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VITROCELL® Exposure Systems 
for in vitro Analysis of  Airborne Pollutants 

Gases 
Complex Mixtures 
Airborne Particles (Nano Particles) 
 

source: cysticfibrosisnewstoday.com source: environment.scotland.gov.uk 
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Our mission: to provide turnkey in vitro exposure systems incl. online dosimetry tools 
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VITROCELL® Continuous Flow System 
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Critical System Elements for  
in vitro Exposure to Conventional and E-cigarettes 
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• Smoke / Vapor generation 
− Smoking regimen   ISO/HCI Bell  55/70 mL 30s/3s Square 
− Actuation    Lighter  Draw / Button 

 
• Dilution for dose / response 

− Typical concentration ranges  5 - 50% Smoke 30 – 80% Aerosol   
 

• Exposure system                         same 
 

• Auxiliary equipment    ISO Lab Conditions Evtl. Heated Chambers           
 
• Dosimetry tools 

− Gas phase    Chemical Analysis Chemical Analysis 
     CO  - 
     TOF-MS  TOF-MS 
 
− Particle phase   Chemical Analysis Chemical Analysis  

     Photometer   Photometer   
     Microbalance                    Microbalance    

 

Conventional E-cigarette 
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System Element: Smoke / Vapor Generation 
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Hotspot:  - Reproducible aerosol generation with smallest dead volumes 
 - Avoidance of cross-contamination when testing different products 
 - Fast and easy cleaning   
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System Element: Dilution System 
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Hotspot:  - Reproducible dynamic dilution with smallest dead volumes  
 - „Fresh aerosol“ with quick delivery to test system 
 - Easy cleaning   
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System Element: Exposure Module 
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Hotspot:  - Receipt of fresh aerosol / Air-Liquid Interface 
 - Uniform particle deposition 
 - Easy cleaning and reliable operation    
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System Element: Auxiliary Equipment 
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Hotspot:  - Heating / maintain constant exposure conditions 
 - Manage constant dilution air flow rates 
 - Manage constant vacuum flow rates   
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System Element: Online Gas Phase Dosimetry Tools 
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Hotspot:  - Monitor Dose 
 - Evaluate Dose 
 - No disturbance of exposure process   
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System Element: Online Gas Phase Dosimetry Tools 
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Hotspot:  - Monitor dose 
 - Evaluate constituents 
 - No interference with exposure process   

TOF-MS 
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System Element: Dosimetry Particle Deposition 
via Quartz Crystal Microbalances 
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TOF-MS 
Hotspot:  - Monitor particle mass 
 - Evaluate deposition rates 
 - No disturbance of exposure process   
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System Element: Dosimetry Particle  Concentration 
via Inline Photometers 
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TOF-MS 
Hotspot:  - Monitor particle concentration  
 - No particle losses 
 - No disturbance of exposure process   
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The Complete Exposure System 
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TOF-MS 
Summary of Hotspots:  All system elements must match  
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System Element: Smoke / Vapor Generation 
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Automatic  
Robots 

Manual  
Machines 

 VC 10®  VC 10® S-TYPE 

 VC 1 

 VC 1 Linear Type  Vapestarter 
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System Element: Smoke / Vapor Generation 
Automatic Robots 
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• Smallest dead volume 
• Conventional and e-cigarettes 
• Fast and easy cleaning 
• Product change in < 10 min. (exchange parts) 
• Increased capacity via multiple pumps  VC 10® S-TYPE 
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 VC 10® S-TYPE 

• Smallest dead volume 
• Conventional and e-cigarettes 
• Fast and easy cleaning 
• Product change in < 10 min. (exchange parts) 
• Increased capacity via multiple pumps 

System Element: Smoke / Vapor Generation 
Automatic Robots 
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System Element: Smoke / Vapor Generation 
Manual Machines 
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 VC 1 Linear Type  Vapestarter 

• Smallest dead volumes 
• (Conventional) and e-cigarettes 
• Fast and easy cleaning 
• Increased capacity via multiple pumps 
• Run positive control in same experiment 
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• VC 10 S-TYPE 
• 20 cigarettes 3R4F/run 
• ISO regime, 8 puffs 

System Element: Smoke / Vapor Generation 
TPM Collection on 92 mm Cambridge Filter Pad before and after Syringe Pump 
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System Element: E-cigarette Vapor Generation 
Detection of aerosol concentration 

• VC 10 S-TYPE 
• Draw actuated product 
• 3 runs,180 puffs, 
• 50 mL square profile 
• 3 s duration 
• 30 s frequency 
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System Element: Dilution System 

 

 

20 



IIVS Exposure-Dosimetry Workshop, April 4-6, 2016  © 2016 VITROCELL® Systems GmbH 

System Element: Smoke / Vapor Generation & Dilution Systems 
Smoking machine, dilution and exposure system validation via Quartz Crystal Microbalances 
 

21 

• Average of 5 runs 20 cigarettes 3R4F 
• ISO regime, 8 puffs 

Standard Dev iat ion in µg/cm2
Dilution Flow (l/min) 0,25 0,5 1 2 4
VC 10 S-Type 2,72 0,47 0,15 0,01 0,02

VC 10 Average 2,68 0,64 0,35 0,18 0,09
A1 1,72 0,5 0,37 0,22 0,06
B1 1,02 0,46 0,21 0,12 0,12
VC 10 Waldkirch 4,55 1,32 0,55 0,24 0,08
B2 2,68 0,62 0,34 0,2 0,13
B3 3,42 0,3 0,27 0,12 0,07
D1 1,15 0,54 0,18 0,11 0,1
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Smoking Robot VC 10® 
The most characterised smoking machine for in vitro applications 

22 © 2015 VITROCELL Systems GmbH 

A few sample publications 
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System Element: Exposure Module  
Advantages of  exposure at the Air/Liquid Interface (ALI) 

Air/Liquid Interface 
High Sensitivity 
Defined Dose 
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Submerged Exposure 
Low Sensitivity 
Undefined Dose 

Exposure in Suspension 
Low Sensitivity 
Undefined Dose 



IIVS Exposure-Dosimetry Workshop, April 4-6, 2016  © 2016 VITROCELL® Systems GmbH 

System Element: Exposure Module 
Puff-by-Puff flow of diluted smoke to cell cultures 

24 
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Choice of Exposure Module 
VITROCELL® Exposure Module Platforms 

25 

Membrane Insert Size 
6, 12, 24, 96 wells 

Type of Assay 
Mammalian cells 
AMES 
Suspension Cells 

Number of Doses/ 
Throughput 

VC 96 
VC 6/48 
VC 24/48 
VC 12/12 
VC 12/6 

Exposure 
Module Platforms 
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VITROCELL® Assay Guide 

26 
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VITROCELL 96 

 
VITROCELL® Exposure Modules 
Trend for higher throughput 
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VITROCELL 6/48 
AMES 48 

VITROCELL12/12 

VITROCELL 12/6 

VITROCELL 24/48 

VITROCELL 12/3 

VITROCELL 24/24 
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VITROCELL® Universal Module Platforms 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
• 6-well 
• 12-well 
• 24-well 
• Petri dishes AMES  
  Medium reduction adaptors 
  Microbalance 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
•       
 
 
 
 

 

• 12-well 
• 24-well 
  Microbalance 

Insert Size VITROCELL® 6 

VITROCELL® 12 

Universal Modules for normal to medium throughput  

Features 

28 
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Typical VC 1 and VITROCELL 12/6 Installation  
Module system for 6 x 12- or 24-well sized cell culture inserts 
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• 1 dose @ 3 replicates 
• 1 clean air control @ 3 replicates 
 



VITROCELL® VC 1 for Electronic Cigarettes 

30 © 2015 VITROCELL Systems GmbH 
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VITROCELL® 12/12 
Module system for 12 x 12- and 24-well sized cell culture inserts 
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VITROCELL® 12/12 Quick-Connect Station 

32 

• 3 doses @ 3 replicates 
• 1 clean air control @ 3 replicates 
• Integrated dynamic dilution systems 
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Clean Air 

Aerosol 1 
 

Dilution 1 

Dilution 2 

Dilution 3 
Exhaust 

Aerosol 2 
 

Aerosol 3 

Exhaust 

Exhaust 

 
VITROCELL® 12/12 
Dilution System – 3 aerosol entries / 1 clean air 
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VITROCELL® 24/48 
Module system for 48 x 24-well sized cell culture inserts 

34 

• 7 doses @ 6 replicates 
• 1 clean air control @ 6 replicates 
• Integrated dynamic dilution systems 
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VITROCELL® 24/48 
Module system for 48 x 24 well sized cell culture inserts 
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• 7 doses @ 6 replicates 
• 1 clean air control @ 6 replicates 
• Integrated dynamic dilution systems 

 
 

Module system for higher throughput  

• Rack with unique locking device  

• Exposure Top with  
VITROCELL ® 24 /24 technology 
 

• Base module with  
8 rows @ 6 replicates 
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VITROCELL® 24/48 
Dilution System – 7 aerosol entries / 1 clean air 
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• 7 doses @ 6 replicates 
• 1 clean air control @ 6 replicates 
• Integrated dynamic dilution systems 

 
 

Aerosol 7 
 

Aerosol 6 
 

Aerosol 5 
 

Clean Air 

Aerosol 4 
 
Aerosol 3 
 
Aerosol 2 
 
Aerosol 1 



IIVS Exposure-Dosimetry Workshop, April 4-6, 2016  © 2016 VITROCELL® Systems GmbH 

 
VITROCELL® 24/48 Publications 

37 
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Locking Mechanism 

Electronical Heating 

Dilution Systems 

Exposure Top / Distribution System 

 
VITROCELL® 6/48 and AMES 48 
Module for 48 x 6 well sized cell culture inserts / 35 mm Petri dishes 
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Exposure Base Module 

Aerosol Inlets / Trumpets 

 
VITROCELL® 6/48 and AMES 48 
Module for 48 x 6 well sized cell culture inserts / 35 mm Petri dishes 
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• Increase of capacitiy, in a compact design 

• 7 Doses @ 6 replicates 

• 1 clean air control @ 6 replicates 

• Flexible design, AMES and 6-well compatibility 

40 

Dose 1  Dose 2 Dose 3 Dose 4 Dose 5 Dose 6 Dose 7 Clean Air 

 
VITROCELL® 6/48 and AMES 48 
Dilution System – 7 aerosol entries / 1 clean air 
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VITROCELL® 96 
Module for 96-well sized cell culture insert plates 

• 11 doses @ 8 replicates 
• 1 clean air control @ 8 replicates 
• Integrated dynamic dilution system 

 
 

41 
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VC 96 Rack System 

42 



IIVS Exposure-Dosimetry Workshop, April 4-6, 2016  © 2016 VITROCELL® Systems GmbH 

VITROCELL® 96 
Base Module 

43 
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VITROCELL® 96 
Exposure Top 

44 
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VITROCELL® 96 
Locking Device 

45 
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VITROCELL® 96 
Locking Device 

46 
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VITROCELL® 96 
Dilution System – 11 aerosol doses / 1 clean air 

47 
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Test of equal distribution using tobacco smoke 

WST-1 

 Reduction by cigarette smoke 
 

 Colour change 
 

 Absorption measurement at 450 nm 

DMSO 

 Depostion and dissolution of 
particles 

48 
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Test of equal distribution using tobacco smoke 
M

ea
n 

(%
) 

WST-1 
  
Dilution rate 1l/min 
Vacuum flow 1.2 ml/min 
N=5 
5 Cigarettes, 8 puffs, ISO 
  
DMSO 
 
Dilution rate 1l/min 
Vacuum flow 0.5-1.0-2.0 ml/min 
N=3 
5 Cigarettes, 8 puffs, ISO 
 

49 
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VITROCELL® Installations 
Trend for higher throughput at multiple doses 
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Typical Installation for Suspension Cells 

 
 

51 
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System Element: Online Dosimetry Tools 
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TOF-MS 
        Online dosimetry hotspots 
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VITROCELL®  CO Online Monitoring Software 
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Online monitoring of each puff 
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VITROCELL®  CO Online Monitoring Software 

54 

Area under curve function (same as photometer software) 
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Online TOF-MS  

55 
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Dose Monitoring with Microbalance Technology 
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VITROCELL® 12 and 6 
Microbalance Technology 
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VITROCELL® VC Monitor Software  
Microbalance Application 

58 

VC Monitor Software Features: 

• Online reading in ng/cm2 

• Data Reporting in a MS excel 
executable format (*.csv) 

• Checksum protected evaluation file 
 

• GLP compliance 

• Up to eight Balances can be 
displayed 
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VITROCELL® VC Monitor Software 
Photometer and Microbalance Combined 

59 
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VITROCELL® Publications 
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Please visit our website vitrocell.com and the „Publications“ chapter 



IIVS Exposure-Dosimetry Workshop, April 4-6, 2016  © 2016 VITROCELL® Systems GmbH 

Critical System Elements for  
in vitro Exposure to Conventional and E-cigarettes 

61 

• Smoke / Vapor generation 
 

• Dilution for dose / response 
 

• Exposure system 
    
• Auxiliary equipment  
    
• Dosimetry tools 
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 Thank you for your attention ! 
 

62 
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