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Introduction
The accurate assessment of odour impact in the community is a dilemma faced by many countries worldwide. Unlike some 
emissions which are characterised by identification and quantification of specific compounds (e.g. nitrogen oxides NOx or 
volatile organic compounds VOCs), odour emissions are much more difficult to quantify as an odour impact is rarely the 
result of a single compound, but rather a unique combination of hundreds of different odorous compounds. In general, 
odour impacts can be assessed either by quantifying the odour at the source within a facility (e.g. at an air emissions stack, 
holding pond or compost windrow), or by assessing the odour in the field surrounding the facility. 

In Western Australia, source odour assessments are conducted by collecting a sample of air directly from the source in 
an odour bag. The concentration of the odorous compounds in the sample is determined by progressively diluting the 
sample using an olfactometer and presenting the diluted samples to a panel of pre-screened and trained odour assessors. 
The number of dilutions required before only 50% of the panel members can detect an odour, is referred to as the ‘odour 
concentration’. Unlike other analytes which are reported in concentration units of mg/m3 or μg/m3, odour concentration 
is reported in the unit ‘OU’ in Australia. (Note: In Europe, odour concentration is reported in the units OUE/m3). An odour 
concentration of 125 OU (or 125 OUE/m3) indicates that the sample was diluted 125 times before only 50% of the panel 
could detect the odour. An odour concentration of 1 OU indicates that the sample was at the threshold of detection 
(Nicell, 2009). Odour concentration data is most frequently used as an input for odour dispersion models, together with 
topographical and meteorological data. 

Field odour surveys can be conducted in two ways. Firstly, instruments such as e-noses or field olfactometers), can be 
placed in the field to directly measure odorous compounds. Alternatively, human technical assessors can be placed in the 
field to assess the level of odour impact. Unlike the instrumental techniques which report odour impact as a numerical 
concentration, human odour assessors may rank the odour impact using the FIDOL scale: frequency, intensity, duration, 
offensiveness and location. The methodology used for field surveys using human assessors varies widely across the world 
(Sucker, 2008; Nicolas, 2006). The methodology used most widely in Western Australia is based on the German standard, 
VDI 3940, which describes two principal methodologies for assessing odour impact in the community: grid measurement 
and plume measurement. 
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A summary of the type of odour assessments which can be conducted is provided in Figure 1.

Figure 1. Overview of types of odour assessments

The purpose of this paper is to present, for environmental practitioners who are new to odour assessment, a summary 
of the methodology and data obtained by field odour assessments by VDI 3940. Specifically, the methodology described 
in VDI 3940 Part 1: Measurement of Odour Impact by Field Inspection – Grid Measurement (2006) and VDI 3940 Part 2: 
Measurement of Odour Impact by Field Inspection Plume Measurement (2006) will be described. A comparison of the types 
of data which are obtained will be provided, together with a synopsis of the shortcomings, as perceived by the author. 

Detection of odours

Overview
Simply stated, an odour is a sensation caused by one or more compounds which, when coming in contact with the 
olfactory receptors in the nasal cavity, trigger a response which is then sent to the olfactory neurons in the brain. Different 
compounds interact with the olfactory receptors in different ways, resulting in a variation of detection thresholds and 
sensations for all compounds. For example, hydrogen sulphide has a relatively low odour threshold (0.0005 ppm) compared 
to formaldehyde (0.39 ppm), and hence can be detected at lower concentrations (Lasaridi, 2010). An odour attributed to 
a particular activity (e.g baking) or an object (e.g. rose) is a result of many hundreds of individual odorous compounds 
activating the olfactory receptors and neurons in the recipient (Nicell, 2009). 

Field odour surveys using technical assessors (as opposed to instrumental techniques) are a useful way of assessing odour 
impact as the technical assessors best represent the source of community complaints, (i.e. residents in areas surrounding 
a facility). In order to assemble a suitably qualified assessment team, potential assessors are screened in the laboratory 
prior to inclusion. Each assessor is presented with samples of odorous n-butanol of known concentration. By measuring the 
threshold at which the assessor can detect the odour at 1 OU concentration, it can be determined whether the potential 
assessor represents the ‘average’ community member, or if they are unsuitable for the assessment team either by being 
too sensitive or insufficiently sensitive. 

Odour Parameters
When using a technical odour panel for a field survey, odours are assessed by each technical assessor recording at least 
one of the five FIDOL factors: frequency, intensity, duration, offensiveness and location. According to the German standard 
VDI 3940 (the preferred odour methodology currently used in Western Australia), two key parameters are recorded: odour 
type and the odour intensity. 

‘Odour character’ or ‘odour quality’ are descriptors used to describe the odour character; for example, ‘sweet, fruity’ or 
‘fecal, nauseating’. In most cases, these odour qualities can be directly linked to a source at the facility (i.e the odour type). 
For example, an odour character of ‘earthy’ could be attributed to a compost windrow. 
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The odour intensity is a measure of the strength of clearly recognisable odours and is recorded using a scale of 1–6 as 
shown in Table 1. Only odours which are clearly recognised by the technical assessor are recorded according to this scale. 

Table 1. Odour intensity levels

Odour Intensity Level Descriptor
1 Very weak
2 Weak
3 Distinct
4 Strong
5 Very strong
6 Extremely strong

Field Odour Measurements
VDI 3940 specifies how odours are recorded in the field. The odour assessor is placed at a specified location (measurement 
point) and inhales the air at 10 second intervals, for a total of 10 minutes. At each inhale, the assessor records if an odour 
was detected and, if so, the type and the intensity of the odour. A total of 60 odour measurements are recorded during 
each 10 minute cycle. Depending on the methodology used, (i.e. grid method or plume method) the technical assessor may 
be placed in the field on their own, or as part of a team conducting concurrent odour measurements.

Grid Measurement
The purpose of grid measurement methodology is to provide a statistically representative assessment of odour impact. 
Although there are a number of different grid methodologies employed worldwide, the current preferred methodology in 
Western Australia is based on the German method as described in VDI 3940 Part 1 (2006). 

Field Methodology
In this method, an ‘assessment area’ around the facility is determined. For facilities only consisting of ground level odour 
sources (e.g. holding ponds), an assessment area of approximately 600 m diameter around the facility is selected. For those 
facilities containing one or more elevated odour sources (e.g. an air emissions stack), the assessment area is defined as 20 
times the height of the tallest stack. The assessment area is further divided into a grid in which the gridlines are placed 
approximately 250 m apart; in some cases, a spacing of down to 100 m may be more appropriate. The intersection of the 
gridlines corresponds to a ‘measurement point’, i.e. the geographical location at which a technical assessor will stand to assess 
the odour impact. Each measurement point is assessed to ensure it is accessible and safe; any points which do not meet these 
criteria are removed from the assessment area. Figure 2 shows an example of a grid developed around an odour source. 
In this case, a single assessment area consisting of 15 assessment squares has been developed. Each measurement point 
(identified as A4, B2 etc…) indicates a location at which a technical assessor will stand to record the odour measurements.

Figure 2. Map showing grid developed for a Field Odour Survey based on grid methodology

Source: Guillot JM et al, “The future European standard to determine odour in ambient air by using field inspection”, Water Science and Technology, 
66.8, 2012.
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As the Grid Survey is intended to provide statistically representative data, field surveys based on this methodology are 
conducted over a period of either 12 or 6 months. Twelve month surveys capture the full seasonal variation, whilst 6 month 
surveys are planned to capture the ‘hottest/driest’ and ‘coldest/wettest’ seasons. Each measurement point is assessed 
either 26 times for a 12 month survey, or 13 times for a 6 month survey. This means that each assessment square is 
measured either 104 times for a 12 month survey or 52 times for a 6 month survey.

Data Collection, Collation and Interpretation
The number of ‘positive odour hours’ for each measurement point is calculated by reviewing the number of 10-minute 
assessments in which more than 6 (out of the 60) measurements could be attributed to the facility being assessed. The 
total number of positive odour hours for each assessment square is calculated by summing the number of positive odour 
hours for the four measurement point involved in the assessment square. The ratio of total odour hours to the total number 
of measurements (either 104 or 52 depending on the length of the survey) in percent, characterises the degree of odour 
exposure in terms of odour frequency in a given assessment square (Guillot, 2012). 

Plume Measurement
According to VDI 3940 Part 2 (2006), field surveys conducted according to the plume method can be useful for calibrating 
and validating dispersion models, determining the source of an odour impact, or determining the plume extent (i.e. 
the geographical footprint of an odourous plume when it comes to ground). This paper concentrates on using plume 
methodology to define plume extent.

Field Methodology
In this method, a team of odour assessors is sent into the area near the facility during a period in which meteorological 
conditions are conducive to plume formation and ground level impact (usually stable atmospheric conditions). The 
assessors are placed perpendicular to the direction of the wind at several intersection lines at varying distances from the 
facility under investigation (see Figure 1). The distance between assessors and the intersection points is not specified in 
VDI 3940 Part 2; these parameters are determined on a case-by-case basis depending on the anticipated extent of the 
plume, the height of the emission source, the odorant flow rate, the meteorological conditions, vegetation/buildings and 
topography. As the wind direction can change suddenly during a plume survey, the position of the assessors is usually 
decided ad-hoc whilst in the field, depending on the wind direction. 

Figure 1. Schematic showing placement of assessors and extent of plume

Source: Guillot JM et al, “The future European standard to determine odour in ambient air by using field inspection”, Water Science and Technology, 
66.8, 2012.
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Data Collection, Collation and Interpretation
During a plume survey conducted according to VDI 3940 Part 2, odour measurements can be recorded in two ways. Firstly, 
a simple ‘Yes/No’ system can be used, in which an assessor records when an odour from the facility was detected, and 
when it was not. From this data, the “percentage odour frequency” of the facility can be determined. Alternatively, a more 
complex recording system can be used in which multiple odour types and odour intensities are recorded. “Percentage 
odour frequency” is still calculated, but can be calculated for each odour type or each odour intensity recorded. 

Comparison of Methodologies
Odour impact assessments conducted by grid and plume methodologies yield complementary, but different, information 
regarding the odour impact of a facility in the community. 

The aim of a grid survey is to determine the amount of time in a year (in hours) in which odours can be experienced 
in a particular area. Given this, extensive planning is conducted, and a large dataset generated, in order to make this 
assessment statistically representative. Grid surveys are conducted over an extended period of time (either 6 or 12 months) 
in order to capture odour impacts during different seasons. All weather conditions, times of day and days of the week are 
assessed. The measurement points (i.e. the location of the assessors) are pre-determined, and each measurement point is 
assessed either 13 or 26 times depending on the length of the survey. The days and times of each odour measurement is 
determined prior to starting the survey.

In contrast, plume surveys aim to determine the geographical footprint of an odourous plume. Given this, the surveys 
are not planned in advance, but instead are conducted when it is most likely that an odorous plume will form and come 
to ground. Depending on the aim of the plume survey, a limited number of days is conducted, resulting in a significantly 
smaller dataset compared to grid surveys. 

There are a number of practical shortcomings in the execution of field odour surveys based on either the grid or the plume 
methodologies as outlined in VDI 3940. Field odour surveys based on grid methodology are expensive to conduct due to 
the high number of assessments (up to 26 single measurements per measurement point) required in order to be statistically 
representative. The extended period of time required for the Grid Survey (either 6 or 12 month duration) also means that 
there is a significant delay between the commencement of the survey and any odour mitigation strategies which can be 
conducted. 

Similarly, the plume method also has a number of practical shortcomings. As the plume method is used to assess the odour 
footprint on a particular day, the odour impact assessment obtained is specific for the particular meteorological conditions 
experienced during the assessment. On a practical level, technical assessors can only be placed alongside roads or in other 
open and accessible locations. Consequently, the placement of the assessors is dominated by the location of streets; it is 
unlikely that the formation depicted in Figure 1 can be obtained in practice. In addition, because the measurement points 
are determined on an ad-hoc basis whilst in the field, it is difficult to reproduce the same locations at a later date.

Conclusion
Field odour surveys conducted by grid or plume methodologies yield different, but complementary, information regarding 
odour impacts. However, both methods have significant logistical and commercial limitations. In order to provide cost 
effective, timely and traceable field odour assessment, it is proposed that a combined grid and plume methodology be 
considered. This methodology would be primarily based on the plume method, but would contain planning elements of 
the grid methodology which would increase traceability and reproducibility. It is suggested by the author that potential 
measurement points are identified prior to the plume assessment and documented on a map, together with point 
identification numbers and GPS co-ordinates. Whilst in the field, the assessment team would choose from the potential 
points based on the wind direction. In this way, the geographical extent of the plume could be determined, but there would 
also be increased traceability as to the locations which were assessed. A combined method for field odour assessments 
would provide the traceability of the grid measurement method, together with the cost and turnaround advantages of the 
plume method.
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