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ODOR SAMPLING and MEASUREMENT BY DYNAMIC DILUTION OLFACTOMETRY


INTRODUCTION

A subcommittee of the EE‑6 Odor Committee was formed to develop a set of "guidelines"  for the standardization of odor sampling procedures from any sources, point, area, fugitive as well to establish the sampling procedure for ambient measurements.  The guideline was also developed for the standard procedure used by the laboratories for evaluation of the samples by dynamic olfactometry in order to determine the odor threshold values. 
This guideline document is submitted to the ASTM E 18 Sensory Committee for their review and comment. The EE-Odor Committee offers this document as a replacement for the current ASTM E-679-04 method as a more detailed odor testing method.  However this document refers to any odor testing at the source: either point, area or fugitive source as well determination of odor at the sensitive receptors ( ambient odor levels).
EE-6 odor Committee suggests that for the purpose of testing materials for odor a separate document is issued for that purpose.  

1.0 Scope

1.1 This method is designed to outline the preferred sampling methodology for collection of the odor samples and their evaluation using the dynamic olfactometery and screened panelists.  
1.2 The guidelines are set to standardize odor measurement procedures for field applications such as:
1.2.1   the measurement of odor emissions rate of odorous emissions from point, area fugitive sources

1.2.2.   the measurements of odor emissions from  humid, hot sources



1.2.3.  the determinations of effectiveness of any control equipment such as biofilters,      scrubbers, carbon units, etc

         1.2.4.    the measurements of mass concentration at the detection threshold of pure odorous substances in g/m3

         1.2.5.     determination of the ambient levels of odors

The characterization of the emissions requires measurement of the gas velocity, moisture content, that should be performed according to the relevant standards included in the normative references( in Ontario we have a Source Sampling Code and we have to follow the code to establish the number of point for velocity profile- I can provide more details)
2.0 Applicable Documents

2.1. EN 13725:2003 Air Quality – Determination of Odour Concentration by Dynamic  Olfactometry.
2.2 New Zealand/Australian document

2.3 MOE Ontario document

3.0. Terms and Definitions:
( we need to define that – I can add later, no time now)

The following terms and definitions:

Assessor

Ambient Sampling

Detection threshold value

Dilution factor

Dynamic dilution 

Dynamic olfactometer

D/T

European odor unit

European Reference Odor Mass , EROM

Forced choice method

Fugitive sources

Geometric mean

Group odor detection threshold

Individual odor detection threshold 

Instrumental dilution range

Maximum dilution factor

Measurements

Measuring Range

Minimum Dilution Factor

Nasal Ranger Field Olfactometer

Neutral Gas

Non-forced method

N- butanol

Odorant

Odor Flow rate

Odorous gas

Odor

Odor concentration

Odor removal efficiency

Odor panel

Odor unit

ODTV

Olfactometer

Olfactory

Operator

Panel

Panel screening

Panel Selection

Panel odor detection

Point source

Round

Standard conditions

Static dilution

Step factor

Substance

Test results

Yes/No method

3.0 Quality Requirements for Equipment Used for Sampling, Evaluation
3.1. Bags- materials allowable for odor bags are listed in section 4.1

All new bags should be cleaned for minimum of 24 hrs with odorless air at temperature of 80 deg C.  They should be checked for any residue odor by the operator or other person responsible for equipment used for collection of odor samples

Re-use of sampling bags may be possible with low odor (i.e. less than 100 ou) samples. Pre-used bags should be purged continuously with odor-free air for a minimum of 24 hours at 80 deg C and tested to ensure that they are acceptable prior to re-use.

The sample bag must be purged with sampling gas and emptied prior to collecting the final sample in order to precondition the sampling line and the interior walls of the sampling bag. 

3.2.  Sampling Systems
3.2.1.  Dynamic Odor Sampler- all dynamic odor samplers should be frequently calibrated for different dilution settings ( used for dilution) and different possible temperature settings ( temperatures of source).  Recommended temperature settings: room temperature, 100 deg F, 150 deg F, 200 deg F, 250 deg F, 300 deg F and 350 deg F
 For assessment of settings of the odor samplers a traceable gas and monitor that has a proven accuracy to measure concentration of traceable gas.( propane with THC monitors or CO with CO monitors, however - caution should be used when using CO as a traceable gas) . 

Recommended frequency for calibration -every 3 months

Acceptable deviation from dilution setting -+ or – 10% upon checking with traceable gas

3.2.2. Lung Sampling Technique- no calibration is required, in this method a free odor pump is required to collect samples via Lung  ( Teflon or Stainless Steel probe)
The sampling lung should allow for transfer of the gas through the sampling line directly into the sample bag without going through any potential sources of contamination such as rotameters, pumps etc. The recommended method for sample collection is the “evacuated drum” or “sampling lung” where the sample bag is placed within a rigid, leak-proof container. The air inside the container is evacuated using a pump, which causes the bag to fill with sample at a rate equal to the container evacuation rate.  – Lung Sampling technique
3.3.  Wind Tunnel – no calibration required except check for leakage, settings of flows for the swept gas, rotamiters calibrations as specified by manufacturer, however the settings should be checked against any primary calibration standard unit such as Dry Calibration Unit

3.4. Flux Chamber- no calibration required except check for leakage, settings for nitrogen as swept gas, rotameters calibrations as specified by manufacturer, but the settings should be checked against any primary calibration standard unit such as Dry Calibration Unit
3.3   Dynamic Olfactometers
If using multiplied stations ( 6 to 8), a volumetric flow rate should be checked at each station and the acceptable  variation between stations should not be more than 10%. 

Mass flow controllers or rotameters used for settings total flow should be calibrated at least once a year as manufacturer specifications

 Each dilution settings should be checked using a traceable gas and monitor that has a proven accuracy to measure concentration of traceable gas.( propane with THC monitors or CO with CO monitors, however - caution should be used when using CO as a traceable gas)  

Stationary olfactometer- Frequency- once in year

Portable olfactometer- Frequency- six months or every time is dismounted, mounted when shipped to different locations

3.4  Pito Tubes ( S-type; Stausscheibe or reverse type)  or Standard type and Inclined Manometer for Velocity  Pressure Readings 
According to the Source Testing Code- ( In Ontario we have a Source Testing Code, do not know in USA)

3.5.  Temperature Sensors- thermocouple or other device capable measuring stack gas temperature  digital meter with type K thermocouple or any other instrument to be used for measuring the temperature of the source- calibration according to the specifications

4.  Materials used for sampling , analysis
Materials used for olfactometry should have general properties:
· Should be odorless, the materials used should not produce any odor
· Should minimize the physical or chemical interaction between sample and sampling materials

· Should have low permeability in order to minimize loss of sample caused by diffusion

· Should have smooth surface

Materials used in construction of the olfactometer should all be odor‑free (Teflon, stainless steel, glass etc.).  Of critical importance are the olfactometer parts that come into direct contact with the sample in any way.  These parts must not only be odor‑free but also chemically inert and non‑reactive so that chemical reactions (e.g. oxidation of sulfurous compounds with stainless steel), adsorption and desorption are avoided.  The materials must also be able to be purged or cleaned quickly to render them odor‑free in case of contamination.  The materials found to be best suited for these purposes are:

· Polytetrafluorethylene; (PTFE); 

· Polyvinylfluoride ( PVF, Tedlar)

· Tetrafluoroethylene hexafluoroplopylene copolymer (FEP)

· Teflon

· Glass

· polished stainless steel

In addition to the use of proper materials, the unit parts used (i.e. measuring devices, valves, etc.) must be of the highest quality to maintain accuracy and precision.

5.  Cleaning procedure for sampling equipment

Sampling equipment should be cleaned before use in order to became odourless.  No residue of any cleaning agent.  Odour samplers- use heat approximately 350 deg F and purge with clean air for 24 hrs after use.

Sample bags should not be re-used unless the cleaning procedure is followed the same as for new bags and if odour level was no more than 100 ou.   All bags need to be checked after cleaning process for any residue odor.
Bags should be checked for any leakage- 24 hrs filled with air and visual inspection 
6.    Sampling

6.1. Point SourcesM
5.1.1. Dilution Sampling Technique

The odor sample collection system must be capable of dynamically predilute the stack gas stream A predilution technique must be used for sources high in moisture or high in temperature or any source when expected odor is high.  A pre-dilution of the sample is required to prevent condensation in the bag if the sample gas contains a significant amount of moisture.   A dynamic dilution is required for that purpose.  The apparatus should be able to dilute gas sample dynamically using either an eductor powered by pre-purified nitrogen, which creates a suction and draws a low flow of sample into the stream or diluted probe system.  The nitrogen flow should be maintained at a constant rate, and the sample flow rate should be measured using a Magnehelic differential pressure gauge to obtain the pressure drop across a calibrated capillary tube or any other equipment use for that purpose.  The entire dilution sampler should be maintained at the approximate source temperature.  Odor sampler should be calibrated according to section 3.2.1
. 
       The quality of an acceptable odor sample should be sufficient to prevent any condensation and  or absorption of odors upon sample collection and cooling to ambient temperatures
Probe- structurally stable ns capable of maintaining sufficient high gas temperatures to prevent condensation before predilution,

Sampling location should be selected according to method 1 of Source Testing Code ( In Ontario- not sure in USA, if you do not have any standard -I can provide more info)

      A minimum of three samples should be collected at the dilution chosen on site, however the chosen dilution should be as close as possible to the optimum dilution (minimum loss during the sampling), and therefore additional three samples should be collected at the same time at different dilution ( lower or higher dilution) in order to demonstrate that chosen dilution is the optimum dilution.   Geometric mean of three samples at the optimum dilution ( highest ODTV- odour detection threshold value ) must be used for the final calculations of the emission rates.

Before collection of the samples, all sampling bags need to purged at least once  with sample.

Blank  for odour sampler  ( Nitrogen used as gas introduced thru the system) should be collected and analyzed the same way as the actual sample.
During the sampling all bags need to be covered with dark bags in order to prevent any chemical reactions.  All bags after collections need to be stored according to section 5.1.2.
Sampling times for collection of each bag should be approximately 20 minutes. If batch process, sampling might be adjusted to the process.

6.1.2. Estimation of the efficiency of the equipment- for example: biofilter, scrubber, carbon filter. 

In order to perform an efficiency test for odour removal the inlet and outlet of the equipment should be tested at the same time.  Therefore based on the judgment of the sampling crew, one dilution should be chosen on site for the inlet and one for the outlet location.  Three samples at that dilution should be collected at the same time for the inlet and outlet location.  Three tests should be performed to establish the efficiency of the odor removal for that equipment
Sampling time – minimum of 10 minute per bag.

GM from three tests should be recorded as an odor removal efficiency for that equipment
6.1.2.  Flow Rate Determination

According to Source testing Code ( in Ontario, if you do not have one – I will provide info)
6.1.   Area Sources

6.1.1.  Wind tunnel technique
For the purpose of estimating of odor emissions from an area sources it is recommended to use a wind tunnel technique.   A flux chamber technique should be only used for stagnant conditions due to the fact that the emission rates obtained by flux chamber method are significantly lower than obtained by wind tunnel technique ( even by a factor of twelve)
At least three sampling locations ( if possible ) should be chosen and at each location three samples should be collected and analyzed.  Geometric mean ( ODTV) from  nine samples ( three locations and three samples per location) should be used for the final calculation based on odor emission rates per square meter of the surface
In this technique filtered air (carbon filter or series of carbon filters) should be used as a swept gas. 

A diagram of the wind tunnel is presented in Figure 1
Diagram, please.
It ii not possible to duplicate ground level conditions in the small wind tunnel.  However a wind tunnel should be designed  to create an environment where the boundary layer is well developed and convective mass transfer occurs.

The tunnel should be placed on the liquid or solid surface.  If liquid- floating device is recommended.  Filtered air should be introduced at the controlled speed.  The air velocity inside the wind tunnel should be 0.3 m/s.  The odor compounds volatilize, or diffuse into air in attempt to reach equilibrium between aqueous and air phases.  Secondly, convective mass transfer takes place in the air phase.  Together the diffusion and convection determine rates from water surface to the air.

The released sample odor is mixed with the air flow and flows thru the exhaust.  A portion of mixed air is collected using a Lung technique (description of the Lung Technique in the section XXXXX)  
It is recommended that stainless steel is used as an inside material.  All fittings should be stainless steel, tubing either stainless steel or Teflon. 
The odor emission rates are calculated by dividing the area covered by the wind tunnel by the odor concentration ( GM of ODTV from nine samples) which is multiplied by the flow rate through the wind tunnel.
5.1.2   Ambient Odor Sampling

5.1.2.1.   Sampling using Lung Technique

In this method a Teflon probe is placed at the breathing height an approximately 1.5 meters from the ground.  Sampling locations should be chosen based on the following:
Downwind or (upwind for background) from the source (for example facility), preferably at the sensitive receptor.  Description of the sensitive receptor is provided in Section XXXXX),
Not close to any source of odors ( garbage bins, cooking vents, traffic, trees, bushes, flowers etc) 

In this method the “evacuated drum” or “sampling lung” - the sample bag is placed within a rigid, leak-proof container. The air inside the container is evacuated using a pump, which causes the bag to fill with sample at a rate equal to the container evacuation rate. 

All fittings for  sampling line should be Teflon coated or stainless steel.

Bags should be purged at least once before collection of samples.  
Three samples should be taken at each sampling location.

Sampling time- recommended 10 minutes, however might depend on the duration of the detected odor, therefore might vary, and should be recorded

One upwind location should be chosen on site when sampling downwind as a background.
6.1.2  Sample Storage
Once collected, the samples should be maintained at ambient temperature and contact with direct sunlight should be avoided.  The samples should be analyzed with minimum delay.  As a general rule of practice, analysis should be conducted within a short as time practical. In no case should sample storage time exceed 30 hours prior to odor analysis.

All blanks should be kept separately from the actual samples.

7.0 Summary of Odor Measurement Practice 

Using an olfactometer, a series of dilutions of an air sample containing an odor‑producing substance or mixture of substances is presented to a panel of odor observers.  The concentration series is presented in ascending order with each concentration step separated by a constant factor of 1.4 but no greater that 2.  Each diluted odor sample is presented along with either one (binary) or two (triangular) odor‑free blanks.  At each dilution step, the blanks and diluted odor sample are presented in random order with identical sniff ports so that there is no visual, audible, tactile, or thermal difference between the samples.  The panelists are asked to evaluate each of the samples and indicate which sample is different from the other one or two.  The panelists must also indicate the basis for their choice at each presentation i.e. whether it is a pure guess, they have an 'inkling' that something may be different about a particular sample, or are certain of their choice based on the presence of an odor.   This has been found to significantly increase the repeatability of odor measurements compared with pure guessing.  All guesses are disregarded in the data calculation procedures.  Individual best‑estimate values of threshold are derived from the pattern of correct/incorrect responses (with some degree of certainty) produced separately by each panelist.  Group thresholds are derived by geometrical averaging of the individual best‑estimate thresholds.

When binary non- forced choice method is used the panelists are asked to indicate the port with  odor, they are asked not to guess.
8.0 Olfactometer Parameters


8.1  Sample Introduction

The sample to olfactometer interface should be such that the sample does not risk any contamination from adsorption on or desorption from materials as it travels from the sample  container to the olfactometer.   The sample can be introduced by either a pressurized system or via vacuum as long as the sample is interfaced directly to the olfactometer.  The connection should be as short as possible and be made of only those materials specified as suitable for construction (see Section XXX). 

 
8.2  Dilution Air

The air used to dilute the odor sample and serving as the "blank" samples must be odor‑free.  For testing purposes, odor‑free air may be supplied by using cylinders of compressed "breathing

grade" air or generated on‑site by passing generally good quality room air through an activated carbon filter prior to introduction to the olfactometer. If a compressor is used it should be oil‑less and its operation should not interfere (non odor generating and minimal noise levels) with the testing environment.  The temperature and humidity of the dilution air should not differ significantly from the room air.  If necessary, an aerosol filter should be inserted prior to the carbon filter to eliminate excess moisture.  The dilution air must be judged to be odor‑free by both the odor panel moderator and the odor panelists prior to conducting the odor evaluation tests.

Before each sample is analyzed a blank air should be introduced to the panel members in order to determine if there is or there is no contamination in the system between samples.  


8.3  Air Flow Measurement and Mixing Devices

Air flow rate per sniff port must be regulated at a minimum of 15 lpm. Flow of clean air can be regulated bycalibrated  rotameters or calibrated mass flow controllers  Odor sample flows should be controlled by high precision rotameters or mass flow meters.  The sample flow system should be constructed of suitable materials (see Section XXX) and include a mixing chamber to ensure adequate mixing for dilution air and odor sample prior to presentation at the nose port.


8.4  Dynamic Range 

The largest dilution factor must be at least 5,000 and the smallest should be below 4.  However when ambient samples are evaluated the lowest dilution should be 2.
8.5  Predilution 

If it is determined that the odor level of a sample exceeds the upper dynamic range of the olfactometer, the sample must be pre‑diluted by some factor prior to analysis.  Predilution can be performed only by the dynamic method  ( odor samplers).  

The odor detection threshold value of the diluted sample is then multiplied by the pre‑dilution factor.


8.6  Olfactometer‑to‑Subject Interface

Currently there are various designs of sniffing ports in use.  The main criterion listed below have been selected to ensure that 1.) the nasal area (both nostrils) are adequately isolated from the ambient air to prevent the odor stimulus from being diluted by ambient air before entering the panelist's nose  2.) the panelist is supplied with a sufficient amount of air to ensure that the sample is not diluted in any way by ambient air (during normal breathing at the interface), and 3.) the face velocity at which the sample and blanks are presented to the panelist is maintained at an even flow profile..  

The following specifications are recommended:   

Flow Rate:  Air flow rate from the olfactometer sniff ports must be regulated at a minimum of 15 lpm to account for the variability of individual breathing/sniffing volumes and techniques during olfactory evaluations however no more than 20l/min
Smelling Chambers: The smelling chambers should be a cylindrical shape or an ergonomically shaped nasal mask and must be made out of a non‑reactive, odor‑free material (glass or Teflon).  The cup design must allow for an even flow profile at the face of the cup.  The diameter of the chambers should be between 3.5 cm to 4 cm  to allow full insertion of the panelists' nose into the chamber and result in a face velocity in the range of above  0.2 m/s but below 0.35 m/s.  Note: high flow rates and high face velocities may result in notable discomfort of the panelists.

Face Velocity:  between 0.2 m/s and 0.35 m/s
The port should provide an even distribution of air velocity across its opening, with the difference at cross sections not more than 10% different from the average velocity, measured at the distance at least 0.005m from the wall of the cup. The odor concentration for a type of cup


8.7  Presentation Method 

The dilution series must have a minimum of five concentration stages.  The dilution series must be distributed symmetrically around the expected odor threshold. The lowest concentration in the dilution series is determined as that at which none of the individual panel members can consistently distinguish the odor containing air from the odor‑free blank(s).  The other concentrations are above this using fixed dilution factors.  Concentration intervals should be separated by no greater than a factor of two.  Increasing concentrations are presented until all panelists have reached a point of consistency in correctly choosing the odor stimulus from the blank(s). 

For each presentation the panel moderator decides randomly which of the smelling ports will contain the odor sample.  The panelists are asked to smell the air coming out of each of the port 

and choose the port in which they perceive the odor to be present .  Even if no odor is detected, the panelist must choose a port, if the forced choice method is used, otherwise the panelist does not have to choose a port. They must also indicate the basis for their choice with the forced choice method (i.e. whether their choice was based on a pure guess, a detection of a difference or they were certain they recognize the presence of an odor).  The odor is presented to the panelists in increasing concentrations. The assessment time must be between a minimum of 15 seconds and a maximum of 30 seconds /dilution level/trial/panelist.

The number of tests per sample should be one, due to the fact that a minimum of three samples are required per location.  In cases when samples are low in odor, a large volume of sample might be required, therefore there might not be enough sample for repeating tests
9.0  Size of Panel

The following minimum number of panelists are required:

6‑ 8 
panelists for all practical measurements

An increased number of panelists will improve the accuracy of the measurement.

10.0  Selection of Panelists

Panelists should be 
Between 16 and 60 years of age
No eating of spicy food, no coffee 30 min before panel

No chewing gum, no sweets during the panel sessions and breaks, 

No telephone, books, magazines during sessions

Only water is allowed during the breaks

No perfume, or any lotions, scented creams, etc

They should not attend sessions when sick ( cold, flue) or have allergic reactions 

Should enter the room 15 min before session in order to adjust to the room environment

No communication between panel members
10.1 Screening of the Panelists
Selection of the panelists should be based on the response to the n-butanol.  Range for panelists- 20-80 ppb of n-butanol, based on three tests.  As a new panelists, the screening procedure should be performed three times in a month, later there is no need for the panelists to be screened more often than once a year.

