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Abstract

The performance of granular activated carbon (GAC)-biofilm configured sequencing batch reactor (SBGR) in aerobic environment was
investigated for the treatment of composite chemical wastewater [low BOD/COD +&i8Y, high sulfate content (1.75g/l) and high TDS
concentration (11 g/l)]. Composite wastewater was a combined mixture of effluents from about 100 chemical based industries. Reactor was
operated under anoxic—aerobic—anoxic microenvironment conditions with a total cycle period of 24 h (fill: 15 min; reaction (aeration with
recirculation): 23 h; settle: 30 min; decant: 15 min) and the performance of the system was studied at organic loading rates (OLR) of 1.7 kg
COD/cum-day, 3.5 kg COD/cum-day and 5.5 kg COD/cum-day. The reactor showed efficient performance with respect to substrate degradation
rate and sustained its performance at higher operating OLR (5.5 kg COD/cum-day) and at low BOD/COD ratio. Substrate utilization was found
to increase with increase in the operating OLR. Maximum non-cumulative substrate utilization of 1.837 kg COD/cum-h, 2.99 kg COD/cum-h
and 3.821 kg COD/cum-h was observed after 15 h of the cycle operation for operating OLRs of 1.7 kg COD/cum-day, 3.5 kg COD/cum-day
and 5.5 kg COD/cum-day, respectively. Sulfate removal efficiency &f 2% was recorded in the SBGR due to the induced anoxic conditions
prevailing during the sequence phase operation of the reactor and the existing internal anoxic zones in the biofilm. Effective performance of
the reactor may be attributed to sorption capacity of GAC as carrier material facilitating low toxicant concentration in the mixed liquor. The
existing high flow rates around the GAC particle results in good mass transfer of the substrate from the bulk liquid. The long retention of
biofilm on GAC increases the potential for the treatment of recalcitrant industrial wastewater. GAC configured biofilm configuration coupled
with sequencing batch mode operation appears to be promising for the effective treatment of complex industrial wastewater containing poorly
degradable compounds.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction the residency species and it is essential that microflora should
persist in the system to degrade the pollutants even in adverse
Treatment of wastewater generating from chemical pro- conditions due to the complex characteristics and transition
cesses is considered to be complex and difficult due to theshock load$6]. Sequencing batch reactor technology (SBR),
presence of recalcitrant organic compounds, solvents anda periodic discontinuous process offers robust microflora
inorganic salt§1-5]. Conventional biological treatment pro- capable to persist and metabolize at extremely adverse and
cesses are seldom capable of achieving required degree ofliverse conditions. Periodic exposure of the microorganisms
performance because of the complex nature of the wastew-to defined process conditions is effectively achieved in SBR
ater and prevailing shock loads. Degradation of industrial operation in which exposure time, frequency of exposure
wastewater involves a complex suite of interaction between and amplitude of the respective concentration can be set
independent of any inflow conditiof6,7]. Also the peri-
* Corresponding author. Tel.: +91 40 27193159; fax: +91 40 27193159, ©0dic discontinuous process imposes regular substrate and
E-mail addressvmohans@yahoo.com (S.V. Mohan). oxygen gradients on the organisms that overwhelm natural
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variation in waste strength and compositish SBRhasbeen  Table1
successfully applied for the treatment of domestic wastew- Characteristics of complex chemical wastewater used as feed

ater, medium to low strength wastewater, landfill leachates, Parameters Concentrations
simulated dye wastewater, recalcitrant compounds, industrialpH 7.83+ 0.24
wastewater and contaminated s¢fis18]. Reactor configu-  TDS (g/)) 11+0.98
ration is one of the important factors, which governs the per- Suspended solids (mg/]) 988 181
formance of any biological system. Earlier we have studied gggn?mggrﬁ)ase (mg/l) 600& 2'4422
the performance of suspended growth configured sequencingsop, (mgj 2600+ 108
batch reactor (SBSR) for treating complex chemical wastew- chiorides (mg/l) 500G 96
ater[17]. The study demonstrated effective performance of Sulfates (mg/l) 175@: 47
SBSR over the corresponding suspended growth continu-Phosphates (mg/) 368& 24

Total nitrogen (TKN) (mg/l) 125+ 11

ous system (activated sludge process (ASP)) with respect

to substrate degradation rate and sulfate removal efficiency.

However, the system resulted in drastic reduction of perfor- treatment plant specifically designed and operated for the

mance at organic loading rate (OLR) of 3.5 kg COD/cum-day. treatment of chemical based wastewater. After collection, the
It is evident that the biofilm configured systems are wastewater was transferredimmediately to the laboratory and

well suited for the treatment of wastewater containing storedat4C. The detailed characteristics (in average values)

poorly degradable compound&9,20]. Immobilization of of the wastewater were presentedlable 1 The complex-

microflora on granular activated carbon (GAC) particles as ity of the selected composite chemical wastewater could be

biofilm results in high biomass hold up, which enables the assessed from its characteristics by the presence of a low

process to be operated significantly at higher liquid through- BOD/COD ratio ¢-0.3), high sulfate content (1.75 g/l) and

puts and OLR. GAC as adsorptive medium/carrier materials high TDS concentration (11 g/l).

acts as buffer to reduce the concentration of toxic chemi-

cals during process operation thereby providing advantage2.2. Granular activated carbon

for the treatment low biodegradable industrial wastewater

containing recalcitrant compoun{®l,22] Another impor- GAC (Extra Pure, LOBA Chemicals, Mumbai) of size

tant advantage of using GAC as a biofilm carrier particle ~1.5mm was used as suspended carrier medium for the aer-

is the presence of high surface area and porosity (macrop-obic biofilm formation (bulk density: 40 g/100 ml; residue on

ores), which is ideal for the initial and rapid colonization of ignition (600°C): 5%; loss of drying (120C): 10%). GAC

microflora and also provides shelter niches from the result- was fed to the mixed liquor of the reactor at a rate of 40 g/l

ing shear force§23—-26] The low specific gravity of GAC  of the reactor volume. During the reactor operation, the GAC

facilitates fluidization even at low upflow veloci{23,25] was neither replaced nor regenerated.

and the sorption capacity of the GAC protects the attached

biofilm from shock load$27,28] GAC configured systems  2.3. Reactor configuration

with continuous mode operation were reported for treatment

of various types of wastewater. The application GAC system  GAC-biofilm configuration operated in sequencing batch

was reported for the treatment of model wastewater contain-mode in aerobic condition was studied for the treatment of

ing organic compounds such as phenol, benzene, TCE anccomposite chemical wastewater. The reactor was fabricated in

2-CP, which are typically found in industrial wastewdtis]. the laboratory using perplex glass column with a total work-
Present communication reports experimental data pertain-ing volume of 1.7 | capacity. The reactor had height/internal

ing to the aerobic GAC-biofilm reactor (SBGR) operated in diameter H/i.d.) ratio of ~3 (H: 0.22m and i.d.: 0.07 m).

sequencing batch mode for the treatment complex chemicalSchematic detail of the reactor along with the experimen-

wastewater. The performance of the reactor was evaluated bytal setup is depicted ifrig. 1 The reactor outlet used for

varying OLRs. wastewater withdrawal was provided at a height of 0.045m

from bottom of the reactor. This arrangement prevents loss
of GAC and biomass in the reactor after the settling phase.

2. Material and methods About 0.391 of mixed liquor was present in the reactor after
the withdrawal phase was completed resulting in a total liquid
2.1. Composite chemical wastewater volume of 1.341 during the reaction phase. Upflow velocity

of 0.083 m ! was maintained during the reactor operation
Composite/combined chemical wastewater was used asby recirculation and air sparging in the upflow mode. This
feed. The composite wastewater was a combined mixture ofvelocity was found to be sufficient to keep carrier GAC in
effluents from about 100 chemical based industries produc-suspension during reaction phase of the reactor operation.
ing a variety of chemicals, drugs, pharmaceuticals, pesticidesFeeding, recirculation and decant operations were done with
and various chemical intermediates. The wastewater was col-the help of peristaltic pumps (Watson Marlow 101 U/R)
lected from equalization tank of the existing common effluent employing preprogrammed timers (ETTS, Germany).
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Fig. 1. Schematic representation of SBGR along with experimental setup (AC: air compressor; DT: decant tank; FT: feed tank; RL: recircula@®n line; P
peristaltic pump connected to preprogrammed timer; D: flow distribution; R: reactor; GAC: granular activated carbon).

2.4. Startup reactor volume was recirculated along with aeration during
the react phase operation. At the beginning of each cycle,
The reactor was inoculated with aerobic biomass acquiredi.e., immediately after withdrawal of treated wastewater of
from activated sludge unit treating composite chemical efflu- the earlier sequence, a pre-defined feed volume was pumped
ents for past one year. The mixed liquor from the aeration tank into the reactor. Aeration was done by supplying air using
of ASP was acquired (VSS of 3 g/l) and inoculated at aratio of diffused aerators connected through a sparger arrangement.
1:5 (v/v) with reactor volume. Subsequently, GAC was loaded During the react phase, aqueous phase DO was maintained
to the mixed liquor of the reactor (40 g/l of the wastewater in the range of 3.0—4.0 mg/l. The influent pH was adjusted
treated) and the reactor was operated with designed syntheti¢co 7.1+ 0.2 before feeding wastewater. Recirculation at a
feed (g/l) (glucose: 1g/l; sodium acetate: 1g/l;oN®0Oy: rate of 4 l/day was maintained throughout the investigation
0.3 g/l, pH 7.0) to support biomass formation on GAC. After to achieve a homogeneous distribution of substrate as well as
the formation of biomass on GAC (0.0302 g VSS/g GAC or uniform distribution of GAC and suspended biomass along
1.08 g COD/g GAC), the reactor was fed with wastewater at the reactor depth. Also, the recirculation facilitates linear
an OLR of 1.7 kg COD/cum-day and subsequently after sta- velocity, which restricts the existence of a concentration gra-
ble performance was achieved, the reactor was operated atlient during the reaction phase.
higher OLRs (3.5 kg COD/cum-day; 5.5 kg COD/cum-day). The performance of reactor was evaluated by estimat-
The startup procedure adopted and inoculation used for bothing substrate (COD) removal efficiendtpp) calculated by
the reactors was similar. using Eq.(1). Cso represents the initial COD concentration
(mg/l) in the feed an®s denotes COD concentration (mg/l)

2.5. Reactor operation in the reactor outlet:

. _ _ Cso—Cs .

The reactor was operated in sequencing batch mode undefcop = T Cso 1)
anoxic—aerobic—anoxic microenvironment conditions with a

total cycle period of 24 h consisting of 15 min of fill phase, Substrate degradation rate (non-cumulative) ($Diy

23 h of react (aerobic) phase integrated with recirculation, COD/cum-h) was calculated to study the rate of sub-
30 min of settle phase and 15 min of decant phase at a con-strate (COD) removal for a unit time during the sequence
stant temperature of 2# 2°C. The sequencing phases (feed, phase operation using the following equation, where, gDR
aeration, recycling and decant) during the reactor cycle oper-and SDR' represents, the substrate degradation rate (kg
ation were controlled by pre-programmed timers. The entire COD/cum-day) at timeX andY, respectively, andlk andty
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denotes time (h) aX andY, respectively, 3. Results and discussion

(SDRy — SDRy)24
Ix —ty

3.1. Reactor performance
SDRy = P

(2)
SBGR was initially operated at 1.7 kg COD/cum-day of
OLR and the performance of the reactor with respect to
2.6. Kinetics of substrate degradation COD removal efficiency was assessed during the cycle oper-
ation Fig. 2). The reactor showed a COD removal effi-
Reactor performance was studied by linearly fitting the ciency of 78% accounting for a substrate degradation rate
empirical relationship represented by K8) and the first  of 1.33kg COD/cum-day at steady state condition. Sub-
order kinetic model represented by B4) [29,30] Rsrepre-  sequently after achieving stable performance, the reactor
sents substrate degradation rate (kg COD/cum-@was  was operated at higher OLR to understand the performance
the substrate concentration value in the reactor (mg/lkand (3.5 kg COD/cum-day; 5.5 kg COD/cum-day), respectively,
represents an empirical kinetic coefficient embodies intrinsic keeping all other operating conditions the same. At 3.5kg
consumption kinetic constant as well as internal and external COD/cum-day, the reactor showed about 49% of COD
mass transfer constants. In &8), the empirical parameters  removal efficiency with an SDR of 1.694kg COD/cum-
a anda; are the maximum value & and the time required  day, while in the case of 5.5kg COD/cum-day OLR, the

to attain 50% of the maximum value, respectively, reactor yielded 39% of COD removal efficiency (SDR of
2.128 kg COD/cum-day). It is evident from the results that
_ 3) the SBGR reactor showed consistently good performance at
az+t higher OLR Fig. 3shows the performance of the reactor with
respect to BOD removal efficiency. The BOD profile during
Rs = K1(Cs — CsR) (4) the sequence operation showed comparably the same pattern

as the COD profile. BOD removal efficiency of 86.04% was
_ observed at operating OLR of 1.7 kg COD/cum-day after the
2.7. Analytical protocols reactor attained steady state. The reactor attained stable con-
_ditions within 3 days and remained more or less constant
_ The performance of the reactor was assessed by monitornereafter. BOD removal efficiencies of 63.63 and 66.48%
ing COD re.moval efficiency throughout the reactor opera- \yere observed at operating OLRs of 3.5kg COD/cum-day
tion. In addition, pH, ORP, sulfates, B@DOCR and DO 41 5.5 kg COD/cum-day, respectively, at steady state condi-
were also determined during the sequence phase operationjons. with continued operation, the reactor showed enhanced
The analytical procedures for monitoring the above param- performance with respectto COD and BOD removal and after
eters (COD—closed refluxing titrimetric method (5220 C);  attaining stable conditions the performance remained more
BODs—5-day BOD test (5210 B); pH—electrometric o, |ess constant thereafter.
method (4500-FiB); ORP—electrometric method (2580 The performance of the corresponding suspended growth

B); sulfates—turbidimetric method (4500-$OE); DO— configuration (SBSR) at 1.7kg COD/cum-day of OLR
membrane electrode method (4500-0G)) were employed as

outlined in the Standard Methof&l]. Oxygen consumption 70
rate (OCR) was determined using DO probe (YSI 5100) by
continuously monitoring the DO in the reaction phase when . 417 Kg CODloum-day
the air supply was turned (APHA, 1998, Method-2710 B). ;2:::;‘:3”:::3:
During this phase the DO is linear and OCR is evaluated

as

o
o

+a
o

DO; — DO
OCR= —1 2 (5)
to—11

w
o

Where, OCR in mg @min—! and DQ and DQ are the
DO concentrations at time andty, respectively, in minutes.

All the analytical determinations were made in duplicate
and the average was taken. The virgin and biofilm immo-
bilized GAC was carefully dehydrating at 3G in hot air
oven for 24 h without disturbing the actual morphology of 0 ‘ —n-

o . . : 2 4 6 8 15 20 24

the biofilm and was subjected to scanning electron microgram Cycle Time (h)
(SEM) to observe surface morphological details. Biofilm size
was measured using SEM. Fig. 2. COD removal efficiency in SBGR.
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100 - 3.2. Non-cumulative SDR
—&— 1.7 Kg COD/cum-day

-X-3.5 Kg COD/cum-day
-0~ 5.5 Kg COD/cum-day

g The non-cumulative substrate degradation rate profiles for
all the three OLRs studied are depicted-ig. 4. The profile

for all the studied cases showed a consistent trend of increase
in the substrate removal rate with the function of cycle period.
Rapid substrate removal rate was observed between 8 and
20 h of the cycle period. For 1.7 kg COD/cum-day of OLR,
maximum substrate removal rate (1.84 kg COD/cum-h) was
observed after 15 h of the cycle operation, while in the case
of 3.5kg COD/cum-day and 5.5kg COD/cum-day, maxi-
mum substrate utilization of 2.99 kg COD/cum-h and 3.82 kg
COD/cum-h respectively were observed after 20h of the

60

BOD Removal Efficiency (%)

20

0%‘ 2 i 6 5 1'5 2'0 24 cycle operation. Slow substrate utilization observed during
Cycle Time (h) initial phase of cycle operation may be attributed to the pres-

ence of high concentration gradient of the substrate in the

Fig. 3. BOD removal efficiency in SBGR. reactor volume. With increase in the cycle period the sub-

strate in the aqueous phase adsorbed on to the GAC resulting
recorded 47.1% COD removal efficiency accounting for SDR in the reduction of actual substrate concentration in the reac-
of 0.80 kg COD/cum-day. Detailed discussion regarding the tor volume leading to rapid substrate removal.
performance of the SBSR at different OLRs studied was pre-
sented elSGWhete?]. At3.5 kg COD/CUm'day of OLR, Only 3.3. Kinetics of substrate degradation
25.3% of COD removal efficiency (0. 875 kg COD/cum-day

of SDR) was observed. With increase in OLR a significant  The reactor performance with respect to substrate degrada-
decrease in the substrate removal efficiency was reportedion was analyzed by linearly fitting the empirical relationship
and this observation correlated well with the reduction in represented by E(ﬂ4) and the first order kinetic model rep-
mixed liquor VSS concentration [from 1800mg/l (1.7kg resented by Eq5) [29,30] TheRs for all studied conditions
COD/cum-day) to 900 mg/l (3.5kg COD/cum-day]. Com-  estimated by the first order model E§) is shown iriTable 2
paratively, GAC configured system showed effective per- For comparison, the table also includes the respective figures
formance over the corresponding suspended growth systenyf SBSR, which was not discussed earlier with kinetic aspect.
studied at similar operating conditions treating composite The parametek; obtained from the first order model Eg)
chemical wastewater in our laboratdfy’]. The SBGR sys-  and the value of parametess and a, obtained from the
tem sustained its performance even at higher OLRs (up toempirical model Eq(4) are also shown iffable 2as a func-

5.5 kg COD/cum-day) without process inhibition. However, tjon of OLR and reactor configuratioRig. 5a and b presents
the corresponding suspended growth system resulted in prothe variation profiles of parametess andk; as a func-
cess failure at OLR of 3.5 kg COD/cum-day. tion of OLR and reactor configuration. The results indicated

4 -

—&— 1.7 Kg COD/cum-day
—*— 3.5 Kg COD/cum-day
—0—5.5 Kg COD/cum-day

SDRT (Kg COD/cum-h)

0 4 8 12 16 20 24
Cycle Time (h)

Fig. 4. Substrate degradation rate (hnon-cumulative) during sequence phase operation.
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Value of parameters of the empirical model (f4)) andk; andCsg from the first order model (Eq5))

Reactor OLR (kg COD/cum-day) ki (h™1) t(h) a; (dimensionless) Rs (kg COD/cum-day) az (h) Csr (mg COD/I)
SBGR 1.7 2.03 12 0.67 1.14 14 1005

35 0.94 1% 0.48 1.69 146 1520

55 0.63 174 0.39 2.13 161 2260
SBSR 1.7 0.62 13 0.38 0.65 13 790

35 0.26 318 0.20 0.71 9l 1110

that the overall substrate removal rate increased with the

increase in OLR. However, in SBGR system, substantial

improvement in thékg values was noticed with increase in

OLR, while in the case of SBSR, a marginal increasdn

value was observed. Stabilization tendency was observed in
the case of SBGR system after approaching OLR of 3.5kg 4 ¢.24-

COD/cum-day. It is also evident from the data that SBGR

showed superior performance over the corresponding SBSR g

system.

3.4. BOD/COD variation

An attempt was made to study the variation of BOD/COD

ratio during the sequence phase operation to understand the

influence of the BOD/COD ratio on the process performance
(Fig. 6). The BOD/COD ratio with respect to SBSR reactor is

also presented in the graph for comparison. The ratio showed

a gradual reduction during the course of cycle operation for
all the studied cases. It is evident from the profiles that the studied higher OLRs. Comparatively poor performance of
GAC configured system was observed to be more robust inthe SBSR at higher OLR can be attributed to the presence of
sustaining its performance at low BOD/COD ratio compared high substrate gradients of composite chemical wastewater
to corresponding suspended growth system. A steep declindn the reactor inhibiting the native biomass [loss in mixed
in the ratio was observed after 8 h of the cycle operation for liquor biomass (VSS) concentration]. Presence of GAC as
all the studied variations. The decline in BOD/COD ratio was supporting material in suspension facilitates low substrate
observed with an increase in OLR. Process inhibition with concentration in the bulk liquid of the reactor volume due to
respect to substrate removal was not evident in SBGR at thesorption phenomena, which reduces biomass exposure to the

25+ -20
24 16
< 154 112
X
11 AN |®
-
o ki i oY
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9
0.5+ +4
0 1 t
1.7 35 55 0
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Fig. 6. Variation of BOD/COD ratio during sequence phase operation.
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Fig. 5. Variation of parameters of the empirical model (E)) and the first order model (E¢)) as a function of OLR and reactor configuration (a) SBGR

and (b) SBSR.
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Table 3

Variation of sulfate removal

Reactor OLR (kg COD/ISO~ Total sulfate
COD/cum-day) removal (mg/l)

SBGR 17 3.34:0.12 69.19+ 0.49
35 3.23+0.07 114.48+ 1.12
55 3.42+0.10 164.39+ 1.46

SBSR 1.7 3.34-0.06 47.07+ 0.67
35 3.23+0.12 91.23+ 0.98

toxicants. In addition, the adsorbed toxicant may eventually
undergo biodegradation with the acclimatized microbial
population [32]. The high flow rate around the particle

creates effective mass transfer of dissolved organic matter

from the bulk liquid on to the particle surfad@6]. The
surface texture of the GAC initiates the initial colonization
of the microorganisms on the surface and the colonized
biofilm on the surface metabolizes the adsorbed pollutants
from the bulk fluid or as a result of desorption from the
surface of the GAQ33,34].

3.5. Sulfate removal

65

0.035

—&—1.7 Kg COD/cum-day
~#¥—3.5 Kg COD/cum-day
—0O—5.5 Kg COD/cum-day

0.03 1

=
e o
o »
N oo

0.

OCR (mg O2/minute)
2 ¢

a o

- o

=

0.005 |

Cycle Period (hrs)

Fig. 8. Variation of OCR during sequence phase operation at 3.5kg
COD/cum-day OLR.

respectively. In case of corresponding suspended growth con-
figured system about 8% of sulfate removal efficiency was

reported (by keeping the COD/sulfate ratio constant at 3.3)

[17]. Venkata Mohan et aJ17] attributed the transformation

in the SBR operation to the presence of prevailing anoxic

microenvironment during the sequence phase operation of

Conventional aerobic system cannot reduce sulfates, as ithe SBR and to the induced anoxic zone in the internal layers
needs either anaerobic or anoxic environment to bring aboutyt the piofilm. A total of 60 min of anoxic microenvironment

the reduction. In general, the COD/sulfate ratio of 3.3 is nor-
mally considered to be highly inhibitory for any anaerobic
process[35]. In this study, sulfate reduction in the range
of 9-13% was achieved at all the OLRs studiddhkle 3
and Fig. 7). About 13.23% of sulfate removal efficiency
was observed accounting for 69.19 mg/l of sulfate removal
at the OLR of 1.7 kg COD/cum-day. In the case of higher
OLRs of 3.5kg COD/cum-day and 5.5kg COD/cum-day,
sulfate removal of 114.5 mg/l and 164.33 mg/l was observed
accounting for 10.6 and 9.7% of sulfate removal efficiency,

14
—4—1.7 Kg COD/Cum-day
—%-3.5 Kg COD/Cum-day
-0-5.5 Kg COD/Cum-day

12

Sulfate Removal Efficiency (%)

opE=— . . . .

6 8 20.05

Cycle Time (hours)

15 24

Fig. 7. Sulfate removal efficiency during sequence operation.

was included during fill, settle and decant phases of the cycle
operation, which facilitates a suitable environment for sulfate
reduction. The biofilm size also had significant influence on
the extentand presence of anoxic zone and the internal biofilm
normally had anoxic environmefit0,17]. Biofilm floc size

of above 20Qum was reported to have anoxic microniche in
the internal part of the thick flog&0]. The GAC particle size
itself was about 1.5 mm in diameter, which facilitate profuse
anoxic environment in the internal clusters of GAC-biomass
leading to sulfate transformation. Extension of anoxic phase

78 T T0
7.6 T B m T20
74 +-40
s
- E
T 7.2 60 o
@
o
7 - -80
6.8 -100
6.6 4 — = -120

8 15
Cycle Period (hours)

23.3

Fig. 9. Variation of pH and ORP during sequence phase operation at 3.5kg
COD/cum-day.
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period in total cycle period may further enhance the sulfate cycle operation and after 4 h of operation the rate increased
removal efficiency. Detailed studiesin this direction are being rapidly and attained maximunirig. 8). After 15 h of cycle

conducted in our laboratory.

3.6. Process monitoring

operation, OCR gradually dropped up to be 20 hand remained
more or less constant till the end of the cycle. The consump-
tion rate of oxygen was found to dependent on the OLR.

Higher loading rates showed higher oxygen supplementation

Oxygen consumption/transfer capacity is often one of the for aerobic metabolism of the substrates.

important factors that limit the capacity of aerobic biologi-

The variation of pH and ORP during sequence phase was

cal systems and indicates the ongoing biochemical process@lso monitored and is shown Kig. 9. The influent feed was
Oxygen consumption rate was monitored to assess the abilityadjusted to 7.3 0.2 prior to feeding. The aqueous phase pH
of biomass to degrade complex substrate in aerobic environ-was found toincrease gradually with time and approached 7.6

ments. OCR was relatively low during the initial phase of

€] 880121 18KY X2.50K 12.8um
Virgin GAC

2 [ P'.. E
PPO124 1BKY X2.950K 12.0um
GAC Biofilm

(b)

Fig. 10. Scanning electron micrograph (SEM) images of GAC (a) virgin
GAC and (b) biofilm immobilized GAC.

at the end of the reaction phase. ORP (mV) profile visualized
a mirror image to pH and with increase of sequence time
the ORP approached zero (0 mV). For all the experimental
variations studied the pH and ORP profiles remained more
or less same.

Scanning electron microgram images of virgin GAC and
biofilm immobilized GAC (acquired during the reactor oper-
ation of reactor at 3.5 kg COD/cum-day of OLR) are shown
in Fig. 10 From the microgram, the morphology of the GAC-
biofilm was found to be heterogeneous in nature with uneven
dense surface texture formed on the carbon surface compared
to virgin GAC.

4., Conclusions

Studies revealed the efficiency of GAC-biofilm config-
ured system over the corresponding suspended growth sys-
tem in treating composite chemical wastewater. The reactor
showed to sustain its performance at higher organic load-
ing rates and at even low BOD/COD ratio without sys-
tem inhibition. Sulfate removal efficiency of #12% was
observed due to prevailing anoxic microenvironment during
the sequence phase operation of the reactor and the existing
internal anoxic zones in the biofilm. GAC as carrier mate-
rial provided low toxicant concentration in the bulk fluid
due to sorption mechanism and thereby reduces the biomass
exposure to the toxicant. Operation of reactor in sequencing
batch mode provided effective process performance due to
enforced short-term unsteady state conditions coupled with
periodic exposure of the microorganisms to defined process
conditions which in turn facilitate control of the physiologi-
cal state of microorganisms. GAC-biofilm configured system
coupled with sequencing batch mode operation holds promise
for the treatment of composite industrial wastewater over the
suspended growth system.
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