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ABSTRACT 
In the present  study  copper biosorption were analysed by  mycelial pellets of Rhizopus  oryzae isolated from 

industrial waste water and their physico chemical  parameter  were optimised  to obtain  better  biosorption. Industrial 

waste water were collected and heavy metal resistant organisms were isolated from the sample and identified as 

Rhizopus  oryzae. Then the identified organisms were grown separately and mycelial pellets were prepared by drying 

the fungal mat. From the mycelial pellets of R.oryzae copper biosorption were analyzed at different parameters. 

Different sized mycelial pellets (2, 4, 6, 8 and 10 mg) were allowed to testing at different time interval (50, 100, 150 

and 200 minutes). The optimum pH and temperature were tested by allow the mycelial pellets of R.oryzae into 

biosorption at different pH and temperature. The results showed that the biosorption process was highly done at using 

2.0 mg of mycelial pellet of R.oryzae at 200 minutes time interval.  From this evidence shown the strong effect of 

biosorption performance of Rhizopus  oryzae  can be implemented practically for the treatment of waste water. The 

result showed 48.3% and 55.3% of biosorption done in pH 4.0 and 35ºC. 
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INTRODUCTION 
“Biosorption” is a process capturing of metal 

contaminants from wastewater by using 

microorganisms. Some microorganisms attract ions of 

heavy metal in liquids and capture them. They are 

called biosorbents. They catch metal ions even if they 

are found in mild propotion. The captured metal ions 

get accumulated in or the microbial cell. So this 

process is known as metal concentration. A wide 

range of microorganism (bacteria, fungal, algae, yeast 

and mould) are employed in biosorption. Some 

workers have developed biosorbent-based granules for 

wastewater / industrial effluent treatment and metal 

recovery. In general, the microbial cell membranes are 

negatively charged due to the presence of carboxyl, 

hydroxyl, phosphoryl, and sulfhydryl group. This 

enables the positively charged metal ions (from 

solution) to be adsorbed on to the microbial surface
1
. 

 

Heavy metal toxicity is an excessive build – up of 

metal in the body often times, the vague symptoms 

produced by heavy metal toxicity are mistakenly 

misdiagnosed as incurable chronic conditions. The 

most common heavy metals that humans are exposed 

to are aluminium, arsenic, cadmium, lead, and 

mercury. 

 

Copper is an essential trace nutrient to all plant and 

animals. It is an industrially important metal; it is used 

in coin making, wire making, medicine alloy, 

fashioning metal products, transportation industry and 

thermal conductivity. Testicular atrophy increased in 

birds as they were fed larger amounts of copper. 

Sperm production was also interrupted to varying 

degree
2
. Copper sulphate is very toxic to fish. It 

toxicity to fish varies with the species and the physico 

and chemical characteristic of the water
3
. 

 

There are several reports involving removal of heavy 

metals using freely suspended fungal biomass. 

Mycelial pellet are often the preferable morphological 

forms of filamentous fungi in industrial fermentation 

process
4
 and the mycelial pellet of Rhizopus  are more 

and more applied in organic acid industrial 

production
5
. Mycelial pellets have a compact central 

core with outer zone. In this work, the potential of the 

pellet biomass of Rhizopus oryzae for copper removal 

from aqueous solution was investigated and different 

Physico chemical parameters for better biosorption 

were analysed
6
. 
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MATERIAL AND METHODS 

The wastewater was collected from Golden vats pvt. 

Ltd situated at Savalakaran, Thiruvarur Dist.  They 

were collected in sterile 500 ml conical flask, brought 

to the laboratory and were stored on specific aseptic 

condition. 

 

The industrial waste water was serially diluted with 

distilled water  using serial dilution techniques and 

plated  on conventional spread plate techniques and to 

this 0.1ml aliquots were spread an Potato Dextrose 

Agar plate and incubated  the plates at 37ºC for 3-7
7
. 

After incubation, the colonies were observed on plates 

for growth of fungi and the organisms were identified 

by Lactophenol Cotton blue technique
8
. 

 

A stock solution of copper was prepared by dissolving 

required amount of analytical grade Cu SO4. 5H2O in 

double distilled water to obtain concentration of 500 

ml .Further dilutions were prepared during the course 

of the experiment to obtain different concentrations. 

 

The R. oryzae strain used in the present study was 

obtained from industrial wastewater. The fungal strain 

was grown in 250 ml  conical flask containing 100ml 

of media of  following  composition; Glucose 1g; 

K2HPO4 0.5g ; NaCl 0.5 g ; MgCl2 1.0g ;NH4NO 0.5 

g; yeast extract 0.5 g; The pH of media was adjusted 

to 7. The flask was incubated at 150 rpm at a 

temperature of 37ºC. The different size of mycelial 

pellets ( 2, 4, 6, 8 and 10 mg) were harvested under 

different culture conditions and collected by using 

stainless steel sieve, followed by boiling for 15min in 

0.2 M NaOH solution. The resulting biomass was 

washed extensively with distilled water, and then it 

was pressed against filter to remove the bound water. 

 

The different sizes of mycelial pellets were separated 

respectively and initial weight (wi) was measured by 

electronic balance. Then the different sized (2, 4, 6, 8 

and 10 mg) mycelial pellets of fungal biomass were 

added to the flask separately. For each flask three 

mycelial pellets of same size were inoculated to obtain 

mean biosorption value. Finally the flasks were 

incubated at 35ºC for specific time interval. After 50 

minutes the pellet were collected and dried for 10 

minutes. Then the final pellet size was noted by 

electronic balance. From three pellet size mean value 

were calculated. The same procedure was repeated for 

all flasks containing pellet and results were recorded. 

 

To determine the optimum time requirement for 

biosorption the flask  were allowed for testing in 

different time interval like 50, 100, 150 and 200 

minutes. After each specific time interval the final 

pellets size were noted and mean weights were 

calculated. From the result percentage of biosorption 

were calculated. 

 

 

Physico – chemical properties of biosorption
9 

The  effect  of  pH  on  the  biosorption  of  metal were  

examined  by the metal stock solution with mycelial 

pellets  of R.oryae was prepared at optimum value of 

pellet size and time interval were calculated above. 

The different pH such as 3, 3.5, 4, 4.5 and 5.5 were 

maintained in flask containing mycelial pellets of R. 

oryzae separately. The pH values of solution were 

adjusted with addition of diluted NaOH or H2SO4 

solution. Then the flask was incubated at 35ºC for 250 

minutes. After incubation the pellets sizes were noted 

by electronic balance and mean value were calculated. 

From the result percentage of biosorption were 

calculated.
 

 

The effect of temperature on biosorption of copper 

were analyzed by the copper stock solution with 

mycelial pellets of R.oryae was prepared at optimum 

pellet size and time interval.  The flask were incubated 

at different temperature like 25ºC, 30ºC,35ºC,40ºC, 

and 45ºC to observe the effect temperature on 

biosorption. After incubation the pellets were 

collected and final pellet size were noted by electronic 

balance and mean value were calculated.
 

 

Statistical analysis
 

The mean weight of pellet size from triplet sample 

was calculated using following formula by each flask 

containing mycelial pellets
10

.
 

                                    X=     ∑ X/N 

Where,  

∑ X - Sum of variable  

N     - Total number of frequency  

The percentage of biosorption was calculated from 

initial and final pellet size using following formula. 

   % of sorption        =      (Wi-Wf) ×100 

                                                 Wi 

Where, 

 Wi = Initial pellet size 

 Wf = Final pellet size 

 

RESULTS 

From the collected industrial waste water fungi 

cultured on PDA plate. After incubation the fungal 

colonies were observed and identified. On the PDA 

plates, the fungi form as sporangia are spherical and 

turn from an, initial white colour to a blakish brown 

was produced. 

 

The fungal strains were identified by Lactophenol 

cotton blue technique. Microscopically, it showed non 

septate mycels that gave rise to stolons and rhizoids. 

The sporangiospores observed within the sporangia, 

so it was identified as Rhizopus oryzae with all the 

confirmation according to manual of soil by
7
. 

 

After identification Rhizopus oryzae inoculated on 

mineral salt medium containing flask and incubated at 

37ºC for 4-5 days. After incubation fungal growth 
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were observed in medium and different sized mycelial 

pellets were prepared. 

 

Effect of pellet size on copper biosorption 

The diameter of pellet determines the surface area of 

the biosorbent and therefore, is a key factor in all 

biosorption process. It also determines the number of 

metal binding functional groups which are readily 

exposed to the metal ions in solution. In this work, the 

effects of diameter (2, 4, 6, 8 and 10 mg) on copper 

uptake were investigated at pH 4.0 at an initial copper 

concentration of 100mg/L. 

 

The best pellet diameter in the range of 2 mg
6
 was 

measured as good for biosorption activity. Thus, the 

diameter in the range of 2 mg was selected as the 

optimum size mycelial pellet of Rhizopus oryzae for 

the following adsorption experiment. 

 

Effect of contact time on copper biosorption 

Effect of contact time on the removal of copper was 

determined at various time intervals such as 50, 100, 

150 and 200 minutes using mycelial pellets of 

Rhizopus oryzae. The all flask containing different 

sized pellets were allowed for testing at specific time 

intervals separately. The biosorption capacity 

increased in as the time and reached the maximum 

(55.5%) at 200 minutes. It was observed that the 

adsorption capacity was relatively less for low contact 

time 50 minutes. Here the contact time for 200 

minutes was selected as optimum time for better 

biosorption (Table 1-4). 

 

Table 1: Effect of pellet size on copper biosorption 

at 50 minutes 

S.No Initial 

pellet 

size(mg/ml) 

Final pellet 

size(mg/ml) 

% of 

biosorption 

1. 

2. 

3. 

4. 

5. 

2 

4 

6 

8 

10 

2.52 

4.88 

6.97 

9.03 

11.22 

26 

22 

16.1 

12.8 

12.2 

 

Table 2: Effect of pellet size on copper biosorption 

at 100 minutes 

S.No Initial 

pellet 

size(mg/ml) 

Final pellet 

size(mg/ml) 

% of 

biosorption 

1. 

2. 

3. 

4. 

5. 

2 

4 

6 

8 

10 

2.91 

5.26 

7.33 

9.03 

11.92 

45.5 

31.5 

22.1 

18.3 

19.02 

 

 

 

 

Table 3: Effect of pellet size on copper biosorption 

at 150 minutes 

S.No Initial 

pellet 

size(mg/ml) 

Final pellet 

size(mg/ml) 

% of 

biosorption 

1. 

2. 

3. 

4. 

5. 

2 

4 

6 

8 

10 

3.03 

5.57 

6.78 

9.82 

12.57 

51.1 

39.2 

29.6 

25.7 

22.7 

 

Table 4: Effect of pellet size on copper biosorption 

at 200 minutes 

S.No Initial 

pellet 

size(mg/ml) 

Final pellet 

size(mg/ml) 

% of 

biosorption 

1. 

2. 

3. 

4. 

5. 

2 

4 

6 

8 

10 

3.51 

4.92 

8.02 

10.53 

13.03 

55.5 

48 

33.6 

31.6 

30.3 

 

Effect of pH on copper biosorption 

Effect of pH on the copper biosorption was analyzed 

in various pH ranges such as 3, 3.5, 4, 4.5 and 5. 

Significant increases in sorption were recorded at 3.0 

to 5.0 compared than other pH increased, and reached 

the maximum (48.3%) at pH 4.0. It was observed that 

the adsorption capacity was relatively less at low pH 

value (pH 3.0). Here the pH value 4.0 was selected as 

the optimum pH range for better biosorption (Table 

5). 

 

Table 5: Effect of pH on copper biosorption (at 2 

mg pellet size and 200 minutes) 

S.No pH % of biosorption 

1. 

2. 

3. 

4. 

5. 

3 

3.5 

4 

4.5 

5 

17 

32.6 

48.3 

38.8 

33.4 

 

Effect of temperature on copper biosorption 

Effect of temperature on copper biosorption were 

determined at various temperature conditions such as 

25ºC, 30ºC,  35ºC, 40ºC and  45ºC using mycelial 

pellets of Rhizopus oryzae at 2.0 mg to determine the 

optimum temperature of biosorption capacity. The 

biosorption capacity was increased in as temperature 

of 35º
 
C and the maximum biosorption (55.3%) was 

observed. Same time the percentage of biosorption 

was decreased in temperature range of 40ºC, 45ºC. It 

was observed that the adsorption capacity was 

relatively less at low temperature at 25ºC.  Here the 

temperature at 35ºC was selected as the optimum 

temperature range for better biosorption (Table 6). 
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Table 6: Effect of temperature on copper 

biosorption (at 2 mg pellet size and 200 minutes) 

S.No Temperature % of 

biosorption 

1. 

2. 

3. 

4. 

5. 

25ºC 

30ºC 

35ºC 

40ºC 

45ºC 

20.01 

32.1 

55.3 

39.1 

25.1 

 

DISCUSSION 

In the present study mycelial pellet of Rhizopus 

oryzae were investigated as a potential biosorption for 

the removal of copper from aqueous solution. The 

maximum sorption of Cu
2+

 were compared with 

different size of pellet had high effect showed on 2 mg 

of pellet size compared with other pellet size. The 

effects of pellet size, solution pH, contact time, final 

copper concentration and temperature were studied. 

The optimum size and pH for biosorption of copper 

was found to be   2 mg and pH-4.  Evaluation of the 

experimental data in the term of biosorption shows 

that the biosorption of copper on to mycelial pellet of 

R. oryzae. The equilibrium data fitted very well to the 

concentration range of copper and at all the 

temperatures studied. The calculated parameters 

showed that the biosorption of copper were feasible at 

the temperature range of 25ºC -45ºC. 

 

In the present study, percentage of sorption capacity 

was calculated by measuring of final pellet size. The 

highest percentage (50.3 %) showed in pellet size 2 

mg compared with other pellet size sorption ability of 

Cu. Likewise biosorption of metal increase gradually 

with the increase in the concentration the biomass till 

it get its equilibrium because of increasing adsorption 

surface area. In the alkaline pH 10 the sorption 

capacity on metal was comparatively higher than 

acidic and neutral pH. In the same manner in highly 

acidic conditions, the biosorption was very low for the 

copper. Therefore the pH 4 was recommended for 

biosorption. 

 

Aksu et al., 1992
11

 was reported the biomass showed 

maximum sorption ability in the temperature range 

between 30-35ºC. At the same time lowest sorption 

measured in 25
o
C. The similar results were reported 

that higher temperature could enhance biosorption of 

heavy metals on non living biomass of chorella. 

Therefore, any residual heat in industrial waste water 

would not suppressed biosorption and it any thing 

might enhance it. However, temperature dependence 

of adsorption is complex mixture. Thermodynamic 

parameter like heat of adsorption and the energy of 

activation play on important role in predicting the 

adsorption behavior and both are shortly temperature 

dependent. 

 

This study is slightly correlated with the present 

project. In this project, we also test the effect on pH 

on biosorption process our result showed the better 

biosorption were done on pH 4.0. The highest 

percentage of biosorption (48.3%) was done on pH 

4.0. Here we concluded the pH 4.0 is for good 

biosorption process. In the present study we also test 

the effect of temperature on biosorption process. Our 

result showed the better biosorption were done on 

temperature 35ºC. The highest percentage of 

biosorption (55.3 %) was done on temperature 35ºC. 

Hence, we concluded the temperature 35ºC is for 

better for biosorption process. 

 

CONCLUSION 

Biosorption capacity of Rhizopus oryzae waste fungal 

mycelium for Cu removal from aqueous solution was 

enhanced by chemical treatment with 0.5 M NaOH . 

Carboxyl and hydroxyl groups played a key role as Cu 

binding sites. From the result we conclude the better 

biosorption were done using 2 mg pellet size with 250 

minutes time interval at 4 pH and 35ºC. This 

measured physico chemical condition is used for 

better biosorption. Further work with the actual 

copper contaminated wastewater which may contain 

competing pollutants etc. are needed. 
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