
National Institute for Occupational Safety and Health

Generation and Evaluation of 
Reference Samples as part of an 
Evacuated Canister Interlaboratory 
Study

Dru A. Burns and Ryan F. LeBouf
Respiratory Health Division

CDC/NIOSH



Study Description
 NIOSH Manual of Analytical 

Methods 3900
 Evacuated Canister 

Interlaboratory Study
• ASTM Internationals

 17 volatile organic compounds 
(VOCs)
• Two concentration ranges
• Three levels per range

• 5, 10, & 15 PPB
• 0.8, 1.3, & 1.7 PPM
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Traditional VOC Sampling Methods
 Sorbent Tubes

• Rely on adsorption
• Active sampling methods
• Have analyte specificity
• Collect small sample sizes
• Can require cold storage
• Require solvent desorption

 Thermal Desorption Tubes
• Lack back-up section to test for 

breakthrough
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Evacuated Canisters Advantages
 Passive sampling method
 Collect whole air sample
 Capable of multiple sample 

analyses
 Do not require cold storage
 No solvent desorption
 Have 21-58 day storage stability

• Analyte dependence
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Canister Limitations
 Wall Losses

• VOCs can adsorb to active sites
• Can reduce with fused-silica lining

 High humidity conditions
• Dissolution of VOCs in water 

 Cost
• Expensive instruments and 

consumables such as liquid nitrogen
 Certain classes of compounds are 

not amenable
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Tested Canisters with Volatile Organic Compounds (VOCs)
 Vapor Pressure > 0.1 mmHg at 25˚C 
 Health Effects, Pollution, Compliance
 14 VOCs – Healthcare Setting

• Cleaning Products, Bioaerosols, 
Asthmagenic

 3 VOCs – Alpha‐Diketones
• Obliterative Bronchiolitis

• Fibrosis and obstruction of airways
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Suite of 17 VOCs
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Ethanol Acetone 2-Propanol

Methylene Chloride n-Hexane 2,3-Butanedione

Chloroform Benzene 2,3-Pentanedione

Methyl Methacrylate Toluene 2,3-Hexanedione

Ethylbenzene m,p-Xylene o-Xylene

α-Pinene d-Limonene



Sample Preparation Methods

 3 Total Preparation Methods
• PPB range

• Flow method
• Pressure transfer method

• PPM range
• Pressure transfer method
• Manifold method
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Flow Method
 PPB range samples only
 Mixture of 2 streams of gas

• Certified gas standard of 17 VOCs at 2 PPM
• Ultra‐high purity (UHP) nitrogen
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Pressure Transfer Method 
 PPB and PPM range samples
 Certified gas standard pressure 

diluted by UHP nitrogen into 6L 
canister at nominal concentration 
level

 Pressure transferred from 6L 
canister to multiple 450 cc 
canisters
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Manifold Method
 PPM range only
 Multiple 450 cc canisters generated in parallel via pressure dilution using Entech 4700.
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Sample Counts by Preparation Method
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Preparation 
Method

Manifold Pressure Pressure Flow

Concentration
Range

PPM PPM PPB PPB

Canister N 63 18 18 54



Sample Analyses
 Three Methods

• Part Per Billion 
• No dilution
• 250 cc injection volume cryogenically 

pre‐concentrated
• 72 samples

• Diluted Part Per Million 
• Can to can dilution using Entech 4700
• 250 cc injection volume cryogenically 

pre‐concentrated
• 63 samples

• Loop Part Per Million
• 1 cc volume sample loop
• no pre‐concentration
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NIOSH Accuracy Criterion
 Accuracy

• +/‐ 25% error
• Bias and precision

 95% Confidence interval (CI) on accuracy
• UCL must be below 25% error to pass
• CI encompassing 25% error is inconclusive
• LCL above 25% error is failure
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Conclusions
 15 of the 17 VOCs in the PPB‐range passed the NIOSH Accuracy and 95% CI criterion when 

samples were produced by pressure transfer method.
 All 17 VOCs in the PPM‐range passed the NIOSH Accuracy and 95% CI criterion when samples 

were produced by pressure transfer method and were analyzed via the loop injection method.
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Takeaways
1. Method performance dependent on concentration (PPB or PPM)
2. Pressure transfers better for standard/spike canister generation
3. Loop injection sometimes better than pressure dilutions
4. NMAM 3900 – Volatile Organic Compounds, C1 to C10, Canister Method

– https://www.cdc.gov/niosh/nmam/pdf/3900.pdf
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For more information, contact CDC
1‐800‐CDC‐INFO (232‐4636)
TTY:  1‐888‐232‐6348    www.cdc.gov

The findings and conclusions in this report are those of the authors and do not necessarily represent the 
official position of the Centers for Disease Control and Prevention.

Questions?
• Contact information

– Dru A. Burns
• DABurns@cdc.gov

– Ryan F. LeBouf
• RLeBouf@cdc.gov
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