373

A publication of

CHEMICAL ENGINEERING TRANSACTIONS

VOL. 68, 2018 The ltalian Association

of Chemical Engineering
Online at www.aidic.it/cet

Guest Editors: Selena Sironi, Laura Capelli
Copyright © 2018, AIDIC Servizi S.r.l.
ISBN 978-88-95608-65-5; ISSN 2283-9216 DOI: 10.3303/CET1868063

Odor Intensity Detection and Evaluation Method Considering
Odor Prediction Model

Gaixia Chen

Hebi Automotive Engineering Professional College, Hebi 458030, China
123434535@qq.com

Volatile organic pollutants produced during people’s living and production are the main source of stink
pollution. The rapid and efficient detection and evaluation of odors in gas through effective methods is a key
step for improving the level of supervision and ensuring people's living health. Because the chemical
composition of the stink and odor gas is complex, the single odor intensity detection and evaluation method
can hardly meet the requirement. Therefore, based on the odor research of domestic and foreign scholars, a
multi-component odor mixture prediction model is established in this paper. The prediction model
comprehensively considers and analyzes the interaction between odor and volatile organic compounds
(VOCs), and the relationship between the concentration of chemical components and the intensity of odor;
basing on the linear equation between the odor intensity and the logarithm of the activity to modify the U
model and the vector model can better achieve detection and evaluation of the total odor intensity of the
mixture gas, and can improve the prediction accuracy of the odor intensity prediction model. The research has
important guiding significance for improving domestic evaluation and detection level of gas odor.

1. Introduction

Stink pollution is one of the main components of environmental pollution, it causes great harm to people's
health and ecological environment (Pettarin et al., 2015; Zheng et al., 2018). How to improve the detection
and evaluation level of stinks and other odorous gases, and thus improve the monitoring and control of
sudden pollution events and stink pollution is the main content of gas odor research (Iranpour et al., 2010).
Odor sensory evaluation method, odor intensity prediction model, electronic nose (e-nose) and other odor
detection devices are the main methods for gas odor evaluation and detection, and they played a key role in
gas odor detection. Among them, the prediction of gas odor intensity can effectively avoid limitations of odor
test and environment, and it is a hot spot for domestic and foreign research.

Some scholars have conducted fixed-point monitoring studies on stink pollution in landfills, sewage treatment
plants and other places, and they have analyzed the stink source and chemical components of the VOCs (De
et al., 2006); some scholars have established an odor prediction model for single organic compound and
studied the evaluation of odors for single component compound (Sakai et al., 2006). At present, the research
on the evaluation of stink and odor has enriched the research content of the field to a certain extent and laid a
solid foundation for the evaluation of odor research. However, in the current odor evaluation method, the
accuracy and repeatability of odor intensity evaluation results are poor. There is a lack of prediction methods
for odor intensity based on chemical concentrations of VOCs, meanwhile there are few studies considering the
interaction law between odorous substances. It is important to accurately predict the odor intensity of odor gas
mixtures based on the above factors (Mussio et al., 2001).

Aiming at the problems existing in the evaluation of gas odor, this paper first establishes an odor prediction
model for multi-component chemical mixtures; in order to derive the mapping relationship between the
chemical component concentration and the odor intensity of the odor gas, the paper adopts the modified U
model and the modified vector model to correct the prediction model; and then it demonstrates the prediction
results of the modified prediction model by experimental methods, and the results show that the modified
vector model is suitable for the prediction of odor intensity of multi-component chemical odor gas, and it has
good prediction accuracy (Soares ei al., 2018).
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2. Gas odor intensity prediction model

Generally, odorous gas is not composed of a single chemical component, but includes organic sulfides,
carbon oxides, benzenes, phenols, benzene aromatic hydrocarbons, etc., where complex interactions exist
between chemical components (Hansen et al., 2016). The evaluation of odor intensity is not a simple addition
of the intensity of each odor, but a comprehensive result of complex reactions of various chemical
components. This chapter introduces a multi-component odor gas prediction model based on the introduction
of single component gas prediction model (Sironi et al., 2006).

2.1 Single component gas prediction model

The prediction models for predicting chemical component concentration and odor intensity are mainly three
models: The Weber-Fechner Law, the Power Law Model and the Linear Model.

2.1.1 Weber-Fechner Law

Weber-Fechner Law is a law that expresses the relationship between perceived quantities and physical
quantities. Its formula is shown as Formula 1:

Ol = k-logC (1)

Where, Ol represents the intensity of the odor, C represents the chemical concentration, and k is the empirical
value obtained by experimental accumulation.

2.1.2 Power Law Model
Ol =k-C" 2

The Power Law constant n is a real number in the range of [0.2, 0.8], Ol represents the intensity of the odor,
and C represents the chemical concentration (Schauberger et al., 2006).

2.1.3 Linear Model

Through chemical experiments on aldehydes, scholars have found that when the chemical concentration of
aldehydes is divided by the odor threshold, the odor activity value (OAV) can be obtained, after the OAV is
logarithmically processed, there is a linear relationship between its value and the odor intensity value. Based
on this, for other chemical components of same functional group or similar structure, after its concentration is
divided by the odor threshold and logarithmically processed, we can get linear relationships as shown in the
following Table (Piringer et al., 2015).

Table 1: Relationship between odor activity value and odor intensity of several odorous substances

Substance type Linear formula R?

Alcohols 0OI1=0.0546In0AV+0.994 0.88
Aldehyde 0OI=0.681InOAV+1.143 0.85
Ketones 0O1=0.630InOAV+0.998 0.91
Ester 0OI=1.325In0OAV+0.548 0.89
Alkane 01=0.598InOAV+1.001 0.92

Aromatic hydrocarbon 0OI=0.589InOAV+0.710  0.85

2.2 Multi-component gas prediction model

The prediction model of a single component is relatively simple, while for multi-component odor chemicals,
there are fusion, synergy, inhibiton and other interactions. 0l,, = 0l, + 0I, (fusion), 0l,, > 0I, +
01, (synergy), Ol,, < OI, + OI, (inhibition). Based on the relationship between odorous substances, the
prediction models of odor gas intensity such as ERM model, vector model, U model and UPL2 model are
proposed. Although these models can reflect the independent relationship between intensity and each
component, it is difficult to achieve prediction of the total intensity of odor gases (Capelli et al., 2009). The
multi-component gas mixture prediction model can better predict the concentration and total intensity of the
mixture.

2.2.1 Extended U model

The model calculation formula is shown as Formula 3:

1 2
Ol = 5 (2} Ol-ry + 01) + =257 /0T, 0T, 3
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P represents the odor type of the mixture, and the calculated value of cosa is shown as Formula 4:

_ Zg%—:ll)/z cosagin'OlpiN
cosa(p) = =S5 | 4)
BIN

BIN=1

Where OIg;y is the odor intensity after the fusion, synergy and inhibition of two compounds (Piringer et al.,
2007).

2.2.2 Maximum intensity component model

The maximum intensity component model is an idealized model that equates the overall odor intensity of the
mixture to the maximum intensity value of the odor when the component exists alone (Teixeira et al., 2013).
As shown in Formula 5:

0l = max(0I,),Vi=1,..,N (5)
2.2.3 Comparison of multi-component prediction models

In addition to the models in 2.2.1 and 2.2.2, there are extended vector model, cumulative model, and EA
model. The experimental comparison shows that the prediction accuracy of each model of the two
components is higher. For the multi-component chemical mixture, different models have different prediction
effects with different degrees of complexity, but the overall prediction effect of vector model and EA model is
poor, and the prediction result of the extended U model is more stable and has higher prediction accuracy
(Teixeira, MA et al., 2003).

3. Gas odor intensity prediction model correction methods

To promote the application of gas odor intensity model in the detection and evaluation of odor gas, improving
the accuracy and application range of the prediction model is the focus of this paper. For mixture with
determined chemical component concentration, perform quantitative analysis on the relationship between
overall odor intensity and single odor intensity, so as to achieve prediction of the total odor intensity of the gas
according to its chemical components (Ruth & O'Connor, 2001).

3.1 Modified U model

The extended U model has higher prediction accuracy, so it has important reference significance for the
modification of the U model. According to the linear relationship between the average odor intensity and the
overall odor intensity of the two aromatic hydrocarbon components, use the linear relationship of OI-INOAV of
the single component aromatic hydrocarbon to replace the INOAV value of the Ol of each component, so as to
construct a gas odor intensity prediction model for INOAV of each component.

3.1.1 Experimental reagents and instruments

The experimental reagents include: benzene, propyl benzene, o-xylene, styrene; the experimental instruments
include: odorless gas sample bags, dynamic dilution olfactometer, gas chromatography, microsyringe;
besides, three male and three female scent identifiers were arranged.

3.1.2 Experimental methods

First, according to the Oly., — Olp,. linear relationship and the U model calculation formula, the cosa term is
simplified to establish the gas odor intensity prediction model; then, according to the odor intensity
measurement value O0I,,., which is identified by the scent identifier group, modify the overall odor
intensity OL,,..of the prediction model.

3.1.3 Discussion of experimental results

Formula 6 shows the calculated value of cosa when the two components have equal intensity.
_ Olgp—014—0I,

costyp = (6)
2 [Olgor,

Since the relationship between the INnOAV value of each component and the chemical concentration can be
calculated, the overall predicted intensity of the aromatic hydrocarbon is shown in Table 2.
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Table 2: Comparison of odor intensity and predicted value of two aromatic porphyrin compounds

Compound InOAV, 1InOAV, Oly., Olp,, Olp../O0Iy.,
1.48 1.57 17 21 1.24
Benzene(a)+ Toluene(b) 2.13 2.87 3.2 3.6 1.13

3.05 2.85 4.1 4.2 1.02
4.28 4.83 6.4 6.4 1.00
Benzene(a)+Ethylbenzene(b) 3.82 2.45 4.1 4.6 1.12
3.47 241 45 4.2 0.93
3.93 4.83 7.1 6.3 0.89
Toluene(a)+Ethylbenzene(b) 3.23 4.18 4.3 5.6 1.30
2.32 241 3.1 35 1.13

To view the predicted results more clearly, the odor intensity measured value is the abscissa, the U model
total predicted value is the ordinate, the fitting curve is set, and the prediction precision of the two-component
mixture is analyzed, as shown in Figure 1.

[ = |Benzene+Toluene

+ Benzene+Ethylbenzene
2 Toluene+Ethylbenzene
—— Fitted line

Ol(Predict)

—-—
1+ 2 3 4 5 & T 8B

Ol(Measure)

Figure 1: Modified U model predicts odor intensity fitting curve

Since the U model itself considers the interaction between the odor chemical gas substances, and then
considers the cosa value modification, the odor intensity prediction accuracy shown in Figure 1 has achieved
good results. The predicted values of benzene, toluene and ethylbenzene are not significantly different from
the measured values, which proves that the modified U model is suitable for the prediction of odor intensity of
benzene mixtures.

3.2 Modified vector model

The vector model has similar calculation methods and prediction effects with the U model. In order to enrich
the vector model for the prediction of gas odor intensity of multi-component mixtures, we also modify the
vector model and apply it to the prediction of odor intensity of multi-component odor mixture.

3.2.1 Experimental reagents and instruments
The experimental reagents and instruments are the same as section 3.1.1.
3.2.2 Experimental methods

First, the vector model is modified, then the benzene multi-component odor mixture sample is configured, the
INOAV value of each sample is determined, and the total odor intensity of the mixture is predicted by the
modified vector model. Finally, analyze the effect of the modified vector method on the prediction of the odor
intensity of the multi-component mixture through comparison of the measured value 01,,., and the predicted
value Ol.
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3.2.3 Experimental results and discussion

According to the data in the literature we can see that, for the prediction of two-component mixture, the
prediction accuracy of the vector model is poorer than the U model. The two-component cosa value of the
vector model is -0.142, according to the modification method to correct the vector model of the three-
component and four-component mixture, concentration prediction calculation models can be obtained as
Formula (7) and (8).

Olype = 1.082 \/anAVaZ + [INOAVZ + InOAV2 — 0.284 X (InOAV,In0AV, + [n0AV,In0AV,) + InOAV,In0AV, (7)

INOAV? + InOAV? + InOAV2 + InOAVZ — 0.284 X [(InOAV,In0AV,, + [n0OAV,In0AV,) +

(InOAV,In0AV, + InOAV,InOAV, + InOAV,InOAV,; + InOAV.In0OAV,)] ®)

Olabcd = 1082\/

Table 3 shows the results of the odor intensity predicted values and measured values of the multi-component
aromatic hydrocarbon mixture.

Table 3: Comparison of odor intensity and predicted value of multicomponent aromatic porphyrin compound

Compound InOAV, InOAV, InOAV, InOAV; Oly., Olp,.
2.32 3.52 2.7 - 3.7 4.7

Toluene(a)+Ethylbenzene(b)+ O-xylene(c) 2.32 2.45 3.48 - 5.1 4.5
1.64 1.77 2.14 - 35 3.0
3.52 221 3.82 - 6.4 6.4

Ethylbenzene(a)+ Phenylpropane(b)+ Styrene(c) 4.22 221 4.52 - 4.1 4.6
281 2.19 2.63 - 4.5 4.2

4.21 2.19 3.82 2.14 4.8 5.5
2.19 3.17 2.20 2.14 4.4 4.1
1.84 1.76 2.19 2.14 3.4 3.3

Toluene(a)+Ethylbenzene(b)+ O-xylene(c)+
Styrene(d)

Figure 2 shows the predicted results of the multi-component odor mixture by the modified vector model.

8.5

g0l [= ] Toluene+Ethylbenzene+ O-xylene

] + Ethylbenzene+ Phenylpropane+ Styrene
75 N +  Toluene+Ethylbenzene+ O-xylene+ Styrene
7.0 4 —— Fitted line
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Figure 2: Modified vector model predicts odor intensity fitting curve

It can be seen from Table 3 and Figure 2 that the modified vector model is suitable for odor intensity prediction
of multi-component mixtures, and the prediction accuracy is also high.

4. Conclusion

Stink gas has caused great trouble to the living of residents, meanwhile it has potential harms to the life and
health. The detection and prediction of odor intensity in stink gas has become the focus of environmental
protection work and academic research. This paper analyzed the problems existing in the detection and
research of odor at present, and studied the intensity prediction of multi-component odor mixture gas. By
constructing the prediction models and modification methods for the prediction models, this study improved
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the accuracy of odor gas intensity prediction, through experiment, the measured values and the model
predicted values were obtained, and the corresponding experimental results were concluded. The main
research results of this paper are as follows:

(1) The intensity prediction model of multi-component odor mixture considers the interaction relationship
between the components of the mixture, its predicted results had higher precision, this paper demonstrated
the accuracy of the predicted values by the fitting results of the measured values.

(2) The modified U model and the modified vector model have higher accuracy among the odor prediction
models and can be applied to the prediction of multi-component odor gas mixtures.
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