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Background and objectives 
Volatile organic compounds, VOCs, in indoor air have been implicated in health 

effects that result from poor air quality, but to date there are have been but few 

attempts to quantify the effect of VOCs on humans. We have determined eye irritation 

thresholds, nasal pungency thresholds, and odor detection thresholds on humans for a 

series of VOCs containing various functional groups. The major aim of the project 

was to analyse the threshold data that we have obtained in order to construct equations 

that could be used to predict further values of thresholds for VOCs known to be 

present in indoor air.  

Study description 
The method revolves around a two-stage mechanism of action. In the first stage the 

VOC is transported from the air to the receptor site, and in the second stage the VOC 

interacts with the receptor(s). The second stage is quite difficult to model, but the first 

stage can be modelled by a straightforward equation that we have used to model the 

transfer of VOCs from air to a large number of solvents. We reasoned that if the 

model fitted the experimental data, then we could deduce that the first stage was the 



 2 

more significant. The required equations include specific properties, or descriptors, of 

the VOCs that can be obtained from a range of experimental procedures (Abraham et 

al., 2004). These are E the VOC excess molar refraction, S the VOC 

dipolarity/polarisability, A and B the VOC hydrogen bond acidity and basicity, and L 

the logarithm of the VOC gas to hexadecane partition coefficient.    

Results 
For eye irritation thresholds, EIT, an equation for log EIT can account for 94% of the 

information (Abraham et al., 2001) and for nasal pungency thresholds, NPT, an 

equation in log NPT can account for 95% of the information (Abraham et al., 1998; 

2001) Hence the stage that involves transfer from the air to a receptor site appears to 

be the main stage. For odor detection thresholds, ODT, the equation accounts for a 

considerable lesser percentage of the experimental data (Abraham et al., 2002). Acids 

and aldehydes are outliers, being more potent than calculated, and even omitting 

acids, aldehydes, and a few other outliers, the equation only accounts for a modest 

77% of the information. Part of the reason for this modest performance is that there 

seems to be a critical length of the VOC in any homologous series. Incorporation of a 

‘length’ descriptor increases the goodness of fit to 82%, which is still far from 

optimal.  

Further work on eye irritation thresholds has shown that there is another size effect at 

work. On ascending a homologous series with a given functional group, the value of 

EIT becomes smaller the larger is the VOC (i.e. the VOC becomes more potent). 

However, we find that at a certain point along the homologous series, there is a ‘cut-

off’ after which the potency not only ceases to increase but disappears altogether, that 

is, the cut-off homolog and all ensuing ones become non-irritants. The cut-off points 

for various homologous series are as follows: carboxylic acids: heptanoic acid, alkyl 

acetates: decyl acetate, alkan-1-ols: undecan-1-ol, alkan-2-ones: tridecan-2-one, 

alkylbenzenes: heptylbenzene, and aldehydes: dodecanal. These cut-offs are not 

‘physical cut-offs’ that arise because of the lack of volatility of the VOC, but are 

‘chemical cut-offs’ that we suggest are due to a lack of fit of the larger VOCs into a 

receptor (Cometto-Muñiz et al., 2005) 

Recent work on eye irritation has involved the measurement of concentration-

detection (i.e., psychometric) functions for eye irritation. These functions span the 
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range of detection probability (P) from chance detection (P=0) to perfect detection 

(P=1). Preliminary results suggest that these comprehensive plots, and not only a 

single threshold value, can also be predicted using the same VOC descriptors we have 

used to correlate log EIT, as above.   

Conclusions 
We have determined enough values of eye irritation and nasal pungency thresholds to 

be able to set out a quantitative model of sensory irritation potency for VOCs. This 

model is based on experimental values of EIT and NPT, but the equations we have 

derived to correlate and predict EIT and NPT values are so good that it is possible to 

extend the model to a very large number of VOCs indeed. The required VOC 

properties, or descriptors, are known for thousands of VOCs and can be calculated 

just from the VOC structure if necessary (PharmaAlgorithms, 2006).  

Discussion 
Our analysis of the threshold data indicates that the two-stage mechanism we have 

used can account satisfactorily for the outcome. The eye irritation and nasal pungency 

thresholds are well explained on the basis that the first stage, transfer from air to a 

receptor site, is the main important stage. However, the observation of cut-off effects 

in eye irritation thresholds, which are due to chemical and not physical influences, 

indicate that the second stage, interaction of the VOC with a receptor(s), can still play 

a part. Our aim is to be able to predict where the cut-off occurs along a homologous 

series, in order to incorporate the effect into our predictive equations for eye irritation, 

and possibly also for nasal pungency. 

Our preliminary results on measuring concentration-detection functions for eye 

irritation detectability are consistent with our model for eye irritation thresholds. Both 

sets of data can be explained on the basis that structural effects of VOCs are 

‘selective’ rather than ‘specific’, as would be expected if transfer from the air to a 

receptor site(s) was the main step. In such a transfer, structural effects are, of course, 

important, but they do not vary wildly from VOC to VOC as would be the case if 

structural effects were specific. 

On the other hand, results on odor detection thresholds show that ODT values for a 

number of VOCs, including aldehydes and carboxylic acids, cannot be predicted 
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using the same type of equation that is successful for EIT and NPT values. In the odor 

case, specific effects of VOCs are important. These specific effects are much more 

difficult to predict than the general selective effects observed in eye irritation and 

nasal pungency. 
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