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ABSTRACT 

 

This study is based on cow dung as biomass with fluidized supporting media for the removal of color and content of 

organic compounds from socks processing industry real effluent. This study was carried out on pilot effluent 

treatment plant in laboratory-scale, activated sludge (AS) aeration zone under stable state condition, changing 

(MLVSS) -mixed liquor volatile suspended solids and different (HRT) -hydraulic retention time with and without 

using hexahedron supporting media as biofilm fluidized process. The results demonstrated that the removal of color 

and COD percentage were ascended around 94.5 % and 96.7 %, respectively, accomplished over 20 hours. 

Moreover, during the whole biofilm fluidizing process in the aeration reactor, the MLSS was around 29%, using 

hexahedron SM in a suspended condition. The overall performance of the system was improved by means of HRT 

and MLVSS concentration without using SM in the fluidized process. Both color removal and reduction in COD 

level were enhanced with the increase of HRT and MLVSS. Maximum percentage of color removal was determined 

to be 93%, 90%, 85%, and 76 % in 5500, 4500, 3700, and 2700 mg/l MLVSS, respectively, at 38 h HRT. And the 

best reduction of COD was noticed to be 81%, 87%, 91%, and 95 % in 2700, 3700, 4500 and 5500 mg/l MLVSS, 

respectively, at 38 h HRT.  

KEYWORDS: Bleaching, Biofilms, Fluidized Process, Activated Sludge, Mixed Liquor Suspended Solids, 

Decolorization. 

 

1. INTRODUCTION 

 

The massive amount of wastewater is disposed-off from textile (spinning, weaving, knitting, and processing) 

industries is considered as problematic, containing higher chemical and biological oxygen demands, surfactant, toxic 

compound, suspended solids (SS) and color, even with very less concentration [1-4]. Textile processing effluent or 

wastewater contains different pollutants, resulting to increase the level of COD, BOD, and pH[5-8]. The anaerobic 

digestion created due to the depletion of dissolved oxygen into receiving streams and increase in COD/BOD level of 

waste water. Furthermore, in an anaerobic condition, hydrogen sulfide is produced, which causes spoil egg-like 

smell. This will subsequently trouble the biological activity in the receiving stream. Different chemical, 

physiochemical and biological methods have been used for the removal of dyes are considered as an inadequate, 

expensive and not efficient as producing massive sludge [6, 9-11]. On the other hand, the biological treatment is a 

simple and cost-effective way to remove dyes from the textile wastewater. Bioprocess for decolorization is a green 

and alternative method over other processes. The normal activated sludge method is not able to treat the wastewater 

produced from socks manufacturing [12-16]. Recently, more consideration is being given to combined processes 

[17, 18]. As a replacement for of single cultures, usage of mixed bio-cultures appears to be a more promising for the 

big scale application on field level. The systematic interaction exists inside of the mixed biomass communities, 

which leads to complete mineralization of dyes[4, 19]. Various parameters affect the performance of the activated 

sludge process (ASP), like MLVSS and HRT and also by means of supporting media in the fluidized process. 
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Therefore, the current study was done on treatment of actual socks manufacturing dye effluent at a variety of 

MLVSS, HRTS, with/without supporting media.  

 

2. MATERIALS AND METHODS 

 

2.1. Textile Industry Effluent 

To treat real basis socks manufacturing industrial wastewater (SMIW) or effluent (untreated wastewater) was getting 

from a local socks manufacturing (Textile-knitting) industry situated in the North Karachi industrial area, Karachi, 

the biggest City of Pakistan. The SMIWor effluent samples, which was stored at 4 °C in a cold room. The samples 

were examined with reference to standard methods. The untreated (wastewater) or effluent characteristics are given 

in Table 1. 

 

Table 1: The Characteristics of Sock Manufacturing (Textile-Knitting) Industry wastewater  

(SMIW) or Effluent. 
Parameters Unit Value 

pH at 25 °C  10-12 

Temperature °C 40-45 

COD mg/l 1550-1750 

TSS  mg/l 250-350 

TDS mg/l 3800-4000 

Bicarbonate, mg/l mg/l 110-119 

Trace Elements (Fe, Cr, Cu, Zn, Ni, Pb) mg/l 0.3-0.8 

 

Table 2: The chemical and dyes, or materials are used in Sock Manufacturing (Textile-knitting)  

Industry wastewater (SMIW). 
Chemicals & Dyes / Materials used Unit Concentration Charge 

Detergent g/L 1-2 Anionic 

Sequestering agent g/L 4 Anionic 

Caustic Soda (NaOH) g/L 4  

Hydrogen peroxide (H2O2) g/L 28-30  

Optical Brightening agent-1 % 0.65-0.70 Anionic 

Optical Brightening agent-2 % 0.15-0.20 Anionic 

Buffering agent g/L 0.8-0.9  

Softening agent g/L 0.34-6 Cationic 

Salts (NaCl) g/L 160-175  

Reactive dyes (GOLDEN YELLOW 2 GR 150%) % 0.3  

Reactive dyes (RED 6 BN 150%) % 0.3  

Reactive dyes (BLACK RWR 150%) % 12.5  

Soda ash (NaCO3) g/l 40-50  

 

2.2. Experimental Detail 

In this current study, to reduce chemical oxygen demand COD and removal of color from the SMIW, we used a 

pilot plant for bench scale, continuous flow activated sludge bio-reactor with and without fluidized biofilm (S.M 

supporting media) as moving media were also used. 

The biotic supporting media which is made of polyurethane(PU), hexahedron type (1.3cm x1.3cm x1.3 cm), had a 

volume(V) of (2.2 cm3), with a density of (0.21g/cm3) and 8.51 m3/g of (S.A) surface area. The hexahedron type 

support media (fluidized biofilm) were added at 11.5% (V.R) volume ratio all over the study and were kept in a state 

of dispersed by aeration. The chamber of aeration or reactor volume was 100liters was used for investigational work. 

In this section, very first biomass or bacterial culture procures for the purpose to get dense activated sludge with 

aerated several days. Continuously sufficient amount of incorporation of air through the diffuser to keep the desired 

oxygen concentration in aeration chamber or the reactor. Biomass reactor was functioning at room temperature (25-

30 °C). The Lamella clarifier volume was 28 liters. Lemelle plate is installed inside clarifier. To recirculation of 

activated sludge from this section, to aeration chamber submersible pump mechanism mounted. Figure 1. 

demonstrates the entire investigational set-up. Specifics of the investigational set-up are given in Tables 3.  

In this pilot-scale plant, it was begun in batch mode with 1.75%(w/v) synthetic Glucose media. The medium was 

inoculated by means of adjusted aerobic culture. Appropriate continuous feeding of a component of glucose was 

begun afterward, the bioreactor was stabilized. Untreated SMIW fed as influent to the biomass cultured aerated 

reactor was taken from a sock manufacturing industry, which is situated in a north Karachi industrial area, Karachi, 
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Pakistan. The process was started with untreated SMIW, combined with 1.75% (w/v) glucose media component was 

delivered into the aeration tank via a pump of adjustable capacity, which was already measured/calibrated at earlier 

when the startup of the investigative work as well as occasionally through outrun-up of the bioreactor. Table 4. 

Reveals, the arrangement of synthetic made glucosemedia. The aeration tank or zone was run for several days to get 

the desired amount of activated sludge after that aeration tank was run on the variable concentration of MLVSS and 

hydraulic retention time (HRT) with and without fluidized biofilm process. If needed, the settled activated sludge 

which is sediment inside or bottom of the Lamella clarifier was recirculated into aeration tank or zone via pumps. If 

it no needed, the settled activated sludge was removed in a beaker daily from the Lamella clarifier and required 

concentration of the MLSS was kept inside manually in the aeration tank. All over the study filtered air was 

provided via diffusers to keep the DO-(dissolved oxygen) level about 2-3 mg/L inside the aeration tank. The other 

control parameters for experiments were run under the same conditions for each experiment. pH and temperature in 

the aeration tank throughout each operation were pH = 7 ± 0.3. T= 25 ± 1 °C, respectively. 

 

 

Figure 1: Schematic diagrams of Pilot Scale Effluent Treatment Plant. 

 

The two-selected functioning parameters, i.e. concentration of MLVSS and HRT were changed throughout the 

development of the investigation work keeping into attention and also evaluate the effect of fluidized biofilm (S.M) 

process in biological treatment. The commonly applied assortment into activated sludge method for industrial 

effluent treatment. The biological process in aeration tank or reactor were run for concentration of MLVSS range of 

2700, 3700, 4500, and5500 mg/L and HRT value of 20, 30, and 38, respectively, and also using with and without 

hexahedron type (1.3 cm x 1.3 cm x 1.3 cm), biotic supporting media for (fluidized biofilm process) were added at 

11.5% (V.R) volume ratio all over the study and were kept in a state of dispersed by aeration. All the Connected 

pipes are made of PVC. 

 

Table 3: Specification of Pilot Scale Process Tanks. 
Specification Equalization Tank Aeration Zone or 

Chamber 

Clarifier 1 & 2 Treated water Tank 

Tank Vol. 8” x 24” x 18” 8” x 24” x 18” 4”x 24”x 18” 4”x 24”x 18” 

Total Vol. 3456 cubic in 7776 cubic in 2160 cubic in 2160 cubic in 

Total Capacity 57 L 127 L 28 L 28 L 

Working Vol. 45 L 100 L 26 L 24 L 

Material of 

Construction 

Stainless Steel Stainless Steel Stainless Steel Stainless Steel 

Quantity: 01 01 02 01 

Diffuser: Pipe type Diffusers Pipe type Diffusers   

Lamella Clarifier - - Lamella plate installed - 

Inlet 1 no. 1 no. 2 no. 1 no. 

Outlet 1 no. 2 no. 1 no. 1 no. 
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Table 4: The composition of Glucose Media. 

 

 

 

 

 
 

2.3. Analytical Methods 

For wastewater analyzation of SMIW was withdrawn at different period of time from Aeration zone or reactor. 

Centrifuged at 6000 rpm for 25 min to precipitates suspended biomass using a Hitech Model centrifuge. The 

removal of color was determined using UV-Vis spectrophotometer (Model 7800). The pH measurements were 

conducted using Hach session 378 pH-conductivity meters. Chemical oxygen demand (COD), Total Suspended 

Solids (TSS), Total Dissolved Solid and Trace Metals (Cr, Fe, Ni, Cu, Co, Zn, Cd, and Pb) were performed 

according to the standard Method[20]. 
 

3. RESULTS AND DISCUSSION 
 

This current research study was completed on real SMIW in continuous mode at Pilot scale plant, using biomass or 

activated sludge at using an activated sludge process (ASP) at dissimilar HRTs (20, 30 and 38 hrs.) and (MLVSS) 

mixed liquor volatile suspended solids concentrations of 2700, 3700, 4500 and 5500 (mg/l) with and without (PU 

made hexahedron type) supporting media for fluidized biofilm process in biological treatment. The color 

reduction/removal and COD were studied at dissimilar MLVSS concentrations, HRT, and biofilm fluidized process. 
 

3.1. Effect of MLVSS concentration on color and COD removal at 20 hrs. HRT. 
The result reveals, the effects of different concentrations of MLVSS (2700,3700,4500, and 5500 mg/l) on the 

removal of COD and also on decolorization of SMIW or effluent under steady state conditions with the time interval 

at 20 h HRT is demonstrated in figure 2 & 3. The outcomes of the studies exhibited that proportion of color and 

reduction of COD improved with the rise of MLVSS, at 20 hrs. HRT, color removal was found to be 48, 52, 61 and 

68 % in 2700, 3700, 4500 and 5500 mg/l MLVSS respectively under stable/steady state condition. In the case of 

COD removal, increasing trend was also observed with the rise in MLVSS concentration. At 20 h HRT the removal 

in COD was found to be 66%, 71%, 75%, and 79 % in2700, 3700, 4500, and 5500 mg/l MLVSS respectively under 

steady state condition. The causes of higher reduction of color and removal of COD at higher MLVSS are due to the 

existing or present of biomass/microorganisms in the aeration zone. Alike type of the outcomes has also been 

reported already[21]. 
 

 
 

Figure 2: Effect of MLVSS concentrations on decolorization of Sock Manufacturing  

(textile-knitting) industry wastewater with the time interval at 20 hrs. HRT. 
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Figure 3: Effect of MLVSS concentrations on COD reduction of Sock Manufacturing (textile-knitting) 

industry wastewater with the time interval at 20 hrs. HRT. 

 

3.2. Effect of MLVSS concentration on color and COD removal at 30 hrs. HRT. 

Figure 4 and 5. Shows the effect of different concentration of MLVSS on decolorization and reduction of COD with 

time at 30 h HRT. It is observed from statistics gets from the figures proportion of decolorization and reduction of 

COD proportionally increases, with rises of the retention time of hydraulics (20 h -30 h). The Supreme 

decolorization was 92 % at 5500 mg/l MLVSS which reduced to 86%,77%, and 65 % in 4500, 3700 and 2700 mg/l 

MLVSS respectively. Reduction of COD also improved, with raised in HRT and MLVSS. The removal of COD was 

detected to be 79,85,88, and 93 % at 2700, 3700, 4500 and 5500 mg/l MLVSS. Figure 6. Illustrations the proportion 

of decolorization and reduction of COD with different time intervals of HRT at 2700 mg/l concentration of MLVSS 

at different HRT, it easily could be realized from figure statistics or the fact that the percentage of the decolorization 

and reduction of COD are higher in comparison to outcomes collected at 20 h and 30 h HRT utilizing same 

concentration of MLVSS (2700 mg/l) under same experimental parameters and conditions. 

 
 

Figure 4: Effect of MLVSS concentrations on decolorization of Socks Manufacturing (textile-knitting) 

industry wastewater with time at 30 hrs. HRT. 
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Figure 5: Effect of MLVSS concentrations on COD removal from Socks Manufacturing (textile-knitting) 

industry waste water with time at 30 hrs. HRT. 

 

 
 

Figure 6: Removal of color and COD from Socks Manufacturing (textile-knitting) industry wastewater with 

2700 mg/L MLVSS and at different HRT. 
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3.3. Effect of MLVSS concentration on color and COD removal at 38 hrs. HRT. 

The result of the effect of different concentration of MLVSS at 38 h HRT on decolorization and reduction of COD 

under stable state condition is given in figure 7 and 8, respectively. The results demonstrate improved percentage of 

removal of color and reduced of COD, with increases of hydraulic retention time in the aeration zone at all the 

mentioned concentration of MLVSS (2700, 3700, 4500, and 5500 mg/l) at 5500 mg/l MLVSS gives 93%, which is 

maximum decolorization of SMIW, which is declined to 90%, 85%, and 76% in 4500,3700, and 2700 mg/l of 

MLVSS respectively. With increases in the concentration of MLVSS as well as HRT, the reduction percentage of 

COD is also increased. The observation of a reduction of COD was 81%, 87%, 91%, and 95%, which is too 

maximum of 2700, 3700, 4500 and 5500 mg/l MLVSS respectively. 

At HRT 38 h the reduction of COD was higher in comparison to the results of the other got at 20 h, and 30 h HRT at 

20 h HRT, the COD reduction was 66%, 71%, 75%, and 79 % in 2700, 3700, 4500, and 5500 mg/l MLVSS. Which 

is improved to 79%, 85%,88%, and 93% at a same concentration of MLVSS and at an HRT of 30h.Due to the higher 

concentration of biomass/microbes, the higher decolorization and reduction of COD was achieved at higher HRT. 

Previously study reported that “if the growth of the biomass or microbes in the activated sludge step was limited by 

means of carbon source” remarking that the MLSS decreased from around 6000 to1000 mg/L, when the 

concentration of starch feeding was reduced from 3.9 to 1.9 mg/L;MLSS then increased after the feeding of starch 

concentration was again increased to 3.9 mg/L [22]. 

 

 
 

Figure 7: Effect of MLVSS concentrations on decolorization of Socks Manufacturing (textile-knitting) 

industry waste water with time at 38 hrs. HRT. 
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Figure 8: Effect of MLVSS concentrations on COD removal from Socks Manufacturing (textile-knitting) 

industry waste water with time at 38 hrs. HRT. 

 

3.4. Biofilm Fluidized Process 

The laboratory scale results reveal that the reduction of color, as well as COD, decreases by biological SMIW 

treatment with cow dung/manure microbes and was ended generally among in few (2-3)days.if we couldn’t 

recirculation of activated sludge appropriately. To get enhancement in the rate of COD/color removal and increases 

the percentage of the (SRT) retention time of sludge was successfully accomplished by using hexahedron biofilm 

supporting media and with cow dung microbe’s w.r.t higher concentration of active biomass [23]. 

It was proposed to prove, the decreases of pollutant load by the effect of the biofilm fluidized process. Figure 9. 

Demonstrates the removal percentage of COD/color with and without hexahedron S.M at the biofilm fluidized 

process. In this research, figure 9. Demonstrates that without using of hexahedron S.M.it is perceived that color and 

COD reduction were declined, around to 48 % and 66 %,respectively, if couldn’t recirculation properly of activated 

sludge in without hexahedron S.M and steady removal of color and COD were accomplished after more than 4-5 

days. In contrast, figure 9. Shows by using of hexahedron S.M, it is perceived that color and COD removal 

percentage were ascended, around 94.5 % and 96.7 %, respectively. It was also observed that with using of 

hexahedron S.M and steady removal of color and COD were accomplished over 20 hours.   

In this case, the enhancement in the 46.5% of color and 30.7 % of COD reduction is accomplished by utilizing 

hexahedron S.M and DO was kept in 2-3 mg/l. During whole biofilm fluidizing process. By means of hexahedron 

S.M, up to 7290 mg/l MLSS was raised, which was around thrice times bigger than that in control 2700 mg/l, 

without hexahedron S.M. Furthermore, in the aerated reactor, the whole MLSS is only around 29%, using 

hexahedron S.M, which was found to be suspended condition. It might be concluded or inferred that the boosts of 

removals of color and COD were ascribed to not only the rise of the constancy of the inoculated microscopic 

organismbut also in the rise of the entire biomass holding generation of inoculated microscopic organisms in the 

biofilm fluidized process. Usually, in conventional treatment with activated sludge process involves 2700 mg/l to 

5500 mg/l of MLVSS. 
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Figure 9: Effect on removal of color and COD with or without using of hexahedron S.M in  

biological or biofilm fluidized process. 

 

4. CONCLUSIONS 

 

The current study results are evidently demonstrated that activated sludge with biofilm or supporting media fluidized 

process, for treatment of SMIW or effluent is efficient to get rid of the color and COD by means of hexahedron S.M. 

It is perceived that color and COD removal percentage were ascended around 94.5% and 96.7%, respectively.it was 

also observed that with using of hexahedron S.M and steady removal of color and COD were accomplished after 20 

hours. Moreover, in the aerated reactor, the whole MLSS is only around 29% using hexahedron S.M, which was 

found to be suspended condition. It might be concluded or inferred that the boosts of removals of color and COD 

were ascribed to not only the rise of the constancy of the inoculated microscopic organism but also in the rise of the 

entire biomass holding generation of inoculated microscopic organisms in the biofilm fluidized process. 

Furthermore, the performance of the activated sludge process, affected by mean of HRT and MLVSS concentration. 
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