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ABSTRACT

A comprehensive acquisition, review, and correlation of odor literature was

undertaken for the Air and Waste Management Association’s EE-6 Odor Committee.

This literature was acquired from various sources and represents a substantial collection

of materials pertaining to odor investigations from a domestic and international forums of

experts in the field.

After review, this literature was organized into categories that best represent the

different fields of odor investigations that are listed as:

- Perception of Odors

- Sources of Odors

- Impact of Odors

- Sampling and Analysis of Odors

- Control of Odors

- Regulation of Odors

The human perception of odors consists of more than just “smell”, it represents a

complex series of psychological and physiological responses to the quality of the

odourant detected.

While the sources of odors may be common chemicals, their characterization in a

positive or negative manner is entirely subjective.  However, by relating odorous

compounds to their more common likenesses, they may be tracked to their origins.

As the most commonly recognized form of air pollution, unfamiliar and/or

objectionable odors can draw attention to previous or acknowledged problems.

Therefore, when determining the impact of odors on individuals and the community as a
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whole, it is important to differentiate between minor annoyance and more serious

implications to the well being of the public at large.

When sampling for odors, it is important to remember that the actual odourant is

only a very small fraction of the air collected and must be carefully treated to ensure the

quality of the sample is not compromised before analysis.  Hence the sampling technique

and vessel of containment must preserve the odorous compound in its originally

encountered state.  The means of analysis must be adequate to identify the characteristics

of the odorous compounds.  Choosing a means of analysis will depend on whether the

data required is qualitative (odor thresholds, objective preferences) or quantitative

(concentration, composition).

Although society would prefer zero tolerance of objectionable industrial odors,

this is not possible with the best available control technology.  With this in mind, a

reasonable degree of treatment must be applied to reduce the frequency and annoyance of

such events while not creating an unduly punitive financial burden on the source.

The lack of a specific unified scale for quantifying all odors makes it impossible

for the adoption of legislation by Regulatory Agencies to enforce.  Instead, odors are

regulated in terms of other characteristics (particulate, vapor, fumes, gases, etc.) and  by

monitoring the number of legitimate complaints attributed to the producer.  Due to the

subjective nature of regulating odor emissions, the investigation of foreign policies in

similar instances would be invaluable in solving odor problems.
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1.0  INTRODUCTION

1.1  BACKGROUND

1.1.1  DEFINITION OF AN ODOUR.

An odour can be defined as the sensation of smell perceived as a result of an

olfactory stimulus which can be comprised of an individual odourant or a mixture of

substances.

1.1.2  EFFECTS OF ODOURS ON HUMANS.

The effect of odours on humans is primarily one of nuisance however, the effects

can be more problematic.  Odours can trigger nausea, headaches, loss of appetite, disturb

sleep patterns and if persistent can cause emotional disturbance, mental depression,

irritability, interfere with proper working conditions and may cause a depreciation in

property values.

1.1.3  DETERMINATION OF ODOURS.

The human olfactory system can serve as an aid in the detection of potentially

hazardous compounds.  However, the sensitivity of each individual’s olfactory system is

widely varied.  Some individuals possess a heightened sensitivity to odours (hyperosmic)

while others are physically unable to detect odourous compounds (anosmics).  This wide

variance in an individual’s ability to detect odours, as well as the variability and complex

nature of odours themselves, makes the determination of odours very difficult to

standardize and measure quantitatively.
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1.2  PURPOSE OF STUDY

1.2.1  AIR AND WASTE MANAGEMENT ASSOCIATION 

(AWMA).

Organizations like the Air and Waste Management Association (AWMA) have

devoted much time and effort to define the causes, effects and controls of various types of

odours.  As part of the AWMA’s continued research into odours, the idea of an odour

reference manual was conceived by the EE-6 Odor Committee.

1.2.2  DRAFT REFERENCE MANUAL.

The goal of this project was to produce a draft reference manual which would

contain relevant odour related literature from sources around the globe. (including

Canada, United States, Germany, Japan, Russia, France, Netherlands).  Many documents

were provided by various members of the AWMA to Dr. Alex Gnyp.  Approximately

3000 papers and reports have been classified during this study.

1.2.3  CREATION OF A DRAFT ODOUR REFERENCE 

MANUAL.

This draft odour reference manual provides a concise, organized and useful

reference document which can be used as a tool by new or well established participants in

odour related research, industrial, consulting and regulatory projects.
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1.2.4  SUBDIVISIONS OF DRAFT ODOUR REFERENCE 

MANUAL.

After considerable thought and analysis of initial source materials, it was decided

to divide the draft odour reference manual into six sections.  The following divisions

were created:

• Perception •  Sampling and Analysis

• Sources •  Control Methods

• Impact on Society •  Regulations
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2.0  ODOUR PERCEPTION

2.1  BACKGROUND

2.1.1  PROBLEMS ASSOCIATED WITH PERCEPTION BY 

HUMANS.

The perception of odours by humans is not completely understood because of the

complex series of chemical and neurological interactions that take place in the human

olfactory system.  The response to an odour may provoke an emotional response as well

as draw on an individual’s past experience which may be associated with that particular

odour.  The nature of the odour itself may also cloud an individual’s natural detection

ability.  The chemical composition, predominant weather conditions and the originating

source of an odour may all act in some fashion to muddle an individual’s perception of

the odour.

2.2  ANATOMY AND PHYSIOLOGY

2.2.1  HUMAN OLFACTORY SYSTEM.

Any study on the perception of odours by humans must begin with an

examination of the anatomy and physiology of the human olfactory system.  (See Figure

1- Human Olfactory Structure).

“The receptors for smell (olfaction) are specialized to respond to volatile

chemicals that have dissolved in the mucous coating of the nasal cavity.  The olfactory

receptors are contained in a region of the nasal mucosa called the olfactory epithelium
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that is located in the upper portion of the nasal cavity on either side of the nasal septum.”

1  Tiny hairs or cilia, are the receptive portion of the olfactory receptor cell.  It is believed

that these cilia provide several different receptor sites for odourous molecules to interact

with the cell.  This interaction causes the cell to depolarize and generate a general

potential that causes a nerve impulse to be conveyed to the brain by way of the olfactory

nerve.  This nerve impulse triggers a response from two areas of the brain; the thalamus

and the limbic systems.  The thalamus initiates conscious perception and fine

discrimination of an odour through the cortex.  The exact basis for this discrimination is

largely unknown.  The limbic system coordinates certain behavioral and emotional

responses to particular odours.  These responses to the odourous stimuli vary

significantly from person to person.

As a result of the complex nature of the anatomy and physiology involved, odour

perception is very subjective and difficult to standardize and measure quantitatively.

                                                
1  Mason, Elliott et al. Human Anatomy and Physiology. 4th ed. West Publishing Co., St. Paul, Minn.,
1992.



Figure 1.  Location and Structure of the Olfactory Receptors
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3.0  SOURCES

3.1  BACKGROUND

3.1.1  LOCATION OF AN ODOUROUS EMISSION 

SOURCE.

All odours emanate from at least one location which may or may not be easily

identified.  Some odourous emissions are visible to the naked eye (such as the plume

from a stack) while other emissions are invisible (such as the result of fugitive emissions

from an open door or window).

In general, most odours are more sporadic than continuous.  As with odour

perception, this can cause considerable changes in the location, duration and intensity of

any odour.  The predominant weather conditions at the time of perception can also

greatly influence the identification of an odourous emission source.  These factors all

play a vital role in the determination of an odourous emission source.

3.2  COMMON SOURCES

3.2.1  COMMON ODOUR EMISSIONS FROM AN 

INDUSTRIAL SOURCE.

Some common odourous emissions from typical industrial sources are listed in

Table 1.
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Table 1 - Industrial Source and Associated Odourous Chemicals

INDUSTRY CHEMICAL GROUPS

Petroleum Refining - mercaptans, phenolic compounds, acids,

organic sulphides, aldehydes

Transportation - products of incomplete

combustion

- hydrocarbons, nitrogen compounds

Pulp and Paper - mercaptans, alcohols, terpenes, camphors,

starch decomposition products

Pharmaceutical - amines, reduced sulphur compounds

Textiles - urea, starch decomposition products

Agrochemical - fertilizers, pesticides,

agriculture

- amines, mercaptans, reduced sulphur

compounds, acidic gases, chlorine

compounds, phenols, alcohols, aldehydes,

ketones, esters

Chemical - paint manufacturing, resin

kettles, varnish cookers, rubber

compounding, chemical milling and

manufacture

- acids, alcohols, aldehydes, ketones,

phenols, mercaptans, amines, chlorinated

organic solvents, esters

Metallurgical - coke and core ovens,

cupolas, metal castings

- aldehydes, aromatic and aliphatic

hydrocarbons, acids
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4.0  IMPACT ON SOCIETY

4.1  BACKGROUND

4.1.1  COMMUNITY RESPONSE TO ODOURS.

Generally, the effect of odours on a population is primarily one of nuisance.

Despite the immediate identification of an odour by individuals in a community, odour

problems are still the most difficult to measure objectively.  The complex and variable

nature of odours is very difficult to overcome making a systematic approach to odour

recognition extremely arduous.

4.1.2  ROLE OF HUMANS IN ODOUR RECOGNITION.

Some odourous compounds can exist and exhibit their effects at concentrations in

the parts per billion (ppb) range.  The human olfactory system, in some instances, is able

to detect these compounds even at this low concentration.  There are analytical methods

for determining the presence of these particular odour causing agents, however, there

does not exist any analytical means to determine an individual’s annoyance with a

particular odour.  Humans remain the primary instrument in determining the existence of

an odour problem.
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4.1.3  FACTORS AFFECTING ODOUR JUDGMENT.

An individual’s judgment of the existence of an odourous agent is affected by the

following variables:

• natural sensitivity • age
• sex • eating, drinking smoking habits
• prejudices against the source • personal experience
• health problems • pregnancy
• medications • education

The existence and verification of an odour is a complex and multi-stage process

which requires investigating numerous individual responses and evaluating those

responses in order to arrive at any conclusion.
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5.0  SAMPLING AND ANALYSIS

5.1  SAMPLING TECHNIQUES

5.1.1  IDEAL SAMPLING METHOD.

There are several procedures that can be used to collect odour samples for

analysis.  An ideal procedure would involve having a panel of test subjects directly at the

source of the emission, where the odour sample could be continuously withdrawn without

the need for storage.  However, this direct odour measurement technique is impractical

because a mobile laboratory equipped for sensory testing is required.

5.2  STATIC TECHNIQUES

5.2.1  SYRINGE DILUTION METHOD.

In the past, a simple sample collection procedure depended on the syringe dilution

method.  This approach involved the use of a large syringe to collect a sample and dilute

it for presentation to odour panelists.  However, due to the large surface-to-sample

volume ratio, this method was susceptible to odour adsorption effects.

5.2.2  LUNG TECHNIQUE.

The lung technique involves evacuating the air between a Tedlar sample  bag and

the lung wall which causes the bag to fill with the sample.
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5.2.3  PERISTALTIC PUMP METHOD.

In the peristaltic pump method, the odourous sample is transferred from a source

through disposable odourless plastic tubing into a plastic sample bag.  The peristaltic

pump method operates on the same principle as the lung technique but differs in that

there is no contact between the interior of the pump and the odourous sample.  In both the

lung and peristaltic pump methods, the material that will contact the sample must be

conditioned with the odourous gas prior to collection.

5.2.4  GENERAL SELECTION METHOD CRITERIA.

The general criteria for selection of a sampling container are size considerations,

ease in handling, ruggedness, inertness, temperature sensitivity and permeation.  Based

on these criteria, the collection devices most generally used today are a Tedlar bag for the

lung technique or the peristaltic pump method.

5.3  DYNAMIC TECHNIQUES

5.3.1  DYNAMIC DILUTION METHOD.

The dynamic dilution method involves the flow of sample into a mixing chamber

at a well defined constant rate where it mixes with the odour free dilution air or nitrogen

(also flowing at a measured constant rate) and continuously fills a Tedlar sample bag at

the desired dilution.  The benefit of this method is minimization or even elimination of

condensation and adsorption effects.
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5.4  ANALYSIS

5.4.1  SIX-LEVEL DYNAMIC DILUTION FORCED 

CHOICE TRIANGLE OLFACTOMETER.

The current method for analyzing odour samples depends on the Six-Level

Dynamic Dilution Forced Choice Triangle Olfactometer. (See Figure 2).  The

olfactometer supplies six dilution levels, each equipped with a set of 3 glass sniffing

ports.  Two of the ports emit deodorized air while the other discharges the odour sample

diluted with odour free air.  Eight to ten odour panelists are told that at one of the three

ports they may detect an odour and their task is to  identify the port that provides the

odourous dilution.  Even if a panelist is unsure, a decision must be made and recorded

(forced choice).  The panelists proceed from the most diluted sample towards the higher

concentrations of the sample.  This approach is necessary to avoid a temporary loss of

sensitivity if a stronger odour is sampled first.  A signal box with six triple sets of lights

provides the panelist inside the odour-free room with a means of communicating

responses to the panel coordinator.  The panel coordinator records the results on a special

form and calculates the data following a statistical procedure which results in an averaged

panel value termed ED50, or now referred to as the D/T or dilution to threshold value.

This value represents the dilution at which 50% of the panel would detect the presence of

the odour in the diluted sample.

5.4.2  CALCULATING D/T (ASTM E679 METHOD).

The simplest method for determining the D/T value is the ASTM E679 method.

This procedure involves estimation of the individual maximum likelihood threshold for
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each panelist and a calculation of the panel’s geometric mean.  Considering that a

panelist makes three correct responses from the fourth dilution level onwards, a statistical

assumption is made that the panelist would be capable of making a correct judgment at a

dilution level somewhere between the third and fourth level.  The most likely dilution

threshold would then be the geometric mean of the dilution factors for the third and

fourth levels.  The D/T or ED50 value of the panel is calculated by evaluating the

geometric mean of the individual odour thresholds.
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6.0  CONTROL

6.1  BACKGROUND

Controlling offensive odours requires more consideration than simply installing a

prescribed control method.  Instead, a systematic approach should be undertaken to

develop an odour control program.

6.2  ODOUR CONTROL PROGRAM.

6.2.1  PHASE 1 OF AN ODOUR CONTROL PROGRAM.

Phase 1 of an odour control program uses conceptual engineering to identify the

problem and outline possible solutions.  The preliminary visit is a walk through

inspection of the process to determine areas of immediate concern and possibly

experience the odour first hand.  Before any action can be undertaken against the odour,

it must be identified.  Source testing accomplishes this task as well as provides the

concentrations and emission rates which help to define the magnitude of the problem.

“Add-on” control devices are expensive.  A review of operations may offer cheaper

alternatives such as the substitution of less odourous chemicals for presently used

materials, process modifications, or even process elimination.  Even if these measures

cannot solve the problem completely, they may still reduce the required size of the

control device to be installed.

Engineering design involves gathering all relevant information required to select

the eventual control technique.  Every control method has its advantages  and
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disadvantages which must be considered along with the required control capacity,

reliability and the potential for other pollution problems or health and safety concerns.

The initial costs of a control device would include construction, installation, and extra

features such as fans, pumps, and foundations.  Most control techniques are fairly

maintenance intensive and depending on the operation they can require a variety of fuel

sources, utilities, chemicals and catalysts.  The final concept report should include the

recommended control techniques and all relevant information that will be required to

make the decision to employ a particular odour control program.

6.2.2  PHASE 2 OF AN ODOUR CONTROL PROGRAM.

Phase 2 of an odour control program involves taking the actual engineering design

from the blueprint to full scale operation.  The final concept report from Phase 1 is used

to prepare plans and specifications necessary to construct the apparatus.  Simultaneously,

approval from the appropriate control agencies is sought to actually implement the

measures.  Upon finalizing the plans and receiving control agency approval, the process

of reviewing bids will eventually lead to the selection of a contractor capable of doing the

job.  Finally, construction inspections should be undertaken during and after assembly to

guarantee specifications were met by the builder.  Control agencies usually require a trial

period with frequent source testing to demonstrate the effectiveness of the in-place

control device.  Full time operation of the control plant can begin once approval agencies

are satisfied that the measures undertaken will prevent any further instances involving

offensive odours.
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6.3  ODOUR CONTROL TECHNIQUES

6.3.1  PROCESS MODIFICATION.

Process modification involves altering the manufacturing process to reduce the

production of odourous compounds.  Some simple examples include changing the type

and size of seals and gaskets.  Other modifications can be as extreme as substituting

alternative materials in the manufacturing process.  This method  can be very effective in

reducing potential odour complaints by diminishing the emission of odourous compounds

at the source.

6.3.2  INCINERATION.

Incineration is one of the most commonly used odour control technologies today.

This process is very effective when high efficiencies are required and the odourous

compounds are combustible hydrocarbons.  Incineration involves the oxidation of the

hydrocarbons to carbon dioxide and water vapour.

6.3.3  ADSORPTION.

Adsorption is an effective technology when the concentration of the odourous

compound is high and can possibly be recycled for reuse by the source.  The process

efficiency decrease with time as the adsorbent binds more and more of the adsorbed

compounds.  This typically requires the control technology to incorporate some means of

regenerating the adsorbent without interruption of the ongoing process.
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6.3.4  BIOFILTRATION.

Bioifiltration can be successfully employed as an odour control technology for

exhaust streams which contain volatile organic compounds.  The process involves the use

of a bed of biologically activated material through which the exhaust stream is fed.  The

microorganisms living within the bed metabolize the pollutants through aerobic

degradation to produce carbon dioxide, water and microbial biomass.

6.3.5  ODOUR MASKING.

Odour masking involves the addition of a single or two or more compounds to an

odourous pollutant to produce a cancellation of the odourous impact.  This process is

limited by geography.  The farther from the source the complaint is, the less likely odour

masking will be an effective solution.

6.3.6  IMPROVED DISPERSION.

The principle behind this process is based on the principle that ‘the solution to

pollution is dilution’.  However, this technology is not considered as  an environmentally

ethical solution in today’s society.
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7.0  REGULATIONS

Presently, no legislation exists for the regulation of odours.  With increasing

public perception and education, governments will be forced to develop some type of

odour regulating legislation.  For this inevitable occurrence, many works have been

produced to assist in the framework for adequate legislation.  These works include topics

which deal with process restrictions for known odour producing sources, control

equipment requirements for specific sources and nuisance type restrictions based on

ambient air detection of odours.

The goal of any odour regulation should be to eliminate community annoyance caused by

odourous emissions.  The regulation should be applicable to all new and current facilities

that produce odourous emissions which create a community annoyance.
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