Olfaction, the sense of smell, is the least
understood of the five senses. This, among other
factors, makes the task of reducing livestock odors
a considerable challenge.

Odor terminology and perception

An odorant is a substance capable of eliciting an
olfactory response whereas odor is the sensation
resulting from stimulation of the olfactory organs.
Odors play an important part in our everyday life,
from appetite stimulation to serving as warning
signals for disease detection. A number of diseases
have characteristic odors including gangrene,
diabetes, leukemia, and schizophrenia. Odors have
been implicated in depression and nausea as well.

Detectable odors can have a significant impact
on people by affecting moods as well as having
physiological impacts on the olfactory system.
People associate odors with past experiences and,
from those experiences, involuntarily assess the
odor as likable, dislikable or indifferent. Effects
on individuals, however, vary from one person to
another.

Odor threshold is a term used to identify the
concentration at which animals respond 50
percent of the time to repeated presentations of an
odorant. This term is reserved, primarily, for use
in research with animals. Most often, however,
odor threshold is used to mean detection threshold,
which identifies the concentration at which 50
percent of a human panel can identify the presence
of an odor or odorant without characterizing the
stimulus. Detection threshold is the term most
frequently used when discussing odor research
results associated with livestock operations. The
recognition threshold is the concentration at which
50 percent of the human panel can identify the
odorant or odor, such as the smell of ammonia or
peppermint.
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Although the detection threshold concentrations
of substances that evoke a smell are slight (table
1), a concentration only 10 to 50 times above the
detection threshold value often is the maximum
intensity that can be detected by humans. This,
however, is in contrast to other sensory systems
where maximum intensities are many more
multiples of threshold intensities. The maximum
intensity of sight, for instance, is about 500,000
times that of the threshold intensity and a factor of
1 trillion is observed for hearing. For this reason,
smell often identifies the presence or absence

of odor rather than quantifies its intensity or
concentration.

The ability to perceive an odor varies widely
among individuals. More than a thousand-

fold difference between the least and the most
sensitive individuals in acuity have been observed.
Differences between individuals are, in part,
attributable to age, smoking habits, gender, nasal
allergies, or head colds. Nonsmokers over the age
of 15 show greater acuity than smokers in general.
Furthermore, females tend to have a keener

sense of smell than males, a finding that has

been substantiated in recent work at lowa State
University. Generally, the olfactory sensory nerves
atrophy from the time of birth to the extent that
only 82 percent of the acuity remains at the age of
20; 38 percent at the age of 60 and 28 percent at
the age of 80. Consequently, olfactory acuity and
like or dislike of an odor decrease with age.

Infants appear to like all classes of odorous
materials, perhaps because the lack previous
experience and because of their innate curiosity.
Children younger than five years old rated sweat
and feces as pleasant but above that age, as
unpleasant. Like and dislike of a particular odor
can change with odor concentration or intensity.
Generally, humans can distinguish between more
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Figure 1. Nasal cavity and detail of nerve fibers from olfactory cells.
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than 5,000 odors but some individuals

Figure 2. Olfactory system.

experience anosmia (smell blindness)
for one or more odors.

In this situation, the individual
apparently has a normal sense of smell,
but is unable to detect one particular
odor regardless of its intensity. For
example, because methyl mercaptan has
an odor recognition threshold of only
0.0021 ppm (Table 1), it is often mixed
with natural gas as an indicator of leaks;
however, approximately one in one
thousand persons is unable to detect
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the strong odor of this mercaptan.
An estimated 30 percent of the elderly have lost

the ability to perceive the minute amount of this
mercaptan used in natural gas.

Odor physiology

Olfaction depends upon the interaction between
the odor stimulus and the olfactory epithelium.
The olfactory membrane is a sensitive area,
covering 4 to 6 square cm in each nostril (Fig.

1). Beneath the membrane is a mucous layer.

The nerve cells or peripheral receptor cells that
primarily sense odors and fragrances are located in
the epithelium. Cilia extend from the nerve cells
into the mucous layer, which greatly increases the
potential receptor area. The cilia are thought to
contain the ultimate olfactory receptors, which are
specialized protein molecules. Specific anosmia
may result from the inability to synthesize the
appropriate protein. The receptor cells transmit

impulses to the olfactory bulb located at the base
of the front brain (Fig. 2). At the bulb, fibers from
the nose contact with other nerves, which travel
on to various parts of the brain.

An estimated 100 million receptor cells are present
in humans. For a substance to be detected as an
odor by the receptor cells, several criteria must be
met:

1) the substance must be volatile enough to
permeate the air near the sensory area;

2) the substance must be at least slightly
water-soluble to pass through the mucous
layer and to the olfactory cells;

3) the substance must be lipid-soluble
because olfactory cilia are composed
primarily of lipid material; and finally,

4) a minimum number of odorous particles
must be in contact with the receptors for a
minimum length of time.



Many theories have been proposed to describe

the mechanism of smelling odors. Most can be
classified into one of two groups: a physical theory
or a chemical theory. The physical theory proposes
that the shape of the odorant molecule determines
which olfactory cells will be stimulated and,
therefore, what kind of odor will be perceived.
Each receptor cell has several different types

of molecular receptor sites, and selection and
proportion of the various sites differ from cell to
cell.

The chemical theory, which is more widely
accepted, assumes that the odorant molecules
bind chemically to protein receptors in the
membranes of the olfactory cilia. The type of
receptor in each olfactory cell determines the type
of stimulant that will excite the cell. Binding to
the receptor indirectly creates a receptor potential
in the olfactory cell that generates impulses in

the olfactory nerve fibers. Receptor sensitivity
may explain some of the variation in detection
thresholds exhibited by different compounds.
For example, ammonia has an odor threshold of
0.037 ppm whereas the corresponding values for
hydrogen sulfide and sulfur dioxide are 0.00047
and 0.009 ppm, respectively (Table 1).

Odor responses

Odor adaptation is the process by which one
becomes accustomed to an odor. The adaptation
time needed is greater when more than one odor
is present. When adaptation occurs, the detection
threshold increases. The detection threshold limits
change faster when an odor of high, rather than
low, intensity is presented. Besides, adaptation
occurs differently for each odor. Odor fatigue
occurs when total adaptation to a particular

odor has occurred through prolonged exposure.
This situation would apply to milkers or dairy
managers who are exposed to the smell of dairy
manure on a daily basis and appear virtually
unaware of the odor.

While ammonia and hydrogen sulfide are
odorants, and not odors per se, they are produced
through processes often associated with odor,
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including municipal sewage treatment systems,
coal burning, industries and factories, and
livestock operations.

Both ammonia and hydrogen sulfide can cause
olfactory losses as a result of chronic or prolonged
exposure. Ammonia also can affect the central
nervous system. A number of other chemical
pollutants, including some insecticides result in
losses in olfaction by damaging olfactory receptors.
The use of medications may exacerbate
chemosensory disorders.

On average, olfactory receptors renew themselves
every thirty days. Pollutants may alter this
turnover rate or disrupt the integrity of the lipid
membranes of olfactory receptors. Threshold
levels have been identified for a number of
pollutants, above which odor or irritation occur.
Unfortunately, however, knowledge of the exact
mechanisms by which pollutants alter olfaction is
limited.

Resources

This publication along with PM 1963b, Science of
Smell Part 2: Odor chemistry;

PM 1963c, Science of Smell Part 3: Odor detection
and measurement (after 9/1/04)

PM 1963d, Science of Smell Part 4: Principles of
odor control (after 9/1/04) can be found on the Air
Quality and Animal Agriculture Web page at:
http://www.extension. iastate.edu/airquality.
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Odor chemistry is complex and still poorly
understood. More than 75 odorous com-
pounds, in varying proportions, have been
identified in livestock manures. Knowing the
chemical basis of odors derived from animal
manure is helpful to understand how odor
develops and what can be done to design and
manage manure systems and avoid nuisance
complaints.

Biochemistry of manure odor

Groups of primary odorous compounds
include volatile organic acids, aldehydes,
ketones, amines, sulfides, thiols, indoles, and
phenols. All of these groups can result from
the partial decomposition of manure. Ma-
nure breakdown is accomplished by a mixed
population of anaerobic bacteria, which is
commonly grouped into acid-forming or
methane-producing classes. Acid formers are
responsible for the initial breakdown of com-
plex molecules into short-chain compounds,
including organic acids. Methane bacteria
further reduce organic acids to methane and
carbon dioxide.

Figure 1. Manure breakdown chain.

Figure 1 provides a simple overview of the
breakdown process. The breakdown of pro-
tein proceeds to ever-simpler proteoses,
peptones, peptides, amino acids and finally,
to ammonia and volatile organic acids such as
formic, acetic, propionic, and butyric acids.
Due to the presence of sulfur in certain amino
acids (sulfur averages about 1 percent of most
proteins), various sulfides and mercaptans can
be expected as a result of protein catabolism.

Carbohydrates in animal waste include sug-
ars, starch, and cellulose. Starch and cellulose
are broken into glucose (sugar) units as the
first step of decomposition. Under anaerobic
conditions, sugars are broken into alcohols,
aldehydes, ketones, and organic acids. These
intermediate compounds are odorous and can
be further metabolized and transformed into
methane, carbon dioxide, and water (non-
odorous end-products) if conditions allow the
methane-producing microorganisms to func-
tion.
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Fats are esters of the tri-hydroxy alcohol called
glycerol. Bacteria use fats as an energy source,
hydrolyzing them first to the corresponding
long-chain fatty acids and alcohols. These ac-
ids, along with those produced in the deami-
nation of amino acids, undergo further break-
down in which acetic acid is cleaved from the
original acid. Acetic acid is then potentially
utilized as an energy source, yielding methane
and carbon dioxide as end-products.

Examination of the metabolic pathways for the
breakdown of manure components indicate
that the following components are expected to
result in: organic acids, alcohols, aldehydes,
sulfides, simple hydrocarbons, carbon diox-
ide, ammonia, and methane. The presence of
this mixture of organic materials and ammonia
in an aqueous solution leads to the formation
of several other groups, as reaction products.
For example, ammonia in water-- a H+ recep-
tor -- may be expected to react with acids and
alcohols to yield amides and amines. Also,
hydrogen sulfide in water may combine with
alcohols, aldehydes, and acids to form mer-
captans, thiols, and thioacids.

An accumulation of these intermediate metabo-
lites results in an offensive smelling product,
whereas containment of intermediate com-
pounds for sufficient time allows methane
producers to act and metabolize most of the
odorous compounds into non-odorous meth-
ane. Background levels of sulfur in water may
also be a source of odor.

Physical chemistry

Any compound occurring in the atmosphere
must have escaped the liquid phase. Thus,
vapor pressure is an important factor which,
within specific types of compounds, generally
decreases with increasing molecular weight.

The solubility of a compound in water is an-
other important factor in evaluating its signifi-
cance as an atmospheric constituent. Insoluble
gases, such as methane, escape immediately

after being produced, whereas more soluble
compounds, such as ammonia, are retained

in solution and can engage in biological and
chemical reactions. Solubility of many com-
pounds, and hence odor, is markedly influ-
enced by the solution pH. Hydrogen sulfide is
a particularly good example of the pH effect.
Under conditions of high pH, almost no odor
is detected whereas under acid conditions, the
H+ and HS- ions combine, escape, and pro-
duce the typical sulfide odor (H,S). Ammonia
(NH,) is another good example of pH effect.
The NH, in an acid medium accepts H+ to
produce ammonium (NH,") which stays in so-
lution and does not volatilize. Even with a pH
up to 8, ammonia remains relatively soluble in
liquids and little odor is detected. Above a pH
of 9, however, ammonia is rapidly volatilized.

No single compound has been identified as

a good predictor of odor sensation across
situations in the field. Because of this, human
panelists conduct odor measurements and
quantify odor intensity and unpleasantness.

Odor characterization

Based on psychological tests, seven primary
classes of olfactory stimulants have been
found to preferentially excite separate olfac-
tory cells. These classes are: 1) ethereal, 2)
camphoraceous, 3) musky, 4) floral, 5) minty,
6) pungent, and 7) putrid. The nervous sys-
tem integrates the responses from a number of
cells to determine the identity of the primary
odor stimulus being received. The intensity of
the perceived odor class is related to the num-
ber of receptors bound and the degree of exci-
tation of the olfactory cells. Table 1 shows the
variation in concentration needed to produce
equivalent odor intensities in the seven class-
es. Odor intensity, as referred to in Table 1, is
the strength of the odor sensation as measured
on a psychological reaction scale and is not a
concentration. Complex odors result from the
concurrent stimulation of two or more types
of receptors. This implies that a single chemi-
cal can occupy more than one receptor site.



Table 1. Concentrations of the seven primary
odor classes required to produce equal odor
intensity.

Odor Compound Concentration
(ppm)
Ethereal Ethylene Dichlor 800
Camphoraceous |1,8 Cineole 10
Musky Pentadecanlacton 1
Floral Phenylethylmethyl 300
ethylcarbinol
Minty Methone 6
Pungent Formic acid 50,000
Putrid Dimethyl disulfide 0.1

The use of the seven primary odor classes is
widely cited. However, it is unlikely that this
list actually represents the true primary sensa-
tions of smell. More than 50 single substances
have been identified in odor blindness stud-
ies, suggesting that there may be 50 or more
sensations of smell.

A more flexible way of presenting the pri-
mary odors to clarify the idea of complex
odors is through the use of Henning's odor
prism (Fig. 2). Six primary odors are located
at the corners of the prism. All other odors
are mixtures of the primary odors and located
on the surfaces and edges of the prism. Thus,
odors consisting of two components would be

Figure 2. Henning's odor prism.
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Burned
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represented on the edges of the prism, three-
component mixtures occupy the triangular
surfaces, and four-component mixtures oc-
cupy the square surfaces.

Odor interactions

Usually, an odorous stimulus is a combination
of many scents. This is certainly the case in
animal production facilities. The effect of one
odor on another may be related to differences
in the water solubility of the two odors result-
ing in a number of possible outcomes. Flow-
ery, fruity odorants tend to have higher mo-
lecular weights. Aldehydes, esters, alcohols,
ethers, halogens, phenols and ketones have
more pleasant aromas than the lower mo-
lecular-weight carboxylic acids, nitrogenous
compounds (not associated with oxygen), and
sulfur-containing compounds. Blending of the
two odors may occur, producing an odor with
properties of both the original and properties
unique to the newly-developed odors.

One odor may dominate another, or at least
periodically, or the two odors may be smelled
concurrently as individual odors. The complex
nature of how odorants interact with each
other is the primary challenge in determining
how best to prevent odor formation. However,
understanding that manure odors form as the
result of incomplete breakdown of excreted
products, and that many of these products

are the result of excess protein in the diet can
serve as the basis for odor management.

Resources

This publication, along with PM 19633,
Science of Smell Part 1: Odor perception and
physiological response;

PM 1963c, Science of Smell Part 3: Odor
detection and measurement (after 9/1/04)
PM 1963d, Science of Smell Part 4: Principles
of Odor Control (after 9/1/04)

can be found on the Air Quality and Animal
Agriculture Web page at:
http://www.extension.iastate.edu/airquality.
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As perceived by humans, odors have five basic
properties that can be quantified: 1) intensity, 2) degree
of offensiveness, 3) character, 4) frequency, and 5)
duration, all of which contribute to the neighbor’s
attitude towards the odor as well as the business
generating the odor. It is generally accepted that the
extent of objection and reaction to odor by neighbors

is highly variable. The reaction can be based on
previous experience, relationship to the odor-producing
enterprise and the sensitivity of the individual. Weather
(temperature, humidity, wind direction) affects the
volatility of compounds, preventing or enhancing
movement into the gaseous phase where an odor can be
dispersed downwind.

Most of us will accept even a strong odor for a short
period of time, provided we don't have to smell it often.
But we have a threshold for the frequency and duration
of the odor, above which our tolerance is exceeded

and we view the odor as a nuisance. These thresholds,
however, are person-specific. While it is the frequency
and duration of an odor that often triggers a nuisance
complaint, odor measurement procedures typically focus
on the first three traits (intensity, offensiveness, and
character). From a human health standpoint, exposure
time is an essential measure in predicting any negative
effects that may occur and this encompasses frequency
and duration as well as concentration (intensity).

As a result, regulatory procedures often include
concentration, frequency, and duration as part of the
compliance protocol.

Defining odor

An odorant is a substance capable of eliciting an olfactory
response whereas odor is the sensation resulting from
stimulation of the olfactory organs. Odor threshold is a
term used to identify the concentration at which animals
respond 50 percent of the time to repeated presentations
of an odorant being tested. Most often, however, odor
“threshold” is used to describe the detection threshold,
which identifies the concentration at which 50 percent
of a human panel can identify the presence of an odor
or odorant without characterizing the stimulus. The
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recognition threshold is the concentration at which 50
percent of the panel can identify the odorant or odor.

Although the detection threshold concentrations of
substances that evoke a smell are low, often times in the
parts per billion (ppb) or parts per trillion (ppt) range,
a concentration only 10 to 50 times above the detection
threshold value often is the maximum intensity that
can be detected by humans. This is in contrast to other
sensory systems where maximum intensities are many
more multiples of threshold intensities. For example,
the maximum intensity of sight is about 500,000 times
that of the threshold intensity and a factor of 1 trillion
is observed for hearing. For this reason, smell is often
concerned with identifying the presence or absence

of odor rather than with quantifying intensity or
concentration.

Perception of a mixture of odorants, such as those

in livestock odor, is very different from how each
chemical would be perceived independently. Odorants
can act as additive agents, counteractants, masking
agents, or be synergistic in nature. The combination
of two odorants can have an odor equal to that of
either one of the components, have an odor less than
that of one of the components, have an odor equal

to the sum of the components, or even have an odor
greater than the sum of the components. This makes
odor quantification and characterization a challenging
process.

Odor can be evaluated subjectively in terms of intensity
(strength) or in terms of quality (i.e., offensiveness).
Odor quality is evaluated by describing the odor

or comparing the sample odor to familiar odors.
Evaluation of odor quality is difficult because of the
challenges that come with trying to describe odors.

Odor measurement techniques
Dilution-to-threshold methods

Dilution-to-threshold techniques dilute an odor
sample with odorless air at a number of levels and the
dilution series is presented in ascending order of odor
concentration. From one level to the next, the dilution
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decreases and the amount of odorous air increases.
The first few levels include the sample diluted with a
large amount of odorless air so evaluation can begin
below the threshold of detection. Preferably, multiple
presentations (two odorless air samples and the diluted
odor sample) are made at each level of dilution.

When a forced-choice method is used, a panelist,
typically trained to conduct these evaluations, must
identify the presentation that is different from the
others at each level, even if it is a guess. This permits
use of all the data. The threshold of detection is the
dilution level at which the panelist can determine

a difference between the diluted and the odorless
samples. After the detection threshold is reached, the
panelist continues the evaluation at the next level or
two to be certain the identification was not made by
chance. Examples of the dilution-to-threshold methods
include use of scentometery and olfactometery.

Scentometry

One method of odor concentration evaluation that is
available on-site employs the use of a Scentometer®
(Barneby and Cheney, Columbus, OH) or a Nasal
Ranger® (St. Croix Sensory, St. EImo, MN). The
Scentometer® is a plastic box with a number of air
inlets and two sniffing ports. Two of the air inlets
have activated charcoal filters to remove odors and
provide clean air. The remaining inlets are of varying
diameter to permit a range of dilutions of odorous air
to be sampled. An observer begins by opening the port
of smallest diameter to start with the largest dilution
(lowest concentration) of the odor.

As successively larger ports are opened, the dilution of
the odorous air decreases and the odor concentration
increases. When the evaluator can first detect the
odor, the odor threshold has been reached. Odor
concentrations are expressed as dilutions to threshold.
The range of dilutions to threshold possible for the
Scentometer includes 1.5, 2, 7, 15, 31, 170, and 350.
The Nasal Ranger® operates on the same principles
and has selectable dilution ratios of 2, 4, 7, 15, 30, and
60. Inhalation or airflow rate is controlled on the Nasal
Ranger®. For both instruments, an individual observer
or a couple of people rather than a larger panel of
evaluators frequently conducts measurements.

Olfactometry

Olfactometers operate much like the Scentometer®
and the Nasal Ranger®. The primary differences are
that olfactometers are not portable and an operator
closely controls sample delivery. Larger dilution-
to-threshold ranges are available. The AS'CENT

S

Photo 1. Using a Nasal Ranger® to detect
odors.

International Olfactometer® (St. Croix Sensory, St.
Elmo, Minn.), for example, allows samples to be
presented at 14 dilutions that represent a range in
dilution-to-threshold of 8 to 66,667. These units are
often used in a laboratory setting by 7 to 10 panelists to
evaluate each sample rather than the small number of
evaluators that are used in the field measurements (See
Photo 2). Efforts to establish the relationship between
olfactometer readings and that from the portable units
are currently underway at lowa State University.

Ranking methods

Odor can be evaluated using panelists to rank samples,
a procedure in which an arbitrary scale is used to
describe either the intensity or offensiveness of an
odor. Typically, a scale of 0 to 10 is used, with 0
indicating no odor or not offensive and 10 representing
a very intense or offensive odor. Such methods use
either odor adsorbed onto cotton or a liquid sample
that has been diluted. Manure can be diluted with
water to a range of concentrations and then evaluated
by a panel.

One study, for example, diluted stored dairy manure
with water to create five dilution levels. For each
level, two blank samples of water and one diluted
manure sample were presented in flasks that had been
painted black to avoid bias based on appearance of
the diluted manure. Panelists evaluated the samples in
an ascending series; the dilution decreased and odor
increased from one level to the next. At each dilution
level, panelists identified the flask in each set of three
that contained the odorous sample (forced-choice).

A separate study analyzed panelist variability when
this procedure was used and observed that each panel
member had a distinct and repeatable odor probability
distribution.
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Photo 2. The AS’CENT International
Olfactometer®.

Referencing methods

This method uses different amounts of 1-butanol as a
standard to which sample odor intensity is compared,
again using a human panel. The range of 1-butanol
concentrations is often from 0 to 80 ppm. As the
concentration of butanol is changed, the sample odor
is compared to the butanol to determine at what
concentration of butanol the sample’s intensity is
equivalent. The use of butanol as a reference standard
is widely accepted as common practice in Europe and
has been incorporated into portable and laboratory
scale instrumentation. Most of the methods currently
used in the United States employ butanol as a means
of assessing panelist suitability rather than as the

sole means of determining an odor’ strength or
acceptability.

Challenges with current methods

Challenges with current methodology include the use
of humans for assessment. Work has shown that the
same panelist’s response from one day to the next can
vary by as much as three-fold, possibly due to health
or mood of the individual. Variability in the sensitivity
of the individual conducting the evaluation and

odor fatigue are further concerns that are commonly
addressed in procedural protocol.

Odor fatigue is a temporary condition where a person
becomes acclimated to an odorant or odor to the point
that they are no longer aware that the odor is present.
An example would be when you walk into a barbeque
restaurant and by the time you leave, you are unaware
of the aroma that attracted you in the door. Onsite
methods are complicated by the influence that visual
perception might have in an evaluation (smelling

with your eyes, so to speak). Each of us has a unique
odor acuity. While methods try to minimize panelist

variation, the difference in sense of smell from one
person is another consideration in human assessment
methods.

The measurement of odor concentration by dilution

is more direct and objective than that of odor quality
or intensity. However, each of the above procedures
requires the use of the human nose as a detector, so
not one is completely objective. The imprecision that
results from the large difference between the dilution
levels has been identified by researchers as a concern as
well. Use of a forced-choice method, such as that used
with dynamic olfactometers, in which a panelist must
simply identify the presence or absence of an odor is
generally a better method than ranking, as the human
nose cannot distinguish small differences between
levels of intensity.

Emerging methods

Efforts are underway across the United States to
develop evaluation methods that can be used onsite
and without the influence of human subjectivity with
the goal of providing an objective and affordable means
of quantifying odors.

Surrogate compounds

Odors from livestock facilities contain hundreds

of different compounds, all interacting with each
other and their environment in additive and non-
additive (counteractant, masking) manners. From the
standpoint of odor control, it is desirable to know
which compounds are most important in defining an
odor, so that those few compounds can be targeted
with control strategies.

Compounds that have been well-correlated to odor
measures in studies led by lowa State University

and elsewhere, and might be useful as surrogates in
determining odor, include volatile fatty acids (acetate,
butyrate, propionate) and phenolics (phenol, cresol,
indole, skatole).

In order to identify and quantify the constituents

of odor, gas chromatography-mass spectrometry
(GC/MS) is most frequently employed. Samples are
commonly trapped (adsorbed) onto some type of
sorbent material that concentrates compounds of
interest then quantified by GC/MS. Concentrations

of identified compounds and the interactions of the
identified compounds are mathematically correlated to
odor measurements made using traditional methods,
most commonly the dilution-to-threshold methods.
Interpretation of the results is complicated because
odors that are equal in concentration may not be equal



in offensiveness or intensity. Furthermore, two odors
of equal concentration may be perceived as having
different intensities.

While gas chromatography coupled to mass
spectrometry (GC/MS) is frequently used to identify
and quantify odorous compounds and the use of
surrogate compounds is an objective method, this
approach does not represent the experience of odor
sensation as perceived by humans. Efforts to combine
both instrumental and human methods are under
development.

Electronic nose

Electronic nose analysis with a sensor array is a
potential technology for odor evaluation. To date,
relatively little research has been conducted with
electronic noses in the area of agricultural manure
odors. The electronic nose has been developed in an
attempt to mimic the human sense of smell and is
frequently used in the food, beverage, and perfume
industries for product development and quality
control.

The sensor array of an electronic nose detects the
chemicals that humans perceive as odors and records
numerical results. The instrument will generate a
different pattern of response for different types of
samples. Commercially available electronic noses
have 32, 64, or 128 sensors. Each sensor has an
individual characteristic response, and some of the
sensors overlap and are sensitive to similar chemicals,
as are the receptors in the human nose. A single
sensor is partially responsive to a broad range of
chemicals and more responsive to a narrow range of
compounds. Multiple sensors in a single instrument
provide for responsive to a great number and many
types of chemicals, with certain sensors that mix
being moderately to extremely sensitive to specific
compounds.

The technology is relatively new to the agricultural
industry, although the potential for application is

... and justice for all

certainly great. Recent work demonstrated that an
electronic nose can distinguish between pig and
chicken slurry and between emissions from swine and
dairy facilities because the sensor response patterns
between the comparisons were different. At the current
point of development, the electronic nose appears to
be less sensitive than olfactometry measures, though
sensor improvements occur routinely. Sensor selection
is critical from both the standpoint of sensitivity to
compounds that contribute to the offensive odors
(malodor) as well as response and durability of the
sensors in humid environments.

Conclusions

Odor measurement is a complicated task. While a
number of methods are available, none are without
drawbacks. However, dilution-to-threshold methods
are the most widely accepted methods at the current
time.

Resources

Additional information regarding measurement of odor
can be found in PM 1990 Instruments for Measuring
Concentrations and Emission Rates of Aerial Pollutants
from AFOs available on the Air Quality and Animal
Agriculture Web page at:
http://lwww.extension.iastate.edu/airquality

This publication along with PM 1963a, Science of Smell
Part 1: Odor perception and physiological response; PM
1963b, Science of Smell Part 2 Odor Chemistry; and

PM 1963d, Science of Smell Part 4 Principles of Odor
Control can be found on the Air Quality and Animal
Agriculture Web page at:
http://www.extension.iastate.edu/airquality
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Methods to control and reduce odor are of great interest
to livestock producers. Choosing which odor control
practices to employ can be a difficult decision. However,
understanding the principles behind effective odor control
strategies can help make the decision easier.

Manure malodor formation is the result of the biological
anaerobic (in the absence of oxygen) decomposition

of manure. During this natural process intermediate
decomposition products can accumulate if the rate of
formation exceeds the rate of further decomposition to
low odor end products. Effective odor control employs
one or more of the following approaches: 1) control of
the precursors to malodor formation, 2) dilution of odors
and odorous compounds below the detection threshold,
3) reducing or inhibiting emission, or 4) biological or
chemical transformation to something less odorous.

Controlling malodor precursors

Dietary manipulation can be effective by reducing the
concentration of odorous emissions that can be produced
upon anaerobic decomposition of the manure. By altering
the composition of manure, it seems plausible that
degradation products and resultant odors can be altered
as well. By reducing excess nutrients, smaller amounts

of precursors are present. The most studied method to
reduce odor has been by reducing dietary crude protein
concentration.

Many of the most odorous compounds in manure are

the result of protein decomposition. Manure contains
approximately 5 percent nitrogen, or greater than 30
percent protein. Some research suggests that balancing
dietary protein with dietary carbohydrate optimizes
nutrient use by providing a more suitable energy ratio for
protein digestion. Feedstuff selection may impact manure
odor when excreted or during storage as some feedstuffs
have strong odors (bloodmeal, fishmeal, fermented
grains) and fermentation products are slightly different
from one feed to the next (e.g., barley versus sorghum).

Mineral selection is of importance as well. For example,
use of sulfated minerals may result in dietary excess of
sulfur, contributing to sulfur emissions such as hydrogen
sulfide (e.g. magnesium sulfate versus magnesium
chloride or magnesium oxide). Changing animal diets

to reduce manure odors completely is unlikely however
avoiding the overfeeding of nutrients will contribute to an
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odor control plan and only makes sense.

Drying, such as the use of fans to dry manure in poultry
houses, can stop further production of odorants at the
production site by creating less anaerobic conditions.
Similarly, composting provides an aerobic environment
where the odorous intermediate decomposition products
do not accumulate. In open lot facilities dust control

and control of lot runoff serve as the principle means

by which odor from the housing facilities is managed.
Designing lots that are well drained and avoiding
unnecessary addition of water (e.g., overflowing waterers)
and rainwater collection from roofs will help to reduce
odors. Quite often beef or dairy facilities that use open
lots will house animals in facilities with bedded-packs.
Control of odor from these housing facilities can best

be achieved by maintaining a dry bedding area through
proper maintenance of the packs. Adequate bedding must
be added on a routine basis and unnecessary addition of
water avoided.

Odor dilution

Diluting odors by trapping a portion of the odor or by
diverting the odor plume such that the plume covers
greater area and the odor within it is therefore less
concentrated can be effective tools in an odor strategy.

Landscaping can reduce the emission of housing odors,
as well as odors generated by other components of the
livestock operation, beyond the property line by acting as
a permeable filter for particle emissions. Trees and shrubs
act as biofilters for odorous compounds that are attached
to fine particles. By landscaping with both a treeline and a
row of shrubs, particles at various heights within a plume
can be adsorbed. Landscape materials also serve to divert
the plume higher, diluting the concentration of odor and
gases at ground level. Windbreak walls or elbows cause
the plume to be diverted higher, thereby widening the
plume and increasing the area of the plume.

Reducing emission

Minimizing the opportunity for volatilization can reduce
emission of odors and gases. Volatilization is influenced
by surface area, temperature, and air movement across
the exposed manure surface. Therefore, by reducing any
of these factors you can reduce odor emission potential.
Methods to reduce surface area of odor sources, primarily
manure storages, include proper sizing of manure storage
areas, orientation of manure storage areas with respect
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to frequency of wind direction, and the use of permeable
and impermeable covers that reduce the amount of
surface area directly exposed to outside air.

A second approach involves reducing the volatilization
of odorous compounds by reducing the net radiation,
and therefore temperature, on a manure storage
facility. Methods to implement this strategy commonly
involve the use of permeable and impermeable covers.
Covers also minimize the influence of airflow effects
on storage surfaces. Odors travel attached to particles,
so by effectively trapping particle emissions, odorous
compounds can be trapped as well. Biofilters are one
example that function in this manner.

Injecting manure or incorporating manure shortly

after surface application can best prevent odorous
emissions that occur as the result of land application.
Pivot irrigation systems can be a substantial source

of downwind odor. Using systems that spray close to
the canopy can minimize dispersion of odorants by
altering the dispersion plume. Nozzle selection may also
contribute to improved odor control.

Biological or chemical transformation

Some manure storage facilities are designed and

sized to allow for biological treatment and complete
decomposition of manure to low-odor endproducts.
These are considered low-load systems. Other manure
storage facilities serve the purpose of storage only (high
load). High-load systems are more prone to accumulation
of the odorous compounds and, thus, odor concerns.

Odor control strategies between high- and low-load
systems must be fundamentally different. In a high-

load system biological processing is incomplete due to
an imbalance in microbial populations. Loading rate
exceeds the microbial ability to use the waste to an
extent necessary to prevent the accumulation of odorous
intermediate compounds. Strategies to increase the
processing rate are therefore futile.

In a system where the nutrient load is low relative to the
biological processing capability of the system, such as

a lagoon, further reduction of the nutrient load on the
system is a plausible strategy for reducing odors. Bacterial
populations are more likely to occur in quantities
sufficient to provide a balanced production and use

of intermediate degradation compounds. Addition of
supplemental bacteria to a low-load system may enhance
the rate of processing because conditions are suitable

for bacterial growth and function. Reduced odor from
lagoons where the pink-rose color, indicative of the
bacterial populations, is present is likely the result of
degradation and use of odorous intermediates.
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Enzymatic or chemical additions are more likely to
have a greater benefit on odor intensity in a low-load
system than a high-load system due to the stability of
the environment. Mode of action of many commercially
available products remains unknown, but it is

plausible that some enzymes could enhance biological
decomposition of odorous compounds to less odorous
end products.

A number of commercial products are available that claim
to reduce or improve odor. Some of these products are
bacterial or enzymatic in nature while others may be
chemical. Chemicals can bind odorants by adsorption,
absorption, or chelation. Effectiveness of the products on
today's market varies widely, with many of those products
untested in a controlled, unbiased setting. Producers
electing to use such products should carefully evaluate

if any improvements are observed. The probability of
success in employing commercial products is likely
greater when low-load manure storages are used.

Conclusions

If someone can provide solutions that will work at any

of these levels economically, they will be providing great
tools to have available for manure and organic waste
management. Most often, however, changing management
practices that affect one or more of the factors discussed in
this publication will be the first line of action.

Resources

Additional information regarding odor control practices
can be found in PM 1970a, Practices to Reduce Odor
from Livestock Operations; PM 19714, Practices to
Reduce Ammonia Emissions from Livestock Operations;
PM 1972a, Practices to Reduce Hydrogen Sulfide from
Livestock Operations; PM 1973a, Practices to Reduce
Dust and Particulates from Livestock Operations available
on the Air Quality and Animal Agriculture Web page at:
http://www.extension.iastate.edu/airquality

This publication along with PM 1963a, Science of Smell
Part 1. Odor Perception and Physiological Response; PM
1963b, Science of Smell Part 2 Odor Chemistry; and

PM 1963c, Science of Smell Part 3 Odor Detection and
Measurement can be found on the Air Quality and Animal
Agriculture Web page at:
http://www.extension.iastate.edu/airquality
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