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2004) was used for measuring and determining on-line the 
amount of suspended solids (dry matter) in a bioreactor. Whilst 
conducting biochemical reactions, the significant influencing of 
measured values was discovered by aeration and stirring. This 
phenomenon can be explained, because in the internal space of 
the fermenter the suspended solid particles may be exposed to 
gyration and elevation. Moreover, the current of air bubbles 
during aeration influences analysis much like solid particles do. 
In Fig.2 the influence of aeration and stirring on measuring 
turbidity is clearly visible. 

 

 
 

Fig. 2. The courses of TRB turbidity value measured, together 
with switching aeration sQ and stirring sr  on and off 
 

When evaluating the courses of values in Fig.2, significant 
changes become visible in the values of turbidity TRB 
measured according to the aeration taking place or the 
procedures of stopping and/or stirring. During aeration, large 
quantities of air bubbles arise in the measured volume. Their 
number, movement and size are caught by a turbidity sensor, 
and analysis is carried out via the turbidimetry and 
nephelometry methods as higher absorption or dispersion can 
occur. The resultant value oscillates over time, and in Fig.2 it 
fluctuated around the value of 800 FNU. When aeration is 
switched off the turbidity value drops and remains constant 
after stabilising. Upon simultaneously switching off the stirring 
process, the resultant measured value drops to small amounts 
close to zero.In changes of dry matter content, it is possible to 
see courses as Fig. 3.  The dry matter content was increased to 
3.8 g/l. After switching on the aeration and stirring process, the 
value measured oscillates and is mainly affected by aeration 
bubbles. Through switching the aeration off but continuing to 
stir, the FNU value measured drops to a constant which 
corresponds to the value of the content of suspended matter. On 
subsequently ceasing to stir, the turbidity temporarily rises 
slightly above the pre-set and limiting upper boundary of 
measurement.  

 

 
 
Fig. 3. Turbidity and sedimentation of suspended solid particles 
In this state, upon switching off the stirring process, the 
horizontal movement of flakes ceases. Then the solids  

sediment at the bottom of the fermenter. During descent at the 
level of the turbidity sensor, the detection area is filled with 
sludge and, therefore, it reaches the maximum quantity. Once 
sludge flakes fall further, below the level of the detection area 
of the sensor, turbidity drops to a value around zero. 
 
4. DISCUSSION OF RESULTS 
 
4.1 Influences of aeration 

In accordance with all the findings available at present and 
their analyses, having aeration switched on fundamentally 
influences measurement methods and their results. The value 
measured is negatively affected via uncertainties from bubbles 
which are formed upon aeration. The value of the rise in the 
amount measured is multiplied and its upper level depends on 
the content of the dry matter. 

 
4.2 Effects through stirring 

Analysing various technological experiments also shows 
the effects of stirring. With aeration switched off but stirring 
on, it has been confirmed that the suspended particles remain 
elevated, are dispersed evenly around the measuring head of the 
turbidimeter and that measuring is not affected by uncertainties, 
such as from the inhomogeneity of the content of particles in 
the reaction space. Switching off the stirring process meant that 
maintaining the homogeneous content is not assured. Initially, 
after switching it off, super saturation of the measured value 
follows and then this calculation drops to around zero, because 
there are no suspended particles floating around the measuring 
head as they become settled at the bottom of the fermenter. 

 
4.3 Effects of the content of suspended particles 

The concentration of the content of suspended particles 
affects the transition process when switching stirring off.  
 
5. CONCLUSION 

Uncertainties in measuring turbidity lie in the existence of 
air bubbles during the aeration process, the increase in the 
measured value is many-fold, and measuring during aeration is 
not correct. Correct turbidity measurement is only possible 
through having switched stirring on and aeration off 
concurrently. With a high concentration of suspended particles, 
it is necessary to count on a transition occurring when the 
resultant value of turbidity is at a maximum. In order to 
determine the concentration of suspended matter, it is possible 
to use the measurement of turbidity installed by the system on 
the DE5 only with aeration switched off and stirring on. 
According to the dynamics of the transition that occurs once 
stirring is switched off, it is possible to deduce the speed and 
time of sedimentation of the suspended particles in the solution 
in the fermenter. 
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