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Dairy Manure Odor Perception and Management Series 
Part 3: How are manure odors quantified?

Proactively managing manure-based odors 

emitted from handling, storage and land 

application is important in order to maintain 

positive neighbor relations.  There have been 

studies performed to measure odor emissions 

from farms (see Part 1 of this series), however 

many challenges exist with the methods used 

and the subjective nature of the results makes 

subsequent actions difficult to pursue. 

 
Odor detection measurement 
A human panel is a group of people with a 
range of odor sensitivities who are trained in 
detecting different odor thresholds. The 
detection threshold is the concentration at 
which half of a human panel could identify 
the presence of an odor without knowing 
exactly what the odor was; this is the term 
most frequently used when discussing odor 
assessment results associated with livestock 
operations.  The recognition threshold is the 
concentration at which half of a human panel 
could identify the actual source of the odor, 
for example, peppermint or ammonia[1]. 
 
Odor quantification techniques 

1) Direct measurement: 

a. field-based: Scentometry using Nasal 

Ranger® or similar apparatus 

b. lab-based: Olfactometry 

2) Indirect measurement: gas 

chromatography, volatile fatty acid 

measurement, and other gas indicators. 

 

The strategy used for direct measurement 

methods to quantify odors, termed dilution to 

threshold, introduces a sample of an odor with 

odorless air. Beginning with a large 

concentration of odorless air and small 

concentration of the odor sample, a human 

subject or a panel of subjects analyzes the 

sample mixture beginning with completely 

odorless air followed by stepwise increases in 

the concentration of the odor within the sample 

mixture. Values are represented as ratios of 

dilutions of fresh air to the threshold value. 

 

Scentometry 

Scentometry is a real-time, field-based method 

of employing the dilution to threshold 

technique; Nasel Ranger® (shown in Figure 1) 

and Scentometer® are two brands of devices 

used to measure odors on-site, available from 

St. Croix Sensory, Inc. (St. Elmo, MN) and 

Barneby and Cheney (Columbus, OH) 

respectively.  The principle for both instruments 

is that air flow is regulated and directed through 

charcoal filters that remove odors and provide a 

stream of “clean” odorless air which is diluted 

at varying proportions with the air containing 

the odor(s).  One person at a time can use the 

machine, and once the user identifies the 

presence of an odorous compound, the 

threshold has been identified.  Subsequent odor 

concentrations are expressed as dilutions of the 

threshold.  The range of dilutions to threshold 

possible for the Scentometer includes (unitless 

measures) 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[1]. 

 

 
Figure 1. Nasal Ranger® in use[1] 
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Olfactometry 

Olfactometry is a stationary, lab-based method 

that analyzes a sample of odorous air compared 

to samples diluted with odorless air, much on 

the same principal as the Nasal Ranger® or 

Scentometer, but in a large, laboratory 

instrument that is closely monitored by an 

operator.  One example is the AS’CENT 

International Olfactometer® (shown in Figure 

2) (St. Croix Sensory, Inc.). Much higher 

dilution to threshold ranges are available by an 

olfactometer. 

 

Using an olfactometer, the odorous sample is 

mixed with a clean air sample in known 

proportions of clean-to-odorous air; the mixture 

is presented to a panel member in a forced air 

stream.  The presentation always starts with 

very dilute samples and increases the 

percentage of odorous air until an odor is 

perceived.  The ratio of clean-to-odorous air 

where the panel member detects an odor is 

known as the detection threshold.  This ratio of 

clean-to-odorous air is assigned units of 

measure called odor units (OU).  For example, 

if the participant in an odor panel detects a 

difference in a mixture of 100 milliliters of 

clean air to 1 milliliter of odorous air, the 

odorous air would be rated at 100 OU.  If the 

difference was detected when 200 milliliters of 

clean air was mixed with 1 milliliter of odorous 

air, the odorous air would be rated at 200 OU. 

Note: the more dilution with clean air that is 

required, the greater the OU of the sample, 

implying that the sample was more odorous[2]. 

 

Gas Chromatography and Mass Spectrometry  

Gas chromatography and mass spectrometry 

(GC-MS) are two technologies that identify 

specific compounds in odors, and quantify 

them, normally, in very narrow ranges (parts 

per billion or parts per trillion.  Results are 

expressed as concentrations (i.e., mg/L).  In gas 

chromatography analysis, a field sample of 

odorous air is collected and transferred to the 

lab for analysis by a gas chromatograph. 

 

 
Figure 2. AS'CENT International Olfactometer in use [1] 

Mass spectrometry, which employs a specific 

detection system as part of a gas 

chromatograph, separates various compounds 

according to their mass and charge[2].  Since 

only a finite number of columns can be used 

simultaneously in the GC, groups of 

compounds are usually identified rather than a 

comprehensive result of every compound 

included in the sample. 

 

Volatile fatty acid measurement 

The value of volatile fatty acids (VFA) in 

different manure streams can be compared in 

order to demonstrate the increase or decrease in 

the presence of significant odors.  The actual 

odor causing compounds are not identified or 

quantified in this method; however, it can be a 

useful strategy to compare and contrast the 

effectiveness of different manure management 

practices. 

  

Why challenges prevent effective 

measurement? 

First and foremost, the biggest challenge with 

quantifying any odorous compound, is the fact 

that humans must be used for mostly any odor 

detection and measurement; human variability, 

bias and error accounts for a large part of the 

challenge in quantifying odors.  In the case of 

scentometry, since it is field-based, the bias of 



     Dairy Environmental Systems Program 
       prodairy.cals.cornell.edu/environmental-systems/manure-management 

 This material is based upon work that is supported by the New York Energy Research & Development Authority 
(NYSERDA) under agreement #28264. Any opinions, findings, conclusions, or recommendations expressed in 
this publication are those of the authors and do not necessarily reflect the view of NYSERDA. 

   

3 

the human analyzer seeing the source of the 

odor can affect judgement as to the intensity 

and/or offensiveness of an odor.  In the case of 

olfactometry, even though trained human 

panelists are used, they experience “odor 

fatigue”, which is when a person becomes 

accustomed to an odor, even an offensive one, 

and it prevents accurate detection.  In the case 

of GC-MS, the quantification of actual odorous 

compounds does not help us to gauge the 

response of offensiveness or intensity in 

humans.  Also, there is a finite list of groups of 

gases that can be detected based on the available 

detection columns. The overall lack of 

standardization of odors and thresholds makes 

the entire science of smell highly variable.   
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