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Charles R. (Gus) Manning received his PhD in 

Analytical Chemistry from the Univ. of Kansas. 

Since founding Assay Technology in 1981, his 

work has focused on developing air sampling 

and analytical technologies.  A CIH, AIHA 

Fellow, and Past Chair of the AIHA SLA 

Committee, he is still employed by Assay 

Technology, a diffusive sampler manufacturer 

which operates an AIHA-accredited laboratory.
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Technical achievement Award in 2022 which 

was partly based on the research described in 

this presentation.
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We were taught …

Industrial Hygiene deals with

Workplace Environmental Stresses
Anticipate, Recognize, Evaluate, and Control

Fields:

 Chemistry  / Engineering / Biology / Physics   

   Ergonomics / Psychology



Our Situation
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"industrial hygiene is 6 miles wide and 6 inches deep" 

Great Breadth of Knowledge Required

Many Fields to Cover

Little Opportunity to Become an Expert

Jack of all Trades, Master of None

  



IH Training in Exposure Assessment 
was made difficult because…
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Workplace Exposure Assessment was always 
a subtle and deep Quality Assurance problem 

It took time to develop user-friendly tools 
• AIHA Exposure Assessment Committee
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AIHA Exposure Assessment Tools

 Advanced Statistics … Deep & Complex

User-Friendly Tools
Make Accessible to a normal working IH

After Assessing Exposure Judgment Errors
 …we aim to Reduce them (major AIHA goal)



Historical Perspective…

Early IH Training in Exposure Assessment
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Reference books, courses, publications
• Air Sampling Methods
• Sampling Accuracy & Precision 

Very little (almost zero) discussion of:
• Workplace Exposure Variation

• How Often to Sample?
• How Many Samples to Collect? 



Early IH Thinking 
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• Sampling Pumps & Skilled IH - rare and expensive
‒ Sampling is Expensive
‒ We Must Limit the Number of Samples 

• Exposures Within a Workplace Will be Uniform
‒ We need not sample too much or too often
‒ OSHA can assess compliance with a few samples during rare visits

• Variations in Sampling > Variations in Workplace Exposure
‒ Worry More about Sampling Errors
‒ Less About Variation in Exposures  



What Was Missed in Early Training?

Workplace Exposure Variation 

Early (1980s) IH’s assumed uniform exposures

OSHA compliance model assumed uniform exposures

oWishful Thinking
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• “…an analysis of exposure data from nine 
types of industrial processes for 31 
different worker groups found that workers 
in 87% of the groups had a GSD > 1.5.” 
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Workplace Variation
(greater than we thought)

Nicas (1991)
Nicas, M., Simmons, B. P., & Spear, R. C. 
(1991). ENVIRONMENTAL VERSUS 
ANALYTICAL VARIABILITY IN EXPOSURE 
MEASUREMENTS. American Industrial 
Hygiene Association Journal, 52(12), 553–557. 
https://doi.org/10.1080/15298669191365199

“For typical values of the GSD and CV, environmental 
variability is far more important than analytical variability in 
determining the variance of the measured 8-hr TWAs.” 

“A resulting policy implication is that the OSHA 
inappropriately focuses on analytical variability when 
determining compliance with its permissible exposure limits.”

Rappaport (1991)
Selection of the Measures of Exposure for 
Epidemiology Studies S. M. Rappaport Pages 448-
457;https://doi.org/10.1080/1047322X.1991.10387912



AIHA Committee also says ...

Workplace Exposure Variation
>> Sampling Error

typ. Workplace GSD = 1.5 - 4.0
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John Mulhausen/Paul Hewett - creators of AIHA’s IHDA system
associated course "Making Accurate Exposure Risk Decisions"

Because the normally-distributed sampling and analytical variability for 

(the vast majority of) sampling methods is so much smaller than 

typical lognormally-distributed environmental variability, it is usually 
ignored when conducting the statistical analysis.



Lognormal vs Normal Distribution
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Probability
of Value

Range of Values



Workplace Variation >> Sampling Error
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What Geometric Std Deviation means
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Exposure Control
         … a Quality Assurance Problem 

• To address highly variable exposures

• Do More Tests

• The Question:

‒  How Many More Tests?
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AIHA to the Rescue
(Exposure Assessment Committee)

• Analyze Exposure Data

• Predict Probability of Conformance to OEL

• High Confidence that 95th Percentile Exposure < OEL

  (95% of exposures below OEL) 
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AIHA Best Practice
(Higher Standard of Care)
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Level

4 OVEREXPOSED > OEL Controls & PPE

3 BORDERLINE 0.5-1.0 OEL Monitoring & Surveillance

2 MEDIUM 0.1-0.5 OEL Haz Com & Monitoring

1 LOW 0.01-0.1 OEL Haz Com& Training

0 UNEXPOSED <0.01 OEL No Action

95th Percentile Exposure 
RESPONSE

Band

AIHA Exposure Assessment &  Mgmt Model

Select the Most Protective OEL



Improve Accuracy of Exposure Judgment
(AIHA Initiative)
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A shift in practice to improve exposure judgment

oUse AIHA’s suite of tools for improving exposure decisions

• Checklist Tool 

• IHMOD2.0 (estimate exposures)

• IHSTAT (Bayesian Decision Analysis for monitoring data)

• IHDA-AIHA (simplified IH Data Analysis for interpreting 
monitoring data)



AIHA - IH DATA ANALYST (IHDA)

• Uses Bayesian Decision Analysis (BDA)

• Uses Prior Knowledge of Workplace Exposure

‒ Data Usually follows a LogNormal Distribution

‒ Large Geometric Std Deviation of 1.5-4.0 (AIHA)

• Predicts the Probability of OEL Conformance

‒ Probability of 95th Percentile within a defined Exposure Band

‒ Control 95% of Exposures < OEL

20



AIHA.org

The program calculates the standard descriptive and decision statistics recommended by the AIHA, 
and includes goodness-of-fit procedures and graphs, several methods for analyzing datasets 
containing non-detects, and Bayesian Decision Charts, which were designed to assist in the selection 
of the most appropriate AIHA exposure control category.
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Download the IHDA-AIHA Today!



Using the AIHA IH Data Analyst

Log Into the IH Data Analyst

Enter Identity Information

Enter Your Occupational Exposure Limit
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Using the AIHA IH Data Analyst

Sample No Conc'n Found Det'n Limit Date Group

1 6 0.1 ppm 3/1/2026 A

2 18 0.1 ppm 3/2/2026 A

3 10 0.1 ppm 3/2/2026 A

4 14 0.1 ppm 3/2/2026 A

5 6 0.1 ppm 3/2/2026 A

6

7
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Typical Workplace Data Set
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IH DATA ANALYST
 REPORT 0  Samples Taken      

Which Band are We In?

Level
4 OVEREXPOSED > OEL

3 BORDERLINE 0.5-1.0 OEL

2 MEDIUM 0.1-0.5 OEL

1 LOW 0.01-0.1 OEL

0 UNEXPOSED <0.01 OEL

Band95th Percentile Exposure    



IH DATA ANALYST
 REPORT

5 samples
Low Variance 
GSD = 1.5

Exp Band 3 (45%) or 4 (55%)?

95th Percentile Exposure    



IH DATA ANALYST
 REPORT

10 samples
Low Variance 
GSD = 1.5

Band 3 (52%) or  4 (48%) ?

95th Percentile Exposure    



IH DATA ANALYST
 REPORT

Probably Band 3 (69%)?

15 samples
Low Variance 
GSD = 1.5

95th Percentile Exposure    



IH DATA ANALYST
 REPORT

We’re in Band 3 (86%)

20 samples
Low Variance 
GSD = 1.5

95th Percentile Exposure    



AIHA Best Practice
(Higher Standard of Care)
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Level

4 OVEREXPOSED > OEL Controls & PPE

3 BORDERLINE 0.5-1.0 OEL Monitoring & Surveillance

2 MEDIUM 0.1-0.5 OEL Haz Com & Monitoring

1 LOW 0.01-0.1 OEL Haz Com& Training

0 UNEXPOSED <0.01 OEL No Action

95th Percentile Exposure 
RESPONSE

Band

AIHA Exposure Assessment &  Mgmt Model
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Conclusion:

AIHA-IH Data Analyst
a Powerful Statistical Assistant   

Helping IH Reduce Exposure Judgment Errors
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IH Data Analyst 
and other free tools provided by AIHA

allow a practicing IH to

Sample Till You’re Sure



Finis!

Thank you!

gmanning@assaytech.com
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