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Background 

Goal:  

 Characterize in-vitro particulate dosimetry for Vitrocell® 

cell exposure systems 

 Provide fundemantal scientific understanding of aerosol 

delivery using computational modeling and experiments 

 Strengthen knowledge base needed to evaluate and 

regulate e-cigarettes 
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Aerosol exposure of living cells 

at air-liquid interface 

Cells 

Air-Liquid 
Interface 
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Climatic Chamber 

Base module 

Aerosol exposure top 

  

6 Inserts 

8 Rows 

Outlet 

Inlet 

6 “Trumpet” Outlets 

*Vitrocell® 24/48  
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* www.Vitrocell.com ;     **Majeed, S., Frentzel, S., Wagner, S., Kuehn, D., Leroy, P., & Guy, P., (2014). Characterization of Vitrocell® 
24/48 in vitro aerosol exposure system using mainstream cigarette smoke. Chemistry Central Journal 8:62, November, 2014  

  

Outlet Air 
 

Inlet Fresh Air 
Inlet Aerosol 

Outlet  
Aerosol 

QCM 

0.5m 

6 Deposition Plates 

** 

7 dilution 
 airflows 
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http://www.vitrocell.com/


Vitrocell® AMES 48  

  

8 Rows 

Inlet 

Dilution Air 

Outlet 

6 Trumpet Outlets 

0.7m 
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6 Trumpet Outlets (5-20 mL/min) 

Outlet 

2L/min 

Inlet 

Dilution Air 

Deposition  
Plates 
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Vitrocell® Systems Trumpets 

8mm 

Outlet:  

1-4 mL/min 

53mm 

2.5mm 

3mm 

Vitrocell® 24/48:  

6 mm 

 200 mL/min 
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Air-Liquid Interface 

2mm 

     
Outlet: 

5-20 mL/min 

35mm 

Vitrocell® Ames48:  

4mm 

12mm 

2,000 mL/min 

40 mm 

6 mm 
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CFD* Methods For Particle Tracking 

Eulerian: Fluid flow and particles are both treated as a 
continuum. Particle equations are written as functions 
of space and time and are solved on a control volume 
basis with an appropriate interaction.  
 
Lagrangian (Discrete Particle Simulation): Particle 
trajectories are determined by tracking the motion of 
individual particles as they move in time. 
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CFD: Vitrocell® 24/48  Trumpet 

Inlet 

Outlet 
35.7mm 

3mm 

Density:  
1258 kg/m3 

0 

Velocity   

(mm/s)  

4.5-18 

Flow Rate:  

1-4 mL/min 
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Lagrangian: 

Air-Liquid Interface 
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Vitrocell® 24/48 Trumpet Deposition: Eulerian vs Lagrangian 

Good agreement between two methods 
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  0.5  

(~1 to 4%) 

  2.0  

(~10 to 50%) 

  0.2  

(~0.3 to 1%) 
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Vitrocell® AMES 48 Outlet 

2 L/min 

(5, 10, 20) mL/min 

(~0.25-1.0%) 
Inlet (2.03, 2.06, 2.12) L/min 

Vitrocell® Systems Full Row Model 
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Outlet 

200 mL/min 

(1, 2, 4) mL/min 

(~0.5-2.0%) 

Vitrocell® 24/48 

Particle Injections: 
5 diameters (0.5 to 4.5) mm 
Polystyrene Latex (1050 kg/m3) 
1M particles per diameter (0 to 10s) 
 

Trumpet outlets/Deposition Plates 

Particles can deposit or 
escape  on all boundaries 

Inlet (206, 212, 224) mL/min 
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Vitrocell® 24/48 Full Row Model 

Outlet 

200 mL/min 
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Inlet 
1 mL/min 
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Vitrocell® VC 24/48: Particle Deposition on Plates 

Flow Rate: 1 mL/min 
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<0.1% Deposition 
for D1=0.54 micron 
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Outlet 

200 mL/min 

1 mL/min 
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Inlet 

Vitrocell® 24/48 Plate Deposition Concentration 

Deposition  

Concentration:  

(#/mm2) 

Max 
D1=0.54 

D5=4.5 
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Outlet 

2000 mL/min 10 mL/min 
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Inlet 

Vitrocell® AMES48 Plate Deposition Concentration 

Deposition  

Concentration:  

(#/mm2) 

Max 
D1=0.54 

D5=4.5 
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Vitrocell® AMES48: Particle Deposition on Plates 
Flow Rate: 5 mL/min 
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Flow Rate: 10 mL/min Flow Rate: 20 mL/min 

<0.1% Deposition 
for D1=0.54 micron 

0.0%

0.2%

0.4%

0.6%

0.8%

1.0%

1.2%

1 2 3 4 5 6

%
 (

D
e

p
o

si
t/

To
ta

l I
n

) 

Plate # 

0.0%

0.2%

0.4%

0.6%

0.8%

1.0%

1.2%

1 2 3 4 5 6

%
 (

D
e

p
o

si
t/

To
ta

l I
n

) 

Plate # 

0.0%

0.2%

0.4%

0.6%

0.8%

1.0%

1.2%

1 2 3 4 5 6

%
 (

D
e

p
o

si
t/

To
ta

l I
n

) 

Plate # 

20
17

_S
T

63
_C

as
tr

o.
pd

f
S

S
P

T
20

17
 -

 D
oc

um
en

t n
ot

 p
ee

r-
re

vi
ew

ed
 b

y 
C

O
R

E
S

T
A



Summary 

 A computational model has been developed for characterization 
of particulate delivery of Vitrocell® systems. 

 The model can be used to estimate particulate delivery 
efficiency for various parameters including:   

• Geometry 

• Flow rates  

• Particle diameter 

 Once validated with experiment, model can also be used to 
optimize systems aerosol delivery. 
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