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Abstract. Smell is an important criterion of the quality of atmospheric air.
The paper looks at quantitative and qualitative methods of odor assessment
and describes the method of field olfactometry. Studies were carried out on
the spread of odor from the WWTP OAQO OKOS in the Kaliningrad region
of Russia which resulted in 817 measurements. For each measurement, the
following parameters were recorded: odor strength (D/T), odor character,
atmospheric pressure (mmHg), temperature (°C), relative humidity (%),
wind speed (m/s), wind direction and the the point where a measurement
was taken. A mathematical model is given of the dependence of odor
strength on the distance to two sources s1 (m) and s2 (m) and the wind
direction from a straight line passing through a given point and a source 1
—al or a source 2 — a2.

Introduction

The choice of a particular schedule of experimental data collection is defined by the aims of
the research, the accuracy requirements of the measurements, the distinctive features of a
facility, the facility's location, the odor source type, the characteristics of the surrounding
area and the technical possibilities for carrying out measurements. Moreover, as odor
perception is influenced by such factors as the assessor's individual subjective features and
the weather conditions, it is important to set up a monitoring schedule such that the research
period covers different seasons (especially the warm period) and measurements are carried
out by different assessors at different times of the day and in different meteorological
conditions (temperature, relative humidity, barometric pressure, wind speed and wind
direction) in order to minimize the influence of the mentioned factors on the final result.
The choice of measurement points is mainly defined by the aims of the research. As
odor is an environmental factor that has a direct impact on humans, field odor studies are
usually carried out in close proximity to places where people are present: for example, in
the area of a facility to evaluate working conditions or at the boundary of a sanitary
protection zone [Note: in Russia a sanitary protection zone is a special buffer zone
established around facilities that affect the environment and people's health.], and in
residential areas to assess the life quality of people in general. The disposition of the points
in a residential area can also vary: for example, if the facility is situated in a densely built-
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up area, the most reasonable option is to choose monitoring points at equal distances from
the facility and from each other; otherwise, it is advisable to carry out odor monitoring in
areas where complaints come from and where most people live and work.

Methodology

Measurements carried out sequentially in each of the chosen points make up a series. For
each measurement series the following meteorological parameters are recorded in odor
monitoring data sheets: relative humidity, precipitation, barometric pressure, wind speed
and the prevailing wind direction. An example of an odor monitoring data sheet is
presented in Figure 1.

ODOR MONITORING DATA SHEET

DATE:

TIME LOCATION 60|30 15| 7 | 4 |2 |=<2[ND DESCRIPTORS COMMENTS
Weather Conditions Precipitation Wind Direction (Blowing From) Wind Speed
O Mostly Sunny O None N OCalm
O Panily Cloudy O Fog NW NE O Light Breeze (1- 5 mph)
0 Mostly Cloudy T Rain W e E O Moderate Wind (5 — 15 mph)
O Owercast O Sleet SW SE C Strong Winds (15 mph or higher)
0 Hazy T Smow s
Temperature F Relative Humidity: %  Barometric Pressure
Notes
Date Name Signature

Fig. 1. Odor monitoring data sheet.

To determine the relation between the odor in the sanitary protection zone and the
weather factors, monitoring points are chosen along the zone. Odor strength is measured
with the help of a field olfactometer, and meteorological parameters are recorded by a
portable weather station. The more accurate and objective the data must be, the more
measurements it is recommended to carry out.

In field olfactometry, which is used to measure odor strength in the ambient air, odor
strength is defined with the Dilution-to-Threshold ratio. This ratio is calculated by the
following formula [5]:
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D/T — volume of carbon—filtered air (1)

volume of odorous air

A device called a field olfactometer is used in such measurements. The general
appearance of the Nasal Ranger field olfactometer is presented in Figure 2.

Removable Nasal Mask
Power LED & with Check Valves and
Inhalation Rate Comfort Seal
LED Display
Dilution-to-Threshold
D/T DIAL

"~ PowerON
Button
Shoulder Strap
Replaceable Connection
Odor-Filter Cartridges for =
Odor-Free Dilution Air
Battery
9-Volt Battery C om&aé“;l:;;;]?m‘
Compartment in .
the Handle

Fig. 2. Field olfactometer

The field olfactometer works by mixing odorous ambient air with odor-free filtered air
in discrete volume ratios, using two airflow paths: the flow through the odor-filter cartridge,
and the flow through one of the orifices in the D/T dial.

In the case of the first airflow path, ambient air, which may be odorous, enters through
the outside of both odor-filter cartridges. The diameter of the orifice for the filtered air
entering the device stays constant during all the measurements, and the assessor regulates
his or her inhalation rate so that it lies within the required range. Thus, the incoming filtered
air flow rate does not vary significantly.

In the case of the second airflow path, odorous air comes through one of the orifices on
the D/T dial. The rotational position of the D/T dial determines the orifice size and,
therefore, the volume of the odorous air that enters through the selected orifice. The larger
the diameter of the selected orifice, the larger the volume of odorous air entering the
olfactometer.

The two flows enter the olfactometer simultaneously, mix there and then travel to the
assessor's nose, who is to determine whether the odor can be perceived. The assessor carries
out a series of measurements from higher to lower dilutions, strictly following the set
algorithm. The assessor registers the (maximum) D/T value at which he or she first sensed
the odor.

Thus, the Dilution-to-Threshold ratio is a measure of the number of dilutions needed to
make the odorous ambient air non-detectable. As, in practice, measurements are taken from
higher to lower dilutions, it can be said that the D/T point corresponds to an odor
concentration at which the assessor detects that the air is "no longer the same as it was
before” [4].
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In the study described, a Nasal Ranger field olfactometer with a 2 to 60 D/T dial was
used.

A long-term study of odor dispersion from the wastewater treatment plant OAO OKOS
in the Kaliningrad region of Russia was carried out. Certified assessors [6] made 43
measurement series during the spring and summer of 2017. Measurements were performed
at different times of the day. The assessors took their turns in a random order.

11 points were chosen for measurements. The arrangement of the points is presented in
Figure 3. Two points were located in close proximity to the malodor sources: at the
wastewater inlet chamber (source 1) and near the sludge lagoons (source 2)
correspondingly. All other points were situated on the road near the wastewater treatment
plant at equal distances (about 200 meters) from each other, as there were no other objects
nearby where people live and work. All the other nearby areas were of no practical interest
for the research; thus, measurements were not taken there.

Fig. 3. The arrangement of the measurements points.

The following parameters were recorded for each measurement: odor strength (D/T),
odor character, barometric pressure (mm Hg), temperature (°C), relative humidity (%),
wind speed (m/s), wind direction, the measurement’s point number. Later, all the types of
odors recorded were divided into two groups: those connected to the operating wastewater
treatment plant, and those whose occurrence can under no circumstances be attributed to
the primary activity of the facility in question. The latter were excluded from further
analysis. If and only if the odor character corresponded to the odor from a wastewater
treatment plant, the results of the odor strength measurements were used to determine the
relation between the odor strength and parameters that define the location of the points in
relation to the odor sources and meteorological parameters.

An analysis was made of the relation between odor strength | (D/T) and the distances
from the two sources l; (m) and I, (m) and the wind direction in relation to a straight line
passing through the given point and source 1— a; or source 2 — a..
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Results

A data sample of size 817 was obtained, i.e. 817 measurements were taken. The whole
sample was divided into 4 groups, depending on the sign of the angle of deviation of the
wind direction from a straight line passing through the given point and source 1, a1 and the
given point and source 2, ap. The first group comprised the basic data corresponding to

angle values @, <0, a, <0; the second group - to angle values a, >0, a, <0; the
third group - to angle values a; <0, a, >0; the fourth group - to angle values

a, >0,a, >0. For the first three groups the odor strength was 0. Thus, statistical

analysis was done for the data from the fourth group. STATISTICA 6.1 analytical system
and EXCEL spreadsheet were used for the analysis. The mean values of the variables and
standard deviations are presented in Table 1. The size of the data sample was 231

measurements.
Table 1. Descriptive statistics
Variables Mean values Standard
deviations
I1 799 455.6
I> 731 423.4
ai 0.47 0.26
a 0.45 0.27
| 1 3.17

Figure 4 presents the arrangement of the points for odor strength measurements.

Wind direction Wind direction

o

a b

Fig. 4. The arrangement of the points for odor strength measurements. a) the small odor source; b) the
large odor source



E3S Web of Conferences 138, 01029 (2019) https://doi.org/10.1051/e3sconf/201913801029
CATPID-2019

If we assume that odor dispersion is similar to pollutant dispersion in the atmosphere
with jet streams, then odor strength | (estimated by an assessor) can be expressed by the
following formula:

1 _lef _kzﬁ
| = LIPS L B
- - — ; 2
N2 | x +A X, +A,
where
- - Xi . -
X, =1, cosa;; y, =l sina; X; = D relative coordinate;

[4S.
D, = ,/— — equivalent diameter of the i-th odor source; D, = 4,37; D, =43,71;
Vs

S, — area of the i-th odor source; S, =15m?; S, =1500 m?;

m; — odor strength decrease coefficient;
ki — odor strength dispersion coefficient;

A, — decline of the relative pole 0 O;, where O] — point from which |, and

X; are counted; 1=1, 2.

To determine the coefficients in the formula (2) we used the Levenberg—Marquardt
algorithm for the Least Squares method, which is more effective and accurate than most
general optimization algorithms. The Levenberg—Marquardt algorithm is based on the
following methods: Newton's method, the Gauss—Newton algorithm and the method of
gradient descent.

For the significance level o= 0.05 the following results were obtained:

m, =0,02874;, m, =7,4124; k, =5356; k,=0,6999; A, =114698;, A, =-13116.

At the same time, a multiple correlation coefficient R = 0.81 indicates that there is a
high correlation between the response variable | and the explanatory variables Iy, 12, ai, a..

Odor strength | is expressed by the following relation:

1 0,02874 ‘5'356'% 7,4124 —0,7%
e 1 44— @ 2

| = — _
V2r | x, +1147 x, —1,3116

®)

If the model assumes that the shift of the relative poles A;is 0, i.e. the following

relation is searched for:
2 2
Y1 Y2
—k, 2L —k, 22
I _ 1 —mle g +—m2 e ¥

N27 | X, X, ’ @

then with the significance level a = 0.05 the following results were obtained:
m, =-198,687, m, =0,049; k; =0,0657; k, =0,695; multiple
correlation coefficient R = 0.781,

In this case, odor strength 1 is expressed by the relation:
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2
by
2

1 [ -198687 0% 0,049 0%
21 X_l g ®)

Conclusion

Thus, if there are two emission sources, the above-mentioned relation makes it possible to
determine the sanitary protection zone depending on the odor strength and taking into
account meteorological conditions (in this case, wind direction).
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