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Summary 

Laser diffraction is the recommended method to measure the droplet size distribution from aqueous nasal spray 
products. There is a risk in terms of Spraytec instrument contamination (lens and body) and air contamination by 
the sprayed drug product with the standard experimental set up. The use of drug products may require protective 
equipment such as fume cupboards or chemical hoods. Unfortunately, the measure of the droplet size distribution 
using the Spraytec cannot be carried out in such devices. In addition, the Malvern inhalation cell is not suitable for 
aqueous nasal spray due to the risk of lens contamination and spray impaction in the inhalation cell. 

In this context, we developed a safety cabinet allowing the measurement of the droplet size distribution of a new 
drug (aqueous nasal spray) using the Spraytec.  To validate the cabinet, the first step was the particle size 
measurement with and without the safety cabinet. The second step was the evaluation of ambient air contamination 
using a chemical tracer (fluorescein) in a form of spray and aerosol. 

Results have showed that droplet size distributions were similar in terms Dv10, Dv50, Dv90, Span and percentage 
of particle smaller than 10 µm with and without safety cabinet. No contamination was detected in the ambient air.  

The safety cabinet is an efficient protection system allowing droplet size measurement by laser diffraction for 
aqueous nasal spray products. 

Key Message 

Droplet size produced by nasal spray can be measured by laser diffraction without risk of air contamination when 
using a safety cabinet. 

Introduction 

Aqueous nasal sprays are widely used to administer different drugs in the nasal cavities. Particle size ranges from 
1 µm to 100 µm and is a key parameter to predict the deposition in the human airways (nasal and lungs). The 
cascade impactor is designed to measure aerosol aerodynamic particle size distributions in the size range from 0,1 
µm to 10 µm but is not relevant for characterization of the entire aqueous nasal spray that contains much larger 
droplets. FDA guideline [1] recommends laser diffraction method to measure the droplet size distribution with this 
large range of particle size. 

Most of aqueous nasal droplets are larger than 10 µm, with only a tiny fraction in smaller particles. But these particles 
have the potential to remain airborne for long enough to contaminate the local environment and penetrate the 
nasopharynx reaching the lungs of the worker. The risk has to be removed regarding safety regulatories. Previous 
studies have been carried out in the laboratory showing that there is a risk in terms of Malvern Spraytec instrument 
contamination (lens and body) and air contamination by the sprayed drug product with the standard experimental 
set up [2] using an aqueous nasal spray (data not shown). Moreover, the Malvern inhalation cell is a suitable 
accessory for the measurement of the particle size produced by devices such as Dry Powder Inhalers (DPIs) and 
nebulizers [3] but not suitable for nasal sprays because of the risk of lens contamination and droplet impaction in 
the inhalation cell due to large spray angle. 

The objective of the study was to develop an experimental and measurement method ensuring the safety of the 
user and allowing the droplet size measurement by laser diffraction method. 

Experimental methods 

We developed a safety cabinet using a standard filtration method in accordance with the ISO 10648-2 [4]. A HEPA 
filter (BAG 32040100, Camfil, France) was located in the upper part of the cabinet and was connected to a constant 
aspiration flow rate at 11 m3/h in order to produce a negative pressure of –200 Pa inside the cabinet. Additional 
openings connected with absolute filters (PALL BB50T, Pall Medical, France) were located around the lateral wall 
of the cabinet in order to ensure good ventilation and to limit the interaction between the air and the spray. The air 
change rate was 30 volumes/h. Cabinet includes airtight lens to ensure the laser measurement with a Spraytec 
laser diffractometer (Malvern, UK). An additional aspiration at 40 L/min and an absolute filter was placed in the 
cabinet at 2 cm behind the laser to collect the produced spray (Figure 1). 

We performed two types of experiments. 
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The first part of the study was to evaluate the influence of the safety cabinet on the particle size measurement. 

Three aqueous nasal sprays were used to measure the droplet size distribution by laser diffraction. The nasal pump 
was placed close to the lens taking into account the spray angle to avoid lens contamination by the spray. This 
distance was 6 cm. Furthermore, the distance from the tip of the nasal spray pump was located perpendicularly 3 
cm from the laser beam. 

Three measurements have been performed on the developed flow phase and the average of particle size 
distribution has been calculated, resulting in one result of measurement. 

Measurement provides size distribution at Dv10, Dv50, Dv90 (corresponding to diameter of the particle such as 
10%, 50% and 90% respectively of particle volume is under this diameter), Span (corresponding to the dispersion 
of particle size distribution and defined by [(D90-D10)/D50)]) and %< 10 µm (percentage of particle smaller than 10 
µm) were recorded for the 3 aqueous nasal pumps during the stable phase. 

Measurements were done in triplicate for each aqueous nasal spray pump both with and without the safety cabinet 
present, resulting in a total of 18 measurements. 

Statistical analysis was performed on Dv10, Dv50, Dv90, Span with and without cabinet (Mann and Whitney, 
GraphPad Prism 5, GraphPad software, La Jolla, USA). 

The second part of the study was to evaluate the risk of air contamination using the safety cabinet. 

Three nasal pumps were filled with fluorescein sodium (50 g/L) and 30 sprays were delivered in the safety cabinet. 
Fluorescein tracer was used for its high sensitivity in terms of detection. An absolute filter (ambient filter) (PARI 
Gmbh, Starnberg, Germany) connected to an aspiration pump (25 L/min) was located outside of the safety cabinet 
to simulate the worker exposure (Figure 2). 

A second type of risk of exposure was simulated with droplets smaller than those produced by aqueous nasal 

sprays. A mesh nebulizer (AeroNeb Solo®, Aerogen, Galway, Ireland) (Dv50 = 5 m), was filled with 4 mL of 
fluorescein sodium (50 g/L). The aerosol was generated at a distance of 1 cm from the laser beam An absolute filter 
(PARI Gmbh, Starnberg, Germany) connected to an aspiration pump (25 L/min) was located outside of the safety 
cabinet to simulate the worker exposure. Three replicate measurements were performed (Figure 2). 

The mass of fluorescein deposited on the absolute ambient filters was assayed by a spectrophotometry method. 

 

Figure 1: Safety cabinet for nasal spray measurement with the Spraytec 
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Figure 2: Experimental set up for ambient air contamination measurement using the safety cabinet  

Results 

Results obtained in terms droplet size distribution (Table 1) have shown statistical similar results in terms Dv10, 
Dv50, Dv90, Span between experimental set up with safety cabinet and without safety cabinet (p<0,05). Statistical 
test could not perform with %< 10 µm due to zero value. 

No fluorescein was detected on the ambient filter after fluorescein spray or aerosol.  

Mean ± sd 
(3 devices) 

Without safety cabinet With safety cabinet 

Dv10 (µm) 
34,3 ± 2,1 34,0 ± 2,2 

Dv50 (µm) 
56,8 ± 3,5 56,3 ± 2,2 

Dv90 (µm) 
98,5 ± 7,8 94,9 ± 9,4 

Span 
1,1 ± 1,1 1,1 ± 0,2 

%<10µm 
0,0 ± 0,0 0,0 ± 0,0 

Table 1: Particle size results by Spraytec using nasal pump with and without safety cabinet 

Discussion 

Results have shown that there is no influence of the safety cabinet on the droplet size measurement using a laser 
diffraction method (Spraytec). Air flow and circulation in the safety cabinet allow an efficient operation of the safety 
cabinet without spray modification and influence on the measurement of the droplet size distribution using the 
Spraytec. 

Moreover, this airtight safety cabinet equipped with efficiently extraction air ensures user safety and airborne 
environment protection. 

In this experimental set up, the Spraytec was not contaminated because the safety cabinet includes lenses. The 
safety cabinet can be considered like an inhalation cell for spray, ie “spray cell” without risk of ambient air 
contamination. After safety cabinet use, the Spraytec can be used for standard experimental setup without risk of 
cross contamination. 
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Conclusion 

The safety cabinet is an efficient protection method which can be used with a laser diffraction method for measuring 
droplet size produced by aqueous nasal spray pump products. The safety cabinet has been validated for particle 
size measurement with nasal spray when using hazardous or new drugs regarding the safety regulatory. Additional 
measurements will be conducted using smaller particles to evaluate the ability of the safety cabinet to be used with 
other inhaler devices such as nebulizers.  
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