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ABSTRACT The efficiency of Aspergillus tamarii (isolated from sludge of a textile 
industry) was investigated to remediate the synthetic solutions of reactive red 120
(RR120) dye and chromium(III) separately. Also, parallel studies were conducted on the 
bioremediation of binary system of chromium(III) and RR120 dye in different ratios. The 
study was conducted to find the potential of the A. tamarii for removing chromium(III) 
and color from solutions containing only chromium or only RR120 dye or both and the 
effect of RR120 and chromium on the growth of the strain were observed. Maximum dye 
removal 81 mg/L was observed from 100 mg/L RR120 dye solution at pH 5 up to 50 
hours. Maximum chromium removal 88.3 mg/L was observed from 100 mg/L chromium 

(III) solution at pH 5 up to 50 hours. In previous studies, A. tamarii was used as a bioreme-
diator for removing different chromium complex dyes. The removal of chromium(III) and
color were compared from solutions of synthetic mixtures and chromium complex dyes.
The response of bioremediation study was validated using multiple regression analysis.

KEY WORDS   Binary system, A. tamarii, Chromium(III), RR120 dye, Statistical Validation

1. INTRODUCTION

Chromium is one of the most frequently found heavy metal pollutants (con-
taminants) in groundwater at hazardous waste sites. Chromium is found in the 
nature in either of the two forms - Cr(VI) and Cr(III). The compounds of chro-
mium are irritants and easily absorbed by the lungs. Also, intense tracheo-bron-
chial irritation were observed after the inhalation of chromium-compounds
(Baruthio, 1992; Sullivan, 1969). The Cr(VI) form is generally present in the 
form of chromate (CrO4

-) and dichromate (Cr2O7
-) and shows notably higher 

levels of toxicity than other valence states (Horsfall et al., 2006). There are a large 
number of processes like leather tanning, steel manufacturing, electroplating, 
corrosive paints, photographic material, wood preservation and so on that releas-
es chromium into the environment (Miretzky and Cirelli, 2010). The leaching 
from rocks and topsoil is the most common natural source of chromium contam-
ination into waterbodies (Mills et al., 2011; Bertolo et al., 2011). Further, the con-
centrations of chromium in the soil may increase mainly via atmospheric deposi-
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tions and improper disposal of liquid and solid waste 
from chromate-processing industries. Due to its persis-
tent nature, chromium bio-accumulates in the food 
chain by long time exposure, thus causing toxic health 
hazards like irritation in the lungs as well as the stom-
ach, cancer in the digestive tract, less growth of plants 
and also death in animals (Sen et al., 2011, 2005; Sari et 
al., 2008). Also it is worth mentioning that, the con-
tamination of surface water by synthetic colours is 
viewed to be another environmental issue (Wu et al., 
2012). Synthetic dyes with various structural forms like 
acidic, azo, basic, diazo, disperse, reactive, metal-com-
plex based and anthraquinone-based are commonly 
utilized as colouring agents in cosmetic, leather, paper, 
food and textile industries. Further, chromium com-
plex dyes are commonly used in woollen and nylon 
industries (Ghosh et al., 2017). The effluents from 
these industries are highly toxic due to the presence of 
dye and heavy metal. Additionally, the disposal of these 
effluents into the receiving water bodies has hazardous 
impacts on the flora, fauna and other forms of life 
dependent on these water bodies. 

The common physico-chemical treatment techniques 
used in large scale industries for the removal of metals 
and dyes from the wastewaters include ion-exchange, 
membrane processes, adsorption, etc. which have some 
economic and technical constraints. The removal of 
heavy metals and dyes using microorganisms (algae, 
bacteria and fungi) has gained prime importance as a 
possible option to the already existing physico-chemi-
cal methods for the treatment of heavy metal/dye con-
taminated effluents (Bachate et al., 2013; Puyen et al., 
2012). Also the bioremediation process is environmen-
tal friendly, requires less energy and produces less 
chemical sludge than the conventional processes (Saroj 
et al., 2014). Existing studies have demonstrated that 
Fungi shows higher tolerance towards dyes/metals 
than other micro-organisms and has higher capacity to 
remove pollutant due to higher surface to volume ratio 

(Mishra and Malik, 2014; Skorik et al. 2010; Sun and 
Shao 2007; Fomina et al., 2007; Guimaraes-Soares et 
al., 2006; Akar and Tunali 2005). It is also worth men-
tioning that fungi appears to be most suitable in the 
treatment of effluents contaminated with dyes and 
metals due to its capability to excrete different oxidore-
ductive enzymes (Ghosh et al., 2015). 

A. tamarii isolated from the sludge of a textile indus-
try in the laboratory of the present authors was studied 

(previously reported) to reduce different trivalent chro-
mium complex dyes (commonly used in leather and tex-
tile industries) namely acid blue 158, acid brown 45, acid 
black 52, acid orange 80 and acid orange 86 dyes from 
synthetic solutions and actual industrial effluents 

(Ghosh et al., 2017, 2016, 2014). From previous studies, 
it was also observed that acid blue 158 dye has higher 
chromium(III) contents than the above mentioned 
chromium complex dyes (Ghosh et al., 2017, 2016, 
2014). In the present study, we compare our findings of 
single and and binary systems with the findings of acid 
blue 158 dye. The removal of chromium and dye and the 
growth of A. tamarii were reported to be dependent on 
the combined effect of both chromium and dye. Howev-
er, relatively fewer studies are available on the removal of 
chromium alone or dye alone using the same organism. 
Further, actual industrial effluents may contain both 
chromium and dye in different combinations, whereas 
the competitive interaction of both chromium and dye 
in solution affecting the growth of organism and the 
removal of chromium and dye is very little understood. 
In the present study, the potential of A. tamarii to grow 
and remove chromium(III) and dye (RR 120) from 
solutions containing only chromium(III), only dye and 
binary system of both in different proportions in each 
system was examined in batch bioreactors using synthet-
ic solutions of chromium and dye. The binary system 
better represents the closer composition of industrial 
effluents and the studies with the same shall provide bet-
ter understanding of the competitive interaction of chro-
mium and dye and their effects on the growth of fungus 
and the removal of chromium and dye.

2. EXPERIMENTAL

2. 1    Preparation of Dye and Chromium(III) 
Solutions

Reactive red 120 (RR120) dye (commercial name: 
Jokazol red) is commonly used azo dye in the textile 
industry and was chosen for the present study. The 
chemical structure of the dye and CAS number (61951-
82-4) are reported online (Website: https://pubchem.
ncbi.nlm.nih.gov/compound/Reactive-Red-120). The 
synthetic stock solution (100 mg/L) of dye was formu-
lated in the laboratory by dissolving required quantity 
of powdered reactive red 120 (RR120) dye in distilled 
water. The water-soluble dye was used without any 
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purification. Similarly, the synthetic stock solution 

(100 mg/L) of chromium(III)was prepared by dissolv-
ing appropriate quantity of chromium nitrate reagent. 
The solutions of various concentrations of dye, chro-
mium(III) and the binary system were made by appro-
priate dilution of the stock solutions. All the chemicals 
and reagents (AR grade) were obtained from E. Merck 

(India) Ltd., HiMedia Laboratories Pvt. Limited and 
Qualigens Fine Chemicals.

2. 2  Microorganism and Growth Media
The Fungi A. tamarii isolated from the sludge of a 

textile industry appeared to be filamentous under 
microscopic examination and fast growing. It was stud-
ied to remove various chromium(III) complex dyes 
such as acid brown 45, acid black 52, acid orange 80, 
acid orange 86, and acid blue 158 (Ghosh et al., 2017, 
2016, 2014). The growth medium was as follows: 
K2HPO4: 0.5 g/L; NaCl: 1 g/L; MgSO4: 0.1 g/L; 
NH4NO3: 0.5 g/L; glucose: 10.00 g/L and yeast extract: 
5.0 g/L (Ranjusha et al., 2010). The prepared media 
was autoclaved and inoculated with A. tamarii. The pH 
of the media for maximum growth of A. tamarii in the 
absence of dye or chromium was reported to be 5.0 by 
Ghosh et al. (2014). Hence, the pH of the media was 
kept at 5.0 in all batch experiments. Synthetic media con-
taining only chromium(III) and only RR120dye of dif-
ferent concentrations were made by dissolving the stock 
solutions of each in growth media. Synthetic growth 
media containing binary system of chromium(III) and 
RR120dye was prepared in the different combinations 

(Table 1). From previous studies, it was observed that 

acid blue 158 dye has higher chromium(III) contents 
than acid brown 45, acid black 52, acid orange 80 and 
acid orange 86 dyes (Ghosh et al., 2017; 2016; 2014). 
In the current study, the similar concentration of chro-
mium(III) and RR120dye was prepared as present in 
acid blue 158 dye (Table 1). The structural details of 
Acid Blue 158 dye are available online (https://pub-
chem.ncbi.nlm.nih.gov/compound/C.I.-Acid-Blue-
158_-disodium-salt).

2. 3  Bioremediation Studies
Bioremediation of binary system was performed using 

A. tamarii by inoculating actively growing cells of A. 
tamarii in 250 mL conical flasks (containing 100 mL 
media) at pH 5 and incubated at 27°C under aerobic 
and shaking condition (110 rpm) in orbitek shaker up to 
50 hours. Small portions were taken from the conical 
flasks after definite time gaps and centrifuged at 4000 

rpm (eltek centrifuge, Model no: TC 4100F). The con-
centrations of chromium and dye were determined 
using atomic absorption spectrophotometer (AAS) and 
UV-visible spectrophotometer, respectively. The bio-
mass collected after centrifugation was dehydrated at 
60°C temperature in a hot air oven (Ambassador, India) 
and estimated gravimetrically to determine the biomass 
concentration. All the bioremediation experiments 
including microbial inoculation, incubation, growth, 
and removal studies were conducted in aseptic condi-
tion. 

2. 4  Assay Techniques
The concentration of chromium(III) was analysed 

Table 1. Removal of chromium and dye and biomass concentration for various combinations of dye and chromium (III) from single and 
binary systems

Sl.
Nos.

Concentration of 
chromium (III) 

(mg/L)

Concentration of  
reactive red 120 dye  

(mg/L)

Removal of  
chromium(III) 

(mg/L)

Removal  
of dye  

(mg/L, %)

Biomass 
concentration

(g/L)
References

  1. 100 0 88.29 - 3.4 Present Study
  2. 50 0 38.7 - 4.5 -do-
  3. 10 0 8.4 - 4.9 -do-
  4. 0 100 - 81 3.2 -do-
  5. 0 50 - 45.02 4.1 -do-
  6. 0 10 - 9.5 4.8 -do
  7. 75 25 69 20 3.6 -do-
  8. 50 50 38.73 42 3.0 -do-
  9. 8.6 92 7.5 79 3.8 -do-
10. 8.6 (Acid blue 158) 100 (Acid blue 158) 6.67 74 3.6 Ghosh et al., 2017

11. 4.6 (Actual effluent) Unknown dye concentration,  
dark colored 4.6 86% 4.0 Ghosh et al., 2017
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using AAS (Perkin-Elmer AAnalyst 200) after acid 
digestion of the samples. The UV-Vis spectral analysis 

(Systronics UV/VIS Spectrophotometer 117, New 
Delhi, India) of the RR 120 dye in the wavelength range 
of 200-900 nm before bioremediation showed maxi-
mum absorbance at 508.8 nm. The scanning electron 
microscopy (SEM) analysis of the dried biomass before 
and after bioremediation was performed using instru-
ments ZEISS EVO Series Scanning Electron Microscope 

(Bruker). The samples for SEM analysis were put on a 
stainless-steel stub and thin coatings of gold and carbon, 
respectively, were plated under vacuum.

2. 5  Statistical Validation
The response of bioremediation study was validated 

using multiple linear regression model (run on R & R 
Studio software), where concentration of contaminants 
were independent variables and concentration of bio-
mass was dependent variable. 

3. RESULTS AND DISCUSSION 

3. 1  Bioremediation Studies
Bioremediation experiments were performed to deter-

mine the color and chromium removal during the grow-
th period of A. tamarii.

Fig. 1 shows the removal (mg/L) of chromium(III) 
and dye with time at 10, 50 and 100 mg/L initial concen-

trations of chromium using A. Tamarii in the batch bio-
reactor at pH 5 up to 60 hours. The removal of chro-
mium(III) increased up to 50 hours at all initial concen-
trations of chromium(III), beyond which no impro-
vement was observed. The maximum removal of chro-
mium (88.29 mg/L) was found from 100 mg/L chromi-
um solution. The higher removal of chromium(III) at 
higher concentration was due to the availability of more 
chromium. Also during bioremediation studies sets of 
control (autoclaved) samples were kept in the incubator 
without the inoculum of A. tamarii. There was no chang-
es observed of the media up to maximum 3 days. This 
ensures the reactions were due to biological reason.

Table 1 shows the removal of dye and chromium from 
the different synthetic solutions of single and bin ary sys-
tems. Serial nos. 1-3 show single systems of chro-
mium(III) solution at different concentrations. The re- 
moval of chromium(III) was noticed to be 88.3 mg/L 
along with the biomass concentration of 3.4 g/L from 
100 mg/L chromium(III) solution. The removal of 
chromium(III) was found to be 38.7 mg/L along with 
the biomass concentration of 4.5 g/L from 50 mg/L 
chromium(III) solution. Similarly, removal of chro- 
mium(III) were observed to be 8.4 mg/L along with the 
biomass concentration of 4.9 g/L from 10 mg/L chro- 
mium(III) solution. As the availability of chromium(III) 
increased in the system, the removal of chromium was 
increased. The biomass concentrations were observed to 

Fig. 1. The removal (mg/L) of Cr and Dye with time from single and binary systems using A. tamarii.
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be reduced with the increase in concentrations of chro- 
mium(III). It is may be due to the toxic effect of chro- 
mium(III) at higher concentration on the fungal cells. As 
shown in Table 1 the biomass concentration was decre- 
ased with increase in the concentration of chromium 
(III) because of the toxic effect of chromium(III) at 
higher concentration on the fungal cells. The biomass 
concentration (3.4 g/L) was obtained from 100 mg/L 
chromium solution. 

Similar patterns of the removal (mg/L) of reactive 
red 120 dye (without chromium complexation) were 
observed under the same conditions (Fig. 1). The max-
imum dye removal (81 mg/L) was observed from 100 

mg/L dye solution. 
Similarly, Table 1, Serial nos. 4-6 show single systems 

of RR120 dye solution at different concentrations. The 
removal was observed to be 81 mg/L along with the bio-
mass concentration of 3.2 g/L from 100 mg/L dye solu-

tion. The removal of dye was found to be 45 mg/L along 
with the biomass concentration of 4.1 g/L from 50 mg/L 
dye solution. The removal of dye was observed to be 9.5 

mg/L along with the biomass concentration of 4.8 g/L 
from 10 mg/L dye solution. Similarly, higher removal of 
dye was observed in higher concentrations of dye solu-
tions. The biomass concentrations were observed to be 
reduced with the increase in concentrations of dye. 

The Table 1, serial nos. 7-9 show binary systems of 
chromium(III) and RR120 dye at different concentra-
tions (Fig. 1). The removal of chromium and dye were 
observed to be 69 mg/L and 20 mg/L from binary sys-
tem of 75:25 (chromium: dye, mg/L) along with the 
biomass concentration of 3.6 g/L. The removal of chro-
mium and dye were observed to be 38.73 mg/L and 42 

mg/L from binary system of 50:50 (chromium: dye, 
mg/L) along with the biomass concentration of 3 g/L. 
The removal of chromium and dye were observed to be 

Table 2. Removal of color and chromium by different Aspergillus sp. during growth

Microorganisms Dye / Chromium Conditions Removal (%)/ (mg/L) References

Aspergillus tamarii

Acid orange 86

Batch; pH: 5; 
Concentration (mg/L) of dye: 100;  
Concentration (mg/L) of Cr (III): 1.10;  
Temperature(°C): 27; Shaking speed(rpm): 110;  
Time(hours): 50

Color: 96.30 mg/L; 
Chromium(III): 1.10 mg/L (Ghosh et al., 2014)

Acid orange 80

Batch; pH: 5;
Concentration (mg/L) of dye: 100;  
Concentration (mg/L) of Cr(III): 0.70;  
Temperature (°C): 27; Shaking speed(rpm): 110;  
Time (hours): 50

Color: 91 mg/L; 
Chromium(III): 0.69 mg/L (Ghosh et al., 2016)

Acid brown 45

Batch; pH: 5;
Concentration (mg/L) of dye: 100;  
Concentration (mg/L) of Cr(III): 1.10;   
Temperature (°C): 27; Shaking speed (rpm): 110;  
Time (hours): 50

Color: 90 mg/L; 
Chromium(III): 0.94 mg/L (Ghosh et al., 2016)

Acid blue 158

Batch; pH: 5;
Concentration (mg/L) of dye: 100;  
Concentration (mg/L) of Cr(III): 8.6; 
Temperature (°C): 27; Shaking speed (rpm): 110;  
Time (hours): 50

Color: 74 mg/L; 
Chromium(III): 6.66 mg/L (Ghosh et al., 2016)

Acid black 52

Batch; pH: 5;
Concentration (mg/L) of dye: 100;  
Concentration (mg/L) of Cr(III): 4.1; 
Temperature (°C): 27; Shaking speed (rpm): 110;  
Time (hours): 50

Color: 89.01 mg/L; 
Chromium(III): 3.78 mg/L (Ghosh et al., 2017)

Actual effluent

Batch; pH: 5;
Concentration (mg/L) of dye: unknown;  
Concentration (mg/L) of Cr(III): 4.6; 
Temperature (°C): 27; Shaking speed (rpm): 110;  
Time (hours): 50

Color: 86%,
Chromium(III): 100% (Ghosh et al., 2017)
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7.5 mg/L and 79 mg/L from binary system of 8.6:92 

(chromium: dye, mg/L) along with the biomass con-
centration of 3.8 g/L. The biomass concentration was 
reduced with increasing the total concentrations of Cr 

(III) and dye at binary system. This is due to the toxici-
ty of dye as well as trivalent chromium to the fungal 
cells at higher concentration. 

The lower removal at higher dye concentration may 
be due to the lower biomass for toxicity effect and the 
crowding effect of dye molecules on the binding sites 
of the cells (Zhang et al., 2016; Rakhshaee, 2011). The 
experimental results (Table 1) also show lower removal 
at higher concentrations of dye. Further, the lower bio-
mass concentration obtained in the 50:50 binary sys-
tem and also in 100 mg/L dye solution compared to 
that obtained in 100 mg/L chromium solution strongly 
indicates that the reactive red 120 dye has a higher 
inhibitory effect on biomass concentration than chro-
mium(III). The preferential removal of chromium fol-
lowed by dye as observed in the present study could be 
due to the complex structure of reactive red 120 dye.

Table 1, serial nos. 9 and 10 show the removal of dye 
and chromium along with the biomass concentrations 
from binary system containing chromium and dye in 
the ratio of 8.6:92 and 100 mg/L solution of acid blue 
158 dye (a chromium complex dye containing chromi-
um 8.6 mg/L), respectively. The higher removal of dye 
and chromium from the binary system rather than from 
the solution of chromium complex dye using the same 
strain at the same initial concentration of the dyes and 
chromium could be due to the complexity of the struc-
ture of the chromium complex dye (serial no. 10). 
Table 1, serial no. 11 shows the removal of color (86%) 
and chromium (4.6 mg/L) from the actual textile efflu-
ent where chromium complex dyes are used (Ghosh et 
al., 2017). 

Also, higher removal of dye/chromium was observed 
in the presence of a single pollutant (dye/chromium) 
rather than both. Lower biomass was noticed in the solu-
tion of RR120 dye than chromium(III) solution of same 
concentration. It may be due to the toxic effect of RR120 

dye for complex aromatic structure on the growth of 
organism. The efficiency of fungus for removing dye/
chromium was increased at the lower concentration of 
dye. Generally, chromium(III) is considered to be less 
toxic than chromium(VI). Chromium is a heavy metal 
and cannot be degraded. It may have been adsorbed or 
precipitated on the cell membrane in the present study 

(Ghosh et al., 2015).
The higher removal of dye and chromium was obser-

ved from synthetic mixture rather than chromium com-
plex dye solution. The lower removal of color and chro-
mium from acid blue 158 dye than binary mixture using 
the same strain at the same initial concentration of the 
dyes and chromium could be due to the complexity of 
the structure of the chromium complex dye.

Table 2 compares the removal potential of A. tamarii 

(during growth) for color and chromium from synthet-
ic solutions of chromium complex dyes and actual 
effluent. In previous studies, the lower removal of color 
and chromium from chromium complex dyes at the 
same initial concentration of the dye/chromium could 
be due to the complexity of the structure of the chromi-
um complex dyes. A significant removal of both color 
and chromium was observed, when dye is not com-
plexed with chromium (Table 1).

In the present study, the SEM analysis of the fungal 
biomass was performed before and after bioremedia-
tion. The SEM micrographs showed cell shape distor-
tion after bioremediation from binary system rather 
than before bioremediation (Supplementary Figs. 1-3). 
The SEM study shows the rough cell surface may be 
due to adsorption or precipitation.

3. 2  Statistical Validation of Results
To study the impact of Cr III and Dye on Biomass 

concentration we run ordinary least square multiple 
linear regression where “Biomass concentration” is the 
dependent variable and concentration of Cr III and 
Dye are the independent variables. R as well as R-stu-
dio software have been used to run the multiple linear 
regression. Data from Table 1 above have been used to 
run the regression.

The regression results (Gujarati, 2009) clearly show 
that the coefficients of the independent variables (con-
centration of Cr III and Dye) are significant. The sig-
nificance of the coefficients validates the linear rela-
tionship between concentration of Cr III, concentra-
tion of Dye and Biomass concentration. The regression 
model is overall significant (p value associated with 
F-statistic is less than 0.05) and the high value of 
adjusted R-squared (approximately 83%) shows that 
the two independent / explanatory variables are able to 
explain 83% of the variance in the dependent variable. 
This proves that the above regression model is good 
enough for interpretation and prediction. As part of 
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interpretation it can be stated (Supplementary Fig. 4) 
that a 1unit increase (when the concentration of Dye is 
unchanged) in concentration of Cr III decreases the 
Biomass concentration by 0.016 units. Also it can be 
stated that a 1unit increase (when the concentration of 
Cr III is unchanged) in concentration of Dye decreases 
the Biomass concentration by 0.017 units. Fig. 2 shows 
the histogram for checking normality assumption in 
regression analysis. From the histogram it is clear that 
the error terms are approximately normally distributed. 
Further the results of Shapiro-Wilk test confirm that the 
error terms follow normal distribution (Supplementary 
Fig. 5). The low values of VIF (less than 5) show that 
there is no multi-collinearity between the two indepen-
dent variables. The Durbin Watson test results demon-
strate that the error terms are serially uncorrelated. 
Finally, the Breusch-Pagan test proves that there is no 
heteroscedasticity. Hence the above interpretations 
hold good and the multiple linear regression model can 
be used for predictions also. From the statistical valida-
tion it may be concluded that both “concentration of 
Cr III” and “concentration of Dye” have significant 
impacts on the “Biomass Concentration”.

4. CONCLUSION

Growing cells of A. tamarii was observed to be potent 
for the removal of color and chromium from synthetic 
solution of chromium, RR120 dye and binary system of 

both. Bioremediation of the dye was visualized by SEM 
analysis. A. tamarii, therefore, may be considered to 
have the potential to biologically treat industrial waste-
water contaminated with dye as well as chromium. Also, 
the proposed bioremediation process is more environ-
ment friendly than other conventional processes. The 
fungi showed higher tolerance towards dyes/metals 
than other micro-organisms and higher potential to 
remove pollutant. The validation study done using 
multiple linear regression model (run using R&R stu-
dio) proved that the regression model (adjusted R2 is 
83%) is good enough for interpretation and prediction. 
Further the statistical model also corroborates the fact 
that the concentration of dye as well as chromium sig-
nificantly impacts the biomass concentration.
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Fig. S1. SEM micrograph of the fungi cells before bioremediation 
of dye and chromium.

Fig. S2. SEM micrograph of the fungi cells after bioremediation of 
RR120 dye and chromium in the ratio of 92:8.6 mg/L, respectively.

Fig. S3. SEM micrograph of the fungi cells after bioremediation 
of RR120 dye and chromium in the ratio of 50:50 mg/L, respec-
tively.

Fig. S5. Figure to display multi-collinearity check and residual 
analysis in regression.

Fig. S4. Figure to display the basic results of regression analysis.
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