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Olfaction: 

Establishing Normality and 

Ensuring Safety



Goals of Today’s Presentation:

1. Briefly review the anatomy and physiology of the olfactory 

system   

2. Provide a basic overview of how the ability to smell is 

quantitatively tested in academia, medicine, and industry, 

including the natural gas industry to establish a “normal” sense 

of smell

3. Give examples of factors known to impact the ability to smell, 

notably warning agents added to natural gas, including sex, age, 

individual differences, long-term exposures, and viruses such as 

COVID-19  



Under 49 CFR §192.625, the U.S. federal pipeline safety 
regulation, all combustible gas in a distribution line 
must be odorized so that it is readily detectable by a 
person with a normal sense of smell at a concentration 
in air equal to one-fifth of the lower explosive limit (LEL)



▪ Flavor and Palatability of Foods and Beverages

▪ Esthetics & Quality of Life (seashore, flowers, perfumes, baking cookies, 

enjoyment)

▪ Communication (mother/infant interactions, personal identification, hygiene)

▪ Mortality (older anosmics 3X more likely to die over half-decade than non-

anosmics)

▪ Occupational tool (e.g., cooks, firefighters, plumbers, wine merchants, food and 

drug specialists, chemical plant workers, policemen, etc.) 

▪ Health Surveillance and Early Diagnosis (hyposmia is a ‘preclinical’ sign of such 

diseases as Alzheimer’s and Parkinson’s and can be among the first signs of viral 

infections such as COVID-19) 

▪ Safety (warning of spoiled foods, toxins, polluted air, smoke/fire, gas leaks)

A Normal Ability to Smell is Important Not Only 

for Safety, but for Everyday Life 



▪ A disproportionate number of elderly die in fires and gas 

explosions, in part because of compromised ability to smell 

▪ Over 50% of those 65-80 years of age have some degree of 

smell dysfunction, with 15% being anosmic; over the age of 

80 years, > 80% have such dysfunction, with 25% being 

anosmic

▪ Anosmics are barred from enlistment and retention in the US 

Armed Forces, reflecting the importance of smell in the 

operation of complex machinery, detection of dangers in 

confined spaces (e.g., tanks,  submarines, aircraft), and the 

detection of toxic gases in the battlefield. 

Safety: Today’s Main Issue 



How easy is it for healthy people to 

identify the smell of odorized natural 

gas?

• Identifying odors without cuing is difficult for most 

people

• Mercaptans are very difficult to recognize

• Of 52 adults asked to smell and name 50 odorants,  

the ability to name “Natural gas” ranked 35th.  Only 

15% correctly identified the odor. 

From Doty RL, Shaman, P. & Dann, M.  Physiology & Behavior 32:489-502, 1984.  

A point was given for correct responses (i.e., the name  given by its manufacture 

such as licorice for licorice) and ½ point for less specific “near” responses (e.g., 

candy for licorice).  The sum of the points across the 52 subjects was the 

“identifiability index”.



Basic Anatomy of the “Peripheral” Olfactory System

From: Doty, R.L.  Trends in Molecular Medicine 2022 28(9): 781-794.



A. Transition area from respiratory 

(top) to olfactory (bottom) 

epithelium.   Arrows indicate 

ciliated dendritic knobs of 

olfactory receptor cells

B. Cross section of the olfactory 

epithelium.  Arrows indicate 

dendritic knobs. s: supporting cell; 

c: cell body of olfactory receptor 

cell; b: basal cell; m: microvillar 

cell; lp: lamina propria; n: bundle 

of axons from receptor cells.  

Olfactory Neuroepithelium

From: B Menco and E Morrison (Chapter 2 in R.L. Doty (Ed), Handbook of Olfaction and Gustation: Marcel Dekker, 

1995, 3rd Edition.



Basic 

Anatomy of 

the “Central” 

Olfactory  

Structures 



How is the Sense of Smell 

Measured? What is a “Normal 

Sense of Smell”





Odor Identification



Brief Odor Identification Screening

Tests used by the Natural Gas Industry
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Odor Thresholds









High Correlations between Odor 

Identification and Detection Threshold Tests







The Reliability of a 
Threshold Test 
Increases as the 
Number of Reversals 
Increase

From: Doty et al., A study of the test-
Retest reliability of 10 olfactory tests.
Chemical Senses 20: 645-656, 1995.



Factors that Negatively 
Influence the Ability to Identify Odors



AGE



Association of Age and Sex with Smell Ability
 Doty, R.L., Shaman, P., Applebaum, S.L., Giberson, R., Sikorski, L. & Rosenberg, L.  Science 226:1441-1443, 1984.







AIR POLLUTION



15% Exposed had severe Microsmia; only 3% 

anosmia 

Relatively Brief Effects of Air Pollution can 

Produce Smell Dysfunction: UPSIT scores of Workers 

at the Post-9/11 World Trade Center Site

Exposure requirements: (a) Onsite for 4 hrs on 

September 11-14 or (b) > 24 hrs during 

Sept, or (c) > 80 hours from Sept to Dec 2001

99 Exposed Ss;   99 Matched Controls

Respective mean (SD) UPSIT scores = 30.05 

(5.08) & 35.94 (3.76); p = 0.003)

Altman, K.W., Desai, S.C., Moline, J., de la Hoz, R.E., Herbert, R., Gannon, P.J., 

Doty, R.L Int Arch Occup Environ Health 84: 131-137, 2011.



Air pollution (AP) is a risk factor for several 

neurodegenerative diseases [e.g.,  Alzheimer’s disease]  
Decreased smell function occurs in highly polluted areas



CONFUSIONS IN IDENTIFYING AN ODORANT’S 
SOURCE



Sources of Odorants are Commonly 

  Confused





Odor: Hydrogen Sulfide; From: Ekman et al., Scand. J. Psychol., 1967, 8, 177-186.

Significant Adaptation/Habituation to Odorants 

Occurs within 5 Minutes.   

This can lead to the false belief that the odorant is disappearing

Odor: Hydrogen Sulfide; From: Ekman et al., Scand. J. Psychol., 1967, 8, 177-186.



MEDICAL DISORDERS AND DISEASES



Blue: Indicates little or no dysfunction or apparent hypersensitivity

Red: Indicates highest frequency of clinical presentations to the Smell & Taste Center

Green: Indicates neurodegenerative diseases with smell dysfunction

Common Causes of Olfactory Dysfunction 



VIRUSES







From: Sharetts, R., Moein, S.T., Khan, R., Doty, R.L.  Long-Term Tast and Smell Outcomes After
COVID-19.  JAMA Network Open. 2024;Apr 1:7(4):e247818. 





From: Doty, Reyes & Gregor (1987) Presence of both odor identification and 
detection deficits in Alzheimer's disease.  Brain Res. Bull. 18: 597-600.  
Copyright © 1987 Pergamon Journals, Ltd. 

UPSIT AND Smell Threshold Scores both

      Significantly Altered in Early AD

• Average UPSIT scores differ by ~ 14 
points between AD & control subjects

• Despite overlapping distributions, 
95% of AD cases have lower function 
scores than age-matched controls

• Not true that AD associated only with 
“higher order” olfactory deficits 











o Olfaction is important beyond safety

o Normality is not a simple concept and is defined by measurement

o Numerous factors impact the ability to smell: age, sex, disease states, 
viral infections (e.g., COVID-19)

o Simple smell tests are useful for screening employees in the energy 
sector to be certain that that they can detect odorized natural gas 

Summary and Conclusions

Under 49 CFR §192.625, the U.S. federal pipeline safety regulation, all 
combustible gas in a distribution line must be odorized so that it 
is readily detectable by a person with a normal sense of smell



Thank you for your attention

Smell you around!!!
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