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Treatment of wastes and leachate evolved in landfills is today an imperative due to
rigorous environmental protection legislation. In this work, biodegradation of the organic
fraction in tobacco waste leachate was studied. Experiments were carried out in a sequenc-
ing batch reactor at initial concentrations of activated sludge of 3.03 and 5.95 g L–1 and
different initial concentrations of organic matter in leachate, expressed as COD concentra-
tions, ranging from 0.5 to 3.0 g L–1. The results of the experiments showed that activated
sludge possessed a strong ability to degrade organic matter in leachate. Efficiency of the
biodegradation process was approximately 82.6 %. A simple Monod equation was selected
to describe the kinetics of leachate biodegradation. The kinetic parameters Y, kd, �max and
Ks during experiments E1 and E2 were found to be 0.25 g g–1, 0.005 d–1, 0.39 d–1 and
5.45 g L–1, and 0.23 g g–1, 0.003 d–1, 0.44 d–1 and 5.63 g L–1, respectively.
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Introduction

During various processing and production cy-
cles, the tobacco industry generates large amounts
of organic waste. Estimates show that about 3 mil-
lion tons of tobacco waste is produced globally ev-
ery year. The composition of tobacco waste de-
pends on the point of cigarette production system in
which it is generated. It may contain dust of various
particle size, and entire or parts of tobacco leaves.
Tobacco waste represents a significant problem for
the environment, and contains toxic substances, pri-
marily nicotine.1,2 The European Union classifies it
as toxic and hazardous waste, since the nicotine
concentration in these wastes exceeds 500 mg kg–1

of dry matter.3 Nicotine is the primary alkaloid in
tobacco. It is soluble in water and can easily end up
in groundwater after being leached from the solid
waste, which is especially harmful to the environ-
ment and human health.3,4

There are various possible waste-treatment
technologies as composting, incineration or land-
filling. The release from a landfill consists mainly
of methane gas and leachate, which has became the
subject of interest as a strongly polluted waste-
water. In the EU countries, the problem of leachate
treatment has existed for some time now, but a uni-
versal solution has not been found.5–8 Leachates
contain high concentrations of various organic, in-
organic, and toxic compounds, which may endanger

the surrounding soil, ground and surface waters.5

Leachate can be treated through biological, chemi-
cal, and physical processes or a combination of the
three, in order to increase treatment efficiency and
meet the stringent regulatory requirements.7,8

Toxicity tests conducted using various bacteria
(Vibrio fischeri, Photobacterium phosphoreum,
Vibrio harveyi and Pseudomonas fluorescens) and
higher organisms (Daphnia similes, Artemia salina
and Brachydanio rerio) show that leachates pose a
potential hazard and that effective treatment is re-
quired to meet the standards for releasing the
effluents into natural recipients.5,6

Biological wastewater treatment has been uti-
lized globally for decades. There are many different
processes that vary depending on the origin of the
wastewater, i.e. the existing contamination.1,8,9 Still,
one of the most frequently used processes is biolog-
ical wastewater treatment using activated sludge
process.10 This process is so widely used because of
its effectiveness in treatment of either municipal
and industrial wastewater, or leachates.11,12 The ac-
tivated sludge process is a complex biological sys-
tem in which organic matter is removed from the
wastewater by aerobic microorganisms. The micro-
organisms are incorporated within or on floc of ac-
tivated sludge, and aeration of wastewater suspen-
sion ensures the exchange of products of metabo-
lism and substrates, as well as the oxygen required
to maintain aerobic respiration and catabolitic reac-
tions.13,14
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Sequencing batch reactor (SBR) technology
has become an attractive option for tobacco waste
leachate treatment. The higher process flexibility of
SBR is particularly important when considering
landfill leachate treatment, which has a high degree
of variability in quality and quantity. The SBR sys-
tem seems suitable for treating the leachate, which
volumes and concentrations may vary considerably
with time.1,5,11 The characteristics of the leachate
can be represented by chemical oxygen demand
(COD), total organic carbon (TOC), biochemical
oxygen demand (BOD), which provide a prerequi-
site insight into the prediction of future trends of
leachate quality and the design and operation of
leachate treatment facilities.5,7

The substrate concentration surrounding the
microorganisms within the microbial ecosystem is
important for the determination of kinetic parame-
ters. The substrate, which is the source of carbon
and energy, and a limiting factor for the growth of
microbial biomass during biodegradation processes,
may be expressed as BOD and/or COD. Several ki-
netic models have been developed to describe bio-
logical degradation of organic matter in wastewater.
The relationship between microbial growth and
substrate degradation has been described success-
fully using Monod kinetics. The models are used to
gain insight into the applicability and restrictions of
treatment processes. Mathematical models are very
important for further development, design and man-
agement of wastewater treatment processes.6,7,14,15

The application of stringent environmental reg-
ulations and higher control of contaminated leach-
ate flows16 have brought on unavoidable changes in
landfill design, planning and operation. This has re-
sulted with the research of selective, reliable and
durable solutions for the treatment of contaminated
leachate. Leachate treatment using activated sludge
is a technically and economically efficient and war-
ranted process. The COD value in the leachate and
the tobacco-industry wastewater is estimated at 1.0
to 70.9 g L–1.1,5–7,9

The aim of this work was to study the bio-
degradation of laboratory-provided leachate (LPL)
inoculated with municipal activated sludge in SBR,
investigate the substrate biodegradation rate and
evaluate the biokinetic parameters using the Monod
model.

Materials and methods

Materials

Activated sludge used for leachate inoculation
in the reactor was obtained from the Wastewater
Treatment Plant in Zagreb, ZOV, Croatia. It was

washed three times and then settled. The initial con-
centrations of activated sludge, expressed as bio-
mass dry mass (MLSS), were X1 = 3.03 g L–1 and
X2 = 5.95 g L–1 while the volatile solids (MVLSS),
were Xv1 = 2.09 g L–1 and Xv2 = 4.12 g L–1.

The laboratory-provided leachate (LPL) used
in the research was prepared from tobacco waste,
TDR d.d., Rovinj, Croatia according to European
standard of EN 12457-4:2002.17 The substrate con-
centration, representing the organic loading rate of
leachate, is expressed using the COD value. The
initial COD and toxicity of LPL were determined
after filtration of the sample through a 0.45 �m
membrane. The initial COD of the resultant LPL
was S = 16.03 g L–1. The LPL was tested for toxic-
ity using bioluminescent bacteria Vibrio fischeri.
Bioluminescence inhibition was measured on
Lumistox 300 (Dr Lange GmbH, Germany) after 30
min of incubation, using the standard method (EN
ISO 11348-3, 1998).18 The method is based on the
measurement of V. fischeri light emissions. The
bacterial cells were exposed to a series of variously
diluted leachate. Light emission was determined by
comparing the response given by a saline control
solution. The concentrations of sample (% v/v) that
reduced light emission to 50 % in relation to the
control (EC50) were calculated by using LumiSoft
data acquisition software. Toxicity Impact Index
(TII50) is calculated based on EC50 value and is de-
fined by the expression TII50 = (EC50)–1 · 100. For
the set of experiments, initial concentrations of 0.5,
1.0, 1.5, 2.3, and 3.0 g L–1 were prepared from re-
sultant LPL, and marked as S1-S5. Experiments E1
and E2 were also defined for initial activated sludge
concentrations X1 and X2.

Experimental set-up

Laboratory-scale reactor Armfield W11, Arm-
field Limited, UK, with a working volume of 7.0 L
was operated in a sequencing mode. Fine air bub-
bles for aeration were introduced through an air dif-
fuser at the bottom of reactor with an air flow rate
of 1.5 L min–1. A peristaltic pump was used to feed
LPL directly into the SBR, as well as to remove the
treated effluent. The leachate in the reactor was
kept at 23±2 oC. The reactor was operated at a hy-
draulic retention time (HRT) of 48 h and there were
3 cycles. Each cycle lasted 48 h: the filling in lasted
0.5 h, the reaction took place in 46 h, the settling
lasted 1.0 h and the withdrawal lasted 0.5 h. During
the feeding of leachate, the system had to be fully
aerated. The aeration was then continued for an-
other 46 h. Aeration was then shut down for 1 h
(settle step). After the activated sludge was fully
settled, the supernatant had to be removed within
0.5 h (draw step: decant). After that, fresh leachate
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was filled into the reactor to the final volume of 7 L
and the above operation program was repeated. The
exchange factor (added volume/total volume) was
0.65. Solid retention time (SRT) was 6 days.

The biodegradation was performed with LPL
concentrations of S1 – S5, and of X1 and X2. During
the experiments, the leachate and activated sludge
samples were taken from the reactor in 12-hour in-
tervals and then analyzed for MLSS, MVLSS, and
for COD in accordance with standard methods.19

The concentration of dissolved oxygen and
pH-value were measured directly in bulk liquid of
reactor with DO-electrode and pH meter (WTW
Multi 340i, Germany). The average sample taken
daily from the reactor was 100 mL. The activated
sludge sample was examined daily under a light mi-
croscope (Olympus BX50, Olympus Optical Co.
Ltd., Japan) equipped with a microphotography
system (Olympus DP 10 camera) and the associated
software to measure the size of activated sludge
flocs (Olympus DP-Soft).

Biodegradation kinetics

Microbial degradation is generally defined as
biological oxidation of organic matter. In natural
environments, biodegradation conditions are very
complex, and the rate and degree of biodegradation
depends on chemical, physical, and biological fac-
tors that can differ from one ecosystem to another.
Though microbial processes are very complex,
some events or groups of events can be presented
using a model. The most widely accepted of these is
the Monod equation. This equation assumes that the
rate of biomass production is limited by the rate of
enzyme reactions involving utilization of the sub-
strate compound that is in shortest supply relative
to its need.14,20 Eq. (1) shows this relationship.

� �� �
�max

S

K Ss

(1)

where � represents specific growth rate, d–1; �max
represents the maximum specific growth rate, d–1; S
represents substrate concentration, g L–1; Ks is the
substrate saturation constant, g L–1, defined as the
concentration of substrate at half the maximum spe-
cific growth rate. The biodegradation process re-
sults in microbial growth with the removal of sub-
strate.

Substrate concentration decreases with the
growth of microorganisms. Therefore, the follow-
ing equation can be developed:
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where rs is substrate consumption rate, g L–1 d–1;
Y is the growth yield coefficient, g g–1; Xv is bio-
mass concentration, g L–1. The carbon and energy
source, as measured COD is usually considered the
growth-limiting substrate in biological wastewater
treatment processes.

Microbial growth rate can be described by eq.
(3):
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where rx is biomass growth rate, g L–1 d–1; and kd is
the decay coefficient, d–1. Cell concentration reduc-
tion is known as endogenous respiration stage.21,22

Specific growth rate, specific substrate con-
sumption rate, and the real biomass yield from sub-
strate Yx/s can be calculated directly from the experi-
mental data using the following eqs. (4)–(6):
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where qs is the specific substrate consumption rate,
g g–1d–1.

Specific biomass growth rate (�) is directly re-
lated to the specific substrate consumption rate (qs):

� � �Yq ks d (7)

For the batch test, the reactor is filled with re-
actant(s) to create the desired reaction conditions
within the system. Samples are then analyzed dur-
ing the reaction time, and the concentration is re-
corded over time.

Parameters of the model are calculated with
certain criteria for the correlation of experimental
data with the values obtained with the use of the
model. The generally accepted criterion is the mean
square deviation (SD) defined as:

SD
n

y ye t

n

� ��
1 2

1

( ) (8)

where ye and yt represent experimental and theoreti-
cally calculated values of a dependent variable y,
and n is the number of experimental point.

Data analysis

Model parameters were analyzed using linear
and non-linear regression. Linear regression was
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evaluated using the least squares method imple-
mented in MS Excel software. Numeric values of
model parameters were obtained through compari-
son of model and experimental results, using MS
Solver23 software that conducts non-linear regres-
sion and optimization method using Generalized
Reduced Gradient (GRG2). Differential equations
of the model were solved numerically by Runge
Kutta 4 algorithm. A set of optimal model parame-
ters was used in simulations that were then com-
pared with experimental results.

Results and discussion

Toxicity of LPL and efficiency
of its biodegradation

Before setting up the biodegradation experi-
ment, a toxicity test was conducted on the leachate
using V. fischeri bacteria, a standard and recognized
method for assessing ecotoxicity of industrial
wastewaters, communal wastewaters and landfill
leachates to the natural water quality.24 Toxicity
Impact Index (TII50) is related to the amount of
unknown compound in the sample and directly is
proportional to toxicity. It is expressed as a per-
centage and enables comparison of toxic impact of
various types of wastewater to natural waters.25

Based on the analysis, the acute toxicity of leachate
EC50 was 1.6 g L–1 and TII50 = 9.99, indicating
its toxicity. This result shows that the leachate
should not be released into the environment without
prior treatment. According to the literature26–29

several processes such as coagulation–flocculation
process, adsorption to activated carbon, membrane
process and advanced oxidation processes (AOPs)
showed efficiency in reducing toxicity of leachates
and industrial wastewaters. These chemical-physi-
cal pre-treatments are proposed before biological
treatment. However, in order to meet stringent qual-
ity standards for direct discharge of leachate into
the surface water or public sewage system,16 devel-
opment of an integrated treatment process is re-
quired.4,5,8

The efficiency of the biodegradation process in
SBR during experiments E1 and E2 with initial
substrate concentrations of 0.5 – 3.0 g L–1 (S1–S5)
is shown in Fig. 1. Substrate concentrations applied
in this research corresponded to those published in
literature.1,4,11,30 At lower initial activated sludge
concentration, the average effectiveness of the
biodegradation process was 80.3 % (0.32 g L–1),
while at higher concentration, the biodegradation of
leachate proved more effective and ranged between
81.8 % and 86.7 %. Biodegradation of leachate at
all initial substrate concentrations in E2 was 5.4 %
higher than in E1. Similar values were obtained for
biological treatment of tobacco-industry wastewater
with effectiveness of around 84.0 %.1,12

LPL biodegradation kinetics

An understanding of the kinetics of biodegra-
dation is very important for the prediction of future
trends of leachate quality, and the overall design
and operation of leachate management facilities.
Obtaining kinetic data is one of the first steps nec-
essary when attempting to model the biodegrada-
tion process. Tables 1 and 2 summarize the ranges
of the pH-values, concentrations of DO, values of

194 M. VUKOVIÆ et al., Biodegradation Kinetics of Tobacco-waste Leachate by …, Chem. Biochem. Eng. Q. 26 (3) 191–198 (2012)

F i g . 1 – Efficiency of leachate biodegradation in SBR re-
actor

T a b l e 1 – Experimental and kinetic results obtained from biodegradation process of leachate in experiment E1

E1
pH

(–)

DO

(mg L–1)
Xv/X

�

(d–1)

qs

(g g–1 d–1)

Yx/s

(g g–1)

S1 7.81±0.14 7.86±0.29 0.69±0.03 0.03±0.006 0.12±0.02 0.26±0.10

S2 7.90±0.17 7.16±0.64 0.71±0.01 0.06±0.014 0.25±0.05 0.27±0.11

S3 7.95±0.15 5.83±1.05 0.71±0.04 0.09±0.018 0.38±0.07 0.29±0.04

S4 7.98±0.21 5.75±0.92 0.72±0.02 0.13±0.035 0.53±0.11 0.29±0.13

S5 7.92±0.19 5.48±1.35 0.73±0.03 0.15±0.025 0.59±0.09 0.28±0.08



ratio MLVSS/MLSS, specific growth rate, specific
substrate degradation rate and growth yield for to-
bacco-waste leachate biodegradation in a batch re-
actor and their mean square deviations.

The environmental factor effecting and inhibit-
ing microbial growth is the pH value, i.e. acid or
base conditions of liquid waste streams. Biological
treatment of wastewater or leachates occurs gener-
ally at neutral pH because the optimum pH for
growth of bacteria is around 7.30 The mean values
of pH measured during experiments E1 and E2
were in the range of 7.81 to 7.98, and 7.61 to 8.02,
respectively (Tables 1 and 2), which corresponds
to the published data.5 The value of pH is an impor-
tant factor in tobacco-waste leachate biotreat-
ment. The mean square deviations were approxi-
mately the same and satisfactory. The small in-
crease in pH can be attributed to the release of
ammonium nitrogen during biodegradation.6,8 The
average change in dissolved oxygen concentration
during biodegradation was 6.42±0.85 mg L–1 during
E1 and 5.24±0.87 mg L–1 during E2, for all concen-
trations. During experiments S1–S5, the mean
value of DO decreased proportionally to the in-
crease in substrate concentration (Tables 1 and 2).
The concentration of oxygen decreases during bio-
degradation of organic matter, so at higher organic
loading rate more oxygen is consumed and vice
versa. In aerobic biological processes, the available
amount of oxygen for microbial growth is often the
most critical parameter limiting the efficiency of the
process.8,30 In summary, the highest dissolved oxy-
gen consumption was detected in the experiment
using substrate S5 with 3.0 g COD L–1. In other
words, less oxygen is consumed at lower substrate
concentrations. When comparing the two experi-
ments, average oxygen consumption was 18.4 %
higher in E2 than in E1. Tables 1 and 2 clearly
show that ratio Xv/X remained nearly constant dur-
ing the experiments. These values were within the
0.69–0.73 range, showing that the cells of microbial
biomass in mixed liquor suspended solids were via-
ble and in good condition during both experiments.
The mean values resulted in satisfactory mean

square deviations. The ratio Xv/X indicates biomass
concentration within activated sludge, and a change
in the ratio would therefore also indicate a change
of microbial diversity or decay.22 The average bio-
mass yield during experiment E1 was up to 1.6 %
higher than during E2. This difference is because
more substrate was available for initial lower bio-
mass concentration in E1 than in E2, and cells more
rapidly grew and divided producing new biomass.
Specific growth rate � was calculated directly from
experimental data based on biomass concentration
change (Xv) in time, using eq. (4). The mean value
of � increases proportionally with the increase of
initial substrate concentration. Higher � values
were obtained during E1, ranging from 0.03 to 0.15
d–1, while the values obtained during E2 ranged
from 0.01 to 0.08 d–1. It means that specific growth
rate is in direct correlation with the substrate avail-
ability for growth of new cells, and the average � in
E1 was 0.04 d–1 higher than in E2. Mean specific
substrate consumption rate qs, calculated using eq.
(5), represents the rate at which the substrate is con-
sumed in relation to biomass growth. The qs in both
experiments (E1 and E2) increased from the initial
substrate concentrations of S1 to S5 from 0.12 to
0.59 g g–1 d–1, and from 0.05 to 0.37 g g–1 d–1 re-
spectively. Standard deviation for the experiments
was up to 0.11 for E1, and up to 0.10 for E2. The
range of � and qs as shown by Tables 1 and 2, fits
relatively well with previously published val-
ues.31,32 Real yield coefficient, Yx/s was calculated
based on experimental results and using eq. (6). Av-
erage Yx/s for E1 and E2 was 0.28±0.09 g g–1 and
0.26±0.04 g g–1, which shows that Yx/s during E1
increased 7.9 % in relation to E2. Similarly, it was
reported that experiments with activated sludge in
aerobic conditions resulted in Yx/s from 0.25 to 0.40.31

Growth yield coefficient Y is one of the most
important parameters used in biological kinetics
models. It represents biomass concentration pro-
duced by unit of removed substrate. Endogenous res-
piration rate kd is the biomass decay rate. The de-
pendency of consumed organic substrate to the pro-
duction of microorganism cells is shown by eq. (7).
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T a b l e 2 – Experimental and kinetic results obtained from biodegradation process of leachate in experiment E2

E2
pH

(–)

DO

(mg L–1)
Xv/X

�

(d–1)

qs

(g g–1 d–1)

Yx/s

(g g–1)

S1 7.61±0.10 6.93±0.34 0.69±0.03 0.01±0.002 0.05±0.01 0.22±0.03

S2 7.72±0.10 5.68±0.79 0.70±0.03 0.03±0.004 0.15±0.04 0.24±0.04

S3 7.75±0.15 4.91±0.66 0.70±0.06 0.04±0.009 0.20±0.06 0.27±0.06

S4 7.96±0.18 4.52±1.20 0.71±0.04 0.06±0.007 0.28±0.05 0.28±0.04

S5 8.02±0.09 4.16±1.36 0.72±0.02 0.08±0.006 0.37±0.10 0.27±0.05



Linear regression of � and qs dependency,32 based on
eqs. (4) and (5), produces Y and kd parameters from
the slope and intercept of plot, respectively (Fig. 2,
Tables 1 and 2) with high R2 value. Values of Y and
kd (Table 3) correspond to the published value ranges
for activated sludge biodegradation processes.31

The biokinetic parameter optimization method
was used to obtain �max and Ks values. A model
(eqs. 2 and 3) with parameter values presented in
Table 3 was used to simulate leachate biodegrada-
tion process in a batch reactor. Figs. 3 and 4 show a
comparison of experimental results and those of the
model. Value �max of 0.44 d–1 corresponds to the
value obtained using the same initial sludge con-
centration in E2.32 Other obtained values of bio-
kinetic parameters also fall within the expected
range for biodegradation process in similar condi-
tions, such as for high strength food processing
wastewater, landfill leachate and pharmaceutical
wastewaters.20,32–34 A comparison of kinetic param-
eters obtained for this study with those reported in
other studies is shown in Table 3. Activated sludge
has been used in referred studies.

Fig. 3 shows the substrate consumption rate
during biodegradation process in relation to initial
substrate concentration. R2 values obtained during
E1 and E2 were 0.9944 and 0.9976, respectively.
Comparing the results of both experiments, it can
be determined that the model (eq. 2, Table 3) with
the same initial concentration range as in the con-
ducted experiments offers a good description of
process dynamics with high R2 values.

Biomass growth rate dependency of initial sub-
strate concentration during biodegradation process
is shown in Fig. 4, with R2 = 0.9917 obtained for E1
and R2 = 0.9987 obtained for E2. R2 shows a good
correlation between the model (eq. 3, Table 3) and
values of both experiments. It is evident that the se-
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F i g . 2 – Dependence of specific growth rates on specific
substrate consumption rate for estimation of Y and
kd in E1, R2 = 0.9986 and E2, R2 = 0.9896

T a b l e 3 – Comparison of biokinetic parameters values

�max

(d–1)

Ks

(g L–1)

Y

(g g–1)

kd

(d–1)
Reference

0.39 5.45 0.25 0.005 This study (E1)

0.44 5.63 0.23 0.003 This study (E2)

0.87 6.70 0.50 20

0.44 0.14 28

0.21 11.00 0.28 0.019 29

0.77 2.98 0.48 0.045 30

F i g . 3 – Influence of initial substrate concentrations on
substrate degradation rate. Comparison of experi-
mental results and model.

F i g . 4 – Influence of initial substrate concentrations on
biomass growth rate. Comparison of experimental
results and model.



lected model offers an accurate description of pro-
cess dynamics.

During microscopic analysis, the morphology
of activated sludge was studied using brightfield
microscope. The analysis was conducted to deter-
mine floc characteristics, size, and shape in order to
gain insight into the changes that occur in activated
sludge during tobacco-waste leachate treatment.15,30

Fig. 5 shows microphotographs of activated sludge
flocs on the second day of S3 substrate biodegrada-
tion process with initial activated sludge concentra-
tions of X1 = 3.03 g L–1 (Fig. 5a) and X2 = 5.95 g L–1

(Fig. 5b). During both experiments, the activated
sludge flocs were relatively firm, compact, and
rounded, which contributed to the reduction of
COD value in the leachate. The transparent and
loose flocs indicate new biomass developed during
the biodegradation process in the reactor.35

Floc structure, like size and morphology, plays
an important role in determining the efficiency and
economics of the activated sludge process. The

changes in morphology of flocs are connected with
different phenomena: growth, flocculation and
deflocculation of flocs, and starvation.30,36 Forma-
tions of flocs of activated sludge occur when micro-
organisms present in the leachate are bound to each
other, and the change in their count directly influ-
ences the change in flocs size. At the start of the ex-
periments, the flocs were larger (Table 4). In both
experiments, the mean floc size was reduced by
37.26 �m in average. After day two (Fig. 5), mini-
mum floc size in E1 and E2 was approximately the
same at 58.49 �m, and 54.70 �m, respectively (Ta-
ble 4). Maximum floc sizes stabilized on the second
day and reduced by 38.60 and 32.47 �m from the
first day, as seen in mean floc sizes of 31.91 �m
and 26.28 �m. Low biomass yield resulted in the
stabilization of floc size (Fig. 5), as seen from SD
values (Table 4) showing lower deviations. At the
same time, the compact structure of activated
sludge results in shorter settling time, good effluent
quality at the outflow from the reactor,36 and the
process generates no excess activated sludge as do
conventional wastewater treatment processes.30

Changes in floc size may also be the effect of the
different stirring in the SBR relative to the WWTP.

The flocculation–deflocculation of activated
sludge flocs is a highly dynamic process, depending
on the microbial community structure, environmen-
tal and operating conditions in sequencing batch re-
actor. This type of reactor is increasingly recog-
nized as a persuasive option in municipal and in-
dustrial wastewaters and leachate treatments.5,36

Conclusions

Treatment of heavily loaded wastewaters and
leachates by activated sludge is very promising and
of great interest from an environmental point of
view. Toxicity tests showed that tobacco-waste
leachate is harmful for aquatic environments when

M. VUKOVIÆ et al., Biodegradation Kinetics of Tobacco-waste Leachate by …, Chem. Biochem. Eng. Q. 26 (3) 191–198 (2012) 197

F i g . 5 – Microphotographs of activated sludge flocs sec-
ond day in batch reactor, S = 1.5 g L–1, for experi-
ments (a) E1 and (b) E2, P = 100×

T a b l e 4 – Floc size of activated sludge in a batch reactor,
S = 1.5 g L–1

Exp.
t

(d)

Mean size

(�m)

Minimum

(�m)

Maximum

(�m)
SD

E1

0 279.37 111.78 429.66 83.40

1 223.26 72.31 371.60 76.07

2 191.35 58.49 333.00 68.00

E2

0 325.32 152.52 587.87 136.48

1 290.60 89.21 486.51 107.54

2 264.32 54.70 454.04 90.70



discharged without treatment. Therefore, the bio-
degradation of tobacco-waste leachate by activated
sludge in SBR was investigated in this study. The
efficiency of COD removal through biodegradation
ranged from 76.80 % to 86.57 %, indicating that the
activated sludge was resistant to potentially toxic
substrate. By investigating the kinetics of substrate
utilization and biomass growth, the kinetic para-
meters Y, kd, �max and Ks were in the range of
0.25 g g–1, 0.005 d–1, 0.39 d–1 and 5.45 g L–1 for ex-
periment E1, and 0.23 g g–1, 0.003 d–1, 0.44 d–1 and
5.63 g L–1 for experiment E2, respectively. SBR
with activated sludge was an efficient, reliable and
stable process for LPL treatment. Therefore, these
results can be used to create guidelines for LPL
biodegradation.
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L i s t o f a b b r e v i a t i o n s a n d s y m b o l s

COD � chemical oxygen demand, g L–1

DO � oxygen concentration, mg L–1

EC � effective concentration, g L–1

kd � decay constant, d–1

Ks � substrate saturation constant, g L–1

qs � specific substrate degradation rate, g g–1 d–1

rs � substrate consumption rate, g L–1 d–1

rx � biomass growth rate, g L–1 d–1

S � substrate concentration, g L–1

t � time, d

X � activated sludge concentration, g L–1

Xv � biomass concentration, g L–1

Yx/s � overall yield coefficient, g g–1

Y � growth yield, g g–1

� � specific growth rate, d–1

�max � maximum growth rate, d–1
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