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e Introduction to the Indoor Inhalation Pathway

lovement ol Volatile Chenncals m Soil (Fate and
Transport Mechanisms)

e Methods to Evaluate Indoor Inhalation Pathway
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Introduction to Indoor Inhalation

Subsurface Soil Volatilization Pathways

Exdsting Inhalation Pathway ander TACO New Inhalation Pathway Proposed
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Groundwater Volatilization Pathways

Existing Inhalation Pathway under TACO New Inhalation Pathway Proposed
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Process of Indoor Inhalation
Six Steps

Step 1z Volatilization of chemicals from soil or eroundwater
Step 2: Migration ol chemicals from the point of volatlizauon to the building
Step 3: Entry of vapors into the building

Step 4 Mixing of vapors with the air inside the building

Step 5: Inhalation of air by a human being (receptor)

Step 60: Potential health risk 1o the recepion

These steps are quantitatively evaluated nsing a model.
Weill discuss Step 2 in detail and also the model!




Factors that Affect Migration of Volatile

e Characteristics ol the source
Chenical of concern
ylity in the ¢ nrations
Depth w contaminated soil and croundwater

AONY
2 material

- Materal that fills the cracks
e Characteristics of cach medium

Water content
yor pernteability
Oreanic carbon content
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Factors that Affect Vapors in a Building
(continued...)

> Svsteny/ Pressure/ Air exchange rate
Bascments. craw! space. slab on grade
Stze
Elevatlors
Preferential pathways
Current and potential future rece
Cracks in buildings loor or basement walls

e Chmatic lactors

- Temperature
- Atmospheric Pressure
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Assessment of Indoor Inhalation Pathway

sessmient ol this pathway s complex becaunse:

any’ lactors alleet the intrusion ol vapors mto a building.
These tuctors have strong spatial and wemporal varabilin.
ic but cannot be casily measured.
als of concern have indoor sources.
concentrations do not necessanly nply a

subsur S0UICe.

Necessary Conditions for Pathway to be
Complete

-nce of volatile chemical (3)
Presence of a building
Presence of a human receptor inside the building
scnee of a barrier that prevents migration to the

receptor




History of Pathway

Radon accumulation (1980s)
Methane migration from landfills

e Two solvents plumes in Colorado DOT Materials Testing
Laboratory Redhield Rifle Site imdicated indoor air impacts
(late 1990s)

Draft vapor intrusion gudance (EPA. 2002)

ASTM standard (E2600-08) published in 2008
I
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Movement of Vapors in Soil
(Fate and Transport Processes)
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Two Processes Cause Movement of Vapors

e Diffusion (Primary)
- Molecular vibrations

e Advection (Variable)

- Pressure Differences

Of these, advection may or may not occiir.
Wewill briefly review each process.

Molecular Diffusion: Qualitative

Quicscent Fluid
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Molecular Diffusion: Qualitative

curs due to molecular vibrations

e Causes mass lo move [rom arca of high concentration 1o

arca ol low concentration (concentration gradicnt)

e NMathematically. the mass that migrates is quantilied using
Fick’s law

Diffusive muss transfer occurs in all sitcuations where there

is a concentration gradicit

D RAM Group

Transport of Mass by Diffusion Depends on

Diffusion coellicient which is chemical specific

Porosity of the soil

Water content of the soil

Variations in porosity and water content in diflerent

soil horizons

Above factors are combined to estimate the effective
diffusion cocfficient of soil helow building
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Schematic of Layered System

) Sand

! »

r = Thickness of all layers (cm] (For groundwater, capillary fringe is 2 separate layer)
1 = Sand layer thickness [cm)

L, = Clay layer thickness [cm]

L, = Slab thickness (em]

Advection

Migration of chemicals due to the bulk movement ol air
Bulk movement ol air caused by pressure difference
Vapor (Tow oceurs from high pressure 1o low pressure arcas

slicated analvucal and numerical models used to estimate

migration due to advection
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Methods to Evaluate Indoor
Inhalation Pathway

Two Methods to Evaluate Risks to Persons
for Indoor Inhalation Pathway

. Colleetindoor air samples and compare to aceeptable indoor

i concentrations,

2. Collectsorband groundwater or soil gas samples and caleulate
soil and eroundwater or soil cas remediation objectiives bascd

on aceeptable mdoor o concentrations.




Evaluation Based on Indoor Air Measurements

Two Step Process

Step 1: Mceasure representative indoor air concentrations

Step 2: Evaluate the measured concentrations

Simple method but has many Issues.

Issues with Indoor Air Measurements

Numerous indoor air soun cooking. washing

y attribute the portion coming i from subsurface sources vs,
W or ambient air

Considerable temporal and spatial varviability: difficult to explain
snapshot mav not be enough: repeat measurements nece
May cause unnec v alarm and inconvenience

Avord indoor atr concentration incasurements wiless abisoliutely
Necessariyf.




JOHNSON & ETTINGER

MODEL




JOHNSON & ETTINGER MODEL

First publizhed in peer ewed journal in 1992

Used by many states and

Dispers Sport adose zone
Dispersi s advective transport within buildimg zone of influence
Fimite source and infinite souree

Indoor air mixing madel

Dose and risk calenlations

Numerous inputs and assumptions

AN Groug

JOHNSON & ETTINGER MODEL

The risk-based ROs for indoor inhalation pathway are derived from

J&E cquations using the following four steps:
[culate target or acceptable indoor air concentration
Calculale attenuation lactor
Caleulate target or aceeptable so1l cas concentration

Caleulate targetr or aceeptable soil an

concentration
Each of the steps is brielly explaimed in nex
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Step 1: Calculate Target or Acceptable Indoor
Air Concentration

Acceptable mdoor air concentrations are calculated to be
adeqguately protects humans who mhale this aie (Le.. mects
criteria ol one-in-a=-million individual excess Hifeume cancer risk

and a hazard quotient ol one).
Calculauion uses:
Fareet risks

Exposure factors

v values

@ RAM Group

Step 2: Attenuation Factor
Definition

atio of the concentration in the mdoor air (Step 1) to the soil «

concentration is called the attenuation factor,

Indoor Air Concentration
Soil Gas Concentration at Source

Attenuation Factor (&) =
(evalwayvs =)
[Tigher cc = Less attenuation or higher indoor aty concentration

o= 0.5 imphies a factor of 2 reduction - concentration
a=0.01. mphes u factor of 100 reduction in concentration

15 the concentration reduction factor.
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Step 2: Attenuation Factor
Calculation

Calculation of attenuation factor is based on I&E model and

required following inputs:

Source paramctors
Geotechnical parameters

Building parameters

Step 2: Attenuation Factor
General

The attenuation lctor accounts for the Tollowing proces:

Migration of contamimants from the source upwards through
the vadose zone. The source of contaminant concentrations in
the subsurtace may be cither soil or eroundwater. [ the source

oundwater. the attenuation lactor considers the mitial

migration of contaminants through the capillary iringe.

Micration of contammants through eracks i the slab-on-wi

or bascment Moo

mg ol the contaminants with air- mside the building.




Step 3: Calculate Target or Acceptable Soil Gas
Concentration

alculate an acceplable concentration of the contaminant of
concern in the soil gas at the source of contamination. Ihis
concentrition will not cause the contaminant in indoor air to exeeed
the concentration caleulated in Step 1. This caleulation was made

using an attenuation lactor derived trom the modified J& T model.
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Step 4: Calculated Target or Acceptable Soil and
Groundwater Concentration

Caleulate aceeptable soil and groundwiter ROs using the soil ga:
RO caleulated in Step 2, with the assumption that this contaminant
is 10 three phase cquilibrium.

vid Surface

Dissolved Ph




Estimation of Tier 1 ROs

MIXING/
g VIIGRATION
MODULE

SOIL GAS
MODLLE

Summary of Indoor Inhalation Models

Indoor imhalation depends on:

Source vapor concentriation
Media parameters
Building parameters

Environmental parameters
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Summary of Indoor Inhalation Pathway

Indoor inhalation pathway 1s conceptually simple
Pathway risk depends on numerous inputs

Data necessary o evaluate pathway can be collected and

analvzed ina umely and cost-clfective way

Conceptually simple methods can be used to muake the

pathwav incomplete




