
 CHEMICAL ENGINEERING TRANSACTIONS  
 

VOL. 54, 2016 

A publication of 

 

The Italian Association 
of Chemical Engineering 
Online at www.aidic.it/cet 

Guest Editors: Selena Sironi, Laura Capelli 
Copyright ©  2016, AIDIC Servizi S.r.l., 

ISBN 978-88-95608-45-7; ISSN 2283-9216 

Determination of the Odour Concentration and Odour 

Intensity of a Mixture of Odorous Substances by Chemical 

Concentrations: a Comparison of Methods 

Chuandong Wua, Jiemin Liua,*, Peng Zhaob, Martin Piringerc, Günther 

Schaubergerd 

aSchool of Chemistry and Biological Engineering, University of Science and Technology Beijing, Beijing, China,  
bKey Laboratory of Occupational Health and Safety, Beijing Municipal Institute of Labor Protection, Beijing, China; 
cEnvironmental Meteorology, Central Institute of Meteorology and Geodynamics, Vienna, Austria;  
dWG Environmental Health, Unit for Physiology and Biophysics, University of Veterinary Medicine, Vienna, Austria. 

liujm@ustb.edu.cn 

The assessment of the odour concentration of a mixture of odorous substances is a long lasting problem. Due 

to the fact that the concentration measurements of chemical substances can be done on a continuous basis, 

these empirical data are often used to assess the odour concentration of the mixture of these compounds as a 

substitute of direct odour measurements. Several concepts with increasing complexity are in use for this 

purpose. Four methods – direct use of measured concentrations, the sum of the odour activity value SOAV, 

the sum of the odour intensities SOI and the equivalent odour concentration EOC - to convert the 

concentrations of single substances to the odour concentrations and odour intensities of an odorous mixture 

are investigated. The methods are compared with olfactometric measurements of seven substances as well 

as their mixtures. The results indicate that the SOI and EOC conversion methods deliver reliable values. 

These two methods use not only the odour threshold concentration but also the slope of the Weber-Fechner 

law. Due to the fact that no additional olfactometric measurements are necessary, they fulfil the criteria of an 

objective conversion. 
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1. Introduction 

For environmental odour, it is difficult to realise continuous odour measurements for the emission 

concentration as well as for the ambient concentration in the vicinity of an odour source. These olfactometric 

measurements are expensive, they can only be done discontinuously, and in many cases only the emission 

concentration can be measured, because ambient concentrations are often too low to get reliable results. In 

many cases such odour measurements are substituted by concentration measurements of odorous 

substances.  

The conversion methods which are used to transform the concentration into odour concentration or odour 

intensity are presented and evaluated by olfactometric measurements. For this conversion several concepts 

are in use. The simplest approach is the direct use of the concentration of a single substance (e.g. H2S 

(Gostelow and Parsons, 2000; Gostelow et al., 2001; Dincer and Muezzinoglu, 2007)) or a group of 

substances (e.g. VOC concentrations (Capelli et al., 2013)) as a surrogate of the odour concertation using a 

regression analysis. The second concept called odour activity value OAV is based on the normalisation of the 

concentration C by the odour threshold concentration COT. If more than one substance is involved, then the 

sum of the individual OAVs is used. This value is called sum of the odour activity values SOAV (Parker et al., 

2012; Capelli et al., 2013). For a more sophisticated conversion of the concentrations of odorous substances 

into odour concentrations, we use not only the odour threshold concentration but also the slope of the 

relationship between odour concentration and odour intensity. Using these parameters, two conversion 



methods are possible: the sum of the odour intensity SOI, which was introduced by Kim and Park (2008) 

developed for the air quality assessment program in Korea, and the concept of the equivalent odour 

concentration EOC by Wu et al. (2016). The conversion from the chemical concentration of single substances 

to the odour concentrations and odour intensities of an odorous mixture using the four methods is the central 

topic of this paper. The ability of the four conversion methods to produce reliable odour concentrations is 

investigated here by comparing them with olfactometric odour concentration measurements; also the odour 

intensities will be compared. These measurements are described in detail by Wu et al. (2016). 

2. Materials And Methods 

Conversion Methods 

Chemical concentration C   

The simplest approach is the direct use of the concentration C of a single substance. The sum of the 

concentration values is then used as a surrogate for the measured odour concentration COD. The odour 

concentration is then calculated by Eq(1) 

 𝐶𝑂𝐷
𝐶 = 𝑘𝑐 ∑𝐶𝑖 𝑚𝑂𝐷,0⁄                                                                                                                                         (1) 

by using the specific odour mass set to unity mOD,0 = 1 mg ou-1 to reach a proper measuring unit of the odour 

concentration (ouE m-3).  

Odour activity value OAV   

The odour activity value OAV is based on the normalisation of the individual concentration of an odorous 

chemical substance Ci (µg m-3) by the odour concentration threshold COT,i (µg m-3) with OAVi = Ci / COT,i. The 

OAV of entire mixture is then calculated by the sum of the individual odour activity values as shown in Eq(2) 

𝑆𝑂𝐴𝑉 = ∑𝑂𝐴𝑉𝑖                                                                                                                                                  (2) 

Even if the SOAV is a dimensionless number, it is often interpreted as an odour concentration (e.g. Wenjing et 

al. (2015), Capelli et al. (2008)), called theoretical odour concentration. Therefore we suggest to use the 

specific odour mass of an individual substance mOD,i, which is based on the odour concentration threshold 

COT,i, to overcome this problem. The related odour intensity OISOAV is the calculated by OISOAV = log SOAV + 

0.5.  

Sum of the odour intensities SOI   

A more sophisticated conversion is using not only the odour threshold concentrations of individual substances 

but also the slope k of the odour intensity - odour concentration relationship (Kim and Park, 2008). The SOI is 

using the odour threshold concentration COT,i (respectively the derived specific odour mass mOD,i) and the 

odour intensity OIi calculated by the Weber-Fechner law for each single substance Eq(3). 

𝑆𝑂𝐼 = log∑10𝑂𝐼𝑖                                                                                                                                               (3) 

The backward calculation of the odour intensity 
SOI

OD
C

 is done for a selected substance j by the Weber-Fechner 

law (Kim, 2010). 

Equivalent odour concentration EOC   

The concept of the equivalent odour concentration EOC is based on the sensitivity of the human nose to a 

certain odorous substance. The equivalent odour concentration EOCj related to one selected substance j of 

the mixture can be calculated according to Eq(4). 

 𝐸𝑂𝐶𝑗 = ∑10
𝑘𝑖
𝑘𝑗
log𝐶𝑂𝐷,𝑖

                                                                                                                                              (4) 

which corresponds to an odour concentration. The odour intensity of this odorous mixture is then calculated by 

the Weber-Fechner law with Eq(5). 

 𝑂𝐼𝐸𝑂𝐶𝑗 = 𝑘𝑗 log 𝐸𝑂𝐶𝑗 + 0.5                                                                                                                                 (5) 

The EOCj of a selected substance j represents the odour concentration of the selected substance j which is 

necessary to perceive the odour concentration of the entire mixture of substances Wu et al. (2016).  

 

Chemical substances and olfactometric measurements 

In total, 24 binary mixtures of Ethyl acetate and the other six substances were prepared for this investigation. 

The odour concentration COD
olf and the odour intensity of the 23 binary mixtures (one mixture had to be 

eliminated) of Ethyl acetate and the other six substances and the 5 mixtures of all the seven substances were 



measured by dynamic olfactometry in the way as it was done with the pure substances. The olfactometric 

measurements are described by Wu et al. (2016). 

3. Results and Discussion 

For the seven substances the odour threshold concentration COT (mg m-3), the derived specific odour mass 

mOD (mg ouE
-1), and the slope k of the Weber-Fechner law were measured. In Fig. 1, the relationship between 

the measured odour concentrations COD
olf and the odour intensities OIolf for the single substances as well as 

the fitted Weber-Fechner law are shown. The statistical details for the regression can be found in Wu et al. 

(2016).  

 
Fig. 1  Relationship between odour intensity OIolf and odour concentration COD

olf (ouE m-3) and the fitted 

Weber-Fechner law OI = k log COD + 0.5 for seven odorous monomolecular substances. 

 
A                                                                 B 
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Fig. 2 Comparison of the converted odour concentrations COD
C (A) and SOAV (C) with COD

olf (ouE m-3) and the 

converted odour intensities OIC (B) and OISOAV (D) with the OIolf for the 23 binary mixtures and the 5 mixtures 

of all seven substances. 

 

0

1

2

3

4

5

1 10 100

O
Io

lf

COD
olf

a-Pinene k = 3.31
o-Xylene k = 3.19
Butyl acetate k = 2.99
Toluene k = 2.98
m-Xylene k = 2.92
Benzene k = 2.59
Ethyl acetate k = 2.38

1

10

100

1 10 100

C
O

D
C

COD
olf

2 Substances

7 Substances

Line of Identity

Correlation

0

1

2

3

4

5

0 1 2 3 4 5

O
IC

OIolf

2 Substances

7 Substances

Line of Identity

Regression

1

10

100

1 10 100

S
O

A
V

COD
olf

2 Substances

7 Substances

Line of Identity

Correlation

0

1

2

3

4

5

0 1 2 3 4 5

O
IS

O
A

V

OIolf

2 Substances

7 Substances

Line of Identity

Regression



The converted odour concentrations and odour intensities from the first two methods show the weakest quality 

(Fig. 2). These conversion methods will not provide odour intensities which are close to those measured by 

the olfactometer. Instead, the odour intensities are severely under-estimated.  

The odour concentration, calculated by the SOI (Fig. A), shows a good correspondence with the line of identity 

with a slope of 0.9471. The converted odour concentration underestimates the measured odour concentration 

by about 37%. This under-estimation is even more pronounced for the mixtures of the seven substances. The 

regression line for the odour intensity shows a good agreement with the line of identity (Fig. B). The slope of 

the linear regression is 1.12 which results in an overestimation of about 0.5 grades for a high odour intensity of 

grade 5. 

The equivalent odour concentration EOC shows a slope of 0.9688 which is close to the line of identity with a 

weak underestimation of about 13% (Fig. C). The regression line of the resulting odour intensities OIEOC lies 

parallel to the line of identity with a slope of 1.14 and an overestimation of about 0.6 grades of the 5 grade 

intensity scale (Fig. 4D).  

The last two conversion methods, SOI and EOC, yield the best results. The regression lines for the odour 

intensity show a good agreement with the line of identity. Therefore an additional calibration to adapt the slope 

to the line of identity is not needed. 
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Fig. 3 Comparison of the converted odour concentrations COD
SOI (A) and EOC (B) with COD

olf (ouE m-3) and the 

converted odour intensities SOI (C) and OIEOC (D) with the OIolf for the 23 binary mixtures and the 5 mixtures 

of all seven substances. 

In Fig. 4, the EOC conversion method is demonstrated with a mixture of two substances Substance  has a 

steeper slope of k = 1.2 than substance  with k = 0.8. The calculation of the equivalent odour concentration 

can be done either related to substance EOCor related to substance EOC. For both substances, the 

odour concentration is assumed with 100 ou m-3.    

Substance  shows a higher perception sensitivity, which is shown by a steeper slope k = 1.2 compared to 

substance  with k = 0.8. This means that the equivalent odour concentration for the more odorous substance 

will result in a lower value of EOC = 122 ou m-3 compared to the sum of the two odour concentrations COD, + 

COD, = 200 ou m-3 . This means that a concentration of 122 ou m-3 of substance  will evoke the same odour 

intensity as the mixture of the two substances.   
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For the less odorous substance  it is the other way round. For this substance, a higher equivalent odour 

concentration EOC = 1100 ou m-3 is needed to cause the same odour intensity as the mixture of the two 

substances. 

 

Fig. 4  Example for the equivalent odour concentration EOC for a mixture of two substances. Odour 

concentration of substance  is COD, = 100 ou m-3, for substance  COD, = 100 ou m-3. The equivalent odour 

concentration related to substance  will result in EOC = 100 ou m-3 + 22 ou m-3 = 122 ou m-3 (shown in red). 

The equivalent odour concentration related to substance   = 1000 ou m-3 + 100 ou m-3 

= 1100 ou m-3 (shown in green). For the two substances the Weber-Fechner slope was assumed by k = 1.2 

and k = 0.8.   

4. Conclusions 

All the discussed concepts are based on the working hypothesis that the mixture of odorous substances 

behaves additively, which is only a rough estimate (Thomas-Danguin et al., 2014). This means that no 

interactions between the substances take place. Then the calculated odour concentration CODtheo (called 

theoretical odour concentration by Capelli et al. (2008)), calculated by the OAV, the SOI or the EOC methods, 

and the odour concentration measured by an olfactometer COD
olf lie on the line of identity, and COD

olf = CO
thef .  

Beside the odour concentration also the hedonic tone can be influenced by the interactions of several 

substances. However, there are exceptions where odorants with high OAVs are suppressed in the aroma and 

compounds, whereas lower OAVs are important contributors. In general, a mixture is called homogeneous 

when a new single odour is perceived from the mixture or heterogeneous when several odours can be 

identified from this mixture. 
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