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Abstract 
Rubber processing industry effluent represents a serious environmental pollution problem especially for underground and surface water. 

Wastewater collected from rubber processing industry was characterized for their pollution characteristics. Analysis showed that the biological 

oxygen demand (BOD), chemical oxygen demand (COD), total dissolved solids (TDS), total suspended solids (TSS), total solids (TS), 

ammonia and phosphate were high when compared to effluent discharge standard for industrial wastewater. Four bacterial species were isolated 

from the wastes and were identified as Arthrobacter sp., Bacillus sp., Lactobacillus sp., and Pseudomonas sp. A bacterial consortium was 

constituted by mixing proportionately these four bacteria and used in effluent aerobic biotreatment. Complex carbon sources such as bagasse, 

corn-cob, rice straw, wheat bran, molasses, corn steep liquor, were screened for their effect on growth of the consortium constituted. Highest 

biomass production was in molasses followed by rice straw hydrolysate, wheat bran hydrolysate and bagasse hydrolysate.  However, the 

inoculum grown on rice straw and wheat bran hydrolysate caused maximum degradation in terms of reduction in various parameters such as 

BOD, COD, TDS, TSS, NH4
+ and PO4

3, about 70 to 80% reduction was observed. From the results of the present study it could be inferred 

that the constituted consortium could effectively be used for the treatment of effluents from rubber processing industry and rice straw and 

wheat bran hydrolysate could be used for mass production of effective consortium. 

Key words: Rubber processing industry; Effluent; Bacterial consortium; Carbon sources; Biological treatment; Biodegradation.

Introduction 

Rubber processing industry is one of the important 

industries which produce raw materials used for the 

manufacture of rubber industrial products (conveyor belts, 

rubber rollers, etc.), automotive products (fan belts, radiator 

hoses, etc.), latex products (rubber gloves, toys hygienic 

products, etc.) and many kinds of adhesives. The major 

users of natural rubber are tire and footwear industries 

(Anon, 2007). This processing of natural rubber causes 

many environmental impacts including air and water 

pollution (Tekasakul and Tekasakul, 2006). The production 

of rubber products from natural rubber needs large amount 

of water for its operation producing large quantities of 

effluent (Leong et al., 2003; Rungruang and Babel, 2008). 

The disposal of these effluents into surface waters – wells, 

streams, lakes or even the sea without any treatment can 

give rise to serious depletion of dissolved oxygen, thus 

affecting the normal environment supporting the aquatic 

system (Mohammadi et al., 2010). The high level of 

phosphate and ammonia in rubber effluent makes it a good 

medium for algal growth and can result in eutrophication of 

surface waters if discharged without proper treatment 

(Iyagba et al., 2008). The high level of hydrogen sulphide 

(H2S) is another problem that causes malodor problems and 

makes water unpalatable (Rungruang and Babel, 2008). 

 

The increasing global concern on the environment demands 

that wastes should be properly managed in order to 

minimize and possibly eliminate their potential harm to 

public health and the environment (Asia and Akporhonor, 

2007). Though several methods have been described in the 

scientific literatures for industrial effluent treatment, 

microbes have been drawing tremendous attention in recent 

years due to their ability to degrade waste materials and 

thereby improving water quality (Boominathan et al., 

2007). Owing to the need of biological treatment of rubber 

industry wastes, indigenous bacteria that can readily 

degrade the rubber wastes present in the effluents were 

isolated. Rubber and effluents from rubber processing 

support microbial growth and has been reported by a 

number of workers (Mahat and MacRae, 1992; Atagana et 

al., 1999 a & b). Since the effluent has limited substrates for 

microbial growth the biomass build up is low and not 

sufficient for effective biodegradation. Thus the present 

study aimed to characterize the effective carbon sources and 

optimize the inoculum preparation without loss in 

biodegradative ability.  
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Materials and Methods 

Sample collection 

The wastewater was collected from the discharge unit of the 

rubber processing sewage system in a can which had been 

thoroughly washed and rinsed with water. The wastewater 

sample used for DO (dissolved oxygen) and BOD 

(biological oxygen demand) determinations were collected 

directly into dark DO bottles and were added some drops of 

manganous sulphate solution to fix the dissolved oxygen. 

Samples were collected by lowering the sterile bottle by 

means of a string into the tank and covered with the screw 

cap thereafter. The samples were stored at a temperature of 

40C until required (usually between 24 and 48 h). The 

effluents were collected from five different points on the 

processing - aeration tank, settling tank, backwashed 

effluent, holding tank and sludge. 

Isolation of biodegrading microorganisms  

Nutrient agar (Himedia, India) medium was prepared and 

sterilized in an autoclave. The molten nutrient agar media 

was poured (approximately 15ml) into each sterilized Petri 

plates, and allowed to solidify. The effluent was serially 

diluted up to 10-6 dilution and 0.1ml of sample from each 

dilution was inoculated on solidified agar media and was 

spread uniformly with the sterile spreader. These Petri 

plates were incubated in an incubator for 24 - 48h at 30oC. 

The Petri plates were observed after incubation for various 

bacterial colonies. The colony characteristics such as 

colour, margin, elevation were noted. Four colonies 

showing distinct colony characteristics were selected and 

pure cultured on nutrient agar medium. 

Identification of bacteria 

The cultures were identified by standard procedures such as 

morphology, and biochemical characteristics as given by 

Bergey's Manual of Determinative Bacteriology (Buchanan 

and Gibbons, 1984). The physiological and biochemical 

tests were conducted following the methods as described by 

Cappuccino and Sherman (1999) to identify the bacteria. 

Pure culture 

To prepare inoculum, the cultures were grown at 30°C on a 

rotary shaker operating at approximately 120 rpm in the 

inorganic salts medium amended with 10% effluent and 

harvested in early stationary phase by centrifugation at 4°C. 

The pellets were washed, the cells were resuspended in 

buffer, and the entire centrifugation and washing procedure 

was repeated. The final pellet was resuspended in inorganic 

salts solution.  

Acclimatization 

Microbial consortium was obtained by mixing 

proportionately all the four bacterial cultures isolated viz., 

Arthrobacter sp., Bacillus sp., Lactobacillus sp., and 

Pseudomonas sp. The consortium was acclimatized by 

growing it in minimal organic salts medium amended with 

10% of rubber processing industry effluent for 72h. The 

minimal medium used in degradation studies contained (mg 

/ ml) KH2PO4 – 0.675; Na2HPO4 – 5.455; NH4NO3 – 0.25; 

MgSO4 – 0.2; Ca(NO3)2 – 0.1; and 1 ml mineral solution.  

Optimization of the carbon sources for the large scale 

production of bacterial consortium 

Complex carbon sources such as Bagasse (juice extracted 

sugarcane stem), Corn-cob, Rice straw, Wheat bran, 

Molasses, Corn steep liquor, were used as co-substrates for 

biomass build-up. Extract of rice straw was prepared by 

cooking finely powdered rice straw in de-ionized water at 

1:50 ratio for 5 min with constant stirring. The extract 

obtained was neutralized with NaOH and centrifuged and 

the supernatant was collected. For hydrolysates of wheat 

bran, corn-cob, bagasse and rice straw, 6N H2SO4 was used 

instead of water. 

To study the effect of co-substrates on biomass build-up, 

co-substrates were added at 1.5% sugar level (as glucose – 

estimated by phenol sulphuric acid method) to minimal 

medium along with effluent at 10%. The consortium was 

inoculated to these flasks and incubated for 72h. The cells 

were harvested by centrifugation at 10,000 g for 10 min and 

washed with sterile minimal salts medium. Growth was 

estimated as protein following Lowry’s method and 

biomass yield was expressed as µg protein / ml.  

Degradation of effluent by the consortium grown on 

different co-substrates 
Various parameters such as biological oxygen demand 

(BOD), chemical oxygen demand (COD), total suspended 

solids (TSS), total dissolved solids (TDS), ammonia (NH4
+) 

and phosphate (PO4
3-) were assayed using standard 

protocols (APHA, 1995). The effluent was inoculated with 

5% inoculum and incubated for 15 days, and estimation was 

done at the interval of five days. 

Results 

Isolation and Identification of bacteria 

Based on the colony characteristics, staining, motility and 

many biochemical characteristics the bacteria were 

identified as Arthrobacter sp., Bacillus sp., Lactobacillus 

sp., and Pseudomonas sp. The identification was confirmed 

through the results of number of biochemical tests as 

mentioned in table 1. 

Optimization of the carbon sources for the large scale 

production of bacterial consortium 

Molasses supported maximum growth of the consortium 

followed by rice straw hydrolysate, wheat bran hydrolysate 

and bagasse hydrolysate. Rice straw extract, corn-cob 

hydrolysate and corn steep liquor did not support much 

growth in comparison (Table 2). Molasses, rice straw 

hydrolysate, wheat bran hydrolysate and bagasse 

hydrolysate which supported good microbial growth were 

selected for further experiments.
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Table 1: Characteristics of bacteria used for their identification 

Sl. 

No. 
Characteristics Arthrobacter sp.* Bacillus sp. Lactobacillus sp. Pseudomonas sp. 

1.  Cell shape 
irregular rods with clubbed 

ends 
Rod shaped Rod shaped Rod shaped 

2.  Gram staining 
Gram positive but could be 

decolorized 
Gram positive Gram positive Gram negative   

3.  Colony on media 

Colonies on medium were 

yellow, round, smooth, 

convex and 0.5 to 2 mm in 

diameter 

Rough, white, 

irregular, flat 

colonies, 2 - 5 mm 

Convex, entire, 

opaque, no pigment, 

2 – 5 mm 

Yellow-greenish colonies,  

round to slightly irregular, 

smooth, and 0.5 to 2 mm in 

diameter 

4. Motility + 

Motile by 

peritrichous 

flagella 

Non-motile motile with a polar flagellum 

5. Spore -- endospore -- -- 

6. Catalase + + -- + 

7. Oxidase + + -- + 

8. Starch hydrolysis + + -- -- 

9. Fermentation No acid, No gas Acid 
Lactose to lactic acid 

& CO2 
No acid, No gas 

10. Indole test -- -- -- -- 

11. Methyl red test -- + + -- 

12. 
Voges–Proskauer 

test  
-- -- -- -- 

13. 
Citrate utilization 

test 
-- -- -- + 

14. 
H2S production 

test 
-- -- -- -- 

15. Urea hydrolysis -- -- -- -- 

16. Nitrate reduction -- + -- -- 

17.  Gelatin hydrolysis + + -- + 

*Arthrobacter sp.: In young cultures, cells were irregular rods with clubbed ends, whereas in older colonies cocci cells could be observed arranged singly, in 

pairs and in irregular clumps - characteristic of Arthrobacter species. 

 

 

Table 2. Biomass yield of consortium after 72h growth on different co-substrates (at 1.5% sugar level) 

Carbon source                 (Co-substrates) Biomass yield             (µg protein / ml) 

Inoculum 25 ± 0.48 

Bagasse hydrolysate 254 ± 0.73 

Corn-cob hydrolysate 81 ± 0.59 

Rice straw extract 149 ± 0.77 

Rice straw hydrolysate 366 ± 0.75 

Wheat bran hydrolysate 304 ± 0.86 

Molasses  452 ± 0.59 

Corn steep liquor 65 ± 0.37 

Values are the mean of three replicates ± SE 
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Table 3: Degradation of effluent by the consortium grown with different co-substrates (after 15 days of Incubation) 

Parameters Before 

treatment 

After treatment 

Molasses Rice straw 

hydrolysate,  

Wheat bran 

hydrolysate 

Bagasse 

hydrolysate 

TDS (mg / l) 2397 ± 2.38 1243 ± 2.78 734 ± 1.80 716 ± 1.85 1385 ± 2.38 

TSS (mg / l) 3734  ± 4.46 1556 ± 3.51 879 ± 1.12 865 ±  2.70 1655 ± 3.31 

TS (mg / l) 6131 2799 1655 1599 3040 

Ammonia (mg / l) 118  ± 1.78 57 ± 0.86 35 ± 0.57 32 ± 0.26 64 ± 0.86 

Phosphate (mg / l) 57  ± 0.89 38 ± 1.10 21 ± 0.91 17 ± 0.34 43 ± 0.65 

BOD (mg / l) 1486 ± 3.31 638 ±1.72 424 ± 1.85 391 ± 1.72 651 ± 1.80 

COD (mg / l) 2961 ± 2.53 1139 ± 1.72  652 ± 1.78 596 ± 1.12 1198 ± 1.85 

Values are the mean of three replicates ± SE

Degradation of effluent by the consortium grown on 

different co-substrates 
Though molasses supported good growth of consortium, did 

not show maximum degradation. The consortium grown on 

rice straw and wheat bran hydrolysate caused maximum 

degradation (In terms of reduction in BOD, COD, TDS, 

TSS, NH4
+ and PO4

3 – about 70 – 80% reduction was 

observed) (Table 3). In comparison to the initial levels, both 

BOD and COD decreased significantly indicating the 

decrease in the pollutants level. The decrease in the level of 

chemical oxygen demand indicates the reduction of 

biologically oxidizable and inert organic materials as a 

result of the degradation by the bacterial consortium. In 

comparison to the initial levels substantial reduction in the 

TDS, TSS, ammonia and phosphate were observed after 

treatment signifying the degradation of toxic solid 

components in the effluent by the consortium (Table 3). 

Reduction in ammonia and phosphate levels indicates that 

the bacteria and the consortium degrade organic and 

inorganic constituents. Thus rice straw and wheat bran 

hydrolysate could be used for mass production of effective 

consortium. 

Discussion 

Wastewater is an unavoidable by-product of rubber 

processing: whatever processing procedures are used for 

preparing products from latex (Rungruang and Babel, 

2008). Rubber processing industries effluent is very toxic 

and contain strong colour, a large amount of suspended 

solids, a highly fluctuating pH, high temperature, COD, 

BOD etc (Asia and Akporhonor, 2007; Mohammadi et al., 

2010). Thus treatment of rubber wastewater is a must before 

it is being disposed to natural water system (Atagana et al., 

1999b; Iyagba et al., 2008). Most environmentally friendly 

process for effluent treatment is biodegradation utilizing 

indigenous microorganisms for the degradation of complex 

organic matter into simpler ones (Kumar et al., 2011). In 

this study the bacterial consortium employed was isolated 

from the rubber effluents itself. Rubber and effluents from 

rubber processing are known to support microbial growth 

(Bode et al., 2001; Cherian and Jayachandran, 2009). 

Since a limited quantity of effluent can be used as substrate 

for inoculum development and acclimatization, the biomass 

build up is low and not enough for effective biodegradation. 

Hence it is imperative to use other easily utilizable carbon 

sources as co-substrates to have good amount of inoculum.  

In the present study various carbon sources were screened 

and molasses was found to support better microbial growth 

followed by rice straw hydrolysate, wheat bran hydrolysate 

and bagasse hydrolysate. The inoculum grown in these 

substrates were further employed for biodegradation studies 

wherein molasses and bagasse hydrolysate grown inoculum 

did not show maximum degradation, but the consortium 

grown on rice straw and wheat bran hydrolysate caused 

maximum degradation.  

Analysis results showed that all the effluents had higher 

BOD and COD values than the permissible limits. Wastes 

containing high BOD and COD are responsible for a heavy 

depletion of oxygen levels in the particular sector of the 

stream or soil (Tariq et al., 2006). Therefore, these effluents 

needed further elimination of BOD and COD through 

proper treatment methods before discharge. It is well known 

that wastewater from industries contain suspended solids, 

reduced oxygen, inorganic compounds. In order to 

minimize the environmental and health hazards, these 

pollutants need to be brought down to permissible limits for 

safe disposal of waste water (Manju et al., 1998). In the 

present study, treatment of effluent with bacterial 

consortium grown on rice straw and wheat bran hydrolysate 

resulted in a successful reduction of BOD, COD, TDS, TSS, 

NH4
+ and PO4

3 to a level of about 70 – 80%. This is a 

significant reduction enough to make the effluent ready to 

be discharged into the environment.  Rubber effluent 

consists of high level of NH4
+ and PO4

3- making it a good 

medium for algal growth. Any treatment system that 
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reduces or eliminates the level of NH4
+ and PO4

3- 

compounds in the industrial effluent is a highly effective 

one (Ye et al., 1988), as this reduces the risk of 

eutrophication of surface waters. Microbial treatment is also 

reported to reduce the levels of total suspended solids (TSS) 

and total dissolve solids (TDS) of industrial effluents (Arun 

et al., 2004; Monica et al., 2011), as observed in the present 

study.  

Conclusion 

The present investigations were carried out to isolate a few 

indigenous bacteria that could be used for treatment of 

rubber processing industry waste, and also to identify a 

cheap carbon source for large scale production of these 

bacteria to have enough bacterial inoculum for treatment. 

The results of present investigations suggest that the 

consortium isolated from rubber processing industry 

effluent could be employed for the biodegradation of rubber 

processing industry effluent, and the rice straw and wheat 

bran hydrolysate could be employed for good biomass 

build-up of effective inoculum. Further research is needed 

to understand the biodegradation ability of each bacteria 

and synergism among different combination. Molecular 

characterization for precise identification needs to be 

carried out.  
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