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DRAFT 
INTRODUCTION 

The purpose of this policy is to provide guidance for evaluation of petroleum contamination in soil 
and water and a procedure for development of cleanup standards for petroleum in soil on a site
specific basis. The objectives of this policy are to: 

• Present the regulatory basis for characterizing sites and developing 
alternatives to address total petroleum hydrocarbons (TPHs) contamination in 
soils and water; 

• Provide a screening action level (SAL) for TPH in soil; and 
• Provide Field Project Leaders (FPLs) and other task managers with guidance 

in the investigation and remedy selection process for TPH-contaminated 
sites. This document does not provide cleanup levels for petroleum and 
petroleum constituents; rather it provJdes guidance for determining site
specific cleanup levels. 

The following sections provide a description of the types of TPH likely to be found at Los Alamos 
National Laboratory (the Laboratory) sites, the state and federal regulations that govern 
management and cleanup of TPH, and guidance for developing site-specific cleanup levels. 

BACKGROUND 

The information provided in this section is summarized from the Emergency Standard Guide for 
Risk-Based Corrective Action Applied at Petroleum Release Sites (ASTM Designation ES 38-94, 
July 1994). 

Petroleum fuels are complex, man-made mixtures that do not exist naturally in the environment. 
They are produced from crude oil by distillation in the refining process, and consist of mixtures of 
hundreds to thousands of compounds, primarily hydrocarbons. The refined products vary greatly 
in number and type of compounds (for example, gasoline to motor oil), and there can be 
significant variations within different samples of the same product type. These variations are the 
result of different sources of crude oil, refining processes and conditions, and kinds and amounts 
of additives used. 

Chemical components of petroleum fuels can be generally divided into two categories: 
hydrocarbons (organic compounds composed of hydrogen and carbon only) and non
hydrocarbons (compounds containing other elements). Hydrocarbons make up the majority of 
the composition of petroleum fuels. Most trace metals found in crude oil are removed through the 
refining process. 

Petroleum products are often described and compared according to boiling point ranges and 
carbon number (number of carbon atoms per molecule). Table 1 summarizes these characteristics 
for a range of petroleum products. Moving down the table, the number of carbon atoms in each 
molecule of the petroleum product increases while volatility decreases (denoted by increasing 
flash point), indicating a transition to "heavier'' products. This information is useful in determining 
environmental mobility and potential for degradation of petroleum product. In general, the heavier 
the product, the less mobile in the environment and the slower the degradation. 
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TABLE 1 

CHEMICAL AND PHYSICAL CHARACTERIZATION OF PETROLEUM FUELs<a> 

Gasoline 
Kerosene 
Diesel Fuel and Light Fuel Oils 
Heavy Fuel Oils 

Predominant Boiling Point 
Carbon Number (°C) 

C4 to C12 
C11 to C13 
C10toC20 
C19to C25 

25 to 215 
150 to 250 
160 to 400 
315 to 540 

Flash Point16l 
(oC) 

-40 
21 to 55 

>35 
>50 

(a) From Emergency Standard Guide for Risk-Based Corrective Action Applied at Petroleum 
Release Sites, ASTM ES 38-94, Philadelphia, PA. 

(b) Typical values 

The following is a brief description of the petroleum products most likely to be found at Laboratory 
sites. 

Gasoline - Gasoline is composed of hydrocarbons, primarily in the C4 to C12 range, which 
evaporate very rapidly, and "additives" that are blended with the fuel to improve its performance 
and to decrease wear on vehicle engines. The aromatic hydrocarbons in gasolipe are primarily 
benzene, toluene, ethylbenzene, and xylenes; these are collectively referred to as "BTEX." 
Heavier aromatics are also present, including small amounts of polynuclear aromatic hydrocarbons 
(PAHs). Gasoline is comprised of approximately 10 to 40% aromatics. Oxygenated compounds 
such as alcohols (methanol or ethanol) and ethers (methyl tertiarybutyl ether) are sometimes 
added to gasoline as octane boosters and to reduce the amount of carbon monoxide produced 
during combustion. Leaded gasoline, more common in the past, contained lead compounds 
such as tetraethyl lead which were added to boost octane. To reduce atmospheric emissions of 
lead, lead "scavengers", such as dibromoethane and dichloroethane, were sometimes added to 
leaded gasoline. 

Kerosene - The hydrocarbons in kerosene commonly fall in the C11 to C13 range. Special 
kerosenes with broader boiling range and low-flash kerosenes are also marketed. Both aliphatic 
and aromatic hydrocarbons {20% of kerosene is aromatic hydrocarbons) are present, including a 
greater percentage of multi-ring compounds than found in gasoline. 

Diesel Fuel and Light Fuel Oils - Light fuel oils include No. 1 and No. 2 fuel oils. 
Hydrocarbons in diesel fuel and light fuel oils typically fall in the C1 0 to C20 range. Because of 
their higher molecular weights, compounds in these fuels are less volatile, less water soluble, and 
therefore, less mobile in the environment than hydrocarbons found in gasoline or kerosene. 
About 25 to 35% of these products are aromatic hydrocarbons, primarily alkylated benzenes and 
naphthalenes. BTEX concentrations are generally low. 

Heavy Fuel Oils - The heavy fuel oils include Nos. 4, 5, and 6 fuel oils. These fuel oils are 
composed of hydrocarbons ranging from C19 to C25. They are dark in color and much more 
viscous than water. They typically contain 15 to 40% aromatic hydrocarbons, predominantly 
alkylated phenanthrenes and naphthalenes. Number 6 fuel oil, also referred to as "Bunker Fuel" 
or " Bunker C," is a highly viscous black product used in heavy industrial applications where high 
temperatures fluidize the oil. Its density is greater than water. Numbers 4 and 5 fuel oils are 
commonly produced by blending No. 6 with lighter distillates. 

SUMMARY OF REGULATIONS AND GUIDANCE DOCUMENTS GOVERNING THE 
MANAGEMENT AND CLEANUP OF TPH IN THE ENVIRONMENT 

Several federal and state regulations stipulate how petroleum contamination in the environment 
must be handled. These regulations can be separated into two categories: those that deal 
specifically with petroleum associated with underground storage tanks (USTs), and those dealing 
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with petroleum as a general contaminant. Clear regulations pertaining to standards and 
requirements for owners and operators of USTs apply to products released from USTs. However, 
regulations applying to petroleum not associated with USTs are typically not as straight forward. In 
these circumstances, the petroleum release is first considered under regulations pertaining to 
more general contamination in the environment, with the UST regulations acknowledged as an 
Applicable, Relevant and Appropriate Requirement (ARAR) whose requirements may also need 
to be met, as determined by the regulatory agency. It should be noted that a petroleum release 
not associated with a UST should be dealt with as specified in the Laboratory Spill Prevention, 
Control and Countermeasures Plan (REFERENCE WILL BE PROVIDED). 

FEDERAL REGULATIONS 

Regulations Governing USTs 
Federal regulations which pertain to the management of USTs and petroleum products are 
contained in two separate Parts of 40 CFR. Part 279 sets regulations for the management of used 
oil. Part 280 sets regulations for management and storage of all petroleum products and specifies 
procedures to be followed for investigating and reporting a release from a UST. Neither of these 
Parts address cleanup levels for petroleum contamination, nor how such cleanup levels are to be 
derived. 

Regulations Governing Petroleum Contamination In General 
Petroleum contaminated media not associated with a UST and that have become a waste because 
they were "generated" (such as excavating and stockpiling petroleum-contaminated soil with 
intent of disposing the soil) is addressed in 40 CFR Parts 260 to 272, Resource Conservation and 
Recovery Act (RCRA) Hazardous Waste Regulations. RCRA hazardous waste regulations specify 
that a contaminated environmental medium is considered a hazardous waste if it is a "listed waste" 
(included in 40 CFR Part 261, Subpart D) or a "characteristic waste" (it demonstrates 
characteristics of corrosivity, ignitability, reactivity, or toxicity at levels specified in 40 CFR Part 261, 
Subpart C). An environmental medium, such as soil, contaminated with petroleum is considered a 
listed waste only if it is associated with certain processes (K-Iisted waste associated with the 
petroleum industry), none of which have occurred at the Laboratory. The environmental medium 
might be considered a listed waste if solvents are also present in the medium that are not 
associated with petroleum products. However, if petroleum is present at high enough 
concentrations, it may be considered a characteristic waste on the basis of toxicity. In this case, 
toxicity is measured by the Toxicity Characteristic Leaching Procedure (TCLP). 

It should be noted that some environmental media and debris generated as a result of UST 
remediation are exempt from coverage under the RCRA hazardous waste regulations, even if 
they fail tests for toxicity (40 CFR 261.4(b)(1 0)). However, this exemption is limited to the 
Environmental Protection Agency (EPA) hazardous waste codes 0018 through 0043, which is a 
limited suite of organic constituents. Additionally, the technical standards and corrective action 
requirements for USTs specified in 40 CFR Part 280 must still be met. 

Cleanup of petroleum contaminated material is also addressed under RCRA in 40 CFR Parts 264 
(guidelines dated July 27, 1990 and referred to as RCRA Subpart S), 265, 270, and 271. Subpart 
S outlines procedures to follow when conducting a RCRA corrective action at a hazardous waste 
management facility. SubpartS also provides guidance on how to derive risk-based action levels 
and media cleanup for individual constituents at contaminated sites, including those 
contaminated with petroleum. Subpart S defines action levels as conservative risk-based 
screening criteria used to determine if contamination exceeds levels that would be considered 
safe at any site. "Cleanup levels" are developed on a site-specific basis, and, if necessary, 
account for exposure to multiple constituents through multiple pathways. Using methodology 
specified in the proposed rule, media action levels can be calculated for petroleum products and 
the individual constituents that make up a petroleum product, if toxicity criteria are available for use 
in the calculations. Although the proposed rule has not been formally adopted, the methodology 
presented in Subpart S has been adopted by the Laboratory Environmental Restoration (ER) 
Project. 

3 



STATE REGULATIONS 

Regulations Governing USTs 
State standards that specifically address petroleum contamination from USTs are set forth in the 
New Mexico UST Regulations (Section 1209.D, Part 3[a]). These regulations specify cleanup 
levels for contaminated soils associated with USTs. Cleanup levels are specified for benzene (1 0 
mg/kg), total aromatic compounds (50 mg/kg if analyzed by a fixed laboratory or 100 mg/kg if 
analyzed by an approved field instrument), and 100 mg/kg for total petroleum hydrocarbons 
(TPH). All standards must be met to be in compliance with these regulations. It should be noted 
that, though the regulations are applicable to USTs only, cleanup standards cited within the 
regulation have been applied by the State at sites with petroleum contamination in soil not 
associated with USTs. 

It should also be noted that the New Mexico UST regulation requirements for petroleum cleanup 
are limited to petroleum releases resulting in a contaminant plume with a vertical extent within 50 
feet of "usable" groundwater, and to "highly contaminated" soils, which are saturated with 
petroleum. The regulations do not specify the quantity of groundwater that must be present for 
the water to be considered "usable", but they do specify that if the water contains more than 
10,000 mg/L total dissolved solids (TDS), the water is not considered to be usable. 

New Mexico also has specific requirements for disposal of TPH-contaminated soil that may be 
generated as a result of remediation activities. The requirements are specified in the state solid 
waste management regulations, Part VII (Special Waste Requirements), Section 708 
(Contaminated Soils). These requirements include specifications for testing and storage of the 
soil, and how the soil may be remediated by aeration. These regulations state that the soil will not 
be accepted at a solid waste landfill if it contains free liquid, or if it has TPH concentrations 
exceeding 1000 mg/kg, benzene concentrations exceeding 100 mg/kg, or total BTEX 
concentrations exceeding 500 mg/kg. 

In addition to the UST and Solid Waste Regulations, New Mexico has adopted RCRA action levels 
specified in the proposed 40 CFR Subpart S (EPA, 1990) and benchmark criteria specified in the 
Superfund Chemical Data Matrix (EPA, 1993), which are conservative risk-based screening levels 
similar to the RCRA Subpart S action levels, for application as possible cleanup levels at UST sites. 
This adopted guidance would be considered ARARs by the State in determining cleanup levels 
for a site. 

Water Regulations 
If the petroleum contaminated environmental media could potentially impact surface water, 
regulations established by the New Mexico Water Quality Control Commission (NMWQCC) specify 
that streams shall be free of water contaminants from other than natural causes that could 
adversely affect stream organisms (or other receptors, including man, because of bioaccumulation 
or biomagnification) or alter the physical or chemical properties of the stream bottom (Rule No. 
NMWQCC 91-1, Section 1-102.A and F). A separate rule (NMWQCC Rule No. 92-1, Section 3-
1 01.C) specifies acute and chronic water quality criteria for inorganic chemicals in streams that 
would be classified as high quality coldwater fisheries; this rule is less likely to apply to streams in 
the vicinity of LANL. Section 2-201 (Disposal of Refuse), which prohibits disposal of refuse in a 
watercourse or in a location and manner where there is a reasonable probability that the refuse will 
be moved into a natural watercourse by leaching or otherwise, has also been used by the New 
Mexico Environment Department (NMED) as a basis for requiring remedial action at TPH 
-contaminated sites. 

The NMWQCC has also issued a rule setting water quality standards (NMWQCC Rule No. 91-1, 
Section 3-101). Separate subparts within Section 3-101 establish water quality standards for 
different uses of the water. Of primary interest with respect to petroleum contamination is Subpart 
B, which sets standards for use of the water as a domestic water supply. Subpart D sets standards 
for water used as a source of irrigation. All concentrations set are above those established in 
subpart B. Subparts A, C, and E through J set standards for surface water at fisheries and for 
recreational use, and standards discussed are not related to petroleum contamination. 
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The subpart B human health standards set by NMWQCC Rule No. 91-1, Section 3-101, are 
generally equivalent to the National Primary and Secondary Drinking Water Standards (40 CFR 
Part 141 and 143). In the event that State standards differ from federal standards, the more 
stringent of the two is applicable to surface water at LANL sites. Federal and state water quality 
standards that may b€ identified as cleanup levels for petroleum constituents are summarized in 
Table 2. · 

TABLE 2 

FEDERAL AND STATE DRINKING WATER QUALITY STANDARDS FOR 
PETROLEUM CONSTITUENTS AND PETROLEUM ADDITIVES 

Petroleum Constituents 

Total Aromatic 
Benzene 
Toluene 
Ethyl Benzene 
Xylene 
Pyrene 
Benzo( a)pyrene 
Anthracene 
Phenanthrene 
Naphthalene 
Chrysene 
Benzo(k)fluorant:lene 
Fluorene 
Fluoranthene 
Benzo(g,h,i)pe~ene 
Benzo(b )fluorantrlene 
Benzo(a)anthrarene 
Total PAHs 

Petroleum Additives 

Methyl t-butyl ether (MTBE) 
t-butyl alcohol (T3A) 
Methanol 
Ethanol 
Tetraethyllead 
Ethylene dichloride (EDC) 
Ehtylene dibromde (EDB) 

NA = Not avaiable 
(a) Federal Sta1dards apply 
(bl State Stanciards apply 

National Primary Drinking 
Water Standards (MCLs) 

(mg/L) 

NA 
o.oos(al 

1.0 
0.7(a) 
0.62(a) 

NA 
0.0002(a) 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

New Mexico WQCC 
Human Health Standards 

(mg/L) 

NA 
0.01 

0.75(b) 

0.75 
0.62 
NA 

0.0007 
NA 
NA 

0.03(b) 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

0.03(b) 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

Groundwater quality standards set by the NMWQCC are contained within NMWQCC Rule No. 82-
1. The rule also ccotains subparts. Subpart A sets groundwater standards for protection of 
human health. The remaining subparts contain regulations unrelated to petroleum contamination. 
Subpart A standards are identical to those set for surface water, with some additional criteria not 
included in the surface water standards for organic constituents, including criteria for benzene, 
toluene, ethylbenzene, and xylenes. As with the surface water standards, State standards are 
generally equivalent :o the National Primary and Secondary Drinking Water Standards. When they 
differ, the more stringent of the two would be applicable to Laboratory sites. 
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RECOMMENDATIONS 

Screening Action Levels 
SALs are environmental medium concentrations used as indicators of potential contamination 
problems at a site. If chemical concentrations detected in a site environmental medium are below 
SALs, and if additive effects of multiple constituents are of no concern, chemical concentrations 
are considered to be below a level of concern. However, if chemical concentrations in the 
environmental medium are above SALs, further risk evaluation of the site is required. SALs are 
NOT cleanup levels and exceedance of a SAL does not necessarily mean that cleanup is 
required. 

In most cases, a SAL is a risk-based concentration that has been calculated using conservative 
exposure assumptions, such as those assumptions used in a residential exposure scenario. 
However, in some cases, the risk-based concentration must be modified to account for other 
factors, such as natural background. In other cases, the SAL is a concentration cited in a 
regulation, such as the water SALs which are equivalent to Maximum Contaminant Levels (MCLs) 
promulgated under the Safe Drinking Water Act. 

Soil and water SALs for the petroleum constituents and additives for which toxicity criteria are 
available are contained in the Facility for Information Management, Analysis, and Display. The 
SALs for petroleum constituents and additives are summarized in Table 3. In addition to the 
existing SALs for petroleum constituents and additives, a SAL of 1 00 mg/kg TPH and a SAL of 50 
mg/kg total aromatic hydrocarbons is recommended for use in a screening assessment to 
determine if risk assessment or further investigation is necessary. These values are consistent 
with cleanup standards set by NMED UST Regulations. If petroleum contamination present is 
less than these values, the PRS may be recommended for no further action, as shown in the 
flow chart in Figure 1. Should petroleum contamination in soil exceed these SALs, Figure 1 
outlines the process for determining if cleanup levels should be based on existing regulations or 
based on site-specific risk considerations. The options listed in the flowchart are discussed in 
more detail below. 

Developing Site-Specific Cleanup Levels 
Selection of appropriate site-specific cleanup levels for petroleum and petroleum constituents 
can be difficult, even for a seemingly simple site. Using cleanup levels specified in the NMED UST 
Regulations may be the simplest approach; however, these criteria are conservative and can 
result in excessively costly cleanup if applied under certain circumstances. 

Because of the large number of possible combinations of type of petroleum product, site-specific 
conditions and potential exposure scenarios, it is not possible to establish one global cleanup 
level for TPH in soil or water that can be applied in all cases. The cleanup level identified for a site 
will vary with the type of petroleum product causing the contamination, the age of the release 
(older spills will have less of a component of aromatic hydrocarbons because of volatilization and 
degradation), and site-specific factors. Site-specific factors that must be considered in selecting 
the appropriate cleanup level include: 

• proximity of the contaminants to ground and/or surface water; 
• characteristics of and depth to the uppermost aquifer; 
• soil types and geology; 
• potential receptor populations, including sensitive subpopulations; 
• aesthetic (taste and odor) and chemical/physical properties of the 

contaminants present; 
• potential for direct contact with contaminants; and 
• chemical additives to the petroleum product that may facilitate transport or 

increase toxicity. 
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TABLE 3 

SCREENING LEVELS FOR 
PETROLEUM CONSTITUENTS IN SOIL AND WATER 

LANL Screening 
Action Levels 

Oral Toxicity Criteria (SALs) 
Slope EPA 

Factor or Carcino-
Reference Cancer genicity Soil 

Dose Potency Classifi- (mg/kg) 
(mg/kg/day Factor cation<a> 

!(kg-day/mg: 

Petroleum Constituents 

Total Aromatic Hydrocarbons NA NA --- 50 
Benzene NA 2.90E-02 A 6.70E-01 
Toluene 2.00E-01 NA D 910 
Ethyl Benzene 1.00E-01 NA D 3,100 
Xylene 2.00E+00 NA D 160,000 
Pyrene 3.00E-02 NA D 2,400 
Benzo(a)pyrene NA 7.30E+00 B2 1.00E-01 
Anthracene 3.00E-01 NA D 24,000 
Phenanthrene NA NA D NA 
Naphthalene 4.00E-02 NA D 3,200 
Chrysene NA 7.30E-03 B2 96 
Benzo(k)fluoranthene NA 7.30E-02 B2 1.00 
Fluorene 4.00E-02 NA D 3,200 
Fluoranthene 4.00E-02 NA D 3,200 
Benzo(g,h,i)perylene NA NA D NA 
Benzo(b )fluoranthene NA 7.30E-01 B2 1.00 
Benzo( a)anthracene NA 7.30E-01 B2 1.00 

Petroleum Additives 

Methyl t-butyl ether (MTBE) 5.00E-03 NA NA NA 
t-butyl alcohol (TBA) NA NA NA NA 
Methanol 5.00E-01 NA NA 40,000 
Ethanol NA NA NA NA 
Tetraethyl lead 1.00E-07 NA NA NA 
Ethylene dichloride (EDC) NA 9.10E-02 B2 2.00E-01 
Ehtylene dibromide (EDB) NA 8.50E+01 B2 8.20E-03 

NA = Not available 
<a> EPA carcinogenicity classification as follows: 
A = Known human carcinogen, with sufficient evidence from epidemiological studies. 
B1 = Probable human carcinogen, with limited evidence from epidemiological studies. 
B2 Probable human carcinogen, with sufficient evidence from animal studies and 

inadequate or no data from epidemiological studies. 
C = Possible human carcinogen, with limited evidence from animal studies. 
D = Not classifiable as to human carcinogenicity, owing to inadequate human and 

animal evidence. 
E = Evidence of noncarcinogenicity for humans. 

Water 
(mg/L) 

NA 
5.00E-03 

1 
?.OOE-01 

10 
1 

2.00E-04 
10 
NA 
1.4 

2.00E-04 
2.00E-04 

1.40 
1.40 
NA 

2.00E-04 
1.00E-04 

NA 
NA 
18 
NA 
NA 

5.00E-03 
4.00E-07 

Site-specific cleanup levels can be identified based on concentrations cited in existing 
regulations, by calculation of risk-based cleanup levels dependent on a land use scenario 
appropriate to the site, or a combination of these. The basis used for selection of cleanup levels is 
dependent on site specific factors. The site-specific factors form the basis of the questions 
posed in the flowchart in Figure 1. 
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FIGURE 1 

FLOWCHART FOR IDENTIFYING CLEANUP LEVELS FOR 
PETROLEUM CONTAMINATED SOILS 

lsTPH 
contamination -NO 

present? 
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J 
Does TPH 

-NO 
exceed SAL? 
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YES 
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I I 
NO NO 
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(consult ESH-18) 
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NO 
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risk methods for f-YES for the TPH NO_. 

constituents constituents? 

! 
No Further Action 

forTPH 

T 

Set cleanup level 
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regulations 
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It is recommended that the Field Unit risk assessor be involved in both the investigation and data 
evaluation stages to provide additional assistance in identifying a petroleum cleanup level that is 
appropriate for each site. 

Use of Existing Regulations to Identify Cleanup Levels 
The only cleanup levels for petroleum specifically set forth in state and federal regulations are soil 
cleanup levels set by the NMED UST Regulations and water criteria set by Primary and Secondary 
Drinking Water Standards and the NMWQCC. The soil cleanup levels specified by the NMED UST 
Regulations should be applied if petroleum contamination is within 50 feet of usable groundwater. 
Although specifically written for UST sites, the NMED has consistently applied these regulations 
to sites for which petroleum contamination is not related to USTs. However, it is unlikely that 
NMED will require application of cleanup levels specified in the UST Regulations if there is no 
"usable" groundwater within 50 feet of the vertical extent of the petroleum contamination, as 
discussed previously. However, there is one key exception to this statement. If the site contains 
soil that is "highly contaminated" (i.e., saturated soil), the NMED is likely to require site 
remediation, regardless of the distance of the contaminant plume to usable groundwater. 

If proximity to groundwater is likely to result in the NMED requiring soil cleanup levels to meet 
those stipulated in the UST regulations, both TPH concentrations and total aromatic hydrocarbon 
concentrations in soil must be determined. If the petroleum product has degraded, or if it is a 
heavier petroleum product with a lower percentage of aromatic organic compounds, then it may 
be possible to negotiate for a less conservative cleanup level for TPH. This is due to the fact that 
the contaminant present is less mobile in the environment and less likely to present a threat to 
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groundwater. Site-specific faCtors would n·eed to be considered in this scenario and presented to 
the NMED. 

Primary and secondary drinking water standards apply if petroleum contamination has impacted or 
potentially could impact ground or surface water that could be used as a drinking source. 
Additionally, the surface water regulations for protection of the aquatic environment and non
human receptors and discussed previously will also apply, if petroleum contamination presents a 
potential threat to surface water. However, numerical values for petroleum and petroleum 
constituents in water are not specified in the surface water regulations except for some 
constituents in the case where surface water is used as a drinking water source (see Table 2). 
Rather, it must be demonstrated that an impact does not exist as a result of the contamination. 

Use of Risk Assessment to Identify Cleanup Levels 
If the cleanup levels specified by the regulations are not applicable because of site-specific 
factors, risk-based cleanup levels for the site can be developed using site-specific information and 
the toxicity criteria provided in Table 3. Because no single risk-based cleanup level can apply to all 
PASs, cleanup levels are not provided in this document. By developing an exposure scenario 
that is appropriate for the site being evaluated, site-specific risk-based cleanup levels can be 
developed for many petroleum constituents and additives. 

Additionally, EPA-approved guidance for identifying cleanup levels for petroleum products has 
also been developed by the Massachusetts Department of Environmental Protection. This 
guidance is currently under review by the ER Assessments Council for potential application in the 
identification of cleanup levels for petroleum products at Laboratory sites. 
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Risk-Based Corrective Action Applied at Petroleum Release Sites 1 

This Emerf?enc_v Standard rs rssuea bv ASTM in accoraance wtth a specrai proceaure to meet the demand tor raprd rss11ance or spewic 

documents.; 

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 subsunace 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 

panicular 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 measure selec

tion to ensure that the chosen action is protective of human 

health and environmental resources. 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 l, or preliminary site assessment. 

1.2.2 Classification 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 Companson of site conditions with Tier 1 screening 

levels given in an evergreen "look-up" table containing 

conservative risk-based screening levels and other relevant 

criteria (drinking water standards. aesthetic criteria, ecolog

ical criteria, etc.), 
1.2.5 Deciding if Tier 1 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 compiiance. and if 

any exceedences are noted, 

1 This emergency standard is under the _iurisdiction oi ASTM Commmee E-50 

on Environmental Assessment and is the Otrcct rcsponstbility of Subcommmee 

E50.0 I on Storage Tanks. 
Current edition aoproved May 27. 199~. Published Julv 19'14 

:See oaragrapn 1 3.2 of the Reguiatlons Lioverntng ASTM Techn1cai Commit· 

:ees. 

1.2.6.1 Develop a corrective action plan to acnteve the 

negotiated target levels in an appropnate time penod (based 

on risks posed by the site). Alternauves to be considered 

include combinations of traditional remedial methods (for 

exampie. 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 shon main body oi 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 tn which the 

process can be misapplied (see Section 6 ). For tnose inter

ested in additional background informauon. appendixes 

have been included. These are focused on the following: 

1.3.1 Characteristics of petroleum !uels (see Appendix 

Xl ), 
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 scandard does noc purporc to address all of the 

safety concerns. if any, associaud with its use. It is the 

responsibility of the user of this standard co establish appro

priace safety and health practices and determme the applica

bility of regulatory limitations pnor to use. 

2. Significance and Use 

2.1 The allocation of limited 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 

:1ppropriate corrective actions at petroleum release sites. 

Advantages of the RBCA approach are as tallows: 

2.2.1 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 necessary 

to making risk-based corrective action decisions. 
2.2.3 Ensurance that limited resources are focussed to

·.vards those sites that pose the greatest nsk to human health. 
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.nd environmental resources at any ume. 
2.2.4 Ensurance tnat tne prererreci remedial option is the 

nost economically favorable one tnat nas a high probability 
,f achieving the negotiated degree of exposure and risk 
eduction, and 

2.2.5 Compiiance can be evaluated relative to site-specific 
tandards applied at sne-specific points of compliance. 

2.3 This guide is intended to be consistent with USEPA 
uidance for risk and exposure assessment (1-8). 3 

' 
. Tiered Approach to RBCA at Petroleum-Release Sites 

3.1 In risk-based corrective action. traditional compo
tents of corrective action programs (site assessment, reme
:ial action selection. and compliance monitoring) are inte
rated with USEPA-recommended risk and exposure 
ssessment practices to create a process by which corrective 
ction decisions are made in a consistent and cost-effective 
:tanner that is protective of human ··~alth and environ-
:1ental resources. • 

3.2 In order to streamline the RBCA process, it is 
nplemented in a tiered approach. involving increasingly 
:>phisticated levels of data collection and analysis. The 
onservative assumptions of earlier tiers are replaced with 
:te-specific assumptions. Upon completion of each tier, the 
ser reviews the results and recommendations. and decides if 
1ore site-specific analysis is required. The following forms 
:te basis for a three-tiered RBCA planning process: 

3.2.1 Tier 1: Site Class~fication and Non-Site-Specific 
:creening-Levei Corrective Action Goals-In Tier I, sites are 
lassified by the urgency of need for initial corrective action. 
ased on information collected from historical records, a 
isual inspection, and minimal site assessment data. The 
ser is required to identify contaminant sources, obvious 
nvironmental impacts, if any, the presence of potentially 
npacted humans and environmental resources (for ex
mple, workers, residents, water bodies. etc.), and potential 
gnificant transport pathways (for example, ground water 
ow, atmospheric dispersion, etc.). Associated with site 
lassifications are prescribed initial response actions that are 
J be implemented prior to proceeding further with the 
.BCA process. 
3.2.1.1 In addition. as part of Tier 1, conservative correc

ve action goals are based on an evergreen list of non
te-specific. risk-based screening levels (RBSLs), aesthetic 
riteria, and other appropriate standards such as Maximum 
'ontaminant Levels (MCLs) for potable ground water use. 
'ier I RBSLs are typically derived for standard exposure 
;enarios using current reasonable maximum exposure 
~.ME) and toxicological parameters as recommended by the 
rsEPA,.fand conservative contaminant migration models. 
hese values are "evergreen" and will change as new 
tethodologies and parameters are developed. Tier 1 RBSLs 
tay be presented as a range of values. corresponding to a 
:nge of risks. and a risk management decision is made to 
lect the screening levels to be used. This evaluation may 
.elude a cost-benefit analysis. where the user considers the 
>sts associated with achieving various levels of risk reduc
Jn. 

l The boldface numbers rn parentheses refer to the list of references at the end 
thos standard. 

3 . .: . .: Tier 2: Site·Specuic Correc11ve Actwn Gcu.s-Tier.::; 
provides the user with an option for determmmg sne-specuic 
target ievels (SSTLs) and appropriate points of compliance 
when it is judged that Tier 1 corrective action goals are not 
appropriate. This decision is typically based on companng 
the cost of achieving Tier 1 corrective action goals with the 
cost for Tier 2 analyses. considering the probabiiitv that the 
Tier 2 site-specific goals will be significantly less costly to 
achieve than Tier 1 goals. It is important to note that both 
Tier 1 and Tier 2 screening levels are based on achieving 
similar levels of human health and environmental resource 
protection (for example, J0-4 to J0-6 risk levelsl: 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 I. In some cases the Tier 2 
SSTLs are derived from the same equations used to calculate 
Tier 1 RBSLs, except that site-specific parameters are used in 
the calculations. At other sites, the Tier 2 analysis may 
involve applying Tier I 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 with 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 l 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 t1owchan 
shown in Fig. 1. Each of these tasks and decisions is 
discussed as follows: 

4.2 Step 1: Initial Site Assessment-Collect and assemble 
the data necessary to complete the Tier I analyses. In the 
interest of minimizing costs and expediting tne RBCA 
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·ocess. it is imponam to focus initial site assessment 
.:tivities on gathering tr.at information which 1s necessary 
r the Tier I evaluation. As needed for Tier 2 or Tier 3 
1alyses. additional information (aquifer hydraulic proper
!S. site-specific contammant attenuation parameters. etc.), 
:n be collected as the RBCA program proceeds. Tier I 

quirements and activities include the following: 
4.2.1 Source Character.=ation-Historical records of site 

:tivities and past releases. and chemical analyses results are 
;ed to identify contaminants of concern and to locate major 
1urces of these compounds. The field sampling program is 
ren focussed toward identifying maximum concentrations 
.. those most prevalent, toxic. and mobile compounds. and 
)wards identifying if botn soil and ground water have been 
:1pacted (see Appendix Xl for a discussion of the properties 
·common petroleum fuci products. as well as a summary of 
.e relevant chemical and toxicological properties of key 
mstituents). Initially, chemical analyses may include a wide 
.nge of suspected contar::Unants: however. as the investiga
Jn proceeds, the list of analytes can be narrowed to those 
>mpounds that consiste::ltly exceed the values given in a 
:er 1 Look-Up Table fsee 4.4). Most investigations will 
1compass the sampling a:· all media (soil, ground water. soil 
:.s) to some degree; although, the analyses conducted on 
1ch may be very differer:t.. For example, soil samples may 
! sent to a laboratory for detailed gas chromatography (GC) 
Jalyses. while soil gas samples from a utility conduit may be 
Jalyzed by a portable e:c.plosimeter when the goal is to 
!rify if immediately hazardous levels exist. The amount of 
:formation necessary for the Tier 1 assessment is generally 
ss than that collected for Tier 2 and Tier 3 analyses. 
4.2.2 Potential for Exp:Jsure and Degradation of Benefi
ai Uses-The locations of humans and environmental 
:sources that could reasonably be impacted "receptors," 
:entification of potential significant transport and exposure 
lthways (ground water transport, vapor migration through 
1ils and utilities. etc.), and current and potential future uses 
:· the surrounding land, ground water. surface water, and 
:nsitive habitats is recorded. This information can be 
Jtained from visual ins;Jeetions, well inventory records, 
1gineering drawings, and hydrogeological assessment data, 
Jd is used to determine the potential for continued near
:rm and future impacts to human and environmental 
~eptors. 

4.2.3 Extent of Migrallon-In addition to the sampling of 
>urce areas, concentrations are measured at potential points 
_. exposure or concern (for example, dissolved concentra
Jns in nearby drinking water wells, or vapor concentrations 
. nearby conduits or sewers). If it is already known that 
.aximum source area concentrations exceed the Tier I 
Jn-site-specific RBSLs, a:sthetic criteria, or other relevant 
1teria (for example, explosive limits), then it is useful at this 
1int to also define the boundaries where these criteria are 
.ceeded. The investiganon should assess any potential 
·eferential migration pa:.hway, such as sewers, electrical 
mduits. etc. 
4.2.4 Summary of Site Characterization Results-The site 

:aracterization data shouid be summarized in a clear and 
mcise format. This can b: accomplished through the use of 
·eiormatted tables and fip1res. This has the added advan
;z,e that the conststent presentation of results for many sites 

4 

often speeds the revtew process. Tables I and 2 ::Jresent 
outlines ior tables and ligures. respecuvely, that can be used 
to effectively present the site characterization results. 

4.3 Step 2: Site C/ass~iication 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. "Classification I" sites 
are associated with immediate threats to human health and 
environmental resources. while "Qassification 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 Examole of Table Summary 

Tolle 

Executive Summary 

Site Oescnpllon 

Site Ownershrp and Activrty Record 

Past Releases or Source Areas 

Summary of Current and Completed Srte 

ActiVIties 
RegiOnal Hydrogeotogrc ConditiOns 

Site HydrogeologiC Condroons 

a-fic:ial use SummatY 

Receptor Survey (wells. utitities. basements. 

surface water. enwonmental resources. etc.) 

Analytical Sunvnary Sheets (tnese are intended 

for use as a tOOl to summanze anatytrcal data 
and prOVIde a tOOl for compamg site data 

with Trer 1 ~levels) 

Ecological Assessment Summary Sheet 

Summary of vrsuar & hrstonc assessments 

Summary of receotor cnaractenzatron 

Summarv of tas1<s comoretea to date 

Contents 

Results of Classrtrcatoon exerose ana selected rntenm response acuon 

Correctove actoon cntena exceeoea 

Proposed/omplementea ccrrectrve actron 

Site aDdress 
Site ownertccntact 
Agency contacts 
Local land use 
Topograpny 
Sur1ace water cnaractenzatoon 
ClimatiC rnformaoon 
Oescnoe oest proauCIIon ana matenals handling actMtres. waste drsoosal oractrces. cnemrcals 

used. ano srte o-sn•o 
Oescnoe potentoar sources ana spill events rncludong: IOCBtron. type ana volume of matenals 

released. trme ano ouraoon of release. and affected medla (5011. ground water. sur1ace water. 

etc.) 
OiS<:Uss cast remeoratoon efforts as appropnate 

Ust any potential off-srte sources 
Oescnbe all releVant 6ngorng and completed correctrve-ectron activrtres at the s1te (srte 

onvestrgatoon. emergency resoonse. etc.) 

Oescnoe rflg101'181 geotogrc framework through deptn ot principal aquifer ana any other 

potentralty 1111oacteo unrts 
Descnoe sne geologiC framework through depth of prinCipal aouofer ana any otner cotentrally 

ompacte<l unots 
Vaoose zone tnrCI<ness ano geology 

Oeotn to grouno water 
Thickness of aoUifer 
Maxmum well yMild 
FlOw orrectrOn and graorent 
Oescnptoon of any confining unrts 
CUI'l'Wflt grouno water quality (TOS) 

Off-site water quality 
Identify exrstrng and reasonable 

potentral benehoal uses tor land. ground water. and surface water 

Summanze relevant results (tnat iS, for well survey: waM designatron. drstance trom site. depth. 

constructron details. age. etc. ot wells tor 0.5-mile (0.8-km) radrus arouno srte) 

Identify thOse receotors most tikely to be mpac:ted 

Compounds detected 
Anatytrcal metnod(S) used 
Pracbcal ouantrtrcatron limit 
Nlmber ot SBmOI8S analyZed 

CompOUnd detectrorl frequency 
Maximum concentratiOn detected 

Locatron of maxmum concentratiOn 

Samphng date 
Background ccncentratJOns 
Trend tstable. rncreasrng. oecreasrng) 

Appropnate Tier 1 target levets (RBSLs. MCLs. etc.) 

Observed mpact5 assocrateo with srte to vegetatiOn. birds. fish. mammals. etc. 

Presence and aescnptoon ot any mpacted sensrwe habitats 

Ec:ologtcal receptors (tnreateneo or endangered SoecieS. ec:onomrcally or sport-rmpor1ant 

speaes. etc.) 

propriate receptors (if any) and exposure scenarios based on 

current and projected reasonable use scenarios. 
spending RBSLs for a range of carcinogenic risk levels (from 

10-6 to 10-4 are often evaluated) and hazard quotients (HQr 
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. 

A.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. 
use Tier I RBSL "Look-Up Tables" to idenuiv 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 panies involved. and may involve 
using resuits from a cost-beneiit anaiysis. One approach is to 



~~ ES 38 

TABLE 2 RBCA Tier 1 Example of Figure Summary 

gure Numoer Tttle Contents 

Site Locauon Mao Show general voarnty 
Identity surtece water bodoes 
Show grouna water supply wells ana aesognatoon !for example, dnnkong water. trngatoon. etc. I 
Identity otner ootenttal receotors 
Show topograpny (use USGS ouaa maos. of avaolaolel 

2 Extenceo Site Mao Show IOcaJ use ondudtng scnools. nos01tats. retorement names. resodentoat areas. commerCial 

3 Sile Plan Voew IThis mao snould be oeveiOpeO 
areas. ana any grouno water supQiy wetls 

LocatiOn of all structures 
from nostoncaJ maos. plans. ana aenal 
pnotos. ana shOUIO encompass ootenttally 
tmpacteo areas. I 

Locatoon of buriea tanks 
Locatoon of buneo conduots 
LocatiOn of susoected/confonneo sources 
Areas of IICOIOgiCBI tnterest 
Areas of SOd contii/Titnauon 

4 Site PhOtos Provide pllOtos of site, potentially contemtnateo areas. tank excevatoons. ana surroundong 
propeny (show on c:tlronolagocat oroer1 

5 Grouna water Elevatoon Map PotentJOmetnc surtace contour map tor any potentially impacted water-oeanng unots 
Date 

6 Geotogoc Cross Secllon(sl snow lite strangrapny thrOUgh tun deotn of potentially impacted water-oeanng unots. onctuding 
underlying conflntng layer 

Prepare two cross S8CtiOnS tor eacn stte (paraue4 ana perpendiCular to grouna water flOw) 
Indicate contam1na11t oonc:entratJons 

7 Dissolved ContarTUnant Plume Map(s) 
lndicata subsurtace piJlll19, condUits. tanKs. etc. 
snow lateral extent of Impacted ground water 
lndicata samPling IOcatoons ana concentrations 
snow tocatoon ot any tree oroouct 
Show tune senes aata (of oossoblel 

ect target risk levels that reflect the probability of expo
re; more conservative risk levels are selected for actual 
posures and less conservative risk levels are chosen for 
1tential exposure scenarios. For reference, risks in the I o-6 

10__. risk range are generally considered acceptable at this 
ne. When selecting a target risk level it is imponant to be 
r.tre of background concentrations; for example, as shown 
Table 4, national ambient background benzene vapor 

ncentrations exceed concentrations corresponding to the 
,-6 risk level (as calculated using USEPA reasonable 
uimum exposure (RME) parameter values). Note that 
ditivity of risks is not explicitly considered in the Tier I 
alysis, as it is expected that the screening levels are very 
nservative, and typically a limited number of chemicals is 
nsidered to be of concern at most sites. Additivity is 
dressed in Tier 2 and Tier 3 analyses. 
4.4.4 Tier I "Look-Up Tables" contain conservative, 
·n-site-specitic RBSLs for a range of prescribed scenarios, 
d may also include aesthetic criteria, and other appro
tate standards. The RBSLs are calculated in accordance 
th methodology suggested by the USEPA. For each 
:>asure scenario the RBSLs are based on current USEPA 
>'fE parameters, and current toxicological information 
·en in the USEPA integrated risk information system 
~IS) d<rtabase. health effects assessment summary tables 
EAST), or peer-reviewed source(s). Consequently, the 
lSL look-up table is an "evergreen" set of values that is 
ninually updated whenever new methodologies and pa
neters are developed. Where required. hydrocarbon fate 
j transpon estimations are based on conservative fate and 
nspon models. 
1.4.5 Table 4 is an example of an abbreviated Tier I 
iSL Look-Up Table for compounds of concern associated 
h petroleum fuel reieases. The exposure scenarios selected · · 
this case are for residential and industrial/commercial 
narios characterized by USEPA RME parameters for 
1it males. The assumptions and methodology used in 

6 

deriving Table 4 are discussed in Appendix X:!. Not~ 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 pan 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 transpon of chemicals in the environment. As 
yet, there is little agreement in the technical community as to 
conservative non-site-specific values for the transpon 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 1 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 fTPHJ 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 Classification Scenarios and Potential Initial Response Actions" 

NoTe-For tne ouroose ot thts stte cJassatacatJon process. an aau1ler IS considered to be a ootenttal ootaOie water supply 11 it has the ootenna1 to vtetc > 200 gal/day (756 

L/day). ana meets lOCal water auauty cntena lthat IS total diSSOlVed SOlidS (TOS) < 10 000 mg/L). 

c:assiflcatton Critena ana Prescnoed Scenanos 

.1 

1.2 

, .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 

4.3 

/mmfKJIICB Tnreec to Human Heanh. Safety. or Sens111ve Envtronmental 

ReceOlors: 
Explostve tevels. or concentratiOns of vaoors that could cause acute 

nealtll ettects. are present 1n a residence pr other bu1td1ng. 

ExplosiVe tevels of vapors are present tn suosunace uttllty systemts). out 

no butldlliQ or restoences are tmoacteo. 

Free-Qroouct ts present 1n stgnhcant auanttt1es at ground surface. on 

surface water bOOtes. 111 utJittJes otner than water supply hnes. or 1n 

surface water runoH. 
An actJve ouOtiC water supply well. oubhc water supply line. or pubhc sur

lace water l'ltake 1s ltTioacteo or ltTimedlatety threatened. 

Ambient vaoor/Q8niCUiate concentratiOnS exceed concentratiOns of con

cern from an acute exposure. pr safety voewpocnt. 

A sensi1IV8 nabltat or sensmve resources cspon fish. economiCally impor

tant soeaes. threatened and erldangereo soeaes. etc.) are •moacted 

and aHected. 
Sflolt-Term (0 to 2 years) Threat to Human Health. Safety. or Sensitive 

Environmental Recep~ors: 

There IS ootentJallor explosive levets. or concentratiOns of vaoors that 

COUld cause acute eHects. to accumuulle 111 a reSidence or other 

building. 
Shallow contaminated surtace sOils are epen to DUbhe access. ana dwell

lllQS, parKS. playgrounds. day-care centers. SChOOls. or s•m1tar use la

ci~ties are wn111n 500 It (1 52.4 m) of thOse SOlis. 

A non-po111018 water supply well IS 1111pact80 pr Immediately tllreatened. 

Grourld water is unoacted and a publiC pr domestiC water supply welt 

prodUCing from tne 1111Pacted aaulfer IS tocated within two years pro

jecteO ground water travet distance 110wngrad1ent of the known extent 

of~tJon. 

GIOI.Ild water IS IITioacted and a pubtiC or oomesiiC water supply well 

producing tram a different 11terval is tocallld w1thm the known extent 

of contaiiWIBIIOn. 
tfiii)ICted lll.liace water. storm water. or ground water diSCharges within 

500 II (152.4 m) of a senartiVe llabitat, or surtace water body used fpr 

tunan dmking water or contact recreaborl. 

Long-Term (>2 Year~) ThrNI to Human HNlt/1, Safety, or S-itive Envi· 

ronmental ReceptorS: 
Subst.l1ace sods (>3 II (0.9 m) BGS) are impacted and depth between 

impacteO SOils and the first pota.ble 8QUifer is less than 50 II (15.2 m). 

GIOI.Ild water iS impacted and potable water supply wells prodUCing 

from the rnpact8d interval are IOcallld >2 years ground water travel 

time tram tne dissolved plt.me. 

GIOI.Ild water IS 111108Cted and non-potable water supply wells producing 

tram tne moacled mterval are lOCated >2 years ground water travel 

time tram tne diSSOlved plume. 
Ground water IS moacted and non-potable water supply welts that do 

not proouce tram tile 1111pacted interval are lOcated Within the known 

extent of contarnlll8tion. 
Impacted 111.11ace water, storm water. or ground water diSCharges within 

1500111457.2 m) of a -avellabitat. or surtace water body used 

for tunan orinking water or contact recreation. 

Shallow 0Dm11T11111ted surface SOils are open to public access, and dwell

ings, parks. playgrounds. day-care centers. sc:hools. or Slmdar use fa

cilities are more t11an 500 ft (1 52.4 m) of tnose sOils. 
No Detrtomtrlble Long-Term ThrNt to Human Healtll, Safety, or Sensi

tive Environmental Receptors: 
Priority 4 scenanos encompass all other conditions not described in Pri

orities 1. 2. and 3. ana tnat are conSistent with the pnonty descnptiOn 

previOUSly g•ven. Some examples are: 

N~tlllle aauder w1th no ex1sting tocaJ use Impacted. 

lmoacteo sotts lOcated more tllan 3 It (0.9 m) BGS and greater than 50 It 

(15.2 m1 aoove nearest aquifer. 

Ground water IS unoacted and non-ootabte welts are located down-gra

dient outSide tile known extent of conwnmat10n, and they produce 

tram a non1111oacted zone . 

Poss101e tntt1at Aesoonse Acttons a 

Notify Appropnate AuthOflt1es. Property Owners. ana Potent1anv Atfectea Par

ties. ana Evaluate the Need to: 

Evacuate occuoants. begin aoatement measures sucn as suosunace ventila

tion. or Oulleltng pressunzat10n. 

Evacuate 1mmeatate VICinity. beg1n aoatement measures sucn as ventilation 

Prevent tunner lree-oroauct m•gratJon by approonate conta1nment measures. 

tnst1tute tree-proauct recovery. restnct area access. 

Notity usens). prov•de alternate water supply. hyorauhcauy contrOl contami

nated water. ano treat water at QOtnt-ol-use. 

Install vaoor earner (capptng, foams. etc.), remove source. or restriCt access 

to aHected area. 
Mi111rruze extent ot •moact by contauvnent measures ana tm01ernent habitat 

management to m1111mlze exposure. 

Notify Appropriate Authorities, Property Owners. ana Potentially Affected Per

ties, ana Evaluate the N&ed to: 
Assess tile potential tor vaoor mtqratJon (througn monttonng/mooetlllQ) ana 

remove source (If necessary), or mstall vapor mtgranon oamer. 

Remove sods. cover soils. or resthct access. 

Not1ty owner1user. evaluate the neeo to install ootnt-ol-use water treatment. 

hydraUliC contrOl. pr alternate water suppty. 

lnstrtute monrtoring. then evaluate it natural anenuat1on 1s sufficient. or If hy

draulic contrOl IS reqUited. 

Monitor ground water well Quality and evaluate If contrOl ts necessary to pre

vent vertiCal mtqratJon to the supply wett. 

Institute containment measures. restrict access to areas near CIISCtlarge, and 

eviiUite tne magrvtuoe and mpact of the cucnarge. 

Notify Appropriate Authorit;.s, Propetty Owners. ana Potentially AJtected Par

. tiN, and Evaluate the N&ed to: 

Monitor grounc1 water and determine the potential for future contaminant mi

gration to tne aQUifer. 
Monitor the dissOlved plume and evaluate tne potential lor natural attenua

tion and the need for hydraulic control. 

Identify water usage of well. assess the affect of ootent1aJ moact. monrtor 

the dissolved pcume. ano evalUate whether natural anenuatJon or hydrauliC 

control are aoproonate contrOl measures. 

Monitor the diSSOlved ptume. determne tna ootent•at tor ventCat rmgratJon, 

notify tne user. and determltMI it any llllP&Ct 1s ilkety. 

Investigate current mpac1 on sensitive habitat or sunace water oaoy, restrict 

access to area of diSCharge (if nacessary). ana eva1uata tne neeo for con

tainment/control measures. 
Restrict access to impact SOlis. 

Notify Appr®riate Authorities. Property Owners. ana Potentially Affected Par

ties, ana Evaluate the N&ed to: 

Monitor grouna water ana evaluate eHecit of natural anenuatton on dissolved 

plume m1gratJon. 
Monitor grouna water ana evaluate eHect of natural anenua11on on leaChate 

rrugrat10i1. 
Monitor ground water ana evaluate effect of natural attenuatiOn on diSsolved 

plume m1grat100. 

.. Johnson. 0. C .. DeVault. G. E .. Ettinger, R. A .. MacDonald, A. L. M .. Stanley, C. C .. Westby, T. S .. and CoMer, J .. "Risk-Based Correc11ve Ac11on: T•er 1 Guidance 

Manual." SheU OU Co .. July 1993. · 
8 Note tllat tnese are ootenllll initial resoonse aettons that may not be appropriate lor all sites. The user IS encouraged to select oot•ons tnat best address the 

short-term he81tn and satety concems of the s1te. wh1le the ABCA process progresses. 

i 
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TABLE 4 Examole Tier 1 Risk-Basea Screenmg Level (RBSLl LooK·Uo Table 
-.~rE- ~,,.,:a:>~,_ .::•£=---:c nere on1v as an examo1e set ot T1er 1 RBSLs. 11 .s "::::a 11St or orooosea stanaaras. T"e user snoUia rev1ew au assumot1ons onor to us1ng 

anv ot :~e vaiCJf:S ~ '~ :::escnoes tne oas1s ot rnese values. 

• I I I 1 ; I 

i 
; 

~ l .. ~ . ._..._ •• ,I & •• ,. ... ica••"• T•'1•W..tll e 

I 
~ k 

I I 
! t i i "' ... i .. .;, 

~ .. 
-....- c.,ca Kd:k • lE..-06 3.92E-O: I I !.16&03 
~ R .. ldoaual I Ce1atr RUt • IB--<l' J 92E..Ol 1J6E-01 _ .... 

Chronic HQ • I l.J91!.o3 lj6E+02 I 9 7JE+03 l 951!..01 - Coacor Ruk • 1E-06 HJE-Oi I l.lSI!-03 ::.- Comm..-c~AJJ Canca R'-i: • 1&01 4.9JE.01 i l.lSE-01 .-•Jl 11\duatrlll OwnicHQ•1 I 1.46B+OJ 5.&-tE+O:l I.02B+OC 200S.01 ._.., 
Cmc.fili.l.i:• JE...Q6 2.94&01 I l . .oe..o3 

~ Reaidcnual Cmacr fHak • I E,...().l& !.'14E.Ol I l..aE-01 Ali -- Chtonic HO • I I IOOI!.m • 17E+02 7.lllBoCJ lo468+01 - c-. .. Jhak•lE.-015 4.93£.<>1 l.lSI!-03 ..._ c:.aa....-c .. l/ Cancall: ialr • I B-<W 4.9JE.OI I 2.351!-01 _, 
lnchurrial C'lvaftic HQ • I I 1.461l.m 5.&.&1!+02 l.~ 2..000+01 

OSHA TWA PEI..(""I••JI ).20E.o3 I 4lSS.OS 7j)~ 4)5~ s.ooe..o. 2.oos.o2 rt1 
....._. Uoiior o-.cua~~ r ........... '""•'•"Jl (ll I 1.9SE.05 I 6.001!.m l.'lll&OO 2~ 

.._ ~ MaclliN ... 4 c .... .., • ._ K••• 3.2.5&t00- I 2.20e..<ll· 9 .6QE..O I • 4.156+00· 
(,..J.•Jlf31 2.15E.Ol 9.701'.-+00 2.911!+01 4 76E.OI 

CauzrRui:aiE-~ ~ 72E.CI RES -- Rcaidaluai c.,ca lhtt • I E-04 2. 72E.OI I RF.S ·- Clvo<ue 110 • I ~F.S i1ES RES RES ... -
I 

Cancer Rut • l E-06 4.HE-01 RES ...,.. -.c..c.: Convncrcaal/ Cancw Rui: • JE.O. 4 17E.Ol I 
RES 

lndu.ab'LII I OvonteHO • l RES RES RES RES ..... I CmCIII'IC.illr•IE.-06 !J7E-OJ RES ·- Ra1Mtual I Ctnc:erltilk• JE-()1 5.37E-OI RES I 

! Clvon•ciiO• I - J 46E.Ol 2 C8E.OI RF.S 4 01E.Ol 
I --- CWIC8' ~ta.lr a IE.-06 1.69£.<>2 RES I -- Coauncrc .. u c ... c. Ra.r. Je.cw 1.69e.OO RI!S - ln<tutD'•I OvonicHQ•I 9.01S.OI 5.4SE.OI RES 1.07E+02 

SOIL ....... j,M c.,aw Rillr • &E-015 5.12E.OO 1.3~ ..... ~ R•i-.ual Cll'lcwllillr•lf...06 1.12E.02 l.lOI!.OI - Chtonic 110 • I 71lE.o3 1.33E+Ool 1.41E.OS 9.77E+02 - c.,corlhok • IE-06 l.OOE.OI 3D4SOI - c-..... u CmmrRiJII:aiB-04 l.OOE+OJ 3.!MI!.OI ......, l.ndualn01 OwnicHQ•I l.l5B+Ool l.I7E+Ool 2.1llE+OS U06o03 .... MO.'• 2.931':·02 9 liE+OO I 77F..01 J.OSE+Ol '!';LA 9 •U!tOO .__ 
C..c.ll&lk:. 1£.06 1.72&02 5.506.01 - k•.O.&aal c.,CB" R lSir • I£..()& 1.72E+OO RES 

""-' Ovonicll0•1 4 7SE.OI l29F..02 RES 229E.01 - C~r~CB"Ihsll • IE-06 1.71E-02 1.15Et00 , .... ~ eoava..: .. u Cmc.ihslra I&OC 5.nE.oo RES - lndu.aD'aal Ov'OfucHO • I ].JJE-+02 3.61F...02 RES 6.42£+01 
Canc.w lt&~lr • IE-06 1.106.01 >5 

"-• Rcaidoa!W Cmcw Ra.lr • lEA)& I.IOE.Ol .s ..,_ 
OwnicHO•I >5 >5 >5 > 5 -- c.,mr Rilt. 1&015 l.s.&E.OI .s ._..._. 

Comm-1/ Ctnc. Risk • I&CW >S >5 
lndllllnal OwnicHQo1 >S >S >5 >S 

MO.' I 500E-OJ I 7 OOE.OI 1.00E+OO I.OOE.OI ~'" 2.001!-0t 
'"'- C.,corll~k•IE-06 2.9•E·OJ l.I7E-05 

GROUND 
._ 

Raidoaua1 c.,cor Ruk • IE.Q( 2.9.£.<>1 1.17E.OS 
WATER ....o.;. OvonicltO •1 H5E+OO 7.'!0Et00 7 )()E>()I 1.46E.c1 

c.,.,..Rilk•1E-06 9.17E-OJ 3.92E-QS 
Commcn:~ai/ Canc.r Ri1lr • 1&04 917E-OI >5 

Indus"''' OvcwuctiO • I 1.021l.OI 2 04E.OI > 5 • 09E.c1 
G.-- c.,.., R&~lr • 1£..06 I l.ll.E-02 I >5 ·- Ralflonual Canc:w R.lSil • I &04 1.12E.OO I >5 - Chronic HO • I >5 I.I•E.Ol > s 1.061!.01 . .._....._.., 

CWIQI' Rtslr. 1&06 U6E.-OI I >S 
-~ ......... ~ Commen: .. l/ Canc:er RillE • lf...CW 2.561!.01 >S ......... I lnd~.&~cn.l Chtonie IIQ • I l >S l.OOE.ol > s 2.71E-.ol 

A As benZeneiOUDie aa·• oa::n VOlatiles. 
a Amencan 1na;.sma1 ..,_ A$$0Ciat1011. Odor ThrestrOids for Chem1cals with EstaDIIShed Occupational Health Standards. 1989. 
c From: Shah rc Slnf:F:.-:wn:rmentaJ Sc1ence Technototogy Vot22. No. ·12; A TSDR. 1988. Toxilog1C81 Profiles. U.S. PubliC Healtll Services. 1988. and Wallace. L.A .. 

Joornat of OcCUPIIlr:Ni Mea::m. va 28. No.5. 1986 . 
., "AES"-see::ao nsr- s rot exceeded for cure comoound oresent at any concentrati0/1. 
• ">S"-sei8Ctff! ns•..,... s -.:x exceeoea for au poss101e d1ss01vea levels ts cure comoonent sOlubility). 

9 
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''inc:>:;:..:. --~::s:;:~ent'' risk assessments because the generai 
meas-~:e ::; -::.:-: ~:ovides insur1icient miormauon aoout the 
amo::nts :;: =:Cmdual compounds present. 

4.-!. 7 CJ?-::;re Action Assessment-Identify potential 
Tier : ::o:-:-~.:::ve measures that will remove sources. limit 
release ::.•--r-!s~s. or block exposure pathways that are 
respc:lSlbc ·-:: t::e screening level concentration exceed
ences. Re::..::-: :."lese on a Tier I analysis summary sheet. 

4.-'.8 T:;: !A:>asure scenario evaluation flowchart (see Fig. 
2) ca.-:~ be :.s:-.: :o graphically portray the effect of the Tier I 
corre:".Jve ;,-rn. Select the Tier I corrective measure or 
measures to."Wtl as valve symbols) that will break the lines 
lin~g so~ transport mechanisms. and pathways 
caus:.:1g tr.! :;::--~nmg level concentration to be exceeded. 
Adjust t.n~ -:::x oi corrective measures until no potential 
recep!ors !:""..;:d the screening levels with the corrective 
measures 1r. =tace. Show the most likely Tier I corrective 
meas'.Irets; ~for this site by marking the appropriate 
valve sym::D.5 on the flowchart and recording a corrective 
measure a:o"'!'llauon (defined by the user on the right
nand-side n7 ?:g. : l. 

4.5 Step ~ Eva.iuacion of Tier 1 Resuics-At this point. 
·esui:s of tn! ::er : assessment are reviewed and one of the 
'Ol!o-..1ng b:r opuons is selected: 

4.5.1 Nc f.:.:!IOn-lf source concentrations do not exceed 
1pplicable s...---:::ung level concentrations, no further action 
may be re:xu.""ed. Compliance monitoring may be imple
ment:d. as .mpropriate. to confinn that current conditions 
;>ersis:t or im:rove with time. 

4.5.2 Finrz. Corrective Action-If source concentrations 
!Xceed appicbie screening level concentrations, a corrective 
1ction prog::J:n may be designed and implemented to 
1chieve the :-J:r 1 corrective action goals. This program may 
nclude scm: ::ombination of source removal and contain
nent tech~ as well as institutional controls. 

4.5.3 Jme--.m Co"eccive Action-If achieving the neces
;ary risk rewctlon is impracticable due to technology or 
·esource linu.nions. an interim corrective action. such as 
·emo\-al or -=-=mnent of "hot spots", may be conducted to 
1ddress the m=st simificant concerns. change the site classi
ication anc ::ntial-response, and facilitate reassessment of 
.he ccrrecuv: lCtion plan. 

4.5.4 Tie i..pgrade-Further Analysis-If remediation, 
:ontainmen: :neasures, and institutional controls are judged 
o be i:npra:::cble or inappropriate, additional site informa
ion can be elected as needed for reassessment of corrective 
.ction goals n accordance with Tier 2 of the RBCA process. 
1lis decisiot. :s typically based on comparing the cost of 
chie,mg 'ri:- : corrective action goals with the cost for Tier 

anaiyses. .=nsidering the probability that the Tier 2 
tte-specific pus v.ill be significantly Jess costly to achieve 
1an Tier 1 pus. It is important to note that both Tier I and 
"ier 2 screen~ ie\'eis are based on achieving similar levels 
fhur::.an h::m~ and environmental resource protection (for 
:tamp:e. 1 c- ::> w-6 risk levels); however, in moving to 
igher tiers ru: use: is able to develop more cost-effective 
:>rrec-Jve ac-..cr: pi2:15 because the conservative assumptions 
f earner uo a.--e replaced with more realistic site-specific 
ssum:uom 
4.5.5 Thi: .:::~..si::::: and the scope of any proposed RBCA 
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Jcuvities are now recorded and the T:er i :maivsis 1s 
-:ompiete. 

4.6 Step 5: Tier 2-Expanded Site Assessment. Rec/assi
_fication. and Sice-SpecUic Corrective Awon Goais (Op
nonai)-Tier 2 provides the user with an option for negoti
ating site-specific risk-based corrective action goals and 
points of compliance when there is an economic incentive to 
do so <see 4.5.4). Additional site assessment data may be 
required: however. the incremental effort 1s typically min
imal relauve to Tier I. In most cases. only a limited number 
of pathways, exposure scenarios. and chemicals are consid
ered in the Tier 2 analysis since many are eliminated from 
consideration during the Tier I evaluation. In Tier 2 the user 
negotiates compliance points and target concentrations at 
those points. and uses a combination of assessment data and 
predictive modeling results to determine target source area 
concentrations that correspond to compliance with the 
negotiated compliance point target levels. Examples of Tier 2 
analyses include: 

4.6.1 Application of Tier I RBSLs Look-Up Table values 
at reasonable points of compliance (as opposed to anywhere 
in an aquifer. geologic fonnation, 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 Look-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 100 between the source area and the 
compliance point, therefore the target source area ground 
water concentration is established at 100 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. i -:-::e models are relatively simplistic. and are orten 
.1lgebra1c c: semi-analytical expressions. 

4.6.4.2 ~fodel input is limited to practicably attainable 
sne-speculc data. or easily estimated quantities t for exam pie, 
total porosny, soil bulk density), and 

4.6.4.3 l."le models are based on descriptions of relevant 
physical/chemical phenomena. Any mechamsms that are 
neglected result in predictions that are conservative relative 
to those likely to occur (for example. assuming constant 
concentrauons 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 likelv 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: 

4.7.1 No Action-If source concentrations do not exceed 
Tier 2 SSTu. 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 Finai Correclive Aclion-lf 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 lnterzm Correclive 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. 

4.7.4 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 screerung levels are based on achieving similar levels 
of human health and environmental resource protection (for 
example, I 0_. to I0-6 risk levels): however, in moving no 
higher tiers the user is able to develop more cost-effective 
corrective acuon 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 3-Expanded Site Assessment. Reclassi
rlcation, anti Site-Spec{t1c Corrective Action Goals (0p
uonal)-1n a Tier 3 assessment. SSTLs are developed on the 
basis of more sophisticated statistical and contaminant fate 
and transpon analyses. using site-specific input parameters 
(for example. Monte Carlo simulations). Tier 3 corrective 
JCtion assessr.:ents commonly involve collection of signifi
~·::~nt additior.;,i site iniormation and completion of more 

l2 

costly modeling erYons tnan reauired for either a Tier 1 o~ 
Tier 2 planning erfon. Exampies of Tier. 3 analyses mciude 
the following: 

4.8.1 The use of numerical ground water codes that 
predict time-dependent dissolved contammant transpon 
under conditions of spatially varying permeability fields to 
predict exposure pomt 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: Evaiuatwn 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 funher 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 impiemented. This program may include some 
combination of source removal. treatment. and containment 
technologies, as well as institutional controls. 

4.9.3 Interim Correc1ive 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: Compiiance 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 integnty 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) remam in place. 
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5. Potential Problems 

5.1 As with any process. the potential exists ior misappli
cation of the RBCA process. In most cases the root cause wiil 
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: 

5.1.1 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 irame 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, 

: .1.4 Requmng responsible panies to achieve technoiogy
i:::ased remedial limns pnor to requesung the approval for 
SI te~specific goals. 

5.1.5 Inappropriate use of predictive modelling, 
5 .1.6 Dictaung that corrective action goals can only be 

achieved through source removal and treatment actions. 
thereby restncting the use oi exposure reduction options. 
such as containment and institutional controls. 

5.1. 7 Use oi inappropriate or unfounded exposure factors. 
5.1.8 Use of antiquated toxicity parameters. 
5.1.9 Neglecting aesthetic and other cnteria 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 CHARACfERISTICS: COMPOSITION. PHYSICAL CHEMICAL PROPERTIES, AND 
TOXICOLOGICAL ASSESSMENT SUMMARY 

X 1.1 Introduction: 
X 1.1.1 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 oi petro
leum fuels (gasoline, diesel fuel, jet fuel, etc.)4 focussed 
primarily towards that information which is most relevant to 
assessing potential impacts due to releases of these fuels into 
the subsurface. Much of the information 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: 

Xl.I.2.1 Composition of Petroleum Fuels-See Xl.2. 
Xl.l.2.2 Physical. Chemical. and Toxicological Proper-

ties of Petroleum Fuels-See Xl.3. 
X 1.1.2.3 Indicator Compounds-See X 1.4. 
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 

• MAitemauve Fuels." or those fuels not based on petroleum hydrocarbons cor 
containing them in small amount.sl. such as methanol or MBS are oevond the 
scope of the diSCUSSIOn 10 th1s appenci1x. 
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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 Componenrs 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 Phvsical Properties of Petroleum 
Fueis-ln order to simplify. the description of various 
petroleum products, boiling point ranges and carbon number 
(number oi 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 voiatility (denoted 
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C>y mcreasmg t1ash omntl mdicate tr:e transition to "heavier 
proaucts. ·· Additional descnptions of each of these petro
ieum fuels are provtded below. 

X 1.2.4 Gasoiine-Gasoiine is composed of hydrocarbons 
and "additives" that are blended with the fuel to improve 
fuel periormance and engine longevity. The hydrocarbons 
fall primarily in the C4 to C 12 range. The lightest of these are 
:tighly volatile and rapidly evaporate from spilled gasoline. 
::::4 and C5 aliphatic hydrocarbons rapidly evaporate from 
;pilled gasoline (hours to months. depending primarily on 
:he temperature and degree of contact with air). Substantial 
;>onions of the C6 and heavier hydrocarbons also evaporate. 
::JUt at lower rates than for the lighter hydrocarbons. 

X 1.2.4.1 Figure X 1.1 shows gas chromatograms of a fresh 
~asoline and the same gasoline after simulated weathering; 
lir was bubbled through the gasoline until 60 % of its initial 
tolume was evaporated. In gas chromatography, the mixture 
s separated into its components. with each peak representing 
lifferent compounds. Higher molecular weight components 
1ppear further to the right along the x-axis. For reference, 
Jositions of the n-aliphatic hydrocarbons are indicated in 
::-ig. X 1.1. The height of, and area under, each peak are 
neasures of how much of that component is present in the 
nixture. As would be expected by their higher volatilities. 
he lighter hydrocarbons (up to about C7) evaporate first and 
:re greatly reduced in the weathered gasoline. The gas 
:hromatogram of a fuel oil is also shown for comparison. 

X 1.2.4.2 The aromatic hydrocarbons in gasoline are pri
narily: benzene (C6H6), toluene (C7H8), ethylbenzene 
C8H 10), and xylenes (C8H 10); these are collectively referred 
o as "BTEX." Some heavier aromatics are present also, 
ncluding low amounts of polyaromatic hydrocarbons 
PAHs). Aromatics typically comprise about 10 to 40% of 
;asoline. 

X1.2.4.3 Oxygenated compounds ("oxygenates") such as 
lcohols (for example, methanol or ethanol) and ethers (for 
xample, methyl teniarybutyl ether-MTBE) are sometimes 
dded to gasoline as octane boosters and to reduce carbon 
:1onoxide exhaust emissions. MTBE has been a common 
dditive only since about 1980. 
X 1.2.4.4 Leaded gasoline, that was more common in the 

·ast, contained lead compounds added as octane boosters. 
"etraethyl lead (TEL) is one lead compound that was 
ommonly used as a gasoline additive. Other similar com
ounds were also used. Sometimes mixtures of several such 
ompounds were added. Because of concerns over atmo
Jheric emissions of lead from vehicle exhaust. the EPA has 
:duced the use of leaded gasolines. Leaded gasolines were 
nased out of most markets by 1989. 
X 1.2.4.5 In order to reduce atmospheric emissions of 

ad. lead "scavengers" were sometimes added to leaded 
1Solines. Ethylene dibromide (EDB) and ethylene 
chloride (EDC) were commonly used for this purpose. 
X 1.2.5 Kerosene and Jet Fuel-The hydrocarbons in 

:rosene commonly fall into the C!l to Cl3 range, and 
still at approximately !50 to 250"C. Special wide-cut (that 
. having broader boiling range) kerosenes and low-flash 
:rosenes are also marketed. Both aliphatic and aromatic 
rdrocarbons are present, including more multi-ring com
Junds than gasoline. 
X 1.2.5.1 Commercial jet fuels JP-8 and Jet A have similar 
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composmons to Kerosene. J P-4 and JP-5 are wider cuts used 
by the m1iitary. They contain lighter distillates and have 
some characteristics of both gasoline and kerosene. 

Xl.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. l and No. 2 fuel oils. and boil in the range from 
160 to 400"C. Hvdrocarbons in light fuel oils and diesel fuel 
typically fall in the <:;I 0 to C20 range. Because of their higher 
molecular weights. constituents in these fuels are less volatile, 
less water soluble. and Jess 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. 

Xl.2.6.2 Number I fuel oil is typically a straight run 
distillate. 

Xl.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 heaung fuel. while the cracked product is often used 
for industrial furnaces and boilers. Both No. 1 and No.2 fuel 
oils are sometimes used as blending components for jet fuel 
or diesel fuel formulations. 

Xl.2.7 Heavv Fuel Oils-The heavv 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 Cl9 to C25 and have a 
boiling range from about 315 to 540"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 1.2.7.1 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. 

Xl.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/Chemical 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. 

CarbOn No. 
Range 

("C) 

GaSOline C4 to C12 25 to 215 
Kerosene and Jet C11 to C13 150 to 250 

Fuels 
Diesel Fuel and Ugnt C10 to C20 160 to 400 

Fuel Oils 
Heavy Fuel Oils C19 to C25 315 to 540 

" Typical values. 
B Jet-B. AVTAG and JP-4. 
c Kerosene. Jet A. Jet A·1. JP·8 and AVTUR. 
D AVCAT ana JP·S 

Flash Point. .. 
("C) 

-40 
<21, 8 21 to ss,c. 

>55° 
>35 

>50 
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FIG. X1.1 Gas Chromatograms of Some Petroleum Fuels 

number c:· carbon atoms. These trends are most closely 
followed ty compounds with similar molecular structures. 

such as tt! straight-chained. single-bonded aliphatic hydro
carbons. i:: general. as the carbon number (or molecule size) 
increases. :he following trends are observed. 

X 1.3.1.: Higher boiling points (and melting points), 
X 1.3. 1.: Lower vapor pressure (volatility}, 
X 1.3.1.3 Greater density, 
X 1.3.1..; Lower water solubility, and 
X 1.3.1.5 Stronger adhesion to soils and less mobility in 

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

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

X !.3.2.: Aliphatic petroleum hydrocarbons with more 

than ten nrbon atoms are expected to be immobile in the 
subsurface. except when dissolved in non-aqueous phase 
liquids (~ -\PLs), due to their low water solubilities. low 
vapor pressures. and strong tendency to adsorb to soil 

surfaces. 
X 1.3.2.: Aromatic hydrocarbons are more water soluble 

and mob1i= in water than aliphatic hydrocarbons· of similar 
molecular weight. 

X 1.3.2.~ Oxygenates generally have much greater water 
solubilities :nan 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 proponions. 

X 1.3.3 Properties of Mixtures-It is imponant to note 
that the panitioning 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 alwavs 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 H.vdrocar
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 Indicator Compounds for Risk Assessments: 
X 1.4.1 It is not practicable to evaluate every compound 
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TABLE x~.2 Chem•cal and Toxicological Prooen1es of Selectee Hvdrocari:Jons 

ComPOUOOs 

mzene 
~~ 

llylbenZene 
-~&nes 

rlexane 
TBE 
EK 
IBK 

1\lllOI 
3A 
•ad 
)C 

)8 

-.nanuv-

.veognt of 
EV10e11C8 
C;usA 

... 
: 
J 
J 
E 

: 

32 
32 
32 

!Phltiii*W :; f 
vv-- S2 
VIZotkJftuoranmene 52 
~ 

JOrfiTitnanll 
JnZO(g)l,l)perflene : 

JnZO(Il)ftuorantnene S2 
WIZ(a)ancrncene 

A See Ref (8). 

• See Rei (4). 
c See Rei (7). 
os.e Ref(7). 

Oral AID 
[rng/kg-oayJ 

0.2 .. 
0.1 .. 
2A 
0.06C, 0.6° 
E 

0.6 .. 
F 

0.5 .. 

0.03 .. 

0.3 .. 

0.04 .. 
0.04 .. 

• The Clala il periOII19 II tne EPA-IRIS dai&DDI. 

InhalatiOn AfC 
[rng/m3] 

0.4 .. 
1 .. 
0.3C.E 
0.2° 
3 .. 
1A 
o.o6c.E. 0.8° 
E 

"'The Gala nu bMn Wlttldnlwn In tne EPA-IRIS datallaSe. 

Oral Slooe Factor .. 
[rng/kg-day]-• 

0.029" 

0.091 
85 

7.3 

1.15" 

Drinking Water 
MCL,.[rng/L] 

0.005 
1 
0.7 
10.0 

0.015• 
0.005 
0.00005 

0.0002 

0.0002 
0.0002" 

0.0002" 
0.0002" 

Solubliity8 

imgtL] 

1750 
535 
152 
198 
13C 
48 000'-' 
268 000 

1 000 000 

8 520 
4 300 

0.132 
0.00120 
0.0450 
1.00 
31.0" 
0.00180 
0.00430 
I 69 
0.206 
0.000700 
0.0140 
0.00570 

o The innalatJon Ullllllllk tor benz-IS 8.3 x to-a (mg/m3)-•. The drinking water unit risk for llenzene IS 8.3 x 10-4 (rng/L)- 1 • 

Octanoi/Water 
PartitiOn 

Coefficient 8 

[loQ Kowl 
2.12 
2.73 
3.15 
3.26 

1.06-1.30N 
0.26 

-0.32 

1.48 
1.76 

4.88 
6.06 
4.45 
4.46 
3.01 c 
5.61 
6.06 
4.20 
4.90 
6.51 
6.06 
5.60 

Orgarnc Carbon 
AdsorptiOn 
Coefficient 8 

[log Kocl 
1.92 
2.48 
3.04 
2.38 

1.08° 
0.65 

0.34 

1.15 
1.64 

4.58 
6.74 
4.15 
4.15 
3.11" 
5.30 
5.74 
3.86 
4.58 
6.2 
5.74 
6.14 

"See Rei (10). ~ c:ritena lor c:arcncgenJC polyCyCliC aromatiC comoounas (PAHs) Wltn tne exc:ep!IOn or dlbenZO(a,h)antnracene are set at one tentn of tne 

~ of benzo(a~ Cll8 10 their recognaaa- potency .• 
1 ~In tne Jatll*'f 1991 Drinking Water f'o'clrity Ust and may De sublect to Mure regulation (56 FA 1470. 01/14/91). 

J USEPA. May 1991 Office of Drinking Waw. 15 I'Q/L is an actJon tevet: standard for tap water. 

" Proposea ltandara.. 
• See Ref (1 1). 
"'See Ref (12). 
"See Ref (13). 
o EstimatJon Eauato'llfrom ( 14)): 

(1) log Koc - -0 5: tog S + 3.64. where S • water solubility (rng/L) 

(21 tog Koc - o.~ 109 P + 1.3n 
"See Ref (II). 

resent in a petroleum product to assess the human health or 

lvironmental risi: from a spill of that product. For this 

:ason. risk management decisions are generally based on 

;sessing the potential impacts from a select group of 

ndicator" ·compounds. It is inherently assumed in this 

Jproach;that a significant fraction of the total potential 

npact from all chemicals is due to the indicator com

)Unds. The selection of indicator compounds is based on 

e consideration of exposure routes. concentrations, mobil-

. es, toxicological properties and zesthetic characteristics 

lSte. odor. etc.). Historically, the relatively low toxicities 

1d dissolved-phase mobilities of :aliphatic hydrocarbons 

1ve made these compounds of less concern relative to 

·omatic hydrocaroons. When additi'es are present in signif
ant quantities . .:onsideration shoold also be given to· 

eluding these as indicator compounds. 
X 1.4.2 Table X 1.3 identifies incil:::ator compounds most 

·ten cons1dereo ~ :1en assessmg im:;::cts of petroleum iueis. 
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TABLE X1.3 Commonly Selected Indicator Compounds for 

Petroleum Fuels 

u.aaea Leaded Ker~t 
Diesel/ Heavy 

GU011ne Gasoline Jet Fuels 
Ught Fuel 

Fuel Oils oas 

Benz- X X X 

Toluene X X X 

Ethylbenz- X X X 

Xylene X X X 

MTBE. TBA. When When 

MEK. MIBK. susoectea .. suspected .. 

methanol. ethanol 
Lead. EOC, EOB X 
PNAs8 X X X 

A For example. when tnese comPOUnds may nave been present m the splllea 

gasoline. These additives are not present in all gaSolines. 
8 A Wst of setectea PNAs tor consideratiOn 1s presented in Table X 1.2 

based on knowledge of their concentration in the specific 
fuel. as well as their toxicity, water solubility, subsurface 
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::1obiiity . .:.esthetic characteristics. and the availability of 

sur1icient :nformation to conduct risk assessments. The 

indicator :ompounds are identified by an "X" in the 

appropn:::e column. 
X 1.5 T:xicity of Petroleum Hydrocarbons: 
X 1.5.1 :-he following discussion gives a brief overview of 

ongin oi t::e toxicity parameters (reference doses (RIDs). and 

slope ian.::-s (SFs), a justification for common choices of 

indicator :Jmpounds and then. in X 1.6. a brief summary of 

the toxicc.Jg.ical, physical, and chemical parameters associ

ated with ::ammon indicator compounds. 
X 1.5.2 How Toxicity Is Assessed: Individual Chemzcals 

Versus M:.xrures-The toxicity of an individual chemical is 

typically ~stablished based on dose-response studies that 

estimate L-:e relationship between different dose levels and 

the magm:ude of their adverse effects (that is, toxicity). The 

dose-respc:1se data is used to identify a "safe dose" or a toxic 

level for a ::articular adverse effect. For a complex mixture of 

chemicals. the same approach can be used. For example, to 

evaluate t:-:e toxicity of gasoline. a "pure" reference gasoline 

would be !valuated instead of the individual chemical. This 

"whole-pr.:duct" approach to toxicity assessment is strictly 

applicable only to mixtures identical to the evaluated mix

ture; gaso.:nes with compositions different from the refer

ence gasoi:ne might have toxicities similar to the reference. 

but some differences would be expected. In addition. as the 

composm:m of gasoline released to the environment changes 

through n:nural processes (volatilization. leaching, biodegra

dation). ti:e toxicity of the remaining portion may change 

also. 
Xl.5.3 -\n alternative to the "whole-product" approach 

for assess:ng 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 cons:ituents, so-called "indicator compounds") is sepa

rately assessed and the toxicity of the mixture is assumed to 

be the suo of the individual toxicities using a hazard index 

approach. This approach is often used by the USEPA: 

however. :: is inappropriate to sum hazard indices unless the 

toxicoiog~::al endpoints and mechanisms of action are the 

same for :.ne individual compounds. In addition. the com

pounds tc be assessed must be carefully selected based on 

their conc:ntrations in the mixture, their toxicities, how well 

their toxicities are known, and how mobile they are in the 

subsurface.. Lack of sufficient toxicological information is 

often an 1::1pediment to this procedure. 
X 1.5.4 Use ofTPH Measurements in Risk Assessments-

. Various c.z:emical analysis methods commonly referred to as 

wtotal petrJieum hydrocarbons" (TPH) are often used in site 

assessmer.:s. These methods usually determine the total 

amount c:· hydrocarbons present as a single number, and 

give no 1r.formation on the types of hydrocarbon present. 

Such TPE methods are useful for identifying the boundaries 

of contarr.:nation and for locating "hot spots." and may be 

useful for :-tsk assessments where the whole product toxicity 

approach :s appropriate. However in general. TPH should 

not be uS!d for "individual constituent" risk assessments 

because t::e general measure of TPH provides insufficient 

informat1::1 about the amounts of individual compounds 

present. 
X 1.5. 5 -: axicity Assessment Process-Dose-response data 
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are used to 1denufy a "safe dose" or toxic level for a 

particular observed adverse etTect. Observed adverse etTects 

can include whole body erTects (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 erTects (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 determining 

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 information 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 Stud1es-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 Chrome 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 

muliiple 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. 

X1.5.7 Data from the above studies are used to generate 

reference doses (RfDs), reference concentrations (RJt: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 terms are defined in 

Table Xl.4. 
X1.5.8 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 I 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, xvlenes. 

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 Wetgnt of Evidence Critena for Carcmoqens 

:::ategory Cntenon 

A Human caronogen. w1tn sutftoent eVIOence from eptoemtotog1cal 

SUJOO!S 

B 1 Prol:>at)e numan caronogen, w1th hmtted ev10ence from ept(]e-
mi()IO(JtCaJ s tudtes 

82 Proba!:>oe numan caronogen. w1th sutfioent ev10ence from antmal 

stUOoeS ana lllaO&Quate evtOence 01 no Clata trOtn eptoemiOiogtcal 

StUOleS 

C PosStO>e numan caronogen. w1th limited evtOence from antmal 
stUCIIH 1n me aosence of human oata 

0 Not ClaSSIItallie as to human carcanogen!City, ow1ng to tnaoeQuate 
numan ana antmal evlel8nCe 

E EvidenCe ot noncaronog&n!City tor humans. With no evtOence ot 
cart:r'09en1C1ty 111 at least two aOeQuate antmal tests 1n Cltfferent 
soeoes. or 1n DOtn aoeouate entmal ana epielemiOioqtc8l stueltes 

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 
~xtent that acute human toxicity is an issue, benzene is listed 
JY the USEPA as a Group A Carcinogen (known human 
:arcinogen 1 and. thus. exposure to even trace levels of this 
nateriai is cons:dered significant. 

X 1.5.10 Polycyclic aromatics can be broken into two 
:ategories: naphthalenes and methylnaphthalenes (dia
·omatics) have moderate water solubility and soil sorption 
:Jotential and. thus. their movement through the subsurface 
:ends to be Jess than monoaromatics, but substantial move
ment can still occur. When released into surface bodies of 
water, these materials have moderate to high toxicity to 
1quatic organisms. PAHs with three or more condensed rings 
!lave very low solubility (typically less than 1 Jlg/L) and sorb 
;trongly to soils.. Thus, their movement in the subsurface is 
ninimal. Several members in the group of three to six ring 
PAHs are known or suspected carcinogens and, thus. expo
;ure to low concentrations in drinking water or through the 
:onsumption of contaminated soil by children is significant. 
:n addition. materials containing four to six ring PAHs are 
JOorly biodegradable and, coupled with the potential to 
Jioaccumulate in tissues of aquatic organisms. these mate
ials have the pctential to bioconcentrate (be found at levels 
n living tissue far higher than present in the general 
;urroundings) in the environment. -

Xl.S.ll Although almost totally eliminated from use in 
~olines in the United States, lead is found associated with 
>lder spills. Lead was typically added to gasoline either as 
etraethyl or tetramethyl lead and may still be found in its 
>riginal form in areas containing free product. Typically 

outside the free proauct zones. these matenais have decom
posed mto morgamc forms of lead. Lead 1s a neurotoxm and 
lead in the blood of children has been associated with 
reduced intellectual development. The ingestion by children 
of lead-contammated 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. 

X 1.5.12 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/Chemical Properties for 
Indicawr Compounds-A summary of health effects and 
physical/chemical propenies 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 retined 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 
suppon 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 RfC for 
MTBE). 

X1.5.13.2 HEAST (7) is a larger database than IRIS (6) 
and is alien 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 

1eterence Dos-A rnrenc:e oose IS en estmate fwtth en uncertalllty typtcally spanntng en oroer ot magrutuelel ot a dally exposure (mg/k9/day) to me general human 

opulatJOn (induellllg sensruve suogroups) that Is ~kely to be WithOUt en eppreaable riSk of deletenous effects dunng a litettme ot exposure. 

•eterence Concenrrc(lfi-A ref~ concentratiOn IS en estimate (with en uncertmty SpaMJng pemaos en Older of magrntude) of a continuous tnhalattOn exposure 

l the human populatal undudlng sensrtive suDgroupsJ that is likely to be withOUt appreaable deletenous eHects dunng a utetime. 

lope Fector-The SICOe of the dose-response curve tn the low-dose regtOn. When lOw-dose ttneenty cannot be assumed. the stoPe factOttS the slooe ot the straight 

1e trOtn zero aose to me oose at 1 ~ excess nsk. An upper bounCI on thts Slope ts usually used tnsteael of the stope ttself. The urnts of the StOpe factor are usually 

xpresseo as (mg/k9/C8YI--• 
'r/nking Water MCL.s ~na MCLGs-Maximum Contarrunant Levels (MCLs) are drinking water standards established by the EPA that are protective ot human health. 

·owever. these stancwas take 111to account the te<:nnoiOgical capability of attalrung these standards. The EPA has. therefore, also estaDitsneo MCL goals (MCLGs) 

1hleh are oaseo ontv on me orotecttOn of human health. The MCL standards are often useo as dean-up cntena. 

Jrinking Water Heanh Mvtsortes-The Office of Drinking Water proVIdes health adVIsones (HAs) as technical gUidance for the orotecttOn ot human nealth. They are not 

nfOtceaoie teeleral sta"ldaras. HAs are the concentratiOn of a suostance tn annking water estmated to have negligtble Cleletenous effects tn humans. when 1119ested for 

:l&Cified ttme oenoas. 
later OuaJtty Coter,._ These onteria are not rules anel they Clo not have regulatorv moact. Rather. these cntena oresent soentific Clata anel gu1e1ance of the 

~VIronmental et1ects cr oollutants wntcn can oe usetut to Clenve regutatorv reoutrements oaseo on constaerat1ons or water oualltv 1mpacts. 
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X 1.5.13.3 References lor the physical/chemicai properties 

are provided in Table X 1.2. All Henry's Jaw constants 

quoted in text are from Ref (9) except MTBE that is from 

estimation: H = ( v,,)(MW)f760(S), where MW is the 

molecular weight, V_ = 414 mmHg at I OO"F. and S = 48 000 

mg/L. 
X 1.6 Profiles of Select Compounds: 
X 1.6.1 Benzene: 
Xl.6.1.1 Toxicity Summary-Based on human epidemi

ological studies. benzene has been found to be a human 

carcinogen (classified as a Group A carcinogen. known 

human carcinogen by the USEPA). An oral slope factor of 

2.9 x 10-2 (mg/kg/day)- 1 has been derived for benzene 

based on the observance of leukemia from occupational 

exposure by inhalation. USEPA has set a drinking water 

maximum contaminant level (MCL) at 5 IJ.g/L (based on the 

analytical detection limits). The maximum contaminant 

level goal (MCLG) for benzene is set at zero. 
Xl.6.1.2 Although EPA does not usually set long-term 

drinking water advisories for carcinogenic materials (no 

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

drinking water health advisory for a child has 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. 
Xl.6.1.3 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 0.66 

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

criterion is 40 llg/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). 
Xl.6.1.4 Physical/Chemical Parameter Summary-Ben

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

= 5.5 x w-3 m3-atm/mol) under common above-ground 

environmental conditions. Benzene will be mobile in soils 

due to its high water solubility ( 1.7 5 x I 06 IJ.g/ L) and 

relatively low sorption to soil particles (log Koc = 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 10s IJ.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 

mg/kgjday. 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 RfD and 

assuming 20% exposure irom drinking water. the EPA has 

set both drinking water !v!CL and MCLG of 1000 IJ.g/L 

Drinking water heaith advisories range from i mg;L (lifetime 
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equivaient to the RID) to 20 mg;L !one-day adnsorv for a 

child). 
X 1.6.2.2 In situations in which both aquatic life and 

water are consumed from a particular body of water. the 

recommended water quality criterion is set at 1 A3 x 104 

IJ.g/L. When only aquatic organisms are consumed. the 

criterion is 4.24 x 10s IJ.g/L. 
X 1.6.2.3 An inhalation RfC of 0.4 mg;m 3 was derived 

based on neurological effects observed in a smail worker 

population. An uncertainty factor of 300 and a modifying 

factor of I were used to convert the lowest observed adverse 

effect level (LOAEL) to the RfC. The overall confidence in 

the RfC was established as medium because of the use of a 

LOAEL and because of the paucity of exposure information. 

X1.6.2.4 Physical/Chemical Parameter Summary-Tol

uene is expected to volatilize rapidly, under common above

ground environmental conditions. due to its relatively high 
Henry's law constant (6.6 x 10-3 mJ-atm/mol). It will be 

mobile in soils based on an aqueous solubility of 5.35 x lOs 
IJ.g/L and relatively poor sorption to soils (estimated log Ka~ 

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

water. Toluene has a relatively low log K 0 ,.. (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 IJ.g/L 

Xl.6.3 Xylenes: 
Xl.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 RfD and assuming 20 % exposure from 

drinking water, the EPA has set both drinking water MCL 

and MCLG of 10 000 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. 
Xl.6.3.2 Ph.vsical/Chemical Parameter Summary

Xylenes are expected to rapidly volatilize under common 

above-ground environmental conditions based on their Hen

ry's law constants (for o-xylene, H = 5.1 x 10-3 

m3-atm/mol). Xylenes have a moderate water solubility 

( 1.46-1.98 x I 0 5 IJ.g/L) (pure compound) as well as mod

erate capacities to sorb to soils (estimated log K0~ :.38-2. 79) 

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

into ground water. Xylenes are biodegradable. and with log 

Ku .. 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 IJ.g/ L. 
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.... o.4 Eth.vibenzene: 
X 1.6.4.1 Toxicity Summary-Using data !rom animal 
udies. the USEPA has set an oral RID for ethylbenzene at 
I mykg/day. In converting a no-observed adverse effect 
vel (NOAEL) from the animal study, in which the critical 
fects observed were liver and kidney toxicity, an uncer
inty factor of I 000 and a modifying factor or' I were used. 
he EPA has assigned an overall low level of confidence in 
:e RID because the study was poorly designed and confi
!nce in the supporting database is also low. Based on the 
ID and assuming 20 % exposure from drinking water, the 
PA has set both dfinking water MCL and MCLG of 700 
giL. Drinking water health advisories ranged from 700 
g/L (lifetime equivalent to the RID) to 32 mg/L (one-day 
ivisory for a child). In situations in which both aquatic life 
nd water are consumed from a particular body of water, a 
:commended ambient water criterion is set at 1400 J.Lg/L. 
/hen only aquatic organisms are consumed. the criterion is 
280 J.Lg/L. An inhalation RfC of I mg/m3 was derived based 
n developmental toxicity effects observed in rats and 
1bbits. An uncertainty factor of 300 and a modifying factor 
1 I were used to convert the NOAEL to the RfC. Both the 
udy design and database were rated low and. thus. the 
verall confidence in the RfC was established as low. 
X 1.6.4.2 Physical/Chemical Parameter Summar_v

:thylbenzene has a relatively high Henry's law constant (8.7 
: w- 3 ml-atm/mol) and. therefore. can rapidly volatilize 
nder common above-ground environmental conditions. 
;asecf on its moderate water solubility ( 1.52 x 10~ J.Lg/L) and 
1oderate capacity to sorb to soils (Estimated log K, ... = 3.04), 
. will have moderate mobility in soil and may leach into 

round water. In laboratory tests. when a free gasoline phase 
J3S in equilibrium with water. typical combined ethylben
ene and xylenes concentrations in water ranged from 1.08 x 
o• to 2.39 X 104 Jlg/L, due to partitioning effects. Ethyl

enzene has a moderate low K""' value (3.15), and is biode
radable. Therefore. it is not expected to bioaccumulate. In 
1boratory tests. when a free gasoline phase was in equilib
um with water. typical combined ethylbenzene and xylenes 

oncentrations in water ranged from 1.08 x 104 to 2.39 x 
o• J.Lg/L. 
XI.6.5 Naphthalenes: 
X 1.6.5.1 Toxicity Summary-In general. poisoning may 

ccur by ingestion of large doses, inhalation, or skin adsorp
on of naphthalene. It can cause nausea, headache, 
iaphoresis, hematuria. fever, anemia, liver damage, vom
ing, convulsions. and coma. Methylnaphthalenes are pre
Jmably less acutely toxic than naphthalene. Skin irritation 
nd skin photosensitization are the only effects reported in 
tan. Inhalation of the vapor may cause headache, confu
on. nausea. and sometimes vomiting. The environmental 
:mcems with naphthalenes are primarily attributed to 
:Teets on aquatic organisms. As a consequence. the EPA has 
ot set any human health criteria for these materials (that is. 
1ere is no RID or RfC. no drinking water MCL or MCLG 
r ambient water quality criteria). A risk assessment to 
efine a RID for these materials is presently under review by 
1e EPA. Drinking water health advisories range from 20 
g/L (lifetime. Jdult) to 500 J.lg/L (one-day advisory for a 

:o 

child). 5 

X 1.6.5.2 Ph_vsicai!Chemtcai Parameter Summary: Aaph
tha/ene-Naphthalene has a relativeiy high Henry's Law 
constant ( 1.15 X 10-3 m3-atm/moi) and, thus. has the 
capacity to volatilize rapidly under common above-ground 
environmental conditions. It has a moderate water solubilitY 
(3.10 x 104 J.lg/L) and log K,J(' (3.11) and has the potential to 
leach to ground water. A moderate log K0 ,.. value of 3.01 has 
been reported. but because naphthalene is very biodegrad
able. it is unlikely to bioconcentrate to a significant degree. 

X1.6.5.3 Methy/naohchalenes-Henrv's law constants 
(2.60 x 10-4 m3-atmimol and 5.18 x I·0-4 m3-atm/mol for 

1- and 2-methylnaphthalene. respectively) suggest that these 
materials have the potential to volatilize under common 
above-ground environmental conditions. 1-Methvl
naphthalene exhibits a water solubility similar to naphtha
lene (2.60 x 104 J.Lg/L to 2.8 x 104 J.Lg/L). However. solubility 
decreases with increasing alkylation (dimethylnaph
thalenes: 2.0 x 103 J.Lg/L to 1.1 x 104 J.Lg/L, 1,4,5-
trimethylnaphthalene: 2.0 x 103 J.Lg/L). These materials are. 
therefore. expected to be slightly mobile to relatively immo
bile in soil (for example. log K,w is in the range from 2.86 to 
3.93 for 1- and 2-methylnaphthalenesl. 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 bioaccumulate. They do. 
however, exhibit a moderate degree of biodegradation. which 
typically decreases with increased alkylation. 

Xl.6.6 Three co 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 erTects of this class. 

X1.6.7 Benzo(a)pyrene fBaP): 
X 1.6. 7 .I 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 I0-3 J.lg/L. When 
only aquatic organisms are consumed. the criterion is 3.11 x 
I0-2 J.Lg/L. . 

'Office ol Water. USEPA. Washington. DC. 
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:\ 1.6. 7.: Phvszcai;Chemzcai Parameter S:.~mmarv

\Vhen reieased to water. PAHs are not subject to raptd 
volatilization ( Henry·s law constants are on the order of 1.0 
x 10-4 mJ-atm/mol or less) under common environmental 
conditions. They have low aqueous solubility vaiues and 
tend to sorb to soils and sediments and remain fixed in the 
envtronment. Three ring members of this group such as 
anthracene and phenanthrene have water solubilities on the 
order of 1000 JlgjL. 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.ig/L. The log 
Kcx values for PAHs are on the order of 4.3 and greater. 
which suggests that P AHs will be expected to adsorb very 
strongly to soil. PAHs with more than three rings generally 
have high log Knw values (6.06 for benzo(a]pyrenel, have 
poor biodegradability characteristics and tend to bio
accumulate. 

X 1.6.8 P_vrene: 
X 1.6.8.1 Toxiciry Summary-Using data from animal 

studies, the USEPA has set an oral RID for pyrene at 3 x 
I0-2 mgjkg/day. In convening a no-observed adverse effect 
level (NOAEL) from the animal study, in which the critical 
effects observed were kidney toxicity, an uncertamty factor 
of 3000 and a modifying factor of I were used. The EPA has 
assigned an overall low level of confidence in the RID 
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 I0-3 Jlg/L. When only aquatic organisms are 
consumed. the criterion is 3.11 x 10-2 Jlg/L. 

X 1.6.8.2 Physicai!Chemicai Paramerer Summary-Refer 
to X1.6.7.2 for BaP. Also see Table X1.2. 

X1.6.9 MTBE: 
X 1.6.9.1 Toxicily Summary-Using data from animal 

studies, the USEPA has set an inhalation RfC for MTBE at 3 
mgjm3• In convening a no-observed adverse effect level 
(NOAEL) from the animal study, in which the cntical 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 I 00 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 RID for this material. is presently under 
review by EPA. Drinking water health advisories range from 
40 J.ig/L (lifetime, adult) to 3000 J.ig/L (one-day advisory for 
a child). 5 

X 1.6. 9.2 Phvszcai!Chemzcai Parameter Sum man·-The 
Henry·s law constant tor 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 I 07 f.Lg/ L), and with a 
relatively low capacity to sorb to soils (estimated log Kcx = 
1.08), MTBE will migrate at the same velocity as the water in 
which it is dissolved in the subsurface. The log K,.,, value has 
been estimated to be between l .06 and 1.30, indicating 
MTBE's low bioaccumulative potential. It is expected to 
have a low potential to biodegrade. but no definitive studies 
are available. 

X 1.6.1 0 Lead: 
X 1.6.1 0.1 Toxicity Summary-(The following discussion 

is for inorganic /ead-nol the organic forms of lead 
(telraethyl/ead. telramethyllead) 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 RID for lead and its inorganic compounds because the 
agency believes that some of the etTects 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 B2). 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 B2 carcinogen. An action of level of l S !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 f.Lg/L. 

X 1.6.1 0.2 PhysicaL/Chemica/ Paramezer Summary-Or
ganic lead additive compounds are volatile (estimated Hen
rv's law constant for tetraethvl lead = 7.98 x 10-2 

~.l-atm/mol) and may also sorb to particulate matter in the 
air. Tetraethyl lead has an aqueous solubility of 800 f.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 I ntroducrion: 
X2.1.1 This appendix contains the equations and param

eters used to construct the example "Look-Up" (see Table 

21 

X2.1 ). This table was prepared solely for the purpose of 
presenting an example Tier I matrix of risk-based screening 
levels (RBSLs). and these vaiues should not be viewed.- or 
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.lSed. as proposed remeciation "standards." The reader 

Jld note that not all possible pathways have been 

;idered and a number oi assumptions concerning expo

. scenarios and parameter values have been made. These 

1ld be reviewed for appropriateness before using the 

d RBSLs as Tier 1 screening values. 

2.1.2 The approaches used to calculate RBSLs ap

:ing in Table X2.1 are briefly discussed for exposure to 

vapors. ground water. surticiai soiis. and subsuriace soiis by 

means of the followmg pathways: 

X2.1.2.1 Inhalation of vapors. 

X2.1.2.2 lngesuon of ground water. 

X2.1.2.3 Inhalation of outdoor vapors originating from 

dissolved hydrocarbons in ground water. 

X2.!.2.4 Inhalation of indoor vapors originating from 

dissolved hydrocarbons in ground water, 

TABLE X2.1 Vo .. UIIzation Factors (VF,), Leaching Factor CLF •• l. and Effective Diffusion Coefficients (Dr") 

Equa1100 

-
-

-
-

• -
• ... 

, 
• 

• 

Subaurtace 10M-~ vapors 

Sublurtace lOlls - 91'0U"C1 water 

Ellectlve ClfffusjQn coefficllnt in sod based on vapor-p>we 

c:oncemratiOI'I 

Elfectiva diflusion c:oeffic*lt thrOugh fol.nclatJon cracKs 

Ellective 0111usion ooetfioent ttvough capillary fr1nge 

Ellective diffuslon ooetfcent betwHn ground water and 

soil IUI'Iace 

Soil concentration at Wl'1l:1l dissolved pore-water and 

vapor pnases oec::ome saturated 

"Set Ref C18). 
• Set Ret (18). 
c See Ref (1i). 
0 Based on mass oa1ance. 
E See Ret (20). 

or: 

Of' -· - o-..!!... + o---...:!.. A (
ana, ~-» , ~-» 

s J ~.» H If-» 

D:f.. -·-o-~.o--~A [
ana, ~-» , ~-» 

s j ~.» H ~-:a 

(
ana, ~-» , ~-:a 

Dl:, -j•D-~+()t'*-~A 
s ~-:13 H ~-:a 

., [ana, rh·- h. , 
o_ -·-<h +h) -•-1-• A 

s j ..., • LDl:, Of' 

C:-' --. •- )( (Hiu + s_ + k,p,) X 100 --E 
( 

mg 1 S L.g 

kg-.sol/ J Po cm-1-kg 

22 
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.'<2.1..::.5 Ingestion of sunlcial smi. inhalation ol outdoor 

vapors and parucuiates emanaung !rom suriicial soiis. and 

dennal absorpnon resulting from surficial soil contact with 

skin. 
X2.1.2.6 Inhalation of outdoor vapors originating from 

hydrocarbons in subsunace 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 fram 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 

Jn human-health RBSL.s f6r chrome tlong-tenm exposures . 

X2.1.4.l In 'the case of compounds that have oeen classi

fied as carcinogens. the RBSI..s are based on the general 

equation: 

rrsk-= average lifetime Intake [mg/kg-dayj 
x potency factor [mg;kg-<lay]- 1 

where the intake depends on exposure parameters (ingestion 

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

transpon rates between the source and receptor. The potency 

factor is selected after reviewing a number of sources, 

including the USEPA Integrated Risk lnfonnation System 

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

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

TABLE X2.2 Equations Used to Develop Example Tier 1 Rlsk·Baaed Screening Level (RBSLa) Appearing in "Look.lJp" Table X2.1-

Carcinagenic EHects"' 

Non-see Tables X2.3 tlv'ouc1l X2.6 lor definition of paremetenl. 

Medium ~Route 

Ground water 

Surficial sod 

InhalatiOn'" 

lngettJon (potable ground water supply only)'" 

Ingestion of sod. inhalation of vapors and 

partiCUlates. and dermal contact a 

Subsurface sod c EnClOSed space (indoor) vapor inhalation ° 

Subsurface sod c Leaclling to ground watero 

davs J.l9 
TR X BW x ATe x 365 -·- l( 10'-

f 1!9 1 ---~-~-~ye_ata~--m....:.9 RBSL., --• -
cm3;ur j SF, X IR.,_ x EF x ED 

days 
TR x BW x ATe x 365--

RBSL_ [ mg ] yura 
L-H20 - SF0 X IR.., X EF X ED 

RBSL. [22-l -
kg-1011] 

days 
TR X BW X ATe X 365-

yeatS 

EF X ED [(SF0 X 10 .... : x (IR0o~~ X RAF0 +SA X M x RAF.,)) +(SF, X IR • ., x (VF •• + IIF0 ))] 

For surliciaJ and excavated sods (0 to 1 m) 

RBSL [~J 
RBSL. [~J - .... ~-.ir x 10-3 ~ 

kg-1011 VF•- llQ 

RBSL [~1 
RBSL

0 
(~1- ., ~ .. ;rj x 10-3 ~ 
kg.s011j VF0- llQ 

A Note that all RBSL values SllOUid be compared With thermodynanuc: partitioning limits. sucn as solubility levels. maxiiT1UII'I vapor c:oncentratiOilS. etc. If a RBSL 

exceeas the relevant parutionlng IUTVI. this is an llldication tnat tne seleCted risk or nazare level wiU never be reacned or exceeald lor that Chemical ana the seleCted 

exposure scenano. 
a Screening levels for these media baSed on other COI'ISiderations (lor example. aestnetie. baCkground levels. environmental resource J)I'Otection. etc.) can oe denved 

with these eouabOIIS oy suostltUting tne selected target level for RBSL.,.. or RBSL_ appeanng 111 tnese equauons. 

c These eouatJonS are oaseo on Ael (1). 

o Tl1ese eouauons stmPiy oefll18 the ·cross-mea1a oartltloning factors.· VF,1 ana LF,..,. 

23 
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TABLE X2.3 ::~ua11ona Used to Develop Example Tier 1 Risk·Besea Screemng Level (RBSLal Appeanng in "Look·Up" Table X2.1-

Noncarcinogenic EHecta.. · 

Exposure Route Risk-8aseo SCreen.ng Levet CRBSLl 

days 11Q 

All 

THO X RID, X BW X AT, x 365--" 103-

ABSL.,. r ~! • . years mq 

Lma-a~rj IR.., X EF xED 

days 
THO X AID

0 
X BW X AT, x 365--

Grouno water ln.;eltJon (pot&tlle ground water suppjy oruy)8 RBSL., lr ~1 • years 

L-H20 j IRw X EF X ED 

Grouno waterC 

GrounCI watel' c 

Jn:estJon of soil. inhalation of vaoors ana 

~lates. and dermal contaet• 

days 
THO X BW x AT, x 365-

years 

( 10 ... ~X (IR1011 X RAF0 +SA X M X RAF~)) 
EF x EO mq + (IR.., X (VF,, + VF,)) 

Rl0
0 

RIO, 

For surficial and excavated soils (0 to 1 m) 

Subsur1ace so~c En::csed space (indoor) vapor 111halationo 

RBSL [~] 
RBSL, [~] • "" rn:a-.;r x 10-3 mg 

kg-&oll VF,_ 119 

Subsur1ace SOli c LaJC11U19 to ground watero 

A Note tnat all RBS.. values snould be compared w1t11 tllermodyn8/TIIC parot10111ng limits. such as sotuOdity levetS. maxunum vapor concentrations. etc. If a RBSL 

exceeos tne relevant :artttioning limit, this is an Indication tllat tne seleCted risk or hazard level Will never be reacneo or exceeded for that Chenvcal and the seteeted 

exposure scenano. 
• ~ levets U" tnese media besed on other conslderat1011s (for examote. aesthetiC. baCkground levels. envwonmental reSOtM"ce protect1011. etc.) can be aenvec:t 

w1th tllese equatiOI'IS t>t subSbtutlllg tile selected target level for RBSL_ or RBSL... appeanng 111 these equatiOnS. 

c TheM eQuabOOS- besed on Ref (1). 

o These equabOOS smpty define tile ·cross-meOIB part1tion1ng factors." VF,1 and LF,.,. 

The RBSL valu:s appearing in Table X2.1 correspond to 

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

from 1 o-6 to 1 o~ resulting from the specified exposure. 

:-.Iote tl:at this rui value does not reflect the probability for 

the specified eoosure scenario to occur. Therefore. the 

actual potential r..sk to a population for these RBSLs is lower 

than th~ J0-6 to i0-4 range. 
X2. I .4.2 In tb: case of compounds that have not been 

classified as caro:::.ogens. the RBSLs are based on the general 

equation: 

hazara c:Jollent = :·;erage rmake (mgjkg-dayj/ 
re,1erence dose [mg;kg-day] 

where the intake depends on exposure parameters (ingestion 

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

transpon 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 rer1ect the 

probability for the specified exposure scenario to occur. 

Therefore. the actual potential impact to a population lor 
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TABLE X2.4 Exoosure Parameters Aopeannq 1n Tables X2.2 ana X2.3 

Parameters 

AT0 

AT. 
aw 
ED 
EF 
IR
IR.,-inaoor 
IR..,<XIIOOOT 
IRW 
LF_ 
M 
RAFt! 
RAF, 
RBSL, 

RID, 
RID, 
SA 
SF, 
SF, 
THO 
TR 
VF, 

Definitions tlklttsl 

AveragJOg time for caranogens (years) 
AveragJOg 1Jmll for non<aranogens (years) 
Adult DOdy Wetgl\t (kg) 
Exposure duration I years 1 
Exposure freauency (daystyearsJ 
SoillnqestJon rata (mg/day) 
Dally indoor 101\alation rate tm~/day) 
Dally outdOor WlhaJation rata 1~/day) 
Dally water ~ngestJon rate tL/day) 
Leecillng factor (mg/L-H20)/(mgfkg-sotll-see Table X2.5 
Soil to skin adher8nce factor lmgtcm2) 

OermaJ relative aDsorption factor (vOiallles/PAHS) 
Oral relatiVe absorDttan factor 
Risk-basad ICI'8«11ng levtM tor media i (mg/kQ-5011. mgtl·H20. or 

~g/~·air) 
Inhalation c:t1r0n1c reterance oosa lmg/kg-aay) 
Oral c:t1r0n1c raferance oosa (mg/kg-day) 
Skin surface area (cme/day) 
Inhalation cancer stooe factor ((mg/kg-day)-') 
Oral cancer SlOCJe factor ((mg/kg-aay)-1) 

Target nazaro auotient for IOdividuaJ constJtuents lurutless) 
Target exoass llldMduaJ Wtetime cancer nsk (urntless) 
Volatilization factor (mg/~-air)/(mg/kg·SOdl or (mgtnrl·sir)/(rngl 

L-H20}-sae Table X2.1 

" See Ref (8). 
s See Ref (15). 

70 years 
30 years 
70 kg 
30 years 

Residential 

350 davstyears 
100 mgtoay 
15 ~/day 
20 m:J/day 
2 L/day 
Chemleat-soeafic 
0.5 
0.5/0.05 
1.0 
Chemical-. medii·. and exposure 

route-soeafic 
Chemical-specific 
Chemical-specific 
3160 
Chefnical.soeafic 
Chemlcat-soeafic 
1.0 
tor exampte. 10-e or 10_. 
Chemical- and medl8-speclfic 

70 years" 
25 years" 
70 kgA 

25 years" 
250 days/years" 
so mgtoay" 
20 ~/day"' 
20 rrfl/day"' 
1 L/day" 
Chemleat·SDIICific 
o.s• 
0.5/0.05 8 

1.0 
Chemical-. media·. and exoosure 

route-soeafte 
ChemicaJ.speafic 
ChemicaJ.speafic 
3160" 
Chemtcal·sDIICific 
ChemlcaJ-speafic 
1.0 
for examote. 1 o-e or 1 0_. 
ChemiCal· and medla-apeafic 

TABLE X2.5 Soil, Building, Surface, anci Subsurface Parameters Used in Generating Example n-,r 1 RBSLa 

Nore-See X2.1 0 for justlfielltJon of parameter setectJOn. 

Parameters Definitions (l.kltts) 

d 
o
o
ER 
1,. 
H 
h._ 
hy 
I 
koe 
k. 
La 
L.,.. 
Low 
L, 
P. 
s 
u,., 
urr
w 
a ... 
&rr-
~ 

s_ 
s_ 
s .. 

Lower o81)t11 of surfiCial sod zone tern) 
Diffusion coefficient in u (cma/s) 
DiffUsion coefficient 111 water (cme/s) 
EnclosecH~ air excnange rate (L/S) 
FractiOn of organiC csroon in SOi tg-C/g-soct) 
Henry"s taw constant (crrfl-H20)/(cmC·air) 
Thlclcneaa of capillary fringe (em) 
Thlcknesl of vadole zone (em) 
Infiltration rata of water ttvougn sod (em/years) 
cartxln-Weter IOilltion c:oefficlent (9-HzO/g..C) 
Sal-water IOilltion coefficient (9-H20/g·sodl 
Enc:losecHDIICI votume/infiltrabOn area ratiO (em) 
Enc:losed-~ folmation or walt ltlidcness (em) 

Oeptn to ground water • "c• + hy (em) 
Oeptn to subsurface sod sources tern) 
Particulate em~ssion rate (g/cmC·s) 
Pure component sOlubility in water (mg/L·H20) 
Wind speeo abOve grouno surface ., ambient mnting zone (cm/s) 
Ground water Darcy vetocrty (cmts) 
Width of source area parallel to wlrld. or ground water flow directiOn (em) 
Ambient ait mixing zone height (em) 
Grouno water mixing zone thickness (em) 

Areal traction of cracks in tounoatJOnstwatts (cmC-crackS/cmC·totaJ area) 
VotumeUlC ait content in capttary fringe soots (cnrl-air/cnrl·soitl 
VolumetriC ait content in foundation/Watt cracks (cmC·air/cnrl total vOlume) 
Volumetric u content in vadole zone soots (cmC·air/cnrl-soitl 
Total SOil porosrty (crrflfcnrl-SOitl 
VOlumetriC water content 11 capttary fringe SOils (cnrl·H20/cm:J·solll 

Residential 

100cm 
CllemicaJ.soeatic 
ChamlcaHpeclfic 
0.00014 s-• 
0.01 
ChamicaJ-speafic 
Scm 
295cm 
30 CITI/Y8ars 
Chemical·soeafic 
fott X koe 
200cm 
15cm 
300cm 
100cm 
6.9 X 10-14 

ChemlcaJ·soeatic 
225 cm/s 
2500 cmtyears 
1500 em 
200cm 
200cm 
0.01 cm.a-cracks/cmC·totll area 
0.038 c:rn-l-air/cm-1-soit 
0.26 cm:J.air/cnrltotal vOlume 
0.26 crrfl·air/cmC-soil 
0.38 crrfl/crrfl.SOII 
0.3-42 crrfl·H20/cnrl·soit 

Commeraal/tndustnal 

100cm 
ChemtCaJ·IP8Qfie 
~ 
0.00023 s-• 
0.01 
Chemicai·IDIICific 
Scm 
295cm 
30 cmtyeara 
ChemicaJ.speafic 
I"" X koe 
300cm 
15cm 
300cm 
100cm 
6.9 X 10-14 

Cherntea~-speafic 

225 cmts 
2500 cmtyears 
1500 em 
200cm 
200cm 
0.01 cme-cracka/cmC·total area 
0.38 cm:J.air/cm:J..soil 
0.26 crrfl·air/cm:J total volume 
0.26 cm4ir/cnrl-soil 
o.38 cmetcm:J·soii 
0.3-42 cnrl·H20/cm:J.soil 

8r .,. 

s..e.. 
s_ 
s_ 

VolumeUlC water content in founoabOntwad craCks (cnrl-H20/cm3 total votume) 
VOlumetriC water content in vsoosa zone soels (cnrl·H20/cm:J.SOIII 

0.12 cm3·H20/cnrltotal votume 
0.12 cm3·H20/cm3·SOit 

0.12 cm:J·H20/cm:J total vOlume 
0.12 cm3·H20/cm:J.soit 

p• Soil bulk a-tv (g-sod/cm:J.soil) 
Averaging tJme tor vapor flux IS) 

these RBSLs is lower than a hazard quotient of unity. 
X2.1.5 Tables X2.2 through X2.6 summarize the equa

tions 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 rOutdoors!Indoom: 

25 

1.7 g/cm" 1.7 g/crrfl 
9.46 )( 1Q4 s 9.46 X 101 S 

X2.2.1 In this case chemical intake results from the 
inhalation of vapors. It is assumed that vapor concentrations 
remain constant 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(l). Should the caiculated RBSL exceed the saturated 
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TABLE X2.6 Chemrcai-Soecrlic Prooertres Used in the Derivation Examore Tier 1 RBSLs 

ChemiCal 

Benzene 
Toluene 
E lhyl benzene 
Mixed xylenes 
Naontnatene 
Benzel( a ~Pvrene 

Chemrcar 

Benzene 
Toluene 
Ethyl benzene 
Mixed XyleneS 
Naphthm
BenzO(a)pyrene 

'" See Ref (21). 
8 See Ref (22). 
c See Ref (11). 

.:AS Numoer 

71-43-2 
108-88-3 
100-41-4 
1330-20-7 
91·20-3 
50-32-8 

CAS Numoer 

71-43-2 
108.jl8-3 
100-41-4 
1330-20-7 
91-20-3 
50-32-8 

78'" 
92'" 

106'" 
106'" 
128'" 
252C 

0.22'" 
0.26'" 
0.32'" 
0.29'" 
0.049'" 
1.4x1Q·OB 

73" 

0.093'" 
0.085'" 
0.076'" 
0.072° 
0.072° 
0.050° 

SF .. kg-oay tmg 

0.029" 

6.1,.. 

1.1 X 1Q-5A 

9.4 x 10-eo 
8.5 X 10-eo 
8.5 X 1Q·60 

9.4 X 1Q-eA 

5.8 X 10-e 

0.2" 
0.1" 
2.0" 
0.004° 

1.58'" 
2.13 .. 
1.98A 
2.38A 
3.11 .. 
5.59E 

og(K.,...). L{kg 

2.13A 
2.65A 
3.13'" 
3.26'" 
3.28A 
5.98 8 

RID,. mgtkg-<lay 

0.11 F 

0.29" 
2.0" 
0.004° 

o Diffusion coetticient cataJlated usrng tne metnod of Fuller. Schettler. ana Giddings. from Ref (9). 

E Calculated from K.,.../Koe corretatJon: IOg(Koel 2 0.937 log(Koe) - 0.006. from Aef (9). 

" See Ref (6). 
0 See Ref (7). 

;apor concentration for any individual component. ">P,a," 
s entered in the table to indicate that the selected risk level 
Jr hazard quouent cannot be reached or exceeded for that 
:ompound and the specified exposure scenario. 

X2.3 Ground water-Ingestion of Ground water-In this 
:ase chemical intake results from ingestion of ground water. 
t is assumed that the dissolved hydrocarbon concentrations 
·emain constant over the duration of exposure. Equations 
1ppearing in Tables X2.2 and X2.3 for estimating RBSLs for 
irinking water concentrations follow guidance given in Ref 
I) for ingestion of chemicals in drinking water. Should the 
:alculated RBSL exceed the pure component solubility for 
my individual component, ">S,. is entered in the table to 
ndicate that the selected risk level or hazard quotient can
lOt be reached or exceeded for that compound and the 
pecified exposure scenario (unless free-phase product 1s 
nixed 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

ion of outdoor vapors which originate from dissolved 
1ydrocarbons in ground water located some distance below 
7ound surface. Here the goal is to determine the dissolved 
1ydrocarbon RBSL that corresponds to the target RBSL for 
mtdoor vapors in the breathing zone. as given in X2.2. If the 
elected target vapor concentration is some value other than 
he RBSL for inhalation (that is, odor threshold or ecological 
·riterion), this value can be substituted for the RBSL,;. 
Jarametcr appearing in the equations given in Tables X2.2 
.nd X2~3. 

X2.4.2 A conceptual model for the transport of chemicals 
rom ground water to ambient air is depicted in Fig. X2.1. 
~or simplicity, the relationship between outdoor air and 
.issolved ground water concentrations is represented in 
"abies X2.2 and X2.3 by the "volatilization factor," VF wamb 

:mg,tm3-air)/(mg/L-H20)], defined in Table X2.1. It is 
,ased on the following assumptions: 

X2.4.2.1 A constant dissolved chemical concentration in 
round water. 

X2.4.2.2 Linear equilibrium partitioning between dis
olved chemicals in ground water and chemical vapors at the 
round water table. 

26 

lJair _: ••••••••••••••••••••• ···b;~thi~g-; 
~ oair zone : --- t 

vadose zone 1 1 ,;rr,.,.~.~ r f ~-S~S~S __ ryzone 

t % ll!l!ldi!llss•ol•ved-co•n•ra•m•,n•an•ts .. _ 

groundwnler 

~-------W-------.~ 

FIG. X2.1 Volatilization from Ground Water 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 determine the dissolved hydrocarbon RBSL that corre
sponds to the target RBSL for vapors in the breathing zone. 
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as giVen m x:.:. If the setected target vaoor concentration is 
some vaiue other tnan the RBSL for innalation 1 that 1s. odor 
threshold or ecol01tical criterion l. this value can be substi
tuted for the RBSL,. ;;arameter appearing in the equations 
given in Tables X2.2 and X2.3. 

X2.5.2 A conceptual model for the transpon of chemicals 
from ground water to mdoor alr is depicted in Fig. X2.2. For 
simplicity, the relationship between enclosed-space air and 
dissolved ground water concentrations is represented in 
Tables X2.2 and X2.3 by the "volatilization factor" VF "'"'sp 
[(mgjm3-air)/(myL-H20)] defined in Table X2.1. It is based 
on the following assumptions: 

X2.5.2.1 A constant dissolved chemical concentration in 
ground water. 

X2.5.2.2 Equilibrium panitioning between dissolved 
chemicals in ground water and chemical vapors at the 
ground water table. 

X2.5.2.3 Steadv-state vapor- and liquid-phase diffusion 
through the capiliary iringe, vadose zone, and foundation 
cracks, 

X2.5.2.4 No loss of chemical as it diffuses towards ground 
surface (that is. no biodegradation!, and 

X2.5.2.5 Steady, well-mixed atmospheric dispersion of 
the emanating vapors within the enclosed space, where the 
convective transpon into the building through foundation 
cracks or openings is negiigible in comparison with diffusive 
transport. 

X2.5.3 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. 

X2.6 Surficial Soils-Ingestion. Dermal Contact. and 
Vapor and Particulate /nhaialion: 

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 partic
ulates and vapors emanating from surficial soil. 

X2.6.2 Equations used to estimate intake resulting from 

+ air exchan11e 

-::-b~!IE:i!!IE:i!!IE:!~WU#ffA&(00W////i#W4 
L / foundation crackS" 

cradl 

vadose zone 

t 
~:round water 

~------w------~-
FlG. X2.2 Volatilization from Ground Water to Enclosed-Space 

Air 
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ingesuon ioilow guidance given in Ref ( 1) for m::esuon oi 
chemicals in soli. For this route, it has been assumed that 
surficial soil chemical concentrations and intake r:!tes re
main constant over the exposure duration. 

X2.6.3 Equations used to estimate intake resuiting irom 
dermal absorption follow guidance given tn Ref (1) for 
dermai contact with chemicals in soil. For thts route. 1t 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 resuiung from 
the inhalation of paniculates 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 paniculate concentrations 
remain constant over the exposure durauon. 

X2.6.5 Equations used to estimate intake resulting from 
the inhalation of airborne chemicals resulting irom the 
volatilization of chemicals from sunicial soils follow guid
ance given in Ref (1) for inhalation of airborne chemicals. 

X2.6.6 A conceptual model for the volatilization of chem
icals 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 iactor'' VFss 
[(mg/m3-air)/(mgjkg-soil)] defined in Table X2.1. It is based 
on the following assumptions: 

X2.6.6.1 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 panitioning 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-/ nha/ation of Outdoor Vapors: 
X2.7.1 In this case chemical intake is a result of inhala

tion 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 

Uair · • • • • • • • • • • • • • • • • • • • • • • • • • • • • • · • · · · · 
~ brcathinq ! 

t 
d 

t 

lone 

l t ! depletion zone • 

~ .. ir 

' i diffusin~ 
_.-.~oars 

~---------W--------~-
FlG. X2.3 Volatilization from Surficial Soils 
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subsurface soils that ;:orresponos 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 l, this value can be substituted for the RBSLm 
parameter appearing in the equations given in Tables X2.2 
and X2.3. 

X2. 7.2 A conceptuai model for the transpon of chemicals 
from subsurface soils to ambient air is depicted in Fig. X2.4. 
For simplicity, the reiationship between outdoor a1r and soil 
concentrations is represented in Tables X2.2 and X2.3 by the 
"volatilization factor.- VFsamb [(mg;mJ-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 panitioning within the soil 
matrix between sorbed. dissolved. and vapor phases. where 
the panitioning 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 c:Uculated RBSL, exceed the value for 
which the equilibrated vapor and dissolved pore-water 
phases become saturated, C/Ql [mgjkg-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 \'apors which originate from hydrocar

bons contained in subsurrace 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 llir ---; ....................... i,;;~lhl~;. ·: 
_.,; 6 zone 
__..._; ,.,, 

1 s "~•~pon ~-om•• 
r_ 

llsuosuriace 1moacrea so11sW 

~------W---------~-
FIG. X2.4 Volatilization From Subsurtace Soils to Ambient Air 

:s 

.:riterion 1. this vaiue can be substituted for the RBSLm 
parameter appeanng in the equations given in Tables X2.2 

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

from subsurtace soils to enclosed spaces is depicted in Fig. 
.'<2.5. For simpiicitY, the relationship between indoor air and 
soil concentrations is represented in Tables X2.2 and X2.3 
'Jy the "volatilization tactor." VFusp [(mg;mJ-air)/(kg-soil)], 
defined in Table X2.1. It is based on the following assump

tions: 
X2.8.2.1 A constant chemical concentration in subsuriace 

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' [mgtkg-soilJ 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. 

1 

r 
L / 

crack 

air exchange 

roundalion cracks" •adose zone 

diffusing vapors 

FIG. X2.5 Volatilization From Subsurface Soils to Enclosed· 
Space Air 
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FIG. X2.6 Leaching from Subsurface Soils to Ground Water 

X2.9.2 A conceptual model for the leaching of chemicals 
from subsurface soils to ground water is depicted in Fig. 
X2.6. For simplicity, the relationship between ground water 
and soil concentrations is represented in Tables X2.2 and 
X2.3 by the "leaching factor." LF,w {(mg;L-H~O)/ (mg/ 
kg-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 RBS~ 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 DAF is typically 
defined as the ratio of a target ground water concentration 

divided by the source leachate concentration. and is tnher
ently very similar to the leachate tactor. LF,,.. discussed here. 
The difference between these two terms is that LF,M' repre
sents the ratio of the target ground wat•;r concentration 
divided by the source area soil concentration. Should a 
regulatory program already have a technicaily defensible 
DAF value. it can be equated to a leachate factor by the 
followmg expression: 

_ DAF x o, 
0 

cmJ-kg 
LFsw- . X 10 . 

(Ow, + K,p, + Hlla.rl L-g 

where the parameters are defined in Table X2.6. 
X2.1 0 Parameter Values: 
X2.10.1 Table X2.4 lists exposure parameters used to 

calculate the RBSLs appearing in sample Look-Up Table 
X2.1. All values given are based on adult exposures only. 
With the exception of the dermal exposure parameters (SA. 
M, and RAF d), the values given arc reasonable maximum 
exposure (RME) values presented in Ref(S} and are regarded 
as upper bound estimates for each individual exposure 
parameter. 

X2.10.2 The skin surface area, SA = 3160 cm.:/day. is 
based on the average surface area of the head. hands. and 
forearms for adult males given in Ref (8}. The soil-to-skin 
adherence factor, M (mg/cm-'], and dermal relative absorp
tion factor, RAFd [mg-absorbed/mg-applied), are based on 
guidance issued by Ref (15). 

X2.1 0.3 Soil properties arc based on typical values for 
sandy soils and are consistent with values given in Ref (16). 

X2.10.4 Physical dimensions arc 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. 

X2.1 0. 7 In this development, surficial soils are defined as 
those soils present within 1 m of ground surface. Subsunace 
soil RBSLs are based on assumed source depths of I m. 
Ground water is assumed to be located 3 m below ground 
surface. 

X2.1 0.8 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 PREDICfiVE MODELING WITH RISK-BASED CORRECTIVE ACfiON PROCESS 

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

(RBCA), predictive modeling is not only used to predict 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 

29 

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.l.l.l Appropriate uses for predictive modeling, 
X3.1.1.2 Defining the scope and inputs of a predictive 
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moae.::-:2: exercise. 
X3. i. i .3 :'v1igr.auon models.. and 
X3.; .!.4 Risk and exposure assessment models. 
X3.: Uses a( Predictive Modeling: 
X3.:.! Predictive modeling results play a key role In 

manv ~nases of RBCA. inducing: 
X3.:.J.I Determining the potential urgency of response 

basea on estimated migrauon and attenuauon rates oi 
compounds of concern. 

X3.:.1.2 Determining the extent of corrective action 
basea on esumated migrauon and attenuation rates of 
compounds of concerr, 

X3.:.1.3 Establisnmg relationships between administered 
doses and adverse impacts to humans and sensttive environ
mental receptors, and 

X3.:.I.4 Determining risk-based screening level (RBSLs) 
concentrations at points of exposure. 

X3.:.2 Examples of predictive modeling uses in the 
RBCA process include: 

X3.:.2.! The interpolation of site-specific data, as in the 
case oi drawing contour maps for ground water concentra
tions and ground water elevauons. 

X3.:.:.2 The prediction of contaminant concentration 
distributions for future times based on historical trend data. 
as in the case of ground water transpon modeling, 

X3.:..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.S 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 Prediaive Modeling Results: 
X3.3.! 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, una:rtainty, 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.:.1 The approximations used when describing the 
real system by mathematical expressions. 

X3.3.:.2 The input parame:ers used to generate the 
·esults. and 

X3.3.:.3 The mathematical methods used to solve the 
~overn1r:g equations (for exa:nple. numerical solution 
nethods. expansion approximauons. etc.). 

X3.3.3 Predictive modeling results are always subject to 
;orne degree of uncenainty. It is imponant to quantify this 
mceruur:ty in order to properly interpret the results. Many 
imes tr.:s is done with a "sensitivity" analysis in which the 
1ser qu.a:::nfies the influence of changes in input parameters 
m the :-~edicuve model results.. and then Identities those 
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parameters that most Significantly inr1uence the resuns. 
X3.3.4 The "validation" of model results is dependent 

upon the predictive model meeting preestablished modeling 
objectives. Predictive modeling results may thererore be 
·•validated." withOUt being accurate. ThiS is especiaiJv lffipOr· 
tant in the area of predictive risk and exposure assessment 
modeling where the modeling objective in many cases (such 
as in Tier I of RBCA) is to overestimate the potential 
exposure and risk. In this case the predictive models are 
often valid but not accurate. 

X3.3.5 "Conservatism" is an important criterion of pre
dictive modeling in the RBCA process. Tier 1 is the most 
"conservative" level and provides a .. worst case scenario'' for 
potential exposure and risk. Tier 1 utilizes conservative 
models and parameters (that is, USEPA reasonable max
imum exposure (RME) values). Tier 2 is still conservative 
but provides flexibility for a more .. reasonable case sce
nario. n This level requires more specific information about 
the release 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 
scenanos (that is. USEPA MLE values). This informauon 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-specitic trans
pan 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 determination of Tier I risk-based screening 

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.S and X3.6. 

XJ.S Migration Models: 
X3.S.l Migration (fate and transpon) 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.S.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 
simple mathematical form and are based on rough concep
tual approximations of actual phenomena. For exam pie. 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) 

retarded flow velocity (ft/yearl 

1000 ft (304.8 m) 
------- = iO vears 
I00ft/year(30.4ml · 

X3.5.3 The use of more complex models is not oreciuded 
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:n tr.e RBCA process: however. given iimited data and 
assurr.::Jtions that must be made. many complex numerical 
mode:.s reduce to the analytical expressions given in Table 
X3.1. 

X3.5.4 Migrarzon Jfodef Data Requirements-Predictive 
migration models require input of site-specitic characteris
tics: a review oi the parameters listed in Table X 3.1 indicates 

TABLE X3.1 Example Screenmg Level Tranaoort Models 

Oescnouon 

Dissorv..:: Phase Transoort: 
Maxim= transoon rate u.,,,.... ;em/d) 

of d!S501ved plume .. 

Minim.r. nme ~d.- ;d) for leiiO!ng edge 
of c:ltssc:liVed plume to travel e11stance. 
L{cm'"" 

Steaov~te anenuatoon 
[(g/cr.4i20)/(g/cm'·H20)J along the 
cente"ln8 tx. y • 0. z • 0) of a 
diUah«l Illume .. 

lmtrlillc:ibe Phase TranaDQff: 
Manun ClepU1 O._(emJ o1 
ilmlciCMt phaSe penetratiOn .. 

Equlllbriun Pettlt/oning: 
v~ C:ncentrar/011: 

c •.• ~.;~ana.vepor t 
MaUnun vaper concentration 

above oaolved hyoroc:artlons" 
Maxmun vaper concentration wnen 

ii'1'IITIISCCie hydrocanxJn is present" 

MllUnurT vaper concentrations in soil 
pores OJ IITIIT1isCitlle p/1asa prasent)" 

Di:saolvec Concentration: 
c ..... wcma-H20J 

Maximum atSSOivlld concentration wnen 
irmac::tM hydi'OearOOn IS present" 

Maximum OISSOived concentratiOn in SOi 
porn f"O immiSCible p/1asa Dlllsetlt)" 

EQUJ/ibrll.m Partlonlng: 
Soli CorantnJtiOM (g jg-s011j: 

Sol ccrc:entration (C-J (gjg-SOiljat 
wtlk:tt tnmiSCible hydrocanxJn phaSe 
forms r SOi matnx .. 

Vapor Phll!ll Tranapon: 
Elfectrve rorous medii diffusion 

coetfic::.'lt ()elt [CITI"/dl for comDined 
vaper ~ SOlute transoort. 8XD!liSSed 
as a va:JCr p/lase diffusion coetticient 
(no mrnsotlle hydrocaroon present 
outside ot source areal" 

Porous nwaa ·retardation" factor R. 
(no mmsoble hvdrocaroon Ofesent 
outs!Ot! :r source areal .. 

MathematiCal Aoprox1mat1on 

K,i 
u =--.......... D.Ro 

C(x) J Jt f ( 4~a,1 lj ---exp - 1 1 __ ., 
c • ...._ t2a,l - , + u I J{ 

· ert --· ert --· ( r S,. 1\ ( r S, 1\ 

l 4.Ja,.x]} l4.Ja.,rj} 
w'-e: 

u • K.J/8, 

v .... o-----
s,.rr~-

c •. .., • HC..,,.., 

x,P!)A .. 
c =--..... RT 

C,,.p, c .. ..,=--..:.:::;.:.. __ 
. (8.., + k,p, + HB.J 

s, 
(C,,.,) = - £8,. + k,p, +He.) 

p• 
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Parameters 

C(x) • Clissolved nydrocamon concentration along centen1ne (x. y -
0. Z • 0) Of diSSOlVed plume (gfem3·H20) 

c.-= dissotvea nyorocamon concentratiOn'" diSSOlved olurne 

i 
K, 
k, 
L 

source area (g/cm'·H20) 
• grouno wa1er graoient (cmtemt 
- saturated hyaraulte c:onouctMty (em/d) 
• SOfl)tiOI1 coelficient ((gjg-SOIII/(Q/cm'·H20)J 
- distance oowngradient (em) 

R0 - retardatiOn factor • {1 + k,p,fB.l 
s.. - source w10tn (perpenoiCUiar to flow '" 1ne nonzontal plane) 

(em) 
s., - source width (perpenCIICUtar to flow in tne verocal plane) 

[em) 
u - speafic discnarge {em/d) 
u,,....,. = maxmum transoort rate of disSOlved olume fcm/d)A 
x - Clistance SJOnQ center1ine from oowngraa1ent eage of 

y 
z 

diSSOlved Illume source zone (em) 
= depttl belOw water table (em) 
• lateral distance away from diSSOlved olume cententne (em) 
- tongrtudinal CIISPIIBIVity {em)"' 0.10 x 
= transverse disperstvity (em) • a,/3 
• vertical dispersmty I em I • a ,/20 
- first-crder dagraoatlOn constant (d-'J 
- ¥0Unetnc water content of saturated zone 

[cma-H20fcm3·soill 
Po • toil bulk 08nllty (g·SOil/ana.so.J 
~ 11.- • minimum convective traWl time o1 diSSOlved hydrocartiOI'Is 

to Giltancl L (d)" 
erl(") • error function evaluated tor value " 
c_ - tor.IIOil hydrOCatOOn concentratlOn {g/g·SOdl 
c... • equilibrium vapor concentratiOn (gJcma-vaperJA 
c..... - eQUifibrium dissolved concentration (g/cm'-H20)" 
o_ • maxmum depttl of immiscible.,... penetration (em)" 
H • Henry's Law Constant [(gj~)f(g/cma.H20)) 
k. 
M.., 
pI 

y 

R 

• IOrJ'tiOn coefficient ((g/g-SOill(gJcma-H20)J 
• molecular wetght (Q/mol) 
- vaper pressure of compound I {atmj 
- gas constant • 82 cma-etmlmoi-K 

R,,.., • racMl extent of hydroc:artiOn imoact {mj 
s, - pure c:omoonent SOlubility (g/cm'·H20J 
T - absolute temoerature (K) 
v_ .. volume ot hydrOCirtlOn reteulld (cnt1J 

- mol fraction of component 1 x, 
s,. • YOUnetnc: reSidual content of hydtocertlon unCI8I' drainage 

conditions 1 cm3-nydr0Cart)ontcma-soitt 
e.. • volumetriC content of soil pera water (crn.l·H20/cnt1·s0ifj 
e. • volumetriC content of SOil vapor (cm3-vapertcm'·s0ifj 

- 3.1416 .. 
p• - SOil bulk dens1ty (g-SOil/cm3-soilJ 

(C.,.,) • concentratiOn at which imn'1lscitlle pnue forms 111 SOd 
(g/g-SOill" 

o- = pure component diffusion coefficient 111 a~r (em21dl 
D., = effective 01ffusion coefficient tor c:omotned vaPOr and solute 

transport. expressed as a vapor phase diffusion coefficient 
(no immrsoble llydt'OCartlon present outside of source area) 
[c;mlfdl" 

0'" = pure c:omponent diffusion coetticient in water lem2 /dj 
H • Henry's Law Constant ((gjcml-vaper)f(gjcm3-H20)) 

sorptton coetticient ((g/g·SOill/(g/cma-H,OlJ 
= permeaDdity to vaper flow (c;ml) 
- distance (em) 

R. • porous media ·retardatiOn" factor (no trnmiScible 
nydrocartlon present outside of source are11 

s, " pure c:omoonent solubility (g/cmol·H20) 
u •. -. = maxmum convective transoort rate of vaoors !em/d)" 
<:P ~ vaPOr pnase oressure grldaent lg/em2 -s2 ) 

?,. volumetnc content of SO/I oore water jcmJ·H~O/cm3-soul 
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i ABLE X3. 1 Continuea 

DescnotiOil 

Aaxmum convective transoon rate 

u ....... ;em/d) of vapors .. 

Ainimum t1me "•...., [d] for vaoors to 
travel a diStance L (em) from source 
area oy convectiOil .. 

Ainimum time "•..., [d] tor vaoors to 
travet a diStance L (em I from source 
area by diffuSIOn .. 

taper EmiSSion& trom Subsurlace Vapor 

Sources ro Open Surlaces: 

.1aximum diffusive vapor ftux F ...... 

(g/c:m'l-<1] from suosurtace vapor 
source lOcated a distance o (em) 

below ground surlace (steady-state. 
constant source),. 

.1aximum time-averaged d1ffusive vapor 

nux <F..,..> [gfem2-d] from 
subsurface SOliS over oenoo from 
time • 0 to time • •. Single 
comoonent mrrnsable phase 
present,. 

•.1atnematJcat AooroxiiTI8uon 

1 k. 
u.,ma.:::::; -- VP 

Rv J.lv 

L 
-r::.m.n=-

u.,_m&JI 

L2 
~ O'.n"Wt ::: ---

\0'"" /Fl.) 

= D•" C.,.ea F,_ 
d 

a. = vOiumetnc content of SOli vapor !em"-vaoor/cm•-sou) 

8 T a tOtal VOIUmetnc content Of pore SQ8ce In SOU matnX 

[crW/crW·SOII) 
~. v 8por VISCOSity ( gtcm-s I 
Po • SCMI Dulk denSity (Q·SOII/cm3-souj 

........ = m1rumum time tor vapors to travei 8 01stance L (cmj by 

convecuon (day)A 

r "·- = mltlliTlum time tor vapors to travet 8 o•stance L !cmj by 
alffusion (day],. 

C0011 • total SOd hydroeai1Xln concentrauon ig/g-solll 

c..... = eouUatlnum vaoor concentratiOn (Qfcm"-vaooriA 

d = OIStance DeloW grouncl surface to top 01 nydrocaroon vaoor 

source (em) 
O"" = eHectiVe diffusion coefficient tor comooneo vaoor and SOlute 

transoort. expresseo as a vapor pnase 01Hus•on coeHioent 

(no rnrmsoble nydrOCanXln present outs10e ot source areal 

[cm2/dl'" 
R. = porous media "retardation" factor tno 1mm1sao1e 

hyclrOCalt)On present outside ot source areal .. 

u ....... = maxmum conv8CtiV8 transport rate u ...... ::Ji vaoors (em/0),. 

Po = SOli bulk denSity ( Q·SOII/cm3·SOII] 
= averagng time ( s) 

A11 = total area ot endosed soace exposeo to vaoor 1ntrus1on 

(ansa of founaatJOnl (cm'l] 
A.,_ = area ot foundatiOn IIVOUgh whiCtl vaoors are transoorteo 

(area of craCKS. open seams. etc. I [em4] 

c,,., total sod hydrocatbOII concentratiOil 19/Q·SOIII 
Aaximum comDcned convectiVe ana 

diffusive vapor ftux f....,. [g/cm2..0] 
from suosurlace vapor source located 

a distance a (em) below grouna 
surface A 

F = A U. C - R.u ....... c •. ., 
..... ., ..,.. • ., [ "\.R.u • ....,..;\] 

c..... = eQUUibnum vapor concentratiOn (g/cm"-vaoorl .. 

d diStance DetweWI tounoatJOntwalls ana nydrocaroon vapor 

source (em] 
1-ex ---) 

0 ... . 
D"" = eHectJVe diffusion coefficient througn so11 tor com01ned vapor 

ana SOlUte transoort. expressed as a vaoor onase 01Hus100 

coetticient (no II1I'I1ISCible hydrocart)on present outs1oe of 

source areal(cm'l/d]'" 

tepor EmiUioM from Surface Soils to 
Open Spat»~: 

-Aaxlmum tinWHveragea diffusive vapor 

flux <F,_> (g/cm'l..o] from surt
SOila over penoa from !IIT1II • o to 

lime • ". single compoc 111nt 

immlsc:ible phaSe present 
tepor Eminions from Surface Solis to 

Open Spaces: 

.4axlmum ti!TIIHveraged d1flusive vapor 

flux <F..,..> (g/cm'l..o] from surlace 
soils over paned from tune • 0 to 
time • ... no mmtSCible phase 

present A 

.1aximum ti!TIIHveraged diffusive vapor 
flux <F,..> [g/em2-d] tram surlace 

soils over penod from time • 0 to 

time • ". volatile c:omQ01181\tS from 
relatively nonVOlatile imm1saote pnase 
(lot examote. benzene from 
Qasollne)A 

~..,cP:;w) 
<.F..,..>------

wllere: 

0 ... a•-------
8 

p.flT{C,OII/Mw rl .+-'--------

hose most commonly required for various screening level 

nodels. including: 
X3.5.4.1 Soil bulk density (can be estimated~ I. 7 g/cm3), 

X3.5.4.2 Total soil porosity (can be estimated ~ 0.38 

:m3/cm3 ), 

X3.5.4.3 Soil moisture content can be conservatively 

·stimated in many cases. It is approximately equal to the 

o-- • eHec:tlve diffusion coe""'"rHIIflclll"'•nrut thteugn tounoat1on craCKs 

(cm'lfd]'" 
L- ,. tllidUiess of foundatiOn/Wall (em] 

M.,.1 = moleCUlar W81gflt of I (Ofmoll 
M .... r • evwage moleCUIIr weeght of the hydrocaroon m1xture 

(gJrnoll 
P,- - vapor pressure of purw component i [atm) 

0 11 - volumelnC flow rate of air wittlin enclOsed soace (cm.lfs] 

o_ - votumetnc infiltration flow rate of SOli gas mto enctosed 

~(cm3/s] 

A - gas constant • 82 a~/moi-K 
R. = porous media "ret.aation" factor,. 

T • l.bSOIUte tefnl)eratunl (KJ 
x, - mol tract1011 of C01111)01'111nt i 
8. = vc:Mumetnc content of SOli vapor (em.J-vaoof!cm.J.sOII) 

Po = SOli bulk density (g-soi/c:rn3-sod] 

.. ,. 3.1416 

,. - averaqng time (s) 

c....... = 8QUiiibl'lum dissolved concentratiOn 1n 1eacnate source area 

(gfc:rn.J-H2Q)A 

E11 - endosed space air exdlllnge rate (lfd] 

E,... = vapor 8I'IIISSIOI'I rate into endOsed space (g/dJA 

F = vapor ftux (g/cm'l..oJ'" 
- ground water gradient [cmtcm] 

K0 = saturated hydraulic conauciiVity (em/a] 

L downwmd lengtn of vapor erniSSIOI'IS source area (em] 

M = grouncl water rmxing zone tnickness (em 1 

q, = water tnfiltration rate (crnta] 

total soil porosity beneath the water table. and· typically 

>0.05 cm3-H~O/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 1 =0.005 

- 0.0 I: sandy so11 is often conservatively assumed l: this can 
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TABLE X3. 1 Continued 

Descnot1on •AatnematJCal Aooroxmauon Parameters 

Vapor Emissions to Enclosea Soaces: 
Maximum vaoor emiSSIOI1 rate E~ .. 
[gjcm2 -<f) to enooseo spaces from 
subSurface vaoor sources lOcated a 
distance a (em) away rrom tne 
enclOsed spaces .. 

Hydrocarbon Vapor Dispersion: 

Ambient hydrocaroon vaoor 
concentrauon resutbl'lg from area 
vapor source c_ [g/tmJJA 

Endolea space vaoor concentrauon 
c_ [g/tmJJA 

LHChste Trans(JOft: 
LHChing lmpect on Ground water. 
Ground water source area concentrauon c._ [g/c:m'·H20) resUlting from 

leaching tmougn vadOse zone 
hydrocartlorHmoactea SOds .. 

Ground water source area concentraJton 
c.-!g/cma-H,OJ resutbl'lg from 
hydrocartxln-lmpactecl SOds in direct 
contact With ground water .. 

FL 
c..,.-=-

u.,J 

E_. 
c,-=-

VaEa 

q,W 
c • ....,.=Cw..,-....;.;..--

(K,iM + q,W) 

C,oc.wce = Cweq 

A Equauon for this parameter giVen., tt11s taole. 

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. 

Uw • Wind SP8ecllcm/d J 
V8 • YOiume or enoosect space (cma} 
w • wldtn or imoacted 5011 zone (zJ 
o1 • netgnt or tlraatlllng zone (em} 

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 oi the selected 
models. The amount of data required varies depending on: 

X3.S.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 oi concern to 

the total incremental exposure and risk. 
X3.5. 7 Generally, site-specific physical and chemical 

propenies 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 Degradation Rates for Petroleum Hydrocarbons 

Reference 
Source of 

Data 

Barker•et afA Borden 
AqUfer. 
Canada 

KemblowskiB Eastern 
Florida 
Aquifer 

Chiang et ale Northern 
Michigan 
Aquifer 

Wilson at alo Traverse 
City. Ml 
Aqurfer 

Howard at alE Uterature 

A See Ref (23). 
a See Ref (24). 
c See Ref (25). 
o See Ref (26). 
E See Ref 127). 

Benzene 

0.007 (99) 

0.0085 (82) 

0.095 [7] 

0.007 to 0.024 
[99) to (29) 

0.0009 (730) to 
0.069 [10) 

Chemical Decay Rates (day-•, (half-life daysf) 

Toluene Ethyl-Benzene Xytenes 0-Xytene MTBE Naphthalene aenzoca)Pyrene 

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] 0.116 [6) 0.0495 [14] 0.0866 [8) 0.0061 {114] 

33 
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:\3.5.8 MigratiOn Jfodeiim? Process-The goal of a mt· 

ation modeling exercise is to utilize. or develop. mathemat· 

a! approximations of real phenomena t for example, vadose 

me processes. ground water flow. contammant transport) 

lat can be used to interpret site characterization and 

:onitoring data. predict future migrauon. determine correc

ve action requirements, or predict the etTect of proposed 

)rrective action measures. or combination thereoi. The 

tigration modeling process typically involves the following 

lSks: 
X3.5.8.1 Modeling Objectives-Modeling objectives must 

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

1odel). It is important to keep these objectives in mind 

uring data collection, model conceptualization. model and 

arameter selection, and model interpretation. At this point 

:1e user defines what phenomena are to be modeled and how 

:le results are to be used (interpret site characterization and 

:tonitoring data. predict future migration. determine correc

tve action requirements, or predict the etTect of proposed 

orrective action measures, or combination thereot). 

X3.5.8.2 Conceptual Model-Once the modeling objec

ives have been identified. a conceptual model is constructed. 

:"he conceptual model is a qualitative description of the 

:haracteristics of the physical system and processes involved. 

X3.5.8.3 Model Selection-After the conceptual model 

1as been developed. a mathematical representation is se

ected to simulate the physical system and processes affecting 

.t. Types of models generally employed include physical, 

malytical, and numerical models. If analytical or numerical 

:nathematical models are selected, they should be appropri

ltely simple to fit the available data and meet the modeling 

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

:ommonly employed for exposure/risk assessment modeling 

1nd 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 Verijication-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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~esults that are adequate:v representative or" site cr.:lractenza

tion and histoncal momtonng ciata from a g.~ven sne. This 

step may include iterauve history matching and mput vaiue 

refinement. 
X3.5.8.8 Sensitivity;Cncertainty Analysis-Once a model 

has been veriiied and calibrated, a study to aefine the 

sensitivity, or variability. of model predictions resuiting irom 

variations in input parameter values is undertaken. These 

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

must be most accurateiy defined and that can be approxi

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

model outputs given reasonable ranges in parameter values. 

If model predictions are iound to be highly sensitive to small 

changes in the value oi 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 m 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. 

X3.6.1.1 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~y) 
X slope factor (mgjkg-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 [mgjkg-day]/reference dose [mykg-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 etTect. 

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 erTects are observed 
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In a population or exposed individuals. and 
X3.6.2.2 ~o thresholds exist tor genetic damage or carci

nogenic etiects. 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 supponed by empirical evi
dence. The threshold value for a chemical is often called the 
no-observed adverse effects level (NOAEU. Scientists usu
ally estimate NOAELs from animal studies. An imponant 
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 
uncenainty typically spanning an order of magnitude) of a 
daily exposure (mgtkgjday) 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 uncenainty 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: 

'fD 
NOA.EL 

R -----
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 imponant 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 
origi'nal 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 l and X2. 

X3.6.7 It is imponant to note that in extrapolating the 
information obtained in animal studies to humans. a 
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number or conservauve assumptions are made. 
XJ..6. 7 .I For noncarcinogens. an arbitrary system of de

fault safety and uncenainty factors, as discussed above, (in 
multiples often) is used to conven 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 pomt 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 
significznt 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 uncenainty 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 l Look-Up 
Table discussed in Appendix X2. The RME value is gener
:J.llv defined as a statistical upper limit of available data 
'generally 85 to 90% of all values are less than the RME 
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.:_ .e 1. r~~retore. by consistentlv se:ecung and multiplying 

::.:servat:ve RME values the user r.:odels a scenano that ts 

. ,~, imp:obable and always more conservative than the 

-::-;.e·· R~!E exposure scenario. T::us. great care must be 

exercised. when usmg combinations or' these ue:iun \ JJues tn 

risk assessments. to avoid a gross overesumauon ot exposure 

for a specific site . 

X4. INSTITlJTIONAL CONTROLS 

\4.1 1-:.:roduction: 
::4.1.1 The purpose of this appendix is to provide a 

:-e,~ew of ~enerally used institutional controls. For purposes 

o:' :!lis ap~ndix. "institutional controls" are those controls 

mn can :e utilized by responstble parties and regulatory 

ag::Icies :.::1 remedial programs where, as a part of the 

pr:gram. ::ertain levels of contaminauon will remain on site 

ir: roil or ground water. Referenced in this appendix are 

eh1tilples ~f programs from Califorrua. Connecticut, Illinois, 

ln:iana. lJwa, Massachusetts. Michigan. Missouri, and New 

Jes:y. Ir: addition. federal programs. such as Supertund 

S!:!:!emen::s and RCRA closure p:ans have utilized the 

~niques described below for some years as a mechanism 

tc ::nsure that exposure to rema:ning contaminauon is 

reruced tc the degree necessary. 
~A.1.2 The types of institutional controls discussed in this 

a;nendix lie as follows: 
~A.1.2.: Deed restrictions. or restnctive covenants, 
~4.1.2.: Use restrictions (including well restriction areas), 
'\4.1.2_; Access controls, 
'\4.1.2.~ Notice, including record notice, actual notice, 

anc. notice to government authorities. 
'\4.1.2.! Registry act requirements. 
X4.1.2.6 T ransi'er act requirements. and 
X4.1.2.:' Contractual obligations. 
X4.1.3 Institutional controls for environmental remedial 

prDJrams vary in both form and content. Agencies and 

lamownc:n can invoke various authorities and enforcement 

rm:::tanisr::tS. both public and private. to implement any one 

or I comtr.nation of the controls. For example, a state could 

aci:ot a sututory mandate (see X4.2) requiring the use of 

de::t restr'.ctions (see X4.3) as a way of enforcing use 

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

como!. se: X4.5). Thus. the institutional controls listed as 

foll.-ws are often used as overlapping strategies, and this blurs 

tht iistinc::ions between them. 
X~.2 SutULory Mandaus-Some states' emergency re

spmse programs mandate post-remediation institutional 

conrafs ar.d impose civil penalties for noncompliance. The 

sch::nes ~&I'/ from state to state. but all impose obligations 

on .ando~ners to use one or more institutional controls 

list::! in tr.:s appendix. 
X-U D£ed Restrictions: 
):.t.J.l Jeed restrictions place lirrits and conditions on 

the lSe an: conveyance of land. They serve two purposes: 

infcr:ning ;Jrospective owners and tenants of the environ

menal sta.:Js of the property and er.suring long-term com

plimce \\in the institutional controls that are necessary to 

mam.ain ::e integrity of the remeC.ial action over time. 

Resr.unin~ the way someone can use :..'leir land runs counter 

to tr::: bas1: assumptions of real esu:e law. so certain legal 
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rules must be satisfied in order to make a deed restnction 

binding and enforceable. 
X4.3.2 There are four requirements for a promise in a 

deed restriction lalso called a "restrictive covenant"') to be 

held against current and subsequent landowners: (a) a 

writing, (b) intention by both original pames that pamcular 

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 oi a writing. It is a 

rule of law that conveyances of land must be documented in 

a writing. The same rule holds for deed restrictions atfecting 

land. Ideally, a deed restriction used as an institutional 

control would be written down with pamcurarity and then 

recorded in the local land records office. m 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' intenuons are 

in regard to the scope and the duration of the restrictions. 

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 reiationship 

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. However. 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." 

i'J'ote 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 rcstncuon used 



• 
~~ ES 38 

JS an msutuuonai controi 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 restnc
tion. n may be appropnate for an individual state to seek 
statutory and regulatory amendments to ensure that such 
authority exns m regard to all deed restnctions for environ
mental purposes. 

X4.3.4 Remedies for noncompiiance with deed restric
tions comes m two forms: persons or agencies may sue to 
obtain a coun order (injunction) requiring compliance or if 
the state statute allows for it, the state's attorney general can 
seck enforcement of civil penalties. such as fines, for non
compliance. 

X4.3.5 A state program can require a landowner to 
continue monitoring acnvities 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 panics 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 Restnction on property use; 
X4.4.3.2 Conditioning the change of use from nonresi

d~ntial to residential on compliance with all applicable 
cleanup standards for a residential property; 

X4.4.3.3 Restncting a~ or 
X4.4.3.4 Restncting 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 1echnique 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 wouid be subject 
to agency approval, public notice. and may mciude the 
restriction on constructing or locating anv weils within a 
particular designated area. Notice of the wei! restnction is 
recorded on the land records and with vanous health otlicials 
lnd municipal officials. The restrictions can only be released 
upon a showing that the contamination in the weil restric
tion area is remediated in accordance with state standards. 

X4.5 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 pan 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 file a notice on the land records providing to 
any subsequent purchaser of the propeny 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 information to other panies 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 pany 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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.\4. 7 .I Some states have registry act programs that pro
·. Ide for the maintenance of a registry or hazarcious waste 
disposal sites and the restriction of the use and transler of 
listed sites. 

X4.7.2 A typical regisuy act provides that the state 
-environmental agency establish and maintain a registry of all 
~eal propeny 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 
;:JOtential sites for inclusion on the registry. The registry 
includes the location of the site and a listing of the hazardous 
wastes on the propeny, and may also include a classification 
of the level of health or environmental danger presented by 
the conditions on the propeny. 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 
~egistry have rights of hearing and appeal, and owners of sites 
on the registry have rights to modify or terminate their 
:isting. In some cases. the owner of a site proposed for 
:nclusion on the registry may obtain the withdrawal of the 
proposed registration by entering into a consent agreement 
.... ith the state. Such a consent agreement establishes a 
:imetable and responsibility for remedial action. 

X4.7.5 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 propeny. 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 
propeny on a hazardous materials site registry be recorded in 
the records of the appropriate locality so that the registration 
..... ;u 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 panics to a land transaction arising out of 
t!!e environmental status of the propeny to be conveyed. 
Transfer acts impose information obligations on the seller or 
lessor of a propeny (see X4.6.3). That pany must disclose 
general information about strict liability for cleanup costs as 
v.ell as propeny-specific information. such as presence of 
r.JZardous substances. permitting requirements and status, 
re!eases. and enforcement actions and variances. 

X4.8.3 Compliance with transfer act obligations in the 
n:.anner prescribed is crucial for ensuring a successful con
vevance. Sometimes the transfer act operates to render a 
trinsaction voidable before the transfer occurs. Failure to 
g:·.e nouce in the required form and within the time period 
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required or tne reveiation oi an environmental v1oiation or 
unremediated condition will relieve the transreree 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 panies to restrict use by contract. While this method 
is often negotiated among private panies. it will be difficult, 
if not impossible, to institutionalize some control over that 
process without interfering with the abilities and rights of 
private panies 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 pany to 
provide long-term monitoring of the site, use restrictions. 
and means of continued funding for remediation. 

X4.10 Continued Financial Responsibility-Another as
pect of institutional controls is the establishment of financial 
mechanisms by which a responsible pany 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 founh quaner of 1993: 
X4.11.1.1 References for Deed Restrictions: 
24 N.J. Reg. 400 (1992) (N.J. Admin. Code§ 7.260-8.2 (e) (21). 
24 NJ. Rq. 40().()2 ( 1992) (NJ. Admin. Code§§ 7.26D·8.1-l!A l. 
24 NJ. Reg. 401 (1992) (N.J. Admin. Code § 7.26D Appendix A. Model 

Document. Declaration of Environmental Restricuons and Grant of Ease· 
ment. Item 8) 

Illinois ResponSible Property Transfer Act§ 7(c) (1985) 
Masuchusetts Rqulations Code Title __ § 40.1071 (2)( 1) &dkl 
Mass. Regs. Code. Title __ § 40.1071(4). 
Mich. Admin. Code 299.5719 (3) (e) (1990) 
Michigan Rules 299.5719 (2), (3) (d) 

X4.11.1.2 References for Use Restrictions: 
24 N.J. Reg. 400 (N.J. Admin. Code§ 7.260-8.2 (d)) 
Mich. Admin. Code 299.5719 (3) (a), (b). (g) 
!'lew Jersey Regulation 7.26D-8.4. that uses the above approacn 

X4.11.1.3 References for Access Conzrois: 
loWI Admin. Code r. 133.4 (2) (b) 
Michigan Rule 299.5719 (3) (I) 
New Jersey Rqulations § 7.260-8.2 

X4.11.1.4 References for Notice: 
Cal. Health and Safety Code § 25359.7 (1981) 
Illinois ResponSible Propeny Transfer Act ( 1985) 
Indiana Code §§13-7-22.5·1-22 (1989) (Mindiana En,·ironmental Hazardous 
Disclosure and Responsible Pany Transfer Law") 
Mass. Regs. Code Title--§§ 40.1071-1090 (1993) 
Michigan Rule 299.5719 (3) (c) 

X4.11.1.5 References for Registry Act Requirements: 
Iowa Code Ann.§§ 4558.426-4558.432. 4558.411 ( 1 l ( 19901 
Missoun Code Regs. Title 10. §§ 25·10.010. 25-3.260 ( 1993) 

X4.11.1.6 References for Transfer Act Requzremenzs: 
Conn. Gen. Stat. §22a-134 et set( 
lllinois Respons1ole Propeny Transfer Act ( 1985) 
Indiana Code§§ 13-7-22.5·1-22 (1989) (Mindiana Environmemal Hazardous 
Disclosure and Responsible Pany Transfer Law") 
New Jersey Senate Sill No. 1070. the Industrial Site Recover'\' Act. amendmg 
the environmental cleanup Responsibility Act. N.J.S.A. 13: I K·6 <'I re~ 
New Jersey Spill Compensation ana Control Act. !'U.S.A. 58: i0-:3.11 cr <r~ 
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\:4.11.1. 7 Rderence ror Contraccuai Obfigatwns: 

'Aichigan ru1e 299.5719 (2} 

X4.11.!.8 Reference JOr Continued Ff.':cnc:;;i Responsi
bility: 

Michigan Rule 299.5719 12) 

XS. EXAMPLE APPLICATIONS OF RISK-BASED CORRECTIVE ACTION 

XS.l Introduction-The following examples illustrate the 
use of risk-based corrective action ( RBCA) at petroleum 
release sites. The examples are hypothetical and have been 
simplified in order to illustrate that RBCA leads to reason
able and protective decisions; nevertheless. they do reflect 
conditions commonlv encountered in practice. 

X5.2 Exampie l.:_Correczive Active Based on Tier 1 
Risk-Based Screening Levels: 

XS.2.1 Scenano-A release from the underground 
storage tank (USTI, piping, and dispenser system at a service 
station is discovered during a real estate divestment assess
ment. It is known that there are petroleum-impacted surficial 
soils in the area of the tank fill pons: however. the extent to 
which the soils are impacted is unknown. In the past. both 
gasoline and diesel have been sold 'at the facility. The new 
owner plans to continue operating the service station facility. 

XS.2.2 Step 1-lnitia/ Site Assessment-The responsible 
pany completes an initial site assessment focussed on poten
tial source areas (for example, tanks. lines. dispensers) and 
receptors. Based on historical knowledge that gasoline and 
diesel have been dispensed at this facility, chemical analyses 
of soil and ground water are limited to benzene, toluene. 
ethylbenzene, xylenes, and naphthalene. Site assessment 
results are summarized below: 

XS.2.2.1 Field screening instruments and laboratory anal
yses indicate that the extent of petroleum-impacted soils is 
confined to the vicinity of the fill portS for the tanks. A tank 
and line test reveals no leaks; therefore, evidence suggests 
that soils are impacted due to spills and overfills associated 
with filling the storage tank, 

X5.2.2.2 The current tanks and piping were installed five 
years ago, 

X5.2.2.3 The concrete driveway is highly fractured. 
X5.2.2.4 No other sources are present. 
XS.2.2.S 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. 
XS.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. 1\ Concentration. 
Compound below sround surface C m) milk& 

;Benzene 8 (2.4) 10 
Ethylbcnzene 4 ( 1.2) 4 
Toluene 6.5 (1.9) SS 
Xylenes J.S (1.01) 38 
Naphlhalcne 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 
hydraulically up-gradient. Both wells produce water from the 
first encountered ground water zone. 

X5.2.3 Step 2-Site ClassijictUion and Initial Response 
Action-Based on classification scenarios given in Table 3, 
this site is classiiied as a Class 3 site because conditions are 
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such that. at worst. it is a long-tenn threat to human health 
and environmental resources. The appropnate initial re
sponse is to evaluate the need for a ground water monitoring 
program. At most. this would consist of a singie wei! located 
immediately down-gradient of the impacted petroleum soils. 
The responsibility pany recommends deferring the decision 
to install a ground water monitoring system unul the Tier I 
analysis is complete, and justifies this recommendation 
based on no detected ground water impact. the limited 
extent of impacted soils. and the separation between im
pacted soils and first-encountered ground water. The regula
tory agency concurs with this decision. 

X5.2.4 Step Ja-Tier 1-Exposure Pathwa.v Evalua
tion-Based on current and projected future use. the only 
two potential complete exposure pathways at this site are: the 
inhalation of ambient vapors by on-site workers. or the 
leaching to ground water, ground water transport to the 
down-gradient drinking-water well, and ingesuon of ground 
water. 

XS.2.5 Step 3b-Tier 1-Risk-Based Screening Level 
(RBSL) Selection-Assumptions used to derive example 
Tier l RBSL in Table 4 are reviewed and presumed valid for 
this site. A comparison of RBSLs for both pathways of 
concern indicates that RBSLs associated with the leaching 
pathway are the most restrictive of the two. As this aquifer is 
currently being used as a drinking water supply, RBSL values 
based on meeting drinking water MCLs are selected. In the 
case of naphthalene, for which there is no MCL. the RBSL 
value cori-esponding to a residential scenario and a hazard 
quotient of unity is used. 

X5.2.6 Step Jc-Tier 1--Comparison of Site Conditions 
With Tier J 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 1 RBSLs are noted only for. 
benzene and toluene. 

X5.2.7 Step 4-EvaiUOJinn... of Tier 1 Resuits-The re
sponsible party decides to devise a corrective action plan to 
meet Tier l standards after considering the following factors: 

X5.2. 7.1 The shallow aquifer is not yet atfected. 
X5.2.7.2 Quick (relative to rate of chemtcal migration) 

removal of the source will eliminate the need for ground 
water monitoring, 

XS.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 pcrfonned quickly·and inexpensively when 
the tanks are removed, relative to the cost of proceeding to a 
Tier 2 analysis. and 

XS.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 arc 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· 



~~ ES 38 

:10t necessary and the governing reguiatorv agency agrees to 

issue a No Further Action and Closure letter following 

implementation of the corrective action plan. 
X5.3 Example 2-RBCA Based on Tier 2 Assessment: 
X5.3.1 Scenario-During the installation of new double

contained product transfer lines. petroleum-impacted soils 

are discovered in the vicinity of a gasoline dispenser at a 
service station located close to downtown Metropolis. In the 

past. both gasoline and diesel have been sold at this facilitv, 

which has been operating as a service station for more than 

twenty years. 
XS.3.2 Step 1-lnitia/ Site Assessment-The owner com

pletes an initial site assessment focussed on potential source 
areas (for example, tanks, lines. dispensers) and receptors. 

Based on historical knowledge that gasoline and diesel have 

been dispensed at this facility, chemical analyses of soil and 
ground water are limited to benzene, toluene, ethylbenzene, 
xylenes. and naphthalene. Results of the site investigation are 

as follows: 
X5.3.2.1 The extent of petroleum-impacted soils is con

fined to the vicinity of the tanks and dispensers. A recent 
tank and line test revealed no leaks: therefore. evidence 

suggests that the releases occurred sometime in the past. 
X5.3.2.2 The current tanks, lines, and dispensers were 

installed three years ago, 
XS.3.2.3 The asphalt driveway is competent and not 

cracked, 
XS.3.2.4 Another service station is located hydraulically 

down gradient, diagonally across the intersection, 
XS.3.2.S The site is underlain by silty sands with a few 

thin discontinuous clay layers, 
XS.3.2.6 Ground water, which is first encountered at 32 ft 

(9.7 m) below ground surface, is impacted, with highest 
dissolved concentrations observed beneath the suspected 

source areas. Dissolved concentrations decrease in all direc
tions away from the source areas. and ground water samples 
taken hydraulically down gradient from a well located in the 

center divider of the street (about 100 ft (30.4 m) from the 

source area) do not contain any detectable levels of dissolved 

hydrocarbons. 
XS.3.2.7 Ground water flow gradient- is very shallow, and 

ground water flow velocities are at most tens of feet per year, 

XS.3.2.8 Ground water yield from this aquifer is esti
mated to be in excess of S gal/min (18.9 L/min), and total 

dissolved solids levels are less than 700 mg/L. Based on this 

information. this aquifer is considered to be a potential 

drinking water supply, 
X5.l;2.9 A shallow soil gas survey indicates that no 

detectable levels of hydrocarbon vapors are found in the 

utility easement running along the southern border of the 

property, or in soils surrounding the service station kiosk. 
X5.3.2.1 0 Impacted soils extend down to the first encoun

tered ground water. Maximum concentrations detected in 

soil and ground water are as follows: 

Compound Soil (mg/kg) Ground water (mg/L) 

Benzene 20 2 

Ethylbenzene 4 0.5 

Toluene 120 5 
Xylenes 100 5.0 
Napthalene 2 0.05 

X5.3.2.11 A receptor survey indicates that no domestic 

-iO 

water weils are located wnnm one-half miie or" the site: 

however, there is an aider restdential neighbornood located 

1200 ft (365.7 m) hydraulically down-gradient of the site. 
Land. use in the immediate vicinity is light commefClal (for 

example. strip malls). The site is bordered bv two streets and 
a strip mall parking iot. · 

X5.3.3 Step 2-Site Classification and Initial Response 
Action-Based on classiiication scenarios given in Table 3. 
this site is classified as a Class 3 site because conditions are 

such that, at worst. it is a long-term threat to human health 

and environmental resources. The appropriate initial re

sponse is to evaluate the need for a ground water monitoring 
program. The owner proposes that the ground water moni
toring well located hydraulically down-gradient in the street 
divider be used as a sentinel well, and be sampled yearly. The 
regulatory agency concurs, provided that the weil be sampled 
every six months. 

XS.3.4 Step 3(a)-Tier 1-Exposure Pathwa.v Evalua
tion-Based on current and projected future use. and the soil 
gas survey results, there are no potential complete exposure 
pathways at this site. The down-gradient residential neigh
borhood is connected to a public water supply system. and 

there is no local use oi the impacted aquifer. However. being 
concerned about future uncontrolled use of the aquifer. the 
regulatory agency requires that the owner evaluate the 
ground water transport to residential drinking water inges
tion pathway, recognizing that there is a low potential for this 
to occur. 

XS.3.S Step 3(b)-Tier 1-Risk-Based Screening Level 
(RBSL) Selection-Assumptions used to derive example 

Tier 1 RBSL in Table 4 are reviewed and presumed valid for 
this site. Due to the very low probability of the exposure 
pathway actually being completed in the future. MCl.s are 
not used and the site owner is able to negotiate Tier 1 RBSLs 
based on a 1 o-5 risk to human health for carcinogens and 

hazard quotients equal to unity for the noncarcinogens 
(based on ground water ingestion). 

XS.3.6 Step 3(c)-Tier 1-Comparison of Site Conditions 
With Tier 1 RBSLs-Based on the data given in X5.3.2.10 
and the RBSLs given in example in Table 4, exceedences of 
Tier I soil and ground water RBSl.s are noted only for 

benzene. 
XS.3.7 Step 4-Evaluation of Tier 1 Results-The re

sponsible party decides to proceed to a Tier 2 analysis for 

benzene and the pathway of concern, rather than devise a 

corrective action plan to meet Tier 1 standards after consid

ering the following factors: 
X5.3. 7.1 The shallow aquifer is impacted. but the dis

solved plume appears to be stable and ground water move

ment is very slow, 
XS.3. 7.2 Excavation of soils to meet Tier 1 criteria would 

be expensive. due to the depth of impacted soils. Excavation 
would shut down the facility, and require all tanks and new 

lines to be removed and reinstalled: 
XS.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 
XS.3.7.4 A tier 2 analvsis for this site is estimated to 

require minimal additionai data. and is anticipated to result 
in equally protective. but less costly corrective action. 
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X5.3.8 Step 8-Tier 2 Assessment-The owner coilects 
additionai ground water monitonng aata and venfies that: 

X5.3.8.1 No mobile free-phase product is present, 
X5.3.8.2 The dissolved plume is stable and ground water 

concentrations appear to be decreasing with time, 
X5.3.8.3 Extent of the dissolved plume is limited to 

within 50 ft ( 15.2 m) of the property boundaries, 
X5.3.8.4 Dissolved oxygen concentrations are higher out

side of the dissolved plume, indicating some level of aerobic 
biodegradation. 

X5.3.8.5 Ground water movement is less than 50 ft/year 
(15.2 m), and 

X5.3.8.6 Simple g,round water transport modeling indi
cates that observations are consistent with expectations for 
the site conditions. 

X5.3.9 Slep 6-Co"ective Active Plan-Based on the 
demonstration of dissolved plume attenuation with distance. 
the owner negotiates a corrective action plan based on the 
following: compliance with the Tier l RBSLs at the moni
toring well located in the street center divider, provided that 
deed restrictions are enacted to prevent the use of ground 
water within that zone until dissolved levels decrease below 
drinking water MCLs. deed restrictions are enacted to ensure 
that site land use will not change significantly, continued 
sampling of the sentinel/compliance ground water moni
toring well on a yearly basis, should levels exceed Tier I 
RBSLs at that point for any time in the future, the corrective 
action plan will have to be revised. and Closure will be 
granted if dissolved conditions remain stable or decrease for 
the next two years. 

XS.4 Example 3-RBCA With Emergency Response and 
In Situ Remedialion: 

XS.4.1 Scenario-A SOOO-gaJ ( 18 925-L) release of super 
unleaded gasoline occurs from a single-walled steel tank after 
repeated manual gaging with a gage stick. Soils are sandy at 
this site, ground water is shallow, and free-product is 
observed in a nearby monitoring well within 24 h. The site is 
located next to an apartment building that has a basement 
where coin-operated washers and dryers are located for use 
by the tenants. 

XS.4.2 Step 1-lnitia/ Sire-Assessment-In this case the 
initial site assessment is conducted rapidly and is focussed 
towards identifying if immediately hazardous conditions 
exist. It is known from local geological assessments that the 
first encountered ground water is not potable, as it is only 
about 2 ft (0.6 m) thick and is perched on a clay aquitard. 
Grou.nd water monitoring wells in the area (from previous 
assessment work) are periodically inspected for the appear
ance of floating product, and vapor concentrations in the 
on-site utility corridors are analyzed with an explosimeter. 
While this flurry of activity begins, a tenant of the apartment 
building next door informs the station operator that her 
laundry room/basement has a strong gasoline odor. 
Explosimeter readings indicate vapor concentrations are still 
lower than explosive levels, but the investigation team notes 
that "strong gasoline odors" are present. 

X5.4.3 Step 2-Site Classification and Initial Response 
Action-This limited information is sufficient to classify this 
site as a Class 2 site (strong potential for conditions to 

41 

escalate to immediately hazardous conanions 1n the short 
term), based on the observed vapor concentrations. size oi 
the release, and geological conditions. The initial response 
implemented is as follows: 

X5.4.3.1 Periodic monitoring of the apanment basement 
begins to ensure that levels do not increase to the point 
where evacuation is necessary (either due to expiosion or 
acute health etTects). In addition. the fire marshall is notified 
and building tenants are informed of the activities at the site, 
potential hazards. and abatement measures being imple
mented, 

X5.4.3.2 A free-product recovery;hydraulic control 
system is installed to prevent funher migration of the mobile 
liquid gasoline. and 

XS.4.3.3 A subsurface vapor extraction system is installed 
to prevent vapor intrusion to the building. 

XS.4.4 Step J(a): Tier 1-Exposure Pathwa.v Evalua
tion-Given that: there is a very low potential for ground 
water usage, a 20 ft (6.1 m) thick aquitard separates the 
upper perched water from any potential drinking water 
supplies. and the close proximity of the apartment building, 
the owner proposes focusing on the vapor intrusion
residential inhalation scenario. The agency concurs. but in 
order to eliminate potential ground water users as receptors 
of concern, requests that a down-gradient piezometer be 
installed in the lower aquifer. The owner concurs. 

XS.4.5 Step J(b): Tier f-Risk-Based Screening Level 
(RBSL) Selection-Assumptions used to derive example 
Tier 1 RBSL in Table 4 are reviewed and presumed valid for 
this site. Target soil and ground water concentrations are 
negotiated based on the vapor intrusion scenario. After 
considering health-based, OSHA PEL, national ambient 
background, and aesthetic vapor concentrations, negotiated 
target soil levels are based on achieving a 10_. chronic 
inhalation risk for benzene, and hazard quotients of unity for 
all other compounds. The agency agrees to base compliance 
on the volatile monoaromatic compounds in gasoline 
(benzene. toluene, xylenes, and ethylbenzene), but reserves 
the right to alter the target levels if aesthetic etTects persist in 
the building basement at the negotiated levels. 

XS.4.6 Step J(c): Tier /-Comparison a/Site Conditions 
With Tier 1 RBSLs-While a complete initial site investiga
tion has yet to be conducted, all parties agree that currently 
the RBSLs are likely to be exceeded. 

XS.4. 7 Step 4: Evaluaiion of Tier 1 Resuits-The owner 
decides to implement an interim corrective action plan based 
on Tier 1 RBSLs, but reserves the right to propose a Tier 2 
evaluation in the future. 

XS.4.8 Step 5: Corrective Action Plan-The owner pro
poses expanding the vapor extraction system to remediate 
source area soils. In addition he proposes continuing to 
operate the free-product recovery/hydraulic control system 
until product recovery ceases. Monitoring oi the piezometer 
placed in the lower aquifer will continue. as well as periodic 
monitoring of the apartment building basement. Additional 
assessments will be conducted to ensure that building vapors 
are not the result of other sources. After some period of 
operation, when hydrocarbon removal rates decline, a soil 
and ground water assessment plan will be instituted to collect 
data to support a Tier 2 analysis. 
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