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Academy of Sciences of the GDR, 1115 Berlin, Robert-Roessle-Str. 10,

German Democratic Republic

INTRODUCTION

Biochemical oxygen demand (BOD) is a widely used parameter for the

determination of biodegradable organic compounds in waste water. The

conventional BOD test takes 5 days (BODs) and is thus unsuitable for

process control. A more rapid estimation of BOD may be possible by

using a microbial sensor containing whole celis immobilized on an

oxygen electrode. The first report of such a microbial BOD sensor was

published in 1977 by Karube et al. £27. In contrast to microbial

sensors for substrate measurements, which should be highly specific,

the microorganisms for BOD sensors must have a broad substrate

spectrum. Activated sludges obtained from waste water treatment

Plants, which contain a variety of species of microorganisms have been

used in BOD sensors [1,2]. However, it was difficult to prepare

reproducibly working sensors with activated sludge containing mixed

Populations [3]. Sensors using pure cultures of microorganisms seem to

be more suitable, as has been demonstrated with Trichosporon cutaneum

(3-51, Hansenula anomala I[61, Clostridium butyricum [il], Escherichia

coli [71 and Bacillus subtilis [5]. Most BOD sensors employing

=

an

stationary state measurement exhibit response times of 15 — 20 min.
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RESULTS

For the determination of BOD involving microbial sensors it is also

possible to use the dynamic or kinetic mode (differential current-time

curve method) . These sensors are based on the measurement of the

acceleration of the respiration rate by the change in electric

current. When the initial change of current is measured instead of

the steady-state current, the time needed for one measurement is

shortened to 15 and 30 s for B. subtilis and 7. cutaneum-based

sensors, respectivily. A recovery time of 5 min is required between

the measurements. Using 4 glucose-glutamic acid standard (GGA) the

linear range for the B. subtilis-based sensor is up to 20 mg/l HOD,

that for the 7. cutaneum-based sensor up to 100 mg/l BOD. The lower

limit of detection is 4 mg/l BOD. The signal is reproducible within

+5 % in a series of ten samples of 22 mg/l BOD (GGA).

However, there are differences between the BOD. and the biosensor

method, especially when solutions containing pure substances were

tested , such as sucrose, glycerol, alanine, Glycine, and acetic acid.

These differences result from the different principles used in the two

tests. The oxygen demand of a sample is measured in the conventional

test during S days, reflecting the various metabolic reactions of a

mixed population. However, the determination of BOD with a microbial

sensor is a test with a selected microbial species. A possibility

for adapting the response of the BOD sensor is the pretreatment of

the sensor with the desired substrates. As shown in Table 1, good

agreement was obtained between BOD values, estimated by the

microbial sensor, when this sensor was incubated with the desired

substrate, and those determined by the conventional BOD method. Whilst

the nonincubated microbial sensor showed lower BOD values as compared

with the BODs for sucrose, glycerol, alanine, and Glycine. The sensor

values for acetic acid were higher than those determined with

conventional method.

When the sensor is incubated with a pure substrate, only the sensiti-

vity for this compound is increased. The response to GGA standard

solution is not altered. Therefore, the incubation with a substrate

causes a specific alteration of the biosensor, which consists in an

induction of the respective transport systems and metabolic pathways

in the microorganisms.
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Tableis Influence of preincubation (12 h) of the BOD sensor

containing 7. trichosporen in solutions containing various

substrates (2 mmol/l) on the signal caused by these substrates

(substrate conc.: i mmol/l). GGA (22 mg/l BOD) was used as

control.)

 

 

 

Substrate Control Incubation BODes

Ta BOD Ie BOD [%]

I[nA/min] [g/gl InA/min] [Lg/g] [g/g]

CONTROL 465 464 100

GLUCOSE 1018 0.56 1112 0,68 109 0.5-0.72

FRUCTOSE 466 9.44 846 9.601 182 0.71

SUCROSE 45 0.019 314 0.18 698 0.49-0.76

GLYCEROL 114 0.145 292 0.58 256 0. 42-0185

ACETATE 583 0.8 1112 1.53 190 0.34-0.88

ALANINE 94 0.194 215 0.407 228 OL Ss.

GLYCINE 91 0.29 140 0.45 154 0.32-0,55

 

The incubation procedure of microbial sensors was applied to the BOD

estimation in waste waters from fermentation and chemical factories.

As shown in Table 2, simular results are obtained for BOD estimated

with the preincubated microbial sensor and the BODs, whilst the sensor

values without incubation shown large differences to the BOD»-values.

CONCLUSION,

The main advantage of the present sensor is the response time of 30 5,

which is short as compared with 15 - 20 min for the known BOD

sensors, Therefore, these BOD sensors allow highly effective process

control.
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the untreated and waste
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water-treated T.

with those determined by the BODs method

 

cutaneurm cells

 

 

 

 

sample BODs BOD.sada

Emg/1] [mg/1]

untreated waste

water-treated

Chemical factory 726 470 853

Food factory 8000 4076 8764
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