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Abstract

The UASB reactor was operated at optimum Organic Loading Rate (OLR) of 0.60kg-COD/m’-day, with Hydraulic Detention
Time (HDT) of 2.67-1.58hrs during the study, using actual effluent of the textile mill. The mean values of K, K, K4, Y and
Imax Obtained while operating the UASB reactor at optimum conditions were determine to be 0.31d'1, 77.5mg/L, 0.32d'1, 0.23
and 0.26d'1, respectively. The calculated concentration of effluent substrate, HDT, effluent biomass and biomass yield were
found to be 10.95mg/L, 4.8hrs, 1632mg/L and 0.28, respectively. For a textile effluent of 1000GPD, the computed volume of
the reactor was found to be 12.50m’. And the determined biomass per was estimated to be 2.12kg/day. Hence, the values of
coefficients K, K, Ky, Y and p,.« obtained will be used to validate the model and to predict treatment efficiency, and predict
organic loading methane productivity of any UASB reactor treating textile effluent.
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UASB reactor at optimum operating conditions for actual
1. Introduction textile effluent, and to compare the estimated and observed
values of bio-kinetic coefficients. It was also studies to
determine the volume of UASB reactor and biogas yield
based on the data obtained.

In order to secure the environment from the adverse impacts
of untreated industrial effluent, it is necessary that all the
wastewater must be treated as an integral part of their
production before discharging the wastes into the receiving
streams or rivers. Since, Pakistan is facing an acute shortage 2. Materials and MethOdOIOgy
of energy; therefore, encouraging the technologies like
UASB technology, will not only prevents the water pollution
but it can help to tackle the problem of energy crises to a
certain extent. For the treatment of textile mill wastes the
anaerobic technology seems to be more reliable, effective and
economical [1, 2, 3]. Therefore, for the practical design of a

Due to the advantages and high application potential of
UASB reactor for the developing countries, therefore, it was
decided to employ UASB reactor for this study. An UASB
reactor made up of acryl resin material each with a total
effective volume of 6.0liters was employed in this study. The
internal diameter of the reactor was 10.5cm and the thickness
of the water jacket was 1.5cm. The reactor had a water jacket
to maintain a constant temperature. The reactor was also
equipped with a gas solid separator (GSS) and a mixer. Sixty

UASB reactor, this study was design, to extract the required
bio-kinetic coefficients of the UASB reactor, using actual
textile mill effluent of the nearby source. The main purpose
of this study was to estimate the bio-kinetic coefficients of
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five percent of UASB reactor was seeded with anaerobic
digester and activated sludge the nearby wastewater
treatment plant. The characteristics of the seeded sludge at
the start up condition of the reactor are shown in the Table 1.
The acclimatization process continued for about 28-29 days
in the laboratory. The seed sludge provided 41 grams of
volatile suspended solids (VSS). The loading rate was
increased stepwise in order to avoid organic loading shocks
[4]. Hydraulic retention time (HRT) was also studied. Mixing
was done twice a day for about 15-20 minutes. The reactor
was started-up in step-wise loading rates starting from
0.20kg-COD/m’-day to 2.20kg-COD/m’-day. The HRT was
slowly decreased from 38hrs to 09hrs. The diluted actual
effluent obtained from the local textile mill was used in this
study.

Table 1. Characteristics of Seeded Sludge.

Parameters Value
Total Solids, TS (mg/L) 86.50
Total Suspended Solids, TSS (mg/L) 59
Volatile Suspended Solids, TVS (mg/L) 41
Color Blackish

3. Results and Discussion
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Fig. 2. Effluent concentration of COD.
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Fig. 4. Biomass concentration of the reactor during the study period.

The Figures 1-4 illustrates the concentration of both the
influent and effluent BOD, the Hydraulic Detention Time
(HDT) and biomass concentration of the reactor, respectively.
The reactor was operated at an optimum Organic Loading
Rate (OLR) of 0.6kg-BOD/m’-day. The BOD removal
efficiency was gradually decreased from the initial value of
86% to 81% during the course of study period. Since,
normally the biological treatment plants are practically
designed to achieve a removal of 80-85% BOD/COD
removal [5, 6], therefore. The 5™ and 6™ week values were
considered for the further calculation of the bio-kinetics co-
efficient. As shown in the Figure 3, the HDT was gradually
decreased from 2.67hrs to 1.58hrs during the study, which
might be the reason for the decrease in the BOD removal of
the reactor. The study shows that the concentration of the
biomass within the reactor remains constant, irrespective of
any changes in HDT. Reference to the optimum operating
conditions, i.e., the 5™ and 6™ week of the study, the HDT
and biomass concentration of the reactors was used as 1.56-
2.10hrs and 183-197mg/L, respectively.

The design and operation of an anaerobic digestion system
are based on the fundamental kinetics and stoichiometry of
biological reactions.

As shown in the Figure 5, the inverse of loading rate “X0 /
S,-S” is plotted against the total loading rate of the reactor
“1/S”. A straight line result is obtained; the slope and
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intercept of the line are “K/K,” and “K,” [7, 8]. Using
equations the value of utilization rate constant (K) and
limiting substrate (K;) were calculated to be 0.31d",
77.5mg/L, respectively.

The values of “Ky” can be obtained by plotting a linear
regression of “S,-S/X0” and “1/6”. The intercept is equal to
Kq4 and Y is the slope of the straight line that passes through

the plotted points. The estimated endogenous decay
coefficient “K,”was observed to be 0.32d'1, as shown in the
Figure 6. The estimated model coefficients obtained during
this study are within the range of values reported in the
literature for mesophilic anaerobic digestion of methanolic
wastes, paper mill effluent, dairy mill effluent and sugary
wastes [9, 10].
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Using the given models, the Figure 5-6 were plotted as
discussed to determine the value of substrate utilization rate
constant (K), limiting substrate (Kj), biomass decay constant
(Ky) and yielding co-efficient (Y). The mean values of K, K,
K, Y and p, obtained while operating the UASB reactor at
optimum conditions were determine to be 0.31d'1, 77.5mg/L,
O.32d'1, 0.83 and 0.26d'1, respectively. Hence, the values of
coefficients K, K, K4, Y and p.x obtained will be used to
validate the model and to predict treatment efficiency, and
predict organic loading methane productivity of any UASB
reactor treating textile effluent.

Using mathematical models, the concentration of effluent
substrate, HDT, effluent biomass and biomass yield were
calculated to be 2.56mg/L, 1.82hrs, 56.85mg/L and 0.26,
respectively. Though there is a bit deviation of calculated
values from the observed concentrations, but it might be due
to some analytical errors, or some procedural problems
which could not be identified during the study period.

Based on the present study, a unit volume of UASB reactor
was determined for a textile effluent of 1000GPD. The
computed volume of the reactor was found to be 12.5m’. The
determined biomass per was estimated to be 2.12kg/day. And
the methane production was found to be 0.281r13/kg—CODrem
at mesophilic temperature range. Thus, the total biogas
production was calculated to be 24.50m’/day, which is
sufficient for above 50 persons for their domestic usage [11].

4. Conclusion and
Recommendation

1 The mean values of K, K, Ky, Y and i, obtained while
operating the UASB reactor at optimum conditions were
determine to be 0.31d”, 77.5mg/L, 0.32d”', 0.23 and
0.26d, respectively.

2 The calculated concentration of effluent substrate, HDT,
effluent biomass and biomass yield were found to be
10.95mg/L, 4.8hrs, 1632mg/L and 0.28, respectively.

3 For a textile effluent of 1000GPD, the computed volume
of the reactor was found to be 12.50m’. And the
determined biomass per was estimated to be 2.12kg/day.

4 The methane production was found to be 0.28m’/kg-
CODy,, at mesophilic temperature. Thus, the total biogas
production was calculated to be 24.50m’/day, which is

sufficient for above 50 persons for their domestic usage.

But a long-term study is required to explore various
treatment options for the effluent of textile mill to find more
cost-effective wastes pollution control strategies for this type
of wastes. Since, most of the bio-kinetic co-efficient
determined in this study, has deviation from the theoretical
values obtained, therefore, more comprehensive study is
required to find the exact values.
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