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1 Supplementary Information  

1.1 List of symbols 

 Latin symbols  

�̃�థ೔
(𝑡, 𝑥௣଴)𝑑𝑥௣଴ 

Concentration of active substance in the size range between 
𝑥௣଴ and 𝑥௣଴ + 𝑑𝑥௣଴ kg/m³ 

𝐶ሚథ೔
(𝑡) Time dependent concentration of the (active) substance  kg/m³ 

𝐶ሚ̅
థ೔

(𝑡) TWA concentration of the (active) substance kg/m³ 

𝐷 Diffusion constant of solvent vapour in air  m²/s 

𝐻௦ Settling height m 

𝑘஻ Boltzmann constant kg m²/(s² K) 

𝑚଴ ൫𝑥௣,଴൯ Normalized spray droplet mass distribution density 1/m 

�̇� Mass flow rate of spray formulation kg/s 

𝑃௦௔௧ Vapour pressure of solvent Pa 

𝑆௥ Saturation ratio of solvent vapour   

𝑡௖ Droplet evaporation time s 

𝑇௔௜௥ Air temperature K 

𝑣௠௢ Molecular volume  m³ 

𝑣௦ Settling velocity m/s 

𝑉 Room volume m³ 

𝑥௣(𝑡) Droplet diameter at time 𝑡 m 
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𝑥௣,଴ Initial droplet diameter m 

 Greek symbols  

𝛼 Evaporation pre-factor, rate of surface shrinkage m²/s 

𝛽 Settling pre-factor 1/m² 

𝜙 Mass fraction of the non-volatile substances  

𝜙෠ Volume fraction of the non-volatile substance  

𝜙௜ Mass fraction of the (active) substance, 𝑖  

𝜌థ,௜ Density of the (active) substance, 𝑖 kg/m³ 

𝜌௦ Density of solvent kg/m³ 

Γ Ventilation rate 1/s 

𝜂௔௜௥ Viscosity of air kg/(m s) 

 

1.2 Analytical spray model 

The analytical spray model in order to calculate the correction factors to the generic approach takes 
into account the normalized mass distribution density of the initially generated droplets, 𝑚଴൫𝑥௣,଴൯ as 
function of the initial droplet diameter, 𝑥௣,଴, the time dependent droplet shrinkage due to solvent 
evaporation and the losses caused by settling on the floor. 

Droplet shrinkage kinetics is given by Friedlander (2000)1: 

𝒅𝒙𝒑

𝒅𝒕
= −

𝜶

𝒙𝒑
 with 𝛂 =

𝟒 𝐃𝐯𝐦𝐨𝐏𝐬𝐚𝐭

𝐤𝐁𝐓𝐚𝐢𝐫
(𝟏 − 𝐒𝐫) Eq. S1 

ending  at 𝑥௣ = 𝑥௣,଴𝜙෠ଵ/ଷ with 𝜙෠ = 𝜙 𝜌௦/𝜌థ and 𝜌థ
ିଵ =

ଵ

థ
∑ 𝜌థ௜

ିଵ𝜙௜
ே
௜ୀଵ . Integration yields: 

 𝒙𝒑(𝒕) = ට𝒙𝒑,𝟎
𝟐 ൫𝟏 − 𝝓෡ 𝟐/𝟑൯ − 𝟐𝜶𝒕. Eq. S2 

 

 

 

 
1 Friedlander SK. Smoke, Dust and Haze, Fundamentals of Aerosol Dynamics, 2nd Ed. New York, USA: Oxford University Press 
(2000). 
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The corresponding evaporation time of the droplet is 

𝒕𝒄 =
𝟏

𝟐𝜶
𝒙𝒑,𝟎

𝟐 ൫𝟏 − 𝝓෡ 𝟐/𝟑൯  Eq. S3 

Here it is assumed that the total solvent mass fed into the room is small and the temporal change in 
saturation ratio, 𝑆௥, is neglectable during spraying. The time dependent settling velocity is calculated 
from (Hinds, (1998)2): 

𝒗𝒔 = 𝜷𝒙𝒑
𝟐(𝒕),      𝜷 ≈ 𝜷𝟏 =

𝐠𝛒𝐬

𝟏𝟖 𝛈𝐚𝐢𝐫
 for 𝐭 < 𝐭𝐜 and 𝛃 = 𝛃𝟐 =

𝐠𝛒𝛟

𝟏𝟖 𝛈𝐚𝐢𝐫
 for 𝐭 ≥ 𝐭𝐜. Eq. S4 

Here it is assumed that during the entire evaporation process the droplet density is the same as the 
solvent density, 𝜌௦, and equals the density of the non-volatile substance, 𝜌థ .  

 

The concentration, 𝑐థ೔
(𝑥௣,଴, 𝑡) of the non-volatile substance stemming from the droplets of the initial 

size range between 𝑥௣,଴ and 𝑥௣,଴ + 𝑑𝑥௣,଴ is calculated from the mass balance between the source 
strength �̇�𝜙௜𝑚଴൫𝑥௣,଴൯/𝑉 (where 𝑉 can be the room volume or the personal volume) and the sinks 

caused by the time dependent settling rate, 
ఉ

ுೞ
൫𝑥௣,଴

ଶ − 2𝛼𝑡൯, (Eq. S4) and the air exchange rate, Γ: 

𝒅𝒄෤𝝓𝒊
(𝒙𝒑,𝟎,𝒕)

𝒅𝒕
= − ቂ

𝜷

𝑯𝒔
൫𝒙𝒑,𝟎

𝟐 − 𝟐𝜶𝒕൯ + 𝜞ቃ 𝒄෤𝝓𝒊
൫𝒙𝒑,𝟎, 𝒕൯ + �̇�(𝒕)𝝓𝒊𝒎𝟎൫𝒙𝒑,𝟎൯/𝑽    Eq. S5 

where 𝐻௦is the setting height, in the first instance it may be assumed to be the room height. The mass 
of substance 𝑖 in each individual droplet of initial diameter, 𝑥௣,଴is constant, irrespective of the 
droplet’s state of evaporation. The solution of Eq.S5 is obtained by separation of variables. 
Integration over the initial droplet diameter, 𝑥௣,଴ yields the temporal concentration pattern of the non-
volatile substance 

𝑪෩𝝓𝒊
(𝒕) = 𝝓𝒊/𝑽 ∫ 𝒎𝟎൫𝒙𝒑,𝟎൯ ∫ �̇�(𝒕′)

𝒕

𝟎
𝒈൫𝒙𝒑,𝟎, 𝒕 − 𝒕ᇱ൯𝒅𝒕′𝒅𝒙𝒑,𝟎

ஶ

𝟎
 Eq. S6 

with  

𝒈൫𝒙𝒑,𝟎, 𝒕൯ = 𝒆
ି

𝜷

𝑯𝒔
𝒕൫𝒙𝒑,𝟎

𝟐 ି𝜶𝒕൯
𝒆ି𝜞𝒕  for 𝒕 < 𝒕𝒄  Eq. S7 

and  

 
2 Hinds WC. Aerosol Technology; Properties, Behavior, and Measuremnt of Airborne Particles, 2nd Ed. New York, USA: John 
Wiley & Sons, INC. (1999). 
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𝒈൫𝒙𝒑,𝟎, 𝒕൯ = 𝒆
ି

𝜷𝟏
𝑯𝒔

𝒕𝒄൫𝒙𝒑,𝟎
𝟐 ି𝜶𝒕𝒄൯

𝒆
ି

𝜷𝟐
𝑯𝒔

𝒙𝒑,𝟎
𝟐 𝝓෡ 𝟐/𝟑(𝒕ି𝒕𝒄)

𝒆ି𝜞𝒕  for 𝐭 ≥ 𝐭𝐜 Eq. S8 

The TWA concentrations of the analytical model applied to the near field and far field volume, 𝐶ሚ̅
థ೔,௡௙ 

and 𝐶ሚ̅
థ೔,௙௙ are obtained by time integration of Eq. S6.  

 

2 Supplementary Figures and Tables 

Additional information is presented in a table which is available as an excel file (Supplemental 
material – scenarios.xlsx). This table contains information and the coding on the scenarios used for 
evaluation of the models. For details please refer to the original publications. 

 


