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Scientific context and objectives in the Action 

 

 

• Eye irritation symptoms have high prevalence in 

offices (among top-two) 

 

• Common indoor air pollutants (VOCs) are too 

low to be causative – except “possibly” 

formaldehyde 

 

Wolkoff, Int J Hygiene and Environ Health 216 (2013) 371-394.   



 

”Reactive chemistry hypothesis” 
Are ozone-initiated terpenoid reactions 

a harmful cocktail indoors? 

 
 

 20-70% infiltration 

Carslaw et al. Atmos Environ 43 (2009) 3808-3809. 
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Current research activities 

• Chemical characterization and assessment of respiratory 

effects imposed by reactive indoor air (fragrance) chemistry 

• Chemical characterization and toxicological effects from use of 

(nano) spray products and ozone-initiated chemistry 

• Dynamics of semi-volatile organic compounds in indoor air 

and in dust 

• Toxicology of formaldehyde 

 

• Health assessment of indoor air pollutants (IAQ), in general  
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Replacement of cleaning agent for smooth floors 

in 4 offices and 1 reference office (carpet) – 
OFFICAIR WP4 intervention study 

 

Measurements: 

• Fragrance VOCs* (Tenax TA) 

• Ozone reaction products (Tenax TA)** 

• Formaldehyde (DNPH) 

• Ozone (spectroscopy) 

• Recovery study of fragrances and oxidation products at low and 

high ozone (on Tenax TA) 

• 2 hour sampling: morning, noon and afternoon  

+ Fragrance terpenes 

CH3

O CH3

O

H

H
? 

*)  α-pinene, geraniol, dihydromyrcenol, linalool, α-terpineol 

**) 4-AMCH, IPOH, 6-MHO, 4-OPA, dihydrocarvone  

http://www.google.dk/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&docid=N9C2XNoTPO5mcM&tbnid=g-nDK7VUtx9DiM:&ved=0CAUQjRw&url=http://quoteko.com/black-and-white-key-clip-art-vector-online-royalty-free.html&ei=xJy2U7_vI-2O4gSWooHQCQ&bvm=bv.70138588,d.bGE&psig=AFQjCNHEu2a6Arj-0ApqcKkh3DUF7gm-jg&ust=1404562946611863
http://www.google.dk/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&docid=MwU5poKQzyhGGM&tbnid=S0FD7hk6XChMvM:&ved=0CAUQjRw&url=http://www.ozonovani.cz/&ei=So6RU9eiGOKF4gTVv4CQCg&bvm=bv.68445247,d.bGE&psig=AFQjCNGFVPyjsbI_yDUXEOFGns2qdQ1UDA&ust=1402134430710346


Oxidation products ozone+limonene 

Gas-phase and 

particle-phase products 

(ultrafines) 
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Replacement of cleaning agent for smooth floors 

esearch strategy  

• Regular cleaning agents emission tested 

• New low emitting agent selected 

 

 

• Reference office deep cleaning without agent 

• Offices measured before and 4 weeks after the replacement of 

cleaning agent or deep cleaning in reference office 

+ Fragrance terpenes 

CH3

O CH3

O

H

H
? 

http://www.google.dk/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&docid=N9C2XNoTPO5mcM&tbnid=g-nDK7VUtx9DiM:&ved=0CAUQjRw&url=http://quoteko.com/black-and-white-key-clip-art-vector-online-royalty-free.html&ei=xJy2U7_vI-2O4gSWooHQCQ&bvm=bv.70138588,d.bGE&psig=AFQjCNHEu2a6Arj-0ApqcKkh3DUF7gm-jg&ust=1404562946611863
http://www.google.dk/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&docid=MwU5poKQzyhGGM&tbnid=S0FD7hk6XChMvM:&ved=0CAUQjRw&url=http://www.ozonovani.cz/&ei=So6RU9eiGOKF4gTVv4CQCg&bvm=bv.68445247,d.bGE&psig=AFQjCNGFVPyjsbI_yDUXEOFGns2qdQ1UDA&ust=1402134430710346
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Replacement of cleaning agent for smooth floors 

esearc Key results 

• Regular cleaning agents: limonene and linalool 

• New cleaning agent: low in limonene 

 

+ Fragrance terpenes 

CH3

O CH3

O

H

H
? After replacement 

• Reduction in limonene 

• Reduction in formaldehyde 

• 4-OPA was reduced 

• Deep cleaning reduced 4-OPA 

• Many sources of terpenes 

• Many sources of 4-OPA 

http://www.google.dk/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&docid=N9C2XNoTPO5mcM&tbnid=g-nDK7VUtx9DiM:&ved=0CAUQjRw&url=http://quoteko.com/black-and-white-key-clip-art-vector-online-royalty-free.html&ei=xJy2U7_vI-2O4gSWooHQCQ&bvm=bv.70138588,d.bGE&psig=AFQjCNHEu2a6Arj-0ApqcKkh3DUF7gm-jg&ust=1404562946611863
http://www.google.dk/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&docid=MwU5poKQzyhGGM&tbnid=S0FD7hk6XChMvM:&ved=0CAUQjRw&url=http://www.ozonovani.cz/&ei=So6RU9eiGOKF4gTVv4CQCg&bvm=bv.68445247,d.bGE&psig=AFQjCNGFVPyjsbI_yDUXEOFGns2qdQ1UDA&ust=1402134430710346
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Replacement of cleaning agent for smooth floors 

esearch strategy Key results (acute health effects) 

• Health index (max concentrations) for sensory irritation = 0.25 

• Health index (max concentrations) for airflow limitation  = 0.21 

• Pollutant concentrations unlikely causative 

 

Consequences 

• Possible to reduce terpene concentrations by replacement 

• 4-OPA (airflow limitation) has many sources 

 

+ Fragrance 

terpenes 

CH3

O CH3

O

H

H? 
Health quotienti = 

𝑪𝒊

𝑯𝒆𝒂𝒍𝒕𝒉 𝒗𝒂𝒍𝒖𝒆𝒊
  

Health index    = Health quotients 

http://www.google.dk/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&docid=N9C2XNoTPO5mcM&tbnid=g-nDK7VUtx9DiM:&ved=0CAUQjRw&url=http://quoteko.com/black-and-white-key-clip-art-vector-online-royalty-free.html&ei=xJy2U7_vI-2O4gSWooHQCQ&bvm=bv.70138588,d.bGE&psig=AFQjCNHEu2a6Arj-0ApqcKkh3DUF7gm-jg&ust=1404562946611863
http://www.google.dk/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&docid=MwU5poKQzyhGGM&tbnid=S0FD7hk6XChMvM:&ved=0CAUQjRw&url=http://www.ozonovani.cz/&ei=So6RU9eiGOKF4gTVv4CQCg&bvm=bv.68445247,d.bGE&psig=AFQjCNGFVPyjsbI_yDUXEOFGns2qdQ1UDA&ust=1402134430710346
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Suggested R&I Needs for future research 

• Toxicological investigations of ozone-initiated chemistries 

• Larger field campaigns in offices (interventions) 

• Better monitoring methods of critical oxidation products, e.g. 

• 4-OPA 

• Sensitive sensors for: 

• Formaldehyde 

• Ozone 

• 4-OPA (partly proxy for human debris (dirt)) 

• OH radical 

• (Fungicides) 

END 


