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ABSTRACT

Thereliability of making risk-based corrective action (RBCA) decisionsusing ASTM methodswas
evaluated. Indoor air quality (I1AQ) testing resultsfor 153 residential homesin 1998 at asitein Denver, Colo.,
were evaluated inthisstudy. Decisionsregarding groundwater remediation and indoor air mitigationin resi-
denceslocated over a shallow groundwater plume contaminated with chlorinated compounds were made based
on actual test results. These decisions could have been based on the predicted concentrations of the com-
poundsinindoor air using the Standard Guide for Risk-Based Corrective Action Applied at Petroleum Release
Sites(ASTM E1739-95). Risk-based screening levelsmay be useful to guide general project decisions. However,
variance of results from house to house is significant due to site-specific geological, building, and ventilation
factors. Based on the results of this evaluation, indoor air quality testing should be used, rather than RBCA
predictive modeling, to establish the extent of impacts and determine the need for mitigation.
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INTRODUCTION

Atanumber of industria sites, volatile
organic compounds (V OCs) have seepedinto
groundwater benesth the siteand then migrated
off ste. Theseplumesoften flow below other
commercia or residentia buildings. VOCsin
thegroundwater can volatilizeand migrateinto
theoverlying structures. Dependingonsite
conditions, building purpose, and the constitu-
entspresent and their toxicity, individua VOCs
may be present in the structures at concentra-
tionsaboveactionlevelsfor indoor air.

Althoughthegroundwater-to-indoor air
pathway for migration of and exposureto
V OCshasbeen recognized for sometime(e.g.,
Johnson and Ettinger, 1991; ASTM, 1995),
thereislittleinformationintheliterature con-
cerning the potentia for chlorinated compounds
ingroundwater toimpact indoor air
(Richardson, 1997). Onereasonfor thismay
bethelimited number of regulationsrequiring

testing of indoor air in buildingsover contami-
nated groundwater.

A few states haverecently devel oped
indoor air pathway criteriafor groundwater;
however, these may underestimate the occur-
rence of indoor air impacts (Fitzpatrick and
Fitzgerald, 1996) and are based on modelsthat
have not been validated (Altshuler and
Burmaster, 1997). For example, M assachusetts
groundwater-to-indoor air criteria
(310CMR40.0932) are not applied to ground-
water morethan 4.6 m (15 ft) below ground
surface. Experienceat thesiteinthisstudy
indicatesgroundwater at depthsgreater than 6
m can significantly impact indoor air quality
based on current toxicity criteriafor 1,1
dichloroethene (1,1 DCE).

Although benzene hasgenerdly received
more attention than other VOCsin groundwater
(e.g., Fischeretal., 1996), 1,1 DCEismore
likely to causeindoor air impacts. Therelative

Proceedings of the 2000 Confer ence on Hazar dous Waste Resear ch



risk toindoor air posed by volatile compounds
ingroundwater isafunction of the product of
theHenry’sLaw Constant and the cancer dope
factor for each compound (ASTM, 1995). On
thisbasis, risksposed by 1,1 DCE are approxi-
mately 28 timesgreater than benzene.
Thispaper evauatestherdiability of
making corrective-actiondecisonsusngASTM
methodsto determinethe need for groundwater
remediationandindoor air mitigationinres-
denceslocated over ashallow groundwater
plume contaminated with chlorinated com-
pounds based on the predi cted concentrations
of 1,1 DCEinindoor air. If the ASTM method
isreasonably accurate, it would providea
straightforward, cost-effective method for
making mitigation decisionswithout theneed for
testing of individua homes. A reliable method
would minimizethefal se prediction of indoor air
concentrationsabovetheaction level wherethe
actua result would be below theactionlevel.
Thiswould minimizeingalation of mitigation

systemsin homeswhereasystemisnot needed.

THEORY

The ASTM Standard Guidefor Risk-
Based Corrective Action Applied at Petroleum
Release Sites(ASTM E1739-95) providesa
method for eval uating the site-gpecific condi-
tionsandrisks. Whiletheguidefocuseson
examplesof petroleum product releases, the
RBCA processisnot limited to aparticular
classof compounds. The purpose of the

RBCA processisto evauate appropriate action

level sbased on the potential risk to human
health. Limited resourcescanthen beusedto
remediate Sites associated with greater risks.
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TheRBCA processprovidesameansfor
quantifying risk that Site conditionsposeto human
hedth at Stesthat vary grestly incomplexity, and
physicd and chemicd characteridics.

In practice, asite-specific risk-based
screeninglevel (RBSL) or target level concen-
tration would be devel oped for achemical of
concernin groundwater based onaparticular
health-based action level for thecompoundin
indoor air. Thesesite-specificRBSLsIn
groundwater could be used to determinewhat
homesreceiveindoor air mitigation systemsto
dleviate potentia health concernsduetoindoor
arquaity. The RBSLs have the follow-
ing relationship:

RBSL (air)
VF

The*“voldtilizationfactor” (VF) consders
depth to groundwater and effectivediffuson
coefficientsfor the progressve movement of a
VOC from the groundwater surfaceto the
capillary fringe, tothevadose zone, through
foundation/dab cracks, and into theresidentia
structure. Thisfactor can becalculated for each
location using the peer-reviewed equationsin
the ASTM standard. The sameequationscan
be used to predict an expected concentrationin
indoor air for agiven concentration in ground-
water:

RBSL (water)=

C(air)

C(water)=
( ) VF

or, rearranging:
C(air)=C(water)xVF

Inevauating indoor air risks, an advantage
of theRBCA processisamethod for making
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Figurel. 1,1 DCE plumein groundwater.

risk-based corrective action decisonsusing
VOC datafrom groundwater plumeswithout
testing individua buildingsover aplume. Inthis
study, indoor air concentrationswere cal cul ated
considering the 1,1 DCE concentrationin
groundwater and the associated vol atilization
factorsfor the progressive movement of 1,1
DCE fromthegroundwater surfaceinto the
residential structureat each location of 153
homesinthestudy. The 1,1 DCE concentration
ingroundwater beneath each homewas esti-
mated us ng concentration contoursthat were
developed based on 1,1 DCE concentrationsin
aseriesof groundwater monitoring wells(Figure
1). Depth to groundwater was adjusted based
on the depth of the basement or crawl space of
the associated structure. Theseriesof calcula-
tionsassociated with thevol atilization factor and
thedefault soil, building, surface, and subsurface
parameters presented inthe ASTM guidelines
(ASTM E1739-95) wereused torelate the
VVOC concentrationin groundwater tothe
predicted concentrationinindoor air.

PROCEDURES

Indoor air quality testing resultsin 1998 for
153 residential homesat asitein Denver, Colo.,
wereevauated inthisstudy. Thehomesoverlie
groundwater with 1,1 DCE concentrations
ranging up to approximately 1,000 ug/l, resulting
fromthe degradation of both 1,1,1
trichloroethane (TCA) and trichloroethene
(TCE). Groundwater isat adepth of approxi-
mately 20 to 30 feet bel ow the ground surface,
flowing primarily inwesthered sasndstoneand
sitstone. Measured concentrationsof 1,1 DCE
inindoor air ranged upto 91 ug/m3inres-
denceslocated over the plumeand were
generaly below detectionin homesbeyondthe
detectable groundwater plume. Varianceof
resultsfrom houseto houseissignificant (plusor
minusan order of magnitudein somecases),
dueto site-specificgeologica, building, and
ventilationfactors.

Indoor air sampleswere collected over a
24-hour period using aninert stainlesssteel
container (SUMMA canister). Each canister
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was|aboratory cleaned, evacuated to anominal
vacuum of 0.01 torr, sealed, and shipped tothe
Steunder chain-of-custody documentation.

The canister pressure was noted and recorded
inthefield at the beginning and end of the
sampling event. Samplecollection commenced
with opening of thecanister valve, whichre-
sultedinflow of air into the canister at asteady
rate controlled by aregulator attached to the
canister. Sample collection ceased approxi-
mately 24 hoursafterwardsby closing thevalve.
In some cases, the canistershad equilibrated
with ambient atmospheric pressureswhen the
canisterswereretrieved, indicating that the
sampl e collection period was|essthan 24 hours.
The SUMMA canisterswere shipped tothe
laboratory in batchesunder chain-of-custody
protocols. Duplicate sampleswere collected at
arate of approximately 1in 20.

SUMMA canigter sampleswereanayzed
at thelaboratory in accordancewith EPA Test
Method TO-15, using amass spectrometer
operatedin the selectiveion monitoring (SIM)
mode. For tests conducted after October

1998, equipment tuning procedures met the
requirements of CDPHE (1999) guiddlines.
The SIM mode monitorsafew compounds
instead of the entire mass spectra, allowinga
1,1 DCE reporting limit of 0.04 ug/m3.

Inthisstudy, homeswith 1,1 DCE con-
centrationsinindoor air above the health-based
actionlevel weremitigated with sub-dab
depressurization (SSD) or sub-membrane
depressurization (SMD) systemsinhomeswith
basementsor crawl spaces, respectively (Figure
2). Mitigated homeshave been tested quarterly
to monitor the effectivenessof these systems
(Folkesand Kurz, 2000).

RESULTS

Thepredicted 1,1 DCE concentrationsin
indoor air were compared to the actual indoor
air resultsfromthehomesinthestudy. In
approximately threeout of five cases, theactua
1,1 DCE concentrationswerewithin an order of
magnitude of the predicted value. However, the
RBCA calculationsunder-predicted 1,1 DCE
concentrationsinindoor air infour out of five
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Figure3.1,1, DCE predictionratio and groundwater concentration.

homes (Figure 3). Although alarge number of
resultswere under-predicted, the predicted and
actual concentrationsmay both bebelow or
both beabovetheactionlevel. Theprimary
concerninevauating therdiability of apredic-
tivemethod that hasatendency to under predict
resultsisthe probability of falsenegatives(i.e.,
homes predicted to be bel ow the action level
testing abovetheactionlevel).

Theoveral fa senegativerate was ap-
proximately 10%. However, thisratewasnot
consistent acrosstherangeof 1,1 DCE concen-
trationsinthe groundwater plume (Figure4).
Therate of thefa se-negative decisonsap-
peared to be correl ated to the concentrations of
1,1 DCE inthegroundwater. Testing demon-
strated that the estimatesyielded fal se-negative
ratesvarying from 5%, in homes above ground-
water with 1,1 DCE concentrationsbelow 10
ug/L, to over 50%, in homes above groundwa-
ter with 1,1 DCE concentrationsof 50 ug/L. At
1,1 DCE concentrations greater than 100 ug/L
ingroundwater, therewould have been nofalse-
negativedecisions; but thefasepositiverate

(i.e,, homesbelow theaction level being pre-
dicted to be abovethe action level) was ap-
proximately 15%.

Althoughtheresultsat the extremesof the
range may beacceptable, itisinthemiddle of
therangewhereareliable predictive method for
decision making would bemost useful. Inthe
rangeof 1,1 DCE concentrationsin groundwa-
ter between 1to 100 ug/L, thereisasignificant
potentia for predicting indoor air resultsbelow
theactionleve inindividua homeswith actua
resultsabovetheactionlevel. Several mecha
nismsmay beresponsiblefor actual test results
exceeding predicted results. Site-specific
characterigticsinindividua housesarethemost
likely cause of thisvariance between predicted
and actual results(e.g., underlying soil condi-
tions, presence or absence of open jointsor
cracksinfoundations, and heating and ventilat-
ing system conditions). Inaddition, the proxim-
ity of homesto nearby groundwater with higher
concentrationsmay cause higher actua results
than predicted.
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Figure4. Actual and predicted concentrationsof 1,1 DCE inindoor air (1,1, DCE concentration

in groundwater).

Inherentinany predictivemode isthe
attempt to includefactorswithasignificant
effect onresults. One, seemingly significant,
factorinthe ASTM equationsisthedepthto
groundwater at thelocation. Logically, the
closer the groundwater to the basement or
crawl space of the home, the higher the ex-
pected concentrationsinindoor air. Inthis
study, the depth to groundwater did not havea
sgnificant effect ontheability to predict the
actual 1,1 DCE concentrationinindoor air. At
groundwater depthsbelow the structureranging
from 3 m (10ft) to 9 m (30ft), the predictions
wereaslikely to under-predict or over-predict
at onedepth asanother (Figure5).

A factor that has provento besignificantin
actud resultsbut isnot included inthe predictive
methodsisthe seasondity effect. Insevera
homesthat did not initially exceed theaction
level (i.e., werenot mitigated), indoor air test
resultswere higher inthewinter thaninthe
summer months. Somehomesthat had test
resultsbelow theaction level during summer

months had test resultsexceeding theaction
level during winter months. Cold westher, high
winds, and furnace operation all tend to reduce
theair pressurein houses compared to ambient
pressures, creating additional forcesfor migra:
tion of vaporsfrom the subsurfaceinto ahome.
Thetest resultsfor thisstudy were collected
during the summer monthsof 1998. Therefore,
thetendency of the predictive methodsto
under-predict actual resultswould be expected
to bemoresgnificant during winter months.

CONCLUSIONS

Based ontheresultsof thisevaluation,
indoor air quality (I1AQ) testing should be used,
rather than RBCA predictivemodeling, to
establish the extent of impactsand determinethe
need for mitigation.

At very low and high contaminant concen-
trationsin groundwater, use of the RBCA
equationsmay be an economica method for
making mitigation decisons. Thehighfdse-
negativerate at moderate concentrationsin
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Figureb. 1,1 DCE prediction ratio and depth to groundwater.

groundwater indicatestestingisneededin
homesthat are predicted to be bel ow the action
level, tominimizethefase-negativerate. This
need for testing individual homesisfurther
supported to avoid the seasonal influence
on results.
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