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ABSTRACT

The bioconversion of domestic wastewater sludge by immobi-

lized mixed culture of filamentous fungi was investigated in a

laboratory. The potential mixed culture of Penicillium corylo-

philum WWZA1003 and Aspergillus niger SCahmA103 was

isolated from its local habitats (wastewater and sludge cake) and

optimized on the basis of biodegradability and dewaterability of

treated sludge. The observed results in this study showed that the

sludge treatment was highly influenced by the effect of

immobilized mixed fungi using liquid state bioconversion

(LSB) process. The maximum production of dry filter cake
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(DFC) was enriched with fungal biomass to about 20.05 g/kg

containing 23.47 g/kg of soluble protein after 4 days of fungal

treatment. The reduction of COD, TSS, turbidity (optical density

against distilled water, 660 nm), reducing sugar and protein in

supernatant and filtration rate of treated sludge were influenced

by the fungal mixed culture as compared to control (uninnocu-

lated). After these processes, 99.4% of TSS, 98.05% of turbidity,

76.2% of soluble protein, 98% of reducing sugar and 92.4% of

COD in supernatant of treated sludge were removed. Filtration

time was decreased tremendously by the microbial treatment

after 2 days of incubation. The effect of fungal strain on pH was

also studied and presented. Effective bioconversion was observed

after 4 days of fungal treatment.

Key Words: Bioconversion process; Domestic wastewater

sludge; Immobilization; Penicillium corylophilum; Aspergillus

niger; Dry filter cake; Filtration

INTRODUCTION

Increasing volumes of waste sludge combined with limited space

availability and progressively tightening environmental standards has promoted

the development of new intensive biotechnological processes for treatment of

wastewater sludge. Currently available conventional biological wastewater

treatment techniques are mostly incapable of complete elimination of organic

and toxic substances in stable forms. Alternatively physical treatment does not

present real degradation but only a replacement of the treated substances in a

concentrated waste volume.[1] In Malaysia, Indah Water Konsortium (IWK)

produces enormous quantities of waste sludge daily in different wastewater

treatment plants. About 3 million cubic meters of sludge is being generated

every year and it will be increased to 7 million cubic meters by the year

2020.[2] Safe, scientific and environmentally friendly disposal of these huge

quantities of generated sludge are the main concerned.

Effective solid-liquid separation persists to be a major problem in

various operation units in wastewater treatment.[3] Among these, sludge

dewatering has been pointed out as one of the most expensive and least

understood processes.[4] Non soluble and soluble compounds are two kinds of

pollutants encountered in wastewater. The treatment of non soluble substances

is achieved easily by mechanical separation processes e. g. sedimentation,

flocculation, flotation, hydrocycloning and filtration. On the other hand the

treatment of soluble compounds is more difficult and so expensive. The

308 ALAM ET AL.
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conventional solutions used at present are adsorption (only for low con-

centration), oxidation (this is very expensive for dilute organic compounds)

and membrane processes (low cut-off molecular weight is needed for the

removal of soluble compounds). The present study proposes a new solution for

the biodegradation of soluble and insoluble pollutant of waste sludge in LSB

process.[5] In this process the filamentous fungi can immobilize on waste

particles of sludge and enhance the separation and filtration process by their

potential growth. The soluble and insoluble materials in sludge can be assi-

milated by the microbial treatment. Hence the removal of organic substances

can be increased significantly by the immobilized microbial treatment.

Therefore the purpose of the present study was to evaluate the potential

effect of immobilized mixed fungi on waste sludge for the biodegradation and

biological separation using bioconversion process.

MATERIALS AND METHODS

Fungal Strains

A mixed culture of Penicillium corylophilum WWZP1003 (IMI385277)

and Aspergillus niger SCahmA103 (IMI385267) obtained from a series of

experiments of isolation/identification,[6] screening and optimization of mixed

culture was used. P. corylophilum and A. niger were isolated from relevant

sources (wastewater and sludge cake) and optimized on the basis of potential

performance for the treatment of domestic wastewater sludge using bio-

conversion process. The cultures were maintained on 3.9% w/v of potato

dextrose agar (PDA) slants, subcultured once in a month and stored at 4�C.

Wastewater Sludge

The domestic wastewater sludge (0.75–1% w/w of TSS, pH 6.6) was

collected from an aeration tank in a sewage treatment plant, Kuala Lumpur,

Malaysia. The substrate of 1% w/w TSS of sludge supplemented by co-

substrate of 2% w/w of wheat flour (WF, optimized carbon source) was used

throughout the study.

Inoculum Preparation

The cultures were grown on PDA in petri dishes at room temperature

(30 ± 2�C) for 7 days. Three plates (petri dish) of fungal cultures were then

BIOCONVERSION OF DOMESTIC WASTEWATER SLUDGE 309
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transferred into Erlenmeyer flask (250 ml) containing 100 ml of sterile

distilled water. It was shaken in a rotary shaker at 150 rpm for 24 h. The

suspended fungal mycelia were filtered through filter paper (Whatman) and

the filtrate was used as inoculum after recording its concentration (spores/ml)

with Haemocytometer.

Experimental Conditions and Procedures

The optimized cheap carbon source (C) and process parameters were

used to evaluate the bioconversion process. The optimized C source was wheat

flour and the process parameters such as temperature, initial pH, inoculum size

and co-substrate (WF) concentration were 33�C, 5.5, 2% v/w, 2% w/w, re-

spectively. To evaluate the microbial performance for waste sludge treatment,

an experiment was carried out in a 500 ml Erlenmeyer flask containing 100

gm of wastewater sludge medium with 2% w/w of wheat flour as co-substrate.

The samples were autoclaved at 121�C for 30 min and inoculated with mixed

culture of 2% v/w of inoculum (1% v/w of inoculum for each fungus). It was

incubated in a rotary shaker at 150 rpm for 6 days (sampling was carried at

everyday). The spore suspension of inoculum was used in the experiment. The

concentration of mixed inoculum of P. corylophilum and A. niger used were

1.25� 104 and 2� 104 spores/ml respectively.

Analytical Methods

The dry filter cake was collected by filtering the fermentation broth and

dried at 105�C for 24 hrs. The supernatant was used for analysis after

centrifuging the fermented broth at 3000 rpm for 30 min. The TS, TSS, and

COD were measured following the standard methods.[7] The optical density

(OD) of supernatant at 660 nm was measured against distilled water in an UV

spectrophotometer (UVIKON 933). Protein was determined according to

Lowry method.[8] Reducing sugar was measured according to the method of

DNS.[9] The filterability of fermentation broth was determined by measuring

the filtration time of every 10 ml of the filtrate to 50 ml of total. The filtration

was carried out under a constant vacuum of 300 mmHg. Immobilization/

entrapment of fungal mixed culture of A. niger and P. corylophilum in waste

sludge were analysed by using an image analysis system consisting of a

microscope, a CCD camera, a PC and an image analysis software (Leica Qwin

5001). The mycelial pellets/flocs formed by fungal strains after 2 days of

sludge treatment were surface viewed by JEOL JSM-6400 (Japan) which was

operated at 15 kV according to the method of Flegler et al.[10] The experiment

310 ALAM ET AL.
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was carried out by completely randomize design (CRD) and results obtained

were the average of three replicates.

RESULTS AND DISCUSSION

The potential mixed microfungi of P. corylophilum and A. niger were

used for the treatment of wastewater sludge in optimized process conditions.

The effect of microbial treatment on bioconversion of sludge was higher

compared to control treatment (untreated/uninnoculated) in terms of dry filter

cake (DFC) enriched with protein in treated sludge, and removal of TSS,

soluble protein, reducing sugar as substrate utilization, optical density (OD) as

turbidity measurement and COD in supernatant, pH and increased filterability

of treated sludge. The results of this study revealed that the bioconversion was

highly influenced by fungal treatment compared to uninnoculated sample.

Figure 1 shows that the fungal mixed culture was immobilized in waste

particles of sludge (1% w/w of TSS) and its growth was transformed into

mycelial pellets after 2 days of treatment. The entrapment of solid particles by

potential microbe could increase the settleability and dewaterability of treated

sludge. Immobilization of P. chrysosporium has been studied by Alam et al.[5]

for the bioconversion of domestic wastewater sludge. It was reported that the

recovery of coal fines by oil agglomeration technique and biofilm formation

was successfully achieved[11] by exploiting fungal activities.

The dry filter cake (DFC) in treated sludge and TSS in supernatant

were observed up to 6 days of treatment. The highest increased rate for DFC

and decreased rate for TSS (supernatant), both parameters were recorded after

Figure 1. The immobilization of fungal mixed culture of P. corylophilum and A. niger

in waste particle of sludge (A) the fungal growth formation as pellets after 2 days of

treatment; (B) surface viewed of pellets in SEM; (C) control (uninoculated).
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4 days of treatment (Figures 2 and 3). The maximum 20.05 g/kg of DFC

enriched with 24.28 g/kg of soluble protein in DFC was achieved in

microbial treatment of wastewater sludge. The highest increased percentage

of DFC was recorded (100.2%) in 1% w/w of sludge at 4 days of

fermentation. The DFC production was slightly decreased after 4 days of

Figure 2. The increased rate of dry filter cake (DFC) production by microbial treatment

of wastewater sludge.
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Figure 3. The decreased rate of TSS (supernatant) concentration by fungal treatment.
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treatment. Several workers have studied the production of dry filter cake for

different wastes.[5,12,13] The maximum removal of TSS was 99.4% in su-

pernatant at 4 days of treatment and after that it was slower for 5 and 6 days

of fermentation. Jin et al.[14] has removed 95% of suspended solids in starch

processing wastewater using fungal strains.

The effect of microbial treatment on the reduction of turbidity in su-

pernatant is shown in Figure 4. The fungal strains utilized the soluble organic

substances resulting in higher reduction of turbidity (OD 0.014, 660 nm) at 4

days of treatment. The decreasing trend was observed for the first four days

after that it increased a little up to 6 days of treatment. The value of pH was

affected by the fungal growth in sludge treatment as shown in Figure 5.

Initially the value decreased up to 3 days of treatment while it increased (pH

5.63) during the final days of incubation. The fungal strains produced acidic

metabolites due to their acid producing characteristics.

The reducing sugar as substrate utilization by microfungi was measured

in treated sludge (Figure 6). The results indicated that the microbial mixed

culture utilized 98% of the substrate in sludge for proper growth and

formation. The reduction rate was observed up to the final days of treatment.

The protein recorded in DFC and supernatant was shown in Figure 7. In DFC,

the protein was enriched with biomass resulting in increased of 33.5% of

protein compared to the control while the protein in supernatant was decreased

by fungal treatment.[15,16] This could be due to the utilization the dissolved

protein as nutrient and energy source. The maximum reduction of dissolved
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Figure 4. The turbidity (optical density against distilled water at 660 nm) in supernatant

of treated sludge.
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protein in supernatant observed was 76.2% after treatment. The highest

increased and decreased values of protein in DFC and supernatant respectively,

were achieved after 6 days of microbial treatment.

The removal of COD of treated sludge was accelerated by using fungal

mixed culture of P. corylophilum and A. niger for 6 days of treatment (Figure 8).
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Figure 6. The utilization of sludge substrate by immobilized fungal mixed culture.
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Figure 5. The effect of fungal inoculum on pH value.
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Figure 8. The removal of COD by microbial mixed culture of P. corylophilum and A.

niger after treatment.
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Figure 7. The increased and decreased rate of protein in DFC and supernatant of treated

sludge, respectively.

BIOCONVERSION OF DOMESTIC WASTEWATER SLUDGE 315



©2002 Marcel Dekker, Inc. All rights reserved. This material may not be used or reproduced in any form without the express written permission of Marcel Dekker, Inc.

MARCEL DEKKER, INC. • 270 MADISON AVENUE • NEW YORK, NY 10016

The reduction rate of COD was highly influenced by the immobilized micro-

bial treatment of waste sludge. The results indicated that 94.2% of removal of

COD was recorded after 6 days of treatment, which was the highest compared

to those 1–5 days and uninnoculated sample (0 days). The increasing rate of

removal of COD was studied in different waste sludges such as domestic

wastewater sludge, olive oil mill waste, apple distillery waste, kraft bleaching

effluents and pulp and paper mill effluent using fungal strains.[5,12,17–20] The

effect of fungal treatment on increasing rate of filtration is illustrated in

Figure 9. The faster rate to filter the fermentation broth was recorded by using

potential mixed fungal inoculum for first 2 days of treatment. No significant

difference was observed after two days of operation. The results showed that

the filtration rate of treated sludge were about 550 times faster than that of

uninnoculated sample. The fungal cultures immobilized/entrapped the solid

particles of sludge and enhanced the separation and filtration process.[12,21]

CONCLUSION

The results presented in this study showed that the potential immobilized

mixed fungal inoculum had a high microbial and enzymatic effects which led

to an increase biomass protein containing DFC, reduction of dissolved protein,

reducing sugar, COD, TSS, and turbidity in supernatant and filtration time of

treated sludge using the LSB process. The immobilization of fungi in waste
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Figure 9. Enhanced filtration process by the microbial treatment of sludge.

316 ALAM ET AL.



©2002 Marcel Dekker, Inc. All rights reserved. This material may not be used or reproduced in any form without the express written permission of Marcel Dekker, Inc.

MARCEL DEKKER, INC. • 270 MADISON AVENUE • NEW YORK, NY 10016

particles of sludge enhanced the separation process which helped to increase

the filtration rate. It is a new biotechnological approach to considering the

economic importance for the treatment of wastewater sludge by enhancing the

biodegradability and dewaterability of treated sludge. This study may

contribute to better sludge management strategy for the bioconversion of

higher solid content of sludge into compost by solid state bioconversion (SSB)

process in future research.
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