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Typical Approach -- <24 Hour Average Concentrations

Point in Time Measurement – Typically 8 or 24 hours

US EPA Method TO-15 -- Summa canister

US EPA Method TO-17 -- Sorbent tube and pump

Source: EMS Environmental

Source: H&P Mobile



The Challenge – When to Sample

Source: Hosangadi et al, 2017

02/02/16 02/11/16

“Vapor concentrations can vary in both the subsurface and indoor 
environments due to barometric pumping, soil moisture dynamics, building 
ventilation, wind shear, tidal fluctuation, and other environmental and 
anthropogenic factors”

Temporal Variability 
Indoor air concentrations change seasonally, weekly, daily, hourly

Data collected by VaporSafe using on-site GC to provide real-time results



The Challenge – When to Sample

Temporal Variability 

Indoor air concentrations can vary daily by orders of magnitude

Vapor intrusion has shown to be episodic – anomalous events occur

Source: 
Johnson, P. Multi-Year Monitoring of a House Overlying a Dilute Chlorinated Hydrocarbon 

Plume: Implications for Vapor Intrusion Pathway Assessment 
SERDP & ESTCP Webinar Series, 2014. 

WINTER MONTHS SPRING MONTHS



The Challenge – Confidence in data?

Sources: 
Johnson, P. Multi-Year Monitoring of a House Overlying a Dilute Chlorinated 

Hydrocarbon Plume: Implications for Vapor Intrusion Pathway Assessment 
SERDP & ESTCP Webinar Series, 2014. 

Holton et al., ES&T, 2013, 47, 13347-13354

VI Study Results: Analysis of Sampling Outcomes

With 24 hr samples collected:

High potential for false negative result concerning VI occurrence

High potential to incorrectly characterize long-term exposure

High potential to incorrectly characterize maximum short-term 
exposure

• About half of all 24-hr samples would come back non-detect
• Only about 50% chance that sample results would have a mean 

concentration inside a 10X range about the true mean 
concentration – Coin Toss chance of being right



The Challenge - Canisters have Carry over Problems

Data Source – California GeoTracker Database
Data: 

7,000 vapor samples
5,900 groundwater samples

Published 12 September 2018



The Challenge - Canisters have Carry over Problems

Source: 
McHugh et al 2018, Evidence of canister contamination causing false positive detections in 
vapor intrusion investigation results

“For vapor analyte pairs, 20% of pairs had a percent difference in 
concentration >300% while, for groundwater analyte pairs, only 3% had a 
percent difference of >300%.”



QUESTION: HOW OFTEN IS A DETECTION DUE TO LAB/CONTAINER CONTAMINATION?

WATER SAMPLES

For air samples, contaminated sample containers are likely a 
significant source of false positive detections.KEY POINT:
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AIR SAMPLES

Study Results

Source: McHugh Presentation – 
Battelle Chlorinated Conference April 2018

The Challenge - Canisters have Carry over Problems



The Solution – Long Duration TWA Measurements

Passive Sorbent 
Samplers

Source: Jim Walden, Wisconsin DNR – 
AVIP Conference – October 10, 2022



Radial Sampler                            Axial Samplers

Passive samplers allow for the collection of samples over days or weeks to 
measure organic compounds in indoor and ambient air, as well as soil 
gas. Data are reported as average concentrations (ug/m3 or ppbv) over 

time and are more representative of both short- and long-term health risks

The Solution – Long Duration TWA Measurements



• Passive samplers are easy to use and rapid to deploy

• Provide time-weighted average concentrations (ug/m3)

• Collect samples over hours, days, or weeks

• No pumps or flow regulators required

• 30-day hold time

• Lightweight – easy to ship and transport 

• Target broad range of VOCs

• Target concentrations that span orders of magnitude

• Low reporting limits, including in the pptv range

The Solution with Benefits



TD-GC/MS

Analysis by thermal desorption-gas chromatography / 
mass spectrometry (TD-GC/MS) following 
US EPA Method TO-17 - Passive
• QA/QC requirements identical to Method TO-15 (canisters) 

• Analytical results based on minimum of a 5-pt initial calibration

• Internal standards and surrogates included with each analysis 

• Daily continuing calibration checks

• LCS/LCSDs

• System daily tunes

• Method blanks

• Detection Limit (MDL) Studies

• Limit of Detection and Quantitation (LOD and LOQ) Studies

• Meets requirements of Level IV data quality objectives

• Reliable identification & quantification

Analysis following High Quality Analytical Method



Passive Samplers – Principles of Operation: Diffusion

For application of Fick's First Law for a 
diffusive sampler, several simplifying 
assumptions are necessary:

The sampler does not adsorb compounds 
from its surrounding environment faster 
than those compounds can be replenished

There is a Zero concentration of the analyte 
at the surface of the sorbent; that is, the 
adsorbent is a zero sink and therefore there 
is no saturation of the adsorbent (Cads = 0)

Axial type samplers

Source: Markes International

Operates on Fick’s 1st Law of Diffusion

Uptake Rate (or Sampling Rate) is expressed as: 



Passive Samplers – How Report Concentration Data

Calculate Concentration:

C = M / U x t

C = Concentration (ug/m3)

M = Mass (nanograms x 1000)

U = Uptake rate (ml/min)

T = time (min)

Theoretical Calculation of Uptake Rate:

U = D * A/Z

U = Uptake rate (ml/min)

D = Diffusivity coefficient (cm2/sec)

A = Area (cm2)

Z = Diffusion Distance (cm)



Beacon Funded Passive Sampler Uptake Rate Study

Beacon worked with MCBA and the UK Health and 
Safety Executive (HSE) – the recognized experts in 
the industry for measuring uptake rates

Objective:  Experimentally determine uptake rates 
and  stability over 7-day, 14-day and 26-day periods

Test adsorbents in standard axial samplers and 
Beacon Samplers for range of compounds from 
Vinyl Chloride to Xylenes



Uptake Rate Linearity with Time

Beacon Funded Study – Axial Tube-Type Samplers



Beacon Funded Study – Beacon Passive Samplers

Uptake Rate Linearity with Time



Time Integrated Sampling Study – Indoor Air

Time-integrated Passive Samples compared
to daily 24-hour average measurements

Robust study performed to compare results of Passive Samplers vs. average
daily concentrations measured using Method TO-17 with pumped samples

Passive Samplers collected in triplicate; exposed for the duration of
the sampling period

Pumped samples collected at a flow rate of 10 ml/min
with a total volume of 14.4 L



Example of Results

Average value of daily measured concentrations compared 
well to average concentration from passive samplers 

deployed throughout sampling event

Relative Percent Difference between methods
RPD = 3.9%



Beacon Passive Samplers – Analysis of Accuracy

13 sampling events in study
Correlation of passive samplers to
average of 24-hour active samples

Indoor air 
concentration



Beacon Passive Samplers – Analysis of Precision

Samples Collected in Triplicate
Analysis of Trichloroethene (TCE) Results

The Coefficient of Variation (CV) measures precision
[ StndDev / Mean ]

Source:
• Arizona State University Study House

Drs. Paul Johnson, Paul Dahlen, Yuanming Guo

Sampling
Event

Sampling
Days

B-X-01 B-X-02 B-X-03 Average Standard
Deviation

Coefficient
of Variationppbv ppbv ppbv ppbv

1 26 1.40 1.22 1.24 1.29 0.10 0.08
2 23 3.73 3.33 3.22 3.43 0.27 0.08
3 20 3.11 2.84 3.16 3.04 0.17 0.06
4 30 1.95 1.73 1.89 1.86 0.11 0.06
5 52 0.78 0.74 0.63 0.72 0.08 0.11
6 20 1.09 1.28 1.01 1.13 0.14 0.12
7 7 2.39 2.2 1.77 2.12 0.32 0.15
8 7 0.08 0.07 0.78 0.76 0.05 0.07
9 6 0.99 1.03 0.86 0.96 0.09 0.09
10 30 U U U
11 43 0.42 0.25 0.33 0.33 0.09 0.26
12 35 0.41 0.44 0.42 0.42 0.02 0.04
13 36 0.32 0.31 0.34 0.32 0.02 0.05

Average 0.10



Community Wide Indoor Air Sampling Program

Source:  https://www.hill.af.mil/IAP/



Source:  
https://www.hill.af.mil/Portals/58/documents/Indoor%20Air/AirSampling-
Method-FactSheet.pdf?ver=2019-09-04-142302-097

Community Wide Indoor Air Sampling Program



Source:  
https://www.hill.af.mil/Portals/58/documents/Indoor%20Air/AirSampling-
Method-FactSheet.pdf?ver=2019-09-04-142302-097

Community Wide Indoor Air Sampling Program



Passive sorbent samplers

26-day sampling periods

Sample during the winter seasons

2,600+ passive samples analyzed to date

Community Wide Indoor Air Sampling Program



Residents continue to have very positive response to sorbent 
samplers being used instead of 6 L evacuated canisters

They’re low-profile and easy-to-use

Plus for the sampling team… logistically it’s much
easier to transport samples.

Preferred by Residents and Field Techs



Community Supported Sampling

Resident-based 
sampling applied last 
season on limited basis

US EPA has signed off 
as acceptable sample 
collection procedure for 

2023-2024 season

Sign-up notice to 
residents will provide 
option for field tech to 
collect sample or have 
resident hang and 
retrieve sampler



Reporting Limits of Available Samplers

ChloroSorber™ Sampler
Limits of Detection (LODs) 

 COMPOUND  CAS
Uptake 3 Day 7 Days 10 Days 14 Days 26 Days

Rate LODs LODs LODs LODs LODs
 (ml/min) (ug/m3) (ug/m3) (ug/m3) (ug/m3) (ug/m3)

  Vinyl Chloride 75-01-4 0.56 0.207 0.089 0.062 0.044 0.024

  1,1-Dichloroethene 75-35-4 0.45 0.257 0.110 0.077 0.055 0.030

  trans-1,2-Dichloroethene 156-60-5 0.70 0.165 0.071 0.050 0.035 0.019

  1,1-Dichloroethane 75-34-3 0.74 0.156 0.067 0.047 0.034 0.018

  cis-1,2-Dichloroethene 156-59-2 0.70 0.165 0.071 0.050 0.035 0.019

  Trichloroethene 79-01-6 0.65 0.178 0.076 0.053 0.038 0.021

  Tetrachloroethene 127-18-4 0.55 0.210 0.090 0.063 0.045 0.024



Beacon Sampler -- Reporting Limits
Compound

Sampling 
Period 
(days)

Limit of 
Quantitation 
(ug/m3)

Limit of 
Detection 
(ug/m3)

Compound
Sampling 
Period 
(days)

Limit of 
Quantitation 
(ug/m3)

Limit of 
Detection 
(ug/m3)

Vinyl Chloride 14 0.61 0.31 1,1,1,2-Tetrachloroethane 14 1.22 0.61

1,1-Dichloroethene 14 1.50 0.75 Chlorobenzene 14 0.58 0.29

Methylene Chloride 14 1.42 0.71 Ethylbenzene 14 1.46 0.58

1,1,2-Trichlorotrifluoroethane (Fr.113) 14 0.56 0.28 p & m-Xylene 14 1.41 0.56

trans-1,2-Dichloroethene 14 1.13 0.56 o-Xylene 14 1.41 0.56

Methyl-t-butyl ether 14 2.48 0.99 1,2,3-Trichloropropane 14 0.66 0.33

1,1-Dichloroethane 14 0.58 0.29 Isopropylbenzene 14 1.49 0.60

cis-1,2-Dichloroethene 14 0.94 0.47 1,3,5-Trimethylbenzene 14 1.49 0.60

Chloroform 14 1.42 0.71 1,2,4-Trimethylbenzene 14 1.49 0.60

1,2-Dichloroethane 14 0.89 0.44 1,3-Dichlorobenzene 14 0.66 0.33

1,1,1-Trichloroethane 14 0.47 0.24 1,4-Dichlorobenzene 14 0.66 0.33

Carbon Tetrachloride 14 1.17 0.58 1,2-Dichlorobenzene 14 0.66 0.33

Benzene 14 2.34 0.94 1,2,4-Trichlorobenzene 14 1.27 0.63

Trichloroethene 14 1.50 0.75 Naphthalene 14 0.62 0.31

1,4-Dioxane 14 1.21 0.60 1,2,3-Trichlorobenzene 14 1.27 0.63

1,1,2-Trichloroethane 14 1.50 0.75 2-Methylnaphthalene 14 0.65 0.33

Toluene 14 3.10 1.24 TPH C4-C9 14 419.56 419.56

1,2-Dibromoethane (EDB) 14 1.29 0.64 TPH C10-C15 14 359.44 359.44

Tetrachloroethene 14 1.21 0.60

Reporting Limits of Available Samplers



Radiello 145 Sampler - Reporting Limits
Compound CAS#

Sampling 
Period 
(days)

Limit of 
Quantitation 
(ug/m3)

Sampling 
Period 
(days)

Limit of 
Quantitation 
(ug/m3)

1,1,1-Trichloroethane 71-55-6 1 0.35 3 0.12

1,1-Dichloroethane  75-34-3 1 0.22 3 0.07

1,2,4-Trimethylbenzene 95-63-6 1 0.32 3 0.11

1,2-Dichlorobenzene 95-50-1 1 0.32 3 0.11

1,2-Dichloroethane 107-06-2 1 0.22 3 0.07

1,3,5-Trimethylbenzene 108-67-8 1 0.32 3 0.11

1,4-Dichlorobenzne 106-46-7 1 0.32 3 0.11

Benzene 71-43-2 1 0.25 3 0.08

Carbon Tetrachloride 56-23-5 1 0.26 3 0.09

Chlorobenzene 108-90-7 1 0.28 3 0.09

Chloroform 67-66-3 1 0.24 3 0.08

cis-1,2-Dichloroethene  156-59-2 1 0.22 3 0.07

Ethylbenzene 100-41-4 1 0.27 3 0.09

Isopropylbenzene 98-82-8 1 0.32 3 0.11

Naphthalene 91-20-3 1 0.33 3 0.11

o-Xylene 95-47-6 1 0.28 3 0.09

p & m-Xylene 108-38-3 1 0.26 3 0.09

Styrene 100-42-5 1 0.26 3 0.09

Tetrachloroethene 127-18-4 1 0.27 3 0.09

Toluene 108-88-3 1 0.23 3 0.08

trans-1,2-Dichloroethene 156-60-5 1 0.22 3 0.07

Trichloroethylene 79-01-6 1 0.26 3 0.09

Reporting Limits of Available Samplers



Summary

Passive adsorbent samplers are preferred for the following reasons:

Ø easy to use and relatively unobtrusive

Ø can sample indoor and ambient air, as well as soil/sewer gas

Ø target broad list of VOCs and lighter SVOCs at concentrations 
that span orders of magnitude

Ø sample collection periods of hours, days, or weeks 

Ø analytical procedures produce high quality data while achieving 
low reporting limits

Ø Easy to ‘clean’ between uses – no carry-over of contamination, 
which is a documented issue with canisters

Ø Sustainable approach for sample collection and analysis

Ø Allows for the collection of samples over days or weeks to report 
concentration data that are more representative of the health 
risks to building occupants – better protection



Questions

Beacon Environmental
Harry O’Neill

Forest Hill, MD  USA
1-410-838-8780

Harry.ONeill@Beacon-usa.com
www.beacon-usa.com

Beacon… We can be your guide

http://www.beacon-usa.com/

