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ABSTRACT
In this study, wastewater from a centrifuge rubber latex concentration unit was experimentally treated 
by an up-flow anaerobic filter (UAF) at variable hydraulic detention time to investigate the COD removal 
efficiency and the gas production rate. The UAF reactors were made of PVC pipe with an inside diameter 
of 9.5 cm, 180 cm in height, with a bed volume of 12.8 L, and filled with polyethylene media. The initial 
COD concentration of wastewater was in the range 4620 - 10400 mg.L-1. HRTs were controlled at 20 
days, with the organic loading rate varying from 2.9 to 10.5 kg.day.m-3. The findings show that the COD 
removal efficiency of the system was in the range of 85% to 92% for the varying organic loading rates. 
In addition, the specific methane production rate varied from 8.2 to 14 L of CH4 produced/g of COD 
destroyed/day for the different organic loading rates.   

INTRODUCTION

Anaerobic biological treatment of high-strength organic 
wastes has a number of advantages which makes it preferable 
to either aerobic biological or physical-chemical treatment 
methods.   The major advantage is that a high degree of waste 
stabilization can be accomplished with relatively low produc-
tion of biological solids thus reducing the costs associated 
with sludge disposal.  Methane gas is produced as a result of 
the anaerobic process and valuable energy can be recovered 
from the gas by subsequent combustion.   

A disadvantage of the anaerobic process is the low bacte-
rial growth rate which may result in a washout of the biomass 
if the solids in the effluent are not returned to the unit.  Young 
& Mc Carty (1969) therefore developed an up-flow anaerobic 
filter in which the anaerobic bacteria are present in a film 
attached to a rock medium to remove organics in the waste 
flowing upward through the column.  The bacteria in the 
anaerobic filter are firmly attached to the medium resulting in 
a sludge age of more than 150 days (Behera et al. 2007). The 
unit can therefore be operated at temperatures substantially 
below 35oC which decreases the bacterial growth rate while 
still maintaining sufficient biomass.

The studies carried out by Young & Mc Carty (1969) 
using synthetic organic waste indicated that at the same 
organic loading the percentage of COD removal increased 

when the concentration of the influent COD increased.    The 
unit consisted of a group of six filters operating in series.  
Their study based on synthetic wastewater indicated that the 
percentage removal of organic material is constant regardless 
of the concentration of the organic load applied to anaerobic 
filters in a continuous flow system.    

Acharya et al. (2008) studied the suitability of an anaero-
bic filter for the treatment of distillery spent wash.  The results 
of the study showed that up to a certain organic loading, the 
increase in BOD and COD of the effluent is accompanied 
by an increase in the percentage removal of COD and BOD, 
where after the decline in percentage removal with increased 
organic loading is exponential.  A study carried out by Omil 
et al. (2003) investigated the performance of an anaerobic 
filter for the treatment of complex dairy wastewater on an 
industrial scale.  During the last three decades, several studies 
(Tritt 1992, Manariotis & Grigoropoulis 2006, Iscen et al. 
2007, Delpozo et al. 2000, Rajakumar et al. 2011, Burcu et 
al. 2016) have been carried out to evaluate the performance 
of anaerobic filters for the treatment of wastewaters from 
various types of industries.  The anaerobic filter has also 
been applied successfully as a reactor for the biological de-
nitrification of effluents (Tilche et al. 1994, Hanne & Birgitte  
1996, Bodik et al. 2003).

Among the various methods of natural rubber latex pro-
cessing, the wastewaters from centrifuge latex concentration 
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units have been found to have the highest pollution potential 
(Madhu et al. 1994). The purpose of the present study is to 
evaluate the performance of an upflow anaerobic filter for 
the treatment of wastewaters from a centrifuge rubber latex 
concentration unit.    

MATERIALS AND METHODS

A bench-scale anaerobic contact filter was fabricated using 
a PVC pipe of  9.5 cm diameter and  180 cm height having 
a total volume of 0.012 m3  (12 L).  A length of 7 cm was 
leftover for sedimentation and distribution of wastewater at 
the bottom of the column.  Sampling ports were provided at 
every 30 cm height of the filter from the perforated plate up 
to 150 cm.  The reactor was filled with polyethylene media 
with a surface area of 240 m2.m-3, void 90%, specific gravity 
0.95, and standard size 40 mm. A clear liquid column of 30 
cm was provided above the media for the separation of the 
effluent, suspended solids, and gas.  A space of 13 cm has 
been provided for the accumulation of gas produced.  The 
gas was collected by the displacement method.  The filter 
was fed with wastewater at the point just below the perforated 
support plate from a storage vessel by means of a peristaltic 
pump.  A schematic diagram of the experimental setup is 
shown in Fig. 1.

Active biomass was grown on the surface of the filter 
media by daily feeding a   mixture of sewage and cow dung 
slurry (1 %) into the filter.  Significant growth of bacteria 
was observed as evident from the methane gas production 
after 20 days of continuous operation.  Four composite 
wastewater samples were collected from a centrifuge rubber 
latex concentration unit and brought to the laboratory with 
proper preservation.   For proper acclimatization, the pro-
portion of sewage was reduced to 90%, 80%, 70%, etc., by 
adding increasing quantities of the rubber latex centrifuging 
effluent.  After 15 days of this continuous acclimatization, a 
steady state was achieved for a COD concentration of 9500 
mg.L-1.  The pH of the feed solution was adjusted to 6.4 by 
adding sodium carbonate and the solution was fed into the 
filter at different hydraulic loadings (7.20, 8.64, 10.08, and 
11.52 L.day-1).

The following parameters were monitored during the 
course of the experiments which lasted for 15 days.

 a. Measurement of pH and alkalinity of the influent and 
effluent every day.

 b. Estimation of COD, BOD, and volatile acids content 
of the effluent daily using standard methods (APHA, 
AWWA & WPCF 1995).

 3 
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Fig. 1: Experimental set-up for upflow anaerobic filter. 
 

Fig. 1: Experimental set-up for upflow anaerobic filter.
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 c. Analysis of the biogas produced for its methane content 
at the end of 15 days of steady-state operation of the 
filter using a gas chromatograph.

The above procedure was repeated for other influent 
COD concentrations of 10400 mg.L-1, 5800 mg.L-1, and 4620 
mg.L-1.  Adequate time was provided for acclimatization 
between changes of organic as well as hydraulic loadings.

RESULTS AND DISCUSSION

The characteristics of the wastewater samples used in the 
study are given in Table 1.  The waste analysis indicated 
that the waste was nutrient-limited by phosphorous.  For an 
unhindered anaerobic treatment of waste at full strength, at 
least 800 mg.L-1 of nitrogen and 160 mg.L-1 of phosphorous 
would be needed (Bodik et al. 2002).  To maintain unhindered 

anaerobic growth, phosphorous in the form of dibasic potassi-
um phosphate was added to the feed wastewater in sufficient 
quantities to maintain a phosphorous: nitrogen: carbon ratio 
of 1: 5.9: 100.  The addition of potassium phosphate served 
two purposes.  It not only provided the required phosphorous, 
but it increased the buffer capacity of the system to a limited 
extent.  During periods of decreased alkalinity, the amount 
of potassium phosphate added to the feed was increased to 
provide additional buffer capacity.

pH Value

pH range of 6.4 to 7.3 was observed for various organic load-
ing rates of latex concentration effluent.  The pH variation 
observed for the organic loading rates, 6 kg.day.m-3 and 7.2 
kg.day.m-3 are plotted in Fig. 2.  In all the loading conditions, 
reduction in pH was observed in one-day detention samples 

Table 1: Characteristics of the wastewater samples used for the study.

Parameter Sample 1 Sample 2 Sample 3 Sample 4

pH 4.2 4.0 4.0 3.9

Total Solids [mg.L-1] 8200 17280 12875 8800

Dissolved Solids [mg.L-1] 6300 11140 10800 8010

Suspended Solids [mg.L-1] 1900 6140 2075 790

COD [mg.L-1] 9500 10400 5800 4620

BOD [mg.L-1] 5700 6100 3100 2800

Total Kjeldahl Nitrogen [mg.L-1] 1500 1880 1580 1560

Ammoniacal Nitrogen [mg.L-1] 630 750 590 710

 5 
decreased alkalinity, the amount of potassium phosphate added to the feed was 

increased to provide additional buffer capacity. 

 
Table 1: Characteristics of the wastewater samples used for the study. 

Parameter Sample 1 Sample 2 Sample 3 Sample 4 
pH 4.2 4.0 4.0 3.9 

Total Solids 
[mg.L-1] 

8200 17280 12875 8800 

Dissolved 
Solids [mg.L-1] 

6300 11140 10800 8010 

Suspended 
Solids [mg.L-1] 

1900 6140 2075 790 

COD [mg.L-1] 9500 10400 5800 4620 
BOD [mg.L-1] 5700 6100 3100 2800 
Total kjeldahl 

Nitrogen [mg.L-

1] 

1500 1880 1580 1560 

Ammoniacal 
Nitrogen [mg.L-

1] 

630 750 590 710 

 
pH Value 
 
pH range of 6.4 to 7.3 was observed for various organic loading rates of latex 

concentration effluent.  The pH variation observed for the organic loading rates, 6 

kg.day.m-3 and 7.2 kg.day.m-3 are plotted in Fig. 2.  In all the loading conditions, 

reduction in pH was observed in one-day detention samples because of the production 

of volatile acids but subsequently, it remained neutral because of the conversion of 

volatile acids to biogas (Kobayashi et al. 1983). 

 

pH

Days of Operation
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Organic Loading: 6.0
kg/day/m3

Organic Loading: 7.2
kg/day/m3

Fig. 2: Variation of pH during the operation of UAF for different organic loading rates.
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because of the production of volatile acids but subsequently, 
it remained neutral because of the conversion of volatile acids 
to biogas (Kobayashi et al. 1983).

Variation in Alkalinity

The variation in alkalinity experienced in the filter during the 
experimental run of 15 days is shown in Fig. 3.  The alkalinity 
values were measured for the two organic loadings, viz., 6 
kg.day.m-3 and 7.2 kg.day.m-3, show that the fluctuations 

occurring have been taken care of by the bacterial mass in the 
filter.  There is practically no difference between the initial 
and final alkalinity values which indicates a steady-state 
operation of the filter.

COD Removal

Steady-state COD removal efficiency was obtained after 
a period of operation at a given loading.  The results of a 
series of organic loading changes are illustrated in Fig. 4.  

 7 

 
Fig. 4: COD removal efficiency for various organic loadings. 
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Initially, latex effluent with a COD of 9500 mg.L-1 was fed 
to the filter at a loading rate of 6 kg.COD.day.m-3.  This was 
followed by loading rates of 7.2, 8.4, and 9.6 kg.day.m-3.   On 
increasing the loading rate from 6 to 8.4, the COD removal 
efficiency increased from 89 percent to 92 percent.  But when 
the loading rate was further increased to 9.6 kg.day.m-3, the 
COD removal dropped to 88 percent.  The same trend was 
observed at an influent COD concentration of 10400 mg.L-

1.  Although the COD removal efficiency increased from 89 
percent to 91 percent, on increasing the organic loading rate 
from 6.57 kg.day.m-3 to 9.19 kg.day.m-3, it dropped to 87 per-
cent on further increasing the loading rate to 10.5 kg.day.m-3. 

It is seen that the COD removal efficiencies decrease 
with an increase in organic loadings beyond a particular 
limit.  This may be due to substrate inhibition, or inadequate 
acclimatization of bacteria, or formation of propionic acids 
(Ioannis et al. 2006).  

The percentage COD reduction obtained on each day of 
operation of the filter is shown in Fig. 5. The curves plotted 
for different organic loading rates show that rapid COD 
removals are obtained in the first-day detention samples.  
This should be due to the active biomass present on the filter 
medium which decomposes the organic matter in the feed 
wastewater very efficiently (Sharma et al. 2014).  For all the 
loading rates, most of the COD removal was found to take 

place during the first 10 days of operation.  This summarizes 
the fact that most of the stabilization of the waste should be 
occurring during the first ten days of operation. The COD 
removal efficiencies achieved for different influent concen-
trations are summarized in Table 2. 

BOD Removal

As in the case of COD removal, the BOD removal efficiency 
also increased with organic loading up to a certain limit.  The 
variation of BOD removal with organic loading is illustrat-
ed in Fig. 6.  When the organic loading rate was increased 
from 6 kg.day.m-3 to 8.4 kg.day.m-3 for an influent COD of 
9500 mg.L-1, the BOD removal efficiency increased from 
92.5 percent to 96.0 percent.  But on increasing the organic 
loading rate to 9.6 kg.day.m-3, the BOD removal efficiency 
was found to drop to 91.0 percent.  The same pattern was 
repeated for other influent COD concentrations also.  The 
reason for this behavior should be substrate inhibition or 
improper acclimatization of bacterial mass.   

The variation of BOD with detention time is shown in 
Fig 7.  Rapid BOD removals were observed in the first-day 
detention samples in all the loading conditions which confirm 
the presence of active biomass in the filter.  The BOD removal 
efficiencies achieved during the course of the experiments 
are given in Table 2.
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Fig. 5: COD reduction on a daily basis during the operation of the UAF. 
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Volatile Acids

The volatile acid concentration of the effluent during the 
period of operation of the filter is shown in Fig. 8.   For all 
the organic loading rates, there was a steep increase in the 
production of volatile acids during the initial period.  This 
should be due to the increased activity of non-methanogen-
ic bacteria which produce volatile acids (Zabihollah et al. 
2018). But as the detention time increased, the volatile acid 

concentration came down.  The conversion of volatile acids 
to methane by bio-methanation should have caused the drop 
in volatile acids concentration.    

Biogas Production

Biogas production is the final step of the anaerobic process 
and is due to the conversion of volatile acids to gaseous form 
by methanogenic bacteria.  The volume of gas generated 

Table 2: BOD and COD removal efficiency for different influent concentrations.

Influent COD Concentration [mg.L-1] Organic Loading Rate [kg.day.m-3] Percent COD Removal Percent BOD Removal
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8.4 92.0 95.0

9.6 88.0 91.0
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9.19 91.0 94.0

10.50 87.0 90.0

5800 3.66 87.0 90.5

4.39 88.0 91.5

5.13 89.0 93.0

5.86 86.0 88.5

4620 2.92 87.0 90.0

3.50 89.0 91.0

4.08 90.5 94.0

4.67 85.0 90.0 9 
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and its methane content for different organic loadings are 
plotted in Fig. 9.  

For an influent COD concentration of 9500 mg.L-1, the 
volume of gas collected during 15 days of operation of the 
filter was 1350 L, i.e., 90 L of gas production per day on an 
average at an organic loading rate of 6.0 kg.day.m-3.   The 
volume of gas collected rose to 1600 L (107 L.day-1) on 
increasing the organic loading rate to 8.4 kg.day.m-3.  But on 
increasing the organic loading rate further to 9.6 kg.day.m-3, 

the volume of biogas produced was found to decrease to 
1475 L.  The same trend was observed for an influent COD 
concentration of 10400 mg.L-1.   On increasing the organic 
loading rate from 6.57 kg.day.m-3 to 9.19 kg.day.m-33, the 
gas production increased from 1425 L to 1750 L.    While 
increasing the organic loading rate to 10.5 kg.day.m-33, the 
volume of gas dropped to 1520 L.  

The methane content of the biogas produced also 
varied with organic loading. As in the case of gas pro-
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duction, the methane content of the gas increased from 
63 percent to 67 percent on changing the organic loading 
rate from 6.0 kg.day.m-3 to 8.4 kg.day.m-3 for an influent 
COD concentration of 9500 mg.L-1.  The methane con-
tent of the biogas was found to decrease to 62 percent on 
increasing the organic loading rate to 9.6 kg.day.m-3.  The 
same trend was observed for the influent concentration of  
10400 mg.L-1.   

The drop in gas production and methane content beyond 
a particular organic loading rate could be attributed to the 
lesser organic removal at higher organic loadings and lesser 
activation of methanogenic bacteria (Mata-Alvarez et al. 
2000).   The specific biogas yield expressed as lit CH4.gm-1 
COD destroyed/day for the various organic loadings studied 
is given in Table 3.   

CONCLUSIONS

 1. The upflow anaerobic filter successfully treated the 
wastewater from a centrifuge rubber latex concentration 
unit at influent COD concentrations as high as 10400 
mg.L-1.  The maximum  COD removal and  BOD  

removal recorded after 15 days of continuous steady-
state operation of the filter was 91 percent and  95 
percent respectively at an organic loading rate of 8.4 
kg.COD.day.m-3 and a hydraulic retention time of 1.2 
days.

 2. The COD and BOD removal efficiency of the filter 
was found to increase on increasing organic load-
ing up to a certain limit.  On increasing the organic 
loading further, the removal efficiency was found to  
drop.

 3. The maximum volume of biogas production recorded 
during the period of investigation was 117 L.day-1.  The 
percentage methane content of the gas ranged from 61 
to 67 percent.

 4. A pH range of 6.4 to 7.3 was observed during the study.  
Even though a reduction in pH was observed initially, 
it remained almost neutral subsequently.

 5. For all the organic loading rates, there was a steep 
increase in the volatile acids concentration dur-
ing the initial period, but subsequently, it came  
down.
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Fig. 9:  The volume of biogas generated and its methane content for different organic 

loadings. 
 
For an influent COD concentration of 9500 mg.L-1, the volume of gas collected during 

15 days of operation of the filter was 1350 L, i.e., 90 L of gas production per day on an 

average at an organic loading rate of 6.0 kg.day.m-3.   The volume of gas collected rose 

to 1600 L (107 L.day-1) on increasing the organic loading rate to 8.4 kg.day.m-3.  But 

on increasing the organic loading rate further to 9.6 kg.day.m-3, the volume of biogas 

produced was found to decrease to 1475 L.  The same trend was observed for an influent 

COD concentration of 10400 mg.L-1.   On increasing the organic loading rate from 6.57 

kg.day.m-3 to 9.19 kg.day.m-33, the gas production increased from 1425 L to 1750 L.    

While increasing the organic loading rate to 10.5 kg.day.m-33, the volume of gas 

dropped to 1520 L.   

 

The methane content of the biogas produced also varied with organic loading.  As in 

the case of gas production, the methane content of the gas increased from 63 percent to 

67 percent on changing the organic loading rate from 6.0 kg.day.m-3 to 8.4 kg.day.m-3 

for an influent COD concentration of 9500 mg.L-1.  The methane content of the biogas 

was found to decrease to 62 percent on increasing the organic loading rate to 9.6 

kg.day.m-3.   The same trend was observed for the influent concentration of 10400 

mg.L-1.    
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Fig. 9:  The volume of biogas generated and its methane content for different organic loadings.
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Table 3: The specific biogas yield for various organic loadings.

Influent COD Concentration [mg.L-1] Organic Loading Rate [kg.day.m-3] Specific Methane Production L CH4.g
-1 COD destroyed/day

9500 6.0 13.97

7.2 13.07

8.4 12.16

9.6 9.49

10400 6.57 13.25

7.88 12.71

9.19 12.21

10.50 8.98

5800 3.66 13.53

4.39 12.79

5.13 11.97

5.86 8.31

4620 2.92 13.48

3.50 12.57

4.08 10.89

4.67 8.22


