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1. Scope 
1.1 This guide covers risk-based corrective action 

(RBCA), that is a consistent decision-making process for the 
assessment and response to subsurface contamination, based on the protection of human health and environmental 
resources. Sites with subsurface contamination vary greatly 
in terms of complexity, physical and chemical characteris
tics, and in the risk that they may pose to human health and 
environmental resources. The RBCA process recognizes this 
diversity, and utilizes a tiered approach where assessment 
and remediation activities are appropriately tailored to 
site-specific conditions and risks. This flexibility allows 
RBCA to be more cost-effective than traditional approaches 
under which- all sites conform to uniform standards and 
procedures. While the RBCA process is not limited to a 
particular class of compounds, this guide emphasizes the 
application of RBCA to petroleum fuel releases. 

1.2 The decision process described in this guide integrates 
risk and exposure assessment practices, as suggested by the 
United States Environmental Protection Agency (USEPA), 
with site assessment activities and remedial meastue selec
tion to ensure that the chosen action is protective of human 
health and environmental resol'rces. The following general 
sequence of events is prescribed in RBCA, once the process is 
triggered by the suspicion or confirmation of hazardous 
hydrocarbon levels: 

1.2.1 A Tier I, or preliminary site assessment, 
1.2.2 Oassification of the site by the urgency of initial 

response, 
1.2.3 Implementation of an initial response action appro

priate for the selected site classification, 
1.2.4 Comparison of site conditions with Tier I screening 

levels given in an evergreen "look-up" table containing 
conservative risk-based screening levels ar:d other relevant 
criteria (drinking water standards, aesthe!;c :.:!it<!.:.<!, :colog
ical criteria, etc.), 

1.2.5 Deciding if Tier I screening target levels are appro
priate, and if not, 

1.2.5.1 Collect additional site-specific information as re
quired, and 

1.2.5.2 Develop site-specific target levels and points of 
compliance (Tiers 2 and 3). 

1.2.6 Comparison of the negotiated target levels with site 
conditions at the appropriate points of compliance, and if 
any exceedences are noted, 

1 This emergency standard is under the jurisdiction of ASTM Commottee E-50 on Envrronmental Assessment and os the direct responsobolity of Subcommmee 
E50.01 on Storage Tanks. 
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1.2.6.1 Develop a corrective action plan to achieve the 
negotiated target levels in an appropriate time period (based 
on risks posed by the site). Alternatives to be considered 
include combinations of traditional remedial methods (for example, excavation, pump and treat. and soil vapor extrac
tion) with institutional controls and natural attenuation. 

1.3 This guide describes the previously outlined process in 
more detail. For those interested only in becoming familiar with RBCA, the short main body of text provides a brief 
overview of the RBCA process (see Section 4), and then 
presents RBCA procedures in a step-by-step fashion (see Section 5) followed by a discussion of ways in which the 
process can be misapplied (see Section 6). For those inter
ested in additional background information, appendixes 
have been included. These are focused on the following: 

1.3.1 Characteristics of petroleum fuels (see Appendix 
XI), 

1.3.2 Derivation of the example Tier I RBSL Look-Up 
Table (see Appendix X2), 

1.3.3 Uses of predictive modeling relative to the RBCA process (see Appendix X3), 
1.3.4 Considerations for institutional controls (see Ap

pendix X4), and 
1.3.5 RBCA examples (Appendix X5). 
1.4 The values stated in inch-pound units are to be 

regarded as the standard. The SI units given in parentheses 
are for information only. 

1.5 This standard does not purport to address all of the 
safety concerns. if any, associated with its use. It is the 
responsibility of the user of this standard to establish appro
priate safety and health practices and determine the applica
bility of regulatory limitations prior to use. 

2. Significance and Use 
2.1 The allocation oflimited resources (for example. time. 

money, regulatory oversight, qualified professionals) to any 
one petroleum release site necessarily influences corrective 
action decisions at other sites. This has spurred the search for 
innovative and cost-effective approaches to corrective action 
decision making, that still ensures that human health and 
environmental resources are protected. 

2.2 The RBCA process presented in this guide is a rational 
and consistent, streamlined decision process for selecting 
appropriate corrective actions at petroleum release sites. 
Advantages of the RBCA approach are as follows: 

2.2.! Decisions are based on reducing the risk of adverse 
human or environmental impacts to appropriate levels. 

2.2.2 Ensurance that site assessment activities are fo
cussed on collecting only that information that is necessar. 
to making risk-based corrective action dectstons. 

2.2.3 Ensurance that limited resources are focussed towards those sites that pose the greatest nsk to human healt!-. 
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and environmental resources at any time, 

2.2.4 Ensurance that the preferred remedial option is the 

most economically favorable one that has a high probability 

of achieving the negotiated degree of exposure and risk 

reduction, and 
2.2.5 Compliance can be evaluated relative to site-specific 

standards applied at site-specific points of compliance. 

2.3 This guide is intended to be consistent with USEPA 

guidance for risk and exposure assessment (1-8).3 

' 
3. Tiered Approach to RBCA at Petroleum-Release Sites 

3.1 In risk-based corrective action, traditional compo

nents of corrective action programs (site assessment, reme

dial action selection, and compliance monitoring) are inte

grated with USEPA-recommended risk and exposure 

assessment practices to create a process by which corrective 

action decisions are made in a consistent and cost-effective 

manner that is protective of human health and environ

mental resources. 
3.2 In order to streamline the RBCA process, it is 

implemented in a tiered approach, involving increasingly 

sophisticated levels of data collection and analysis. The 

conservative assumptions of earlier tiers are replaced with 

site-specific assumptions. Upon completion of each tier, the 

user reviews the results and recommendations, and decides if 

more site-specific analysis is required. The following forms 

the basis for a three-tiered RBCA planning process: 

3.2.1 Tier 1: Site Classification and Non-Site-Specific 

Screening-Level Corrective Action Goals-In Tier I, sites are 

classified by the urgency of need for initial corrective action, 

based on information collected from historical records, a 

visual inspection, and minimal site assessment data. The 

user is required to identify contaminant sources, obvious 

environmental impacts, if any, the presence of potentially 

impacted humans and environmental resources (for ex

ample, workers, residents, water bodies, etc.), and potential 

significant transport pathways (for example, ground water 

flow, atmospheric dispersion, etc.). Associated with site 

classifications are prescribed initial response actions that are 

to be implemented prior to proceeding further with the 

RBCA process. 
3.2.1.1 In addition, as part of Tier l, conservative correc

tive action goals are based on an evergreen list of non

site-specific, risk-based screening levels (RBSI..s), aesthetic 

criteria, and other appropriate standards such as Maximum 

Contaminant Levels (MCLs) for potable ground water use. 

Tier I RBSI..s are typically derived for standard exposure 

scenarios using current reasonable maximum exposure 

(RME) and toxicological parameters as recommended by the 

USEPA, and conservative contaminant migration models. 

These values are "evergreen" and will change as new 

methodologies and parameters are developed. Tier I RBSI..s 

may be presented as a range of values, corresponding to a 

range of risks, and a risk management decision is made to 

select the screening levels to be used. This evaluation may 

include a cost-benefit analysis, where the user considers the 

costs associated with achieving various levels of risk reduc

tion. 

'The boldf>ce numbc" m parentheses refer to the lost of references at the end 

of th>s standard. 
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3.2.2 Tier 2: Site-Specific Corrective Action Goals-Tier 2 

provides the user with an option for determining site-specific 

target levels (SSTI...s) and appropriate points of compliance 

when it is judged that Tier 1 corrective action goals are not 

appropriate. This decision is typically based on comparing 

the cost of achieving Tier 1 corrective action goals with the 

cost for Tier 2 analyses, considering the probability that the 

Tier 2 site-specific goals will be significantly less costly to 

achieve than Tier I goals. It is important to note that both 

Tier I and Tier 2 screening levels are based on achieving 

similar levels of human health and environmental resource 

protection (for example, 10-4 to 10-6 risk levels); however, 

in moving to higher tiers the user is able to develop more 

cost-effective corrective action plans because the conserva

tive assumptions of earlier tiers are replaced with more 

realistic site-specific assumptions. Additional site assessment 

data may be required, but minimal incremental effort is 

usually required relative to Tier l. In some cases the Tier 2 

SSTLs are derived from the same equations used to calculate 

Tier I RBSI..s, except that site-specific parameters are used in 

the calculations. At other sites, the Tier 2 analysis may 

involve applying Tier 1 RBSLs at more probable points of 

exposure, such as property boundaries and negotiated points 

of compliance, and then deriving Tier 2 corrective action 

goals for the petroleum source areas based on demonstrated 

and predicted attenuation of hydrocarbon compounds with 

distance (see 5.6.3). Again, Tier 2 corrective action goals are 

considered conservative and are consistent witl'\ USEPA

recommended practices. 

3.2.3 Tier 3: Site-Specific Corrective Action Goals-Tier 3 

provides the user with an option for determining SSTLs and 

appropriate points of compliance when it is judged that Tier 

2 corrective action goals are not appropriate. As stated in 

3.2.3, this decision is typically based on comparing the cost 

of achieving Tier 2 corrective action goals with the cost for 

Tier 3 analyses, considering the probability that the Tier 3 

site-specific goals will be significantly less costly to achieve 

than Tier 2 goals. The major distinction between Tier 2 and 

Tier 3 analyses is that a Tier 3 analysis is generally a 

substantial incremental effort relative to Tiers I and 2, as the 

analysis is much more complex and may include detailed site 

assessment, probabilistic evaluations, and sophisticated 

chemical fate/transport models. 

3.3 If the selected target levels are exceeded and corrective 

action is necessary, the user develops a corrective action plan 

in order to reduce the potential for adverse impacts. One 

option is to utilize traditional remediation processes to 

reduce contaminant concentrations below the target levels. 

Another equally viable option is to achieve exposure reduc· 

tion (or elimination) through the institutional controls dis

cussed in Appendix X4, or through the use of containment 

measures, such as capping and hydraulic control. 

4. Risk-Based Corrective Action (RBCA) Procedures 

4.1 The sequence of principal tasks and decisions associ

ated with the RBCA process are outlined on the tlowchart 

shown in Fig. 1. Each of these tasks and dec1sions ts 

discussed as follows: 
4.2 Step /:Initial Site Assessment-Collect and assemble 

the data necessary to complete the Tier I analyses. In the 

mterest of minimizing costs and expedtttng the RBCA 

fl 
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process, it is imp?rtant t~ focus ~nitial .site. assessment 
activities on gathenng that mformauon wh1ch IS necessary 
for the Tier I evaluation. As needed for Tier 2 or Tier 3 
analyses, additional information (aquifer hydraulic proper
ties site-specific contaminant attenuation parameters, etc.), 
can' be collected as the RBCA program proceeds. Tier I 
requirements and activities include the following: 

4.2.1 Source Characterization-Historical records of site 
activities and past releases, and chemical analyses results are 
used to identify contaminants of concern and to locate major 
sources of these compounds. The field sampling program is 
then focussed toward identifying maximum concentrations 
of those most prevalent, toxic, and mobile compounds, and 
towards identifjing if both soil and ground water have been 
impacted (see Appendix XI for a discussion ofthe properties 
of common petroleum fuel products, as well as a summary of 
the relevant chemical and toxicological properties of key 
constituents). Initially, chemical analyses may include a wide 
range of suspected contaminants; however, as the investiga
tion proceeds, the list of analytes can be narrowed to those 
compounds that consistently exceed the values given in a 
Tier 1 Look-Up Table (see 4.4). Most investigations will 
encompass the sampling of all media (soil, ground water, soil 
gas) to some degree; although, the analyses conducted on 
each may be very different. For example, soil samples may 
be sent to a laboratory for detailed gas chromatography (GC) 
analyses, while soil gas samples from a utility conduit may be 
analyzed by a portable explosimeter when the goal is to 
verify if immediately hazardous levels exist. The amount of 
information necessary for the Tier I assessment is generally 
less than that collected for Tier 2 and Tier 3 analyses. -

4.2.2 Potential for Exposure and Degradation of Benefi
cial Uses-The locations of humans and environmental 
resources that could reasonably be impacted "receptors," 
identification of potential significant transport and exposure 
pathways (ground water transport, vapor migration through 
soils and utilities, etc.), and current and potential future uses 
of the surrounding land, ground water, surface water, and 
sensitive habitats is recorded. This information can be 
obtained from visual inspections, well inventory records, 
engineering drawings, and hydrogeological assessment data, 
and is used to determine the potential for continued near
term and future impacts to human and environmental 
receptors. 

4.2.3 Extent of Migration-In addition to the sampling of 
source areas, concentrations are measured at potential points 
of exposure or concern (for example, dissolved concentra
tions in nearby drinking water wells, or vapor concentrations 
in nearby conduits or sewers). If it is already known that 
maximum source area concentrations exceed the Tier I 
non-site-specific RBSLs, aesthetic criteria, or other relevant 
criteria (for example, explosive limits), then it is useful at this 
point to also define the boundaries where these criteria are 
exceeded. The investigation should assess any potential 
preferential migration pathway, such as sewers, electrical 
conduits, etc. 

4.2.4 Summary of Site Characterization Results-The site 
characterization data should be summarized in a clear and 
concise format. This can be accomplished through the use of 
preformatted tables and figures. This has the added advan
tage that the consistent presentation of results for many sites 

4 

often speeds the review process. Tables I and 2 present 
outlines for tables and figures, respectively, that can be used 
to effectively present the site characterization results. 

4.3 Step 2: Site Classification and Initial Response Ac
tion-As the user gathers data, site conditions should be 
compared with the scenarios listed in Table 3, and the 
scenario/classification most representative of actual site con
ditions should be selected, beginning with Classification I 
scenarios. Then an appropriate initial response action should 
be implemented, consistent with site conditions. This process 
is repeated every time additional data is collected at a site. 

4.3.1 The classification scheme given in Table 3 is based 
on the current and projected degree of hazards to human 
health and environmental resources. "Oassification I" sites 
are associated with immediate threats to human health and 
environmental resources, while "Oassification 4" sites are 
associated with no reasonable potential threat to human 
health or to environmental resources. Classification levels 
falling between the two extremes are representative of 
varying degrees of potential impacts. 

4.3.2 Associated with each classification in Table 3 is a 
potential initial response action; the initial response actions 
are implemented in order to eliminate any potential imme
diate impacts to human health and environmental resources 
as well as to minimize the potential for future impacts that 
may occur as one proceeds with the RBCA process, or while 
limited resources are focussed on higher priority sites. Note 
that initial response actions do not always require active 
remediation; in many cases the initial response. action is to 
monitor or further assess site conditions to ensure that risks 
posed by the site do not increase above acceptable levels with 
time. The initial response actions given in Table 3 should be 
regarded as recommendations, and the user is free to 
negotiate other appropriate alternatives. 

4.3.3 The site classification should be reevaluated when
ever additional site information is collected or whenever 
implementation of an interim corrective action causes a 
significant change in site conditions. 

4.4 Step 3: Comparison of Site Conditions with Tier I 
RBSLs and Tier I Corrective Action Selection-Select the 
reasonable potential exposure scenario(s), if any, most ap
propriate for the site from a list of predefined exposure 
scenarios. At a minimum the list of predefined exposure 
scenarios includes residential and commercial/industrial sce
narios; however, in some cases it may also be desirable to 
supplement these with an infrequent construction worker 
scenario. 

4.4.1 The risk evaluation flowchart presented in Fig. 2 is a 
tool that can be used to guide the user in selecting appro
priate exposure scenarios based on site characterization 
information. This worksheet is also used in the evaluation of 
corrective action alternatives. To complete this flowchart, a 
step-wise process is followed: 

4.4.1.1 Exposure Pathway Characterization-Identify pri
mary sources, secondary sources, transport mechanisms, and 
exposure pathways. 

4.4.1.2 Using the data summarized from Tier I, cus
tomize the risk evaluation flowchart for the site by checking 
the small checkbox for every relevant source, transport 
mechanism, and exposure pathway. 

4.4.1.3 Exposure Scenario CharacterizatiOn-Select ap-
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TABLE 1 RBCA Tier 1 Example of Table Summary 

Table Number Title 

Executive~ 

2 Site Description 

3 Site Ownership and Activity Record 

4 Past Releases or Source Areas 

5 Summary of Current and Completed Site 

Activities 
6 Regional Hydrogeologie Conditions 

7 Site Hydrogeologie: Conditions 

8 . Beneficial Use Sunvnary 

9 Receptor Survey (wells, utilities, basements. 
surface water, environmental resources. etc.) 

1 0 Analytical Sunvnary Sheets (these are intended 
for use as a tool to summarize ~ data 
and provide a tool for comparing site data 
with T181' 1 sc:ra.1ing levels) 

11 ECCIOgieal Assessment Summary Sheet 

Summary of VISual & historic assessments 
Summary of receptor characterization 
Summary of tasks completed to date 

Contents 

Results of Classification exerciSe and selected interim response action 

Corrective action entena exceeded 
Proposed/Implemented corrective action 
Site address 
Site owner /contact 
Agency contacts 
Local land use 
T opograpl'ty 
Surlaee water cnaraeterizalion 
Climatic information 
Describe past production and materials handling activities, waste disposal praC11ees. chemiCalS 

used. and site ownerslliP 
Describe potential sources and spll events lnduding: location, type and VOlume of materials 

released, time and duration of release. and affee1ed media (soil. ground water, surlaee water. 

etc.) 
Discuss past remediatiOn efforts as appropriate 
List any potential olf·sita sources 
Describe a1 relevant ongoing and completed eorractive-aetiOn activities at the Site (Site 

investigation, emergency response. etc.) 
Describe regional geologie trarMwork tiYougl1 depth of principal aquifer and any other 

potentially impacted units 
Describe site geologie trarMwork through depth of principal aquifer and any other potentially 

impacted units 
Vadose zone thid<ness and geology 
Depth to ground water 
Thickness of aquifer 
Maximum well yield 
Flow diraetiOn and gradient 
DescriptiOn of any confining units 
Current ground water quality (TDS) 
Off-site water quality 
Identity existing and reasonable 

potential beneficial uses tor land. ground water. and surlaee water 

Sommanze relevant resUts (that is, for wei survey: wei designation, distance from site, depth, 

construction details. age, etc. of wells tor 0.5-mile (0.~) radius arOI.I1CI site) 

Identity those receptors most likely to be impacted 

Compounds detee1ed 
Analytical rnethod(s) used 
Practical quantifiCation limit 
Number of samples analyzed 
Compound detection trequeney 
Maximum concentratiOn detee1ed 
Location of max.rnum concentration 

Sampjing date 
Badlgrouncl concentrations 
Trend (stable. ~~~aeasing, decreasing) 
Appropnate Tiel' 1 target levels (RBSLs. MCLs, etc.) 

Observed impacts associated with site to vegetation. birdS. flsll, mammalS. etc. 

Presence and deSQ'IPtion of any impacted sensitive habitats 

ECXllogieal reeeQtors (threatened or endangered species, eeonomiealy or spor1-<mportant 

specieS, etc.) 

propriate receptors (if any) and exposure scenarios based on 
current and projected reasonable use scenarios. 

spending RBSL.s for a range of carcinogenic risk levels (from 
10-{) to 10-4 are often evaluated) and hazard quotients (HQ) 
equal to unity. After considering aesthetic, ecological, other 
relevant criteria, and background levels, select appropriate 
Tier I screening level(s). Then compare these values with site 
conditions and identify any exceedences. If there is sufficient 
site characterization data, the user may opt to compare 
screening level values with statistical limits (for example, 
upper confidence levels) rather than maximum values de
tected. 

4.4.1.4 For each exposure pathway selected, check the 
most appropriate exposure scenario description (residential, 
commercial, etc.). Consider land use restrictions and sur
rounding land use when making this selection. Residential 
exposure scenarios (the most conservative) are appropriate 
for residential, or unrestricted future land use. Commercial 
exposure scenarios are used to characterize current and 
projected future commercial and light industrial land use. 
Do not check any boxes if there are no receptors present, or 
likely to be present, or if institutional controls prevent 
exposure from occurring, and are likely to stay in place. 

4.4.2 For each compound and selected exposure scenario, 
1se Tier I RBSL "Look-Up Tables" to identify the corre-

5 

4.4.3 Note that when the potential for carcinogenic 
human health effects is of concern, an acceptable risk level is 
selected to complete this step, and this value must be 
negotiated between all parties involved, and may involve 
using results from a cost-benefit analysis. One approach is to 
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TABLE 2 RBCA Tier 1 Example of Figure Summary 

F'~gure Number Title Contents 

1 Site Location Map Show general vicinity 
Identify surface water bodies 
Show ground water supply web and designation (for example, dtinkong water. irrigation, etc.) 
Identity other potential receptors 
Show topography (use USGS quad maps, if available) 

2 Extended Site Map Show local use including schoOls, hospitals. retirement homes. residential areas. commeroal 

3 Site Plan v- (This map should be develOped 
areas, and any ground water supply wells 

Location of 11 stnJctures 
from historical maps, plans, and aenal 
photos, and should encompass potentiatty 
impaCted areas.) 

Location of buried tanks 
Location of buned conduitS 
Location of suspected/confirmed sources 
Areas of ecological interest 
Areas of soil contamination 

4 Site Photos Provide photos of site, potentially contaminated areas, tank excavations, and surrounding 
property (show in chOIIOiogical order) 

5 Gtoln:l water Elevation Map Potentiometr1c surface contour mep for any potentially impacted water-bearing units 

Date 
8 Geologic: Cross Section(s) Show site stratlgriPII'f through ful dlptn of potentialy impacted water-oeanng units, including 

underlying confining layer 
Prepare two cross sec1ions for each site (parallel and perpendicUlar to ground water flow) 

Indicate contaminant ooncentrationl 

7 OissoiYed Contaminant Plume Map(s) 
Indicate subsurface piping, conduits, tanks, etc. 
Show lateral extent of impacted grOI.Ild water 
Indicate sampling locationl and concentrations 
Show location of any frae product 
Show time series data (if possible) 

select target risk levels that reflect the probability of expo
sure; more conservative risk levels are selected for actual 
exposures and less conservative risk levels are chosen for 
potential exposure scenarios. For reference, risks in the I o-6 

to I o-4 risk range are generally considered acceptable at this 
time. When selecting a target risk level it is important_ to be 
aware of background concentrations; for example, as shown 
in Table 4, national ambient background benzene vapor 
concentrations exceed concentrations corresponding to the 
I0-6 risk level (as calculated using USEPA reasonable 
maximum exposure (RME) parameter values). Note that 
additivity of risks is not explicitly considered in the Tier I 
analysis, as it is expected that the screening levels are very 
conservative, and typically a limited number of chemicals is 
considered to be of concern at most sites. Additivity is 
addressed in Tier 2 and Tier 3 analyses. 

4.4.4 Tier I "Look-Up Tables" contain conservative, 
non-site-specific RBSLs for a range of prescribed scenarios, 
and may also include aesthetic criteria, and other appro
priate standards. The RBSLs are calculated in accordance 
with methodology suggested by the USEPA. For each 
exposure scenario the RBSLs are based on current USEPA 
RME parameters, and current toxicological information 
given in the USEPA integrated risk information system 
(IRIS) database, health effects assessment summary tables 
(HEAST), or peer-reviewed source(s). Consequently, the 
RBSL look-up table is an "evergreen" set of values that is 
continually updated whenever new methodologies and pa
rameters are developed. Where required, hydrocarbon fate 
and transport estimations are based on conservative fate and 
transport models. 

4.4.5 Table 4 is an example of an abbreviated Tier l 
RBSL Look-Up Table for compounds of concern associated 
with petroleum fuel releases. The exposure scenarios selected 
in this case are for residential and industrial/commercial 
scenarios characterized by USEPA RME parameters for 

\ •dult mal". The a"umption' and methodology u.ed in 

6 

deriving Table 4 are discussed in Appendix X2. Note that 
not all possible exposure pathways are considered in the 
derivation of Table 4, that is presented here only as an 
example. The user should always review the assumptions and 
methodology used to derive values in a look:up table to 
make sure that they are consistent with reasonable exposure 

' scenarios for the site being considered as well as currently 
accepted methodologies. The value of creating a standard 
look-up table is that users do not have to repeat the 
conservative exposure calculations for each site encountered, 
except when RME parameters, toxicological information, or 
recommended methodologies are updated. Many states· have 
compiled such tables for direct exposure pathways, and for 
the most part many of these tables contain identical values 
(as they are based on the same assumptions). Values for the 
cross-media pathways (for example, volatilization and 
leaching), when available, often differ; because these involve 
coupling exposure calculations with predictive equations for 
the fate and transport of chemicals in the environment. As 
yet, there is little agreement in the technical community as to 
conservative non-site-specific values for the transport and 
fate model parameters, or as to the choice of the models 
themselves. Again, note that Table 4 is presented here only as 
an abbreviated example of a Tier I RBSL Look-Up Table for 
typical compounds of concern associated with petroleum 
fuels. It should not be interpreted as a list of proposed 
standards. 

4.4.6 Use of Total Petroleum Hydrocarbons (TPH) Mea
surements-Various chemical analysis methods commonly 
referred to as TPH are often used in site assessments. These 
methods usually determine the total amount of hydrocar
bons present as a single number, and give no information on 
the types of hydrocarbon present. Such TPH methods are 
useful for identifying the boundaries of contamination and 
for locating "hot spots", and may be useful for risk assess
ments where the whole product toxicity approach is appro
priate. However in general, TPH should not be used for 
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TABLE 3 Site Cl81sifieatlon Scenarios and Potential Initial Response AetlonsA 

NOTE-For the purpose of this site ClasSification process. an aquifer Is considerlld to be a potential potable water supply 11 it has the potential to y18td > 200 gal/day (756 
LJday), and meets local water quality critana (that is total dissolvlld solids (TDS) < 1 0 009 mg/L). 

Classi11cation Criteria and Prescribed Scenarios 

1.1 

1.2 

1.3 

1.4 

1.5 

1.6 

2 

2.1 

2.2 

2.3 

2.4 

2.5 

2.6 

3 

3.1 

3.2 

3.3 

3.4 

3.5 

3.6 

4 

4.1 

4 2 

4J 

lrntr~.ai~• Thr• to Human Health, Safety, or S&Mitlve Ef'Nironmental 
Receplors: 

Explosive levels. or concentrations of vapors that could cause acute 
health effects, are present in a residence or other building. 

Explosive levels of vapors are pre581'1t in subsurfiC8 utility system(s), but 
no building or -ri!Sidences are impactlld. 

Free-product is present in significant quantities at ground surface. on 
sufeea water bodies. in utiUbes other thin water supply lines, or in 
sufiC8 water runoff. 

An IICtive public water supply well, public water supply line, or public sur· 

feea water intake is impaeTIId or immediately threatened. 
Ambient vapor/particulate concentrations exceed concentrations of con· 

cern from an acute exposure. or sefety viewpOint. 
A sensitive habitat or S81'151tiYe resources (sport fish, economiclly impor· 

lint species, tiVeat&ned and 81'1dangerlld species, etc.) are impletlld 

and affectlld. 
Short· Term (0 to 2 years) Th,_ to Human HNlth, Safety, or StMitive 

Ef'Nirollm«<t~ Receplors: 
There is potential tor explosive levels, or concentrations of vapors that 

could cause acute effects. to accumulate in a residence or other 

building. 
Shallow eentaminatlld surface soils are open to public access, and dwell

ings; parlls, playgrounds, day-care centers, schools, or simitlr use fa· 
cilities are within 500 It (152.4 m) of those soils. 

A non-potable water supply well is impactlld or immediately IIVeat&ned. 

Ground water is impacted and a public or domestic water supply well 
producing from the impactlld aquifer is located within two years pro
jected ground water travel distance downgradient of the known extent 
ot contamination. 

Ground water is impae1ed and a public or domestic water supply wei 
producing from a diHerent interval is locatlld within the known extent 
of contamination. 

Impacted surface water, storm water, or ground water diSCharges within 
500 It (1 52.4 m) of a S81'1S11ive habitat, or sufeea water body used for 
human drinking water or contact recreation. 

Long· Term (>2 Years) Th~ to Human HeaJth, Safety, or StMitive Ef'Ni· 
ronmental Receplors: 

Subsurfece soils (>3 It (0.9 m) BGS) are impacted and depth between 
impacted soils and the first potable aquifer is less than SO It (1 5.2 m). 

Grourld water is impacted and potable water supply walla produCing 
from the impacted interval ara locatlld >2 years ground water travel 
time from the dissolved plume. 

GrCUld water is lmpaetlld and non-potable water supply wells producing 
from the impacted interval are located >2 years ground water travel 
time from the dissolved plume. 

Ground water is impacted and non-potable water supply wells that do 
not produce from the impae111d interval are located within the known 
extent of contamination. 

ImpacTed suface water, storm water, or ground water disc:harges within 

1500 It (457.2 m) of a sensitive habitat, or surface water body used 
for human drinking water or contact recteation. 

Shallow contaminated surface soils are open to pubiic access, and dweft. 
ings. par1<s, playgrounds. day<are centers, schools, or similar use fa· 
Cllities are more than 500 It (152.4 m) of those SOlis. 

No Demon&trable Long· Term Threat to Human Health, Safety, or Sensi· 
tive Ef'Nironmental Receptors: 

Prionty 4 scenarios encompass all other conditions not described in Pfi. 

onties 1, 2. and 3. and that are consistent with the prionty desenption 
previOusly given. Some exampleS are: 

Non-potable aqwfer w1th no ex1sting local use impacted. 

Impacted sotls located more than 3 It (0.9 m) BGS and greater than 50 ft 
(15.2 m) above nearest aqu1fer. 

Ground water is impactlld and non-potable wells are locallld down-gra· 
dient outside the known extent ot contamltlallon, and they produce 
from a nor~~mpactlld zone. 

Possible Initial Response Actions • 

Notify Apptopriate Author/tiN, ProperTy 0wll8fJ, and Potentially Attectecl Par· 
tiN, and Evaluate the Need to: 

Evacuate occupants, begin abatement measures sucn as SUI:Isurt1C8 venlil• 
lion. or building pressurization. 

E vaeuate immediate vicinity. begin abatement measures sucn as ventilation 

Prevent further free-product migration by IIPQI'opriate containment measures. 
institute free-product recovery. restnct area eceess. 

Notify user(s), provide alternate water supply, hydraulicaJiy control contami
nated water. and treat water at point-of-use. 

Instal vapor barrier (cappng, foams, etc.), remove source. or restrict access 
to affected area. 

Minimize extent of impact by containment measures and implement habitat 
management to nlnimiZa exposure. 

Notify Apptopriate Authorities, Propetty Owners, and Potentially Altectecl Par· 
ties, and Evaluete tha Need to: 

Assess the potential tor vapor migration (tlvough monotoringJmodeling) and 
remove source (If necessary), or instal vapor mqation barner. 

Remove soils. cover soils. or restrict eceess. 

Notify owner/user. evaluate the nelld to instal point-of-use water treatment, 
hydraulic control. or alternate water supply. 

Institute monitoring, then evaluate if naturll attenuation is sufficient. or ~ hy· 
draulic control is required. 

Monitor ground water well quality and evaluate ~ control is necessary to or• 
vent vertical migration to the supply wei. 

Institute containment measures. restrict access to areas ne.-~. and 
evaluate the magnitude and impact of the discharge. 

NOlily Apploprl~a AuthOrities, Propetty Owners, and Potentially Altectecl Par· 
ties, and Evaluate the Need to: 

Monitor ground water and determine the potential for future contaminant rn;. 
gration to the aquifer. 

Monitor the dissolved plume and evaluate the potential lor natural attenua
tion and the need lor hydraulic control. 

Identify water usage of well. assess the effect of potential impact. monrtor 
the dissolved plume, and evaluate whether naturll attenuallon or hydraulic 
control are appropr;ate control measures. 

Monitor the dissolved plume, determine the potential for vertical migration. 
notify the user. and determine it any impact is ~klly. 

Investigate current impact on sensitive habitat or suface water body, restrict 

access to area of discharge (if necessary). and evaluate the nelld for con
talrvnent/control measures. 

Restrict eceess to impact soils. 

Notify l<pproptiate Authorities, Property Owners. and Potentially Attectecl Par· 
ties. and Evaluate the Need to: 

Monitor ground water and evaluate affect of natural attenuation on dissolvlld 
plume migration. 

Monitor ground water and evaluate effect of natural anenuatoon on leachate 

mogration. 
M0111tor ground water and evaluate effect ot natural attenuation on dissolvlld 

plume megration. 

A Johnson. D. C .. OeVauU. G. E .. Ettinger. R. A., MacDonald. R. L. M .. Stanley, C. C .. Westby. T. S .. and Conner. J .• 'Risk·t31Sed Correct1ve Actoon: Tier 1 Guidance 

Manual." Shell m Co., July 1993. 
" Note that these are potential ltllllal response actoons that may not be appropnate lor aJ Sites. The user •s encouraged to select optoons that bast address tne 

shOrt-term health and safety concerns ot the s1te. wh•le the RBCA process progresses. 
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TABLE 4 Example Tier 1 Alak·S.Hd ScrMning Level (ABSL) Look-Up Table 

an, • M --set ol 1111' 1 RISLa.lt II not all& ol prapoMd atlndards. The user shoukii"8YleW all assumptions pnor to using ............... 

Soli· ........ 
Yolo-

.. o..-
Alr(_..,.l) c:-.ciol/ 

!Muolriol 

Sell· v.,... Reaiclelial t.w.-. 
fru.S.il&e 

SOIL 

........... 
Dena all 

lou loU. 

( .. !ll'lo&l !ndwll'ial 

Luct.a&lt le ......... RcauWnual 
c, ......... ,. ....... 
Torpii.A ... COINllacaaU 

( .. ......., lndt.lltrtal 

c, ......... ,.. Ruuteual 
VoloUIIutloo 

to0.1-

Air (MtiL) 

CrouNiwaeer 

GROUND 1 ........ 

WATEJI <"'alt.) 

V .,_. R.eauia'IU.I 

··"··· r, .. c, ..... 
..... ,. '- IWW. Commaoc&aU 

lndwtnal 

A As oenz- SOiubie coal tar potcn VOlatiles. 

! I 
! 

e Amencan lndustnaJ HygJene AssooatJOO. Odor Thresholds lor Chem1cals w1th Established Occut»Jional Heanh Standards. 1989. 

c From: Shall and Singh, EnVIfonmental Science Technolology VcA 22, No. 12; ATSDR, 1988, ToXJiogoc:al Profiles, U.S. Pulllie HeaJtn ServiCes. 1988, and WaJiac:e. L.A .. 

Journal of OccupatiOlllJI Med1cme. VcA 28. No. 5. 1986. 
o ""RES" -selected nsk level IS not e•ceeoed tor pure compound present at any con<:8lltrll100. 

' "'>S' -seleCted nsk level 1s not e•cee<led tor all posSible diSSOlved levels (:5 pure comP0f'o81"11 SOlubility). 

9 
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actlV\tles are now recorded and the Tier I analysis is 
complete. 

4.6 Step 5: Tier 2-Expanded Site Assessment, Reclassi
fication. and Site-Specific Corrective Action Goals (Op-
1/ouJ)-Tier 2 provides the user with an option for negoti
atial• site-specific risk-based corrective action goals and 

•&lalieo ~ .,..-..of compliance w~~n ther~ is an economic incentive to ••r, .a..o_::i •·•- 4 • .f.4). Adcht1onal slte assessment data may be tfllll fi1. ~ however, the incremental effort is typically min-
•lllllcei41flrM,'RIIt t· -·· imalalalive to Tier I. In most cases, only a limited number 

~~=~35iii5i~!ii~~-· ;~~~~exposure scenarios, and chemicals are consid-. . . ncr 2 analysis since many are eliminated from fdiOVIril:AII . <haring the Tier I evaluation. In Tier 2 the user 
'1'.4-llllilll~~ce points and target concentrations at 

measures in 
measun(a) selected for = valve symbols oa tile len riM .. ·.. . ... . . . · ·. • · . 
measure abbreviation (dclftlll by .dtt· UMr on 
hand-side of Fit. 2). .. 

4.5 Step 4: EvaluaJion of Titr 1 RIIUiu-At this point, 
results of the Tier 1 assessment are reviewed and one of the 
following four options is selected: 

4.5.1 No Action-If source concentrations do not exceed 
applicable screening level concentrations, no further action 
may be required. Compliance monitoring may be imple
mented, as appropriate, to confirm that current conditions 
persist or improve with time. 

4.5.2 Final Co"ective Action-If source concentrations 
exceed applicable screening level concentrations, a corrective 
action program may be designed and implemented to 
achieve the Tier I corrective action goals. This program may 
include some combination of source removal and contain
ment technologies, as well as institutional controls. 

4.5.3 lnlerim Corrective Action-If achieving the neces
sary risk reduction is impracticable due to technology or 
resource limitations, an interim corrective action, such as 
removal or treatment of "hot spots", may be conducted to 
address the most significant concerns, change the site classi
fication and initial response, and facilitate reassessment of 
the corrective action plan. 

4.5.4 Tier Upgrade-Further Analysis-If remediation, 
containment measures, and institutional controls are judged 
to be impracticable or inappropriate, additional site informa
tion can be collected as needed for reassessment of corrective 
action goals in accordance with Tier 2 of the RBCA process. 
This decision is typically based on comparing the cost of 
achieving Tier I corrective action goals with the cost for Tier 
2 analyses, considering the probability that the Tier 2 
site-specific goals will be significantly less costly to achieve 
than Tier I goals. It is important to note that both Tier I and 
Tier 2 screening levels are based on achieving similar levels 
of human health and environmental resource protection (for 
example, JQ-4 to JQ-6 risk levels); however, in moving to 
higher tiers the user is able to develop more cost-effective 
corrective action plans because the conservative assumptions 
of earlier tiers are replaced with more realistic site-specific 
assumptions. 

4.5.5 This decision and the scope of any proposed RBCA 

i.E
. :ud uses a combination of assessment data and 

· · · results to determine target source area 
· · · · . that correspond to compliance with the 

IJIIIGiid"OIIDpliiDce point target levels. Examples ofTier 2 ; . ~ltlalytes illdude: 
· 4.4~1 Application of Tier I RBSLs Look-Up Table values 
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a& reasonable poinu of compliance (as opposed to anywhere 
in an aquifer, geologic formation, or atmosphere as is done 
in Tier I), such as property boundaries or negotiated 
compliance points located somewhere between source areas 
and reasonable potential receptors. Corrective action goals 
(site-specific target levels, time to achieve these values, etc.) 
for source areas are then based on the demonstrated and 
predicted attenuation (reduction in concentration with dis
tance) of compounds that migrate away from the source 
area. 

4.6.2 Applying the methodology for deriving values in the 
Tier I RBSL Loolc-Up Table, with the exception that 
site-specific parameters may replace the Tier I conservative 
assumptions. An example might be in the modeling of 
hydrocarbons leaching from soils to ground water, where 
assumed infiltration rates, source sizes, and aquifer parame
ters are replaced with the actual values for a given site. 

4.6.3 An example of a Tier 2 application is illustrated in 
Fig. 3. Here, fuel has been released from a leaking product 
line and ground water is impacted. The responsible party 
wishes to establish target concentrations for ground water in 
the source areas based on assessment data that demonstrates 
the attenuation of contaminants down-gradient of the source 
area. A negotiated compliance point is selected down
gradient of the source area and up-gradient of any actual 
potential receptors. Data from the site indicates that contam
inant concentrations are observed, and predicted, to decline 
by a factor of I 00 between the source area and the 
compliance point, therefore the target source area ground 
water concentration is established at I 00 times the compli
ance point concentration. 

4.6.4 Tiers 2 and 3 of the RBCA process involve the 
development of SSTLs based on the measured and predicted 
attenuation of contaminants away from the source area(s). 
Tier 2 is based on the practical realization that our ability to 
characterize sites is limited; and, therefore, expectations for 
compound attenuation with distance from source area(s) are 
based on interpolating and extrapolating site-specific data 
through the use of relatively simplistic "screening" mathe
matical models. These predictive equations are characterized 
by the following: 
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4.6.4.1 The models are relatively simplistic, and are often 
algebraic or semi-analytical expressions, 

4.6.4.2 Model input is limited to practicably attainable 
site-specific data, or easily estimated quantities (for example, 
total porosity, soil bulk density), and 

4.6.4.3 The models are based on descriptions of relevant 
physical/chemical phenomena. Any mechanisms that are 
neglected result in predictions that are conservative relative 
to those likely to occur (for example, assuming constant 
concentrations in petrQleum source areas, or neglecting 
attenuation due to natural biodegradation). In other words, 
these models are biased towards predicting exposure concen
trations in excess of those likely to occur. Appendix X3 
discusses the use of predictive models and presents example 
screening level models that might be considered for Tier 2 
analyses. 

4. 7 Step 6: Evaluation of Tier 2 Results-At this point, 
results of the Tier 2 analyses are reviewed and one of the 
following four options is selected: 

4. 7 .I No Action-If source concentrations do not exceed 
Tier 2 SSTLs, no further action may be required. Compli
ance monitoring may be implemented, as appropriate, to 
confirm that current conditions persist or improve with time. 

4.7.2 Final Corrective Action-If source concentrations 
exceed Tier 2 SSTLs, a corrective action program may be 
designed and implemented. This program may include some 
combination of source removal, treatment, and containment 
technologies, as well as institutional controls. 

4.7.3 Interim Corrective Action-If achieving the desired 
risk reduction is impracticable due to technology or resource 
limitations, an interim corrective action, such as removal or 
treatment of "hot spots, n may be conducted to address the 
most significant concerns, change the site classification, and 
facilitate reassessment of the corrective action plan. 

4.7.4 Tier Upgrade-Further Analysis-If remediation, 
containment measures, and institutional controls are judged 
to be impracticable, additional site information can be 
collected as needed for reassessment of corrective action 
goals in accordance with Tier 3 of the RBCA process. This 
decision is typically based on comparing the cost of 
achieving Tier 2 corrective action goals with the cost for Tier 
3 analyses, considering the probability that the Tier 3 
site-specific goals will be significantly less costly to achieve 
than Tier 2 goals. It is important to note that both Tier 2 and 
Tier 3 screening levels are based on achieving similar levels 
of human health and environmental resource protection (for 
example, 10-4 to I o-6 risk levels); however, in moving no 
higher tiers the user is able to develop more cost-effective 
corrective action plans because the conservative assumptions 
of earlier tiers are replaced with more realistic site-specific 
assumptions. 

4.7.5 This decision and the scope of any proposed RBCA 
activities are now recorded and Tier 2 is complete. 

4.8 Step 7. Tier ]-Expanded Site Assessment. Reclassi
fication. and Site-Specific Corrective Action Goals (Op
tional)-ln a Tier 3 assessment. SSTLs are developed on the 
basis of more sophisticated statistical and contaminant fate 
and transport analyses, using site-specific input parameters 
(for example, ~!ante Carlo simulations). Tier 3 corrective 
action assessments commonly involve collection of signifi
cant additional site information and completion of more 
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costly modeling efforts than required for either a Tier 1 or 
Tier 2 planning effort. Examples of Tier 3 analyses include 
the following: 

4.8.1 The use of numerical ground water codes that 
predict time-dependent dissolved contaminant transport 
under conditions of spatially varying permeability fields to 
predict exposure point concentrations, 

4.8.2 The use of site-specific data, screening level models, 
and Monte Carlo analyses to predict a statistical distribution 
of exposures and risks for a given site, and 

4.8.3 The gathering of sufficient data to refine site-specific 
parameter estimates (for example, biodegradation rates) and 
improve model accuracy in order to minimize future moni
toring requirements. 

4.9 Step 8: Evaluation of Tier 3 Results-At this point, 
results of the Tier 3 analyses are reviewed and one of the 
following four options is selected: 

4.9.1 No Action-If source concentrations do not exceed 
Tier 3 SSTLs, no further action may be required. Compli
ance monitoring may be implemented, as appropriate, to 
confirm that current conditions persist or improve with time. 

4.9.2 Final Corrective Action-If source concentrations 
exceed Tier 3 SSTLs, a corrective action program may be 
designed and implemented. This program may include some 
combination of source removal, treatment, and containment 
technologies, as well as institutional controls. 

4.9.3 Interim Corrective Action-If achieving the desired 
risk reduction is impracticable due to technology or resource 
limitations, an interim corrective action, such as.removal or 
treatment of "hot spots," may be conducted to address the 
most significant concerns, change the site classification, and 
facilitate reassessment of the corrective action plan. 

4.9.4 This decision and the scope of any proposed RBCA 
activities are now recorded and Tier 3 is complete. 

4.10 Step 9: Implementing the Selected Corrective Action 
Program-When it is judged that no further assessment is 
necessary, or practicable, an engineering feasibility study 
should be conducted to confirm the most cost-effective 
option for achieving the final corrective action levels. De
tailed design specifications may then be developed for 
installation and operation of the selected measure. The 
corrective action must continue until such time as compli
ance monitoring indicates that contaminant concentrations 
no longer exceed the negotiated compliance levels. Correc
tive action options include mass removal (treatment, excava
tion, etc.) methods as well as containment and institutional 
controls (for example, deed restrictions). 

4.11 Step 10: Compliance Monitoring and Site Mainte
nance-In many cases, compliance monitoring for a limited 
time period is required to demonstrate the effectiveness of 
implemented corrective action measures. Upon completion 
of this monitoring effort (if required), no further action is 
required. In addition, some measures (for example, physical 
barriers-Capping, hydraulic control, etc.) require mainte
nance to ensure integrity and continued performance. 

4.12 No Further Action and Site Closure-When RBCA 
goals have been demonstrated to be achieved, and compli
ance monitoring and site maintenance are no longer re
quired to ensure that this condition persists, then no further 
action is necessary-except to ensure that institutional 
controls (if any) remain in place. 
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5. Potential Problems 

5.1 As with any process, the potential exists for misappli
cation of the RBCA process. In most cases the root cause will 
be a lack of understanding of the process and improper use 
of process components. In order to prevent misuse of the 
process, the following should be avoided: 

5. I .1 Use of Tier I risk-based screening levels as default 
remediation standards rather than conservative screening 
levels, 

5.1.2 Placing arbitrary time constraints on the process; for 
.example, requiring that Tiers 1, 2, and 3 be completed within 
30-day time periods rather than letting the time frame be 
based on risks posed by the site, 

5.1.3 Use of the process as a closure tool only, rather than 
a process that is applicable during all phases of corrective 
action, 

5.1.4 Requiring responsible parties to achieve technology
based remedial limits prior to requesting the approval for 
site-specific goals, 

5.1.5 Inappropriate use of predictive modelling, 
5.1.6 Dictating that corrective action goals can only be 

achieved through source removal and treatment actions, 
thereby restricting the use of exposure reduction options, 
such as containment and institutional controls, 

5.1. 7 Use of inappropriate or unfounded exposure factors, 
5.1.8 Use of antiquated toxicity parameters, 
5.1.9 Neglecting aesthetic and other criteria when negoti

ating target concentrations, 
5.1.1 0 Not considering the effects of additivity when 

screening multiple chemicals, 
5.1.11 Not negotiating institutional controls, compliance 

points, and target risk ranges before submitting corrective 
action plans, and 

5.1.12 Not honoring institutional controls. 

APPENDIXES 

(Nonmandatory Information) 

XI. PETROLEUM FUEL CHARACTERISTICS: COMPOSITION, PHYSICAL CHEMICAL PROPERTIES, AND 
TOXICOLOGICAL ASSESSMENT SUMMARY 

X 1. I Introduction: 
X I .1. I Petroleum fuels originating from crude oil are 

complex mixtures of hundreds to thousands of chemicals; 
however, practical limitations allow us to focus only on a 
limited subset of key components when assessing the impact 
of petroleum fuel releases to the environment. Thus, it is 
important to have a basic understanding of petroleum fuel 
properties, compositions, and the physical, chemical, and 
toxicological properties of some compounds most often 
identified as the key, or .. indicator, .. chemicals. 

X 1.1.2 This appendix provides a basic introduction to the 
physical, chemical, and toxicological characteristics of petro
leum fuels (gasoline, diesel fuel, jet fuel, etc.)'' focussed 
primarily towards that infonnation which is most relevant to 
assessing potential impacts due to releases of these fuels into 
the subsurface. Much of the infonnation presented is sum
marized from the references listed at the end of this guide. 
For specific topics, the reader is referred to the following 
sections of this appendix: 

X 1.1.2.1 Composition of Petroleum Fuels-See X 1.2. 
X 1.1.2.2 Physical. Chemical. and Toxicological Proper-

ties of Petroleum Fuels-See X1.3. 
X1.1.2.3 Indicator Compounds-See X1.4. 
X 1.1.2.4 Toxicity of Petroleum Hydrocarbons-See X 1.5. 
X 1.1.2.5 Profiles of Select Compounds-See X 1.6. 
X 1.2 Composition of Petroleum Fuels: 
X 1.2.1 Most petroleum fuels are derived from crude oil 

by distillation, which is a process that separates compounds 
by volatility. Crude oils are variable mixtures of thousands of 

• -Alternative Fuels.- or those fuels not baled on petroleum nydrocarbons (or 
con1.1ining them in small amounts), such as methanol or M85 an: beyond tile 
scope of the discussion in this appendi•. 
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chemical compounds, primarily hydrocarbons; conse
quently, the petroleum fuels themselves are also variable 
mixtures of large numbers of components .. The biggest 
variations in composition are from one type of product to 
another (for example, gasoline to motor oil); however, there 
are even significant variations within different samples of the 
same product type. For example, samples of gasoline taken 
from the same fuel dispenser on different days, or samples 
taken from different service stations will have different 
compositions. These variations are the natural result of 
differing crude oil sources, refining processes and conditions, 
and kinds and amount of additives used. 

X 1.2.2 Components of Petroleum Fuels-The. compo
nents of petroleum fuels can be generally classified as either 
hydrocarbons (organic compounds composed of hydrogen 
and carbon only) or as non-hydrocarbons (compounds 
containing other elements, such as oxygen, sulfur, or ni
trogen). Hydrocarbons make up the vast majority of the 
composition of petroleum fuels. The non-hydrocarbon com
pounds in petroleum products are mostly hydrocarbon-like 
compounds containing minor amounts of oxygen, sulfur, or 
nitrogen. Most of the trace levels of metals found in crude oil 
are removed by refining processes for the lighter petroleum 
products. 

X 1.2.3 Descriptions and Physical Properties of Petroleum 
Fuels-In order to simplify the description of various 
petroleum products, boiling point ranges and carbon number 
(number of carbon atoms per molecule) ranges are com
monly used to describe and compare the compositions of 
various petroleum products. Table X 1.1 summarizes these 
characteristics for a range of petroleum products. Moving 
down the list from gasoline, increases in carbon number 
range and boiling range and decreases in volatility (denoted 
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by increasing flash point) indicate the transition to "heavier 
products." Additional descriptions of each of these petro
leum fuels are provided below. 

X 1.2.4 Gasoline-Gasoline is composed of hydrocarbons 
and "additives" that are blended with the fuel to improve 
fuel performance and engine longevity. The hydrocarbons 
fall primarily in the C4 to C 12 range. The lightest of these are 
highly volatile and rapidly evaporate from spilled gasoline. 
C4 and C5 aliphatic hydrocarbons rapidly evaporate from 
spilled gasoline (hours to months. depending primarily on 
the temperature and degree of contact with air). Substantial 
portions of the C6 and heavier hydrocarbons also evaporate, 
but at lower rates than for the lighter hydrocarbons. 

X 1.2.4.1 Figure X 1.1 shows gas chromatograms of a fresh 
gasoline and the same gasoline after simulated weathering; 
air was bubbled through the gasoline until 60 % of its initial 
volume was evaporated. In gas chromatography, the mixture 
is separated into its components, with each peak representing 
different compounds. Higher molecular weight components 
appear further to the right along the x-axis. For reference, 
positions of the n-aliphatic hydrocarbons are indicated in 
Fig. X 1.1. The height of, and area under, each peak are 
measures of how much of that component is present in the 
mixture. As would be expected by their higher volatilities, 
the lighter hydrocarbons (up to about C7) evaporate first and 
are greatly reduced in the weathered gasoline. The gas 
chromatogram of a fuel oil is also shown for comparison. 

X 1.2.4.2 The aromatic hydrocarbons in gasoline are pri
marily: benzene (C6H6), toluene (C7H1), ethylbenzene 
(C8H 10), and xylenes (C8H 10); these are collectively referred 
to as "BTEX." Some heavier aromatics are present .also, 
including low amounts of polyaromatic hydrocarbons 
(PAHs). Aromatics typically comprise about 10 to 40% of 
gasoline. 

X 1.2.4.3 Oxygenated compounds ("oxygenates") such as 
alcohols (for example, methanol or ethanol) and ethers (for 
example, methyl tertiarybutyl ether-MTBE) are sometimes 
added to gasoline as octane boosters and to reduce carbon 
monoxide exhaust emissions. MTBE has been a common 
additive only since about 1980. 

X 1.2.4.4 Leaded gasoline, that was more common in the 
past, contained lead compounds added as octane boosters. 
Tetraethyl lead (TEL) is one lead compound that was 
commonly used as a gasoline additive. Other similar com
pounds were also used. Sometimes mixtures of several such 
compounds were added. Because of concerns over atmo
spheric emissions of lead from vehicle exhaust, the EPA has 
reduced the use of leaded gasolines. Leaded gasolines were 
phased out of most markets by 1989. 

X 1.2.4.5 In order to reduce atmospheric emissions of 
lead, lead "scavengers" were sometimes added to leaded 
gasolines. Ethylene dibromide (EDB) and ethylene 
dichloride (EDC) were commonly used for this purpose. 

X 1.2.5 Kerosene and Jet Fuel-The hydrocarbons in 
kerosene commonly fall into the Cll to Cl3 range, and 
distill at approximately 150 to 25o•c. Special wide-cut (that 
is, having broader boiling range) kerosenes and low-flash 
kerosenes are also marketed. Both aliphatic and aromatic 
hydrocarbons are present, including more multi-ring com
pounds than gasoline. 

X 1.2.5.1 Commercial jet fuels JP-8 and Jet A have similar 
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compositions to kerosene. JP-4 and JP-5 are wider cuts used 
by the military. They contain lighter distillates and have 
some characteristics of both gasoline and kerosene. 

X1.2.5.2 Aromatic hydrocarbons comprise about 10 to 
20 % of kerosene and jet fuels. 

X 1.2.6 Diesel Fuel and Light Fuel Oils-Light fuel oils 
include No. I and No. 2 fuel oils, and boil in the range from 
160 to 400•c. Hydrocarbons in light fuel oils and diesel fuel 
typically fall in the CIO to C20 range. Because of their higher 
molecular weights, constituents in these fuels are less volatile, 
less water soluble, and less mobile than gasoline or kerosene 
range hydrocarbons. 

X 1.2.6.1 About 25 to 35 % of No. 2 fuel oil is composed 
of aromatic hydrocarbons, primarily alkylated benzenes and 
naphthalenes. BTEX concentrations are generally low. 

X 1.2.6.2 Number I fuel oil is typically a straight run 
distillate. 

X 1.2.6.3 Number 2 fuel oil can be either a straight run 
distillate, or else is produced by catalytic cracking (a process 
in which larger molecules are broken down into smaller 
ones). Straight run distillate No. 2 is commonly used for 
home heating fuel, while the cracked product is often used 
for industrial furnaces and boilers. Both No. I and No. 2 fuel 
oils are sometimes used as blending components for jet fuel 
or diesel fuel formulations. 

X 1.2. 7 Heavy Fuel Oils-The heavy fuel oils include 
Nos. 4, 5, and 6 fuel oils. They are sometimes referred to as 
"gas oils" or "residual fuel oils." These are composed of 
hydrocarbons ranging from about C 19 to C25 and have a 
boiling range from about 315 to 54o·c. They are dark in 
color and considerably more viscous than water. They 
typically contain 15 to 40 % aromatic hydrocarbons, domi
nated by alkylated phenanthrenes and naphthalenes. Polar 
compounds containing nitrogen, sulfur, or oxygen may 
comprise 15 to 30 % of the oil. 

X 1.2. 7 .I Number 6 fuel oil, also called "Bunker Fuel." or 
"Bunker C." is a gummy black product used in heavy 
industrial applications where high temperatures are available 
to fluidize the oil. Its density is greater than that of water. 

X 1.2. 7.2 Numbers 4 and 5 fuel oils are commonly 
produced by blending No. 6 fuel oil with lighter distillates. 

X 1.3 Physical. Chemical. and Toxicological Characteris
tics of Petroleum Fuels: 

X 1.3.1 Trends in Physical/Chemica/ Properties of Hydro
carbons-In order to better understand the subsurface be
havior of hydrocarbons it is helpful to be able to recognize 
trends in important physical properties with increasing 

TABLE X1.1 Generalized Chemical and Physical Characterization 
of Petroleum Fuels 

Predominant 
Boiling Range. 

Cartlon No. 
Range 

(•C) 

GaSOline C4 to C12 25to215 
Kerosene and Jet C11 to C13 150 to 250 

Fuels 
Diesel Fuel and Light C10 to C20 160 IO 400 

Fuel Oils 
Heavy Fuet Oils C19 to C25 315 to 540 

A T ypocal values. 
11 Jet-8, AVTAG and JP-4. 
c Kerosene. Jet A. Jet A-1. JP-8 and AVTUA. 
o AVCAT and JP·5. 

Flash Poont. A 

(•C) 

-40 
<21.• 21 to 55.c 

>55° 
>35 

>50 
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FIG. X1.1 Gea Chromatogram• of Some Petroleum Fuela 

number of carbon atoms. These trends are most closely 
followed by compounds with similar molecular structures, 
such as the straight-chained, single-bonded aliphatic hydro
carbons. In general, as the carbon number (or molecule size) 
increases, the following trends are observed. 

X 1.3.1.1 Higher boiling points (and melting points), 
X 1.3.1.2 Lower vapor pressure (volatility), 
X 1.3.1.3 Greater density, 
Xl.3.1.4 Lower water solubility, and 
X 1.3.1.5 Stronger adhesion to soils and less mobility in 

the subsurface. 
X 1.3.2 Table X 1.2 lists physical, chemical, and toxicolog

ical properties for a number of hydrocarbons found in 
petroleum fuels. In general: 

X 1.3.2.1 Aliphatic petroleum hydrocarbons with more 
than ten carbon atoms are expected to be immobile in the 
subsurface, except when dissolved in non-aqueous phase 
liquids (NAPLs), due to their low water solubilities, low 
vapor pressures, and strong tendency to adsorb to soil 
surfaces. 

X 1.3.2.2 Aromatic hydrocarbons are more water soluble 
and mobile in water than aliphatic hydrocarbons of similar 
molecular weight. 

X 1.3.2.3 Oxygenates generally have much greater water 
solubilities than hydrocarbons of similar molecular weight, 
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and hence are likely to be the most mobile of petroleum-fuel 
constituents in leachate and ground water. The light 
alcohols, including methanol and ethanol, are completely 
miscible with water in all proportions. 

X 1.3.3 Properties of Mixtures-It is important to note 
that the partitioning behavior of individual compOunds is 
affected by the presence of other hydrocarbons in the 
subsurface. The maximum dissolved and vapor concentra
tions achieved in the subsurface are always less than that of 
any pure compound, when it is present as one of many 
constituents of a petroleum fuel. For example, dissolved 
benzene concentrations in ground water contacting gasoline
impacted soils rarely exceed I to 3 % of the :::: 1800 mg/L 
pure component solubility of benzene. 

X 1.3.4 Trends in Toxicological Properties of Hydrocar
bons-A more detailed discussion of toxicological assess
ment is given in X 1.5 (see also Appendix X3), followed by 
profiles for select chemicals found in petroleum fuels given 
in X 1.6. Of the large number of compounds present in 
petroleum fuels, aromatic hydrocarbons (BTEX, PAH's, 
etc.) are the constituents that human and aquatic organisms 
tend to be most sensitive to (relative to producing adverse 
health impacts). 

X 1.4 Indica/or Compounds for Risk Assessments: 
X 1.4.1 It is not practicable to evaluate every compound 
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TABLE X1.2 Chemical and Toxicological Properties of Selected Hydrocarbons 

Octanoi/W ater Orgaruc Cartx:>n 
Weight of Oral RIO InhalatiOn RfC Oral Slope Factor" Drinking Water Solubitity• Partition AdsorptiOn 

Compounds Evidence 

Benzene 
Toluene 
EthylblnZene 
XyleMI 
n-Hexane 
MTBE 
MEK 
MIBK 
Methanol 
Ethanol 
TBA 
Lead 
EOC 
EOB 

PAHe: 

Pyrena 
BenzD(a»Yr-
Anlhrllelne 
Phenan~ 

Naphthalene 
Clvysene 
BenzD(k)fluorlntnene 
Fluofw,e 
Flucnnthene 
BenzD(g)l,i)perylene 
BenzO(b)fluorlntnene 
Benz(l)lnlhrllelne 

A See Ref (1). 
1 See Ref (4). 
c See Ref (7). 
0 See Ref (7). . 

Class" 
(mgJkg-Cay) 

A 
0 0.2A 
0 0.1A 
0 2A 
6 0.06c. 0.6° 

6 

0 0.6A 
fl 

0.5A 

82 
82 
82 

0 0.Q3A 
82 
0 0.3A 
0 
o• 0.0Q4C, 0.04° 
82 
82 
0 0.04A 
0 0.04A 
0 
B2 
82 

• The data II pending In tne EPA-IRIS datlbul. 

(mgjm3] 

0.4A 
1A 
0.3C.6 
0.2° 
3A 
1A 
o.oac.6, 0.8° 
E 

(mgJkg-day]-1 MCL" (mgjl.J [moll.) Coetficient. Coetficient. 
(IOc;j t<_) (log Ko.l 

0.029° 0.005 1750 2.12 1.92 
1 535 2.73 2.48 
0.7 152 3.15 3.04 
10.0 198 3.28 2.38 

t34 

48000 .. 1.06-1.3QH 1.08° 
268 000 0.28 0.65 

1 000 000 -0.32 0.34 

O.Q15J 
0.091 0.005 8520 1.48 1.15 
85 0.00005 4300 1.78 1.64 

0.132 4.88 4.58 
7.3 0.0002 0.00120 8.06 6.74 

0.0450 4.45 4.15 
1.00 4.48 4.15 
31.04 3.01 4 3.11" 

1.15H 0.0002 0.00180 5.61 5.30 
0.0002"' 0.00430 6.06 5.74 

1.69 4.20 3.86 
0.206 4.90 4.58 
0.000700 6.51 6.2 

0.0002"' 0.0140 8.06 5.74 

0.0002"' 0.00570 5.60 6.14 

fl The data hu been withdrawn In tne EPA-IRIS datlbul. , 

a The intlalatlon tnt risk for benZene is 8.3 x 1 o-3 (mgJm3}-1 • The drinking water unit risk for benZene is 8.3 x 1 o-• (mgJL)-1 • 

N See Ref ( 10). Helllh-buad criteria for c:an:inoglnlc polyCyClic lfOITIItlc c:cmpounds (PAHs) with tn. exception of dibenZo(a)l)lntllracene are set at one tenth of the 

level of benZD(a»Yr- clue to their rec:og1iZid lesser potency •• 
'listed In tne J..-y 1991 Orinkilg Watw Prlor1ty list and may be subject to future regulation (56 FR 1470, 01/14/91). 

J USEPA. May 1993. Ofllce of Or1nklng Watw. 151lg/L is an action leYel; standard for tap watw. 
,.. PropoMd stancllrd. 
• See Ref (11) • 
., See Ref (12). 
N See Ref (13). 
o Estinatlon Equation (from (14)): 

(1) IOc;j K,., • -0.55 IOc;j S + 3.64, whent S • wat• solubility (mgJL) 

121 10c;1 K... - o.544 10c;1 P + 1.3n 
" See Ref (1). 

present in a petroleum product to assess the human health or 
environmental risk from a spill of that product. For this 
reason, risk management decisions are generally based on 
assessing the potential impacts from a select group of 
"indicator" compounds. It is inherently assumed in this 
approach that a significant fraction of the total potential 
impact from all chemicals is due to the indicator com
pounds. The selection of indicator compounds is based on 
the consideration of exposure routes, concentrations, mobil
ities, toxicological properties and aesthetic characteristics 
(taste, odor, etc.). Historically, the relatively low toxicities 
and dissolved-phase mobilities of aliphatic hydrocarbons 
have made these compounds of less concern relative to 
aromatic hydrocarbons. When additives are present in signif
icant quantities, consideration should also be given to 
including these as indicator compounds. 

X 1.4.2 Table X 1.3 identifies indicator compounds most 
often considered when assessing impacts of petroleum fuels, 
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TABLE X1.3 Commonly Selected lndiclltor Compound• tor 
Petroleum Fuela 

Benzene 
Toluene 
Ethytbenz
Xytene 
MTBE. TBA, 

MEK. MIBK, 
methanol. ethanol 

Lead, EOC. EOB 
PNAs• 

X 
X 
X 
X 

When 
suspec:tadA 

Diesel/ 
Leaded K~/ Ugnt 
Gasoline Jet Fuels Fuel O~s 

X 
X 
X 
X 

When 
suspected A 

X 

X 
X 
X 
X 

X X 

Heavy 
Fuel 
O~s 

X 

A For example. wnen these compoundS may have been present 111 the spoiled 

gasoline. n- edatiYes are oot present in a1 gasolineS. 

• A list of selec:11d PNAs lor consideration is presented in Table X12 

based on knowledge of their concentration in the specific 
fuel, as well as their toxicity, water solubility, subsurface 
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mobility, aesthetic characteristics, and the availability of 
sufficient infonnation to conduct risk assessments. The 
indicator compounds are identified by an "X" in the 
appropriate column. 

X 1.5 Toxicity of Petroleum Hydrocarbons: 
X 1.5.1 The following discussion gives a brief overview of 

origin of the toxicity parameters (reference doses (RIDs), and 
slope factors (SFs), a justification for common choices of 
indicator compounds and then, in X 1.6, a brief summary of 
the toxicological, physical, and chemical parameters associ
ated with common indicator compounds. 

Xl.5.2 How Toxicity Is Assessed: Individual Chemicals 
Versus Mixtures-The toxicity of an individual chemical is 
typically established based on dose-response studies that 
estimate the relationship between different dose levels and 
the magnitude of their adverse effects (that is, toxicity). The 
dose-response data is used to identify a "safe dose" or a toxic 
level for a particular adverse effect. For a complex mixture of 
chemicals, the same approach can be used. For example, to 
evaluate the toxicity of gasoline, a "pure" reference gasoline 
would be evaluated instead of the individual chemical. This 
"whole-product" approach to toxicity assessment is strictly 
applicable only to mixtures iden~ical to the evaluated mix
ture; gasolines with compositions different from the refer
ence gasoline might have toxicities similar to the reference, 
but some differences would be expected. In addition, as the 
composition of gasoline released to the environment changes 
through natural processes (volatilization, leaching, biodegra
dation), the toxicity of the remaining portion may change 
also. 

X 1.5.3 An alternative to the "whole-product" appr-Oach 
for assessing the toxicity of mixtures is the "individual
constituent" approach. In this approach, the toxicity of each 
individual constituent (or a selected subset of the few most 
toxic constituents, so-called "indicator compounds") is sepa
rately assessed and the toxicity of the mixture is assumed to 
be the sum of the individual toxicities using a hazard index 
approach. This approach is often used by the USEPA; 
however, it is inappropriate to sum hazard indices unless the 
toxicological endpoints and mechanisms of action are the 
same for the individual compounds. In addition, the com
pounds to be assessed must be carefully selected based on 
their concentrations in the mixture, their toxicities, how well 
their toxicities are known, and how mobile they are in the 
subsurface. Lack of sufficient toxicological infonnation is 
often an impediment to this procedure. 

X 1.5.4 Use ofTPH Measurements in Risk Assessments
Various chemical analysis methods commonly referred to as 
"total petroleum hydrocarbons" (TPH) are often used in site 
assessments. These methods usually detennine the total 
amount of hydrocarbons present as a single number, and 
give no infonnation on the types of hydrocarbon present. 
Such TPH methods are useful for identifying the boundaries 
of contamination and for locating "hot spots," and may be 
useful for risk assessments where the whole product toxicity 
approach is appropriate. However in general, TPH should 
not be used for "individual constituent" risk assessments 
because the general measure of TPH provides insufficient 
infonnation about the amounts of individual compounds 
present. 

X 1.5.5 Toxicity Assessment Process-Dose-response data 
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are used to identify a "safe dose" or toxic level for a 
particular observed adverse effect. Observed adverse effects 
can include whole body effects (for example, weight loss, 
neurological observations). effects on specific body organs, 
including the central nervous system, teratogenic effects 
(defined by the ability to produce birth defects), mutagenic 
effects (defined by the ability to alter the genes of a cell) and 
carcinogenic effects (defined by the ability to produce 
malignant tumors in living tissues). Because of the great 
concern over risk agents which may produce carcinogenic 
effects, the U.S. Environmental Protection Agency has 
developed weight-of-evidence criteria for detennining 
whether a risk agent should be considered carcinogenic (see 
Table X 1.2). 

X 1.5.6 Most estimates of a "safe dose" or toxic level are 
based on animal studies. In rare instances, human epidemi
ological infonnation is available on a chemical. Toxicity 
studies can generally be broken into three categories based 
on the number of exposures to the risk agent and the length 
of time the study group was exposed to the risk agent. These 
studies can be described as follows: 

X 1.5.6.1 Acute Studies-Acute studies, typically use one 
dose or multiple doses over a short time frame (24 h). 
Symptoms are usually observed within a short time frame 
and can vary from weight loss to death. 

X 1.5.6.2 Chronic Studies-Chronic studies, use multiple 
exposures over an extended period of time, or a significant 
fraction of the animal's (typically two years) or the individ
ual's lifetime. The chronic effects of major concern are 
carcinogenic, mutagenic, and teratogenic effects. Other 
chronic health effects such as liver and kidney damage are 
also important. 

X 1.5.6.3 Subchronic Studies-Subchronic studies, use 
multiple or continuous exposures over an extended period 
(three months is the usual time frame in animal studies). 
Observed effects include those given for acute and chronic 
studies. 

1.5.6.4 Ideally, safe or acceptable doses are calculated 
from chronic studies, although, due to the frequent paucity 
of chronic data, subchronic studies are used. 

X 1.5. 7 Data from the above studies are used to generate 
reference doses (RIDs), reference concentrations (RR:s), and 
are also used in generating drinking water maximum concen
tration levels (MCLs) and goals (MCLGs), health advisories 
(HAs) and water quality criteria. These tenns are defined in 
Table Xl.4. 

X 1.5.8 Selection of Indicator Compounds-The impact 
on human health and the environment in cases of gasoline 
and middle distillate contamination of soils and ground 
water can be assessed based on potential receptor (that is, 
aquatic organisms, human) exposure to three groups of 
materials; light aromatic hydrocarbons, polycyclic aromatic 
hydrocarbons (PAHs), and in older spills, lead. Although not 
one of the primary contaminants previously described, 
ethylene dibromide (EDB) and ethylene dichloride (EDC) 
were used as lead scavengers in some leaded gasolines and 
may be considered compounds of concern, when present. 

X 1.5.9 The light aromatics, benzene, toluene, xylenes. 
and ethylbenzene have relatively high water solubility and 
sorb poorly to soils. Thus. they have high mobility in the 
environment, moving readily through the subsurface. When 
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TABLE X1.4 Weight of Evidence Criteria for Carcinogen• 

Category 

81 

82 

c 

0 

E 

Crttenon 

Human carcinogen. with sufficient evidence from epodemiological 
studies 

Probable hunan carcinogen. with limited evidence from eptde
rnloiogtcal studies 

Probable human c:arcinogen. with sutlicient evidence from animal 
studies and iMdequate 8Yidenc8 Of no data from epidemiological 
studies 

Possible hunan carcinogen. with limited evidence from animal 
studies in the absenCe of human data 

Not classifiable as to human carcinogenicity. owing to inadequate 
human and animal evidence 

Evidance of noncarcinogenicity !Of humans. with no eYidence of 
Cll ciuogenic:ity in at least twO adequate animal tests in different 
species. or in bOth adequate animal and epidemiological studies 

released into surface bodies of water, these materials exhibit 
moderate to high acute toxicity to aquatic organisms. Al
though environmental media are rarely contaminated to the 
extent that acute human toxicity is an issue, benzene is listed 
by the USEPA as a Group A Carcinogen (known human 
carcinogen) and, thus, exposure to even trace levels of this 
material is considered significant. 

Xl.5.10 Polycyclic aromatics can be broken into two 
categories: naphthalenes and methylnaphthalenes (dia
romatics) have moderate water solubility and soil sorption 
potential and, thus, their movement through the subsurface 
tends to be less than monoaromatics, but substantial move
ment can still occur. When released into surface bodies of 
water, these materials have moderate to high toxicity to 
aquatic organisms. PAHs with three or more condensed rings 
have very low solubility (typically less than I ~g/L) and-sorb 
strongly to soils. Thus, their movement in the subsurface is 
minimal. Several members in the group of three to six ring 
PAHs are known or suspected carcinogens and, thus, expo
sure to low concentrations in drinking water or through the 
consumption of contaminated soil by children is significant. 
In addition, materials containing four to six ring PAHs are 
poorly biodegradable and, coupled with the potential to 
bioaccumulate in tissues of aquatic organisms, these mate
rials have the potential to bioconcentrate (be found at levels 
in living tissue far higher than present in the general 
surroundings) in the environment. 

X 1.5.11 Although' almost totally eliminated from use in 
gasolines in the United States, lead is found associated with 
older spills. Lead was typically added to gasoline either as 
tetraethyl or tetramethyl lead and may still be found in its 
original form in areas containing free product. Typically 

outside the free product zones, these materials have decom
posed into inorganic forms of lead. Lead is a neurotoxin and 
lead in the blood of children has been associated with 
reduced intellectual development. The ingestion by children 
of lead-contaminated soils is an exposure route of great 
concern, as is the consumption of lead-contaminated 
drinking water. EDC and EDB, used as lead scavengers in 
gasolines, are of concern because of their high toxicity 
(potential carcinogens) and their high mobility in the envi
ronment. 

Xl.5.12 In summary, benzene and benzo(a)pyrene (and 
in some cases EDB and EDC) are indicator compounds 
because of their carcinogenicity. Other PAHs may also be 
grouped with B(a)P because of uncertainties in their carcino
genicity and because they may accumulate (bioconcentrate) 
in living tissue. 

X 1.5.13 Toxicity and Physical/Chemica/ Properties for 
Indicator Compounds-A summary of health effects and 
physical/chemical properties for a number of indicator 
compounds are provided in Table X 1.2. This table provides 
toxicological data from a variety of sources, regardless of 
data quality. A refined discussion for selected indicator 
compounds are given below. The reader is cautioned that 
this information is only current as of the dates quoted below, 
and the sources quoted below may have been updated, or 
more recent information may be available in the peer
reviewed literature. 

X 1.5.13.1 The RID or SF values are generally obtained 
from a standard set of reference tables (for example, Inte
grated Risk Information System, IRIS (6) or the Health 
Effects Summary Assessment Tables, HEAST {7)). Except as 
noted, the toxicity evaluations that follow were taken from 
IRIS (6) because these are EPA-sanctioned evaluations. The 
information in IRIS (6), however, has typically only been 
peer-reviewed within the EPA and may not always have 
support from the external scientific community. The infor
mation in IRIS may also be subject to error (as exampled by 
recent revisions in the slope factor for B(a)P and RIC for 
MTBE). 

X 1.5.13.2 HEAST {7) is a larger database than IRIS {6) 
and is often used as a source of health effects information. 
Whereas the information in IRIS {6) has been subject to data 
quality review, however, the information in the HEAST (7) 
tables has not. The user is expected to consult the original 
assessment documents to appreciate the strengths and limi
tations of the data in HEAST {7). Thus, care should be 
exercised in using the values in HEAST (7). 

TABLE X1.5 Definitions of Important Toxicological Characteristics 

Reference Dose--A reference dose IS an estimate (With an uncertainty typcally spanning an Ofder of magn!Udel of a dally exposure (mgjltgJday) to the general human 
population (including senSitive subgroupsj that is likely to be Without an appreciable risk of deletenous effects esunng a ~fetime of exposure. 
Reference Concentration-A reference concentration 1s an estimate (With an uncert811'1ty SpannlnCJ pernaps an order of magnltudej of a continuous innalation exposure 
to..,_ human population (including senSitive subgroups) that is likely to be Without appreciable deletenous effects during a ~tetime. 
Slope Factor-The slope of the dose-response curve 10 the IOw~se reg10n. When IOw.OOse tineanty cannot be assumed. the slope factOf IS the Slope of the stra.ght 
line from zero dose to the dose at 1 ~ excess nsk. N1 upper bound on thiS slope IS usually used instead of the slope 1tself. The un1ts of the slope fectOf are usually 
expressed as (mg/kg/dayj. -• 
Drinking Water MCL.s and MCLGs-Maxmum Contii/Tllr1allt Levels (MCLsj are drinklrlQ water standards establiSI'Iecl by the EPA that are protective of human health. 
However. these standards tal<e 10to account the tedlnologiCal capability of atta1ning these standards. The EPA has. therefOfe, also established MCL goals (MCLGsl 
which are based only on the protectiOn of human health. The MCL standards are often used as cJean.<.Jp cntena. 
Drinking Water Health AtMsories-The Office of DMklrlQ Water provides health adv1sones (HAsj as tecllnical gUidanCe fOf the protect1011 of human health. They are not 
entOfceat:lfe federal standards. HAs are the concentrat1011 of a substance 10 dnnklrlQ water estimated to have negliOible detetenous effects in humans. when ingested fOf 
speofled tllne periods. 

Water Ouality Critefla-These cntena are not rules and they do not have regulatOtY impact. Rather. these cntena present soent•fic data and guidance of the 
enwonmentaJ effects of pollutants whiC/'I can be useful to denve regulatOtY reqUirements based on conslderatiOt'IS of water Quality •mpacts. 

18 
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X 1.5.13.3 References for the physical/chemical properties 

are provided in Table Xl.2. All Henry's law constants 

quoted in MTBE that is from 

estimation: MW is lhc 

molecular • 4l.QQOl:> ... 

mg/L. 
X 1.6 ~ .. , ., •.. ·,: , .1 , 

Xl.6.1 · ··;,:-~~ir~:;.~ 

Xl.6.1.l 
ological studies'. 1blfllllir lllliii~•..._; 

carcinogen :O•fr.'jfl'•ell•llnf· 
human c:atl;i~-
2.9 X 1 
based~ 
exposure, bY 
maximulil ··ccni18HiUiitl 
analytical . . ":~te . . . . •.. · . . .. ·· · · · 
level goal (Mct.G) for ' · . · · ··' ,j. : ' • 

Xl.6.1.2 Althouab EPA <kks DOt ...,Uy set tona~tem~· 

drinking water advisories t'or c:arcib~· materials (no 

exposure to carcinogens is considered acceptable). a ten-day 

drinking water health advisory for a cbiJd bas been set at 

0.235 mg/L based on hematological impairment in animals. 

The EPA is in the process of evaluating noncancer effects 

and an oral RID for benzene is pending. 

X 1.6.1.3 In situations in which both aquatic life and 

water arc consumed from a particular body of water, a 

recommended EPA water-quality criterion is set at 0.66 

~g/L. When only aquatic organisms are consumed, the 

criterion is 40 ~g/L. These criteria were established at·the 

one-in-one-million risk level (that is, the criteria represent a 

one-in-one-million estimated incremental increase in cancer 

risk over a lifetime). 
X 1.6.1.4 Physical/Chemica/ Parameter Summary-Ben

zene is subject to rapid volatilization (Henry's law constant 

= 5.5 x 10-3 ml-atm/mol) under common above-ground 

environmental conditions. Benzene will be mobile in soils 

due to its high water solubility ( 1.75 x 106 ~g/L) and 

relatively low sorption to soil particles (log Kot: = 1.92) and, 

thus, has the potential to leach into ground water. Benzene 

has a relatively low log K,.., value (2.12) and is biodegradable. 

Therefore, it is not expected to bioaccumulate. In laboratory 

tests, when a free gasoline phase was in equilibrium with 

water, typical benzene concentrations in water ranged from 

2.42 X I 04 to 1.11 X lQS ~g/L. 

X 1.6.2 Toluene: 
X 1.6.2.1 Toxicity Summary-Using data from animal 

studies, the USEPA has set an oral RID for toluene at 0.2 

mgjkg/day. In converting a no-observed adverse effect level 

(NOAEL) from the animal study, in which the critical effect 

observed was changes in liver and kidney weights, an 

uncertainty factor of 1000 and a modifying factor of I were 

used. The EPA has assigned an overall medium level of 

confidence in the RID because although the principal study 

was well performed, the length of the study corresponded to 

only subchronic rather than a chronic evaluation and 

reproductive aspects were lacking. Based on the RID and 

assuming 20% exposure from drinking water. the EPA has 

set both drinking water MCL and MCLG of 1000 tJ.g/L 

Drinking water health advisories range from I mgjL (lifetime 
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equivalent to the RID) to 20 mg/L (one-day advisory for a 

child). 
Xl.6.2.2 ln situations in which both aquatic life and 

water are consumed from a particular body of water, the 

~,m.-ne~ water quality criterion is set at 1.43 x 104 

~·· .~ only aquatic organisms are consumed, the 

~ii·4.l4X IO'J.Lg/L. 

ftli8:"'An inhalation RfC of 0.4 mglml was derived 

bdil'ft ~cal effects observed in a small worker 

poplitidOti An uncertainty factor of 300 and a modifying 

f'adOr'C:I f'Were used to convert the lowest observed adverse 

~ i.Wcf<t<?AE~) to the RfC7. The overall confidence in 

th{~!Ut' Wil cstaltlished as med1um because of the use of a 

t.fMl!rttHI ~of the paucity of exposure information. 

tlt:l!!l4 Pf11$itfli/Chemical Parameter Summary-T ol

uoi; W~ to volatilize rapidly, under common above

ariNMfenWOftlnental conditions, due to its relatively high 

HenrYs Jht ccmstant (6.6 x 10-3 ml-atm/mol). It will be 

mobile in soils based on an aqueous solubility of 5.35 x 10s 

J.llfL and relatively poor sorption to soils (estimated log K« 

• 2.48) and, hence, has a potential to leach into ground 

water. Toluene bas a relatively low log K0 .., (2.73) and is 

biodegradable. Bioaccumulation of toluene is, therefore, 

expected to be negligible. In laboratory tests, when a free 

gasoline phase was in equilibrium with water, typical toluene 

concentrations in water ranged from 3.48 x 104 to 8.30 x 

104 J.Lg/L. 
X 1.6.3 Xylenes: 
X 1.6.3.1 Toxicity Summary-Using data from animal 

studies, the USEPA has set an oral RID for xylenes at 2.0 

mg/kg/day. In converting a no-observed adverse effect level 

(NOAEL) from the animal study, in which the critical effects 

observed were hyperactivity, decreased body weight, and 

increased mortality (among male rats), an uncertainty factor 

of 100 and a modifying factor of I were used. The EPA has 

assigned an overall medium level of confidence in the RID 

because although the principal study was well designed and 

performed, supporting chemistry was not performed. A 

medium level of confidence was also assigned to the data

base. Based on the RID and assuming 20 % exposure from 

drinking water, the EPA has set both drinking water MCL 

and MCLG of I 0 000 g/L. Drinking water health· advisories 

of 10 mg/L (lifetime, adult) and 40 mg/L (one-day, ten-day, 

and long-term child). are quoted by the EPA's Office of 

Drinking Water. No USEPA ambient water criteria are 

available for xylenes at this time. Evaluation of an inhalation 

RfC is pending. 
X 1.6.3.2 Physical/Chemical Parameter Summary

Xylenes are expected to rapidly volatilize under common 

above-ground environmental conditions based on their Hen

ry's law constants (for a-xylene, H = 5.1 x 10-J 

ml-atm/mol). Xylenes have a moderate water solubility 

( 1.46-1.98 x I o~ J.Lg/L) (pure compound) as well as mod

erate capacities to sorb to soils (estimated log K« 2.38-2. 79) 

and, therefore, they will be mobile in soils and may leach 

into ground water. Xylenes are biodegradable, and with log 

Kvw values in the range from 2.8 to 3.3, they are not expected 

to bioaccumulate. In laboratory tests, when a free gasoline 

phase was in equilibrium with water, typical combined 

ethylbenzene and xylenes concentrations in water ranged 

from 1.08 x 104 to 2.39 x 104 ~g/L. 
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X 1.6.4 Ethytbenzme: 
X 1.6.4.1 Toxicity Summary-Using data from animal 

studies, Jba u oralllfD for ethylbenzene at 
0.1 llCHbserved adverse 

tainty 
The 
theRIDt.••IIU 

~ Wll!. ·,-., ...... 

denc:e ia dw .., ... ~---·-··.-IlL 
RID aad -llltilllfJI,'Itlki-~.,4N M~l;··-
EPA hu •-'*~~141_,.11illi~~~·-fi\j8J 
~L. Drilafdilt: ____ _ 
~IIIJ(MI._ ........ ~ •• 
~flr:;atfiMtJ:IIBllilllllll .... 
amlwabllf . 
recommendtd·'8BIMa( .wats' cria i l'lt ••• W.1_..,.; 
When only aquatkfajllailml, ..... wll'tbl~'il·· 
3280 pJIL Aft irtlllllrion Jtft:.ott·.,._l wactemed based 
on developmental toxiCity dt\eu olbcrvecl· in rat:Jl &lid 
rabbits. An uncertainty factor of 300 and a modifying factor 
of I were used to convert the NOAEL to the RIC; Both the 
study design and database were rated low and, thus, the 
overall confidence in the RIC was established as low. 

X 1.6.4.2 Physical/Chemical Parameter Summary
Ethyl benzene has a relatively high Henry's law constant (8. 7 
x J0-3 m3-atm/mol) and, therefore, can rapidly volatilize 
under common above-ground environmental conditions. 
Based on its moderate water solubility ( 1.52 x I 03 J.Lg/L) and 
moderate capacity to sorb to soils (Estimated log K,l(. = J.04), 
it will have moderate mobility in soil and may leach into 
ground water. In laboratory tests, when a free gasoline phase 
was in equilibrium with water, typical combined ethylben
zene and xylenes concentrations in water ranged from 1.08 x 
lQ-4 to 2.39 x IQ-4 ~g/L, due to partitioning effects. Ethyl
benzene has a moderate low K0 ,.. value (3.15), and is biode
gradable. Therefore, it is not expected to bioaccumulate. In 
laboratory tests, when a free gasoline phase was in equilib
rium with water, typical combined ethylbenzene and xylenes 
concentrations in water ranged from 1.08 x 104 to 2.39 x 
IQ-4 ~g/L. 

X 1.6.5 Naphthalenes: 
X 1.6.5.1 Toxicity Summary-In general, poisoning may 

occur by ingestion of large doses, inhalation, or skin adsorp
tion of naphthalene. It can cause nausea, headache, 
diaphoresis, hematuria, fever, anemia, liver damage, vom
iting, convulsions, and coma. Methylnaphthalenes are pre
sumably less acutely toxic than naphthalene. Skin irritation 
and skin photosensitization are the only effects reponed in 
man. Inhalation of the vapor may cause headache, confu
sion, nausea, and sometimes vomiting. The environmental 
concerns with naphthalenes are primarily attributed to 
effects on aquatic organisms. As a consequence, the EPA has 
not set any human health criteria for these materials (that is, 
there is no RID or RfC, no drinking water MCL or MCLG 
or ambient water quality criteria). A risk assessment to 
define a RID for these materials is presently under review by 
the EPA. Drinking water health advisories range from 20 
~g/L (lifetime, adult) to 500 ~g/L (one-day advisory for a 
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child).' 
X1.6.S.2 Physical/Chemical Parameter Summary: Naph

tluii~M-Naphthalene has a relatively high Henry's Law 
constaat (t.IS x 10-3 m3-atm/mol) and, thus, has the 
C&JlliC,·to uolldilize rapidly under common above-ground 
eavircmmental conditions. It has a moderate water solubility 
(3.10 x 10" ~1/L) and log K« (3.11) and has the potential to 
lelcb to poUDd water. A moderate log Kow value of 3.0 I has 
tleea< JepDrted. but because naphthalene is very biodegrad
lbltt:ais unlikely to bioconcentrate to a significant degree. 
~.3 Methy/naphthalenes-Henry's law constants 

(Z.a•urt m3-atm/mol and 5. 18 x 10-• m3-atm/mol for 
l...,.,l..medaylnaphthalene, respectively) suggest that these 
•IU-:Mvt the potential to volatilize under common 
~ environmental conditions. 1-Methyl
,._..~ ahibits a water solubility similar to naphtha
~- X 10" ~IlL to 2.8 x 104 ~g/L). However, solubility 
dccreasa with increasing alkylation (dimethylnaph
thalenes: 2.0 X 103 ~g/L to 1.1 X 104 ~g/L, 1,4,5-
trimethylnaphthalene: 2.0 x 103 ~g/L). These materials are, 
therefore, expected to be slightly mobile to relatively immo
bile in soil (for example, log K(J(. is in the range from 2.86 to 
3.93 for 1- and 2-methylnaphthalenes). In aquatic systems. 
methylnaphthalenes may partition from the water column to 
organic matter contained in sediments and suspended solids. 
Methylnaphthalenes have high log K, ... values (greater than 
3.5) and have the potential to bioaccumu1ate. They do, 
however, exhibit a moderate degree of biodegradation, which 
typically decreases with increased alkylation. 

Xl.6.6 Three to Six-Ringed PAHs-The most significant 
health effect for this class of compounds is their carcinoge
nicity, which is structure-dependent. Anthracene and 
phenanthrene have not been shown to cause cancer in 
laboratory animals. The available data does not prove pyrene 
to be carcinogenic to experimental animals. On the other 
hand, benz[a]anthracene, benzo[a]pyrene, dibenz[a,h]anth
racene, and 7 ,12-dimethylbenz[a]anthracene have been 
shown to be carcinogenic in laboratory animals. B(a)P and 
pyrene are discussed in X 1.6. 7 and X 1.6.8 as representatives 
of carcinogenic and noncarcinogenic effects of this class. 

X 1.6.7 Benzo(a)pyrene (BaP): · 
X 1.6.7.1 Toxicity Summary-Based on animal data, 

B(a)P has been classified as a probable human carcinogen 
(B2 carcinogen) by the USEPA. A range of oral slope factors 
from 4.5 to 11.7 (mg/kg/day)- 1 with a geometric mean of7.3 
(mg/kg/day)- 1 has been derived for B(a)P based on the 
observance of tumors of the forestomach and squamous cell 
carcinomas in mice. The data was considered less than 
optimal but acceptable (note that the carcinogenicity assess
ment for B(a)P may change in the near future pending the 
outcome of an on-going EPA review). The EPA has proposed 
a drinking water maximum contaminant level (MCL) at 0.2 
J.Lg/L (based on the analytical detection limits). The max
imum contaminant level goal (MCLG) for B(a)P is set at 
zero. In situations in which both aquatic life and water are 
consumed from a particular body of water, a recommended 
EPA water quality criterion is set at 2.8 x 10- 3 J.Lg/L When 
only aquatic organisms are consumed, the criterion is 3.11 x 
1 o- 2 ~&IL. 

'Office of Water, USEPA. Washington. DC. 
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X 1.6. 7.2 Physical/Chemical Parameter Summary
When released to water, PAHs are not subject to rapid 
volatilization (Henry's Jaw constants are on the order of 1.0 
x 10-4 m3-atm/mol or less) under common environmental 
conditions. They have low aqueous solubility values and 
tend to sorb to soils and sediments and remain fixed in the 
environment. Three ring members of this group such as 
anthracene and phenanthrene have water solubilities on the 
order of 1000 J.Lg/L. The water solubilities decrease substan
tially for larger molecules in the group, for example, 
benzo[a]pyrene has a water solubility of 1.2 J.Lg/L The log 
Ktx.. values for PAHs are on the order of 4.3 and greater, 
which suggests that PAHs will be expected to adsorb very 
strongly to soil. PAHs with more than three rings generally 
have high log K0 .., values (6.06 for benzo[a]pyrene), have 
poor biodegradability characteristics and tend to bio
accumulate. 

X 1.6.8 Pyrene: 
X 1.6.8.1 Toxicity Summary-Using data from animal 

studies, the USEPA has set an oral RfD for pyrene at 3 x 
I0-2 mg/kg/day. In converting a no-observed adverse effect 
level (NOAEL) from the animal study, in which the critical 
effects observed were kidney toxicity, an uncertainty factor 
of 3000 and a modifying factor of 1 were used. The EPA has 
assigned an overall low level of confidence in the RfD 
because although the study was well-designed, confidence in 
the supporting database is low. No drinking water MCLs or 
health advisories have been set. In situations in which both 
aquatic life and water are consumed from a particular body 
of water, a recommended EPA water quality criterion is set 
at 2.8 x 10-3 J.Lg/L When only aquatic organisms are 
consumed, the criterion is 3.11 x 10-2 J.Lg/L 

X 1.6.8.2 Physical/Chemical Parameter Summary-Refer 
to X 1.6. 7.2 for BaP. Also see Table X 1.2. 

X 1.6.9 MTBE: 
X 1.6.9.1 Toxicity Summary-Using data from animal 

studies, the USEPA has set an inhalation RfC for MT8E at 3 
mg/m 3

. In converting a no-observed adverse effect level 
(NOAEL) from the animal study, in which the critical effects 
observed included increased liver and kidney weight and 
increased severity of spontaneous renal lesions (females), 
increased prostration (females) and swollen pericolar tissue, 
an uncertainty factor of 100 and a modifying factor of I were 
used. The EPA has assigned an overall medium level of 
confidence in the RfC because although the study was 
well-designed. some information on the chemistry was 
lacking. The confidence in the supporting database is me
dium to high. No drinking water MCLs or ambient water 
quality criteria have been set. However, a risk assessment, 
that may define a RfD for this material, is presently under 
review by EPA. Drinking water health advisories range from 
40 J.Lg/L (lifetime, adult) to 3000 J.Lg/L (one-day advisory for 
a child). 5 

X 1.6.9.2 Physical/Chemica/ Parameter Summary-The 
Henry's law constant for MTBE is estimated to be approxi
mately 1.0 x 10-_3 m3-atm/mol. It is, therefore, expected to 
have the potential to rapidly volatilize under common 
above-ground environmental conditions. It is very water 
soluble (water solubility is 4.8 x 107 J.Lg/L), and with a 
relatively low capacity to sorb to soils (estimated log K = 
1.08), MTBE will migrate at the same velocity as the wat; in 
which it is dissolved in the subsurface. The log K0 .,. value has 
been estimated to be between 1.06 and 1.30, indicating 
MT8E's low bioaccumulative potential. It is expected to 
have a low potential to biodegrade, but no definitive studies 
are available. 

XI.6.10 Lead: 
X 1.6.1 0.1 Toxicity Summary-(The following discussion 

is for inorganic lead-not the organic forms of lead 
(tetraethyllead, tetramethyl/ead) that were present in petro
leum products.) A significant amount of toxicological infor
mation is available on the health effects of lead. Lead 
produces neurotoxic and behavioral effects particularly in 
children. However, EPA believes that it is inappropriate to 
set an RfD for lead and its inorganic compounds because the 
agency believes that some of the effects may occur at such 
low concentrations as to suggest no threshold. The EPA has 
also determined that lead is a probable human carcinogen 
(classified as 82). The agency has chosen not to set a numeric 
slope factor at this time, however, because it is believed that 
standard procedures for doing so may not be appropriate for 
lead. At present, the EPA has set an MCLG of zero but has 
set no drinking water (MCL) or health advisories because of 
the observance of low level effects, the overall Agency goal of 
reducing total lead exposure and because of its classification 
as a 82 carcinogen. An action oflevel of 15 J.Lg/L has been set 
for water distribution systems (standard at the tap). The 
recommended EPA water quality criterion for consumption 
of both aquatic life and water is set at 50 J.Lg/L. 

X 1.6.1 0.2 Physical/Chemical Parameter Summary-Or
ganic lead additive compounds are volatile (estimated Hen
ry's law constant for tetraethyl lead = 7.98 x 10-2 

m3-atm/mol) and may also sorb to particulate matter in the 
air. Tetraethyl lead has an aqueous solubility of 800 J.Lg/L 
and an estimated log Koc of 3.69 and, therefore, should not 
be very mobile in the soil. It decomposes to inorganic lead in 
dilute aqueous solutions and in contact with other environ
mental media. In free product (gasoline) plumes, however, it 
may remain unchanged. Inorganic lead compounds tightly 
bind to most soils with minimal leaching under natural 
conditions. Aqueous solubility varies depending on the 
species involved. The soil's capacity to sorb lead is correlated 
with soil pH, cation exchange capacity and organic matter. 
Lead does not appear to bioconcentrate significantly in fish 
but does in some shellfish, such as mussels. Lead is not 
biodegradable. 

X2. DEVELOPMENT OF RISK-BASED SCREENING LEVElS (RBSLs) APPEARING IN SAMPLE LOOK-UP 
TABLE X2.1 

X2.1 Introduction: 
X2.!.! This appendix contains the equations and param

eters used to construct the example "Look-Up" (see Table 
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X2.! ). This table was prepared solely for the purpose of 
presenting an example Tier I matrix of risk-based screening 
levels (R8Sls), and these values should not be viewed, or 
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misused. as proposed remediation "standards." The reader 
should note that not all possible pathways have been 
considered and a number of assumptions concerning expo
sure scenarios and parameter values have been made. These 
should be reviewed for appropriateness before using the 
listed RBSLs u Tier 1 screening values. 

X2.1.2 The approaches used to calculate RBSLs ap
pearing in Table X2.1 are briefly discussed for exposure to 

vapors, ground water, surficial soils, and subsurface soils by 
means of the following pathways: 

X2.1.2.1 Inhalation of vapors. 
X2.1.2.2 Ingestion of ground water, 
X2.1.2.3 Inhalation of outdoor vapors originating from 

dissolved hydrocarbons in ground water, 
X2.1.2.4 Inhalation of indoor vapors originating from 

dissolved hydrocarbons in ground water, 

TABLE X2.1 Voa.tlllzatlon Facton (VFJ, Leaching Factor (LF-), and Effective Diffusion Coefficients (or') 

VF,. 

r 7 
LF- Subsurfac. soils - ground Willi' 

O:" Eftec:tive dlffullon coetlldlnt In sol baled on .,.,ar~ 
concentration 

o:: Eftectlve diffusion coetlk:ienl be'- grOUld WIIW and 
SOil surfac. 

c-. Soil oonc:entratlon 11 wNcl'l dissOlved pcr•watw and 
vapor pllases become saturated 

.. See Ret (11). 
• See Ret ( 18). 
c See Ret (18). 
0 Based on mass belence. 
' See Ret (20). 

. / 

Equation 

H[~] 
VF [<rngJnN/!)] ER Le x 1ct-a J:..,. 

- (mg,ll~O) • [~] + [ 0:!/Lgw ] mJ 1 + ER Le (O:f../L.,..}r! 

VF [(mgJnN/t)] • zw,, ~ of'H X 1~ cma-«g c 

.. !mo/kg-telil) u.,J., >1'- + .,. + Hf.,JT r'n'-g 

or: 

VF •--xh.---[
(mgJm'..U)] P,W 1\S cma-~cg • 

" (mo/kQ-Ioil) U_,j., m'-g 

H,, [Of" /Ls) 
VF [(mgJ~] • {I- + k,P, + HI,.) ER L8 x 1~ ~g,. 

- (moJkg.aoil) 1 + ~:"/Ls] + [ Of'/Lo ] m'-g 
l ER Le !0:"-/L...-)11 

O"" [c:rn2] • (II +II)[~+ ~]-• .. 
- s ..,. • o::,. D:" 

Cr' -- •- X {HI,.+,_+ k1p1 ) X 100 --• 
[ 

mo ) s L-g 
kg.aoil Po ~-leg 

22 
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X2.1.2.5 Ingestion of surficial soil, inhalation of outdoor 
vapors and paniculates emanating from surficial soils, and 
dermal absorption resulting from surficial soil contact with 
skin, 

X2.1.2.6 Inhalation of outdoor vapors originating from 
hydrocarbons in subsurface soils, 

X2.1.2. 7 Inhalation of indoor vapors originating from 
subsurface hydrocarbons, and 

X2.1.2.8 Ingestion of ground water impacted by leaching 
of dissolved hydrocarbons from subsurface soils. 

X2.1.3 For the pathways considered, approaches used in 
this appendix are consistent with guidelines contained in Ref 
(1). 

X2.1.4 The following development presented focuses only 

on human-health RBSL.s fbr chronic (long-term) exposures. 
X2.1.4.1 In Ute case of compounds that have been classi

fied as carcinogens, the RBSLs are based on the general 
equation: 

risk • average lifetime imala (m&flc&-day) 
x pouncyfaaor [mg,tq-day]-• 

where the intake depends on exposure parameters (ingestion 
rate, exposure duration, etc.), the source concentration, and 
transport rates between the source and receptor. The potency 
factor is selected after reviewing a number of sources. 
including the USEPA Integrated Risk Information System 
(IRIS) (6) database, USEPA Health Effects Assessment 
Summary Tables (HEAST), (7), and peer-reviewed sources. 

TABLE X2.2 Equations Uaed to Develop Eumple ner 1 Rlak·BIIaed ScrMntng LeYef (RBSLa) Appearing In "Look.Up" Table X2.1-
C.rcfnagenlc EHec:taA 

NoTI-SM T.._ X2.3 t11rougt1 X2.8 for definition o1 Plf'8ll18ters. 

SIJ'ficial soil Ingestion ot soil, inhalation ot vapors and 
partic:ulates. and dermal contact• 

Subsurface SOilc Aml:lient (outdoor) vapor inllalationD 

Subsurface SOil c l.uc:hing to ground waterD 

dayl j.IQ 
TR X 8WXAT0 X 385-- X 1~-

RBSL., [~] • YN'1 mg rn3-eir SF1 X IR., X EF X ED 

dayl 
TR X BW X AT0 X 365 --

RBSL,. [..!!..] • YN'1 
L-~0 SF0 x IRw X EF X ED 

. RBSJ....[~] 
RBSL,. [~] • rrtl-eir X 1o-a ~ 

_ L-H20 VF- ).IQ 

TR X BW X AT
0 

X 365 days 
yen 

- RBSL --
[ 

j.IQ ] 

RBSL, [~] • ... rn3-eir x 1 o-a ~ 
kg-.tOII YF- ).10 

RBSL,..[~] 
RBSL, [~] L-H20 

kg-soil • LF _ 

.. Note that a1 RBSL values should be compared with lhennodynamic partitioning limits. such as SOlubility levels, maxmun vapor concentrations. tiC. 11 a ABSL exceeds the rt11ev111t partitioning limit. this Is an indication that the selected risk or hazard level Wll never be reac:fled or exceeded tor that c:nemoca1 and the selected exposure soenano. 

• Screening levels lor these media based on other conSiderations (lor axample, aasthetie. background levels, II!VIrOnmental resource protection. etc.) can be denved with these aquations by substituting the selected target level lor ABSL., or ABSL. appeanng In these equations. 
c These equations are based on Aal (1). 
0 These equations Simply d811ne tNt •aoss-meaiB partitioning factors." VF¥ and LF ••. 
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TABLE X2.3 Equations Uaed to Develop Example Tier 1 Rlak·Baaed Screening Level (RBSL.s) Appearing In "L.Dok·Up" Table X2.1-

Noncarclnogenlc EHectsA 

Medit..m Exposure Route Risk-Ba.sed Screening Level (RBSL) 

days 110 
THO X Rf01 X BW X AT0 X 365 --X 11?-

RBSL_. [_!:!2_] • years mg 

~-.Jr IR.., x EF x ED 

Ground water 

days 
THO X Rf00 X BW X AT. X 365 --

RBSL_. [~] • years 
L~O IR.., x EF x ED 

Ground waterc 

Ground waterc 

Surficial soil Ingestion of soil. inhalation of vapors and 

particulates, and dermal contact• 

RBSL. [_!!L) • 
kQ-5011 

days 
THO x BW xAT0 x 365-

yeiiB 

(10-• kg x (IR- X RAF0 +SA X M X RAFd)) 

EF xED mg + (IR.., X (VF .. + VF,)) 

Rf0
0 

RfD, 

For surlicial and excavated soils (0 to 1 m) 

Subsurface soilc Ambient (outdoor) vapor inhalaliono 

Subsurface soilc Leaching to ground watero 

A Note that a1 RBSL values should be compared with tl'lermodynanuc partitioning limits. sucn as sOubility levelS. maxmum vapor concentrations. etc. It a RBSL 

exceeds the relevant partitioning limit, this is an indication that the selected risk or hazard level wil never be rMChed or exceeded tor that chemicll and tne selected 

exposure scenario. 

• Screening levels for tnese media based on other considerations (for example. aestnetic, background levels. environmental resource protection. etc.) can be denved 

w1tn tnese equations by substituting tne selected target level for RBSL.., or RBSL.. appeanng in these equabOnS. 

c These eQUibOnS are biSed on Ret (1). 
0 These equations simply define ltle 'cross-media partitioning factors.' VF~ and LFow· 

The RBSL values appearing in Table X2.1 correspond to 

probabilities of adverse health effects ("risks") in the range 

from I Q-6 to I o-• resulting from the specified exposure. 

Note that this risk value does not reflect the probability for 

the specified exposure scenario to occur. Therefore, the 

actual potential risk to a population for these RBSLs is lower 

than the I o-6 to I o-• range. 

X2.1.4.2 In the case of compounds that have not been 

classified as carcinogens, the RBSLs are based on the general 

equation: 

hazard quo11ent = average 1ntake [mg/kg-day]/ 
reference dose [mg;kg-day) 

24 

where the intake depends on exposure parameters (ingestion 

rate, exposure duration, etc.), the source concentration, and 

transport rates between the source and receptor. The refer

ence dose is selected after reviewing a number of sources. 

including the USEPA Integrated Risk Information System 

(IRIS) {6) database, USEPA Health Effects Assessment 

Summary Tables (HEAST) {7), and peer-reviewed sources. 

RBSL values appearing in Table X2.1 correspond to hazard 

quotients of unity resulting from the specified exposure. 

Note that this hazard quotient value does not reflect the 

probability for the specified exposure scenario to occur. 

Therefore, the actual potential impact to a population for 



Parameters 

AT. 
AT. 
BW 
EO 
EF 
IR
IR.,-Indoor 
IR.,-cutdoor 
IRw 
LF_ 
M 

RAF-
RAFo 
RBSL, 

R/01 

Rf00 

SA 
SF, 
SFo 
THO 
TR 
VF1 
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TABLE X2.4 Exposure Persmete111 Appearing In Tablea X2.2 and X2.3 
Oeftn/llol1s (Ulits) Residential 

Averlging lime-for eardnoQenS (years) 70 yen Aven~QW!g lime lot non-can:inogel1 (years) 30 years Adl.it body weight (kg) 70 kg Expoll.n d\ntion (years) 
3(7 years Exposure frequency (days/yen) 350 daysJYears Sol lllgeltlon rete (mgJdly) 1 00 mgjdly Dilly Indoor lnnalatlon rete (~/dey) 15 ~/dey Oily outdoor lnbalatiOn rete (~/dey) 20 ~/dey Dally wat• IngestiOn rete (L/day) 2 L/dey Leachilg factor (mgJL-H20)/(mg/kg.soil}-see Table X2.5 Chemicll-spec:ifie Soil to skrlldhenlnQt factor (mgjan2} 0.5 Oermll relative absorption factor (volatiles/PAHs) 0.5/0.05 Oral releliYe absorptiOn factor 1.0 Risk-based screening leYtl lot l'l'lldlll i (mgJkg.SOil, mgJI.·H20, or Cherl'lal-. medleo, and exposure j.iglm3-eir) 

route-speCific lnllaletion dVonk: reference dose (mgfkg-day) Cherricll-speciflc Oral ctvcnic reterence dose (mgfkg.day) Chemlcal-spec:i Skrl surlac:e ... (cm2fdly) 3160 Inhalation cancer slope factor ((mgJkg.dly)'"') Cherricll-speci Oral cancer slope 1ec:tor ((mgJkg.day)'"') CherniciHpecitl Target hlzard quotient lot lndiYidull constitUents (unilleSS) 1.0 T eroet exceu indMduellltelime cancer risk (IW1itless) lot example, 1 o-e or 1 ~ Volatilization factor ('"9/~l/(mg/kg.SOil) or (mg/~·lit)/(mg/ Chemic:~~- end medleospecitlc L·H~)-see Table X2. 1 

"' See Ref (1). 
• See Ref (15). 

70 yeers"' 
25 yews"' 
70 kg"' 
25yews"' 
250 days/yen"' 
50mgjdly"' 
20 ~/day"' 
20 ~/day"' 
1 L/dly"' 
Chemical-specific 
0.5• 
0.5/0.058 

1.0 
Chemical-. media-, ll'td exposure 

route-specific 
Chemical-specific 
~ 
3160"' 
ChernlceHpecitl 
~ 
1.0 
tor exafnl)le, 10-e or 10_. 
Chemical- end medleospecific 

TABLE X2.5 Soil, Building, Surface, and Subsurface Paramete111 Uaed In Generstl"9 Example TI"!r 1 RBSLa NOTE-See X2.10 for jusliflcetion of paramet• selection. 

d 
0"" 
o
ER 

'"" H 

h
hw 
I 
kotl 
k. 
La 
L..
Low 
Ls 
P. 
s 
u.., 
Ugw 
w 
&., 
6gw 
~ ,_ ,_ 
s .. 

Lower depth of swflcial SOil zone (em) 
Diffusion coelficient in air (cm2 fs) 
Diffusion ·coelficient in wa• (cm2/S) 
Enc:losed-IPICI u exchange rete (L/s) 
FriCtion ol org&r1lc carbon In SOil (g.C/g.SOil) 
Henry's taw constant (~)J(cm2-air) 
Thiclcnest ol capilary fringe (an) 
Thldcness of ¥1ldole zone (an) 
Infiltration rete of wat• thrOugh SOil (an/yen) Catbon-_._. sorptiOn coelficient (g.H~/g.C) 
Soi-wat• sorptiOn coeflldent (o-H20/g.SOil) 
Enc:losedospece YOUIWt/lnftlttation •n ratio (an) 
Enc:losed-spece foundation or wa1 lllic:kness (an) 
Depth to ground wat• • h- + hr (em) 
Depth to sublur1acl SOil soun:es (em) 
Particulate emission rate (gJc;ma..s) 
Pure oompoueut solubility in wat• (mgJL-Hp) 
Wind speed lboYe ground surlac:e in ambient mixing zone (emfs) Ground -t• Darcy Y8loc:ity (an/S) 
Width of set.n:e am parallel to wind, or ground water now direction (em) Ambient w rnixl'lg zone height (an) 
Ground _._. mixing zone thickness (an) 
Areal fraction of c:nc:ks in foundations/Will (cm2<rleksfctn2·total na) VOUnelric u content In capilary fringe SOils (cm4ir/crn3-SOil) Volumetric llr content In loundation/W811 c:nc:ks (cm2-eitfcm2 total volume) Volumetric 11r contlnt In ¥1ldole zone sols (cm2-eit/cmJ·SOill Total SOil porosity (cm2fan"oSOil) 

100em 
ChemicaJ.spec;itlc 
~spec:iftc 
0.00014s-• 
0.01 
Cherricll-speci 
San 
295em 
30an/YMI1 
Chemcll-spec:iftc 
/ 00 X k,. 
200an 
15 em 
300em 
100an 
6.9 X 1Q-1• 

CherniciHpecitl 
225 ants 
2500 ern/YNI1 
1500 em 
200an 
200an 
0.01 cm2<reck~-total -
0.038 cm2-llr/Ctn"-SOil 
0.28 cm4ir/arrJ total volume 
0.28 r:nN/tfcmJ.sail 
0.38 cm2/Ctn"·rd 

100em 
Chemicei-SQedtlc 
cn.mic:aJ.specitlc 
0.00023s-• 
0.01 
ChernlceHpecitl 
Scm 
295em 
30 r:tntt-s 
Chemic:al-spec: 
t .. xk .. 
300em 
15 em 
300an 
100em 
6.9 X 1Q-1• 

cn.mic:aJ.speciflc 
225 Ctn/S 
2500 antYe.-s 
1500 em 
200an 
200an 
0.01 crn2<rac:kt/cm2·tOIII am 
0.38 cmJ-eit/cmJ-SOil 
0.28 cm2«/cmJ total volume 
0.28 eznS.U/cmJ-SOil 
0.38 cm2/cmJ·SOil 

'· ,_ ,_ 
s,.. 

VOUnelric -t• content in c:apilary tr1nge SOils (cmJ-H20/cmJ·W) Voknlttric _._.content In loundation/Wal cracks (cmJ-H20/cmJ total volume) Volumetric wat• content in vadOse zone soil (cmJ-H20/cmJ-W) 

0.342 ~-H20/cmJ·SOil 
0.12 r::m4i20/cmJ total volume 
0.12 r::m4i20/cmJ·rd 

0.342 ~-H20/cml·SOti 
0.12 ~-H20/cml total volume 
0.12 cma.H20/cmJ·SOil 
1.7gJcm2 

Po Soil bulk density (g-SOil/cmJ·SOil) 
Averaging lime tor vapor flux (s) 

these RBSLs js lower than a hazard quotient of unity. 
X2.1.5 Tables X2.2 through X2.6 summarize the equations and parameters used to prepare the example look-up Table X2.1 appearing in the main body of this guide. The basis for each of these equations is discussed in X2.2 through X2.10. 
X2.2 Air-Inhalation of Vapors (Outdoors/Indoors): 

25 

1.7 gjarrJ 
9.-46 X 1()1 S 9.46 X 1()1 S 

X2.2.1 In this case chemical intake results from the inhalation of vapors. It is assumed that vapor concentrations remain c'onstant over the duration of exposure, and all inhaled chemicals are absorbed. Equations appearing in Tables X2.2 and X2.3 for estimating RBSLs for vapor concentrations in the breathing zone follow guidance given in Ref (I). Should the calculated RBSL exceed the saturated 
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TABLE X2.6 Chemicai·Speeiflc Proper1lea Used in the Derivation Example Tier 1 RBS~ 

Cl"'emicaa 

B41nz-
Tol~ 

Ethyl benz-
Mixed xytenes 

Napnthalene 
Benzo(a)pyrene 

Chemical 

B41nz-
Toluene 

Ethyl benz-
Mixed xytenes 
Napnthalene 
Benzo(a)pyrww 

A See Ref (21). 

• See Ref (22). 
c See Ref (11). 

CAS NUII1ber M ... g/mol 

71~2 78A 

1()8.88.3 92A 

100-41-4 1Q6A 

1330-20-7 1Q6A 

91·20-3 128A 

50-32-8 252C 

CAS NumDer 

71-43-2 
10~3 
100-41-4 
1330-20-7 
91-20-3 
50-32-8 

H. L-H,O/L-811' 0"", ~/S 0'".~/S log(K .. ), LJI<g log(K-), LJI<g 

0.22A 0.Q93A 1.1 X 1o-5A 1.58A 2.13A 

0.26A 0.085A 9.4 X 1()-eO 2.13A 2.65A 

O.J2A 0.076A 8.5 X 1()-eO 1.98A 3.13A 

0.29A 0.072° 8.5 X 1()-eO 2.J8A 3.26A 

0.().49A 0.072° 9.4 X 1o-eA J.11A 3.28A 

1.4 X 10-o 8 0.050° 5.8 X 10-e 5.59• 5.98 8 

SF •• k~ayJmg SF,, kg-<lay /mg Rf00 , mgjkg-<lay RIO,, mgjkg-<lay 

0.029" 0.029" 
0.2" 0.11" 

0.1" 0.29" 

2.0' 2.0" 
0.()().40 0.004° 

7.3" 6.1" 

o Diffusion coelficient calculated using th8 methoa of Fuller, Schenler, and Giddings, from Ref (1). 

• Cak:uleted from K-/1<. QOII'8falion: log(K.,.) • 0.9371og(K.,.) - 0.006, from Ref (!1). 

" See Ref ( 1). 
0 See Ref (7). 

vapor concentration for any individual component, ">Pvap" 

is entered in the table to indicate that the selected risk level 

or hazard quotient cannot be reached or exceeded for that 

compound and the specified exposure scenario. 

X2.3 Ground water-Ingestion of Ground water-In this 

case chemical intake results from ingestion of ground water. 

It is assumed that the dissolved hydrocarbon concentrations 

remain constant over the duration of exposure. Equations 

appearing in Tables X2.2 and X2.3 for estimating RBSLs for 

drinking water concentrations follow guidance given.in Ref 

(1) for ingestion of chemicals in drinking water. Should the 

calculated RBSL exceed the pure component solubility for 

any individual component, .. >S" is entered in the table to 

indicate that the selected risk level or hazard quotient can

not be reached or exceeded for that compound and the 

specified exposure scenario (unless free-phase product is 

mixed with the ingested water). 

X2.4 Ground water-Inhalation of Outdoor Vapors: 

X2.4.1 In this case chemical intake is a result of inhala· 

tion of outdoor vapors which originate from dissolved 

hydrocarbons in ground water located some distance below 

ground surface. Here the goal is to detennine the dissolved 

hydrocarbon RBSL that corresponds to the target RBSL for 

outdoor vapors in the breathing zone, as given in X2.2. If the 

selected target vapor concentration is some value other than 

the RBSL for inhalation (that is, odor threshold or ecological 

criterion), this value can be substituted for the RBSL,;, 

parameter appearing in the equations given in Tables X2.2 

and X2.3. 
X2.4.2 A conceptual model for the transport of chemicals 

from ground water to ambient air is depicted in Fig. X2.1. 

For simplicity, the relationship between outdoor air and 

dissolved ground water concentrations is represented in 

Tables X2.2 and X2.3 by the "volatilization factor," VF wamb 

[(mg/m3-air)/(mg/L-H20)], defined in Table X2.1. It is 

based on the following assumptions: 

X2.4.2.1 A constant dissolved chemical concentration in 

ground water, 
X2.4.2.2 Linear equilibrium partitioning between dis

solved chemicals in ground water and chemical vapors at the 

ground water table, 

26 

u,i, _: · · · · · · · · · · · · · · · ·• · · · · · · · li.:C:;,ili~i ·: 
: • zone: 

,_.... 
0 Ur ' 

__..; t : 

voduse zone 

t 
groundWDicr 

~------W------~ 

FIG. X2.1 Vol•tlllz•tlon from Ground W•ter to Ambient Air 

X2.4.2.3 Steady-state vapor· and liquid-phase diffusion 

through the capillary fringe and vadose zones to ground 

surface, 
X2.4.2.4 No loss of chemical as it diffuses towards ground 

surface (that is., no biodegradation), and 

X2.4.2.5 Steady well-mixed atmospheric dispersion of the 

emanating vapors within the breathing zone as modeled by a 

"box model" for air dispersion. 

X2.4.3 Should the calculated RBSL..., exceed the pure 

component solubility for any individual component, ">S" is 

entered in the table to indicate that the selected risk level or 

hazard quotient cannot be reached or exceeded for that 

compound and the specified exposure scenario. 

X2.5 Ground water-Inhalation of Enclosed-Space (In

door) Vapors: 
X2.5.1 In this case chemical intake results from the 

inhalation of vapors in enclosed spaces. The chemical vapors 

originate from dissolved hydrocarbons in ground water 

located some distance below ground surface. Here the goal is 

to detennine the dissolved hydrocarbon RBSL that corre

sponds to the target RBSL for vapors in the breathing zone. 



~Gfl1 ES 38 
as given in X2.2. If the selected target vapor concentration is some value other than the RBSL for inhalation (that is, odor threshold or ecological criterion), this value can be substituted for the RBSL.;, parameter appearing in the equations given in Tables X2.2 and X2.3. 

X2.5.2 A conceptual model for the transport of chemicals from ground water to indoor air is depicted in Fig. X2.2. For simplicity, the relationsf!ip between enclosed-space air and dissolved ground water concentrations is represe~ted in Tables X2.2 and X2.3 by the .. volatilization factor" VF _sp [(mg/m3-air)/(mg/L-H20)] defined in Table X2.1. It is basedon the following assumptions: 
X2.5.2.1 A constant dissolved chemical concentration in ground water, 
X2.5.2.2 Equilibrium partitioning between dissolved chemicals in ground water and chemical vapors at the ground water table, 
X2.5.2.3 Steady-state vapor- and liquid-phase diffusion through the capillary fringe, vadose zone, and foundation cracks, 
X2.5.2.4 No loss of chemical as it diffuses towards ground surface (that is, no biodegradation)r and X2.5.2.S Steady, well-mixed atmospheric dispersion of the emanating vapors within the enclosed space, where the convective transport into the building through foundation cracks or openings is negligible in comparison with diffusive transport. 

X2.5.3 Should the calculated RBSLw exceed the pure component solubility for any individual component, .. >S" is entered in the table to indicate that the selected risk level or hazard quotient carinot be reached or exceeded for that compound and the specified exposure scenario. X2.6 Surficial Soils-Ingestion. Dermal Contact, and Vapor and Particulate Inhalation: X2.6.1 In this case it is assumed that chemical intake results from a combination of intake routes, including: ingestion, dermal absorption, and inhalation of both particulates and vapors emanating from surficial soil. X2.6.2 Equations used to estimate intake resulting from 

air uchanee 

cr::ack 
roundation cracks"' 

vadose zone I t L / 

h. dirrusing vapors 

( l .t-S-_,L----,.S~S _ 
t 

groundwater 

~------w------~ FIG. X2.2 Volatilization from Ground Water to Enclosed-Space 
Air 
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ingestion follow guidance given in Ref (1) for ingestion of chemicals in soil. For this route, it has been assumed that surficial soil chemical concentrations and intake rates remain constant over the exposure duration. X2.6.3 Equations used to estimate intake resulting from dermal absorption follow guidance given in Ref (1) for dermal contact with chemicals in soil. For this route, it has been assumed that surficial soil chemical concentrations and absorption rates remain constant over the exposure duration. X2.6.4 Equations used to estimate intake resulting from the inhalation of particulates follow guidance given in Ref (1) for inhalation of airborne chemicals. For this route, it has been assumed that surficial soil chemical concentrations, intake rates, and atmospheric particulate concentrations remain constant over the exposure duration. X2.6.5 Equations used to estimate intake resulting from the inhalation of airborne chemicals resulting from the volatilization of chemicals from surficial soils follow guidance given in Ref (1) for inhalation of airborne chemicals. X2.6.6 A conceptual model for the volatilization of chemicals from ground water to outdoor air is depicted in Fig. X2.3. For simplicity, the relationship between outdoor air and surficial soil concentrations is represented in Tables X2.2 and X2.3 by the .. volatilization factor" VF u [(mg,tml-air)/(mg/kg-soil)) defined in Table X2.1. It is based on the following assumptions: 
· X2.6.6.l Uniformly distributed chemical throughout the depth 0-d (em) below ground surface, X2.6.6.2 Linear equilibrium partitioning within the soil matrix between sorbed, dissolved, and vapor phases, where the partitioning is a function of constant chemical- and soil-specific parameters. 

X2.6.6.3 Diffusion through the vadose zone, X2.6.6.4 No loss of chemical as it diffuses towards ground surface (that is, no biodegradation), and X2.6.6.5 Steady well-mixed atmospheric dispersion of the emanating vapors within the breathing zone as modeled by a ..box model" for air dispersion. 
X2.6. 7 In the event that the time-averaged flux exceeds that which would occur if all chemical initially present in the surficial soil zone volatilized during the exposure period, then the volatilization factor is determined from a mass balance assuming that all chemical initially present in the surficial soil zone volatilizes during the exposure period. X2.7 Subsurface Soils-InhalaLion of Outdoor Vapors: X2. 7.1 In this case chemical intake is a result of inhalation of outdoor vapors which originate from hydrocarbons contained in subsurface soils located some distance below ground surface. Here the goal is to determine the RBSL for 

FIG. X2.3 Volatilization from Surlici•l Soila 

-
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subsurface soils that corresponds to the target RBSL for 

outdoor vapors in the breathing zone, as given in X2.2. If the 

selected target vapor concentration is some value other than 

the RBSL for inhalation (that is, odor threshold or ecological 

criterion), this value can be substituted for the RBSLa;r 

parameter appearing in the equations given in Tables X2.2 

and X2.3. 
X2. 7.2 A conceptual model for the transport of chemicals 

from subsurface soils to ambient air is depicted in Fig. X2.4. 

For simplicity, the relationship between outdoor air and soil 

concentrations is represented in Tables X2.2 and X2.3 by the 

"volatilization factor," VF,amb [(mg/m3-air)/{kg-soil)], de

fined in Table X2.1. It is based on the following assump

tions: 
X2. 7 .2.1 A constant chemical concentration in subsurface 

soils. 
X2. 7 .2.2 Linear equilibrium partitioning within the soil 

matrix between sorbed, dissolved, and vapor phases, where 

the partitioning is a function of constant chemical- and 

soil-specific parameters, 
X2. 7 .2.3 Steady-state vapor- and liquid-phase diffusion 

through the vadose zone to ground surface, 

X2. 7 .2.4 No loss of chemical as it diffuses towards ground 

surface {that is, no biodegradation), and 
X2. 7 .2.5 Steady well-mixed atmospheric dispersion of the 

emanating vapors within the breathing zone as modeled by a 

"box model" for air dispersion. 
X2.7.3 Should the calculated RBSL, exceed the value for 

which the equilibrated vapor and dissolved pore-water 

phases become saturated, C/m (mg/kg-soil] {see Table X2.1 

for calculation of this value), "RES" is entered in the table to 

indicate that the selected risk level or hazard quotient cannot 

be reached or exceeded for that compound and the specified 

exposure scenario (even if free-phase product or precipitate is 

present in the soil). 
X2.8 Subsurface Soils-Inhalation of Enclosed-Space (In

door) Vapors: 
X2.8.1 In this case chemical intake is a result of inhala

tion of enclosed-space vapors which originate from hydrocar

bons contained in subsurface soils located some distance 

below ground surface. Here the goal is to determine the 

RBSL for subsurface soils that corresponds to the target 

RBSL for indoor vapors, as given in X2.2. If the selected 

target vapor concentration is some value other than the 

RBSL for inhalation {that is. odor threshold or ecological 

U.;, -: • • • • • • • • • • • • • • • r · · · · · i,;~,h~~i · ·: 
___..; li zone 

---.; toir 

I 
r 

vadose zone 

diffusing v:~pors 

~------W--------~ 
FIG. X2.4 Volatilization From Subsurface Soils to Ambient Air 
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criterion), this value can be substituted for the RBSL., 

parameter appearing in the equations given in Tables X2.2 

and X2.3. 
X2.8.2 A conceptual model for the transport of chemicals 

from subsurface soils to enclosed spaces is depicted in Fig. 

X2.5. For simplicity, the relationship between indoor air and 

soil concentrations is represented in Tables X2.2 and X2.3 

by the "volatilization factor," VFmP [{mg/m3-air)/{kg-soil)], 

defined in Table X2.l. It is based on the following assump

tions: 
X2.8.2.1 A constant chemical concentration in subsurface 

soils, 
X2.8.2.2 Linear equilibrium partitioning within the soil 

matrix between sorbed, dissolved, and vapor phases, where 

the partitioning is a function of constant chemical- and 

soil-specific parameters, 
X2.8.2.3 Steady-state vapor- and liquid-phase diffusion 

through the vadose zone and foundation cracks. 

X2.8.2.4 No loss of chemical as it diffuses towards ground 

surface (that is, no biodegradation), and 
X2.8.2.5 Well-mixed atmospheric dispersion of the ema

nating vapors within the enclosed space. 

X2.8.3 Should the calculated RBSL, exceed the value 

C/a' (mg/kg-soil] for which the equilibrated vapor and 

dissolved pore-water phases become saturated (see Table 

X2.1 for calculation of this value), "RES" is entered in the 

table to indicate that the selected risk level or hazard 

quotient cannot be reached or exceeded for that compound 

and the specified exposure scenario (even if free-phase 

product or precipitate is present in the soil). 

X2.9 Subsurface Soils-Leaching to Ground Water: 
X2.9.1 In this case chemical intake is a result of chemicals 

leaching from subsurface soils. followed by inhalation of 

enclosed-space vapors, inhalation of outdoor vapors, or 

ingestion of ground water as discussed in X2.2 through X2.4. 

Here the goal is to determine the RBSL for subsurface soils 

that corresponds to the target RBSLs for the inhalation or 

ingestion routes. If the selected target ground water concen

tration is some value other than an RBSL for ground water 

(that is. odor threshold or ecological criterion), this value can 

be substituted for the RBSI._ parameter appearing in the 

equations given in Tables X2.2 and X2.3. 

air exchance 

l L / 
crxk 

roundation cracks" vadose zone 

diffusing vapors 

r 
FIG. X2.5 Volatilization From Subsurface Solla to Encloaed· 

Space Air 
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t t t t •~dose zone 
divided by the source leachate concentration, and is inher
ently very similar to the leachate factor, LF,...,. discussed here. 

The difference between these two terms is that LF,". repre
sents the ratio of the target ground wat•;r concentration 
divided by tbe source area soil concentration. Should a 
JtptJatoty proaram already have a technically defensible ,., . .,...._,it c:an be equated to a leachate factor by the 

~~ -Mal expression: 
DAF X P, nO cm3-kg 

LF,. • X lv· --. 
. (8,.., + k.P, + HB",] L-g 

wben the parameters are defined in Table X2.6. 
· >~e;~i~ xt:te l'tl1tllflettr Values: 

- ~- " . . - 't ... ~ ..,. ~ -i- - • ' 

X2.9.2 A coacepWal_~:1bf·~ ..... 0(~ 
from subsurface soils to poUDd Water is d~ {ft.: F't~
X2.6. For simplicity, the relationshiP between around water 

and soil concentrations is represented in Tables X2.2 and 
X2.3 by the .. leaching factor," LF IW [(mg/L-H:zO)/ (mg/ 

leg-soil)], defined in Table X2.1. It is based on the following 
assumptions: 

X2.9.2.1 A constant chemical concentration in subsurface 
soils, 

X2.9.2.2 Linear equilibrium partitioning within the soil 
matrix between sorbed, dissolved, and vapor phases, where 

the partitioning is a function of constant chemical- and 

soil-specific parameters, _ 

X2.9.2.3 Steady-state leaching from the vadose zone to 

ground water resulting from the constant leaching rate I 

[cm/s], 
X2.9.2.4 No loss of chemical as it leaches towards ground 

water (that is, no biodegradation), and 
X2.9.2.5 Steady well-mixed dispersion of the leachate 

within a ground water "mixing zone." 
X2.9.3 Should the calculated RBSL, exceed the value for 

which the equilibrated vapor and dissolved pore-water 

phases become saturated (see Table X2.1 for calculation of 

this value), "RES" is entered in the table to indicate that the 

selected risk level or hazard quotient cannot be reached or 

exceeded for that compound and the specified exposure 

scenario (even if free-phase product or precipitate is present 

in the soil). 
X2.9.4 In some regulatory programs, "dilution attenua

tion factors" (OAFs) are currently being proposed based on 

fate and transport modeling results. A OAF is typically 

defined as the ratio of a target ground water concentration 

''"''H ·D10.l Table X2.4 lists exposure parameters used to 
calculate the RBSLs appearing in sample Look-Up Table 

·>~-f'Jtal. 4 ¥llaes pven are based on adult exposures only. 

With the exception of the dermal exposure parameters (SA, 
· M, aad RAF,). the values given arc reasonable maximum 

ex,posure (RME) values presented in Ref (8) and are regarded 

as upper bound estimates for each individual exposure 

parameter. 
X2.10.2 The skin surface area, SA • 3160 cm2/day, is 

based on the average surface area of the head, hands, and 
forcanns for adult males given in Ref (8). The soil-to-ski.n 
adherence factor, M (mg/cm2], and dermal relative absorp
tion factor, RAFd [mg-absorbcd/mg-applied], arc based on 
guidance issued by Ref (15). 

X2.10.3 Soil properties arc based on typical values for 
sandy soils and are consistent with values given in Ref (16). 

X2.1 0.4 Physical dimensions are consistent with the scale 

of typical underground fuel tank releases. 
X2.1 0.5 Particulate emission rates were estimated by the 

approach presented by Cowherd et al (17). It was assumed 

that the mode of the surficial soil size distribution was 2 mm, 

the erosion potential was unlimited, there was no vegetative 

cover, and the mean average annual wind speed was 4 m/s. 
X2.1 0.6 The chemical-specific parameters used are de

fined in Table X2.6. 
X2.10. 7 In this development, surficial soils are defined as 

those soils present within I m of ground surface. Subsurface 

soil RBSLs are based on assumed source depths of I m. 
Ground water is assumed to be located 3 m below ground 

surface. 
X2.10.8 Once again, the reader is reminded that the 

parameter (and corresponding RBSL) values are presented as 

examples only, and are not intended to be used as standards. 

At best, the parameters presented are reasonable values based 

on current information and professional judgment. The 

reader should review and verify all assumptions prior to 

using any of the example RBSLs as screening level values. 

XJ. INTEGRATION OF PREDICTIVE MODELING WITH RISK-BASED CORRECfiVE ACfiON PROCESS 

X3.1 Introduction: 
X3.1.1 In the context of risk-based corrective action 

(RBCA), predictive modeling is not only used to pr~'iict the 

future migration of chemicals, but is also used to interpret. or 

extrapolate, site characterization data, historical monitoring 

data, and toxicological information. Still another use is in the 
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design of remedial systems and compliance monitoring 

plans. Predictive modeling is therefore another valuable tool 

that can provide information to the risk management 

process. This appendix discusses: 
X3.1.1.1 Appropriate uses for predictive modeling, 

X3.1.1.2 Defining the scope and inputs of a predictive 
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modelin& exercise. 
X3. J .1.3 Mip'ation models, and 
X3.&.1.4 &ilk and exposure assessment models. 
Xl~ ~~: 

X3.2.1.2" of Oll'l'eCUve ac&ioa 
based oa attenu&tMNl rata of 
com~el~: .. ; ., . ,,. ·;~_ .... , 

XJ.l.l.l !ltlllliiM111""*itNPI',IIIIhnlla .... ..... 
da..ad:adl t I I I II .......... , ......... ~ 
meiltltJtiiJ •• ..cri $-rt.nJ~:*'Ji~::fJ! ·i':l1 ~*'"::~.,. 

XM..M• BtU ......... I.JIIIliM-fliiU) c:oa••btlla•••••••-•1 I -~Ot·':f"tti ~t ·~~,>;, 
X3.2.2 llrt~plw of•JIJ1ine. ...._. -.: iat tbe 

RBCA piOC!CIIIilciiUIII:i' .) . : . ; .., .. '· ; .: . . ' . 
XJ.l.l.l The iiiCerpOiatioa ef litNpeeifiQ dlta. u ~ the 

case of drawin& contour maps for JI'C)Und waw eencentra
tions and around water eleva&ions. 

X3.2.2.2 The prediction of contaminant concentration 
distributions for future times based on historical trend data, 
as in the case of around water transport modeling. 

X3.2.2.3 The recommendation of sampling locations and 
sampling frequency based on current interpretation and 
future expectations of contaminant distributions, as in the 
design of ground water monitoring networks, 

X3.2.2.4 The design of corrective action measures, as in 
the case of hydraulic control systems, and _ 

X3.2.2.5 The calculation of site-specific exposure point 
concentrations based on assumed exposure scenarios, as in 
the case of direct exposure to surficial soils. 

X3.2.3 Predictive modeling is not used in the RBCA 
process as a substitute for site-specific verification data. 

X3.3 Interpretation of Predictive Modeling Results: 
X3.3.1 Predictive models are mathematical approxima

tions of real processes, such as the movement of chemicals in 
the subsurface, the ingestion of chemicals contained in 
drinking water, and adverse impacts to human health and 
environmental resources resulting from significant expo
sures. One key step towards evaluating model results is first 
to determine the accuracy, uncertainty, and validity of the 
model used. 

X3.3.2 The "accuracy" of modeling predictions is judged 
based on how well the model predicts observed behavior, and 
is dependent upon a number of factors including: 

X3.3.2.1 The approximations used when describing the 
real system by mathematical expressions. 

X3.3.2.2 The input parameters used to generate the 
results, and 

X3.3.2.3 The mathematical methods used to solve the 
governing equations (for e.v;ample, numerical solution 
methods, expansion approximations, etc.). 

X3.3.3 Predictive modeling results are always subject to 
some degree of uncertainty. It is important to quantify this 
uncertainty in order to properly interpret the results. Many 
times this is done with a "sensitivity" analysis in which the 
user quantifies the influence of changes in input parameters 
on the predictive model results. and then identities those 
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parameters that most significantly influence the results. 
X3.3.4 The "validation" of model results is dependent 

upon the predictive model meeting preestablished modeling 
objectives. Predictive modeling results may therefore be 
"validated. ~twitbout being accurate. This is especially impor
tant in the area of predictive risk and exposure assessment 
modctiaa wbcre the modeling objective in many cases (such 
u ia T'let l of RBCA) is to overestimate the potential 
~ and risk. In this case the predictive models are 
oftenvalid but not accurate. 

X3.3.5 '"Conservatism" is an important criterion of pre
dictive modeling in the RBCA process. Tier I is the most 
..conservative" level and provides a "worst case scenario" for 
po111Dtial exposure and risk. Tier I utilizes conservative 
IDOdels and. parameters (that is, USEPA reasonable max-
......_. GP'JIUI'I (RME) values). Tier 2 is still conservative 
but proYides flexibility for a more "reasonable case see
uno." This level requires more specific infonnation about 
tbc mleue site and may involve the use of either simple or 
moderately complex, but conservative, mathematical 
models. It may involve the use of most-likely exposure 
scenarios (that is, USEPA MLE values). This information is 
used to set "conservative" corrective action objectives that 
are still regarded as overly protective. Tier 3 site-specific 
target levels (SSTLs) are determined using site-specific trans
port and exposure models, and in some cases, parameter 
distributions. Tier 3 provides the most realistic evaluation of 
potential exposure and risk. 

X3.4 Types of Predictive Migration and Risk Assessment 
Models: 

X3.4.1 Predictive models. typically used in the RBCA 
process can be grouped into two broad categories: 

X3.4.1.1 Migration models, and 
X3.4.1.2 Exposure, risk, and dose-response assessment 

models. 
X3.4.2 The detennination of Tier I risk-based scr.eening 

levels, or Tiers 2 and 3 site-specific target levels generally 
involves the use of combinations of both types of models. A 
more detailed description of each group of models is given in 
X3.5 and X3.6. 

X3.5 Migration Models: . 
X3.5.1 Migration (fate and transport) models predict the 

movement of a petroleum release through soil, ground water, 
or air, or combination thereof, over time. Most models focus 
on specific phenomena (for example, ground water trans
port) and vary in complexity, depending on assumptions 
made during model development. In RBCA, simplistic 
screening-level migration models are utilized in Tiers I and 
2, while more complex models are utilized in Tier 3. 

X3.5.2 Examples of screening-level models for a number 
of pathways relevant to petroleum releases are listed in Table 
X3.1. Most of the screening level migration models have a 
s1mple mathematical form and are based on rough concep
tual approximations of actual phenomena. For example, the 
travel time between the leading edge of a dissolve hydro
carbon plume and a ground water well can be approximated 
by: 

distance to well (ft) 1000 ft (304.8 m) 
------ = 10 years 

retarded flow velocuy (ft/year) 100ft/year (30.4 m) 

X3.5.3 The use of more complex models is not precluded 
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in the RBCA process; however, given limited data and 
assumptions that must be made, many complex numerical 
models reduce to the analytical expressions given in Table 
X3.1. 

X3.5.4 Migration Model Data Requirements-Predictive 
migration models require input of site-specific characteris
tics; a review of the parameters listed in Table X3.1 indicates 

TABLE X3.1 Example Screening Level Tranaport Modela 

Diuolved Phau Tf8NP01f: 
Maxlmu'n transport rate u.,,_ [em/d) 

of dislolved pUNA 

Minimum lime~ .. - [d) lor leading edge 
of dissolved plume to travel dlatance. 
L [em)• 

Steady-stele attenuation 
[(g/c:rn3-H20)/(g/c:rn3-Hz())) along the 
centerh (Jr. y • o. z • 0) of a 
dillolved pUna" -

Immiscible PhaH Tr.mpott: 
Maxlnun depth o_ (em) of 
lmmlldble piiUe penetration• 

Equilibrium Plltllonklg: 
Vapot'~ 

c .... IW~I 
Maxlmu'n vapor concentration 

above CllssoiYed llydrccart)onS" 
Maximum vapor concentration when 

ImmiSCible llydrOCart:JOn is ~·· 

Maximum vapor concentrations in soil 
pores (no irrvnisc:ible phase ~t)A 

Dluo/ved Concentration: 
c .... (g/~-Hz()J 

Maximum diSIOived concentration when 
lmmisdble llydrOCart:JOn Is present• 

Maximum dissolved concentration in soil 
pores (no IIM1iscible phase prnw~t)A 

Equilibrium PlltlotllntJ: 
Soil Concentrations (gfg-aoil): 

Soil concentration (C-J (g/g-soil) at 
wl'lld'l immiSCible hydrocarbon phase 
forms in soil matrix • 

Vapot' Phase TrllMport: 
E11ective porous media diffusion 

coefficient a- ( c:mZ /d) lor combined 
vapor llld SOlute tr1Mpor1. expressed 
as a vapor pnase dilfusion coelftcient 
(no ImmiSCible l'lydrocartlon present 
outSide of sourc. araa)A 

Porous media "rltii'Ciation" factor R. 
(no Immiscible hyOroc:arbon pres.lt 
outSide or source araa)A 

Malhemllllc:al Approximation 

KJ 
Ut~J'NX•-

I,Ro 

L ,.,.. --u.,_ 

C(.r) { .r [ ( 4.\a")]} --•exp- 1 _ 1 +-
c_ 2a. u 

·(ett[.~D (·"[.~D 
where: 

u • KJII, 

c .... -HC .... 

C .r,P:;.t. .... ---,;;--

c .... - .r,S, 

c • cNMP. 
w... (lw + k

0
p

0 
+ HI.) 

s, 
(C-l • - (fw + lc,p, + HI.) 

Po 
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C(x) • dissolved hydrocarbon concentration along cent8111ne (.r, y • 
o. z - 0) of dissolVed plume (g/~0) c_. dissolved hydrOCarbon concentration in dissolVed p~ume 
sourc. araa (g/~0) 

• grCU'Id water gradient [em/em) 
K, • saturated hydralllc c:onductMty (em/d) 
k, - sorption ooefllcilnt ((g/g.d)f(gi~-HzO)) 
L • distance downgradlent [em) 
R0 • retardation fac:IOr • [1 + lroJIJI0 ) , 

s. - sourc. wtd1tl (plrplndlc:ullr to now in the horizontal plane) 
[em) . 

s., - sourc. wtd1tl (perpendlcuW to now 1n the v.11ca1 p1ane1 
[em) 

u • specific clscllarge [em/d) . 
u.,,_ • maxmum 1ranspor1 rate of dissolVed plume (cm/dJA 
.r - distance along centertne fran downgradient edge of 

dissolVed plume source zone [em) 
y • depth below watw table [em) 
z • latanl dlatance away fran diaaolved plume cent8111ne (em) 
a, • longitudlnll dlapersMty [an I • 0.1 0 .r 
"'r • transversa dispersMty [em) • a./3 
"'• • v.1ica1 dlsperlivity [em) • a.f20 
.\ • ftrst-<lrder degradation constant [ct"'l 
'· • volumetric water content of saturated zone 

[~-HzO/~-soil) 
Po • sol bulk density (g.soi/~J 
~ .,_ - minimum oonvec:Uve tra'lll lime of dissolVed hydrocartxlns 

to clatance L [ d)A 
erl(~) • error func:llon evlluated lor Vllul " 
c_ • total so1 hydrOCaltlon concentration (11/g-toiiJ 
c • ..,. • equllbrium vapor concentration (~-vapor)A 
Cw ... • equibrUn dlsloiYed concentration (~)A 
0,_ • maxinun depth of irnrnlldble ~ peuetratiCII (em)A 
H • Henry's Law Canstant [(~g/~)J 
k, • sorption ooeltlcient ((g/g-toii)J{g/~-HzOIJ 
Mw • moleCular weight (g/mal) 
P.' • vapor pressure of~ I [atm) 
R • gas constant • 82 cm3-e~ 
R- • radial extent of hydrocart)an ~ [m) 
s, - pure component IQiubilty [g/c:rn3-Hz()) 
T • absalute tempeqtura [K) 
v- - 'IOk.me of hydrocatban raleaMd (~ 
x1 • rnallrKtion of campalent I 
1,. • volumetric residual content of hydnx:arbon l.llder drliniQe 

candltlona [cm3-n)dlacartlanfCml-toil) 
'· • vok.l'netric content of sol pen water [c:rn3-Hz()/cm3-toil) 
1. • volu'netric content of soil vapor [~-vapor~-toil) 
.. - 3.1416 
Po • sol bUk density [g.sol/~-sol) 

(C-l • concentration 1t which immiSCible pnase terms in sol 
(g/g.soii)A 

o- • pure c:ampo11ent dil1usion ooelftclent in Iii' (c:mZ/d) 
D.., • effective dilfusion coeffk:ient lor combined vapor end solute 

transpcll1. expressed as a vapor phase dil1usion coefficient 
(no inYnisCible hydrOellbon present out$de of source area) 
(cm2/d)A 

OW • pure camponent dilfusion coefficient in watw (cm2/d) 
H • Henry's Law Canstant [(g/~-vapor)/(g/~-H20)) 
k, • sorption coeffk:ient [(gJg.soii)I(~-H,O)) 
11. • penTINbility to vapor flow [c:mZ) 
l • distance [em) 
R. • porous media ·retardation' factor (no immiscible 

hydrocarbon present outSide of soun::e araa) 
s, • pure component solubility (g/~-H,O) 
u • .....,. • maximum convec:tive trlnSPOI't rate of vapon (an/d) .. 
VP - vapor phase pressure gradient (gjcm2-s•J 
~. - VOlumetric content of soil pore wet• (~·H20/~·SOIII 
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TABLE X3.1 Continued 

Oescnption 

Maxomum convective transpor1 rate 
u ....... [em/d) of vapors'" 

Minimum time'··- (d) for vapors to 
travel a distance I. (em) from source 
area by convection'" 

Minimum lime '•·- {d) for vapors to 
travel a distance I. [em) from source 
area by diffusion'" 

Vapor Emluions from Subsurface Vapor 
SourcN to Open Surface~~: 

Maximum dif!usive vapor nux F,.,.. 
{g/cm2-<IJ from subsurface vapor 
source located a distance d (em) 
below ground SI.Wface (steady-state, 
constant source)" 

Maximum time-averaged diffusive vapor 
nux <F,...> [gJcm2-<~J from 
subsurface soils ovw period from 
lime • 0 to lime • r, single 
component immiSCible phase 

present'" 

Mathematical ApprOXJ11'14tion 

I. 
"~·"*'--u • ..,_ 

1.2 

""·"*'·--(o-"/R.) 

Ru C 

Parameters 

a. • vOlumetriC content of SOil vapor [c:m3-vaporfc;m3-soii] 
Br total vOlumetriC content of pore space in soil matrix 

[ cmJ /cm'·soil) 
lJv - vapor viscosity [ g;cm-s I 
p, - SOil bulk denSity (g-scil/c:m3-soil] 
r • .- - minimum time lor vapors to travel a distance 1. [em 1 by 

convection [day]'" 
rd.- • minimum time lor vapors to travel a distance 1. [em) by 

dif1usion [day]'" 
c _ - total soil hydrOCatlxln concentration [ o/g-soil) 
c..... • eqUilibrium vapor concentration (g/c:m3-vapor)'" 
d • distance below ground surtace to top of hydrocarbon vapor 

source [em) 
o-" - effectlve diffusiOn coelliciant lor oombined vapor and solute 

transpor1. expressed as a vapor phase dif1usion coalliciant 
(no immiscible hydrccarbcn present outside of source wea) 
(cmZ/d)'" 

R, - porous media "retardation" factor (no immiscible 
hydrocarbOn present outside of source area)'" 

u ........ • maximum convectlve transpon rate u,..,... of vapors (em/d)'" 
Po • soil bulk denSity (g-soil/cm2·soil) 

• averaging time (s) 
A8 • total area of anclcsed space exposed to vapor intruSion 

(area of foundation) [cm2) 
A.,.... • area of foundation through which vapors are transported 

(area of criCks. open seams. etc.) [c:rn2] 
c_ • total soil hydrocarbOn concentration (0/g-scil] 
c •. .., • equilibrium vapor concentration [gJcm2-vapor)'" 
d - distance between foundation/WIIs and hydrocarllcn vapor 

Maximum combined convec:tlve and 
diffusive vapor ftux F,.,.. [gjcm2-<1) 
from subsurface vapor source located 
a distanced [em) below ground 
surface'" 

F • R u,. C - ~ ........ .., 
"'"" • ,..... ..... ( ~R.u ...... 1] 

1-ex ---
o-" 

source [em) 
Qetl • effective diffusion coalliciant through soil lor combined vapor 

and solute transport, exprnsed u a vapor phaSe dittusicn 
coalliciant (no immisabla hydrocarbOn present outSide of 
source area) {cm2/d]'" 

Vapor EmiuioM from Surlace Soils to 
Open Spacea: 

Maximum time-averaged diffusive vapor 
nux <F ,...> [gjcm2-<l) from SI.Wface 
soils ovw period from time • 0 to 
time • r, single c:ompcnent 
immiscible phaSe ~ 

Vapor EmJulonl from Surface Soils to 
Open Spacea: 

Maximum time-averaged diffusjye vapor 
nux <F,...> {gjcm2-<IJ from SI.Wface 
soils over period from time • 0 to 
time • r, no immiscible phaSe 
present'" 

Maximum time-averaged diffusive vapor 
ftux <F ,...> [gjcm2-<l] from surface 
soils over period from time • 0 to 
time • r, volatile compouents from 
relatively nonvolatile lmrniScibll phase 
(lor example, benz- from 
gasoline)'" 

2Detl (x_,_P,_•M_._~ 

<F 
RT } ,...>• ____ _ 

where: 

o., 
a•---=---

B, + p,RT{C,.,./M. rl 

P,• 

those most commonly required for various screening level 
models, including: 

X3.5.4.1 Soil bulk density (can be estimated::::: I .7 gjcm 3 ), 

X3.5.4.2 Total soil porosity (can be estimated ::::: 0.38 
cm 3/cm 3), 

X3.5.4.3 Soil moisture content can be conservatively 
estimated in many cases. It is approximately equal to the 
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o-c" • effec:tiva diffuSion coalliciant through loundaiion criCks 
[cm2/d)'" 

1..,_ • thiCknaSS olloundation/Wal [em] 
MwJ • rnclecullr weight of i [gjmoiJ 
M •. r • average mcleCullr weight of the hydrocarbOn mixture 

{gjmol) 
P," • vapor pressure of pure c:omponll'll I [ atm) 
08 • vclumatric new rate of air witt*~ enclosed space [cm2/s) 
o_ • vclumatric infiltretion new rata of soil gas Into enclosed 

space (cm2/S) 
R • gas constant • 82 atm-cm2/moi-K 
R, • porous media "retardation" factor'" 
T • 1bsc1u11 temparaturl [K] 
x1 • mol fr1lc:tion of ~t I 
a. - volumetric content of soil vapor [c:m3-vapor/cm2·soil) 
p, • soil bulk density (g-soil/c:rnJ.SOII) 

r • 3.1418 

• averaging time [ s] 

c •. .., • equilibrium diSSOlved concentration in lead'llte source area 
[g/cm'-H,O)'" 

E 8 • enclosed space air excl'lange rate (I/ d) 
E_, • vapor emtSSICI'I rate intd enclosad space [g/d)'" 
F - vapor nux (gtem2-<!J'" 
i • ground water gradient (em/em) 
K, - saturated hydraulic conductiVity (cm/dJ 
1. • downwind length of vapor 8I'IIISSIOTlS source area [em) 
M • ground water mixing zona thickness [em) 
q, • water ll'lfiltration rate (em/d) 

total soil porosity beneath the water table, and typically 
>0.05 cm3-H 20/cm3-soil in the vadose zone; this can be a 
critical input parameter in the case of diffusion models and 
may require site-specific determination unless conservative 
values are used, 

X3.5.4.4 Fraction organic matter in soil particles (=0.005 
- 0.01: sandy soil is often conservatively assumed); this can 



~~ ES 38 

TABLE X3. 1 Continued 
OesaipiiOn Mathematical Approx.maiiOn 

v~ EmJS&icns to EncJoa«< Spaces: 
- wtnd speed (emfd) 
- YOiume of endoMcl ~ (~) 
- width oflmplcted sol zone (zJ 

Maximum vapor emission rate E_ 
(gJcm2..<f) to enclosed spaces from 
suilsurlac:e vapor soun:es located a 
distanced [an) away from the 
enclosed spaces .. jexr:J 0-L.~ \ + (o-r"•) 

-~\ocr-A,..) o.• 

u,. 
Ve 
w 
I - height of brealt*lg zone [an) 

+ (::) (ex~;::;::) _ 1)) 
Hydrocarbon v~ Dlspenion: 

Ambient hydrocarbon vapor 
concentratiOn ~ from arae 
vapor source c_ (g/~) .. 

Endosed ~ vapor concentration 
c-rw~J .. 

LNchate TraMpon: 
LNChlng lmpect on Ground water. 
Ground water source area concentratiOn 
c_ 1!11~1 resulting from 
leaching tmoug11 vldose zone 
hydroc:arboi'Hmed soils .. 

Ground water source area concentraitcn 
c_ !Q/~-H:zOJ resulting from 
hydroc:arboi'Hmed soils in direct 
contact with ground wetet .. 

q,W c_-c,....,-..;.:.. __ 
1/(,.IAI + q, W) 

c_-c ... .., 

.. EquatiOn lot this 1*41"8tel' given in this table. 

also be a critical parameter requiring site-specific determina
tion unless conservative values are used), 

X3.5.4.5 Hydraulic conductivity (generally site-specific 
determination required), 

X3.5.4.6 Ground water gradient and flow direction (re
quires site-specific determination), and 

X3.5.4. 7 First-order decay-rate (generally requires site
specific calibration as models are very sensitive to this 
parameter), see Table X3.2 for a summary of measured 
values currently available from the literature. 

X3.5.5 Depending on the models selected, other informa
tion may be required, such as meteorological information 
(wind speed, precipitation, temperature), soil particle size 
distributions, and nearby building characteristics. 

X3.5.6 In most cases, measurements of the attenuation 
(decrease in concentration) of compounds with distance 
away from the petroleum source area will be required to 
calibrate and verify the predictive capabilities of the selected 
models. The amount of data required varies depending on: 

X3.5.6.1 The models used, 
X3.5.6.2 Their sensitivity to changes in model input 

parameters, and 
X3.5.6.3 The contribution of the pathway of concern to 

the total incremental exposure and risk. · 
X3.5.7 Generally, site-specific physical and chemical 

properties for the most sensitive parameters are required for 
migration models. However, instead of site-specific data, 
conservative values selected from the literature may· be used. 

TABLE X3.2 Reported Deg,.datlon Ratea tor Petroleum HydrocarbOns 

Reference Sol.n:e of 
Oata 

Barker et II .. Boraen 
Aquifer, 
canacsa 

Kemblowski• Eastern 
Florida 
Aquifer 

Chiang et 11c Northern 
Michigan 
Aquifer 

Wilson et aJ o TraYetW 
City, Ml 
Aquifer 

Howard at aJE UteratU"e 

A See Rei (23). 
11 See Rei (24). 
c See Ref (25). 
0 See Rei (211). 
1 See Rei (27). 

aenz-
0.007 [99) 

0.0085 [82) 

0.095 [71 

0.007 to 0.024 
[99) to [29) 

0.0009 [730) to 
0.069 [10) 

Chemical Decay Rates (d8y"'. [hall_.• dlysD 

Toluene Elhyi-Senz- Xylenes ().Xylene MTBE ~ttlllene Benzc(a)Pyrroe 

0.011 (63) 0.014 [50) 

0.067 (10] 0.004 to 0.014 
(173) to (50) 

0.025 (28) to 0.003 [228) to 0.0019 [365) to 0.0019 (365) to 0.0027 [258) 0.0007 (1058) to 
0.099 (7] 0.118 [6] 0.0495 (14) 0.0868 (8) 0.0081 (114) 
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X3.5.8 Migration Modeling Process-The goal of a mi

gration modeling exercise is to utilize, or develop, mathemat

ical approximations of real phenomena (for example, vadose 

zone processes, ground water flow, contaminant transport) 

that can be used to interpret site characterization and 

monitoring data. predict future migration, determine correc

tive action requirements, or predict the effect of proposed 

corrective action measures, or combination thereof. The 

migration modeling process typically involves the following 

tasks: 
X3.5.8.1 Modeling Objectives-Modeling objectives must 

first be identified (that is, the questions to be answered by the 

model). It is important to keep these objectives in mind 

during data collection, model conceptualization, model and 

parameter selection, and model interpretation. At this point 

the user defines what phenomena are to be modeled and how 

the results are to be used (interpret site characterization and 

monitoring data, predict future migration, determine correc

tive action requirements, or predict the effect of proposed 

corrective action measures, or combination thereoO. 
X3.5.8.2 Conceptual Model-Once the modeling objec

tives have been identified, a conceptual model is constructed. 

The conceptual model is a qualitative description of the 

characteristics of the physical system and processes involved. 

X3.5.8.3 Model Selection-After the conceptual model 

has been developed, a mathematical representation is se

lected to simulate the physical system and processes affecting 

it. Types of models generally employed include physical, 

analytical, and numerical models. If analytical or numerical 

mathematical models are selected, they should be appropri

ately simple to fit the available data and meet the modeling 

objectives. Physical models, such as sand tanks, are not 

commonly employed for exposure/risk assessment modeling 

and will not be discussed further here. 
X3.5.8.4 Analytical models are generally based on as

sumptions of uniform properties and regular geometries. 

Advantages include a very simple set of assumptions, quick 

set-up and execution (calculator, or personal computer, and 

sometimes pencil and paper), and they can often quickly and 

inexpensively answer many important questions. In some 

cases, however, analytical models may be so simplistic that 

important aspects of a given system are neglected, or 

demanding modeling objectives cannot be satisfied. 

X3.5.8.5 Numerical models allow for more complex het

erogeneous systems with distributed properties and irregular 

geometries. Advantages include the flexibility to simulate 

more complex physical systems and natural parameter 

variability. However, the numerical approach can be very 

time intensive, may require much more data and informa

tion to be collected than is practicable, and results can be 

difficult to interpret and communicate. 
X3.5.8.6 Model Verzfication-Model results must be ver

ified against known solutions (in most cases these are 

analytical model results) to ensure that the mathematical 

equations are being solved correctly. Many commercially 

available models have already undergone validation studies; 

when available, the results of such a study should be 

reviewed prior to the model use. 
X3.5.8.7 Model Calibration-The model calibration step 

is performed in order to verify that the combination of the 

selected model and set of input parameters produces model 
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results that are adequately representative of site characteriza

tion and historical monitoring data from a given site. This 

step may include iterative history matching and input value 

refinement. 
X3.5.8.8 Sensitivity/Uncertainty Analysis-Once a model 

has been verified and calibrated, a study to define the 

sensitivity, or variability, of model predictions resulting from 

variations in input parameter values is undertaken. These 

results can be used in two ways: to define which parameters 

must be most accurately defined and that can be approxi

mated without loss of accuracy, and to define the range of 

model outputs given reasonable ranges in parameter values. 

If model predictions are found to be highly sensitive to small 

changes in the value of a poorly defined input parameter, 

then it will be difficult to have confidence in the accuracy of 

model results. On the other hand, if the model results remain 

relatively constant or are insensitive to changes in input 

parameter values, then the user can be more confident that 

the range of possible results is relatively well-defined. 

X3.5.8.9 Model Prediction-Once these steps have been 

conducted, the model is now used to satisfy the modeling 

objectives. 
X3.6 Risk and Exposure Assessment Models: 
X3.6.1 "Exposure models" are used to estimate the chem

ical uptake, or dose, while "risk assessment models" are used 

to relate human health or ecological impacts to the uptake of 

a chemical. Risk and exposure assessment models are often 

combined to calculate a target exposure point concentration 

of a compound in air, water, or soil. 
X3.6.l.l In the case of compounds that have been classi

fied as carcinogens, exposure and risk assessment models are 

generally linked by the expression: 

risk= average lifetime intake [mg/kg-day] 
x slope factor (mgtkg-day ]- 1 

where the intake depends on exposure parameters (ingestion 

rate, exposure duration, etc.), and the concentration at 

point-of-exposure. The slope factor (sometimes called the 

"potency factor") is itself based on a model and set of 

underlying assumptions, that are discussed as follows: 

X3.6.1.2 In the case of compounds that have not been 

classified as carcinogens, exposure and risk ·asSessment 

models are generally linked by the expression: 

hazard quotient = 
average intake (mgfkg-day]freference dose [mgtkg-day] 

where the intake depends on exposure parameters (ingestion 

rate, exposure duration, etc.), and the concentration at 

point-of-exposure. The reference dose is itself based on a 

model and set of underlying assumptions, which are dis

cussed below. 
X3.6.2 Toxicity Assessment: Dose-Response Models

Toxicity assessments use dose-response data to identify a 

"safe dose" or a toxic level for a particular adverse effect. 

Most estimates of a "safe dose" or toxic level are based on 

animal studies. In some instances, human epidemiological 

information is available on a chemical. Toxicologists gener

ally make two assumptions about the effects of risk agents at 

the low concentrations typical of environmental exposures: 

X3.6.2.1 Thresholds exist for most biological effects; in 

other words, for noncarcinogenic, nongenetic toxic effects, 

there are doses below which no adverse effects are observed 
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in a population of exposed individuals, and 
X3.6.2.2 No thresholds exist for genetic damage or carci

nogenic effects. Any level of exposure to the genotoxic or 
carcinogenic risk agent corresponds to some non-zero in
crease in the likelihood of inducing genotoxic or carcino
genic effects. 

X3.6.3 The first assumption is widely accepted in the 
scientific community and is supported by empirical evi
dence. The threshold va1ue for a chemical is often called the 
no-observed adverse effects level (NOAEL). Scientists usu
ally estimate NOAELs from animal studies. An important 
value that typically results from a NOAEL or LOAEL 
(lowest observed adverse effect level) value is the reference 
dose (RID). A reference dose is an estimate (with an 
uncertainty typically spanning an order of magnitude) of a 
daily exposure (mg/kg/day) to the general human population 
(including sensitive subgroups) that is likely to be without an 
appreciable risk of deleterious effects during a lifetime of 
exposure. The RID value is derived from the NOAEL or 
LOAEL by application of uncertainty factors (UF) that 
reflect various types of data used to estimate RIDs and an 
additional modifying factor (Mf), which is based on a 
professional judgment of the quality of the entire database of 
the chemical. The oral RID, for example, is calculated from 
the following equation: 

'f. 
NOAEL 

RD•--
UFxMF 

X3.6.4 The second assumption regarding no threshold 
effects for genotoxic or carcinogenic agents is more contro
versial but has been adopted by the USEPA. For genotoxic 
and carcinogenic agents, extrapolations from high experi
mental doses to low doses of environmental significance 
requires the use of mathematical models to general low 
dose-response curves. It should be noted that although the 
EPA uses the linear multi-state model to describe carcino
genic effect, there is no general agreement in the scientific 
community that this is the appropriate model to use. 

X3.6.5 The critical factor determined from the dose
response curve is the slope factor (SF), that is the slope of the 
dose-response curve in the low-dose region. The units of the 
slope factor are expressed as (mg/kg-day}- 1 and relate a given 
environmental intake to the risk of additional incidence of 
cancer above background. 

X3.6.6 The RID or SF values are generally obtained from 
a standard set of reference tables (for example, Ref (6) or Ref 
(7)). It is important to note that the information in IRIS has 
typically only been peer-reviewed within the EPA and may 
not always have support from the external scientific commu
nity. Whereas the information in IRIS has been subject to 
agency-wide data quality review, the information in the 
HEAST tables has not. The user is expected to consult the 
original assessment documents to appreciate the strengths 
and limitations of the data in HEAST. Thus, care should be 
exercised in using the values in HEAST. Some state and local 
agencies have toxicity factors they have derived themselves 
or preferences for factors to use if neither IRIS nor HEAST 
lists a value. Values for a range of hydrocarbons typically of 
interest are presented in Appendixes X I and X2. 

X3.6. 7 It is important to note that in extrapolating the 
information obtained in animal studies to humans. a 
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number of conservative assumptions are made. 
X3.6. 7 .I For noncarcinogens, an arbitrary system of de

fault. safety and ~ncertainty factors, as discussed above, (in 
multiples often) IS used to convert observat;on in animals to 
estimates in humans. 

X3.6.7.2 For carcinogens, some of the most important 
assumptions include: the results of the most sensitive animal 
study are used to extrapolate to humans, in general, chemi
cals with any carcinogenic activity in animals are assumed to 
be potential human carcinogens, and no threshold exists for 
carcinogens. 

X3.6.8 The uncertainty in the RID and SF values are 
often neglected in deference to single point values which are 
then typically summarized in databases such as IRIS and 
HEAST and are used subsequently as absolute estimates of 
risk. Further, many of these extremely conservative assump
tions described above are risk-management policy decisions 
made by the USEPA. These assumptions are not explicitly 
defined and further obscure the conservatism in the safe dose 
estimate. Thus, care must be exercised in interpreting results 
which has as a basis these conservative toxicity evaluations. 

X3.6.9 Exposure Assessment Modeling-The goal of ex
posure assessment modeling is to estimate the chemical 
uptake that occurs when a receptor is exposed to compounds 
present in their environment. In principal, the process for 
developing and using migration models presented in 6.5 is 
directly applicable to exposure assessment modeling. In this 
case the user: 

X3.6.9.1 Develops a conceptual model by identifying 
significant exposure pathways and receptors, 
' X3.6.9.2 Selects a model to describe the contact rate and 

subsequent uptake of the chemical(s), 
X3.6.9.3 Performs a sensitivity analysis to identify critical 

parameters, 
X3.6.9.4 Selects appropriate exposure parameters 

(breathing rates, etc.), 
X3.6.9.5 Generates estimates of exposure and uptake, and 
X3.6.9.6 Assesses the uncertainty in the estimates. 
X3.6.10 There are differences between the process out-

lined in X3.6.5 and that which can be practically applied to 
exposure assessment modeling. For example, with the excep
tion of exposures and impacts to environmental resources, it 
is difficult to calibrate exposure assessment models unless 
very expensive epidemiological studies are conducted. 

X3.6.11 Typically, the models used to estimate uptake are 
simplistic algebraic expressions, such as those contained in 
Ref (1). Application of these equations is illustrated in 
Appendix X2. 

X3.6.12 In many cases, exposure parameter values are 
available in Ref (8), but other more-recent information is 
also available in peer-reviewed publications, and all sources 
should be carefully reviewed. While point values are often 
selected for simplicity, statistical distributions for many of 
the exposure parameters are readily available for Tier 3 
analyses. 

X3.6.13 It is common for USEPA reasonable maximum 
exposure (RME) values to be used in exposure assessment 
calculations. as is done for the example Tier I Look-Up 
Table discussed in Appendix X2. The RME value is gener· 
ally defined as a statistical upper limit of available data 
(generally 85 to 90% of all values are less than the RM E 
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value). Therefore, by consistently selecting and multiplying 

conservative RME values the user models a scenario that is 

very improbable and always more conservative than the 

"true" RME exposure scenario. Thus, great care must be 

exercised, when using combinations of these default values in 

risk assessments, to avoid a gross overestimation of exposure 

for a specific site. 

X4. INSTITUTIONAL CONTROlS 

X4.1 Introduction: 
X4.1.1 The purpose of this appendix is to provide a 

review of generally used institutional controls. For purposes 

of this appendix, "institutional controls" are those controls 

that can be utilized by responsible parties and regulatory 

agencies in remedial programs where, as a part of the 

program, certain levels of contamination will remain on site 

in soil or ground water. Referenced in this appendix are 

examples of programs from California, Connecticut, Illinois, 

Indiana, Iowa, Massachusetts, Michigan, Missouri, and New 

Jersey. In addition, federal programs, such as Superfund 

settlements and RCRA closure plans have utilized the 

techniques described below for some years as a mechanism 

to ensure that exposure to remaining contamination is 

reduced to the degree necessary. 

X4.1.2 The types of institutional controls discussed in this 

appendix are as follows: 
X4.1.2.1 Deed restrictions, or restrictive covenants, 

X4.1.2.2 Use restrictions (including well restriction areas), 

X4.1.2.3 Access controls, 

X4.1.2.4 Notice, including record notice, actuaL notice, 

and notice to government authorities, 

X4.1.2.5 Registry act requirements, 

X4.!.2.6 Transfer act requirements, and 

X4.1.2. 7 Contractual obligations. 

X4.!.3 Institutional controls for environmental remedial 

programs vary in both form and content. Agencies and 

landowners can invoke various authorities and enforcement 

mechanisms, both public and private, to implement any one 

or a combination of the controls. For example, a state could 

adopt a statutory mandate (see X4.2) requiring the use of 

deed restrictions (see X4.3) as a way of enforcing use 

restrictions (see X4.4) and posting signage (a type of access 

control, see X4.5). Thus, the institutional controls listed as 

follows are often used as overlapping strategies, and this blurs 

the distinctions between them. 

X4.2 Statutory Mandates-Some states' emergency re

sponse programs mandate post-remediation institutional 

controls and impose civil penalties for noncompliance. The 

schemes vary from state to state, but all impose obligations 

on landowners to use one or more institutional controls 

listed in this appendix. 

X4.3 Deed Restrictions: 
X4.3.1 Deed restrictions place limits and conditions on 

the use and conveyance of land. They serve two purposes: 

informing prospective owners and tenants of the environ

mental status of the property and ensuring long-term com

pliance with the institutional controls that are necessary to 

maintain the integrity of the remedial action over time. 

Restraining the way someone can use their land runs counter 

to the basic assumptions of real estate law, so certain legal 

rules must be satisfied in order to make a deed restriction 

binding and enforceable. 

X4.3.2 There are four requirements for a promise in a 

deed restriction (also called a "restrictive covenant") to be 

held against current and subsequent landowners: (a) a 

writing, (b) intention by both original parties that particular 

restrictions be placed on the land in perpetuity; (c) "privity of 

estate," and (d) that the restrictions "touch and concern the 

land." 
X4.3.2.1 The first requirement is that of a writing. It is a 

rule of law that conveyances ofland must be documented in 

a writing. The same rule holds for deed restrictions affecting 

land. Ideally, a deed restriction used as an institutional 

control would be written down with particularity and then 

recorded in the local land records office, in much the same 

fashion as the documentation and recordation of a sale of 

land. Parties may also encounter the requirement that the 

deed restriction be executed "under seal," a legal formality 

that has been abandoned in most states. 

X4.3.2.2 The second requirement is that the deed restric

tion should precisely reflect what the parties' intentions are 

' in regard to the scope and the duration of the restrictions. 
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Explicitly stating in the deed restriction that the parties 

intend the restriction to "run with the land" (that is, last 

forever and bind subsequent owners) is strongly recom

mended. 
X4.3.2.3 The third requirement, privity of estate, arises 

from a concern that only persons with a certain relationship 

to the land should be able to enforce a deed restriction. 

Normally, deed restrictions are promises between buyer and 

seller or between neighbors; therefore, the state or a third 

party may not enforce a deed restriction. Ho~ever, even in 

states that require privity of estate, this concern is addressed 

if the landowner took the land with knowledge that the 

restrictions existed and might be enforced by these third 

parties. Thus, it is also strongly recommended that the deed 

restriction explicitly state that the states environmental 

authority may enforce the restriction. Recording of the deed 

restriction serves as notice to anyone who later purchases or 

acquires an interest in the land. Therefore, privity of estate 

should not be a barrier to state enforcement of the deed 

restriction if the proper steps are taken. 

X4.3.2.4 Finally, a deed restriction is only enforceable if 

the promise "touches and concerns the land." A rough rule 

of thumb to decide this point is whether the landowner's 

legal interest in. the land is decreased in value due to the deed 

restriction. If the land is devalued in this way, then the 

restriction could be said to "touch and concern the land." 

Note that the focus of the inquiry is on the land itself; 

promises that are personal in nature and merely concern 

human activities that happen to take place on the land are 

least likely to be enforceable. Thus, any deed restriction used 
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as an institutional control should be written so that it centers 
on the land and the use of the land. 

X4.3.3 Due to the potential enforcement hurdles encoun
tered by a governmental agency in enforcing a deed restric
tion, it may be appropriate for an individual state to seek 
statutory and regulatory amendments to ensure that such 
authority exits in regard to all deed restrictions for environ
mental purposes. 

X4.3.4 Remedies for noncompliance with deed restric
tions comes in two forms: persons or agencies may sue to 
obtain a court order (injunction) requiring compliance or if 
the state statute allows for it, the state's attorney general can 
seek enforcement of civil penalties, such as fines, for non
compliance. 

X4.3.5 A state program can require a landowner to 
continue monitoring activities and to allow state environ
mental officials access to the site to monitor compliance with 
institutional controls. These arrangements may have to be 
put in a deed restriction in order to run with the land from 
owner to owner, but responsible parties can also be required 
to sign a contract making these promises. Of course, almost 
every state has authority to issue administrative orders to 
accomplish some or all of the above. 

X4.3.6 The above arrangements can also set out proce
dures that will be followed if some emergency requires that 
the remediation site be disturbed. If, for example, under
ground utility lines must be repaired, the landowner would 
follow this protocol for handling the soil and alerting the 
state authority. 

X4.4 Use Restrictions: 
X4.4.1 Use restrictions are usually the heart of what is in 

a deed restriction. Use restrictions describe appropriate and 
inappropriate uses of the property in an effort to perpetuate 
the benefits of the remedial action and ensure property use 
that is consistent with the applicable cleanup standard. Such 
techniques also prohibit any person from making any use of 
the site in a manner that creates an unacceptable risk of 
human or environmental exposure to the residual contami
nation. 

X4.4.2 Use restrictions address uses that may disturb a 
containment cap or any unremediated soils under the surface 
or below a building. A prohibition on drinking on-site (or 
otT-site by means of well restriction areas discussed below) 
ground water may also be appropriate. 

X4.4.3 As an example, a program may allow a restriction 
of record to include one or more of the following: 

X4.4.3.1 Restriction on property use; 
X4.4.3.2 Conditioning the change of use from nonresi

dential to residential on compliance with all applicable 
cleanup standards for a residential property; 

X4.4.3.3 Restricting access; or 
X4.4.3.4 Restricting disturbance of department-approved 

remedial effects. 
X4.4.4 Well restriction areas can be a form of institu

tional control by providing notice of the existence of 
contaminants in ground water, and by prohibiting or condi
tioning the construction of wells in that area. 

X4.4.4.1 This technique preserves the integrity of any 
ground water remedial action by prohibiting or conditioning 
the placement and use of any or all types of wells within the 
area. 
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X4.4.4.2 Well restrictions of this nature would be subject 
to agency approval, public notice, and may include the 
restriction on constructing or locating any wells within a 
particular designated area. Notice of the well restriction is 
recorded on the land records and with various health officials 
and municipal officials. The restrictions can only be released 
upon a showing that the contamination in the well restric
tion area is remediated in accordance with state standards. 

X4.S Access Controls: 
X4.5.1 Another subset of institutional controls is the 

control of access to any particular site. The state uses the 
following criteria to determine the appropriate level and 
means of access control: 

X4.5.1.1 Whether the site is located in a residential or 
mixed use neighborhood; 

X4.5.1.2 Proximity to sensitive land-use areas including 
day care centers, playgrounds, and schools; and 

X4.5.1.3 Whether the site is frequently traversed by 
neighbors. 

X4.5.2 Access can be controlled by any of the following: 
fencing and gates, security, posting or warnings. 

X4.6 Notice: 
X4.6.1 Regulations of this type generally provide notice 

of specific location of contamination on the site, and disclose 
any restrictions on access, use, and development of part or all 
of the contaminated site to preserve the integrity of the 
remedial action. 

X4.6.2 Record Notice: 
X4.6.2.1 Some states require that sites having releases of 

hazardous waste flle a notice on the land records providing to 
any subsequent purchaser of the property information re
garding the past or current activities on the site. 

X4.6.2.2 The record notice requirement may be broad; 
the program may require any property subject to a response 
action to obtain a professional opinion and then prepare and 
record a Grant of Environmental Restriction that is sup
ported by that opinion. 

X4.6.2.3 The record notice requirement can be ancillary 
to a transfer act (see X6.8}, in which case recording of an 
environmental statement is only required in conjunction 
with a land transaction. 

X4.6.3 Actual Notice: 
X4.6.3.1 States may require direct notice of environ

mental infonnation to other parties to a land transaction. 
These laws protect potential buyers and tenants, and they 
also help ensure that use restrictions and other institutional 
controls are perpetuated. 

X4.6.3.2 Actual notice of an environmental defect or 
failure to provide notice may give a party the right to cancel 
the transaction and result in civil penalties. For example, 
landlords and sellers who do not give notice as required by 
the state may be liable for actual damages plus fines. 
Nonresidential tenants who fail to notify landowners of 
suspected or actual hazardous substance releases can have 
their leases canceled and are subject to fines. 

X4.6.4 Notice to Government Authorities-Parties to a 
land transaction may also be required to file the environ
mental statement with various environmental authorities. 
Notice to the government may be required before the 
transaction takes place. 

X4.7 Registry Act Requirements: 
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X4. 7 .I Some states have registry act programs that pro

vide for the maintenance of a registry of hazardous waste 

disposal sites and the restriction of the use and transfer of 

listed sites. 
X4.7 .2 A typical registry act provides that the state 

environmental agency establish and maintain a registry of all 

real property which has been used for hazardous substance 

disposal either illegally or before regulation of hazardous 

waste disposal began in that state. 
X4.7.3 The state agency is responsible for investigating 

potential sites for inclusion on the registry. The registry 

includes the location of the site and a listing of the hazardous 

wastes on the property, and may also include a classification 

of the level of health or environmental danger presented by 

the conditions on the property. The state agency may be 

required to perform detailed inspections of the site to 

determine its priority relative to other registered sites. 

X4.7.4 Owners of sites proposed for inclusion on the 

registry have rights of hearing and appeal, and owners of sites 

on the registry have rights to modify or terminate their 

listing. In some cases, the owner of a site proposed for 

inclusion on the registry may obtain the withdrawal of the 

proposed registration by entering into a consent agreement 

with the state. Such a consent agreement establishes a 

timetable and responsibility for remedial action. 

X4.7.S When a site appears on the state registry, the 

owner must comply with regulatory requirements in regard 

to use and transfer of the site. The use of a site listed on the 

registry may not be changed without permission of the state 

agency. In negotiations for a conveyance of a registered site, 

the owner may be obligated to disclose the registration early 

in the process, and permission of the state agency may be 

required to convey a registered property. Under other 

schemes, permission to convey is not required, but the seller 

must notify the state agency of the transaction. 

X4. 7.6 Finally, registry acts require that the listing of a 

property on a hazardous materials site registry be recorded in 

the records of the appropriate locality so that the registration 

will appear in the chain of title. 
X4.8 Transfer Act Requirements: 
X4.8.1 Some states have transfer act programs that re

quire full evaluation of all environmental issues before or 

after the transfer occurs. It may be that within such program, 

institutional controls can be established by way of consent 

order, administrative order, or some other technique that 

establishes implementation and continued responsibility for 

institutional controls. 
X4.8.2 A typical transfer act imposes obligations and 

confers rights on parties to a land transaction arising out of 

the environmental status of the property to be conveyed. 

Transfer acts impose information obligations on the seller or 

lessor of a property (see X4.6.3). That party must disclose 

general information about strict liability for cleanup costs as 

well as property-specific information, such as presence of 

hazardous substances, permitting requirements and status, 

releases, and enforcement actions and variances. 

X4.8.3 Compliance with transfer act obligations in the 

manner prescribed is crucial for ensuring a successful con

veyance. Sometimes the transfer act operates to render a 

transaction voidable before the transfer occurs. Failure to 

give notice in the required form and within the time period 
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required or the revelation of an environmental violation or 

unremediated condition will relieve the transferee and the 

lender of any obligation to close the transaction, even if a 

contract has already been executed. Moreover, violation of 

the transfer act can be the basis for a lawsuit to recover 

consequential damages. 
X4.9 Contractual Obligations: 
X4.9.1 One system for ensuring the future restriction on 

use of a site, or the obligation to remediate a site, is to require 

private parties to restrict use by contract. While this method 

is often negotiated among private parties, it will be difficult, 

if not impossible, to institutionalize some control over that 

process without interfering with the abilities and rights of 

private parties to freely negotiate these liabilities. 

X4.9.2 Another avenue is for the landowner or respon

sible party to obligate itself to the state by contract. The state 

may require a contractual commitment from the party to 

provide long-term monitoring of the site, use restrictions, 

and means of continued funding for remediation. 

X4.l 0 Continued Financial Responsibility-Another as
pect of institutional controls is the establishment of financial 

mechanisms by which a responsible party ensures continued 

funding of remediation measures and assurance to the 

satisfaction of the state. 
X4.11 References: 
X4.11.1 The following references serve as examples and 

are current as of the fourth quarter of 1993: 
X4.11.1.1 References for Deed Restrictions: 

24 NJ. Rea. 400 (1992) (NJ. Admin. Code§ 7.260.8.2 (e) (2)). 

24 NJ. Rea. 4()().Q2 (1992) (NJ. Admin. Code §4 7.260.8.1-8.4). 

24 NJ. Rea. 401 (1992) (NJ. Admin. Code § 7.260 Appendix A. Model 

Document, Declaration of Environmental Restrictions and Grant of Ease

ment. Item 8) 
Illinois Responsible Propeny Transfer Act§ 7(c) (1985) 

Masacllusctts Reaulations Code Title __ § 40.1071 (2) ( 1) & (k) 

Mass. Rep. Code, Title __ §40.1071(4). 

Mich. Admin. Code 299.5719 (3) (e) (1990) 

Michipn Rules 299.5719 (2), (3) (d) 

X4.11.1.2 References for Use Restrictions: 

24 NJ. Rea. 400 (N.J. Admin. Code§ 7.260.8.2 (d)) 

Mich. Admin. Code 299.5719 (3) (a), (b),(&) 

New Jency Rqulation 7 .260.8.4, thai uses the above approach 

X4.11.1.3 References for Access Controls:· 

Iowa Admin. Code r. 133.4 (2) (b) 

Michipn Rule 299.5719 (3) (I) 

New Jency Reaulations § 7.260.8.2 

X4.11.1.4 References/or Notice: 

Cal. Health and Safety Code§ 25359.7 ( 1981) 

IllinoiS Responsible Propeny Transfer Act ( 1985) 

Indiana Code §§ 13-7-22.5-1-22 ( 1989) (•Indiana Environmental Hazardous 

Disclosure and Responsible Pany Transfer Law") 

Mass. Rep. Code Title __ §4 40.1071-1090 (1993) 

Michapn Rule 299.5719 (3) (c) 

X4.ll.l.S References for Registry Act Requirements: 

Iowa Code Ann.§§ 4558.426-1558.432. 4558411 (I) ( !990) 

Missouri Code Rqs. Title 10. §4 25·10.010, 2S-J.260 (1993) 

X4.11.1.6 References for Transfer Act ReqUirements: 

Conn. Gen. Stat. §22a·l 34 tr s~ 
lllinoas Responsable Propeny Transfer Act ( 1985) 

Indiana Code§§ 13-7-22.5·1-22 (1989) ("lndaana Envaronmental Haz.udous 

Disclosure and ResponSible Pany Tr.msfer Law") 

New Jeney Senate Bill No. 1070, the lndustnal Site Recovery Act. amendang 

the environmental cleanup Responsabahty Act, N.J.S.A. I J: I K-6 rr s~ 

New Jeney Spall Compensataon and Control Act. N J S.A 58:10-23 II ,., <<'11 
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X4.ll.l. 1 Reference for Contractual Obligations: 

Midlipa nale l.99.J719 (2) 

X4.11.1.8 Reference for Continued Financial Responsi
bility: 

Midlipn Rule 299.5719 (2) 

,c~IIAI,rar&.p. APPUCATIONS OF RISK-BASED CORREcnYE ACTION 

eulftltllll .. ill•rate tile' .~ --at worst. it is a long-term threat to human health 
.,.t4i.llktl•w:·.•;;:v ..... ~tal resources. The appropriate initial re

•~•I1Miia* ..... ~~~·to evaluate the need for a ground water monitoring 
lt~llllllilliPin-m-,.-,<. ~M most. this would consist of a single well located 

.... ., ..•• ~---. '·•lll•lfuely down-gradient of the impacted petroleum soils . 
. , .jrJse.-l!IIIPODSibility party recommends deferring the decision 

I to iDSIIll a around water monitoring system until the Tier I 
··~ ~-- il complete, and justifies this recommendation 

•••••D4~:~;~r<liJ_, QD DO detected ground water impact, the limited 
lflillill~·-·h'll~;cAafii•,QC· iaaPicted soils, and the separation between im-
1111:::~;-•,._. .. ud first-encountered ground water. The regula-

ment. It ti'11M..,II II , · ·llle.-oc:Y concurs with this decision. 
soils in the area oltbt.,tank 1D.~•IM•.::alalraliD1 X$.2..4 Slq Ja-Tier /-Exposure Pathway Evalua-
wbicb tbe soilS Ire' II IIC11Ct1r"auffli •• flllt, bodl tlolt-Bued on current and projected future use, the only 
psoline and diesel· baW liiilill·'IGIII"·a· tk ...,_ n. DCW two potential complete exposure pathways at this site are: the 
owner plans to contiMII operadqdau••ice llatioA flcility. . inhalation of ambient vapors by on-site workers, or the 

XS.2.2 Step J-lnitiaJ Si" A.r.sarmat-The responsible leaching to ground water, ground water transport to the 
party completes an initial site..assessment focussed on poten- down-gradient drinking-water well, and ingestion of ground 
tial source areas (for example, tanks, lines, dispensers) and water. 
receptors. Based on historical knowledge that gasoline and XS.2.S Step Jb-Tier 1-Risk·Based Screening Level 
diesel have been dispensed at this facility, chemical analyses (RBSL) Selection-Assumptions used to derive example 
of soil and ground water are limited to benzene, toluene, Tier 1 RBSL in Table 4 are reviewed and presumed valid for 
ethylbenzene, xylenes, and naphthalene. Site assessment this site. A comparison of RBSLs for both pathways of 
results are summarized below: concern indicates that RBSLs associated with the leaching 

X5.2.2.1 Field screening instruments and laboratory anal- pathway are the most restrictive of the two. As this aquifer i; 
yses indicate that the extent of petroleum-impacteg soils is currently being used as a drinking water supply, RBSL values 
confined to the vicinity of the fill ports for the tanks. A tank based on meeting drinking water MCLs are selected. In the 
and line test reveals no leaks; therefore, evidence suggests case of naphthalene, for which there is no MCL, the RBSL 
that soils are impacted due to spills and overfills associated value corresponding to a residential scenario and a hazard 
with filling the storage tank, quotient of unity is used. 

X5.2.2.2 The current tanks and piping were installed five X5.2.6 Step Jc-Tier /-Comparison of Site Conditions 
years ago, 

X5.2.2.3 The concrete driveway is highly fractured, 
X5.2.2.4 No other sources are present. 
X5.2.2.5 The site is underlain by layers of fine to silty 

sands, 
X5.2.2.6 Ground water, that is first encountered at 32 ft 

(9.7 m) below ground surface, is not impacted, 
X5.2.2.7 Maximum depth at which hydrocarbons are 

detected is 13 ft (3.9 m) maximum detected soil concentra
tions are as follows: 

Depth, ft Concentration, 
Compound below ground surface (m) m&lk& 

Benzene 8 (2.4) 10 
Ethyl benzene 4 ( 1.2) 4 

Toluene 6.5 ( 1.9) 55 
Xylenes 3.5 (1.01) 38 
Naphthalene 2 (0.6) 17 

X5.2.2.8 A receptor survey indicates that two domestic 
water wells are located within 900 ft (273.6 m) of the source 
area. One well is located 500 ft ( 152.4 m) hydraulically 
down-gradient from the impacted soil zone, the other well is 
hydraulic;1lly up-gradient. Both wells produce water from the 
first encountered ground water zone. 

X5.2.3 Step 2-Site Classification and Initial Response 
Action-Based on classification scenarios given in Table 3, 
this site is classified as a Class 3 site because conditions are 
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With Tier 1 RBSLs-Based on the data given in X5.2.3.7 
and the RBSLs given in Look-Up Table 4 of the main body 
of text, exceedences of Tier I RBSLs are noted only for 
benzene and toluene. 

X5.2.7 Step 4-Eva/uation of Tier 1 Results-The re
sponsible party decides to devise a corrective action plan to 
meet Tier I standards after considering the following factors: 

X5.2. 7 .I The shallow aquifer is not yet affected, 
X5.2.7.2 Quick (relative to rate of chemical migration) 

removal of the source will eliminate the need for ground 
water monitoring, 

X'5.2.7.3 The new owner plans to install new tanks within 
six months, 

X5.2.7.4 Limited excavation of soils to meet Tier I 
criteria could be performed quickly and inexpensively when 
the tanks are removed, relative to the cost of proceeding to a 
Tier 2 analysis, and 

X5.2.7.5 An excavation proposal will facilitate the real 
estate deal. 

X5.2.8 Step 5-Corrective Action Plan-Excavate all im
pacted soils with concentrations above the Tier I RBSLs 
when the current tanks are replaced. Subsequently resurface 
the area with the new concrete pavement to reduce future 
infiltration and leaching potential through any remaining 
impacted soils. It is agreed that ground water monitoring is 

-~ .. ---------------------------------· 



41 ES38 

not necessary and the governing regulatory agency agrees to water wells are located within one-half mile of the site; 

however, there is an older residential neighborhood located 

1200 ft (365.7 m) hydraulically down-gradient of the site. 

Land usc in the immediate vicinity is light commercial (for 
issue a Nt, Action and Closure letter following 

imDlem~•·*-• .U. 

fl#'\llllllilfiiMbkl'-·· ' ...... lllip malls). The site is bordered by two streets and 

... ._lliiJ'118i11ttl'>'""';ael- el1l parking loL 

..... Iii. a•' ,,'<"'!·. SN,I2-Site Classification and Initial Response 

-b.$;!<!,.... Based on classification scenarios given in Table 3, 

.·l~llaiaa is cJassified as a Oass 3 site because conditions are 

sucb that. at worst, it is a long-term threat to human health 

r4ikf ·•¥iloamental resources. The appropriate initial re

....,.. is to evaluate the need for a ground water monitoring 

llllllll·••l~'ii'l•••· The owner proposes that the ground water moni-

ueu· :::::::~: lacatod hydraulically down-gradient in the street 

Based on 
Ulld IS a sentinel well, and be sampled yearly. The 

been diapcnted ..Cf;f~t:H'JI ..... ry IPDGY concurs, provided that the well be sampled 

around water .._,._mm-. MWJ six JRODthl. 

xylnes,anda&~;thllllalt~Qt.; ~JWifM.rilii#Willlfltll
fen XS.3.4 Sttp J(a)-Tier 1-Exposure Pathway Evalua-

as follows: 
lif>II-Bued on current and projected future use, and the soil 

XS.3.2.1 The extent or petroleutn-impeeted iOift' is con- JIS survey results, there are no potential complete exposure 

fined to the vicinity of the tanks and dispensers. A recent pathways at this site. The down-gradient residential neigh-

tank and line test revealed no leaks; therefore, evidence borhood is connected to a public water supply system, and 

suggests that the releases occurred sometime in the past. there is no local use of the impacted aquifer. However, being 

X5.3.2.2 The current tanks, lines, and dispensers were concerned about future uncontrolled use of the aquifer, the 

installed three years ago, regulatory agency requires that the owner evaluate the 

X5.3.2.3 The asphalt driveway is competent and not ground water transport to residential drinking water inges-

cracked, 
tion pathway, recognizing that there is a low potential for this 

X5.3.2.4 Another service station is located hydraulically to occur. 

down gradient, diagonally across the intersection, XS.3.5 Step 3(b)-Tier 1-Risk-Based Screening Level 

XS.3.2.5 The site is underlain by silty sands with a few (RBSL) Selection-Assumptions used to derive example 

thin discontinuous clay layers, Tier 1 RBSL in Table 4 are reviewed and presumed valid for 

XS.3.2.6 Ground water, which is first encountered at 32 ft this site. Due to the very low probability of the exposure 

(9.7 m) below ground surface, is impacted, with highest pathway actually being completed in the future, MCLs are 

dissolved concentrations observed beneath the suspected not used and the site owner is able to negotiate Tier 1 RBSLs 

source areas. Dissolved concentrations decrease in all direc- based on a 10-s risk to human health for carcinogens and 

tions away from the source areas, and ground water samples hazard quotients equal to unity for the noncarcinogens 

taken hydraulically down gradient from a well located in the (based on ground water ingestion). 

center divider of the street (about 100ft (30.4 m) from the XS.3.6 Step 3(c)-Tier ]-Comparison of Site Conditions 

source area) do not contain any detectable levels of dissolved With Tier 1 RBSLs-Based on the data given in X5.3.2.1 0 

hydrocarbons, 
and the RBSLs given in example in Table 4, exceedences of 

X5.3.2.7 Ground water flow gradient is very shallow, and Tier I soil and ground water RBSLs are noted only for 

ground water flow vdocities are at most tens of feet per year, benzene. 

X5.3.2.8 Ground water yield from this aquifer is esti- XS.3.7 Step 4-Eva/uation of Tier 1 Results-The re-

mated to be in excess of 5 gal/min ( 18.9 L/min), and total sponsible party decides to proceed to a Tier 2 analysis for 

dissolved solids levels are less than 700 mg/L. Based on this benzene and the pathway of concern, rather than devise a 

information, this aquifer is considered to be a potential corrective action plan to meet Tier I standards after consid-

drinking water supply, ering the following factors: 

X5.3.2.9 A shallow soil gas survey indicates that no X5.3. 7.1 The shallow aquifer is impacted, but the dis-

detectable levels of hydrocarbon vapors are found in the solved plume appears to be stable and ground water move-

utility easement running along the southern border of the mentis very slow, 

property, or in soils surrounding the service station kiosk, X5.3.7.2 Excavation of soils to meet Tier I criteria would 

X5.3.2.1 0 Impacted soils extend down to the first encoun- be expensive, due to the depth of impacted soils. Excavation 

tered ground water. Maximum concentrations detected in would shut down the facility, and require all tanks and new 

soil and ground water are as follows: lines to be removed and reinstalled, 

Compound 

Benzene: 
Ethylbenzc:nc: 
Toluene: 
Xylc:nc:s 
Napthalc:nc: 

Soil [mg./kg] 

20 
~ 

120 
100 

Ground water [mg/Lj 

0.5 
5 
5.0 
0.05 

X5.3.2.11 A receptor survey indicates that no domestic 
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X5.3. 7.3 Costs for application of other conventional treat

ment methods, such as vapor extraction and pump and treat 

are estimated to exceed $300 000 over the life of the 

remediation, and 

X5.3.7.4 A tier 2 analysis for this site is estimated to 

require minimal additional data, and is anticipated to result 

in equally protective, but less costly corrective action. 


