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Topics to be discussed

•Olfactometry-Odour measurement
•Bioaerosols-Basics of measurement 
•Dispersion modelling of odours and bioaerosols
•Odour and bioaerosol abatement
•Acknowledgements
•Questions and Answers



Background
•B.Sc. Analytical Science
•M.Sc. (Agr) Engineering Tech
•Ph.D Eng-Measurement and Dispersion modelling of 
odours
•Research Associate University of California-Biotrickling 
filter conversion and Odour risk assessment modelling.
•Involved in over 100 odour related projects in Ireland 
and USA.



Interests!
•Development of novel odour and bioaerosol 
minimisation and abatement techniques/proceedures 
for composting/WWTP/WTS facilities.

•Assessment of novel odour measurement 
techniques like electronic noses, super fast GC 
technology using reverse covex indices polar plotting



Eyefactometry

The Visual Equivalent Of Olfactometry



Olfactometry is where we ask pre-selected and 
trained people (odour panellists or sniffers) to sniff 
odours from a dilution machine (olfactometer).

The machine is called an olfactometer, which is a 
highly accurate air dilution device utilising mass 
flow controllers and gas jet dilution devices.

Odour consists of four interlinked parameters 
namely concentration, intensity, hedonic tone and 
character. All can be measured upon your 
olfactometer.



Commercial Type Olfactometry-Basic equipment

Ascent olfactometer
Point vacuum 

sampling device
Nalophan sampling bag

Ecoma T08 olfactometer



Based on the panellists’ responses we determine 
how strong the original odour was.

Each panellist (4 to 8 of them) gives a response 
(Individual threshold estimate (ITE) and we 
calculate their average to report as Odour Unit/m3 

Odour Units (ou) is an expression of how many 
times we had to dilute the odour in order to reach 
the perception threshold of the panellist.

If we had to dilute the full strength odour 1000 
times (1 part odour, 999 parts air) to find the 
perception threshold (the level it became 
perceivable to the panellists), we say the original 
odour was 1000 ou/m3.



In practice, we dilute the odour way past the 
perception threshold (usually two times more), and 
then increase the strength of the odour until we 
come up to the perception threshold (ascending 
concentration).

This is so we don’t risk desensitising the sense of 
smell of the panellists.

The Japanese do it the other way around 
(descending concentration) but allow panellists to 
recover with longer periods of times.
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Why do we do olfactometry? 

So we can compare the odour strength measured 
to a limit, either:

- In Stack

- Predicted at Ground Level (dispersion modelling)

- As Measured in the Field (USA) using unique 
device called nasal ranger-ambient odour 
measurement in the field.  

So as to determine if it will cause an odour 
nuisance



The European / Australian / New Zealand 
olfactometry method and the USA ASTM method 
both say that two odour (perception) thresholds 
exist:

1. The Detection threshold, where a diluted odour 
can be discerned as being different to odour 
free air without having a character to it

2. The Recognition threshold, where the diluted 
odour can be discerned as being different to 
odour free air and it has a character to it



The European / Australian / New Zealand 
olfactometry method only reports the Detection 
threshold. This is the number you will see reported 
unless you specifically ask for something different.

It asks panellists to express how certain they are of a 
diluted odour being present in one air flow compared 
to odour free air flow(s). 

Allowable responses are:
-Guess
-Inkle
-Certain

The level at which panellists respond certain and are 
correct is taken to be the Detection threshold (i.e. 
PrEN 13725:2003).



The USA ASTM E-679 olfactometry method asks 
panellists to express what they are experiencing
when comparing diluted odour in one flow to  odour 
free air flow(s). 

Allowable responses are:
-Guess
-Detect
-Recognise



The following example of Eyefactometry 
demonstrates what each of the thresholds are 
using a visual equivalent.

In this exercise, you will be asked to determine the 
colour strength at which:

1. You can tell that something is different 
compared to white without being able to say 
what the colour is (Detection)

2. You can tell what the colour is (Recognition)



You will be presented with 8 slides in 
sequence. You should be able to get to 
Recognise before slide 8

Ascending Concentration Forced Ascending Concentration Forced 
Choice (as used in the European / Choice (as used in the European / 
Australian / New Zealand  and USAustralian / New Zealand  and US
Methods)Methods)

Each of the following
slides will have 3
squares on it like these



Only one of the squares at each 
level will have diluted colour in it, 
but maybe not the same square 
each time (random presentation)

At each level one of the squares will 
have twice the amount of colour of 
the last slide

The other 2 squares will be white



At each level you must respond using one 
of these terms to nominate the square you 
believe has the colour in it:

Guess (no idea which one is different)

Detect (definitely different but no colour)

Recognise (different with colour - what 
colour?)

If you can’t tell which square has the colour 
in it you must still choose by Guessing



For instance, if you have no idea which 
square has colour in it, you must still 
make a choice. For this example, I Guess 
that it is in the bottom square, so I would 
put a G in it

G



Before you start, get a sheet of paper and a 
pen and draw up two tables to look like the 
next slide



Bottom

Middle

Top

87654321Level

Bottom

Middle

Top

87654321Level

Two charts because we are going to do this twice
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Each Of Your Completed Charts Should Look Something Like This
(No, This Is Not One Of The Answers)



Remember, at each level you must respond using one of 
these terms to nominate the square you believe has the 
colour in it

Guess (no idea which one is different)

Detect (definitely different but no colour)

Recognise (different with colour - what colour?)

Ready? Let’s start. You will have 7 seconds to make a 
decision at each level, after which the slide will 
automatically advance. Press the space bar to begin



1



2



3



4



5



6



7



8



HereBottom

HereHereHereMiddle

HereHereHereTop

87654321Level

These are where the colours were

How did you go?
Did your answers agree with the chart above?
Did you go straight from Guess to Recognise?

Could you find the Detect and Recognise levels?
I haven’t shown Detect and Recognise because these will 

be different for each person
Do you want to have another go? If so, press the space bar

(the colours may be in different places this time)
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These are where the colours were



In the odour lab, panellists do a similar thing. 

They sniff diluted odours and say when they are 
certain that there is a difference between the diluted 
odour and odour free air.

It ain’t easy. Only about 30% of the population have a 
sufficiently sensitive and reliable sense of smell to be 
used as panellists.

Strict procedures must be implemented

And panellists never find out whether they were 
correct or not.



Remember, under the European Standard, Australian / 
New Zealand / the threshold reported is where the 
panellists can tell when the odour is different to odour 
free air, NOT where they can tell when the odour has a 
character.



Do’s and Don’t’s of odour sampling 
and measurement

•Correct sampling proceedures are imperative to attaining the 
correct result.
•Have trained knowledgeable panel for measurement-they 
must be preped properly
•Sampling times and location very important
•Know olfactometry limitations, i.e. no ambinet air monitoring 
as this is fundamentally flawed technique
•You need to know at least three dimesions of odour, odour 
concentration, intensity/hedonic relationship and character. 
These parameters are very important for impact assessment.



What are bioaerosols?

•Microbial particles that are living or originate from living matter that 
become airbourne.

•Particle size range from fractions of mm to 10’s of mm’s.
•The smaller the particle size the longer they remain airbourne and 
can be carried distances in stable wind fields.

•Mesophillic bacteria in the particle size range 0.5 mm to 2.1 mm. 
•Aspergillus fumigatus in the particle size range 2.1 mm to 3.5 mm. 
•Sometimes bioaerosols can clump together and therefore make 
airborne sampling difficult.



How do we sample bioaerosols?
•Quantification of bioaerosols in ambient air is performed using 
viable and non-viable volumetric sampling techniques.
•These include impactors like Andersen N6, six stage (viable) or 
Biosampler liquid impinger (viable and non-viable).
•Impactors use a selected agar plate like Malt extract agar, Ohio
agriculture research station, Total viable count agar, Rose Bengal 
agar, etc.
•Liquid impingers can use peptide based saline buffer solution, 
glycerol or mineral oil.
•Different medias used for selected growth of genus/species
•Different liquids used to maintain sampling efficiency over longer 
sampling times and to selectively remove hydrophobic/hydrophillic 
bioaerosols.
•Other techniques include Spore trap, Air o cell cassette, SAS 90, 
Slit techniques, IOM sampler, Button sampler, continous techniques 
such as PM2.5 anayser, light scattering techniques, florescence 
tagging, etc.



Biostage
•Alumimium 400 hole single stage impactor.
•Easy to autoclave and sterilise in the field.
•Easy to operate.
•Battery operated pump which lasts about 5 to 6 hours.

•Primary flow calibrator for calibration (±1 ml/min).
•Place directly on Tripod at different adjustable heights to simulate 
normal breathing height, etc.

•Operate at 28.3 l min-1 to mantian 0.65 mm cut point.
•Reported >85% collection efficiency
•Adjust correlation factor using Cumingham adjuctment factor
•Results reported as CFU/plate and then recalculated as CFU m-3





Biosampler
•Liquid impingment technique.
•Improvement of AGI 30 sampler whereby whirling liquid washes 
any reaerosolised microbes back into solution.
•Maintains viability very effectively.
•Near 100%  collection efficiency.
•Results reported as CFU ml-1 which is recalculated as CFU m-3

•Upper limit not usually attained as serial dilutions can be used to 
attain correct plate count.
•Plate liquid as usual in selected media.
•Other analysis such as PCR, microscopic, biochemical and IA 
can be performed on sample.
•Not very mobile as you require a power supply for rotary vane 
vacumn pump that mantains 1 atm.
•Equipment is heavy.
•Technique can be adapted for sampling stacks using isokinetic 
nozzles





Pro’s and Con’s of Sampling techniques
Impactors
•Impactors suffer from reduced sampling time and 
should be operated in the range of 2 to 20 minutes due 
to overloading and decisication of microbes which 
facilitiate the loss of viability.
•Reduced flexibility due to underloading and 
overloading (no greater than 150 colonies/plate, etc.).
•Easy to use and flexible.
•Adapted international technique so results can be 
compared with other studies.
•Direct impaction on to nuitrient agar which helps 
mantians viability.



Pro’s and Con’s of Sampling techniques 
continued

Liquid impingment
•Not mobile and heavy.
•Fragile equipment.
•Method can be adapted for isokinetic sampling using 
nozzles.
•Many additional identification technques can be 
performed on sample.
•Very sensitive.
•Sampling times from 5 minute to 8 hours depending 
on liquid media.



Other techniques

•Spore trap, air o cell cassette, AGI 30, Six stage A 
impactor.
•Sampling methodology needs to be optimised to 
attain objectives.
•Sampling technique needs to carfully selected to 
isolate semi-quantative answers.
•Costly excerise due to range of expertise required 
and bulk of sampling to attain meaningful results.



Dispersion modelling
What is dispersion modelling?
•Simply a computer program continously running an algrithim to 
predict concentration values at specific locations

Why do we use dispersion models?
•To estimate impact area.
•In reverse mode to estimate maximum allowable emission.
•To tweak processes quickly to estimate their effects.

Many packages including ISCST3, AERMOD, Screen 3, ADMS, 
Calpuff, HARP.

Input parameters include source characteristics, meteorological data, 
emission rate, particle size and topography.







Odour dispersion modelling
What is an odour dispersion model?
•Assessment criteria-impact assessment
•Usefulness of results
•Different odours have different assessment criteria like 
pig odours generally cause offense at 6 Ou, bakery 
odours can cause offensive at 10 Ou, Untreated 
composting can cause offensive at between 2 and 3 Ou, 
treated composting odour can cause offensive at 6 Ou in 
ambient air, etc.



Parmaters for assessment of nuisance 
levels

Odour impact criteria has many interlinked factors 
including:
•Frequency (percentile value)
•Intensity (Olfactometer)
•Duration (How long)
•Offensiveness (Hedonic tone and character)
•Receptor (Previous experience and n butanol detection 
threshold of resident, etc.)



Assessment criteria continued
Developed through dose response studies 
performed in Holland.
Or can be site specifically assessed using 
olfactometry.
The composting odour going into the biofilter and 
coming out of the biofilter will be different in terms 
of offensive potiential. Basically the odour going in 
will casue a person to complaint at an ambient 
odour concentration of 2 to 3 Ou while the odour 
coming out will casuse a person to complain at 6 
to 8 Ou if working properly.



Limitations of dispersion models
•Prediction tools which required skilled individuals who 
understand meteorology dispersion estimates in order to 
develop a clear picture.
•Do not take account of duration or intensity/hedonic value-
different odour sources within a plant will have different 
odour offensiviness levels-therefore incorrect to lump all 
sources as this will inevivetable lead to overestmation and 
the expenditure of capital on odour abatement that is not 
necessary.
•Not able to predict within 200 metres of facility with 
accuracy.
•Currently working on plug in module for dispersion models 
to estimate such parameters and perform the necessary 
stats.



Dispersion modelling of bioaerosols
•Need bioaerosol emission rate to perform traditional dispersion 
modelling
•Bioaerosols can be treated as ideal gas due to their small particle 
range <3 mm and settling velocity of <5 mm/s. One issue is potiential of 
clumping
•Composting emissions sources not traditional like stack whereby 
volumetric airflow rate can be calculated (contamination volume). You 
need to perform reverse dispersion modelling to estimate emission 
from windrows system, etc. Verify predicted emission rate through 
forward dispersion modelling.
•Biofilters and other technologies modelled using traditional modelling 
techniques once emission rate known. 
•In 10 years bioaerosol monitoring will be more realised-similar to 
odour research 10 years ago where little knowledge was known and
established techniques became apperant due to significant research 
and development due to driving force of leglislation, also WMD 
program in USA driving forward new sampling techniques.



End of pipe Odour and bioaerosol abatement

Odour abatement performed using traditional techniques 
such as fixed bed biofilters, biotrickling filters, chemical 
and wet scrubbers, regenerative carbon RTO, etc.

Think of a bioaerosol as a small dust particle. Generally 
speaking anything that will remove dust particles, will 
remove bioaerosols from an emission air stream. Non 
thermal plasma, dust filters, HEPA filters, chemical 
scrubbers and to a varying degree biological abatement 
(remember biological abatement techniques will also emit 
bioaerosols)



Strategy to be considered!!
•Good housekeeping is the key to any sucessful abatement strategy.

•Dust supression techniques, meteorology, operation, etc.

•Implement abatement based on ease of operation, past record and operating 
costs.

•Be careful-estimate amount of abatement and perform forward calculations.
•Implement predictive failure strategies on your abatement system. 

•Understand the technologies limitations.

•Most importantly-design the composting plant so as to consider all aspects of 
odour abatement requirements including door opening sizes and duration, volume 
of building, volumetric airflow rate of composting system. The more air produced the 
larger the abatement system. The larger the door area the larger the amount of air 
to be removed from the building.

•Use PLC and sensor type technology to control airflow accurately so as to reduce 
running costs-Why not recirculate air until an oxygen setpoint level is attained then 
introduce % fresh air and dump % odour air to abatement?
•Design abatement system with running costs in mind as generally abatement 
system designed with contract/penalities in mind. Design could save 10’s thousands 
euros when 10 year running cost analysis performed. 
•Overall facility design and layout.



Abatement technology pictures
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Questions and Answers


