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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 were tested 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 subtilis by testing
values in 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
BOD5 method.  2013 Trade Science Inc. - INDIA
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INTRODUCTION

Biochemical oxygen demand (BOD) is an impor-
tant indicator of organic pollution in water. The stan-
dard 5-day BOD determination of pollution is labor-
intensive, involving specific sample incubation and of-
ten requires 5 days to produce a final result that is not
always reproducible 1. Therefore, many kinds of mi-
crobial biosensors developed, some have been used
with success for environmental monitoring These sen-
sors are based on a combination of microorganisms and
an electronic signal-transducing element, which has a
number of advantages, such as high stability and short
response time 2.
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BOD biosensors require microorganisms of low se-
lectivity and high biooxidation activity for a wide range of
organics, so that they can be used to monitor process
effluent and wastewaters from different sources. There-
fore, it is vital to select suitable microorganism and opti-
mal working conditions for a biosensor 1, 3. Until now,
many assimilative microorganisms have been applied and
reported including: Bacillut subtilis, Trichosporon
cutaneum, Pseudomonas sp. and Hansenula anomala etc.
4, 6, 7. In the present study, efficient microorganism was
isolated to make synthetic membrane, and a dissolved
oxygen electrode was used as a transducer for the oxy-
gen measurement. The influence of immobilized media-
tors and temperature were determined.
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EXPERIMENTAL

Microoganisms

The bacterials used for experiment were isolated
from activated sludge collected from aeration tank of
Liede wastewater treatment plant, Guangzhou, China.
The pure culture was obtained by 3 times streak plate
method, and named BA1304. The pure culture was
cultured at 140 rpm (35C) for 20h. The cells were
harvested by centrifugation (4000 rpm, 10 min), washed
three times by saline solution (0.8 w/v NaCl) and stored
at 4C for use. The bacterial BA1304 was identified
by Biolog System (Microlog 3) and analyzed its utiliza-
tion on carbon source.

Mediator screening

Calculated amounts (wet cells 10 mg) of the pure
culture broth were mixed with three immobilized me-
diators (20 mg): polyethylene, sodium alginate and 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 pore size) was carefully sandwiched in
a syringe filter 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.

Temperature optimization

Four temperature grads: 25C, 30C, 35C and
37C were employed to find the optimal temperature
for BA1304. In order to stabilize the BOD sensor sys-
tem and measure the response of the immobilized mi-
crobial membrane, 100ml of Na2HPO4-KH2PO4
buffer (pH 6.9) was placed in a thermo stated cell at
different working temperature under constant and mod-
erate stirring. The current change was observed after
addition of the samples until a steady state was reached.

Biosensor testing

An microbial membrane was used for BOD sen-
sor as previously described 2, 4. When the current
output of the sensor reached a steady state, a sample
of BOD test solution (Standard glucose-glutonic acid:
GGA) was added to the 5.0-ml phosphate buffer so-
lution. This caused the current output to decrease and

a new steady-state current was established. The dif-
ference between the background steady-state current
and the steady-state current after the addition of the
BOD test sample provided the signal response (i) of
the microbial BOD sensor. A GGA mixture was used
as the standard BOD solution in this work. The GGA
solution has been used widely as a calibration solu-
tion. It was operated continuously by feeding the
wastewater through the injection port of the anode
compartment at a rate of 0.35 mL/min using a peri-
staltic pump. The BOD sensor measurements were
made using steady state method. The steady state in-
dicates the consumption of oxygen by microorganism
which diffuses from a sample solution to the mem-
brane at equilibrium. In steady state method, the dif-
ference of current between the two steady states re-
flects the respiration rate of substrate and was used
for BOD sensor estimation. The measuring time was
8 min followed by 10�15min recovery time. The con-
ventional BOD5 method was used as the standard
method for comparison.

RESULTS

Culture identification

The pure culture of BA1304was identified as Gram+

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
micropore identification plate after 4-6 h and 16-24 h
incubation. In turn, carbon source utilization of BA1304
was analyzed with the readings (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 as Bacillus subtilis.

Immobilized mediator selection

The stability of three mediators was investigated 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 data in poly-
acrylamide treatment fluctuated greatly comparing with
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other 2 mediators. Its relative deviation (16.2%) was
much higher than the national permissible value (8%),
indicating that polyacrylamide is not suitable for 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 the range of guarantee
value of national standard and lower deviation (<4%).
This result indicated that polyethylene can be used as
immobilized mediators for BA1304.

Optimal temperature selection

Temperature was considered as a key factor that
influences the precision of BOD testing. The effect of
temperature on the steady-state response of the BOD
sensor membranes immobilized with polyethylene was
determined 16 times in standard GGA solution (2000
mg/L), as shown in figure 4-figure 7. The BOD values
were fluctuated greatly in 25C (figure 4), indicating
that this temperature can not sustain stable aerobic res-

Figure 1 : The result of BA1304 on GN2 MicroPlate after 4-
6h incubation

Figure 2 : The result of BA1304 on GN2 MicroPlate after 16-
24h incubation

TABLE 1 : The carbon source of BA1304 after different incu-
bation time

incubation 
time 

carbon source (according to utilization 
sequence) 

4－6h 
Sucrose, á-D-Glucose, Maltose, 
Maltotriose, Dextrin, Turanose, D- 
Trehalose, D-fructose 

16－24h 

D-fructose, á-methyl-D-glucoside, 
Maltotriose, D-Trehalose, á-D-Glucose, 
Dextrin, â- methyl -D- glucoside, L- 
Trehalose 

Figure 3 : The Testing results of different immobilized me-
diators using BA1304 in glucose-glutonic acid solution

Figure 4 : The testing results of BA1304at 25C in glucose-
glutonic acid solution

Figure 5 : The testing results of BA1304at 30C in glucose-
glutonic acid solution
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piration for BA1304, though in many previous studies,
it was used for other microorganisms 3, 5. Compared
with the result in 25C, though the testing values in 37C
had better stability, the high standard deviation (+116.7)
implied that its stability was still 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 three temperature treatments (figure 6).
Further analysis indicted that the average value in 35C
(1998.2+45.3 mg/L) is more closed to the standard
values, comparing with the result of 30C treatment
(2028.1+75.2 mg/L) (TABLE 2). Therefore, among
the 4 temperature grads, 35C is the best working tem-
perature for BA1304, which can sustain the BOD sen-
sor performed well without significant deviation in stan-
dard GGA solution.

TABLE 2 : Comparison of testing results with different tem-
perature treatments

Temperature Average 
(mg/L) 

Standard 
value 

(mg/L) 

Standard 
deviation 

Relative 
error(%) 

25℃ 1951.1 2000 253.3 2.4% 

30℃ 2028.1 2000 75.2 1.4% 

35℃ 1998.2 2000 45.3 0.9% 

37℃ 2039.5 2000 116.7 2.0% 

Figure 6 : The testing results of BA1304at 35C in glucose-
glutonic acid solution

Real sample testing

Different type of wastewater samples were used to
test by the BOD biosensor and BOD5 standard method.
Although the BOD values using biosensor gave less than
those of conventional BOD5 standard method the re-
sults of two methods had no significant difference
(TABLE 3), indicating that there was good agreement
between biosensor made with BA1304 and BOD5
method.

Figure 7 : The testing results of BA1304at 37C in glucose-
glutonic acid solution

TABLE 3 : Testing results of typical water samples

Sample 

Mean 
testing 
value 

(mg/L) 

BOD 
(mg/L) 

relative 
deviation 

(%) 

National standard 
sample 

105.8 107.5 1.9 

brewery wastewater 1089.1 1048.7 4.5 

River water 82.2 78.8 2.5 

Catering wastewater 405.0 425.3 5.0 
Waste water from 
chemical factory 

250.1 261.2 4.2 

DISCUSSION AND CONCLUSIONS

In this study, an Bacillus subtilis (BA1304) isolated
from sludge was used as biological sensing element.
The microbial 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 the real wastewater
samples, this was probably due to the incomplete me-
tabolism of certain substrates owing to the short reac-
tion times and the assimilability of the substrate by the
microorganisms.

The working condition experiments showed that the
introduction of polyethylene as cell carrier in form of
membrane was the most efficient method among sev-
eral mediator treatments. However, more studies should
be conducted to determine whether this result is a spe-
cies-specific reaction or not. In many previous studies,
25C or 30C was considered to be proper tempera-
ture for biodegrading organic substances, but our result
showed that the optimal working temperature for Ba-
cillus subtilis is 35C. it is probably due to the higher
temperature demand for Bacillus subtilis. The result im-
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plied that the sensor will be very reliably on how the
operating conditions are for the cells in the electrodes.
This will be of special importance when the biosensor
signal is to be used for feed control to the reactor.
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