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The IssuesThe Issues

If indoor air concentrations are seasonally variable:If indoor air concentrations are seasonally variable:
ShortShort--term indoor air samples may underterm indoor air samples may under--estimate or estimate or 
overover--estimate longestimate long--term risk due to vapor intrusion  term risk due to vapor intrusion  

Is seasonal variability of vapor intrusion significant?Is seasonal variability of vapor intrusion significant?
Unmitigated buildings?Unmitigated buildings?

Mitigated buildings?Mitigated buildings?

Is seasonal variability predictable?Is seasonal variability predictable?
Should we bias testing toward winter months?Should we bias testing toward winter months?
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Redfield SiteRedfield Site

Quarterly indoor air measurements Quarterly indoor air measurements 
at > 350 mitigated singleat > 350 mitigated single--family homesfamily homes
at 40 unmitigated singleat 40 unmitigated single--family homesfamily homes

1,11,1--DCE (limits background effects)DCE (limits background effects)
Variable geologyVariable geology

Depth to groundwater Depth to groundwater –– 7 to 40 feet7 to 40 feet
Sand, silt, clay, weathered sedimentary rockSand, silt, clay, weathered sedimentary rock

Variable building constructionVariable building construction
Basement, crawlspace, slab on grade , combinationBasement, crawlspace, slab on grade , combination

Variable HVAC systems/operationVariable HVAC systems/operation
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Temporal and Seasonal FactorsTemporal and Seasonal Factors

Indoor air concentrations are affected to Indoor air concentrations are affected to 
varying degrees by:varying degrees by:

Outdoor temperature, Outdoor temperature, 
Wind speed and direction,Wind speed and direction,
Barometric pressure, Barometric pressure, 
Humidity, Humidity, 
Opening and closing of doors and windows,Opening and closing of doors and windows,
Operation of HVAC equipment, andOperation of HVAC equipment, and
Precipitation.Precipitation.
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Radon Lessons? Radon Lessons? 

Radon levels are frequently highest during the Radon levels are frequently highest during the 
winter monthswinter months
ShortShort--term (2term (2-- to 7to 7--day) radon measurements day) radon measurements 
only predict long term concentrations to within only predict long term concentrations to within 
a factor of 1.8 even after correcting for a factor of 1.8 even after correcting for 
systematic biases (such as seasonality) (Price systematic biases (such as seasonality) (Price 
and Nero, 1996). and Nero, 1996). 
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Radon (continued)Radon (continued)

Individual shortIndividual short--term radon measurements can term radon measurements can 
be used to determine good mean values for an be used to determine good mean values for an 
area (Price and Nero, 1996).area (Price and Nero, 1996).
Temporal and houseTemporal and house--toto--house variability is house variability is 
expected to exceed variability due to expected to exceed variability due to 
seasonality.seasonality.



August 25, 2004 7EnviroGroup Limited

Redfield Site EvaluationRedfield Site Evaluation

Indoor air concentration values were Indoor air concentration values were 
normalized (divided) by the observed normalized (divided) by the observed 
arithmetic average concentration at each housearithmetic average concentration at each house

Values below detection were taken at half the Values below detection were taken at half the 
detection limit.detection limit.
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Normalized 1,1Normalized 1,1--DCE in Indoor AirDCE in Indoor Air
Mitigated HomesMitigated Homes

y = -0.0002x + 1.3497    R2 = 0.0181
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Location Location ““FF””
MitigatedMitigated
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LOCATION LOCATION ““HH””
MitigatedMitigated
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Location Location ““AA””
UnmitigatedUnmitigated
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Location Location ““DD””
UnmitigatedUnmitigated
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Seasonal Probability PlotsSeasonal Probability Plots

Normalized 1,1Normalized 1,1--DCE values in indoor air are DCE values in indoor air are 
generally highest during winter and lowest generally highest during winter and lowest 
during summer.during summer.

Normalized 1,1Normalized 1,1--DCEDCE
DescriptionDescription UnmitigatedUnmitigated MitigatedMitigated
Winter median Winter median 1.231.23 1.161.16
Summer median Summer median 0.590.59 0.870.87
Winter/SummerWinter/Summer RatioRatio 2.082.08 1.331.33
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Seasonal Probability PlotSeasonal Probability Plot
Mitigated HomesMitigated Homes
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Winter Fall Spring Summer

Season          n       Average    Stdev

Winter          791     1.16           0.716
Fall               764     1.08           1.233
Spring          872     0.93            0.726
Summer       788      0.87           0.650
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Seasonal Probability PlotSeasonal Probability Plot
Unmitigated HomesUnmitigated Homes
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Winter (calendar) Spring Summer Fall

                              1,1-DCE
                              at 50%
Season       n         (C/Cave)

Winter        95            1.23
Spring        98            0.93
Fall           107            0.78
Summer     88            0.59
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Seasonal AdjustmentSeasonal Adjustment

Seasonal adjustment should not affect the average Seasonal adjustment should not affect the average 
annual concentration.annual concentration.

Seasonal adjustment successful if it reduces variance Seasonal adjustment successful if it reduces variance 
while maintaining the average concentration.while maintaining the average concentration.

Monthly seasonal adjustment factors were calculated Monthly seasonal adjustment factors were calculated 
for both mitigated and unmitigated homes at the for both mitigated and unmitigated homes at the 
Redfield Site.Redfield Site.
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Monthly Seasonal FactorsMonthly Seasonal Factors

0.4

0.6

0.8

1

1.2

1.4

1.6

Jan Feb Mar April May June July Aug Sept Oct Nov Dec
Month

H
om

e 
A

ve
ra

ge
 / 

O
bs

er
ve

d 
(d

im
le

ss
)

Seasonal Cycle of VOCs in Apartments, Rehwagen et al 2003

6-day radon test, England

1-1-DCE in Indoor Air, Redfield Site - Denver, Colorado, unmitigated homes, 7/13/98 - 12/23/04

1,1-DCE in Indoor Air, Redfield Site - Denver, Colorado, mitigated homes, 6/4/98 - 4/2/04

Group Average



August 25, 2004 18EnviroGroup Limited

Normalized 1,1Normalized 1,1--DCE in Indoor AirDCE in Indoor Air
Mitigated HomesMitigated Homes

y = 1E-05x2 - 0.0034x + 1.14    R2 = 0.0212
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Normalized 1,1Normalized 1,1--DCE in Indoor AirDCE in Indoor Air
Mitigated HomesMitigated Homes

Seasonally AdjustedSeasonally Adjusted

y = 4E-07x2 - 0.0002x + 1.0083  R2 = 3E-05
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Standard Deviation Standard Deviation vsvs MeanMean
Mitigated HomesMitigated Homes

Observed: 
y = 1.0903x - 0.0428  R2 = 0.758

Seasonally adjusted: 
 y = 1.0663x - 0.0411  R2 = 0.7113
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Standard Deviation Standard Deviation vsvs MeanMean
Unmitigated HomesUnmitigated Homes

Observed: 
 y = 0.7649x - 0.0031   R2 = 0.8801

Seasonally adjusted:  
y = 0.3758x + 0.0263  R2 = 0.6843
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ConclusionsConclusions

VOC concentrations in indoor air at mitigated VOC concentrations in indoor air at mitigated 
properties at the Redfield Site exhibit seasonal properties at the Redfield Site exhibit seasonal 
variation.variation.

At mitigated homes the winter average value is At mitigated homes the winter average value is 
approximately 1.3 times higher than the summer approximately 1.3 times higher than the summer 
average value. average value. 

At unmitigated homes the winter average value is At unmitigated homes the winter average value is 
approximately 2.1 higher than the summer average approximately 2.1 higher than the summer average 
value.value.
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Conclusions (continued)Conclusions (continued)

The behavior at individual homes variesThe behavior at individual homes varies
SubSub--slab depressurization systems attenuate slab depressurization systems attenuate 
seasonal variabilityseasonal variability
Because seasonal variability is greater at Because seasonal variability is greater at 
unmitigated homes, seasonal adjustment may unmitigated homes, seasonal adjustment may 
be more important at unmitigated homes than be more important at unmitigated homes than 
at mitigated homes.at mitigated homes.
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Conclusions (continued)Conclusions (continued)

Seasonal adjustment factors may allow better Seasonal adjustment factors may allow better 
prediction of longprediction of long--term average indoor air on term average indoor air on 
average, but individual results will vary.average, but individual results will vary.

A longA long--term sampling procedure, if available and term sampling procedure, if available and 
capable of providing acceptable detection limits, capable of providing acceptable detection limits, 
might produce concentration values closer to the might produce concentration values closer to the 
annual average value and be more representative of annual average value and be more representative of 
actual risks than more precise shortactual risks than more precise short--term test term test 
proceduresprocedures


