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for Vapor Intrusion



Zoom Logistics

Today’s recording will be available at dnr.wi.gov, search “RR Training Library”

 All attendees muted
 To comment or ask 

questions, use chat
or raise hand

 Send questions to 
Jennifer Borski

 Q&A session open at 
end of presentation



Public Input Opportunities
 Public input Nov. 17, 2022

 RR-0141 VPLE Guidance
 RR-627 USTs
 RR-973 Environmental 

Contamination and Your Real 
Estate

 Coming Soon
 RR-0124 Sediment Guidance
 RR-800 Vapor Intrusion 

Guidance
 RR-982 Post Closure 

Modifications



Public Input Opportunities

 https://dnr.wisconsin.gov/topic/brownfields/publicnotices.html

 Subscribe to RR Report 
Newsfeed for Notifications

SIGN UP:

dnr.wisconsin.gov/topic/Brownfields/News.html



Remediation and Redevelopment External Advisory Group
 Subgroup Meetings

December 9, 2022
GEF 2 Building – Madison
Contaminated Sediment
NR 700
Funding Sustainability
Environmental Justice

 RR EAG Meeting
January 27, 2023
Location - TBD

SIGN UP FOR UPDATES:

dnr.wisconsin.gov/topic/brownfields/rreag



Dry Cleaning and Vapor Intrusion 
Team Leader

Jennifer Borski



DNR Vapor Intrusion 
Guidance –
RR-800, v. Jan 2018

https://dnr.wi.gov/DocLink/RR/RR800.pdf

https://dnr.wi.gov/DocLink/RR/RR800.pdf


Passive Sampling in RR-800, v. Jan 2018
• Section 5.4.2 Soil gas sampling
Quantitative passive diffusion methods are currently under development and 
could be used in lieu of active soil gas sampling if the investigator can show the 
passive diffusion method will provide an accurate quantitative measure of the 
soil gas concentrations.

• Section 5.4.3 Indoor air sampling
Passive indoor air sampling is another option to measure indoor air 
concentrations. Because passive samples can be collected over a longer 
duration than active samples, passive samples can average out the variability of 
indoor air.



Wisconsin Administrative Code

Wis. Admin. Code § NR 716.11(3) Wis. Admin. Code § NR 716.11(5)



Wisconsin Administrative Code

Wis. Admin. Code § NR 716.13(1)



DNR Vapor Intrusion Guidance - RR-800



Recommended Indoor Air Sampling 
Proposed RR-800 Revision
Initial Sampling Event

Why: Assess likelihood of acute exposure 
When:       As soon as possible after a building screens-in for VI
How: • 8-hr (workplace) or 24-hr (residential) 

• TO-15, TO-17, passive
• Could also initiate longer duration sample
• Paired with sub-slab sample(s)



Follow-up Sampling 

Why: Confirm initial results by sampling when concentrations are likely to be 
higher but more variable

When:       Winter Assessment Period (Dec. 1 - March 31 ) 

Recommended Indoor Air Sampling 
Proposed RR-800 Revision

• Most compounds and situations: two events (paired sub-slab most events)
• TCE: Three events with specific time frames

• Nov. 15 - Dec. 31
• January
• March 1 - April 15

Alternative, reasoned approaches are allowed/encouraged depending on site/building specific conditions

How: Long-duration: > 10 days ideal, 7 days acceptable



RR-800 Version 2018 vs Update

RR-800 v. 2018 RR-800 Update
TCE
Number of events 3 4
Days of data 3 31+
Days during higher VI potential 1 30+
Other compounds
Number of events 3 2-3
Days of data 3 20+
Days during higher VI potential 1 20+

Assumes longer duration events are 10 days or longer

Residential Example



Vapor Intrusion Technical Expert
Jim Walden



Passive Sorbent Samplers

• Primary Advantage: Time integrated concentrations for up to 
several weeks (some samplers achieve reporting limits < Vapor 
Action Levels within hours).

• Ancillary Advantages (over canisters)
• Shelf life
• Availability
• Rapid deployment
• Small size
• Reduced shipping costs & carbon footprint
• No vacuum 



Passive Sorbent Samplers

• Primary Advantage: Time integrated concentrations for up to 
several weeks (Some samplers achieve reporting limits < Vapor 
Action Levels within hours).

• Ancillary Advantages (over canisters)
• Shelf life
• Availability
• Rapid deployment
• Small size
• Reduced shipping costs & carbon footprint
• No vacuum 

However: 
There are additional considerations 
with passive samplers to provide the 
highest quality data.



Canister use beyond 24-hour durations 

If used, provide support that the device collects a true time-weighted average concentration for the duration sampled.



Passive Sorbent 
Samplers
• Radial, Axial, Badge, Membrane
• Different Sorbents
• Appropriate sampler and sorbent 

chosen based on:
• Contaminants of Concern
• Duration of Sampling
• Setting Parameters

• Air Velocity
• Temperature
• Humidity
• Physical Limitations
• Diffusion Limitations (e.g., soil)

Vapor Pin

Radial

Membrane

Axial

Badge



• Work closely with the laboratory 

• Provide them with a thorough description of 
site conditions and data quality needs

Passive Sampling 



NAVFAC, 2015

Slope = Uptake Rate



Ccoc = M/(UR × t)            

Where:

Ccoc = time-weighted average air 
concentration (μg/m3) 

M = mass of VOC retained by passive 
sampler (µg - micrograms); reported by lab

UR = uptake rate (mL/min, compound-
specific); also called “sampling rate” 
(device-specific)

t = sampling duration (min)

Passive Samplers:
Calculating Concentration



Uptake Rate Validation

Experimentally validated uptake 
rates should be available for key 
risk drivers (TCE, PCE, 
Benzene), particularly when 
assessing indoor air

• Uptake rates validated in controlled 
laboratory conditions provide the most 
confidence

• Uptake rates can be estimated based 
on compound diffusion in air and 
sampler configuration

TCE = trichloroethene
PCE = tetrachloroethene 

McAlary, 2014





t = (Mmin)/(UR x RL)               
Where:

t = duration of sampling (min) 

Mmin = laboratory reporting limit for each                   
individual VOC  (μg) 

UR = the compound-specific uptake rate  

(mL/min) 

RL = minimum reporting levels (μg/m3)

Calculating Duration to 
Achieve a Reporting Level



Sampling Goal
Breathing Zone (Occupant Interference)
Source and Pathways

Workplace Setting & Variable Conditions

Humidity

Air Movement

Temperature

Non-target compounds

Concentration Range

Passive Samplers:
Placement Considerations 



• Elevation
• 3-5’ adults
• Lower childcare

• Mounting
• Interference

• Adults
• Children
• Pets

Sampling Goal – Breathing Zone



Sampling Goal –
Sources and 
Pathway
Assessment



Considerations:
• Occupancy levels
• HVAC management

Workplace Settings & Variable Conditions 

Sampling Not 
Sampling



Is the uptake rate in the 
sampled setting the same 
as that calculated in the 
laboratory during validation 
for your sampler? ?



Air Movement
(Face Velocity)
Too Low

• Sampler “starvation”
• Low-biased concentration
• Avoid closets, inside shelves, near walls
• Enhance air movement
• Some samplers less susceptible

Too High
• Advective flow
• High-biased concentration
• Avoid vents, windows, exhaust fans
• Some samplers less susceptible

Optionally check with an anemometer



Humidity

Choose appropriate sampler for high 
humidity settings (i.e., wet 
basement, sump, conduit, sub-slab, 
soil):

• Hydrophobic sorbent
• Passive permeation membrane 

sampler



Temperature

Avoid
• Direct sunlight
• Outside walls
• Heaters
• Lighting fixtures
• Air conditioners



Non-Target 
Compounds



µg/m3

50,000,000

Vapor Concentrations

0.1



Outdoor
Air



Suggested Steps in Planning and Implementing a Passive Sorbent Sampling Investigation

• Determine the target contaminants of concern (COCs).

• Determine the target or available sampling duration. 

o Is the period shorter to obtain results more quickly or longer to better account for 
temporal variability? 

o Is there a practical time limit due to occupant access, permits, etc.?



Suggested Steps in Planning and Implementing a Passive Sorbent Sampling Investigation

Determine the reporting limit. In some cases, passive samplers can be used qualitatively 
to determine where concentrations are higher, for example, finding a hot spot beneath a 
parking lot. Such applications allow more flexibility in reporting results. Whenever 
samplers are used to determine whether contaminant concentrations are below a Vapor 
Risk Screening Level (VRSL) or Vapor Action Level (VAL) (refer to the January 2018 RR-
800) at a location for the purpose of evaluating risk to building occupants, reporting 
limits for the COC should conform to the following:

o Indoor Air: Below the VAL for all samples*. Longer duration samples should have 
reporting levels at least equivalent to those typically achieved by canister samples. 

o Sub-slab: Below the sub-slab VRSL for all samples*. Longer duration samples 
should have reporting levels at least equivalent to those typically achieved by 
canister samples. 



Suggested Steps in Planning and Implementing a Passive Sorbent Sampling Investigation

Determine the reporting limit continued…

o Note: Sampling events performed to quickly evaluate indoor air and sub-slab 
concentrations are typically conducted over durations of less than 24 hours. If passive 
samplers are used during such an event, the shorter duration will result in higher 
achievable reporting limits. The use of a passive sampler is still appropriate (and may 
be preferred if sampling can be performed more quickly due to canister availability 
limitations) if the VALs and VRSLs can be achieved. Also, passive samplers will not be 
able to achieve a reporting limit below the VAL for vinyl chloride over short durations 
such as 24 hours but should over longer duration events. 

o Conduits:

 For conduits that enter a building, at locations outside the building, below the 
Sanitary Sewer Gas Screening Level (SSGSL) (refer to RR-649). 

 For conduits within a building, below the VAL.

o Soil Gas: Below the shallow soil gas VRSL. 



• Determine expected sampling conditions, for example: humidity, air flow, temperature, 
anticipated concentration range, presence of non-target compounds, occupant 
expectations, placement limitations, and the need to account for HVAC setbacks or 
occupancy levels.

• Consult with the laboratory to select the appropriate sampler and sorbent for the target 
COCs, setting, anticipated concentrations, and expected sampling duration that can 
achieve the target reporting limits. For critical contaminant risk drivers (i.e., TCE, PCE, 
Benzene but others as determined by site specific conditions), choose samplers that 
have uptake rates experimentally validated for the COC and the duration of the 
sampling event. 

Suggested Steps in Planning and Implementing a Passive Sorbent Sampling Investigation



Implement the Sampling Program.

o Follow all sampler-specific procedures.

o Utilize appropriate number of field quality control samples recommended by the 
lab. 

o Record the sampling start and stop dates and times to the minute. 

o Document the sampler placement using a description, sketch, or photograph. 

o Document the sampling location conditions including temperature, humidity, and 
air flow. For locations where these parameters do not vary substantially, such as 
most residences, these can be measured at the start and end of sampling. Where 
conditions may be highly variable in a setting, devices that record this information 
during the sampling period could be used. 

Suggested Steps in Planning and Implementing a Passive Sorbent Sampling Investigation



Implement the Sampling Program continued…
o Collect inter-method samples, such as air canister samples, to assist in evaluating 

passive sampler accuracy if site conditions are likely to result in the uptake rate to 
deviate substantially from published values and concentrations cannot be corrected 
by the lab using other data collected (such as temperature). 

o Provide documentation of the following: sampler manufacturer, sorbent type, 
extraction and analytical method, reporting limit, estimated concentrations, identify 
concentrations corrected by the lab (such as for temperature), air volume sampled, 
laboratory certifications or accreditations, QA/QC procedures, and sampling 
conditions as described above.

Suggested Steps in Planning and Implementing a Passive Sorbent Sampling Investigation



Work closely with the laboratory 

Provide them with a thorough description of 
site conditions and data quality needs

Passive Sampling 



Passive Samplers in Settings other than Indoor Air

Soil Gas

Sub-slab Soil Gas

Conduits – Sanitary Sewer Manholes

Conduits – Interior Plumbing

Conduits - Vents



Reference Pertinent to Passive Sorbent Sampling
American Society for Testing and Materials (ASTEM) Subcommittee: D22.05. “Standard Guide for Placement and Use of Diffusive 

Samplers for Gaseous Pollutants in Indoor Air.” In ASTM Book of Standards Volume: 11.07, ASTM D6306-17. West 
Conshohocken, PA : ASTM International, 2017.

Department of Defense. “Passive Sampling for Vapor Intrusion Assessment.” In DOD Vapor Intrusion Handbook, Fact Sheet Update 
No: 001, Revision 1. 2009.

Dawson, H., McAlary, T. and H. Groenvelt. Passive Sampling for Vapor Intrusion Assessment: Technical Memorandum [TM-NAVFAC 
EXWC-EV-1503]. Port Hueneme, CA: Naval Facilities Engineering Command (NAVFAC), 2015. 

Gross, D. and J. McKernan. Passive Samplers for Investigations of Air Quality: Method Description, Implementation, and 
Comparison to Alternative Sampling Methods [EPA/600/R-14/434]. Washington, DC: U.S. Environmental Protection 
Agency, 2014.

McAlary, T. Development of Most Cost-Effective Methods for Long-Term Monitoring of Soil Intrusion to Indoor Air Using Quantitative 
Passive Diffusive-Adsorptive Sampling: ESTCP Project ER-200830. ON, Canada: Geosyntec Consultants, Inc., 2014.

McAlary, T, Groenevelt, H., Disher, S., Arnold, J., Seethapathy, S., Sacco, P., and T. Gorecki. “Passive Sampling for Volatile Organic 
Compounds in Indoor Air‐Controlled Laboratory Comparison of Four Sampler Types.” Environmental Science: Processes 
& Impacts 17, no. 5: 896-905.



Additional References 

Wisconsin Department of Natural Resources. Guidance for Documenting the Investigation of Human-made Preferential 
Pathways Including Utility Corridors [RR-649]. Remediation and Redevelopment Program, 2021.

Wisconsin Department of Natural Resources. Addressing Vapor Intrusion at Remediation & Redevelopment Sites in Wisconsin 
[RR-800]. Remediation and Redevelopment Program, 2018.



https://www.assaytech.com/

https://beacon-usa.com/

https://www.eurofinsus.com/environment-
testing/services/air-and-vapor/vapor-intrusion/

https://www.pacelabs.com/

https://radiello.com/

https://www.siremlab.com/waterloo-membrane-
sampler-wms/

https://www.skcinc.com/

Sampler Vendors & Labs

https://www.assaytech.com/
https://beacon-usa.com/
https://www.eurofinsus.com/environment-testing/services/air-and-vapor/vapor-intrusion/
https://www.pacelabs.com/
https://radiello.com/
https://www.siremlab.com/waterloo-membrane-sampler-wms/
https://www.skcinc.com/


Site-specific Questions

Contact the DNR 
Project Manager



James Walden 
(608) 640-6639

JamesE.Walden@wisconsin.gov

Jennifer Borski  
(920) 360-0853

Jennifer.Borski@wisconsin.gov

mailto:Jamese.Walden@wisconsin.gov
mailto:Jennifer.Borski@wisconsin.gov
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