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Abstract: The influence of some effective parameters on the removal efficiency of a 500 liters UASB reactor was
investigated. The best conditions to removal the pollution loading is pH=7 and temperature range of 35 to 38°C.
The optimal of hydraulic retention time in medium COD amounts (800-1800 mg), is 5 h and in the high COD load
(1800-2600 mg) is 6 h. Furthermore, the hydraulic rate is between 0.67-0.875 m/s, also the best yield removal of
COD contaminants (upper than 90 percent) and removing total suspend solid (TSS) had been obtained about
72%.
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INTRODUCTION effluent from beet processing, while the level of chemical

Anaerobic treatment was known from the beginnings Because of advantages of anaerobic treatment methods,
of wastewater treatment itself. These processes have been they are very attractive for sugar factories to use these
used to treat concentrated domestic and industrial processes for treatment of their effluent. 
wastewater for well over a century. Despite the early The aim of this research is the investigation of a
introduction of the anaerobic processes, there was little suitable regulation method for a UASB reactor to
interest to use them as a main process of treatment until treatment the influent from a sugar factory. So in this
the development of up flow anaerobic sludge blanket perspective, the reactor regulation, the load removal
reactor in the early 70s. Nowadays, the UASB reactor is efficiencies at regulatory conditions, determination of the
widely used for treatment of variety kinds of wastewater shortest removing time, the suitable hydraulic rate for the
[1-5]. reactor, the effect of COD changes on the load removing

The  success  of  the  UASB  reactor   is  because of yield and effects of COD changes on pH and trend of
its high  removal  efficiency even at light loading rates sludge existing are studied.
and low temperature, low energy consumption, low sludge
production, low space requirements and low nutrients MATERIALS AND METHODS
compared to aerobic treatment [5-7].

Several investigations were carried out at laboratory, Reactor Design: The UASB reactor for this research was
pilot and full scale to study effective parameters on the designed with 500 liters volume which was furnished to a
UASB reactor with different kinds of effluent like domestic separator system with the ability of separating three
[8-10] and industrial waste water such as pulp and paper phase’s gas, liquid and solid (Figure 1). The section of
[11, 12], pharmacy [13, 14], textile [15, 16] and food gas separator was designed with the height about 48 cm
industries such as brewery [17], fish [18], dairy [19], and the section area 0.196 m  and 50 cm diagonal. This
slaughterhouse [20, 21] and sugar factories [7, 22, 23, 24]. separator was sited on the reactor. The height of reactor
Sugar factory effluent is a good example of high organic body was 4.5 m. The sampling taps were setup at five
load that can be caused serious environmental problems point of the height of reactor body for the control of
if is discharged without treatment. Common amount of sludge  quality.  The  gravity  force  was  used  for  the
biochemical oxygen demand, (BOD) is 4000-7000 mg/L in entry  of wastewater to reactor which this force prevents

oxygen demand, (COD) is up to 10000 mg/L [7, 24].

2



World Appl. Sci. J., 11 (4): 451-456, 2010

452

Table 1: The properties of Inoculums

Character Volatile material Suspended material pH

Value 10.02 g/l 15g/l 6.8

Table 2: The properties of diluted molasses

Parameter phosphor iron sulfur calcium COD BOD Total sugar Total nitrogen

Concentration 2.5 0.2 4 20 710 488 510 10.2

Fig. 1: Schematic diagram of reactor and its appurtenance ( 1-storage tank, 2-pumps, 3-storage at high height, 4-heater,
5-reactor, 6-sedimentation tanks, 7-control tap, 8-flowmeter

Fig. 2: The dimensions of reactor (m)

the  fouling  of  entry  tubes  and  air  entry  to  reactor.
Figure  2 shows  the   dimensions   of   reactor.  The
diluted  molasses  was  used  as  bioreactor   feed  which

is   qualitatively    same    as   sugar   factories  effluent.
The bioreactor feed was reserved in a storage tank. 

Inoculums and Feeding of Bioreactor: Four tanks of
anaerobic digester of municipal wastewater and a mulch
tank were provided as inoculums. Before entry of sludge
to the tank, the particles and grits were separated by a
filter with 1mm diagonal. The mulch tank discharged into
the other four tanks. The properties of well mixed
inoculums are presented in table 1. In order to accustom
bacteria to wastewater and new feed, urea and phosphate
mucks was added for the available of nitrogen and
phosphorus for bacteria growth. The pH was measured
before feeding to tanks every day. Temperature of tanks
was adjusted through 24 to 30°C. The ratio of COD to
nitrogen and phosphorus was stabilized as 100:3:0.8,
respectively (table 2). The feed was added every day with
about 0.3 grams COD and in attention to low organic load,
pH fixed about 6.9 for this duration. Forty liters of pure
water was added along with feed for diluting and more
space for bacteria. Before the addition of feed in the next
day, the softer sludge was separated and water was
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filtrated and exited from process cycle. The addition of
feed along with water was performed again. The amount
of pollution load was increased 0.1 grams every 10 day
until the pollution load reached to 0.6 grams. 

Start up:  Before  addition  of  inoculums to the reactor,
the system  was hydraulically experimented with
synthesis wastewater. At first, separator action was
ignored  to  separate  the  heavy  and  light  granules
easily. After 30 days of bacteria growth, the inoculums
were  added to  the  reactor  in four stages with the
interval of 3 days. After each insertion of inoculums,
sludge became two phase and light material came into the
surface that was skimmed manually. At the 14  day, theth

last sequence of light sludge was separated from the Fig. 3: The removal of COD at different hydraulic rates
surface of the reactor then the gas separator section was
setup on the reactor. At first, the rate of entered
wastewater was fixed in 0.3 m/hr until the production of
granules and the accumulation in reactor were performed
at least exit of sludge. The temperature of entered
wastewater was 35 to 38°C and the pH was about 7. To
calculate the velocity and the hydraulic retention time
three pollution load for COD were used which were 1000,
1500 and 2500 mg/L.

RESULTS AND DISCUSSION

Figure 3 shows the impact of increasing of hydraulic Fig. 4: The effect of hydraulic rate in the value of outlet
rate on the amount of pollution removed in three different suspended materials
loading. The rate of pollution load decreased due to
elimination of volatile suspended materials out of the
reactor that happened by increasing the hydraulic
velocity up to 1 m/hr. Figure 4 illustrates the effect of
hydraulic rate on removal of volatile suspended material.
The anaerobic treatment becomes more economic if the
removal of pollution load happens in short retention
times. Because temperature of outlet wastewater of sugar
factories is about 30 to 40 °C, access to this retention time
is available. By sampling from different heights of the
reactor in different retention times, it is clear that about
60% of the treatment process is accomplished in the half
of the reactor. By an enhancement in retention times the Fig. 5: COD removal at different height in 1000 mg/l
flow of pseudo-mixture state converted to piston flow contaminate Load
with recycling mixture because of production of biogas as
in figures of 5, 6 and 7 are demonstrated. Flow in the effects of the pollution shock on the pilot were analyzed.
reactor canalized if retention times rose more than 6 hours, Shocks  of   the   pollution   load   in   the   second   month
the efficiency of the bioreactor reduced. improved COD to 100 mg/L that shows no significant

Sugar factories effluent imposes many pollution load influence on the efficiency. After the third month that the
fluctuations on wastewater treatment systems; therefore shock   of  pollution  load  was  applied,  COD  reached  to
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Fig. 6: COD removal at different height in 1500 mg/l
contaminate Load

Fig. 7: COD removal at different height in 2500 mg/l
contaminate Load

Fig. 8: The effect of inlet COD variations on COD
removal

Fig. 9: The effect of inlet COD variations on pH of reactor (Figures 8, 9 and 10). 

Fig. 10: The variations of exit of volatile sludge at reactor
operation

Fig. 11: The removal of TSS at reactor operation

Fig. 12: The values of sedimentation strength coefficient
at reactor operation

300  mg/L,  the efficiency of pollution load removal
reduced  about  10-20%  because  pH decreased and
sludge elimination from the reactor increased. After the
reactor accustomed to new conditions, pH and the
efficiency of COD removal increased up to 7 and 77%
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Fig. 13: The variations of concentration (MLVSS) at
reactor operation

Figure 11 shows the value of TSS removal. The best
efficiency for removal of TSS reached at the 60  day.th

figures of 12 and 13 illustrate that the incurrence of the
shock of pollution load X for the reactor influences on
sedimentation potency and the value of concentration of
mixed liquor volatile suspended solids (MLVSS). These
decreases cause a downfall in the performance of removal
of COD and TSS. 

CONCLUSION

The start up of the reactor is performed by using
floccules sludge and mulch. Usage of extra urea fertilizer
caused an increase of pH about 7 then an increase in the
rate of granulation and a decrease in elimination of volatile
sludge in primary days of the reactor operation. The
investigation of COD removal from different locations at
the reactor in low retention times of 4 to 6 hours
characterized that the degradation of organic materials
had been performed at the area of the reactor that the
microorganisms are many and an increase in the reactor
height had no effect further. For separating of biomass, a
phase separator system installation at top of active area
of the reactor is useful. The designed reactor is sensitive
into the incurrence of the pollution load shock. Best
conditions for removal of pollution load was obtained at
pH=7 and 35 to 38 °C. The optimum retention time equals
5 and 6 hours for medium COD of 800-1800 mg/l and 1800-
2600 mg/l and hydraulic rate is 0.67-0.875 m/s. The best
efficiency for COD and TSS removal was obtained about
90% and 72%, respectively. 
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