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Guidelines for 

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" or "recommended practices" for the standardization of odor sampling procedures and odor measurement techniques by dynamic dilution olfactometry.  The driving force for the standardization of techniques is the need to be able to compare odor measurement results from one laboratory to another or one instrument to another with some degree of reliability and reproducibility.  The studies done to date which have compared commercially available olfactometers and conducted round robin interlaboratory odor sample evaluations have shown that standardization procedures are drastically needed1,2.

Much of the methodology prescribed in this guideline is based on the rationale for dynamic dilution olfactometry as expressed in ASTM Method E‑6793.  Much research and consideration has led to the selection of dynamic as opposed to static dilution techniques.  Forced choice and non-forced choice presentations are both acceptable.  Beyond these accepted items, however, this guideline document lists a set of recommendations for key factors that the committee feels must be standardized to allow for reasonable data interpretation and comparison of odor data.  

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 method as a more detailed odor testing method.

1.0 Scope

1.1 This method is designed to outline the preferred methodology and olfactometer specifications (minimum set of criteria) for obtaining odor samples and determining odor measurements by dynamic dilution olfactometry.

1.2 The guidelines are set to standardize odor measurement procedures for 1) research 
applications for determining odor thresholds in laboratory settings, as well as, 2) for field applications such as sampling and quantifying the odor level of source emissions and the evaluation of odor control systems.

1.3 This method accepts the use of forced‑choice or non-forced choice sample presentation method in an ascending concentration triangular method (two odor‑free "blank" samples and one diluted odor sample per presentation) or a binary method (one blank air sample and one diluted odor sample). To reduce the variability obtained with true "forced-choice" methodology and data calculation methods, it is recommended that the panelists also indicate their basis for choice at each presentation, i.e. whether their choices was based on a pure guess, a possible “difference”, or if they were certain of a recognizable odor.  All guesses are eliminated for the data calculation procedures.  

1.4  The threshold may be characterized as either the point of detection (awareness of a "difference") or recognition (awareness of an odor).  The reported thresholds must designate which threshold has been calculated.

2.0 Applicable Documents


2.1 ASTM Standards

E679‑91 Standard Practice for Determination of Odor and Taste Thresholds by a Forced‑Choice Ascending Concentration Series Method of Limits

E544-99 Recommended Practice for Referencing Suprathreshold Odor Intensity


2.2  European Odour Standard

prEN 13725 Air Quality – Determination of Odour Concentration by Dynamic Olfactometry, DRAFT 10/21/1999.  

3.0  Odor Sampling

3.1 Sample Collection Method
Odor samples should be collected using a sampling line made of an odor-free, chemically inert and non-reactive material (i.e. Teflon or similar).  The samples should be collected into gas sampling bags made of Tedlar.  This material has been specified because it is the best at maintaining sample integrity and has the lowest background odor. New bags should be purged with odor-free air prior to use to ensure that there is no contamination due to manufacturing “bag” odor. This is especially critical with the collection of low level or ambient odor samples.

Re-use of sampling bags may be possible with low odor (i.e. less than 50 D/T) samples. Pre-used bags should be purged continuously with odor-free air for a minimum of 24 hours and tested to ensure that they are acceptable prior to re-use.


3.2 Pre-conditioning of Sampling Bag
The sample bag must be half filled at least once and emptied prior to collecting the final sample in order to precondition the sampling line and the interior walls of the sampling bag. NOTE: If pre-dilution of the sample is necessary due to an excessively high odor level, high temperature, or high humidity of the sample gas, pre-conditioning of the sample bag with the diluted sample is also required.


3.3 Sample Collection Method
The sampling train 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.

3.4 Dilution Sampling Technique

Pre-dilution of the sample may be required to prevent condensation in the bag if the sample gas contains a significant amount of moisture This can be accomplished using a calibrated dilution probe. One such sample dilution system is to use an eductor in which a flow of dry-odor free nitrogen sucks in the odorous sample, dilutes it to a known ratio (based on calibration of the  eductor), and fills a sample bag. 


3.5 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.

4.0 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 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.4  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.

5.0 Olfactometer Parameters


5.1  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 5.8). 

 
5.2  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 threshold tests.  


5.3  Air Flow Measurement and Mixing Devices

Air flow rate per sniff port must be regulated at a minimum of 3 lpm. Flow of clean air can be regulated by rotameters.  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 5.8) and include a mixing chamber to ensure adequate mixing for dilution air and odor sample prior to presentation at the nose port.


5.4  Dynamic Range 

The largest dilution factor must be at least 5,000 and the smallest should be below 10.

5.5  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 by either static or dynamic methods.  



5.5.1  Static Predilution
A known amount of the odor sample should be introduced into a pre‑filled sampling bag which contains a known amount of dry, odor‑free air or nitrogen.  The odor‑free air or nitrogen can be metered into the gas sampling bag using a calibrated rotameter or dry gas meter.  The rotameter used should be dedicated to odor‑free air only.  The volume of odor sample introduced to the odor‑free air should be measured and transferred using a gas-tight syringe with adequate precision.  Prior to pre‑dilution, the syringe should be cleaned and odor free.  It should then be 

pre‑conditioned with the sample gas several times before the final aliquot for transfer is withdrawn and injected into the bag containing the odor‑free air or nitrogen.  The resultant sample dilution should then be thoroughly mixed and completely expelled to allow for "pre‑conditioning" of the bag walls prior to sample analysis.  The same procedure should be repeated and the second sample dilution prepared should be evaluated by the odor panel.



5.5.2  Dynamic Predilution

Sources with very high odor levels can also be diluted using a calibrated pre-dilution system. The dilution can be accomplished using an eductor as described in Section 3.4. If a separate unit is used for dynamic predilution of odor samples, it must comply with all olfactometer specifications as outlined in this document. 

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


5.6  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 at a flow barely perceptible by the panelists.  

The following specifications are recommended:   

Flow Rate:  Air flow rate from the olfactometer sniff ports must be regulated at a minimum of 3 lpm to account for the variability of individual breathing/sniffing volumes and techniques during olfactory evaluations. 

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 must be between 5 and 10 cm to allow full insertion of the panelists' nose into the chamber and result in a face velocity that is barely perceptible by the panelists.  Note: high flow rates and high face velocities may result in notable discomfort of the panelists.

Face Velocity:  The resultant face velocity at the cup face should be between 2 - 20 ft/min (1 -10 cm/sec).  


5.7  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 at least two (one replicate). 


5.8  Materials and Construction
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; TFE; 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.

6.0  Definitions

Detection Threshold: The lowest concentration of an odorant at which an odorous sample can be distinguished from non‑odorous air by 50% of the group of observers on the basis of some indescribable “difference.”

Recognition Threshold:  The lowest odorant concentration at which an odorous sample can be distinguished from non-odorous air by 50 % of the group of observers on the basis of a recognizable and describable odor.

Olfactometer: A device used to monitor the dilution of an odorous sample with odor‑free air for presentation to a panel of odor observers.

Dilution Air: The odor‑free air used to dilute the odor sample and serve as the "blanks" against which the samples are judged.  The quality of the dilution air must be judged to be odor‑free by all panel members and the panel moderator.

Dilution Factor:  A dimensionless factor based on the ratio of sample flow into the total flow.  

Sample calculation:

dilution air flow rate, actual

4860 ml/min

sample flow rate, actual

286.4 ml/min

dilution factor =   4860 + 286.4 
= 18.0
                      

                                               286.4

7.0 Calibration

The flow rates of the olfactometer should be calibrated regularly using a primary volume measuring device (i.e. soap bubble flow meter). To obtain consistent and accurate values, the flow rates of both the dilution (odor‑free) air and the sample flows should be measured at all delivery settings several times and averaged to ensure stability.  

In addition to calibration of the individual olfactometer flow control components, the entire system should be calibrated with an NBS traceable, certified tracer gas (e.g. methane, butane, etc.) and a suitable analytical technique.  The reference gas used for system calibration should not adsorb on the olfactometer components and should produce a linear response on the detector.  In addition to verifying the dilution levels produced by the olfactometer, this procedure is also necessary to document the response time and stability of the dilutions. 

The frequency of calibration is dependent upon usage, transport, area of applications, etc. but should be performed at least 2 times per year with regular usage.

8.0  Size of Panel

The following minimum number of panelists are required:

‑ 16 
panelists when good accuracy is required to measure a threshold

     
estimate of a group

‑ 8 
panelists for all practical measurements

‑ 4
panelists for comparative measurements

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

9.0  Selection of Panelists

Panelists must be screened and trained.  They should be familiarized with the test procedures, and tested for their ability to detect at least one standard reference odorant.  The panelists are ranked in order of their sensitivity to the reference odorant(s).  Generally, those individuals representing "normal" sensitivity are selected to serve as panelists. 

Recommended Panel Screening Procedure:

Screening for detection of n-butanol and at least one other odorant should be conducted using aqueous solutions. Initially, a sub-threshold concentration of the selected odorant in distilled water is compared to two bottles containing only distilled, odor-free (triangular presentation) water. The candidate is asked to pick the bottle containing the odorant. A series of similar triangular presentations are made in an ascending series with the odorant concentrations doubling at each step. 

The second screening procedure involves familiarization of the potential candidates with the olfactometric procedures and determines each individuals’ detection threshold for:

 standardized concentration on n- butanol and

 an odor sample or prepared standard representative of the specific study or project.

The screening samples should be run in triplicate. To be accepted as a panelist, the geometric mean of the individual detection thresholds should be within 0.5 and 2 times the accepted reference value for the reference material used.

Odor Panel Rules:

 Panel members should be at least 16 years of age 

 30 minutes prior to and during an odor panel session panelists are not be allowed to eat or drink anything except water.

 Panel members are not allowed to use any perfumed body lotions, perfumes, etc.

10.0 Data Evaluation

After all panelists have evaluated a series of dilutions for the test sample, individual panelists' best estimate thresholds (BET) are determined.  The BET for a panelist is the geometric mean of that dilution level (or equivalent concentration) at which the first point (highest dilution level) of a consistently correct series of (+) responses (with some degree of certainty) and the dilution level prior to this point.  All responses indicated by the panelists as being guesses are disregarded.

example:  

Dilution Level
1000
500
250
125
63
32
16
8
4

An Individual Panelist's Response                                 
-

(G)
+ (G)
- (G)
- (G)
+ (D)
+ (R)
+ (R)
+ (R)
+ (R)

G=Guess 
D=Detection
R=Recognize 
  









(possible 
(recognizable









difference)
 odor)

        BET =  [(63)(125 )]1/2 = 89  (detection threshold)


         [(32)(63)]1/2   =  45 (recognition threshold)

The panel threshold is the geometric mean of the BETs of the individual panelists.  The geometric mean for n number of individual panelists is:

        (BET1 x BET2 x BET3 ..... BETn)1/n
If a more precise method of threshold determination is desired, the method as described in ASTM Committee E‑18 on Sensory Evaluation (Standard Method for Defining and Calculating Sensory Thresholds from Forced‑Choice Data Sets of Intermediate Size) should be used5.  The procedures outlined in this E‑18 methodology were developed for data sets consisting of more than 100 presentations.  If this requirement is met (as required for many research applications) this procedure should be applied to the data to obtain the most accurate threshold estimate. 

Recommendations

It is the recommendation of the EE-Odor Committee and the EE-6 Odor Measurement Standardization Sub-committee that this guideline document be accepted by the ASTM E 18 Sensory Committee as a replacement of the current ASTM Method E679-91. The details provided in this document expand upon the basic principles outlined in E-679 and will go further to standardize odor sampling procedures and odor measurement techniques which will greatly reduce the variability in reported odor data.

These guidelines and recommendations are respectfully submitted for your review and comment.

EE‑6 Odor Committee on Standardization of Methods
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