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Volatilisation and partitioning
from vapour sources
Vapours can emanate (partition) from (i) a NAPL phase,
(ii) groundwater, or (iii) the soil profile itself if sorbed
organic compounds are present.

NAPL-air partitioning

Partitioning from a NAPL phase into an air phase can be
described by Raoult’s Law (Corapcioglu & Baehr 1987),
which gives the concentration (Ci,g in mg L-1) of the i-th
compound in a gas phase in equilibrium with a NAPL
phase as:

Ci,g = (1)

where Mi (mg mole-1) is the molecular weight of the
compound, pi (Pa) is the vapour pressure of the pure i-th
compound (as a single component), χi is the mole fraction
of the i-th component in the NAPL, γi is the activity
coefficient of the i-th component, R is the universal gas
constant (8314 litres Pa K-1 mole-1) and T is temperature
(degrees Kelvin).

Equation (1) allows calculation of likely (equilibrated) gas
concentrations that may exist in the subsurface where
NAPL is present and in direct contact with an air phase.  

Example calculations

For example if gasoline NAPL is present in the
subsurface at a temperature of 20°C (293 K), benzene
makes up 1% of the gasoline as a mole fraction (χ = 0.01),
and the activity coefficient is assumed to be one, and
given that M

benzene
= 78,000 mg mole-1 and that 

p
benzene

= 11,700 Pa, then C
benzene,g

=  3.75 mg L-1 or
3,750 µg L-1.  Where the gasoline NAPL has been aged
through water washing, volatilisation and biodegradation
processes over some period of time, the benzene
concentration may be much reduced.

Under the same conditions, for a single phase
chlorinated solvent DNAPL source, such as TCE, 
C

TCE,g
=  532 mg L-1 or 532,000 µg L-1.  In this case the

mole fraction is one, and M
TCE

= 131,400 mg mole-1 and
p

TCE
= 9,870 Pa.  As a further example, vinyl chloride has

a vapour pressure approximately 30–40 times higher
than TCE, and hence the vapour concentration of vinyl
chloride would be 30–40 times higher under similar
circumstances to those described here.

Water-air partitioning

Partitioning from a water (groundwater) phase into air can
be described at equilibrium by Henry’s Law given by:

Pi = KH,i Ci,w (2)

where Pi is the partial pressure of a chemical in the air
phase, Ci,w is the concentration in the water phase and
KH,i is the Henry’s Law coefficient. 

Since Pi = pi χi γi, then Equations (1) and (2) can be
combined to give:

Ci,g = = Hi Ci,w (3)

where Hi =             is referred to as the dimensionless

Henry’s Law coefficient.

Example calculation

For example, if benzene is present in groundwater at
concentrations of 10,000 µg L-1 (C

benzene,w) the
concentration in a gas phase in equilibrium with the
groundwater (C

benzene,g) would be 2,250 µg L-1, where
H

benzene
= 0.225.

Estimating a gas-phase concentration
from groundwater data

Where a groundwater plume lies well below the water
table, vapour migration may be altered and slowed.
Barber et al. (1990) and Davis and Barber (1989)
considered the movement of methane from groundwater
plumes, across the capillary fringe and water table region,
and then movement through the soil profile towards the
ground surface. They found that the concentration of
gas/vapours in the soil profile immediately above the water
table for volatile chemicals with Henry’s Law coefficients
greater than 0.025 kPa m3 mol-1 was given by:

Cg = C
0

+   (4)

APPENDIX A. Parameter estimation techniques
(Parts are modified from Davis, Trefry & Patterson 2004)
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where Cg is the gas/vapour concentration in the soil
profile immediately above the water table, C

0
is the

concentration in gas near the ground surface, C* is the
dissolved concentration in groundwater at a distance X
below the water table, L is the depth of the vadose zone,
and D

1
and D

2
are the diffusion coefficients in the soil gas

and groundwater phases respectively. 

This equation can be used to estimate the likely
concentration of vapours in soil gas near the water table
where chemicals in groundwater pose a risk. Careful site
characterisation would usually be required to carry out this
style of assessment, especially in terms of measurement
of C* at a depth X below the water table. If C* was
underestimated due to dilution of concentrations by
sampling from a long-screen borehole, for example, then
Cg would be underestimated by a similar amount. Likewise,
if the depth X below the water table were 1, 2 or 4 m the
concentration Cg would change by a factor of 1, 2 or 4.

Soil diffusion coefficient
Diffusion processes in the soil gas phase are typically
slower than in gas-filled volumes. This is rationalised by 
a tortuosity model, essentially saying that the arrangement
of microscopic pore spaces is so complicated in the soil
that the effective path length of diffusing gas species
moving between two locations is much longer that a direct
line would give. Mathematically, this is incorporated by
expressing the effective diffusion coefficient for a species
in the soil gas, Deff, as that species’ free air diffusion
coefficient, Dmol, multiplied by a tortuosity factor t (which
is less than unity).

The Millington-Quirk (1961) empirical model (Equation (5))
uses measured data for the total porosity (θT), the 
air-filled fraction (θa), and the free-air diffusion coefficient
for oxygen (Dmol ):

Deff = Dmol (5)

Here the tortuosity factor t = . The Millington-

Quirk formulation is widely used, but is not necessarily
regarded as the most accurate equation over the full
range of variation of θa (e.g. see Davis et al. 2005; Jin 
& Jury 1996).

Air-filled porosity estimation
The air-filled porosity is a critical parameter in estimating
(oxygen and vapour) diffusion coefficients in soil.

Air-filled porosity can be determined from soil cores. 
A typical methodology to recover a soil core for such
measurements might be to auger to just above (say 10 cm
above) the depth of interest and push a thin-walled rigid
tube another 20 cm into the soil. The drilling and coring
could be carried out with a variety of drilling rigs, a cone
penetrometer or via hand augering and manual insertion
of the coring tube. The last 10 cm section of the tube/core
can then be analysed to determine the bulk density and
soil moisture content. 

From this data, air-filled porosities can be estimated
using Equation (6): 

θa = 1-[      + ρb ] (6)

where θa is the effective air-filled porosity (m3 m-3), ρb

is the bulk density (kg m-3), ρm is the free solid density
(assumed equal to 2650 kg m-3; Rose 1966), θg is the
gravimetric moisture content (kg kg-1) and ρw is the
density of water (kg m-3). 

Vapour and oxygen flux estimates

Equilibrium measurements of vapour and oxygen
concentrations permit the inference of vertical fluxes, 
q (in units of µg L-1 m s-1) using the standard Fickian law:

q = Deff (7)

Deff for the vapours and oxygen in the local porous
medium can be estimated via the Millington-Quirk (1961)
model of Equation (5). The estimated molecular diffusion
coefficients for BTEX vapours is Dmol = 8 x 10-6 m2 s-1

(Grathwohl 1998) and for oxygen is 
Dmol = 2.01 x 10-5 m2 s-1 (Gliński & Stępniewski 1985).

Characteristic time to equilibrium 
The characteristic time for a vapour depth profile to reach
equilibration (te) over the depth of a soil profile (L) can be
estimated from Equation (8) (e.g. API 2005):

te = (8)
θa β L2

Deff

θa
10/3

θT
2

ρb                θg

ρm               ρw

θa
10/3

θT
2

∂C

∂z



where θa is the effective air-filled porosity (m3 m-3), L is
the depth of the soil profile to the vapour source (m), D

eff

is the effective diffusion coefficient in the soil profile (m2 s-1),
and β is the retardation coefficient of the vapour/gas
based on the fraction of soil organic matter and the
vapour/organic matter partitioning coefficient. Equation
(8) assumes a step change concentration in source
vapour concentrations and its propagation to a steady
state depth profile throughout a soil profile. This occurs
after an initial release into the subsurface, but may rarely
occur at a later time.

Table A1 contains some estimates of such equilibration
times, calculated based on Equations (5) and (8) and
assuming Dmol = 8 x 10-6 m2 s-1 (Grathwohl 1998). Based
on these estimates the equilibration time for a ~2 m soil
profile with an air filled porosity of 0.2–0.3 and a total
porosity of 0.5 (as in Davis et al. 2005) would be 24–62
days. This is consistent with the time to re-equilibration
reported in Davis et al. (2001) whereby in the same soil
profile they flushed the vadose zone with nitrogen gas,
and monitored vapour concentration increases over the
depth profile. Note that for organic-rich soils the retardation
coefficient may be greater than 1, and as such the time
needs to be scaled linearly with the value of β. 
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Table A1. Estimates of characteristic equilibration times (days) for a retardation coefficient, β=1.

Equilibration times (days): Total porosity = 0.5

Air-filled porosities (0.1 to 0.4) 

Depth (m) 0.1 0.2 0.3 0.4

1 78 15 6 3

2 312 62 24 12

3 701 139 54 28

4 1247 247 96 49

5 1948 387 150 77

10 7792 1546 600 307

Equilibration times (days): Total porosity = 0.3

Air-filled porosities (0.1 to 0.3)

Depth (m) 0.1 0.2 0.3

1 28 6 2

2 112 22 9

3 252 50 19

4 449 89 35

5 701 139 54

10 2805 557 216

Converting soil gas concentrations 
The ideal gas equation is written as:

PV = nRT (9)

where

P = ambient pressure (atm)

V = gas volume (L)

n = moles of gas

R = universal gas constant (0.08206 L atm K-1 mol-1)

T = temperature (°K)

Converting soil gas concentrations from mg/m3 to ppmv

Assuming a soil gas pressure of 1 atm, the ideal gas equation (Equation (9)) can be modified to convert soil gas
concentrations from mg/m3 to ppmv according to:

Concentration in ppmv = (Concentration in mg/m3) x (10)
(273.15 + °C) x 0.08206

MW
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where 

ppmv = ppm by volume (i.e. volume of gaseous concentration per 106 volumes of soil gas)

mg/m3 = milligrams of gaseous concentration per cubic metre of soil gas

MW = molecular weight of the chemical (g/mol)

°C = soil gas temperature in degrees Celsius

Example calculation

For a gas sample containing benzene (MW = 78.1 g/mol), convert 20 mg/m3 to ppmv at 25°C.

Concentration of benzene in ppmv =                                                 = 6.27 (11)

Converting soil gas concentrations from ppmv to mg/m3

Assuming a soil gas pressure of 1 atm, the ideal gas equation (Equation (9)), can be modified to convert soil gas
concentrations from ppmv to mg/m3.

Concentration in mg/m3 = (12)

where 

ppmv = ppm by volume (i.e. volume of gaseous concentration per 106 volumes of soil gas)

mg/m3 = milligrams of gaseous concentration per cubic metre of soil gas

MW = molecular weight of the chemical (g/mol)

°C = soil gas temperature in degrees Celsius

Example calculation

For a gas sample containing benzene (MW = 78.1 g/mol), convert 20 ppmv to mg/m3 at 25°C.

Concentration of benzene in mg/m3 = =  63.8 (13)

20 x (273.15 + 25) x 0.08206 
78.1 

Concentration in ppmv x MW
0.08206 x (273.15 + °C)

20 x 78.1
0.08206 x (273.15 + 25) 
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State Available guidance

Alaska Evaluation of Vapor Intrusion Pathway at Contaminated Sites (draft), 16 pp., 2006.
http://www.dec.state.ak.us/spar/csp/guidance/draft_vap_intr_tm_6_28.pdf 

California Guidance for Assessing Exposures and Health Risks at Existing and Proposed School Sites, 
excel spreadsheet for calculating risk updated July 12, 2006.
http://www.oehha.ca.gov/public_info/public/kids/schools2604.html

Use of California Human Health Screening Levels (CHHSLs) in Evaluation of Contaminated 
Properties, 67 pp., 2005.
http://www.calepa.ca.gov/Brownfields/documents/2005/CHHSLsGuide.pdf 

Guidance for the Evaluation and Mitigation of Subsurface Vapor Intrusion to Indoor Air, 105 pp., 
2004 (revised 7 February 2005).
http://www.dtsc.ca.gov/AssessingRisk/upload/HERD_POL_Eval_Subsurface_Vapor_
Intrusion_interim_final.pdf 

Advisory – Active Soil Gas Investigations, 25 pp., 2003.
http://www.dtsc.ca.gov/loader.cfm?url=/commonspot/security/getfile.cfm&pageid=94677 

CalTOX: A Total Exposure Model for Hazardous Waste Sites
http://www.dtsc.ca.gov/AssessingRisk/ctox_dwn.cfm 

Colorado Policy on an Interim Risk Evaluation and Management Approach for PCE, 3 pp., 2006.
http://www.cdphe.state.co.us/hm/pcepolicy.pdf 

Policy on an Interim Risk Evaluation and Management Approach for TCE, 2 pp., 2006.
http://www.cdphe.state.co.us/hm/tcepolicy.pdf 

Draft Indoor Air Guidance, 58 pp., 2004.
http://www.cdphe.state.co.us/hm/indoorair.pdf 

Guidance for Analysis of Indoor Air Samples, 9 pp., 2000. 
http://www.cdphe.state.co.us/hm/airsmpl.pdf 

Petroleum Storage Tank Owner/Operator Guidance Document, 45 pp., 1999.
http://oil.cdle.state.co.us/OIL/Technical/Guidance%20Documents/guidancedoc.asp 

Connecticut Significant Environmental Hazard Condition Notification Threshold Concentrations, Reference 
Table A: A Volatile Organic Substances, 2005.
http://ct.gov/dep/cwp/view.asp?a=2715&q=324964&depNav_GID=1626 

Connecticut’s Remediation Standard Regulations Volatilization Criteria: Proposed Revisions, 
50 pp., 2003.
http://ct.gov/dep/cwp/view.asp?a=2715&q=325012 
http://ct.gov/dep/lib/dep/site_clean_up/remediation_regulations/RvVolCri.pdf 

Delaware Policy Concerning the Investigation, Risk Determination and Remediation for the Vapor Intrusion 
Pathway, 32 pp., March 2007.
http://www.dnrec.state.de.us/dnrec2000/Divisions/AWM/sirb/policy%20concern07008.pdf

Idaho Risk Evaluation Manual, Appendix C: Evaluation of the Indoor Air Inhalation Pathway, woo4.
http://www.deq.idaho.gov/Applications/Brownfields/download/appx_all.pdf 

http://www.dec.state.ak.us/spar/csp/guidance/draft_vap_intr_tm_6_28.pdf
http://www.oehha.ca.gov/public_info/public/kids/schools2604.html
http://www.calepa.ca.gov/Brownfields/documents/2005/CHHSLsGuide.pdf
http://www.dtsc.ca.gov/AssessingRisk/upload/HERD_POL_Eval_Subsurface_Vapor_Intrusion_interim_final.pdf
http://www.dtsc.ca.gov/loader.cfm?url=/commonspot/security/getfile.cfm&pageid=94677
http://www.dtsc.ca.gov/AssessingRisk/ctox_dwn.cfm
http://www.cdphe.state.co.us/hm/pcepolicy.pdf
http://www.cdphe.state.co.us/hm/tcepolicy.pdf
http://www.cdphe.state.co.us/hm/indoorair.pdf
http://www.cdphe.state.co.us/hm/airsmpl.pdf
http://oil.cdle.state.co.us/OIL/Technical/Guidance%20Documents/guidancedoc.asp
http://ct.gov/dep/cwp/view.asp?a=2715&q=324964&depNav_GID=1626
http://ct.gov/dep/cwp/view.asp?a=2715&q=325012
http://ct.gov/dep/lib/dep/site_clean_up/remediation_regulations/RvVolCri.pdf
http://www.dnrec.state.de.us/dnrec2000/Divisions/AWM/sirb/policy%20concern07008.pdf
http://www.deq.idaho.gov/Applications/Brownfields/download/appx_all.pdf
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State Available guidance

Indiana Indiana’s pilot program guidance is intended to provide interim guidance, not requirements, for 
site investigation.
Indiana Department of Environmental Management Draft Vapor Intrusion Pilot Program Guidance, 
90 pp., April 26, 2006.
http://www.in.gov/idem/files/la-073-gg.pdf 

Louisiana Risk Evaluation/Corrective Action Program (RECAP), 119 pp., October 20, 2003
http://www.deq.louisiana.gov/portal/tabid/2929/Default.aspx 

Maine Edited/Adapted Field Guidelines for Protecting Residents from Inhalation Exposure to Petroleum 
Vapors, 34 pp., 2000.
http://www.maine.gov/dep/rwm/sops/

Guidelines for Protecting Residents from Inhalation Exposure to Petroleum Vapors, 271 pp., 1998.
http://www.maine.gov/dep/rwm/sops/

Massachusetts Indoor Air Sampling and Evaluation Guide, WSC Policy #02-430, 157 pp., 2002.
http://www.mass.gov/dep/cleanup/laws/02-430.pdf 

Guidelines for the Design, Installation, and Operation of Sub-Slab Depressurization Systems, 
15 pp., December 1995.
http://www.mass.gov/dep/cleanup/laws/ssd1e.pdf 

Massachusetts Contingency Plan Numerical Standards: GW-2
http://www.mass.gov/dep/cleanup/laws/gw2.htm 

Michigan RRD Operational Memorandum No. 1: Part 201 Generic Cleanup Criteria/Part 213 Risk Based 
Cleanup Levels, 2004.
http://www.michigan.gov/deq/0,1607,7-135-3311_4109_9846_30022-101581--,00.html 

RRD Operational Memorandum No. 2: Sampling and Analysis, Attachment 3: Indoor Air 
Designated Methods and Target Detection Limits, 7 pp., 2004.
http://www.michigan.gov/deq/0,1607,7-135-3311_4109_9846_30022-101581--,00.html 

Technical Memorandum: Residential Soil Volatilization to Indoor Air, Inhalation Criteria for 
Trichloroethylene (CAS# 79-01-65), 33 pp., 2004.
http://www.michigan.gov/documents/mshda_mf_tce_volatilization_114937_7.pdf 

Evaluation of the Michigan Department of Environmental Quality’s Generic Groundwater and Soil 
Volatilization [sic] to Indoor Air Inhalation Criteria, 67 pp., 2001.
http://www.michigan.gov/documents/iirept_3693_7.pdf 

Part 201: Generic Groundwater and Soil Volatilization to Indoor Air Inhalation Criteria: Technical 
Support Document, 39 pp., 1998.

Part 213, Risk-based Screening Levels (RBSLs) for Groundwater and Soil Volatilization to Indoor 
Air, Operational Memorandum No. 4, Attachment 8, 38 pp., 1998.
http://www.michigan.gov/documents/deq/deq-std-op4ATT8_250008_7.DOC 

Minnesota Indoor Air Sampling at VOC Contaminated Sites: Introduction, Methods, and Interpretation of 
Results, 17 pp., 2004.
http://www.health.state.mn.us/divs/eh/hazardous/topics/iasampling.pdf 

Vapor Intrusion Assessments Performed During Site Investigations, Guidance Documents 4-01a, 
13 pp., 2005.
http://www.pca.state.mn.us/publications/c-prp4-01a.pdf 

http://www.in.gov/idem/files/la-073-gg.pdf
http://www.deq.louisiana.gov/portal/tabid/2929/Default.aspx
http://www.maine.gov/dep/rwm/sops/
http://www.maine.gov/dep/rwm/sops/
http://www.mass.gov/dep/cleanup/laws/02-430.pdf
http://www.mass.gov/dep/cleanup/laws/ssd1e.pdf
http://www.mass.gov/dep/cleanup/laws/gw2.htm
http://www.michigan.gov/deq/0,1607,7-135-3311_4109_9846_30022-101581--
http://www.michigan.gov/deq/0,1607,7-135-3311_4109_9846_30022-101581--
http://www.michigan.gov/documents/mshda_mf_tce_volatilization_114937_7.pdf
http://www.michigan.gov/documents/iirept_3693_7.pdf
http://www.michigan.gov/documents/deq/deq-std-op4ATT8_250008_7.DOC
http://www.health.state.mn.us/divs/eh/hazardous/topics/iasampling.pdf
http://www.pca.state.mn.us/publications/c-prp4-01a.pdf
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State Available guidance

Missouri Missouri Risk-based Corrective Action (MRBCA) Technical Guidance, Appendix H: Measurement 
of Soil Vapor Levels, 16 pp., 2006.
http://www.dnr.mo.gov/env/hwp/mrbca/mrbca.htm

Missouri Risk-based Corrective Action (MRBCA) Process for Petroleum Storage Tank Sites, 
Appendix C: Evaluation of Indoor Inhalation Pathway, 9 pp., 2004.
http://www.dnr.mo.gov/env/hwp/tanks/mrbca-pet/docs/mrbca-pet-appendix-c.pdf 

Nebraska Nebraska has no individual guidance. However, the topic of vapour intrusion is discussed in 
Riskbased Corrective Action (RBCA) at Petroleum Release Sites: Tier 1/Tier 2 Assessments 
& Reports, 2004 (now revised to May 2009 new PDF).
http://www.deq.state.ne.us/

New Hampshire Vapor Intrusion Guidance, 44 pp., July 2006 (revised Feb 2007).
http://des.nh.gov/organization/commissioner/pip/publications/wmd/documents/wmd-06-1.pdf 

GW-2 Methodology, 2 pp., 2006.
http://des.nh.gov/organization/divisions/waste/hwrb/documents/revised_gw-2_methodology.pdf

New Jersey New Jersey Johnson & Ettinger Spreadsheets, 2006.
http://www.nj.gov/dep/srp/guidance/vaporintrusion/njje.htm

Several reports at http://nj.gov/dep/srp/guidance/vaporintrusion/ including:
Vapor Intrusion Guidance, 282 pp., 2005.
http://www.nj.gov/dep/srp/guidance/vaporintrusion/vig.htm

Indoor Air VOC Sampling and Analysis Requirements, 2 pp., 2003.
http://www.nj.gov/dep/srp/guidance/vaporintrusion/ia_sampling_req.pdf 

New York Several reports at http://www.health.state.ny.us/environmental/indoors/vapor_intrusion/ including:
Guidance for Evaluating Soil Vapor Intrusion in the State of New York, 2006.
http://www.health.state.ny.us/environmental/investigations/soil_gas/svi_guidance/  

Strategy for Evaluating Soil Vapor Intrusion at Remedial Sites in New York (DER-13),
16 pp., 2006.

Indoor Air Sampling and Analysis Guidance, 4 pp., 2005.
http://www.health.state.ny.us/environmental/indoors/air/guidance.htm 

Ohio Methodology for Vapor Intrusion Assessment, 4 pp., 2005.
http://www.epa.state.oh.us/derr/rules/vapor.pdf 

Oregon Screening Model for Volatilization from Soil to Indoor Air at Heating Oil Tank Sites (excel 
spreadsheet to be used with Risk-based decision Making for the Remediation of Petroleum-
Contaminated Sites) at:
http://www.deq.state.or.us/lq/rbdm.htm
http://www.deq.state.or.us/lq/tanks/hot/screeningmodel.htm 

Pennsylvania Section IV.A.4, ‘Vapor Intrusion into Buildings from Groundwater and Soil under the Act 2 
Statewide Health Standard’, (26 pp., 2002) in the Recycling Program Technical Guidance Manual.
http://www.dep.state.pa.us/dep/subject/advcoun/cleanup/2002/BoldedVaporGuidance_
100702.pdf 

Wisconsin Chemical Vapor Intrusion and Residential Indoor Air: Guidance for Environmental Consultants 
and Contractors, 16 pp., 2003. [Provided background on vapour intrusion but basically refers 
readers to EPA guidance and the Johnson and Ettinger (1991) model.]
http://www.dhfs.wisconsin.gov/eh/Air/fs/VI_prof.htm 

http://www.dnr.mo.gov/env/hwp/mrbca/mrbca.htm
http://www.dnr.mo.gov/env/hwp/tanks/mrbca-pet/docs/mrbca-pet-appendix-c.pdf
http://www.deq.state.ne.us/
http://des.nh.gov/organization/commissioner/pip/publications/wmd/documents/wmd-06-1.pdf
http://des.nh.gov/organization/divisions/waste/hwrb/documents/revised_gw-2_methodology.pdf
http://www.nj.gov/dep/srp/guidance/vaporintrusion/njje.htm
http://nj.gov/dep/srp/guidance/vaporintrusion/
http://www.nj.gov/dep/srp/guidance/vaporintrusion/vig.htm
http://www.nj.gov/dep/srp/guidance/vaporintrusion/ia_sampling_req.pdf
http://www.health.state.ny.us/environmental/indoors/vapor_intrusion/
http://www.health.state.ny.us/environmental/investigations/soil_gas/svi_guidance/
http://www.health.state.ny.us/environmental/indoors/air/guidance.htm
http://www.epa.state.oh.us/derr/rules/vapor.pdf
http://www.deq.state.or.us/lq/rbdm.htm
http://www.deq.state.or.us/lq/tanks/hot/screeningmodel.htm
http://www.dep.state.pa.us/dep/subject/advcoun/cleanup/2002/BoldedVaporGuidance_100702.pdf
http://www.dhfs.wisconsin.gov/eh/Air/fs/VI_prof.htm
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