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INTRODUCTION

The pulp and paper mills are considered to be
one of the major sources of pollution around the
globe, posing enormous threat to the environment by
generating highly polluted effluent. The bleaching part
of the mills discharges the most toxic types of efflu-
ent containing AOX (Absorbable Organic Halides),
which are formed as a result of the chemical combina-
tion between chlorine that comes from the bleaching
section with the lignin residual of the pulping efflu-
ent1. AOX are highly harmful because most members
of this family are bioaccumulative and carcinogenic in
nature.

Various physical, chemical and biological tech-
niques have been tried to reduce the level of AOX in
the bleaching effluent. Since the physical and chemi-
cal processes are highly expensive in terms of their
costs, therefore, the biological treatment processes
are mostly preferred. Among the biological techniques,
the anaerobic technologies are considered more vi-
able option, especially for the developing countries
because of its minimum energy and nutrients require-
ment2. The use of anaerobic technology is consider as
relatively simple and inexpensive, and can be em-

ployed for a verity of industrial and domestic wastes
treatment including the effluent of pulp and paper
mill3.

Today more than fifty anaerobic treatment sys-
tems are working around the world for the treatment
of pulp and paper mills effluent4. Although they are
highly acknowledged for their treatability perfor-
mance5, but very little work has been reported so far
for the use of UASB reactor particularly for the re-
moval of AOX from NSSC pulp and paper mills efflu-
ent, which is a common pulping method being prac-
ticed in Pakistan6. Furthermore, the existing anaerobic
technologies are just able to reduce the AOX concen-
tration to about 40-60%7,8.

It was reported that the treatability performance
of UASB reactor could be improved by adding an
additional source of an easily biodegradable sub-
stances to the reactor9, like by adding methanol the
removal efficiency of the chlorophenolic wastes (mem-
ber of the AOX family) in UASB reactor has been
observed to improve10, and by the use of an activated
carbon with the digested sludge in UASB reactor
improves its performance [unpublished data]. There-
fore, this study was designed to further enhance the
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treatability efficiency of UASB reactor for the reduc-
tion of COD and AOX concentrations using actual
effluent from the bleaching section of the local nearby
NSSC pulp and paper mill. The main objective of the
study was to investigate the treatability performance
of UASB reactor in the presence of methanol and
activated carbon.

MATERIAL AND METHODOLOGY

UASB reactors (namely R-I and R-II) used were
made of acryl resin material, each with an effective
volume of 6.0liters. Water jackets were provided
around the reactors to maintain a constant mesophilic
temperature. A mixing device (turbine shape, 1.5"x3.0")
and a gas separator system were also provided in
both the reactors11. A systematic diagram of the UASB
reactor is shown in the Figure 1.0.

The UASB reactor R-I was filled with granular
activated carbon (effective size; 1.5-2.5mm) to the total
depth of 5 inches [unpublished data].

Substrate and Nutrients

Actual wastewater sludge was used in the study
obtained from the bleaching section of a local NSSC
pulp and paper mill. The wastewater characteristics
data of the bleaching effluent obtained from the analy-
sis of local NSSC pulp and paper mill effluent are
given in the Table 1.0.

Methanol was added to the feeding solution of
reactor R-I to equalize its COD concentration to that
with the actual effluent, by first diluting the same
effluent with mineral water. The ratio of methanol to
actual effluent in the feeding solution to reactor R-I
was kept around 1:5 during the course of study12. But
for reactor R-II the actual effluent without methanol
was used as a feeding solution.

Nitrogen and Phosphorous were added to the
feeding solution of both the reactors R-I and R-II in

the form of (NH4)SO4 and KH2PO4, respectively, in
accordance with the C:N:P ratio of 350:5:1. And
MgSO4.7H2O was also added to both the reactors in
the concentration of 0.1g/L13.

Seeded Sludge

A digested sludge fully acclimatized with the
bleaching effluent in the laboratory for about 20 days
were added to both the reactors for the start-up. The
concentration of MLSS and VSS of the seeded sludge
observed were 84.28g/l and 59.63g/L, respectively.

Experimental Analysis

pH, temperature, COD, AOX etc of the effluent
and effluent of the reactor were analyzed regularly.

Table 1.0: Wastewater Characteristics of the Bleaching Effluent from NSSC Pulp and Paper Mill

Parameters Concentration Parameters Concentration

pH 7.8-8.3 Total Solids, TS (mg/L) 4310

Color (units) 1873 Total Volatile Solids, TVS(mg/L) 1475

COD (mg/L) 3215 Total Dissolved Solids, TDS(mg/L) 2324

AOX (mg/L) 39.80 Total Suspended Solids, TSS(mg/L) 1142

Figure 1.0: Systematic Diagram of UASB Reactor
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Total gas production was monitored twice a week
using standard NaCl solution. All type of analysis
was carried out by the Standard Methods14.

RESULT AND DISCUSSION
Start-Up of the Reactors

The reactors were operated as per the given
guidelines of UASB reactor15. Since, the pH and tem-
perature are the two most important and principle
operational parameters of the anaerobic digestion,
therefore, an extreme care was taken for their control
during the course of study period. As the neutral pH
is considered to be the most suitable range for the
microbial activities during the anaerobic digestion13,
thus the pH of both the reactors were maintained
around neutral by adding an external buffer solution
in the form of 0.03M NaHCO3 to the feed solution
after few days of operation when a drastically drop of
pH was observed in these reactors. Time course of
pH during the study period of the reactors is shown
in the Figure 2.0.

The initial pH of both the reactors was almost
neutral at the start of the study but a decreasing
trend was observed later on and by the end of 3rd

week, the pH of the reactors R-I and R-II was dropped
to 4.87 and 4.99, respectively. It normally happens
under anaerobic conditions due to the accumulation
of excess volatile fatty acids within the system, but it
could be control by adding an external buffer solution
to the feed solution of the reactors. In this study
0.03M NaHCO3 was used as a source of an external
buffer to bring the pH toward neutral2. The average
pH of both the reactors R-I and R-II due to the addi-
tion of buffering solution was later on observed as
7.02 and 7.17, respectively.

For anaerobic digestion the mesophilic range of
temperature is considered as an optimum and most

suitable range16 because at lower temperature (Psy-
chrophilic range) the microbial activity becomes quite
slow17,18,19 while at higher temperature (thermophilic
range) a number of potential problems arises, e.g.
high endogenous death rate16,20. Therefore, in this
study the temperature of the both the reactors were
kept constant at about 30-32oC by using an external
heating devices (water jackets).

Both the reactors R-I and R-II were started up
simultaneously, and in order to avoid organic shocks
to the reactors the organic loading rate (OLR) was
gradually increased, starting from 0.15kg-COD/m3-day
to 3.24kg-COD/m3-day, and the hydraulic retention
time (HRT) was gradually decreased from 70hrs to
10hrs. Time course of OLR and HRT during the study
period is shown in the Figure 3.0.

Treatability Performance of the Reactors

The OLR and HRT are the important design
parameters of wastewater treatment system that deter-
mine the capital cost, and establish the engineering
and economic feasibility of it. During this study the
effects of OLR and HRT on the removal efficiency of
COD and AOX concentrations in the reactors were
thoroughly observed and relevant data obtained dur-
ing the course of study period are plotted as shown
in the Figures 4.0 and 5.0.

The data indicates that the treatment efficiency
of the reactors R-I and R-II are greatly influenced by
the OLR and HRT. The lower OLR and higher HRT
seem to be quite favorable conditions for achieving
higher treatment performance under anaerobic condi-
tions in both the reactors R-I and R-II in terms of
COD and AOX removal, and vice-versa. It was no-
ticed that for every increase in OLR or decrease in the

Figure 2.0: Time course of pH during the study period
Figure 3.0: Time course of OLR and HRT during the

study period
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HRT there was an abrupt decrease in the treatability
performance of reactors R-I and R-II.  This might be
due to sudden shocks of heavy organic load or due
to excessive accumulation of organic acids within the
systems.

The data indicates that corresponding to the
OLR of 2.14kg-COD/m3-day and HRT of 38hrs the
overall COD removal in reactors R-I and R-II was 83%
and 64%, respectively. Also the AOX removal in re-
actors R-I and R-II corresponding to same conditions
were noticed to be 71% and 49%, respectively.
Throughout the study it was observed that the
reactor R-I (with an activated carbon) gives
comparatively better treatment efficiency than the
reactor R-II (without an activated carbon), which
indicates that the addition of an activated carbon
to UASB reactor enhances its treatability perform-
ance.

The previous studies shows that the anaerobic
digestion in combination with other treatment
systems like aerobic, membrane filtration etc is able

to remove 40-65% AOX21,22,23,24, but if only it is
used than merely 42-45% AOX could be removed7.
Like it was reported that 40-65% of AOX could
be removed from the bleaching effluent of pulp
and paper mill under anaerobic conditions9. But
the present study seems to be more reliable and
gives better treatment efficiency of COD and AOX.
It is because of the new strategy modified to
work under anaerobic conditions in a UASB re-
actor where methanol as sources of an easily biode-
gradable substance was added to the feeding solu-
tion and by using an activated carbon with the di-
gested sludge.

Production of biogas

Minute gas bubbles were noticed during the
initial weeks of the study period, but due to low gas
pressure significant amount of gas could not be col-
lected till the 3rd week. A proper gas collection system
consisting of saturated NaCl solution was installed to
the reactors R-I and R-II. The data obtained pertain-
ing to the biogas generation and methane composi-
tion during the course of study period is illustrated in
the Figure 6.0 and 7.0.

Figure 4.0: Effects of ORL and HRT on the COD
removal efficiency of R-I and R-II

Figure 5.0: Effects of ORL and HRT on the AOX
removal efficiency of R-I and R-II

Figure 6.0: Time course of gas production during
the study period

Figure 7.0: Methane composition during the course
of study in R-I and R-II
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It was observed that the two design parameters
i.e., the OLR and HRT have an important role on the
amount of biogas production under normal conditions
of pH and temperature. The amount of biogas genera-
tion is directly related to the amount of feeding solu-
tion to the reactor, and the HRT plays a significant
role in controlling the rate of biogas production if it
is reduced. Like it was observed that there was a
prominent reduction in the amount of biogas produc-
tion in both the reactors R-I and R-II in the last weeks
of the study period when the HRT was relatively
low (below 20hrs), because the lower HRT pro-
motes the washout of sludge from the reactor, and
hence the amount of biogas production decreases by
design.

Under optimum conditions the average amount
of biogas gas production in the reactors R-I and R-II
observed was 0.19L/g-CODremoved and 0.32L/g-
CODremoved, respectively. And the average methane
composition was slightly different for both the reac-
tors R-I and R-II, i.e. 60% and 58%, respectively.
Comparatively the reactor R-I gives lesser amount of
biogas generation that is because of the low mixing of
substrate and biomass due to the presence of an
activated carbon within the system due to which the
sludge particles has become more dense. The overall
gas production in both the reactors remained lower
than the theoretical value of 0.35L/g-CODremoved which
might be due to the presence of recalcitrant material
within the sludge used during this study25. Compari-

son between the biogas productions under ana-
erobic condition for similar wastes is given in the
Table 2.0.

CONCLUSION AND RECOMMANDATIONS

By using methanol as an easily biodegradable
substance in the presences of an activated carbon
with the digested sludge to UASB reactor seems to
be an extremely viable practice for the treatability of
bleaching effluent from NSSC pulp and paper mill.
Specifically the COD removal efficiency can be en-
hanced from 64% to 83% and the AOX removal from
49% to 71%, at an OLR of 2.14kg-COD/m3-day. The
optimum HRT for the design of UASB reactor to treat
such wastes under mesophilic range of temperature
and neutral pH is 38hrs.

The presence of an activated carbon in UASB
reactor reduces the mixing of biomass and substrate,
and consequently effects the formation of the biogas.
The gas production would decrease from 0.32L/g-
CODremoved to 0.19L/g-CODremoved by using an activated
carbon within the reactor. But the average methane
composition of biogas remains between 58-60%,
either by using an activated carbon within the system
or not.

A detail study is essential to identify the exact
behavior of the bleaching effluent under an aerobic
condition in the presence of an activated carbon.
Cost analysis for the design of the UASB reactor

Table 2.0: Comparison of the biogas productions using similar substrate

Substrate Operational Parameters Biogas Production Reference

Methanol — 0.30L/g-CODremoved [13]

Synthetic Wastes OLR = 6.25kg-TOC/L.d 0.13L/g-CODremoved [10]
(chlorophenol + methanol) HRT = 12-48hrs CH4 = 60%

NSSC Pulping Effluent OLR = 2.75kg-COD/m3d 0.17m3/kg-CODrem-d [25]
HRT = 38hrs CH4 = 61%

NSSC Pulping Effluent OLR = 2.1 kg-COD/m3d 0.31L-CH4/g-CODrem.d [12]
(with methanol) HRT = 44hrs

Synthetic Chlorophenolic Wastes OLR = 6.5g-TOC/L-d 0.17 L/g-CODremoved Unpublished
(with methanol + activated carbon) HRT = 18-20hrs CH4 = 60-62% data

Bleaching Effluent OLR = 2.14kg-COD/m3-d 0.19L/g-CODremoved This study
(with methanol + activated carbon) HRT = 38hrs CH4 = 60%
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needs to be evaluated on mega scale if an activated
carbon is used in it.
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