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ABSTRACT

In order to get some efficient microbial membrane, a Bacillus subtilis
(BA1304) was isolated from wastewater, and was identified by the
MicroStation System, and was used as the sensitive material for the BOD
sensor (BODs) after being immobilized. Three immobilized mediators:
polyethylene, sodium alginate and polyacrylamide weretested for choosing
proper cell carriers. Furthermore, four temperature grads (25°C, 30°C, 35°C
and 37°C) were studied to find the optimal working conditions. The result
showed that the polyethylene was proven to be the most efficient mediator
to the electrode in the presence of excess glucose/glutamic acid (GGA).
The effective culture temperature was 35°C for Bacillus subtilisby testing
valuesin standard BOD solutions, which were estimated using the BODs
with deviation less than 5%. The BOD values were determined using the
sensor and compared favorably with those determined by the conventional
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INTRODUCTION

Biochemical oxygen demand (BOD) isanimpor-
tant indicator of organic pollutioninwater. The stan-
dard 5-day BOD determination of pollutionislabor-
intensive, involving specific sampleincubation and of -
ten requires5 daysto produceafina result that isnot
alwaysreproducible 1. Therefore, many kindsof mi-
crobial biosensors devel oped, some have been used
with successfor environmental monitoring These sen-
sorsarebased on acombination of microorganismsand
an electronic s gna-transducing € ement, which hasa
number of advantages, such ashigh stability and short
responsetime 2.
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BOD biosensorsrequiremicroorganismsof low se-
lectivity and high biooxidetion ectivity for awiderangeof
organics, so that they can be used to monitor process
effluent and wastewatersfrom different sources. There-
fore, itisvita to sdect suitablemicroorganism and opti-
mal working conditionsfor abiosensor 1, 3. Until now,
many ass milaivemicroorganiamshavebeen gppliedand
reported including: Bacillut subtilis, Trichosporon
cutaneum, Pseudomonassp. and Hansenulaanoma a€tc.
4, 6, 7. Inthe present sudy, efficient microorganismwas
isol ated to make synthetic membrane, and adissolved
oxygen el ectrode was used asatransducer for the oxy-
genmeasurement. Theinfluenceof immobilized media-
torsand temperaturewere determined.
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EXPERIMENTAL

Microoganisms

The bacteria sused for experiment wereisolated
from activated sludge collected from aeration tank of
Liedewastewater treatment plant, Guangzhou, China
The pure culturewas obtained by 3timesstreak plate
method, and named BA1304. The pure culture was
cultured at 140 rpm (35°C) for 20h. The cellswere
harvested by centrifugation (4000 rpm, 10 min), washed
threetimesby sdinesolution (0.8 w/v NaCl) and stored
at 4°Cfor use. Thebacterial BA1304 wasidentified
by Biolog System (Microlog 3) and andyzeditsutiliza-
tion on carbon source.

Mediator screening

Calculated amounts (wet cells 10 mg) of the pure
culture broth were mixed with threeimmobilized me-
diators (20 mg): polyethylene, sodium aginateand poly-
acrylamide and dropped on the cellulose nitrate mem-
brane, and then adsorbed onto the membrane by suc-
tion. A porous cellulose nitrate membrane (20mm di-
ameter, 0.25um poresize) was carefully sandwichedin
asyringefilter holder connected to an aspirator. The
prepared biofilms were immerge in 0.005mol/L
Na2HPO4-KH2PO4 buffer (pH 6.9) and stored at
4°C.

Temperatureoptimization

Four temperature grads. 25°C, 30°C, 35°C and
37°C wereemployed to find the optimal temperature
for BA1304. In order to stabilizethe BOD sensor sys-
tem and measuretheresponse of theimmobilized mi-
crobial membrane, 100ml of Na2HPO4-KH2PO4
buffer (pH 6.9) was placed in athermo stated cell at
different working temperatureunder constant and mod-
erate stirring. The current change wasobserved after
addition of thesamplesuntil asteady state wasreached.

Biosensor testing

Anmicrobia membrane was used for BOD sen-
sor as previously described 2, 4. When the current
output of the sensor reached asteady state, asample
of BOD test solution (Standard glucose-glutonic acid:
GGA) was added to the 5.0-ml phosphate buffer so-
lution. Thiscaused the current output to decreaseand
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anew steady-state current was established. Thedif-
ference between the background steady-state current
and the steady-state current after the addition of the
BOD test sample provided the signal response (Ai) of
themicrobia BOD sensor. A GGA mixturewas used
asthe standard BOD solution in thiswork. The GGA
solution has been used widely asacalibration solu-
tion. It was operated continuously by feeding the
wastewater through the injection port of the anode
compartment at arate of 0.35 mL/min using aperi-
staltic pump. The BOD sensor measurementswere
made using steady state method. The steady statein-
di catesthe consumption of oxygen by microorganism
which diffusesfrom a sampl e solution to the mem-
brane at equilibrium. In steady state method, the dif-
ference of current between thetwo steady statesre-
flectstherespiration rate of substrate and was used
for BOD sensor estimation. Themeasuring timewas
8 minfollowed by 10-15minrecovery time. The con-
ventional BOD5 method was used as the standard
method for comparison.

RESULTS

Cultureidentification

Thepurecultureof BA1304wasidentified asGram*
germ after Gram stained. It showed that the strain had
red-purple mycelium, indicating that BA1304 fit for
BUG +B agar plating medium (BUG agar plate +
0.05%~0.07% sodium thioglycollate). Figure 1 and
Figure 2 were the readings of BA1304 on GN2
microporeidentification plate after 4-6 hand 16-24 h
incubation. Inturn, carbon sourceutilization of BA1304
was analyzed with thereadings (TABLE 1, red grid
means sufficient utilization). Compared with database,
the utilization of carbon source showed that the ulti-
mate matching score between BA1304and Bacillus
subtilis was 95%. Base on this result, BA1304 was
identified asBacillussubtilis.

I mmobilized mediator salection

Thestability of three mediatorswasinvestigated by
16 times continually testing standard GGA solution
(2000 mg/L) 4-6 h everyday. Figure 3 showed that
during 16 times continually testing, the datain poly-
acrylamidetreatment fluctuated grestly comparing with
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Figure2: Theresult of BA1304 on GN2MicroPlateafter 16-
24hincubation

TABLE 1: Thecarbon sour ceof BA1304 after different incu-
bation time

Il @ mf ml Oof O @O >

incubation  carbon source (according to utilization
time sequence)
Sucrose, a-D-Glucose, Maltose,
4—6h Maltotriose, Dextrin, Turanose, D-
Trehalose, D-fructose
D-fructose, a-methyl-D-glucoside,
16— 24h Maltotriose, D-Trehalose, a-D-Glucose,

Dextrin, B- methyl -D- glucoside, L-
Trehalose

other 2 mediators. ltsrelative deviation (16.2%) was
much higher than the national permissiblevaue (8%),
indicating that polyacrylamideisnot suitablefor preci-
sion request of BOD test. When compared average
values between polyethylene (1998.1+10.3mg/L) and
sodium alginate (2054+34.6mg/L ), the data of poly-
ethylene treatment was kept in therange of guarantee
vaueof nationa standard and lower deviation (<4%).
Thisresult indicated that polyethylene can be used as
immobilized mediatorsfor BA1304.
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Figure3: TheTesting resultsof different immobilized me-
diatorsusing BA1304 in glucose-glutonic acid solution
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Figure5: Thetestingresultsof BA1304at 30°C in glucose-
glutonicacid solution

Optimal temperatureselection

Temperature was considered as akey factor that
influencesthe precision of BOD testing. The effect of
temperature on the steady-state response of the BOD
sensor membranesimmobilized with polyethylenewas
determined 16 timesin standard GGA solution (2000
mg/L), asshowninfigure4-figure 7. TheBOD vdues
werefluctuated greatly in 25°C (figure4), indicating
that thistemperature can not sustain stable aerobicres-
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piration for BA 1304, though in many previousstudies,
it wasused for other microorganisms 3, 5. Compared
withtheresultin 25°C, thoughthetestingvauesin 37°C
had better sability, thehigh sandard deviation (+116.7)
impliedthat itsstability was gill suspicious(figure 7 and
TABLE 2). On the other hand, the data under 35°C
showed that it could keep the better precision and sta-
bility than other threetemperaturetreatments(figure 6).
Further analysisindicted that theaveragevauein 35°C
(1998.2+45.3 mg/L) is more closed to the standard
values, comparing with theresult of 30°C treatment
(2028.1+75.2mg/L) (TABLE 2). Therefore, among
the4 temperature grads, 35°C isthe best working tem-
peraturefor BA1304, which can sustaintheBOD sen-
sor performed well without Significant deviationinstan-
dard GGA solution.

TABLE 2: Comparison of testing resultswith different tem-
peraturetreatments

Standard

remperare A e Sendard Reae
(mgl/L)

25C 1951.1 2000 253.3 2.4%

30C 2028.1 2000 75.2 1.4%

35C 1998.2 2000 45.3 0.9%

37C 2039.5 2000 116.7 2.0%
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Figure6: Thetesting resultsof BA1304at 35°C in glucose-
glutonicacid solution

Real sampletesting

Different type of wastewater sampleswereused to
test by theBOD biosensor and BOD5 standard method.
AlthoughtheBOD vauesus ng biosensor gavelessthan
those of conventional BOD5 standard method there-
sults of two methods had no significant difference
(TABLE 3), indicating that there was good agreement
between biosensor made with BA1304 and BOD5
method.
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Figure7: Thetestingresultsof BA1304at 37°C in glucose-
glutonicacid solution

TABLE 3: Testing resultsof typical water samples

M ean relative
Sample testing BOD deviation

value (mgl/L) (%)

(mg/L) °
National standard 105.8 1075 19
sample
brewery wastewater 1089.1 1048.7 45
River water 82.2 78.8 25
Catering wastewater 405.0 425.3 5.0
Waste water from 2501 261.2 42

chemical factory

DISCUSSION AND CONCLUSIONS

Inthisstudy, anBacillussubtilis(BA1304) isolated
from sludge was used as biol ogical sensing el ement.
Themicrobial membrane made of it showed good re-
peatability, long-term stability, and good agreement with
BOD5 standard method. Although the sensitivity showed
some variability depending upon therea wastewater
sampl es, thiswas probably due to theincomplete me-
tabolism of certain substrates owing to the short reac-
tion timesand theassimilability of thesubstrate by the
microorganisms.

Theworking condition experimentsshowed that the
introduction of polyethyleneascell carrier inform of
membrane wasthe most efficient method among sev-
erd mediator trestments. However, morestudiesshould
be conducted to determinewhether thisresultisaspe-
cies-specific reaction or not. In many previousstudies,
25°C or 30°C was considered to be proper tempera-
turefor biodegrading organi ¢ substances, but our result
showed that the optimal working temperaturefor Ba-
cillussubtilisis35°C. itisprobably dueto the higher
temperaturedemand for Bacillussubtilis. Theresultim-
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plied that the sensor will be very reliably on how the
operating conditionsarefor the cellsinthe e ectrodes.
Thiswill be of specia importance when the biosensor
signal isto beused for feed control to the reactor.
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