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SUMMARY 

This study investigated measurement robustness of the Dekati bipolar charge analyser or BOLARTM, specifically 
the influence of operating temperature and humidity on bipolar charge measurements using a range of aerosolised 
inhalation powders.  

The Dekati BOLAR is the first commercially available unit capable of measuring the bipolar charge of aerosolised 
material as a function of particle size. To enhance understanding of the subtle relationships between bipolar 
electrostatic charge and temperature/humidity, one must first understand the capabilities and optimal operating 
conditions of the BOLAR in order to make accurate and scientifically sound interpretation of the charge data 
generated. 

The data from this study demonstrated that bipolar charge measurements were generally consistent and 
reproducible across a temperature and humidity range encompassing typical laboratory conditions; temperature 
ranging from 19 to 27°C with a relative humidity (RH) range of 10 to 54%.  

The experiment provided confidence that bipolar charge measurements were insensitive to variations in operating 
conditions, therefore any observed differences between aerosols may be attributed to the material under test. 
Furthermore, each formulation tested exhibited unique bipolar charge characteristics with differing overall net 
charge and bipolar charge magnitude which remained consistent throughout the study. 

INTRODUCTION 

The adverse effects of electrostatics on inhaled powders has been well documented; these forces can affect powder 
handling, formulation processes and powder flowability[1], but also influence the characteristics during 
aerosolisation[2-4]. On the other hand, controlling charge effects may provide the potential to improve device dosing 
consistency, or even targeted deposition in the respiratory system[5]. However, the direct relationship between 
electrostatic charge and deposition remains relatively unknown.  

Triboelectric charging (electrostatic charge by friction) can occur when powders from pharmaceutical inhalers are 
aerosolised. Particle-particle and particle-surface interactions are likely to result in a population of bipolarly charged 
particles[6] which influence the deaggregation process and, as a consequence, impact aerosolisation and 
deposition. Therefore, in order to improve understanding of these mechanisms, it is important to measure not only 
overall charge, but also bipolar charge of these materials. 

Historically, a number of techniques have been developed to measure electrostatic charge of powders; the most 
well-known charge measurement system, the Faraday pail, is capable of measuring the net charge of bulk powder, 
however the technique provides limited insight into the electrostatic characteristics of dispersed aerosols[7]. Such 
static measurement systems do not provide information on the dynamics of dose emission and the resultant effects 
of deagglomeration.  

Another instrument, known as the Dekati Electrical Low Pressure Impactor or ELPITM, was designed to measure 
the net charge as a function of particle size[8]. Despite the capability of determining the overall charge (polarity) of 
aerosolised material relative to its size distribution, the extent of bipolar charge remained unresolved. As a 
consequence, a collaboration involving GlaxoSmithKline (GSK) and Dekati resulted in the design and development 
of the first commercially available measurement system, the Dekati BOLAR, to characterise bipolar charge of 
aerosolised material as a function of particle size; the BOLAR was shown to perform comparably to the ELPI with 
respect to net charge[9]. 

MATERIALS AND METHODS 

Equipment 

The dose is aerosolised via a United States Pharmacopoeia (USP) induction port at a flow rate of 60L/min after 
which, the flow and post-throat dose is split equally six ways by the flow divider component for aerodynamic size 
differentiation by the impaction stages. The fractionated dose that travels beyond the impaction stages is then 
separated by the bipolar charge detection tubes; the inner detector surfaces are charged to +1kV which attract 
negatively charged particles and the outer detector surfaces, held at ground potential, attract positively charged 
particles. Electrical signals from the particles interact with the corresponding detection surfaces so that bipolar 
charge can be measured. 
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Figure 1: Dekati BOLARTM Bipolar Charge Meter (Assembled Unit/Internal Components/Flow Divider) 

 

 

Figure 2: BOLAR Schematic with Effective Cut-off Diameters (ECD) 

Samples 

Four lactose-based dry powder inhaler (DPI) formulations, known to exhibit different bipolar charge characteristics, 
were used for this experiment. Six doses were aerosolised from each of two devices per formulation, resulting in a 
total of twelve charge measurements per formulation and temperature/RH condition. Samples were stored in sealed 
foil overwraps prior to testing and kept isolated from the temperature and RH-controlled room until time of 
measurement to minimise the effect of operating conditions on formulation performance. 

Operating Conditions 

The operating temperature and relative humidity conditions used in the experiment are reported in Table 1.  

Table 1: Test Conditions 

Day Temperature (°C) % Relative Humidity 

Day 1 22 23 

Day 2 27 51 

Day 3 23 54 

Day 4 19 10 

Day 5 24 12 

Day 6 23 35 
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RESULTS AND DISCUSSION 

The bipolar charge characteristics (measured in Picocoulombs, pC) for each of the four formulations were largely 
comparable across the range of operating conditions. The positive, negative and net charges (sum of positive and 
negative charge) for the particle size range 0 to 11.6µm are shown in Figures 3 to 6.  

Dose to dose variability was observed to be similar across the detector tubes and formulations, however variability 
day to day was more consistent for formulation 2 than formulations 1, 3 and 4, thus suggesting that formulations 
may differ in their sensitivity to operating conditions at the time of aerosolisation. The range of mean charge data 
across all days for size fraction 1 to 2.6µm is reported in Table 2. 

Table 2: Positive and Negative Charge Ranges for All Conditions (1-2.6µm) 

Formulation Range, Positive Charge (pC) Range, Negative Charge (pC) 

1 383 to 523 -341 to -513 

2 669 to 735 -746 to -826 

3 792 to 996 -323 to -448 

4 685 to 902 -817 to -1045 

 

The net charge measurements for size fraction 1 to 2.6µm show that formulation 1 was slightly net-positive (+26 
pC) and formulations 2 and 4 slightly net-negative (-87 and -127 pC respectively). In contrast, for the same size 
fraction, formulation 3 exhibited a high overall net positive charge of +495 pC. The charge characteristics for each 
of the formulations, with differing overall net charge and bipolar charge magnitude, remained fairly consistent across 
the six days of analysis. 

                        

Fig. 3: Mean (Range) Charge Distribution - Formulation 1           Fig. 4: Mean (Range) Charge Distribution - Formulation 2  

           

Fig. 5: Mean (Range) Charge Distribution - Formulation 3           Fig. 6: Mean (Range) Charge Distribution - Formulation 4 
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CONCLUSION 

The data from this study demonstrates that bipolar charge measurements were generally consistent and 
reproducible across a temperature and humidity range encompassing typical laboratory conditions; temperatures 
ranging from 19 to 27°C with a relative humidity range of 10 to 54%.  

The experiment provided confidence that bipolar charge measurements were insensitive to variations in laboratory 
operating conditions, therefore, in typical use, any observed differences between aerosols using this methodology 
could be attributed to the material under test. Furthermore, each material tested exhibited unique bipolar charge 
characteristics with differing overall net charge and bipolar charge magnitude which remained consistent throughout 
the study. 

The consistency of the bipolar charge data for the tested formulations suggested that the delivery performance was 
largely unaffected by the conditions. The range of conditions used in this study represents a high percentage of 
typical laboratory operating temperature and humidity; expanding the range even further may provide additional 
understanding of measurement robustness.  

For this particular robustness study, mass analysis was not required to elucidate differences in charge resulting 
from environmental laboratory effects. However, to determine whether the data is dependent on mass deposition 
or charge per mass, full component assay can be performed. In conclusion, the Dekati BOLAR has been shown to 
be a robust tool for characterisation of bipolar charge at realistic laboratory operating conditions. 
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