were withdrawn at regular intervals (2 hours) and were 

centrifuged at 10,000 rpm for 12 min. Later absorbance was 

measured at the absorbance maxima of the respective dye. 

Control (without inoculum) for each set was run 

simultaneously Resultant dried biomass was measured at the 

end of the experiment and the results were expressed as 

concentration of dye removed per gram biomass.  

2.5 Analytical techniques  

The concentration of test dye was determined by measuring 

absorbance of samples through spectrophotometer (Elisa plate 

reader). A calibration plot between concentration and 

absorbance maxima of the respective dye were used for 

determination of dye concentration. Dye removal (%) from the 

solutions was calculated using the following equation (Eq. 1): 

𝐷𝑦𝑒 𝑟𝑒𝑚𝑜𝑣𝑎𝑙  % =  
(𝐴0−𝐴𝑡)

𝐴0  × 100   (1) 

Where A
0
 is the initial absorbance, A

t 
is the absorbance at 

incubation time, t. Test samples were analysed for absorbance 

after centrifuging the samples at 10,000rpm for 12 min. 

Dried biomass at the end of each experiment was collected 

and dye uptake efficiency calculated as the concentration of 

dye removed per gram biomass (mg/g dried biomass). The dye 

uptake efficiency in percentage can be calculated by the 

following formula (Eq. 2): 

𝐷𝑦𝑒 𝑢𝑝𝑡𝑎𝑘𝑒  % =  
(𝐶0−𝐶𝑓)

𝐶0  × 100   (2) 

Where C
0 

and C
f
 are initial and final concentrations, 

respectively. 

3. RESULTS AND DISCUSSIONS  

3.1 Biosorption of dyes using A. lentulus 

Vat dyes and Reactive dyes at a concentration of 25, 50 & 100 

mg/L were used for biosorption experiments using A. lentulus 

(Fig. 1 A-C). Vat dyes showed better removal efficiency at all 

tested concentrations as compared to reactive dyes. At lower 

concentrations (25 mg/L & 50 mg/L), Vat dyes i.e. VAT 

Novatic Grey and Vat Indanthrane Blue, were almost 

completely removed (more than 95-99%) in the first 30-60 

minutes of incubation. As the concentration was increased 

upto 100 mg/L, a gradual removal was obtained with respect 

to time and complete removal was obtained after 150 minutes. 

This was possibly due to an increase in dye concentration in 

the solution while the amount of biomass used for all batches 

remained constant.  

On the other hand, among the reactive dyes, the most efficient 

removal by fungus was observed for Reactive Yellow, where 

98.4 % dye decolourization was estimated after 240 minutes at 
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100 mg/L initial concentration. Rest of the 2 reactive dyes i.e. 

Reactive Remazol Red and Reactive S Blue showed removal 

upto 92% in lower concentrations like 25 mg/L and 50 mg/L 

after 210 minutes but a limitation beyond 74.2% and 50.9%, 

repectively in removing both these dyes at higher 

concentration (100 mg/L) was observed even after 4 hours 

(240 minutes) of incubation. The fungal strain showed least 

dye removal efficiency for Reactive S Blue, for which only 

55.3% removal was observed by the end of 18
th

 hour. 

Earlier study on A. lentulus by the author has also shown its 

potential in the efficient dye removal for different dyes. The 

fungus could significantly removal anionic (96.7–94.3 %) and 

cationic (35.4–90.9 %) dyes in 24 h [11]. Study on Reactive 

Green 19 dye removal [12], showed similar removal pattern 

by non-viable fungal biomass of Rhizopus nigricans. The 

percentage removal decreased from 85% to 30% as the 

concentration was increased from 50 mg/L to 200mg/L. The 

reason behind this may be due to the saturation of all the 

binding sites present on fungal biomass.  

A mixture of all Vat dyes and Reactive dyes was also tested 

for its decolourization. The aim behind this experiment was to 

expose the fungus with a dye mixture similar to the actual 

condition of effluent in the textile industry. The dyes from the 

mixture was removed upto 90% within 30 minutes of 

experiment at concentration of 25 mg/L but at 50 mg/L 

complete removal was observed only after 150 minutes. 

 

 

 
Fig. 1: Percentage reduction of various dyes vs time using the 

biosorption method at initial dye concentration A.)  

25 mg/L; B.) 50 mg/L; C.) 100 mg/L 

Removal efficiencies of anionic and cationic dye mixtures 

have also been studied in Aspergillus lentulus earlier in the lab 

[11]. But it was observed that removal efficiency decreased in 

case of dye mixtures as compared to pure dyes. No such 

difference in biosorption capacity was observed in the present 

study.  

3.2 Bioaccumulation of dyes by A. lentulus 

The bioaccumulation experiments showed that at the 

concentration of 50 mg/L of Vat dyes, complete removal by 

fungus was observed by the end of 16th hour. Slow and 

gradual removal was observed in the case of reactive dyes. 

Reactive Remazol Red, Reactive Yellow & Reactive S Blue 

could be removed up to 93.6%, 94.26% & 98.2% respectively 

by the end of 40th hour when the initial dye concentration was 

50 mg/L. A mixture containing all the five dyes in an equal 

concentration of 50 mg/L was also removed completely after 

40 hours (Fig. 2A).. No dye decolourization was observed in 

control flask without inoculums (Controls). 

At concentrations of 100 mg/L, both the Vat dyes were 

removed completely by the end of 16
th

 hour. Even Reactive S 

Blue dye was removed completely by the end of 40
th

 hour but 

Yellow and Remazol Red could be removed only up to 75.9 % 

& 89.2% respectively. Dye mixture with 100 mg/L initial 

concentration of all five dyes was also decolourized 

completely by the end of 40
th

 hour (Fig. 2B).  

Earlier experiments of bioaccumulation in the lab showed that 

A. lentulus could efficiently remove more than 98-99% of 100 

mg/L cationic and anionic dyes after 48 hours of spore 

inoculation [11] and azo dyes after 72 hours [13]. Similar 

decolourization of Reactive Blue has been reported by 

Aspergillus sp. within 3 days[14]. But the strain in the present 

study took much less time to completely remove all the tested 

dyes (18 hours for Vat dyes, 40 hours for reactive dyes). 

Hence, this study bears significance for the dye 

decolourization and this fungal strain has a high potential to 

decolourize the textile effluent.  
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At the end of the experiment, the biomass was harvested and 

measured to estimate specific dye removal per unit fungal 

biomass (Table 2). At low concentration of dye (50 mg/L) 

containing media the yield of biomass was higher than that 

obtained from the high concentration of dye (100 mg/L) in 

supplemented media. However, the specific dye removal was 

observed in both systems ranging from 6.83 to 10.83 mg/g of 

biomass at dye concentration 50 mg/L. At 100 mg/L, highest 

specific removal was obtained in mixture of dyes and VAT 

Indanthrane Blue (21.87 and 22.01, respectively), whereas for 

rest pure dyes it was ranging from 10.88 to 19.94.  

 

 
Fig. 2: Percentage reduction of various dyes vs time when 

biomass is in growing mode i.e. bioaccumulation at  

initial dye concentration A.) 50 mg/L; B.) 100 mg/L 

Table 2: Specific dye removal per unit fungal biomass after  

40 hours of growth 

S. No. Dyes 

Initial concentration of 

dye 

50 mg/L 

Initial concentration of 

dye 

100 mg/L 

Biom

ass 

(g/L) 

Dye 

remova

l 

(mg/L) 

Specifi

c dye 

remova

l 

(mg/g) 

Biomas

s 

(g/L) 

Dye 

remova

l 

(mg/L) 

Specifi

c dye 

remova

l 

(mg/g) 

1. 

Vat 

Novatic 

Grey 

6.97 

48.97 

7.03 4.77 

93.79 

19.66 

2. 

Reactive 

Remazol 

Red 

6.29 

42.94 

6.83 6.41 

85.41 

13.32 

3. 
Reactive 

Yellow 
5.2 

47.25 
9.09 7.27 

79.13 
10.88 

4. 
Reactive 

S Blue 
6.58 

~50 
8.05 5.9 

~100 
19.94 

5. 

Vat 

Indanthr

ane Blue 

5.22 

~50 

10.82 4.9 

~100 

22.01 

6. 

Mixture 

of dye 

540nm 

6.27 

~50 

9.23 5.25 

~100 

21.87 

7. 

Mixture 

of dye 

610nm 

6.27 

48.33 

7.71 5.25 

96.48 

18.37 

3.3 Microscopic Examination 

The A. lentulus pellets were microscopically examined under 

10X, which revealed the accumulation of dyes within the 

fungal hyphae in the colored pellet (Fig. 6). 

 
(a)     (b) 

  
(c)     (d) 

  
(e)     (f) 

Fig. 6: Microscopic images of the pellets A. lentulus and 

accumulated dye in the hyphae, a.) VAT Indanthrane Blue, b.) 

Reactive S Blue, c.) Reactive Yellow, d.) Reactive Remizol Red, e.) 

VAT Novatic Grey, f.) Dye Mixture 
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4. CONCLUSION  

In the present study, the fungal strain Aspergillus lentulus was 

capable of removing Vat as well as Reactive dyes by 

biosorption as well as bioaccumulation. Moreover, the dye 

mixture was also efficiently removed with a very high dye 

uptake capacity of 21.87 mg/g of fungal biomass. Such high 

efficiency of dye removal in less time by A.lentulus could be 

harnessed in decolourization of colored textile effluents, 

hence, decreasing the toxic effects of textile dyes. 
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