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Biodegradation Kinetics in Bioaugmented Extended
Aeration Reactors for Latex Effluent

MOHD OMAR AB. KADIR”, NORLI ISMAIL*¥, NIK FUAAD NIK ABLLAH** AND
NIK. NORULAINI NIK AB. RAHMAN

A bioaugmented extended aeration reactor was used for the treatment of latex concentrate
effluent with an average chemical oxygen demand (COD) of 10 240 mg/l. Biokinetic
parameters were determined and they were as follows: half velocity constant = 285.3 mg/l;
maximum subsirate utilisation rate = 9.29 day™; yield coefficient = 0.0225 mg volatile
suspended solids produced/mg substrate consumed; endogenous decay coefficient =
0.0122 day™ and maximum specific growth rate = 0.21 day™. A maximwm of 96.9% COD

removal was observed at a F/M ratio of 1.0 day™.

Rubber processing factories are among the
major contributors to the environmental
problem especially so since the latex concentrate
effluent which generally contains high bio-
chemical oxygen demand (BOD) (50006000
mg/l), chemical oxygen demand (COD) up to
10 000 mg/1, suspended solids (S5) (883 mg/1)
and ammonia nitrogen (AN) (5000 mg/1).

The waste-water stream consists of excess
field latex effluent, stabilisers such as ammo-
nia, sedium sulphite or formaldehyde added
to prevent premature coagulation of the
field latex. Skim latex is a by-product in the
processing of field latex concentrate after
centrifugation and is the most polluting
waste'. The skim latex serum contains high
ammonia, sulphate, organic and inorganic
substrates which form the major pollutants of a
latex concentrate factory.

Proper treatment of rubber processing
waste for removal of organic poliotants is
essential to minimise detrimental impact on
the environment. It has been reported that
biological waste treatment may be a valuable
method for reducing the organic pollutants
from latex concentrate effluent. A number of
investigators examined the treatment of
rubber processing waste by lagooning
method'.

Currently a new technology known as
bioremediation technic appears as an improve-
ment method to treat either contaminated soil,
ground-water, surface water or waste water’.
A specific term called bioaugmentation refers
to the addition of specific exogenous bacteria
to enhance the reduction of the organic or
inorganic pollutant especially in waste water
treatment,

** School of Industrial Technology. Umiversity of Science Malaysia. 11800 Penang
™ Schaol of Housing, Building and Planning, Umversity of Science Malaysia, 11800 Penang
*** School of Distance Education, Unrversity of Science Malaysia, 11800 Penang

# Corresponding author



Mohd Omar Ab Kadir er @/ Biodegradation Kinetics in Bicaugmented Extended Aeration Reactors

A lot of research has been successfully done
using the bivaugmentation technic such as the
addition of Pseudomonas putida PRS 2015
pAC 27 to activated sludge systems for
enhanced degradation of 3-chlorobenzoate
(3-CB) The addition was 10% of the total
biomass and resulted in successful 3-CB degra-
dation’ Studies on the addition of a para-
chlorophenol (4-CP) degrading culture to a
non-acclimated chemostat showed that the
bioaugmented system successfully removed
more than 96 percent 4-CP*

It has generally been assumed that the
growth of mixed cultures in complex organic
wastes would be similar to the growth of pure
cultures, so the Monod equation which has been
used successfully in studymng the kinetics of
pure cultures of bacteria utilising simple
substrates can be used to study the aerobic
digestion of complex organic matenals
Biokinetic parameters are valuable i designmg
and scale up of a contmuous treatment
process® whereby evaluation of the biokinetic
constants has its significance with respect
to understanding the capabilities of . the
microorgansms 1n the degradation process as
well as 1n the operation of biological reactors

The objectives of this study were to
determine the treatability of latex concentrate
effluent and to determine bio-kinetic para-
meters of the waste water using bicaugmented
extended aeration reactors

MATERIALS AND METHODS
Treatment System

Aerobie pilot scale system was constructed
using fibre glass materials The system compnises
of 05 m diameter cylindrical tank separated
mto two parts which were equalisation tank
(EQT) (0 7 m long) and extended acration tank
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(EAT) (0 5 m long) The samples were aerated
in EAT for 24 h and 20 h Both ends are capped
with 0 1 m cover and the clanifier was a hopper
type with dimensions 045 m diameter and
06 m hugh The 24 h — 20 h retention trme n
the clarifier allowed suspended solids to be
settled and therefore will remove 1t Schematic
diagram of the reactor 1s shown mn Figure 1

Sampling and Waste Water Compositions

Latex effluent samples were collected from
a local company from thewr raw mixed latex
cffluent before entering the rubber trap (B)
as shown m Figuwre 2 Mixed latex effluent
was a mixture of the two processing mixture
steps Once from field latex washing process,
processing platform and from the lorry tanker
after washing the tank and the other 15 after
de-ammomniation of skim latex

Treatment Process

Thirty litres of raw latex effluent of known
BOD .and COD concentration was allowed
to homogenise i a standard FRP tank The
sample was pumped mmto the EAT using a
masterflex pump (Model no 7568-10) at a flow
rate of 12, 6,19, 1 0, and 0 5 l'hr, respectively
In the EAT the waste was aerated for 2, 4, 12,
24 and 48 h, respectively Air was supphed
usmg am diffuser (Model no SA 130 EX
Lot no~ 905, Natwonal air pump) at a rate of
1'5'mg/1 - 30 mg/l dissolved oxygen Two
sets of fine sparger were used to aerate the
extended aeration tank There was no recycled
sludge and the system was operated for a
month 1 order to achieve the required
mixed hquor suspended solids (MLSS) of 4000
mg/l-6500 mg/l A constant concentration
of MLVSS was maintained by estimating
MLVSS concentration daily and withdrawing
calculated amount of sludge when required
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Figure 1 Schematic diagram of the bioaugmented reactor

An expernmental run was performed at an
average daily temperature of 29°C £ 1°C There
was no oxygen supphed mn the equalisation
tank A heterogeneous nmuxture of bacteria was
used to enhance the loading reduction of the
tested parameters The bacteria was filled up in
a ten-hitre aspirator bottle and placed above the
EAT The mnoculum were applied m drips, set at
six-second mterval per drip at a concentration
of 44 0 mg/! for each of the experiment

The treated effluent from EAT was passed
through the pipe to the clanfier Data was
collected every day for each experiments
mn replications Analysis of BOD; and COD
concentrations were determined as above
Sample for analysis was collected from 1nitial
and final concentration of the tested parameter
for performance assessment of the system

The treated MLSS from EAT was passed
through the pipe to the clarifier Sample was
collected every day tfor each expenments in
three replicates The collected sample was
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mmediately preserved wn refrigerator at 4°C
The sample was then analysed for the BOD;
and COD values

Operational Problems

During the operational period, clearance of
the porous stones in the EAT and masterflex
transferring the waste flow must be done every
month m order to prevent the shudge clogging
Flow-rate of the system was checked every
two days to ensure constant flow-rate as shown
m Table I MLSS was measured everyday
for sludge settleability determination and
maintaimng the required MLSS

Inoculum

The heterogeneous culture of Bacillus sp°
was used m this study The inoculum was
stored in the refrigerator at 4°C for preserva-
tion until 1t was ready to use The concentrated
moculum was diluted with water to 22 mg/l
(w/v) prior to application
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TABLE | PERFORMANCE SUMMARY (EXPERIMENTAL DATA)

Run no Influent average  Effluent average MLVSS (mg/l) Flow rate HRT {8)
COD, S) (mg/l)  COD, S, (mg/1) X X, Q (ml/mmn) t/hr

1 10240 27540 3904 ¢ 372513 2000 2

2 10240 14200 2928 2 38000 1000 4

3 10240 6870 3473 8 32000 316 12

4 10240 448 0 4371 4 42000 166 24

5 10240 3080 48551 47590 83 48

Analytical Method

The latex effluent was analysed for various
parameters such as BOD,, COD and MLVSS
(mixed hiquor volattle suspended solids} usimg
the APHA techniques’ The pH was constantly
monitored using Orion Research, Model SA
210 pH meter Sample of mixed liguor from the
EAT was taken, and the volatile solids were
termed MLVSS

The volatle suspended solids indicate the
amount of microorganisms m the biological
system MLVSS used as biomass of the
bacteria was used 1n the study The statement
was an agreement with the studies® for the
activated sludge reactor which stated that the
mixed liquor from the activated sludge reactor
was the source of biomass for the experiments

RESULTS AND DISCUSSION

The mfluent charactenstics were as follows
average COD = 10 240 mg/l, BOD; = 5100 mg/l,
suspended sohds = 1800 mg/1 and pH 5 5-6 5
Performance summary data are given 1n
Table i and Tuble 2

In Figure 3 effluent COD was plotted against
hydraulic retention time An exponential
decrease of effluent COD was observed with
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increase 1 hydraulic retention time simlar
to the resulis obtamed on treatment of dary
waste water’ Figure 4 (loganthmic) shows the
mcrease 1 removal efficiency with mcrease m
retention tume

In Figures 5 and 6 specific substrate
removal (g} was plotted against effluent
COD concentration It was observed that a
rectangular hyperbolic better fits the pomnts
(Figure 6) than the straight line (Figure 5) The
statement was verified by the values of R? for
both of the figures (Figures 5 and 6) Values of
R? (0 9251) for Figure 5 was low compared to
value of R? (0 9994) for Figure 6 It showed
that about 99 9% of COD effluent in Figure 6
was mfluencing a specific substrate utilisation
rate (g) and the rest (0 1%) was influenced by
other factors Therefore 1t could be predicted
that substrate removal rate follows Michaelis-
Menten relationship better than the first order
reaction Kinetics

The selection of any one model for practical
applhication, may be based upon a curve-fitting
approach does not provide proof of theoretical
vahdity of any particular lnetic model The
approach offers support for practical application
rather than a proof of the Monod equation i
reactors employing heterogeneous population
as the Monod model has extensively been used
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TABLE 2 PERFORMANCE SUMMARY (CALCULATED DATA)

Specific substrate
utilisation rate Specific growth  14S.-8,) /M =5yt
q = S-S/xt I/q day! rate, p day ! mg1 day! % COD removed
mg COD removal/d
mg MLVSS
232 0043 056 0 004 35 731
135 0074 020 0 00087 157 861
55 018 016 00024 589 932
22 045 004 00057 23 956
10 10 001 003 10 969
3000+
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Figwre 3 Effect of hydraulic retention fime on effluent COD

for the estimation of biokinetic constants for
bactenal growth on non-mhibitory substrate' !
and for inhibitory substrates’™

In Figure 6 the mtercept on X-axis obtamed
18 equal to 2750 mg/l COD, about 2 5% of
10 240 mg/l mitial COD (COD was used as an
indicator for substrate concentration) When 1t
was compared to the study of dairy waste®, 1t
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was found that about 188 27 mg/l non-
biodegradable portion of substrate was
obtained This 18 equal to 36 2% of the COD
mitial concentration (520 mg/l) It mdicates
that only a small (2 5%) portion of the non-
biodegradable substraic was left compared
to 36 2% of the non-biodegradable portion
for dairy waste I demonstrates that the
coupled system of extended aeration and
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Figure 5 Plot of specific substrate utthisation rate vs effluent COD

bioaugmentation can degrade about 36.18% coupled techmique enhanced reductions of
of the non-biodegradable substrate in mixed the biodegradable portion of the pollutants
latex effluent compared to dawy processing by 97.5%. The concentration of non-

waste. Concomutantly 1t was proved that the biodegradable COD is estimated by application
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Figure 6 Michaelis-Menten plot of specific substrate utilisation rate vs. effluens COD

of the specific growth rate (p) where the
specific rate of substrate removal (g) will be
zero when the concentration of biodegradable
substrate is zero'*.

The possibility of zero non-biodegradable
portion was based on the natural characterisation
of the waste. In this case, latex effluent
normally consists of process water, proteins,
sugar and lipids". Aside from the bacteria
used there were aiso hydrogen and carbon
which attack the aromatic rings through the
degradative pathway'®,

In Figure 7, l/q was plotted against 1/S,. This
i8 a Lineweaver-Burk Plot which follows the
following equation:

£ 1 1

l1_ & 1 1
" Guas {S5,)  Gonen

g

where,
K, = half velocity constant (mg/l)
e — Maximum substrate utilisation rate

g = specific substrate utilisation rate
S, = non-biodegradable portion of substrate.

From the slope and intercepl the value of
K, and g, was found out. K, = 285.3 mg/l and
Grax = 9.29 day . A maximum substrate utilisa-
tion rate for this system was 9.29 day’
compared to 0.199 day ' as obtained in the study
of dairy effluent treatment’. This indicates that
about 9.29 mg COD removed per mg MLVSS
within a day compared to only 0.199 mg COD
removed per mg MLVSS within one day for
dairy processing effluent. The capabilities of
inoculum in removing COD of 9.29 mg COD
per mg MLVSS within a day proved the
effectiveness of using the exogenous bactenia in
enhancing the pollutant’s degradation rate.

In Figure 8, specific substrate utilisation rate
(g) was plotted against specific growth rate ().
From the equation below, vield coefficient (1)
and endogenous decay coefficient (K,;) was
obtained:
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p=rY,-K, 2 MLVSS/mg substrate The values of ¥ and g,

where, ¥ = vield coefficient and K; =
endogenus decay coefficient The values of
K, = 00122 day' and ¥ = 00225 mg
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were used to predict the maximum growth rate

The value of p.ny,, from the study was obtamed
as 021 day ! compared to 0 149 day ! achieved
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in dairy waste treatment. The p.,, value of
0.21 day”’ showed that the growth rate of
the inoculum was rapid compared to
0.149 day”’ for the bacteria which exist in
the dairy processing effluent. The rapid growth
rate of the bacteria will enhance the reduction
of the pollutants even though the initial COD
concentration in latex effluent was high
(10 240 mg/l) compared to 520 mg/l COD in
dairy processing effluent’.

In Figure 9, percent removal of COD was
plotted against F/M ratio. It was observed that
with the decrease in F/M ratio, percent COD
removal increases up to a limit. A maximum of
96.9 percent removal was observed at a F/M
ratio of 1.0 day .

CONCLUSION

The following conclusions were drawn from
the foregoing study:

+ For continuous stirred tank reactor, the
percent removal of COD increases with
increasing hydraulic retention time.

120 +
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+ The values of kinetic coefficients were as
foltows:

K,=2853 mg/l; K;=0.0122 day!;

Y = 0.0225 mg VS8 produced/mg
substrate consumed;

Mo = 0.21 day ™,

e A maximum of 96.9 percent removal of
COD was observed at a F/M ratio
1.0 day™'.

* Good treatment efficiency cannot be
achieved without raising HRT.
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