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Summary 

The design and operation features of two prevalent nebuliser technologies which are in clinical use today were 
assessed for their emission of exhaled aerosols. Vibrating mesh/jet nebuliser and facemask/mouthpiece are 
examples of aerosol generators and non-invasive ventilatory support. This study investigated the effect of these in 
terms of quantities of secondary aerosol mass concentrations emitted at varying distances (0.8 m & 2.2 m). 

The characterisation of exhaled aerosol emissions for two combinations of commercially available aerosol 
generators and non-invasive ventilation interfaces was investigated. Mass & number concentrations, and size 
distribution of the airborne particles were continuously measured in real time at different distances relative to a 
simulated patient. 

Results: The VMN/filtered mouthpiece was found to emit the lowest mass concentration over time 
(0.00441 mg m

-3 
at 0.8 m & 0.00436 mg m

-3
 at 2.2 m). The JN/open facemask emitted the highest mass 

concentrations (mg m
-3

) at both distances. For 0.8 m the JN/open facemask facilitated a near two fold higher 
emitted mass concentration (mg m

-3
) compared with the VMN/valved facemask (0.048 vs 0.025 mg m

-3
), near 

fivefold higher compared with the JN/filtered mouthpiece (0.048 vs 0.00980 mg m
-3

) & tenfold higher compared 
with the VMN/filtered mouthpiece (0.048 vs 0.00441 mg m

-3
).  

This study successfully demonstrated the obvious escape of aerosol to the environment and further established 
the risk to caregivers and other bystanders during the course of a standard nebuliser treatment.  

Introduction 

The use of handheld nebulisers is widespread and facilitates non-invasive drug delivery to patients ranging from 
infant to adult. Whilst most hand held nebulisers are lightweight and easy to use, there is often the need for 
caregiver intervention 

[1]
, e.g. due to poor mobility or young age and the need for proper supervised drug dosing.  

Nebuliser-generated medical aerosols are delivered to the lungs via a variety of patient interfaces, including 
facemasks & mouthpieces. The combinations vary in terms of the facemask or mouthpiece of choice but also in 
how the aerosols are generated. Venturi Jet Nebulisers (JN) require a driving gas flow for aerosol generation, 
meaning that there is the potential for aerosol to be driven out of the facemask & mouthpiece during both 
inhalation and exhalation 

[2]
. Vibrating mesh nebulisers (VMN) generate low velocity aerosols.  

Whilst the focus of drug delivery is on the patient, bystander caregivers are often exposed to aerosol as it 
escapes or is exhaled through the nebuliser system. The potential for inhalation of medications, not required by 
that person, is relatively high 

[3, 4]
, and has not been comprehensively described to date in the literature.  

We set out to attempt to characterise the risk to caregivers and other bystanders during the course of a standard 
nebuliser treatment.  

Materials and methods 

Exhaled aerosol emissions were evaluated by characterising the mass concentrations (mg m
-3

) & mass medium 
diameters (MMD) (μm) emitted from a simulated patient. Inhaled dose (%) delivered was also recorded. All testing 
carried out n=3. This study incorporated two combinations of commercially available aerosol generators and non-
invasive ventilation interfaces, see Figure 1; VMN/valved facemask/filtered mouthpiece (Aerogen Solo/Ultra, 
Aerogen, Ireland) vs JN/open facemask/filtered mouthpiece (Cirrus 2, Intersurgical, United Kingdom). 
A supplemental gas flow rate of 6 LPM was used with the VMN and a driving gas flow of 8 LPM for the JN, while a 
2.5 mL dose of albuterol sulphate (1 mg/mL) was nebulised as a tracer aerosol.  

Each aerosol generator/non-invasive ventilation interface combination was connected to a breathing simulator 
(ASL 5000, Ingmar Medical, PA, USA) via an absolute filter (RespirGard II 303, Baxter, Ireland). A simulated adult 
breath was used (BPM 15, Vt 500 mL, I:E 1:1). As shown in Figure 1, the primary aerosol instrument used in this 
study was the Aerodynamic Particle Sizer (APS) (APS, model 3321 TSI Inc., St. Paul, MN) measuring airborne 
particle size distributions from 0.5 to 20 μm. Throughout the experiments; mass and number concentrations, and 
size distribution of the airborne particles were continuously measured in real time using two APS’s located at 
different distances (0.8 m & 2.2 m). A 5-minute baseline level of airborne particles was established in the room 
pre nebulisation. Nebulisation was then initiated with the APS’s recording data for a total of 30 minutes. 
Facemask and mouthpiece tests were performed on separate days (and had different airflows as a result). 
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Figure 1 - Aerodynamic Particle Sizer (APS) at varying distances relative to the simulated patient (ASL 5000) with VMN 
& JN facemask/mouthpiece iterations. 

Results and discussion  

Interface Mass concentrations (mg m
-3

) 0.8 m 
APS 

Mass concentrations (mg m
-3

) 2.2 m 
APS 

Valved facemask (VMN) 0.025 0.022 

Open facemask (JN) 0.048 0.044 

Filtered mouthpiece (VMN) 0.00441 0.00436 

Filtered mouthpiece (JN) 0.00980 0.00868 

Table 1 – Mass concentrations (mg m
-3
) results for APS at a distance of 0.8 m & 2.2 m away. 

Interface MMD (μm) 0.8 m APS MMD (μm) 2.2 m APS 

Average (μm) SD Average (μm) SD 

Valved facemask (VMN) 1.35 0.22 1.35 0.19 

Open facemask (JN) 1.19 0.13 1.20 0.09 

Filtered mouthpiece (VMN) 1.432 0.241 1.184 0.180 

Filtered mouthpiece (JN) 1.173 0.079 0.982 0.085 

Table 2 – MMD (μm) results for APS at a distance of 0.8 m & 2.2 m away. 
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Figure 2 - Illustration of total mass concentrations emitted by two aerosol generators and non-invasive ventilation 
interface combinations 0.8 m away from simulated patient. 

 

Figure 3 - Illustration of total mass concentrations emitted by two aerosol generators and non-invasive ventilation 
interface combinations 2.2 m away from simulated patient. 

 

Based on the myriad of aerosol generators & non-invasive ventilation interface combinations tested, the JN/open 
facemask emitted the highest mass concentrations (mg m

-3
). At 0.8 m the JN/open facemask facilitated a near 

two fold higher emitted mass concentration (mg m
-3

) compared with the VMN/valved facemask (0.048 vs 0.025 
mg m

-3
), near fivefold higher compared with the JN/filtered mouthpiece (0.048 vs 0.00980 mg m

-3
) & tenfold 

higher compared with the VMN/filtered mouthpiece (0.048 vs 0.00441 mg m
-3

).  
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A similar trend continued for the APS at a distance of 2.2 m away from simulated patient, with the JN/open 
facemask having again emitted the highest mass concentration over the 30 minute run time. 

The VMN/filtered mouthpiece was found to have emitted the lowest mass concentration over time 
(0.00441 mg m

-3 
at 0.8 m & 0.00436 mg m

-3 
at 2.2 m) while emitted particles had a larger MMD. 

Finally, the VMN/filtered mouthpiece combination allowed for the highest inhaled dose (50.319 ± 1.898%) 
compared with the VMN/valved facemask (46.686 ± 3.055%), JN/open facemask (21.952 ± 0.659%), and 
JN/filtered mouthpiece (35.942 ± 1.811%). 

Conclusion 

The initial findings described herein successfully demonstrated the obvious escape of aerosol to the environment 
and further established the risk to caregivers and other bystanders during the course of a standard nebuliser 
treatment. Considering the results above it is evident that of the two patient interfaces (facemask and mouthpiece) 
and aerosol generators (VMN and JN) tested, the mouthpiece combinations released lower fractions of exhaled 
mass concentrations across both distances (0.8 m & 2.2 m). Additionally the VMN/mouthpiece combination 
delivered the highest inhaled dose (%) to the patient. 
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