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ABOUT ITRC 

The Interstate Technology and Regulatory Council (ITRC) is a public-private coalition working to reduce 
barriers to the use of innovative environmental technologies and approaches so that compliance costs are 
reduced, and cleanup efficacy is maximized. ITRC produces documents and training that broaden and deepen 
technical knowledge and expedite quality regulatory decision making while protecting human health and the 
environment. With private and public sector members from all 50 states and the District of Columbia, ITRC 
truly provides a national perspective. More information on ITRC is available at www.itrcweb.org. ITRC is a 
program of the Environmental Research Institute of the States (ERIS), a 501(c)(3) organization incorporated in 
the District of Columbia and managed by the Environmental Council of the States (ECOS). ECOS is the 
national, nonprofit, nonpartisan association representing the state and territorial environmental commissioners. 
Its mission is to serve as a champion for states; to provide a clearinghouse of information for state 
environmental commissioners; to promote coordination in environmental management; and to articulate state 
positions on environmental issues to Congress, federal agencies, and the public. 

DISCLAIMER 
This material was prepared as an account of work sponsored by an agency of the United States Government. 
Neither the United States Government nor any agency thereof, nor any of their employees, makes any warranty, 
express or implied, or assumes any legal liability or responsibility for the accuracy, completeness, or usefulness 
of any information, apparatus, product, or process disclosed, or represents that its use would not infringe 
privately owned rights. Reference herein to any specific commercial product, process, or service by trade name, 
trademark, manufacturer, or otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any agency thereof. The views and opinions 
of authors expressed herein do not necessarily state or reflect those of the United States Government or any 
agency thereof and no official endorsement should be inferred. 

The information provided in documents, training curricula, and other print or electronic materials created by the 
Interstate Technology and Regulatory Council (“ITRC” and such materials are referred to as “ITRC Materials”) 
is intended as a general reference to help regulators and others develop a consistent approach to their evaluation, 
regulatory approval, and deployment of environmental technologies. The information in ITRC Materials was 
formulated to be reliable and accurate. However, the information is provided “as is” and use of this information 
is at the users’ own risk. 

ITRC Materials do not necessarily address all applicable health and safety risks and precautions with respect to 
particular materials, conditions, or procedures in specific applications of any technology. Consequently, ITRC 
recommends consulting applicable standards, laws, regulations, suppliers of materials, and safety data sheets for 
information concerning safety and health risks and precautions and compliance with then-applicable laws and 
regulations. ITRC, ERIS and ECOS shall not be liable in the event of any conflict between information in ITRC 
Materials and such laws, regulations, and/or other ordinances. The content in ITRC Materials may be revised or 
withdrawn at any time without prior notice. 

ITRC, ERIS, and ECOS make no representations or warranties, express or implied, with respect to information 
in ITRC Materials and specifically disclaim all warranties to the fullest extent permitted by law (including, but 
not limited to, merchantability or fitness for a particular purpose). ITRC, ERIS, and ECOS will not accept 
liability for damages of any kind that result from acting upon or using this information. 

ITRC, ERIS, and ECOS do not endorse or recommend the use of specific technology or technology 
provider through ITRC Materials. Reference to technologies, products, or services offered by other 
parties does not constitute a guarantee by ITRC, ERIS, and ECOS of the quality or value of those 
technologies, products, or services. Information in ITRC Materials is for general reference only; it 
should not be construed as definitive guidance for any specific site and is not a substitute for 
consultation with qualified professional advisors.
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Home Page  

While there are already guidance documents regarding soil background, there is not a “one-stop-
shop” document that provides comprehensive and widely accepted guidance on the state of the 
science on this topic. This ITRC guidance document fills the gap by providing a consensus-based 
comprehensive and defensible framework for establishing soil background and using soil 
background in risk assessments. This guidance also provides references to state, USEPA and 
other resources, as well as related ITRC documents. 

During the initial phases of a site investigation or cleanup project, regulators often use chemical-
specific screening values to decide if the presence of chemicals at a site may pose a threat to 
human health or the environment, or both, and if there is the need for further action. For some 
chemicals, the screening values are within the range of concentrations found in soils from natural 
or anthropogenic ambient background. Most regulatory agencies require a response action only 
when the concentrations of a chemical in soil exceed its background concentrations. 
Consequently, soil background plays an important role in remedial decisions.  

Risk assessors, risk managers, and site investigators, as well as other stakeholders are the target 
audience of this guidance document.  
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SOIL BACKGROUND AND RISK ASSESSMENT 

1 INTRODUCTION 

Soil background is an important factor to consider when conducting human health and ecological 
risk assessments. Regulators use numerical screening values specific to contaminants commonly 
found in soil to evaluate potential risks to human receptors and the environment. Screening 
values are derived using toxicity data, exposure parameters, and chemical-specific parameters. 
For some chemicals, the screening value may be within the range of concentrations found in soils 
from natural or anthropogenic ambient background. Because most regulatory agencies do not 
require action to be taken if the concentrations of a chemical in soil represent background 
concentrations, soil background plays an important role in remedial decisions.  

Although some state and federal agencies and other entities have guidance documents regarding 
soil background (for example, (USEPA 1992)[486], (USEPA 2002)[154], (USEPA 2002)[131]), 
there is not one comprehensive and widely accepted guidance document that summarizes the 
state of the science on this topic. This ITRC guidance document is intended to fill the gap by 
providing a comprehensive defensible framework for establishing soil background and using soil 
background in risk assessments.  

 Audience  

The primary audience for this guidance document is individual risk assessors, risk managers, and 
site investigators, which may include federal, state, tribal, and various local agency employees; 
contractors to these agencies; and potentially liable parties and their consultants. Generally, those 
involved in developing plans for remedial investigations that include the collection of data for 
the purpose of risk assessment and background evaluation would benefit from this guidance. 

Additional audiences that may find this guidance useful include regulatory agency management 
and other stakeholders, which could include members of the public and other interested parties. 
This guidance could be a tool for providing stakeholders a better understanding of how soil 
background may be applied in a risk assessment. 

 Purpose 

This document is designed to provide comprehensive guidance regarding the establishment and 
use of soil background values in risk assessment. It focuses on the process of establishing 
defensible background concentrations of naturally occurring (for example, metals) or 
anthropogenic substances (for example, polycyclic aromatic hydrocarbons, polychlorinated 
biphenyls, dioxins/furans, and per- and polyfluoroalkyl substances) to be used for risk 
assessment at contaminated sites. The following topics are included in this guidance: 

• Soil background definition (Section 2): Provides definitions of natural and anthropogenic 
ambient soil background, default, and site-specific background, as used throughout this 
document. 
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• Establishing default and site-specific soil background (Section 3): Provides information and 
best practices for establishing soil background by conducting a soil background study or 
using existing data. 

• Using soil background in risk assessment (Section 4): Explains how soil background may be 
applied in risk assessment. 

• Geochemical evaluations (Section 5): Explains the purpose of geochemical evaluations and 
how they are performed. 

• Using geochemical evaluations in risk assessment (Section 6): Explains how a geochemical 
evaluation can be used as an additional line of evidence to determine whether site 
concentrations reflect background. 

• Environmental forensics related to soil background (Section 7): Explains the purpose of an 
environmental forensics evaluation and how it is performed. 

• Conceptual site model and data quality objectives (Section 8): Discusses how conceptual 
site model and data quality objectives processes should be considered in developing soil 
background. 

• Sampling (Section 9): Provides recommendations for best practices when designing a soil 
background sampling program. 

• Analytical methods (Section 10): Provides recommendations for best practices when 
analyzing background soil samples to develop a background soil dataset. 

• Statistics used for soil background (Section 11): Identifies statistical methods and best 
practices for evaluating background soil data. 

• Regulatory framework (Section 12): Establishes baseline understanding of level of 
development by states of background definitions, default background values, and guidance 
for using background in risk assessment as developed from an ITRC-administered survey to 
states. 

• Existing guidance and studies (Section 13): Provides references to background values and 
associated guidance developed by states and the U.S. Environmental Protection Agency 
(USEPA), and background studies from non-state sources. 

• Case studies (Section 14): Provides examples of establishing background and using 
background in risk assessment. 

• Frameworks: depict the process generally used (Frameworks). 
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 Use of Background in the Risk Assessment Process 

Background concentrations of chemicals are a factor that should be considered in the risk 
assessment process, particularly when chemical concentrations at a cleanup site may originate 
from releases attributable to the site, as well as other sources, including natural sources and 
anthropogenic ambient sources not attributable to the specific site under investigation. This is 
especially important when chemical concentrations exceed risk-based values (which are typically 
numerical chemical concentrations that are protective for specified levels of health risk). 
Additionally, if soil background levels are elevated or potentially present health risks, this 
information can be evaluated and presented in the risk assessment process so that the public can 
be informed (USEPA 2002)[131]. The comparison of site and background concentrations 
informs risk management decisions and aids in understanding the magnitude and spatial patterns 
of chemicals of potential concern (COPC) in site media. 

A risk assessment is conducted to characterize the current and potential threats to human health 
and the environment that may be posed by contaminants present at a site. Soil background 
concentrations are used at two distinct points in the risk assessment process.  

• Soil background concentrations can be used in the risk characterization to select COPC 
and to distinguish between risk contributions from site-related releases and background 
conditions. To select COPC, site soil concentrations can be compared to default or site-
specific background soil concentrations. Many regulatory frameworks allow chemicals 
that do not exceed soil background concentrations to be excluded as COPC because it is 
not reasonable to expect cleanups to achieve concentrations less than soil background. A 
comparison of risk contributions from site and background concentrations may help risk 
managers make decisions concerning appropriate remedial actions, including evaluating 
potential risks that can be reduced or controlled by remedial actions and what risks will 
likely remain due to soil background concentrations. 

• Soil background concentrations can be used to establish remedial goals. When 
background concentrations are greater than risk-based remedial goals, background values 
are often used to establish remedial goals, because it is not reasonable to expect cleanups 
to achieve concentrations less than soil background.  

A more detailed discussion of the use of soil background in risk assessments is found in Section 
4. 

 Limitations 

This guidance document is intended to describe scientifically sound methods for establishing 
technically defensible soil background values and appropriate ways to use soil background in 
risk assessment. It is not intended to provide specific soil background values for chemicals; 
rather, it is intended to describe appropriate methods and approaches to establish soil 
background. The focus of this document is on soils, not sediments. This guidance document is 
intended to inform and support risk-based decision-making and complement existing guidance 
documents. However, the regulatory framework and the policies of the agency with jurisdiction 
over the site should be reviewed to ensure compliance with applicable guidance. 
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Additionally, this guidance is not intended to provide in-depth details regarding sampling and 
laboratory analysis methods, statistics, geochemistry, or forensics. Rather, it is intended to 
provide useful information covering these topics to help understand the value and methods to 
evaluate when establishing soil background and using soil background in risk assessment. 
Similarly, this guidance is not intended to be a comprehensive and detailed textbook on statistics, 
geochemistry, or forensics; rather, it is intended to describe statistical, geochemical, and forensic 
approaches that may be helpful for determining soil background and using soil background in 
risk assessment.  

References appropriate to these topics, including ITRC guidance documents, are cited 
throughout the document.



ITRC–Soil Background and Risk Assessment    January 2022 Final 

 

17 

2 SOIL BACKGROUND DEFINITION 

The soil background definitions provided below were developed for purposes of this guidance 
document only. These soil background definitions are not intended to capture all of the existing 
definitions that regulatory agencies and other entities use. They are intended to provide sufficient 
context to inform and support the reader. 

Soil is fragmented particulate material consisting of discrete rock and mineral particles less than 
2.0 millimeters in size and varying amounts of organic matter (humus) (ITRC 2020)[431]. At 
some locations, the particulate material may have formed in place from the physical and 
chemical erosion of the underlying bedrock, been deposited by geological processes, or be 
associated with material that was transported to the location.  

Soil background includes both natural soil background and anthropogenic ambient soil 
background. These terms, as well as other terms, are described in detail below. Soil background 
concentrations vary depending on many factors, including local geology and physical and 
chemical properties of the soil. The relationship between the soil background concentration to 
the physical and chemical properties of the soil is described in Section 5. There may be 
heterogeneity both laterally and vertically and over small and large areas. The background 
concentrations of a chemical are more accurately described as a range. However, for practical 
purposes, regulatory agencies often use one specific value to represent soil background. It is 
important to consider the many factors that can influence soil background concentrations of a 
chemical and their variability when evaluating whether observed concentrations are a result of a 
release or natural or anthropogenic ambient soil background. 

Soil background can be derived and presented as a range of values or can be expressed as a 
single numerical value. The decision on whether to present background as a concentration range, 
a population, or as a single value is based on the project- or program-specific needs. For 
example, states often use one single value to represent background across an entire state or 
region of a state to determine whether concentrations for a site reflect soil background. In 
contrast, responsible parties often compare (using a statistical test) an entire dataset from a site 
that is being evaluated to an entire dataset of a soil background reference site to determine 
whether site chemical concentrations reflect only soil background or if they also reflect soil 
contamination. Understanding the applicable state regulations, study objectives, and how the soil 
background will be used is critical to determining which approach is most appropriate. 

 Natural Soil Background  

For purposes of this document, natural soil background is defined as the concentration of a 
substance, or family of closely related substances (for example, similar element species or 
similar compounds), present in soil due to geological characteristics, natural processes, or 
releases from nonanthropogenic sources (for example, wildfires, volcanic activity). Natural soil 
background does not include releases from local anthropogenic sources, releases from distant 
anthropogenic sources of persistent chemicals, or other anthropogenic sources of ubiquitous or 
widespread contamination.  
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Natural soil background has been defined in multiple federal and state guidance documents. For 
instance, the USEPA defines natural (soil) background at Comprehensive Environmental 
Response, Compensation, and Liability Act (CERCLA) sites as substances present in the 
environment in forms that have not been influenced by human activity ((USEPA 1989)[130], 
(USEPA 2002)[131]). This definition has been adopted by some states and programs. 

Some states, such as Maine, Vermont, Wisconsin, Washington, Florida, and Texas, have defined 
natural soil background in their guidance documents, and in some cases have placed the 
definitions into rule. Other states, such as Idaho, have definitions for natural (and anthropogenic) 
background that acknowledge the need for representative measurement to determine background. 

 Anthropogenic Ambient Soil Background 

For purposes of this document, anthropogenic ambient soil background is defined as the 
concentration of a substance, or family of closely related substances (for example, similar 
element species or similar chemical compounds), present in soil due to anthropogenic nonpoint 
sources, especially when chemicals have the ability to be transported long distances. 
“Anthropogenic” describes the activity that caused the release while “ambient” describes the 
widespread distribution of the chemical. This is potentially most relevant to some recalcitrant 
organic compounds, such as polycyclic aromatic hydrocarbons (PAHs) and polychlorinated 
dibenzo-p-dioxins and dibenzofurans (PCDD/Fs), which can be present in soil at low 
concentrations because of their persistence, their ubiquity, or their ability to be transported long 
distances. Additionally, this could be relevant to metals with a widespread urban source, such as 
the long-distance transport of mercury. Additional information about these chemicals can be 
found in Section 7. 

What constitutes anthropogenic input and how that is allowed within the context of a project or 
site has been subject to divergent interpretation. Anthropogenic soil background, anthropogenic 
ambient soil background, and ambient soil background as defined in various state and federal 
guidance documents may not be consistent with the definition used in this document. For 
instance, USEPA defines anthropogenic soil background as natural and human-made substances 
present in the environment as a result of human activities, not specifically related to the site 
release in question ((USEPA 1989)[130], (USEPA 2002)[131]), therefore, this definition would 
include nonpoint ambient sources (or sources that come from many diffuse sources). USEPA’s 
definition of anthropogenic soil background includes both natural and anthropogenic soil 
background that is not associated with a release from the site that is being evaluated.    

When establishing anthropogenic ambient soil background as defined in this document, it is 
important to carefully consider the intended purpose and clearly define anthropogenic ambient 
soil background to identify which sources should and should not be included. The definition for 
anthropogenic ambient soil background varies more widely between regulatory agencies and 
other entities than that for natural soil background. In most cases, it is defined as including both 
natural background and diffuse sources of chemicals that can be transported long distances and 
are present in similar concentrations across a large area (for example, dioxins or PAHs). Local 
direct or indirect release sources such as those from a specific facility or stormwater runoff are 
excluded. 
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For example, when investigating lead, the areas near roadways may be excluded since the 
impacts of lead-based gasoline may not be uniform throughout the area. However, when 
investigating lead impacts from an air emission source, it may be necessary to understand 
anthropogenic ambient soil background near roadways to discern the contribution from the air 
emission source compared to lead related to gasoline engine emissions on the roads. 

Some studies and projects may use alternative definitions of anthropogenic ambient soil 
background to fit the goals of the specific project. For example, some historical diffuse releases, 
such as vehicle emissions, might be included in an urban background study if the entire area 
being included has been subjected to this source and it aligns with the goals of the study and 
regulatory authority requirements. Some nonpoint or point sources, such as urban runoff, might 
be included for a site-specific project if the entire area being included has been subjected to this 
source and it aligns with the goals of the project and regulatory authority requirements. It is 
generally not appropriate to include releases from industrial activities or reuse of contaminated 
fill. However, it is noted that some states, such as New Jersey and Massachusetts, recognize 
historic fill as an anthropogenic ambient soil background condition; historic fill as a background 
condition is not addressed in this document. In cases where anthropogenic ambient soil 
background is being characterized for a large area it may not be appropriate to include local 
diffuse releases or nonpoint or point sources that do not impact the entirety of that area. 

 Additional Background Definitions  

In addition to natural and anthropogenic ambient soil background, two other types of background 
definitions are used in this guidance document. Default and site-specific soil background are 
defined below and are discussed in more detail in subsequent sections (Section 3).  

 Default soil background  

Default soil background is generally established by regulatory agencies for a larger area (for 
example, a state, a region, or a unique geological area) that generally shares similar physical, 
chemical, geological, and biological characteristics. Because default soil background is intended 
to be used to evaluate a large number of sites, it is generally established to be conservative. 
Default soil background can be established for both natural and anthropogenic ambient soil 
background concentrations. 

Regulatory agencies use default soil background as a screening tool to determine whether 
contaminant concentrations at an individual site are within the background concentrations of the 
larger area. A single value (also known as a background threshold value (BTV)) is most often 
used to represent soil background since this is easier to use in screening. Many states have 
default soil background values relevant to the entire state or different regions of the state that are 
used to compare to cleanup site concentrations to determine whether site contaminant 
concentrations are considered background (site contaminant concentrations are less than the 
BTV used as the default soil background). For the purpose of this document, default soil 
background will be referred to as a single value, which is consistent with findings from the state 
survey and investigation of regulatory guidance conducted to produce this document (Section 12 
and Section 13).   
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Default soil background may be established using a dataset from either: 

• an existing soil background study that was conducted for another purpose if it has been
evaluated to ensure that it is appropriate to use or

• a soil background study conducted specifically to establish the default soil background.

Site-specific soil background 

Site-specific soil background is generally established by a responsible party for an area of limited 
geographic scope that represents one specific site (for example, an incinerator cleanup site, a 
railroad yard cleanup site). This is generally a more accurate way to evaluate whether site 
chemical concentrations are representative of background since it uses information relevant to a 
specific site in a limited geographical area. Site-specific soil background can be established for 
both natural and anthropogenic ambient soil background. 

If the soil chemical concentrations at a site exceed default soil background values or there is 
reason to believe that default soil background is not applicable to the site, most regulatory 
agencies allow responsible parties to complete a more refined evaluation by establishing site-
specific background. An area that has similar physical, chemical, geological, and biological 
characteristics as the cleanup site being evaluated, but has not been subjected to the same 
chemical releases as the cleanup site, is used to represent site-specific background. The physical, 
chemical, geological, and biological characteristics of the site being evaluated and of the 
background reference area used to establish site-specific background are generally more 
comprehensively characterized when establishing site-specific background.  

Site-specific soil background may be established using a dataset from either: 

• an existing soil background study that was conducted for another purpose if it has been
evaluated to ensure that it is appropriate to use

• a site-specific soil background study conducted specifically to establish soil background for
the site being evaluated

The site-specific soil background dataset can be used to: 

• establish a site-specific soil background value (for example, a BTV)

• compare the site-specific soil background dataset to the site dataset

Establishing a site-specific soil BTV and comparing it to site contaminant concentrations 
provides an upper-end estimate of the site concentrations compared to soil background 
concentrations. Comparing a site-specific background dataset to a site dataset provides an 
estimate of whether the site concentrations are similar to soil background concentrations or if 
they exhibit a positive bias that can be attributed to contamination of the site soil.  
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Soil background reference area 

Soil background reference areas are the areas identified as appropriate for collection of samples 
used to ultimately determine a soil background concentration or range and are also used in 
ecological risk assessment as described below. Thus, a soil background reference area may serve 
multiple purposes.  

Background reference areas used in ecological risk assessment should be chosen to closely 
represent natural and geochemical conditions for the site that is being evaluated for potential 
ecological risks. USEPA states that a soil background reference area for ecological risk 
assessments is intended to “mirror the physical, climatic, chemical, and biological aspects of the 
Superfund site” (USEPA 1994)[132]. A well-developed conceptual site model helps to inform 
the appropriate selection of ecological background reference areas. When conducting an 
ecological risk assessment, ecological background reference areas may be used in two ways: 

• To evaluate impacts on community composition: Biological surveys of flora and fauna
present at the background reference area are conducted and compared to ecological
receptors present at the site being evaluated. This approach may be used to determine
whether the presence of the contaminant has impacted a specific species, or to compare the
composition of the community on the sites. For this type of comparison, similarity of the
habitat and community composition is generally the most important selection characteristic.

• For selection of COPC. Soil samples from the ecological background reference area can be
analyzed to determine background soil concentrations, which may be used to identify COPC
needing further evaluation. It is assumed that wildlife, which has evolved in the presence of
naturally occurring background, is not impacted by these background concentrations. For
this type of comparison, comparable soil characteristics and geologic formation are
generally the most important selection characteristics.

Background reference areas used in developing soil background concentrations are chosen to 
closely represent background conditions for the site being evaluated for potential human health 
and ecological risks. In some cases, the background reference area is located off site as close to 
the site as possible, but at larger investigative sites it could also be an area of the site that has not 
been subjected to site releases. Regulatory agencies have different requirements for identifying 
soil background reference areas.
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3 ESTABLISHING SOIL BACKGROUND  

 Introduction 

This section includes information on establishing both default soil background and site-specific 
soil background. Default background studies are typically conducted by regulatory agencies or 
owners of multiple project sites to address the need for understanding background across a broad 
area. In contrast, site-specific background is collected specific to a particular cleanup site. When 
background concentrations are greater than risk-based concentrations, a comparison of site and 
background concentrations may be used to make decisions concerning appropriate remedial 
actions, including evaluating potential risks that can be reduced or controlled by remedial actions 
and what risks will likely remain due to soil background concentrations.  

Section 9, Section 10 and Section 11 provide descriptions of sampling, laboratory analytical 
methods and statistical methods that are relevant to establishing soil background. Please 
reference Framework 1 and Framework 2, which are provided to depict the process generally 
used to establish default soil background and site-specific soil background, respectively. Other 
items important when establishing soil background and using it in risk assessment are a 
conceptual site model (CSM) and data quality objectives (DQOs) (Section 8). This section is 
intended to highlight key considerations specific to establishing default soil background and site-
specific background, and references details in these other sections when appropriate. 

 Default soil background 

Default soil background is generally established by regulatory agencies for a larger area (for 
example, state, urban region, or unique geologic zone) that shares similar physical, chemical, 
geological, and biological characteristics. Regulatory agencies use default soil background as a 
screening tool to determine whether contaminant concentrations at an individual site are 
generally within the background concentrations of the larger area. A single value (BTV) is often 
used to represent soil background since this is a simple way to screen sites, although soil 
background is more properly described by a range of values.  

Many states have default soil background values relevant to the entire state or different regions 
of the state that can be compared to cleanup site concentrations to determine whether site 
contaminant concentrations are consistent with background conditions. Most regulatory agencies 
do not require remedial action for contaminants consistent with appropriate background 
concentrations (that is, site concentrations are at or below background concentrations). For this 
document, default soil background will be described as a single value, which is consistent with 
findings from our state survey and investigation of regulatory guidance (Section 12 and Section 
13). Since default soil background values will be used to evaluate a wide range of sites, it is 
typically established using conservative assumptions or statistical parameters. Default soil 
background can be established for both natural and anthropogenic ambient soil background 
concentrations. 

Conducting a default soil background study to derive default background values tailored to the 
information needs is optimal, but not always feasible since this requires significant time and 
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resources. It may be appropriate to use an existing soil background study to establish default soil 
background if the existing study design and data objectives meet the informational needs of the 
background study. As reflected in the States Survey (Section 12 and Section 13), not every 
jurisdiction allows use of anthropogenic background to evaluate site conditions. Please reference 
Framework 1, which depicts the process generally used to establish default soil background. 

 Site-specific soil background  

Site-specific soil background is generally established for an area of limited geographic scope that 
represents one specific project site (for example, an incinerator cleanup site, a railroad yard 
cleanup site). This is generally a more accurate way to evaluate whether site chemical 
concentrations are representative of background since it uses information relevant to a specific 
site in a limited geographical area. In many cases, site-specific soil background can be 
established for both natural and anthropogenic ambient soil background concentrations. As 
reflected in the States Survey (Section 12 and Section 13), not every jurisdiction allows use of 
anthropogenic background to evaluate site conditions. Please reference Framework 2, which 
depicts the process generally used to establish default soil background. 
If the soil chemical concentrations at a site exceed default soil background values, most 
regulatory agencies allow responsible parties to complete a more refined evaluation to establish 
site-specific background. An area that has similar physical, chemical, geological, and biological 
characteristics as the cleanup site being evaluated, but has not been subjected to the same 
chemical releases as the cleanup site is used to represent site-specific background. The physical, 
chemical, geological, and biological characteristics of the site being evaluated and the soil 
background reference area used to establish site-specific background are generally more 
comprehensively characterized when establishing site-specific background.  
Site-specific soil background may be established using a dataset from either: 

• an existing soil background study that was conducted for another purpose if it has been 
evaluated to ensure it is appropriate to use 

• a site-specific soil background study conducted specifically to establish the soil background 
for the site being evaluated 

Once identified, a site-specific soil background dataset can be used in several ways, including to: 

• establish a site-specific soil background threshold value (BTV) 

• compare a site-specific soil background dataset to a site investigation dataset 

The appropriate study design will depend on project goals and regulatory agency requirements. 
When conducting a site-specific background evaluation, it is common to both establish a BTV 
and compare the central tendencies of the background and site datasets. Establishing a site-
specific soil BTV and comparing it to site contaminant concentrations can determine if the 
maximum site concentrations are within the range of soil background concentrations and can 
help identify potential localized contamination (hot spots) for further investigation. In contrast, 
comparing the central tendencies of a site-specific dataset to a site background dataset can 
determine if there may be slight but pervasive contamination. The two procedures are therefore 
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complementary, as they test for the presence of different types of contamination, and they can be 
performed together. If a given chemical in a site dataset fails either test, then it can be examined 
further using geochemical evaluation or environmental forensics to confirm or rule out the actual 
presence of site-related contamination.  
Conducting a site-specific soil background study to derive background values designed to 
achieve project goals is optimal, but not always feasible since this requires substantial time and 
resources and can have significant administrative hurdles (for example, site access). An 
alternative is to use an existing soil background study to establish default soil background if the 
existing study design and data objectives also meet project needs (Section 3.6).  

 Conducting a Soil Background Study 

Conducting a background study for the purpose of establishing default or site-specific soil 
background is preferred to the use of an existing study since it allows the study to be designed to 
achieve project goals. It is important to perform adequate planning to ensure the collected data 
will address project goals and regulatory requirements. The following items, which are discussed 
more fully in this section, should be considered when designing a soil background study intended 
to determine default or site-specific soil background: 

• What type of soil background is being obtained, natural and/or anthropogenic ambient? 

• What are the definitions of natural and/or anthropogenic ambient soil background? These 
will impact what types of areas are included and excluded from sampling. 

• Does the soil background reference area have sufficiently similar physical, chemical, 
geological, and biological characteristics to the cleanup site(s)? 

• How is the obtained data intended to be used? Will it be compared to a large number of 
cleanup sites throughout a state or a more limited area such as a region, city, or county? 

• Are sampling design and collection methods comparable? When possible, use the same 
methods to obtain the data for the cleanup sites that were used for the default soil 
background samples. 

• Are laboratory sample preparation and analytical methods comparable? When possible, the 
same laboratory sample preparation and analytical methods should be used so the 
concentrations may be compared to one another. This may not always be possible due to 
logistic or contract laboratory constraints. If different methods are used, differences in 
results from those methods need to be considered before deciding whether it is appropriate 
to use the data.  

 Natural background 

When establishing natural soil background, it is important to carefully consider (1) the intended 
purpose, (2) the applicable definition of natural background, and (3) which sources will and 
won’t be included. Natural background soil concentrations can differ depending on soil type and 
geologic location and origin ((Chen, Hoogeweg, and Harris 2001)[173], (De Oliveira et al. 
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2014)[233]). In most cases, samples to establish natural background will be obtained only from 
areas that have not been influenced by discrete/point source releases (for example, hazardous 
waste or petroleum releases) or diffuse/nonpoint sources (for example, smelter or lead gasoline 
emissions). Although there may be some cases where a regulatory agency’s definition of natural 
background may differ slightly from this, for purposes of this document we will use this 
definition, which is consistent with the definition in Section 2. 
There may also be cases where a regulatory agency will allow samples from areas that are not 
natural background to be included with natural background since they are not from the site under 
evaluation. In this specific case the definition of background is changed to encompass a release 
not associated with the site being evaluated plus background. This is also the definition used by 
the USEPA Superfund program. For the purposes of this document, that would not be considered 
natural background or anthropogenic ambient soil background, rather it would be considered 
natural background plus anthropogenic ambient soil background, including point and nonpoint 
sources not released by the site being evaluated. Samples in proximity to these sources, such as 
another cleanup site release; stormwater runoff; lead from lead-based gasoline, smelters, or lead-
based paint; or other direct or indirect local releases may be included as background samples if 
allowed by the regulatory agency with authority over the site but clearly should not be used for 
sites that are not impacted by them. A geochemical evaluation (Section 5) can assist in 
distinguishing between natural variability and low-level anthropogenic sources in a background 
dataset. 
To ensure that a study appropriately represents the natural background of a selected area 
(regardless of size), ensure that selected sample locations are unlikely to have been impacted by 
human activities (Section 9.1). Soil background reference areas typically avoided include 
roadways, developed areas, industrial areas, and identified local anthropogenic releases. In some 
cases, it may be difficult to exclude all anthropogenic sources within the soil background 
reference area of interest. These sources may not be obvious when identifying sampling locations 
but become obvious when the data are analyzed. The normal heterogeneous nature of soil creates 
natural variability that may mask anthropogenic sources. The more specific and thorough the 
sampling criteria are developed to exclude anthropogenic inputs, the stronger the background 
dataset will be. 
It is useful to establish minimum distances between sample sites and anthropogenic sources 
when developing the sampling plan. For example, in the U.S. Geological Survey (USGS) 
continental U.S. soil background study, the following distances from anthropogenic sources were 
used (Smith et al. 2013)[40]: 

• more than 200 m (656 ft) from a major highway 

• more than 50 m (164 ft) from a rural road 

• more than 100 m (328 ft) from a building or structure 

• more than 5 km (3.1 mi) downwind of active major industrial activities (for example, power 
plants or smelters) 

Another USGS study to determine natural default soil background trace element concentrations 
in Wisconsin used the following criteria (Stensvold 2012)[482]: 
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• must be in a forested lot, permanent pasture, or otherwise undisturbed area at least 6 m (20 
ft) away from a fence line.  

• must not be within 1.6 km (1 mi) of any other study sample site.  

• must not be within 8 km (5 mi) of any other sample from the same soil group.  

• must not be within 30.5 m (100 ft) of existing known historical construction site or disturbed 
area (such as roads, dumps, pits, pipelines, or homesites).  

• must not be within 91.4 m (300 ft) of a potential source of contamination (for example, past 
or present orchard or vegetable-growing area; cattle-dipping site; wood preservation 
activities; grasshopper bait; land that has had poultry or swine manure, sewage waste, or 
paper mill sludge applied to it; areas with known releases listed by the Wisconsin 
Department of Natural Resources Bureau for Remediation and Redevelopment Tracking 
System).  

 Anthropogenic ambient soil background 

When establishing anthropogenic ambient soil background, it is important to carefully consider 
the intended purpose and clearly define anthropogenic ambient soil background to identify which 
sources should and should not be included. For purposes of this document, anthropogenic 
ambient soil background is defined in Section 2.2; however, the definition for anthropogenic 
ambient soil background varies more widely among regulatory agencies and other entities than 
that for natural soil background. In most cases, it is defined as including both natural background 
and diffuse sources of chemicals that can be transported long distances and are present in similar 
concentrations across a large area (for example, dioxins or PAHs). Local direct or indirect 
release sources such as those from a specific facility or a stormwater outfall are excluded, which 
is consistent with anthropogenic ambient soil background as defined in Section 2. 

For example, when investigating lead, the areas near roadways may be excluded since the 
impacts of lead-based gasoline may not be uniform throughout the area. However, when 
investigating lead impacts from an air emission source, it may be necessary to understand 
anthropogenic background near roadways to discern the contribution from the air emission 
source compared to lead related to emissions on the roads. 
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Anthropogenic ambient soil background may also not include emissions from a current local 
source, such as a smelter or a refinery or areas near a stormwater conveyance. Historic sources 
may also need to be considered. In urban areas where industrial activity has taken place 
throughout the region with facilities coming and going over decades, exclusion of all local 
sources may be more difficult. Scenarios where other sources might be included in 
anthropogenic ambient soil background are discussed further herein. 

It may not be the intent of the default background study to avoid all anthropogenic sources, but 
rather to obtain samples that reasonably represent conditions in an area or region. The objective 
might be to include all sources that have been released to the same area or region even if they 
would not be considered diffuse sources from long range transport. Areas where fill has been 
placed are generally not sampled to determine soil background. Historic records can guide site 
selection to avoid fill material and soil borings can be collected to confirm the presence of soil 
horizons that match those mapped in the United States Department of Agriculture (USDA) 
Natural Resources Conservation Service (NRCS) soil surveys. If an entire area has been filled or 
the landscape reshaped prior to development, it may be necessary to analyze soil boring samples 
collected to below the fill/disturbed layer to establish whether the fill material was contaminated. 

USEPA Region 4 and Southeastern States Urban Background Study Example 

USEPA Region 4 and southeastern states conducted a collaborative urban background soil study 
to document background concentrations of surface soils in an urban setting. As seen in the table 
below, the average lead concentrations in surface soils in the cities sampled varies from as low as 
14 mg/kg to 213 mg/kg. Each city’s mean lead concentration is below USEPA’s current 
residential screening level (400 mg/kg). The variability of lead concentrations in the cities 
sampled represents the varying concentrations of lead that can be present in an urban setting. 
These data can aid in understanding when there may be contaminant releases versus 
anthropogenic ambient background. More information on the urban background study can be 
found at https://www.epa.gov/risk/regional-urban-background-study. 

City # 
Samples 

Minimum 
(mg/kg) 

Maximum 
(mg/kg) 

Mean 
(mg/kg) 

SD 
(mg/kg) 

Chattanooga, TN 50 14 580 94.8 119.4 

Columbia, SC 50 1.7 200 39.9 37.9 

Gainesville, FL 50 2 110 14.5 18.2 

Lexington, LY 50 18 420 84.3 89.3 

Louisville, KY 50 25 1100 163.7 190.5 

Memphis, TN 50 13 1000 122.5 199.7 

Raleigh, NC 50 7.2 180 32.9 36.4 

Winston-Salem, NC 50 20 1400 213.8 241.2 

 

 

https://www.epa.gov/risk/regional-urban-background-study
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 Choosing an Area for a Soil Background Study 

The primary objective of selecting an area for soil background study is to find a background 
location that is free of chemical impacts from the site under investigation and has similar 
characteristics to the study area.   

• A background reference area should be in the vicinity of the cleanup sites being evaluated 
but should exclude any cleanup sites and local releases.  

• If there are regional anthropogenic ambient soil background sources, then they should affect 
the site and background reference areas similarly.   

• Contaminant fate and transport pathways should be similar (for example, potential for 
runoff). 

PAH anthropogenic ambient background 
Several state agencies have recognized the ubiquitous presence of PAHs from atmospheric 
deposition in various guidance documents and provided methodologies for sampling, analysis, and 
evaluation ((Cal DTSC 2009)[201], (MADEP 2002)[337]). Recently, a PAH study was performed 
in Milwaukee, Wisconsin, in collaboration with the Wisconsin Department of Natural Resources 
(Siemering and Thiboldeaux 2021)[212], where samples were collected and analyzed from park 
areas demonstrated to be undisturbed and undeveloped for more than 80 years that had no 
evidence of fill material (confirmed by soil borings) and met the following criteria: 

• 6 m (20 ft) from roadways and any parking lots, 
• 6 m from other asphalt surfaces (bike/walk paths potentially coal tar sealant–coated),  
• >1.5 m (5 ft) from any concrete sidewalks or any other structures,  
• exclude athletic fields (if necessary, only along edges thereof), areas that suggest overland 

soil runoff/deposition from rainwater, and areas where street-cleared snow is piled. 

At the remaining areas sampled, atmospheric deposition was considered the only potential source 
of PAHs, supported by the finding that maximum and median concentrations were vastly higher at 
the surface (0 to 7 cm) than at depth (15 to 30 cm), dropping to below detection limits for most 
PAHs. PAH concentrations showed no spatial gradients, and statistical analysis indicated the 3-6 
ring PAHs were from the same diffuse local sources with the 2-ring compounds being transported 
in from outside the region.  

The contaminants present in anthropogenic soil background samples can be the result of aerial 
deposition from diffuse sources (for example, PAHs, dioxins, furans), including smelters, power 
plants, past home heating with coal, home heating oil, backyard burn barrels, etc., as well as 
natural sources such as grass or forest fires. In cases such as this, comparisons of specific 
chemical/congener ratios and principal component analysis can be used as signatures to identify 
contaminant sources (Siemering and Thiboldeaux 2021)[212] and allow for comparisons to the 
same ratios in site-specific data. There are also source-specific differences between urban and 
rural anthropogenic activities. Soils found in densely populated urban areas with long histories of 
industrial activity will have very different PAH and dioxin mixtures (regardless of concentration) 
than those found in less populated rural areas. 
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• Vegetation type should be similar (for example, forested vs. scrub-shrub).  

Regardless of proximity, the background reference area and cleanup site should share as many 
physical, chemical, geological, and biological characteristics as possible. Site similarities are 
crucial to ensuring that the soil background established is relevant and conservative enough to be 
used to screen the cleanup sites that will be evaluated against it. Details regarding geologic and 
hydrologic conditions are presented herein. Section 9.1 provides a more detailed discussion of 
factors to consider when selecting a background reference area. 

 Geologic and geochemical considerations 

When conducting background studies, it is important to ascertain that soil samples of similar 
characteristics and origin are being compared. 

Geologic variability in soil parent materials plays a crucial role in the elemental composition of 
the soils in a soil background reference area (further discussed in Section 5). The larger a soil 
background reference area becomes, the more likely that soil types of varying chemical 
concentration will be encountered. Parameters that are indicative of soil geochemical 
composition include: 

• lithology 

• mineralogy 

• soil type 

• soil salinity 

• cation exchange capacity (CEC) 

• percent organic carbon 

• soil density 

• soil porosity  

• soil pH and redox potential 

Published soil and geologic surveys can typically provide sufficient information on site 
attributes. Test soil borings can be used to confirm sampling site uniformity of soil on site with 
the soil background reference area soils. Boring materials may also be tested to confirm soil 
geochemical attributes. Collection of this information during soil background sampling can aid 
in further analysis, such as identifying causes for minor differences between a site-specific 
background site and the study site, or further differentiating background from sites sampled to 
determine regional default background. Soil background samples should be collected from a 
designated soil background reference area that reflects the scope for the study. For example, if 
establishing default soil background for the state of Florida, obtain samples throughout Florida or 
a representative portion of the state to establish default soil background value. Site 
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concentrations from samples in Florida can be compared to this default soil background value for 
Florida, particularly if they share the same geology.  

If establishing soil background for areas with significantly different geological regions, consider 
whether it is necessary to establish different default soil background values for each distinct 
geological region or if regional data will be applied to the entire state. In the 2012 Wisconsin 
USGS (Stensvold 2012)[482] study, the highest measured default background value for each of 
the 16 elements investigated was applied to the entire state to simplify regulatory application. 
Southwest Wisconsin is part of a historic lead and zinc mining district with higher Pb and Zn 
background values than the rest of the state (52 mg/kg Pb versus 20–30 mg/kg Pb) but creating a 
separate standard for this region and clearly delineating soils impacted by the ore body was 
determined to be unfeasible. 

Geochemical evaluations employ field observations and analytical data, such as total metals 
concentrations in discrete soil samples. For example, high metal concentrations may be 
associated with a specific geologic area (for example, mineralized area) and much lower 
concentrations are associated with another geologic area. So, in addition to the geological areas 
being different, the measured concentrations in each area represent unique background 
concentrations. It is also possible that distinct geologic areas are sufficiently similar chemically. 
In this scenario, they may not present a unique chemical profile for most metals and may be 
considered in aggregate for developing background datasets. Geochemistry is discussed further 
in Section 5.  

 Hydrogeologic conditions 

Saturated soils can affect the concentration of chemicals in soil when chemicals are soluble as 
well as create greater distinctions between dry weight and wet weight measurements. It is 
important to understand if saturated soils are present in the soil background reference area (for 
example, wetlands, creeks, very shallow groundwater) and to avoid these features if the goal of 
sampling is soil background concentrations. Sampling areas with these features to understand 
soil background specific to these conditions would be more appropriately a site-specific dataset 
(Section 3.8). Conditions such as a wetland or a creek should be mapped and called out in the 
sampling plan. Other conditions to monitor include precipitation and evapotranspiration. 

 Sampling 

Before planning to sample, it is important to develop the context in which a dataset will be used. 
Default soil background data will generally be used to screen a large number of sites and will be 
broadly applied. It is designed to be more conservative than site-specific background data to 
ensure sites that are not truly background are not screened out. Also consider whether default soil 
background may be applicable to a rural, suburban, and/or urban area. What caveats should be 
established to guide future use of the default data, such as applicable geologies? 

For example, Ohio’s Environmental Protection Agency is developing background soil 
concentrations by county with the intention of using the background values in site assessments in 
those counties. Individual reports are published for each county that describe the process of 
collecting, analyzing, and publishing background values. 

https://epa.ohio.gov/portals/30/vap/docs/Evaluation%20of%20Background%20Metal%20Soil%20Concentrations.pdf


ITRC–Soil Background and Risk Assessment    January 2022 Final 

 

31 

When choosing the most appropriate site-specific sampling design be sure to consider the project 
DQOs and how the soil background dataset will be used and what comparisons may be made. It 
is also important to ensure a sampling method is used that is comparable to the sampling method 
used for area default soil background determination. In a perfect scenario the same sampling 
method would be used for the default soil background study and the sites that are being screened 
using it. This is not always possible since sampling design and methods may differ from site to 
site for different reasons. A detailed discussion regarding sampling activities is included in 
Section 9. Key factors in sampling include sampling design (for example, randomized, stratified 
randomized), numbers of samples, sample type (for example, discrete, composite, or incremental 
sampling methodology), and sample depth (for example, surface or deeper horizons).  

The selection of sampling design is dependent on the goals of the study. If different geologies 
will be evaluated independently then a stratified random sampling approach is more appropriate. 
If all samples will be used collectively to develop a single background sample location, then a 
simple random sampling approach may be more appropriate. Pros and cons for different sample 
types are described in Section 9.4.  

Sampling depth between site-specific and default soil background datasets should also be 
comparable. In some cases, there may be areas where this is not possible due to underlying rock, 
but the goal should be to be as consistent as possible. As an example, the USGS dataset (Smith et 
al. 2013)[40] included surface samples (0 to 5 cm), and two soil horizons: uppermost mineral 
zone and partially weathered parent material. 

 Laboratory Analysis 

It is important to ensure usage of analytical methods that give substantively similar results across 
default background, site-specific background, and site investigation studies. Cleanup sites 
typically use USEPA’s analytical methods, which should also be used for soil background 
studies. Note that some entities use analytical methods that differ from those validated by the 
USEPA (see Sections 10.4 and Section 14.1). Analytical methods are discussed further in 
Section 10. 

 Using an Existing Soil Background Study 

If it is not feasible to conduct a site-specific soil background study, it may be appropriate to use 
data from a previously conducted soil background study to establish default soil background for 
a larger area (for example, a state, region, or unique geological area). Section 13 contains a list of 
some previously conducted studies that might be appropriate to use. This list is not intended to 
be exhaustive and there are other studies that can be used. Use of an existing study will reduce 
investigation costs and time. However, using an existing study that is not appropriate may lead to 
inappropriate site decisions as well as additional delays or cost if it is decided later that a soil 
background study specific to the needs is necessary. Thus, an existing study must be critically 
evaluated to ensure it is appropriate to use.  

Site attributes and sampling methods may not completely agree between the default background 
dataset and the cleanup sites being evaluated. Even so, these studies are not necessarily 
inappropriate for determining background values, as long as the sampling design and methods 
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are adequately explained and comparable. The implications of differing sample design or 
methods should be well documented, along with any uncertainties in the comparison with 
background and investigative site values. 

It is important to ensure the study uses adequate documentation, including: 

• sampling design and methods (for example, anthropogenic versus natural background, 
sample depths) 

• site topography and soil sample locations 

• soil boring logs, including composition, stratigraphy, and depth to water (vadose zone 
thickness) 

• quality assurance and quality control (QA/QC) sampling ((IDEQ 2018)[475]) 

The specific considerations for using a default background dataset are similar to the 
considerations for developing a default background dataset discussed in Section 11.1.1. These 
considerations are identified in this section, but precautions addressed in Section 11.1.1 should 
be reviewed as well.   

• Purpose of existing study 

o What was the purpose of the existing study and how were the data intended to be 
used?  

o Does the intended purpose match the purpose of establishing default soil 
background?  

o Does the study include areas and types of samples that would be included if a 
site-specific background study were to be conducted?  

o Is the area included in the study representative of the cleanup sites that will be 
using the data for screening? 

o How old is the study? Are the data and results still relevant and representative? 

• Type of soil background 

o Was the goal to sample natural background or anthropogenic ambient soil 
background? 

 Natural background—Were samples collected outside areas influenced 
by diffuse anthropogenic sources and point or direct sources? 

 Anthropogenic ambient soil background—Were samples collected in 
areas affected by diffuse anthropogenic sources but at sufficient distance 
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from direct and indirect releases if these are not included per the 
regulatory agency (for example, outfalls, roadways, industrial activities)? 

• Geologic and geochemical considerations 

o What geologic areas are represented by the soil background study?  

o Are the existing study and the cleanup sites sufficiently similar in physical, 
chemical, geological, and biological characteristics?  

• Hydrogeologic conditions 

o Does the existing study contain samples in sediments or wetlands, or other areas 
influenced by water?   

o Is this different from the cleanup sites that will be screened?  

• Sampling 

o Are the sampling methods used in the existing study sufficiently similar to those 
used at the cleanup sites that will be screened?  

o Are the sample depths used in the existing study similar to those that will be used 
at the cleanup sites that will be screened?  

• Analytical methods 

o Are the extraction/digestion methods and analytical methods used for the 
existing study similar to the cleanup sites that will be screened?  

o Are the particle sizes analyzed in the existing study the same as those that will be 
analyzed in the cleanup sites to be screened?  

o Are the measurements (wet weight or dry weight) used in the existing study the 
same as those that will be used at the cleanup sites to be screened? 

 Background Dataset Analysis 

Once a suitable background dataset has been collected or identified careful data analysis must 
also take place. Of primary importance are data distribution, how outliers are handled, and 
statistical software selection. These topics and other data analysis topics are covered in depth in 
Section 11.  

Data distribution is a descriptive statistic, often represented by a graphed curve, which describes 
all the values within a dataset and the frequency at which those values occur. Not all data are 
distributed in the same manner, and categories have been developed to describe common data 
distributions. The most recognized distribution is the normal distribution (Section 11.1, Table 
11-1). Statistical tests often have underlying assumptions regarding sampling distribution. 
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An outlier or an outlying observation refers to an extreme observation in either direction that 
appears to deviate markedly in value from other measurements of the dataset in which it appears. 
In practice, only outliers that are demonstrably erroneous or belonging to populations not 
representative of background conditions should be excluded from the background dataset. In 
background investigations, typical sources of error that can result in outliers include: (a) 
transcription error, (b) sampling error, (c) laboratory error, and (d) sampling of media not 
representative of background conditions as determined by forensic and geochemical analyses. 
Outliers are discussed in depth in Section 11.5. 

Selecting the statistical software package that will be used to analyze the background value 
dataset will significantly impact the background value determination process. There are many 
readily available software packages that can be useful for background data analysis (see Section 
11.9, Table 11-6). While most of the statistical analysis programs listed will have the capability 
to conduct a majority of the analytical methods required for background statistical analysis, not 
all programs will be able to easily conduct all methods. 

 Establishing Default or Site-Specific Soil Background  

Default or site-specific BTV can be an upper bound comparison value generated from the soil 
background dataset. To calculate a BTV for soil, it is important to review the dataset and 
understand the distribution of the data (Section 11.2), determine how nondetect values will be 
handled (Section 11.3) , present the data graphically (Section 11.4), and identify and remove 
extreme, isolated outlier value(s) (Section 11.5). 
Once the background dataset is established, several statistical values are available for use as the 
BTV for site data comparison. These statistical values are upper bound estimates of the 
background dataset (definitions from (USEPA 2015)[197]): 

• upper percentiles—value below which a specific percentage of the population occurs (for 
example, 95th percentile). 

• upper prediction limits (UPL)—the predicted upper bound value for a single comparison 
value. 

• upper tolerance limit (UTL)—an upper confidence limit on a percentile of the population. 
For example, a 95-95 UTL is the value below which 95% of the population will fall with 
95% confidence. 

• upper simultaneous limit (USL)—the upper boundary of the largest value in a background 
dataset. 

• maximum detected value—may result in false positives (for example, the sample set may 
not be large enough to have fully measured the higher end values), particularly in a small 
sample set.   

Less frequently, the single statistical value provided for a background dataset is an upper 
confidence limit (UCL). A UCL represents an upper bound estimate of the mean and, if used, 
should be compared to a mean value for the site dataset; this is useful information to determine 
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whether there is pervasive, low-level contamination of the site soil. It is not appropriate to use 
the UCL of the mean for a background dataset in point-to-point comparisons with site data, since 
the UCL of the mean does not represent an upper bound of the soil background concentration 
(BTV). 
It is important to understand the basis for any published background values when making a 
comparison to site data. Section 11 provides a more detailed discussion of the pros and cons of 
selecting one of these values as the background value. As also discussed in Section 11, there are 
several statistical software packages used to evaluate reference datasets and calculate BTVs, 
including USEPA’s ProUCL software. USEPA’s ProUCL software is most often used by the 
regulatory community because it is well documented, relatively easy to use, and specific to the 
types of statistics that are relevant to the environmental field.   
A single sample or a few samples above these upper bound values may not indicate a potential 
impact to soil above background. As one increases the number of comparisons between site data 
and the background dataset, the possibility of a true background value in the site dataset 
exceeding the single background statistic (false positive error) increases.  

 Using a site-specific background dataset 

Comparisons of a site-specific background dataset and a contaminated site dataset also can be 
made using both datasets rather than (or in addition to) comparison of upper end concentrations 
to a BTV. These comparisons can be made using statistical methods described in Section 11, 
such as Student’s t-test for normal datasets or Wilcoxon rank sum (WRS) test (also referred to as 
the “Wilcoxon-Mann-Whitney test” or “Mann Whitney U test”) for datasets that are not 
normally distributed. These methods are based on comparisons of the central tendencies of these 
datasets rather than just the upper end of the distribution. The central tendency comparisons are 
more reflective of the potential for exposure, which is based on an upper estimate of the mean of 
a dataset. If the statistical tests indicate that the datasets are different, that suggests that exposure 
to typical concentrations in one dataset is different from exposure to typical concentrations in the 
other dataset. Use of both BTV comparison and a dataset comparison provides a more complete 
analysis of the site and background datasets. As noted previously (Section 3.1.2), the two 
procedures are complementary, because they test for the presence of different types of 
contamination. If a given chemical in a site dataset fails either test, then it can be examined 
further using geochemical evaluation or environmental forensics to confirm or rule out the actual 
presence of site-related contamination.  

 Advanced methods 

If it is found that the methods discussed above cannot be used to establish site-specific 
background, there are several advanced statistical methods that may be used to extract a soil 
background set from a site dataset. A more significant degree of professional judgment is 
necessary when using these methods, which may lead to significant uncertainty. If it is decided 
to use one of these methods, it is essential that an expert statistician be included on the project 
team and understand the underlying uncertainties. These methods are not intended to be used by 
a risk assessor or risk manager without the assistance of a statistician. Use of one of these 
methods also requires a larger dataset than the statistical methods described previously in this 
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document. Some advanced statistical methods (discussed in Section 11) that can be useful in 
some situations include: 

• iterative graphical approach (Section 3.9) 

• multivariate methods 

o principal component analysis 

o discriminant analyses 

o polytopic vector analysis 

o soft independent modeling of class analogy 

 Extracting Site-Specific Background Dataset from an On-site Dataset 

The site-specific background dataset extraction approach described in this section briefly addresses 
technical issues for environmental scientists and managers faced with how to determine site-
specific background level analyte concentrations. The site-specific background dataset extraction 
approach represents an iterative graphical approach to build consensus when site background 
cannot be determined following standard methodologies and policies described in guidance 
documents developed by the USEPA and state agencies. The background extraction approach 
tends to yield a defensible background dataset of reasonable size (often much larger than the one 
that is collected by traditional sampling of off-site background reference areas) with geological 
and anthropogenic (when present) influences comparable to those of the site under study. Several 
new terms and phrases have been used in this section, which are described in Appendix E. This 
section describes the reality that “background” is often a negotiated estimate rather than a strict 
statistical or scientific one. Just as the conceptual site model is “evergreen,” the understanding of 
background may evolve during the entire course of an environmental project and should be 
revisited accordingly. 

The USEPA’s Office of Solid Waste and Emergency Response (OSWER) has developed several 
guidance documents (for example, (USEPA 1989)[130], (USEPA 1992)[249], (USEPA 
1992)[250], (USEPA 2002)[131], (USEPA 2002)[154] and (USEPA 1995)[220]) covering how a 
traditional background dataset is to be sampled/collected, how the data are analyzed, and when 
background data are necessary to perform site and background evaluations. This section is not 
intended to address federal and/or state agencies’ policy-related decisions on when to collect 
background samples or how to use background data to achieve cleanup levels/achieve applicable 
or relevant and appropriate requirements (ARARs). It is emphasized that the background 
extraction approach should be used only when methods following USEPA policies have failed 
and/or it is not possible to collect a sufficient amount of traditional background data from 
unimpacted off-site locations. Additional useful information about background evaluations in soils 
and extraction of site-specific background can also be found in (USDON 2002)[36] and the ASTM 
E3242-20 (ASTM 2020)[146] document. 
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 Need for background data 

Site managers and risk assessors need to determine whether an analyte at the site is present due to 
1) site-related chemical releases; 2) non-site-related anthropogenic sources and influences; and/or 
3) inherent natural background variability. Determining a site-specific background with natural 
and anthropogenic influences comparable to the site is an important aspect of performing exposure 
and risk assessments and of establishing the scope of site-related releases and determining COPC. 
Some examples of non-site-related anthropogenic activities may include ubiquitous polycyclic 
aromatic hydrocarbon (PAHs) compounds formed during the incomplete burning of organic 
materials; vehicular exhaust, and emissions from wearing of tires; domestic heating; or pesticide 
runoff from agricultural practices at other site areas.  

 When to use the background extraction approach 

In the presence of anthropogenic influences and variable site geology, it becomes challenging to 
identify an off-site background reference area not impacted by site-related activities because of the 
confounding factors of non-site-related chemical releases and inherent natural variability. In such 
complex situations, an iterative quantile-quantile (Q-Q) plots-based background extraction 
approach following a population partitioning method (for example, (Singh, Singh, and Flatman 
1994)[91]) can possibly be used to extract analyte concentrations from a broader on-site mixture 
dataset representing a site-specific background dataset with geological formations and 
anthropogenic influences comparable to those of the site. It should be noted that there are other 
population partitioning approaches available in the statistical literature that can also be used to 
extract a background dataset from an on-site mixture dataset. Specifically, in the multivariate 
setting (evaluating several analytes simultaneously), multivariate methods including principal 
component and discriminant analyses ((Anderson 2003)[230], (Johnson and Wichren 2015)[239], 
(McLachlan 2004)[468], (Wolfe 2010)[477]) can be used to tease out multiple populations 
potentially present in an on-site mixture dataset and determine the background subpopulation.  

In this section, the univariate Q-Q plots-based iterative approach has been used only to extract a 
site-specific background dataset from the on-site dataset. It should be pointed out that no attempt 
has been made to determine and specify potential intermediate subpopulations present in the on-
site dataset as described in (Singh, Singh, and Flatman 1994)[91]. It should also be noted that 
normal Q-Q plots (as used in this section) are routinely used as an exploratory tool (for example, 
(Tukey 1977)[437], (Hoaglin, Mosteller, and Tukey 1983)[434]) to identify outliers and multiple 
populations potentially present in a dataset. In this iterative process, no Gaussian model is used to 
draw any statistical inference, including estimation and hypothesis testing. Therefore, the reader 
should not assume that the background extraction process described in this section can be used 
only when the mixture on-site dataset follows a normal/Gaussian distribution. Once a background 
dataset of a sufficient amount of observations has been established (extracted or traditional), 
background data distribution is determined using goodness of fit (GOF) tests; many GOF tests are 
available in the ProUCL 5.1 software. Depending upon the data distribution of the extracted 
background dataset, hypothesis testing approaches and BTV estimations are used to perform 
background versus site comparisons. BTVs can be used as screening values to identify COPC and 
determine site locations exceeding background level concentrations. A BTV represents a 
parameter in the upper tail of the background population distribution; some statistics used to 
estimate BTVs include upper prediction limits (UPLs), upper tolerance limits (UTLs), and upper 
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simultaneous limits (USLs). There is no consensus about the use of an upper limit to estimate a 
BTV. A brief description of these upper limits is presented in Section 11.7 with additional 
information described in Appendix A. Additional theoretical details can be found in the ProUCL 
5.1 Technical Guide (USEPA 2015)[197]. An on-site concentration less than the BTV estimate 
may be intrepreted as representative of an unimpacted background location, and an on-site 
concentration exceeding a BTV estimate is viewed as coming from a potentially contaminated site 
area. 

 Sites amenable to the use of the iterative background extraction process 

The iterative background extraction process may be used at a contaminated site with the following 
characteristics: 

Sites (for example, federal facilities, industrial complexes, mining sites) 

• consisting of heterogeneous areas with high natural variability,  

• known to have had many on-site releases with many areas of concern (AOCs) and operating 
units, and  

• with known urban development and other anthropogenic activities (for example, farming, 
use of petroleum products, training and testing performed by the U.S. military). 

Attempts to collect an off-site traditional background dataset following methods described in 
USEPA guidance were found to be deficient for reasons such as inability to identify relevant 
unimpacted areas and to collect enough off-site background data appropriate to perform 
statistical background versus site evaluations. 

A database already exists consisting of a large number of analytical results (data points) collected 
over a defined time providing sufficient coverage to the site AOCs, and all stakeholders agree 
that it is reasonable to assume that the database consists of concentrations that can be used to 
represent unimpacted background locations. The size of the existing on-site dataset depends 
upon the sampling efforts performed at the site and size of the site. For smaller sites, the 
availability of an on-site dataset of size 200–250 data points may be sufficient; however, for 
larger sites (for example, federal facilities), it is desirable to have the availability of larger (for 
example, 300–400 data points or greater) on-site datasets providing sufficient coverage to all 
AOCs present at the site. 

 Assumptions and involvement of the project team  

The available on-site data should be large enough to provide sufficient coverage to the site 
AOCs. In addition to containing concentrations representing locations impacted by site-related 
releases, the dataset also contains concentrations representing unimpacted locations. Based on 
this prerequisite, that within all environmental site datasets exist background level 
concentrations, non-site-related anthropogenic concentrations (may or may not be present), and 
concentrations indicative of site releases, a normal Q-Q plots-based iterative method represents a 
viable approach to extract an anthropogenic site-specific background dataset from a broader 
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mixture on-site dataset. As noted above, depending upon the site size, an existing on-site dataset 
containing at least 200–400 data points may be sufficient to use the background extraction 
method provided stakeholders agree that it is reasonable to assume that the dataset also contains 
concentrations representing locations unimpacted by site-related releases. Since most sampling at 
a site is performed on suspected contaminated areas, the stakeholders need to take into 
consideration this fact when making an assumption as to the reasonableness of having 
unimpacted data points in their on-site dataset. Hence this methodology’s recommendation for 
large datasets where multiple attempts at finding representative background samples have 
already occurred and failed. The more site samples and attempts at determining background 
through established guidelines, the more likely the dataset contains unimpacted data points 
within the numerous site samples while still not being easily discernible as representative 
background.  

The involvement of the project team and site experts is essential for successful application of the 
iterative normal Q-Q plots-based method to determine an appropriate background breakpoint 
(BP) and extract a site-specific background dataset from a broader on-site dataset. In this section, 
a background BP represents a value that distinguishes between background level concentrations 
and concentrations representing impacted site locations. The background BP is determined using 
Q-Q plots generated iteratively on the on-site dataset. Because of the inherent subjective/expert 
decision in determining outliers and multiple populations, this method must be performed with 
sufficient input and agreement from all stakeholders. Based upon the information provided by 
iteratively generated Q-Q plots, the project team makes the final determination about an 
appropriate background BP distinguishing between the concentrations representing a background 
population and contaminated population representing impacted site locations. From the statistical 
point of view, the approach can be used on any on-site dataset collected from any environmental 
medium. However, the applicability of the approach may also depend upon the analyte of interest 
(for example, PAHs) and the site medium (for example, soil) under investigation. It is 
recommended that the project team consult experts (for example, soil scientists, geochemists) 
before using the approach on some datasets, such as PAHs in soil. 

 Treatment of nondetect observations 

Nondetects (NDs) do not represent impacted locations if their detection limits are sufficient to 
identify concentrations of interest. Sometimes, detection limits (DLs)/reporting limits (RLs) 
associated with ND observations are significantly higher values (for example, PAHs, metals in 
soil) than the detected observations. The use of NDs with elevated DLs tends to mask detected 
observations representing contaminated locations. Elevated NDs exceeding the detected 
observations interfere with the proper determination of a background BP, therefore causing 
difficulties in the proper extraction of a site-specific background dataset. In most cases, NDs 
with elevated DLs should be excluded from the extraction process. It is emphasized that only 
NDs with elevated DLs need to be excluded from the extraction process; all other NDs may stay 
in the pooled dataset used to extract a background dataset. Once a background BP has been 
determined, all detect and nondetect observations less than or equal to the background BP are 
included in the extracted site-specific background dataset. 
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 Using the existing off-site background data—highly recommended when 
available  

The background extraction approach is used when a representative traditional background 
dataset of adequate size is not available; guidance about the size of the background dataset is 
provided in Section 9 and Section 11 of this document. If the team is not confident enough to use 
the existing background dataset to perform background evaluations and wants to use the 
extraction process on the existing on-site dataset, the extraction process should be used on the 
combined on-site and the available off-site background data. In this scenario there is no need to 
separately evaluate (for example, identify outliers) the background dataset. The iterative process 
on the combined dataset takes care of outliers (if any) present in the existing background dataset.  

 Statistical approach  

Environmental scientists have borrowed the normal probability plots/normal Q-Q plots-based 
approach from geochemical and mining applications (for example, (Sinclair 1974)[65], (Sinclair 
1976)[66] ,(Sinclair 1983)[67], (Sinclair 1991)[90], (Fleischhauer and Korte 1990)[53], (Halil and 
Sarac 1988)[54], (Papastergios et al. 2011)[58]). The probability plot/Q-Q plot-based background 
extraction approach has been used on on-site datasets collected from the various environmental 
media, including groundwater (for example, (Kim et al. 2015)[56], (Panno et al. 2006)[59], (Panno 
et al. 2007)[60]), sediments (for example, (Halil and Sarac 1988)[54]), and soils (for example, 
(Cook 1998)[47], (Matschullat, Ottenstein, and Reimann 2000)[57], (Reimann, Filzmoser, and 
Garrett 2005)[62], (Reimann and Garrett 2005)[354], (Renez et al. 2011)[64], (Cal DTSC 
2009)[52], (HI DOH 2012)[235], (BC Environment 2001)[232]). In related documents available 
in the literature (and some cited above), the normal Q-Q plots/normal probability plots-based 
approach has been used as an exploratory tool only to identify outliers and multiple populations 
present in a mixture dataset.  

The exploratory probability plots ((Sinclair 1974)[65], (Sinclair 1976)[66], (Fleischhauer and 
Korte 1990)[53]) or equivalent Q-Q plots ((Singh, Singh, and Flatman 1994)[91], (Reimann and 
Garrett 2005)[354]) based method is used to extract a site-specific background dataset from a 
broader on-site dataset with anthropogenic and geological conditions comparable to those of the 
site under study. The approach is used on raw untransformed datasets and does not require that the 
dataset should be normally distributed. In the context of deriving a background dataset from a 
mixture on-site dataset, a probability plot/Q-Q plot is used as an exploratory tool ((Tukey 
1977)[437], (Hoaglin, Mosteller, and Tukey 1983)[434]) to identify multiple populations (and 
outliers) rather than using it to assess the data distribution. Whether the data are normally or 
lognormally distributed or follow some other distribution, a normal probability plot in the original 
raw scale represents a useful tool for exploring the presence of multiple populations and outliers 
in a dataset.  

Normal Q-Q plots are used iteratively to identify locations that can be used to represent site 
background. Depending on data variability and on-site dataset size, several iterations may be 
required to determine a subset of lower concentrations that can be used to represent a site 
background dataset. The discontinuities and inflection points in a Q-Q plot are considered to 
represent transition between different populations, possibly representing different site areas with 
varying degree of contamination. When using an on-site dataset consisting of observations from 
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multiple populations, a background BP is selected at a relatively low concentration level (for 
example, (Sinclair 1974)[65], (Sinclair 1976)[66]), which is determined by the project team using 
the information provided by the iteratively generated normal Q-Q plots. The inflection points are 
not always self-evident. In those cases, their identification may rely on expert judgment and that 
should be recognized and acknowledged by the project team prior to undertaking the process. 

Starting from the top of the initial Q-Q plot generated using all data values, discontinuities and 
inflection points are identified, and new Q-Q plots are generated without using values greater than 
the inflection point and/or the point of discontinuity. A continuous (without discontinuities and/or 
inflection points) Q-Q plot (not necessarily exhibiting a straight line) suggests that the dataset 
comes from a single population. If a Q-Q plot does not represent a continuous graph, the process 
should be repeated iteratively, removing higher concentrations at each iteration. The iterative 
process stops when a Q-Q plot displays a continuous pattern without inflection points and/or 
discontinuities of considerable magnitude as determined by the project team. Based upon 
continuity, inflection points, and breaks of considerable magnitude present in iteratively computed 
Q-Q plots, the project team determines a background BP, distinguishing between concentrations 
representing a background dataset and site data representing impacted site locations. Fleischhauer 
and Korte (1990)[53] demonstrated that small variations in the estimation of the position of the 
background BP or the inflection point on a probability plot are unlikely to significantly influence 
the resulting background concentration breakpoint. By using the iterative Q-Q plots-based 
approach on a pooled dataset consisting of on-site and off-site concentrations, many on-site 
locations exhibiting lower concentrations (for example, less than the background BP) will be 
considered as representing background locations, and background locations exhibiting elevated 
concentrations (for example, outliers) will not be included in the extracted background dataset.  

Once a background BP has been agreed upon by all parties and members of the project team, all 
observations (detects and nondetects) in the pooled on-site dataset less than or equal to the 
background BP may be considered to represent an extracted site-specific background dataset. The 
final Q-Q plot of the extracted background data should be fairly continuous and without inflection 
points representing a single population. Decision-making statistics such as UTLs are computed 
based upon a dataset representing a single statistical background population (fundamental 
assumption). Statistical goodness of fit (GOF) tests are performed to determine the distribution of 
the extracted background dataset. Depending upon the probability distribution of the resultant 
background dataset, a parametric or a nonparametric upper limit (for example, UTL, USL) is 
computed to estimate the BTV. Also, depending upon the project status, project objectives, and 
data needs, background versus site comparisons may also be performed using graphical displays 
and hypothesis testing approaches described in USEPA guidance documents ((USEPA 
2002)[131], (USEPA 2006)[134]) and available in the ProUCL 5.1 software. 

 Step-by-step summary of the iterative background extraction method 

A step-by-step summary of the iterative process used to determine a background BP and to extract 
and establish a site-specific background dataset is described as follows.  

1) Use exploratory graphical displays (for example, box plots, index plots, and Q-Q plots) 
and/or hypotheses testing approaches to determine whether there are significant 
differences in constituent concentrations in the various strata (surface versus subsurface) 
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of an environmental medium (for example, soils, sediments). For constituents with 
statistically significant differences in surface and subsurface soil concentrations, separate 
background datasets may be extracted for each stratum; otherwise, one background 
dataset for all strata combined would be extracted. However, it is up to the project team 
to decide whether separate background datasets would be extracted even when the 
concentrations of the two or more (for example, soil types) strata are comparable. 
Statistical methods and graphical displays needed to perform tests listed in this step are 
available in ProUCL 5.1. 

 
2) Use exploratory iterative normal Q-Q plots on the pooled mixture on-site data to 

determine a background BP, separating background concentrations/locations representing 
unimpacted locations and concentrations potentially representing locations contaminated 
by on-site chemical releases. When elevated DLs are associated with NDs, only detected 
observations, or all detects and NDs (except those with elevated DLs), may be used in 
this step. However, it is possible that the true background threshold concentration is 
below all the DLs, and that the detectable concentrations may contain only contaminated 
data. This determination must be made by the project team. 

 
3) NDs may be present in a background dataset; after a background BP has been identified, 

use all detects and NDs in the pooled dataset less than or equal to the background BP to 
establish a site-specific extracted anthropogenic ambient soil background dataset.  

 
4) Perform GOF tests on the extracted background dataset. Depending upon the data 

distribution, compute parametric or nonparametric upper limits (UTLs, USLs) to compute 
BTV estimates. A brief description of UPLs, UTLs, and USLs is provided in Appendix 
A.  

 
5) Optional: Use color-coded index plots to compare impacted on-site data and extracted 

background data. A color-coded index plot representing a snapshot of the entire on-site 
area with many AOCs and extracted background data provides added insight to the site 
managers and the responsible party and helps them make informed cleanup decisions.  

The approach described here has been illustrated using an arsenic dataset collected from surface 
and subsurface soils of a real polluted site. A brief description of the computation of upper limits 
is provided in Appendix A, a description of index plots is provided in Appendix B, and the 
terminology used is summarized in Appendix E. 

 Extracting background-level arsenic concentrations from the on-site soil 
dataset of a Superfund site 

This real dataset example illustrates the site-specific background extraction method described in 
Section 3.9. The dataset used in this example comes from surface (SS) and subsurface (SB) soils 
of a large Superfund site (Site) containing many AOCs. The Site is very heterogeneous with 
varying geology and soil types. The on-site SS and SB soils data were collected from many AOCs: 
a1, a6, a7, a10, a11, a12, a14, a20, a22, a23, s1, s2, s2, s4, s5, and s6 present at the Site. The Site 
AOCs are contaminated due to site-related releases as well as non-site-related anthropogenic 
activities (for example, farming). It is also likely that concentrations of the COPC in different 
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AOCs vary due to natural/inherent variability in Site geology and soil types. A limited amount of 
off-site background data (denoted by bk in graphs) was also available. However, due to natural 
geological variability and the presence of anthropogenic activities, the project team and the state 
personnel were not confident that the available background data could be used to perform 
defensible background evaluations. The project team was concerned that additional traditional 
background data with inherently comparable and anthropogenic site conditions could not be 
collected following standard USEPA practices. Therefore, the project team decided to use the 
iterative Q-Q plot-based method to extract site-specific background datasets to establish sitewide 
background datasets for the COPC. The existing on-site arsenic dataset collected from soils of the 
AOCs, and off-site background locations has been used to extract a sitewide arsenic background 
dataset. This example walks through the background extraction approach used to extract and 
establish sitewide background datasets and compute BTV estimates based upon the extracted 
background dataset.   

The first step is to determine whether arsenic concentrations in surface soil and subsurface soil are 
comparable; the data may be combined only if they are not statistically significantly different. 
Figure 3-1 displays multiple Q-Q plots comparing arsenic in surface and subsurface soils and 
Figure 3-2 displays an index plot comparing arsenic in surface and subsurface soils (also see 
Appendix B). In this section, normal Q-Q plots are used to identify multiple populations present 
in a pooled on-site dataset and determine if the subset consisting of the lowest set of concentrations 
can be used to represent a site-specific background dataset. Discontinuities (breaks, jumps) and 
inflection points on a Q-Q plot suggest the presence of data from multiple populations. 

The Tarone-Ware test results comparing arsenic in surface soil and subsurface soil are summarized 
in Table 3-1. The graphical displays shown in Figure 3-1 and Figure 3-2, and the Tarone-Ware test 
results of Table 3-1 suggest that arsenic concentrations in surface and subsurface soils differ 
significantly (p-value << 0.05). Therefore, the project team decided to extract separate background 
datasets for arsenic in surface and subsurface soils. The process used to extract and establish a 
sitewide arsenic background dataset for surface soils is described as follows.  

Table 3-1. Tarone-Ware test results comparing arsenic in surface and subsurface soils  

Source: Anita Singh ADI-NV Inc. 
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Figure 3-1. Q-Q plots comparing arsenic in surface and subsurface soils. Using the pooled 
redataset consisting of arsenic concentrations of the existing background and various AOCs; a 

horizontal line is displayed at the largest detection limit. 

Source: Anita Singh ADI-NV Inc. 

 
Figure 3-2. Index plot comparing arsenic in surface and subsurface soils. Using the pooled 

dataset consisting of arsenic concentrations of the existing background and various AOCs; a 
horizontal line is displayed at the largest detection limit. 

Source: Anita Singh ADI-NV Inc. 
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An examination of the graphical displays shown in Figure 3-1 and Figure 3-2 (and results of Table 
3-1) suggests that surface soil of the Site exhibits greater arsenic concentrations than subsurface 
soil. 

Next, iterative Q-Q plots are generated. Figure 3-3 has the initial normal Q-Q plot generated 
using all detected arsenic concentrations collected from surface soil of the AOCs and the existing 
background (bk) areas. Note that NDs are excluded from the extraction process but will be 
included in the extracted background dataset. From Figure 3-3, a large break in the normal Q-Q 
plot was noted at 92.1 mg/kg and another break was noted around the arsenic concentration of 
32.8 mg/kg. To determine (magnify) the magnitude of these discontinuities, another Q-Q plot 
was generated using arsenic values less than 33 mg/kg as shown in Figure 3-4.  

  

Figure 3-3. Normal Q-Q plot of detected arsenic concentrations in the pooled dataset 
consisting of the existing background (bk) and AOCs surface soil data.  

Source: Anita Singh ADI-NV Inc. 



ITRC–Soil Background and Risk Assessment    January 2022 Final 

 

46 

  

Figure 3-4. Normal Q-Q plot of detected arsenic concentrations <33 mg/kg in the pooled 
dataset consisting of the existing background (bk) and AOCs surface soil dataset. 

Source: Anita Singh ADI-NV Inc. 

Observation 22.7 mg/kg shown in Figure 3-4 comes from the existing background dataset (bk) 
and it represents an outlier in that existing background dataset. After examining the Q-Q plot 
shown in Figure 3-4, the project team (using available expert site knowledge) determined that 
18.5 mg/kg represents a potential background BP. To determine the continuity of the Q-Q plot 
(with input from the project team) based upon arsenic concentrations ≤ 18.5 mg/kg, another Q-Q 
plot shown in Figure 3-5 was generated using arsenic values ≤ 18.5 mg/kg. In this figure, a few 
breaks were noted in the upper part of the Q-Q plot with arsenic values > 15.1 mg/kg; and the 
lower part of the Q-Q plot with arsenic values ≤15.1 mg/kg appeared to represent a reasonably 
continuous graph. To confirm these observations, another Q-Q plot shown in Figure 3-6 was 
generated using detected arsenic values ≤ 15.1 mg/kg.  

Potential 
Background BP 

 

Background Outlier 
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Figure 3-5. Normal Q-Q plot of detected arsenic concentrations ≤18.5 mg/kg in the pooled 
dataset consisting of the existing background (bk) and AOCs surface soil dataset. 

. 

Source: Anita Singh ADI-NV Inc. 

 

Figure 3-6. Normal Q-Q plot of detected arsenic concentrations ≤ 15.1 mg/kg in the pooled 
dataset consisting of the existing background (bk) and AOCs surface soil data. 

Source: Anita Singh ADI-NV Inc. 

Background BP Determined 
by the Project Team 
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The graph shown in Figure 3-6 represents a fairly continuous graph. Input from the project team 
played an important role at this step. Based upon the information provided by the iterative Q-Q 
plots shown in Figure 3-3 through Figure 3-6, and taking the conceptual site model (CSM) into 
consideration, the project team decided to use 15.1 mg/kg as a background BP distinguishing 
between site-specific background and contaminated on-site concentrations.  

Site-specific Background BP and Extracted Background Data (bk-extrct): All surface soil arsenic 
concentrations (detects and NDs) less than or equal to the background BP, 15.1 mg/kg, were used 
to establish a site-specific background dataset. Figure 3-7 exhibits an exploratory normal Q-Q plot 
(including detects and NDs) based upon the extracted arsenic background dataset, which is labeled 
as bk-extrct in the graphs.  

  

Figure 3-7. Normal Q-Q plot based upon the extracted background data (bk-extrct) for 
arsenic in surface soil with concentrations ≤ 15.1 mg/kg (detects and nondetects). 

Source: Anita Singh ADI-NV Inc. 

Computing BTV Estimates for Arsenic in Surface Soil: Summary statistics and BTV estimates 
based upon the extracted background dataset (bk-extrct) are summarized in Table 3-2. The detected 
background data shown in Figure 3-7 do not follow a discernible distribution; nonparametric 
statistics were used to estimate BTV. In this case, the project team decided to use a 95% USL 
(=15.1 mg/kg) as an estimate of the BTV. 
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Table 3-2. Calculation of BTV estimates for arsenic in surface soils 

Source: Anita Singh ADI-NV Inc. 

 

 

An index plot comparing extracted background arsenic data (in blue) with concentrations of the 
Site AOCs (not part of the extracted background) is shown in Figure 3-8.  
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Figure 3-8. Index plot of arsenic in surface soil comparing AOCs data with extracted 
arsenic background data (bk-extrct) and BTV estimates: 95-95 UTL = 12.1 and 95 USL = 

15.1 mg/kg. 

Source: Anita Singh ADI-NV Inc. 

A single index plot of a COPC represents a comprehensive snapshot of the entire on-site dataset 
by identifying on-site locations with concentrations exceeding the BTV estimates, AOCs 
exhibiting elevated constituent concentrations, and AOCs having higher concentrations in 
comparison with the various other AOCs. From Figure 3-8, it is noted that AOCs a1, a10, a20, 
a23, a6, s5, and s6 exhibit lower arsenic concentrations that are considered to represent site-
specific background, and the remaining data from AOCs a11, a12, a7, s1, s2, and s4 exhibit 
concentrations much higher than those of the extracted site-specific background data (bk-extrct 
shown in blue) and BTV estimates. These kinds of graphical displays help the site managers and 
the responsible party in making informed decisions to move ahead to make cleanup decisions.  

Optional Exercise: For the present Site, GPS coordinates were also available; therefore, a post 
plot displaying concentrations of the extracted background data and various AOCs was 
generated. The optional post plot shown in Figure 3-9 separates unimpacted and impacted 
locations, which was supported by the Site CSM. The generation of post plots is optional 
because it requires the availability of GPS coordinates of the sampled locations. 

Site AOCs: (a11, a12, a7, s1, s2, 
s4) Exceeding BTV Estimate 

BTV, USL=15.2 
UTL=12.1  

 

 

Sitewide Extracted 
Background Data in Blue 
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Figure 3-9. Post plot of arsenic in surface soil showing locations exhibiting background 
level concentrations (green), intermediate arsenic concentrations (yellow lying between 12.1 
mg/kg and 15.1 mg/kg) and concentrations potentially representing impacted site locations 

(red). 

Source: Anita Singh ADI-NV Inc. 
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4 USING SOIL BACKGROUND IN RISK ASSESSMENT 

This section describes how default and site-specific background for natural or anthropogenic 
ambient soil background may be used in human health and ecological risk assessment. Most 
regulatory agencies allow default and site-specific soil background to be used in human health 
risk assessment to identify whether chemical concentrations posing excess risk at a site may be 
attributable to site activities or to soil background conditions.  

Different regulatory frameworks use different human health risk assessment procedures. For 
human health, risk assessments can be conducted by comparing site concentrations to a human 
health risk-based soil value or by using site concentrations to calculate cancer and noncancer 
health risk estimates (excess lifetime cancer risks and hazard quotients). Similarly, ecological 
risk assessments can be conducted by comparing site concentrations to an ecological risk-based 
soil value or by using site concentrations in food chain models to calculate risk estimates (hazard 
quotients). 

State or federal regulatory frameworks recommend the use of either or both of these risk 
assessment methods, along with the evaluation soil background. When calculating risk estimates, 
some agencies may require that the portions of the risks attributable to the site and background 
be presented separately. 

Regardless of the receptor considered (human or ecological), many regulatory agencies allow for 
an initial screening, which typically involves comparison of a site concentration to a risk-based 
screening value. When the site concentration is greater than a risk-based screening level, it is not 
unusual to compare the site concentrations to default soil background values, when available and 
applicable. Chemicals that are present at concentrations greater than the corresponding human 
health or ecological risk-based screening values and the default background values are typically 
carried forward in the risk assessment.   

For the purposes of this document, a screening risk assessment is defined as the comparison of 
site concentrations to human health and ecological risk-based screening values and soil 
background values. When dealing with a single chemical, a conclusion that concentrations are 
less than those values indicates that there is no need for further evaluation. When dealing with 
multiple chemicals at a site, different agencies may use different strategies for retaining or 
excluding chemicals as COPC. In addition, for the purposes of this document, site-specific risk 
assessments may proceed into more complex methods to estimate human health and ecological 
risk with chemical toxicity, site-specific exposures, and in the case of ecological assessments, 
ecological species comparisons between a reference site and the site being evaluated, and may 
include site-specific background evaluations. 

Therefore, the general applications of soil background in the human health and ecological risk 
assessment process are as follows: 

• Screening risk assessment: To potentially eliminate chemicals that are present in soil at 
concentrations greater than risk-based screening values but less than default soil background 
from further evaluation. 



ITRC–Soil Background and Risk Assessment    January 2022 Final 

 

53 

• Site-specific risk assessment: For human health, risk characterization is used as well as site-
specific soil background information to determine whether site concentrations are 
representative of background and in some cases differentiate risks associated with site 
activities from those associated with background conditions. 

In addition, a site-specific ecological risk assessment may also characterize site risks by 
comparing receptors and site conditions with conditions at a soil background reference area. 

Moreover, soil background is often used to: 

• refine the conceptual site model that is the basis for the human health and ecological risk 
assessments by using site-specific background information to determine whether the 
presence of a chemical is due to a release and should be carried forward in the risk 
assessment or if it is consistent with background conditions and the chemical should not be 
included among the COPC  

• establish remedial goals that are consistent with soil background 

These applications described above are intended to show a basic overview of how soil 
background can be used in the risk assessment process. They are not intended to cover any 
specific steps included in any one regulatory process.  

Comparison of site concentrations to background can be completed using one or more of the 
following approaches: 

• Compare site concentrations to a default background threshold value (BTV) during 
screening 

• Compare site concentrations to a site-specific BTV during a site-specific risk assessment 

• Statistically compare (using a two-sample hypothesis test) site and site-specific background 
concentration datasets during a site-specific risk assessment 

• Compare ecological receptors and conditions present at a soil background reference area to 
ecological receptors and conditions present at the site being evaluated 

• Incorporate geochemical evaluations to provide an additional line of evidence whether an 
inorganic chemical at a site does or does not reflect background concentrations (Sections 5 
and Section 6) 

• Incorporate environmental forensics to provide an additional line of evidence whether an 
organic chemical at a site does or does not reflect background concentrations (Section 7) 

In some cases (for example, no appropriate default background to use, a highly complex site is 
being evaluated), a site-specific BTV (or background dataset) might be used during screening. If 
site-specific background is used in the screening process, it is necessary to ensure that the same 
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criteria outlined in this guidance for site-specific background are followed, including data quality 
requirements. This type of information is often not readily available during the screening step.  

This section describes statistical and non-statistical approaches that can be used to compare a 
representative site concentration to a default or site-specific BTV, statistically compare a site 
concentration dataset to a site-specific soil background dataset, calculate potential risks from 
background concentrations, compare ecological receptors and conditions from a soil background 
reference area to a site being evaluated, and determine how soil background can be used to 
establish remedial goals. Please reference Framework 3, which depicts the process for using soil 
background in risk assessment. 

 Representative Site Concentration to Compare to a BTV 

When using a default or site-specific BTV in human health or ecological risk assessments, a 
decision regarding the appropriate site concentration to compare to the BTV must be made. 
When comparing a site concentration to a risk-based soil value derived based on exposure, 
toxicity values, and chemical-specific parameters, it is generally accepted to use the 95% upper 
confidence limit (95 UCL) of the mean concentration (an upper limit of the average site 
concentrations). This is not the case when comparing site concentrations to soil background to 
determine whether an area is contaminated since the soil BTV is established using an upper limit 
value. An upper limit site concentration should be compared to a BTV. 

To ensure the chosen site concentration is appropriate, the following items should be considered: 

• Type of statistic used to establish the BTV ((USEPA 2015)[197] and Section 11) 

o As discussed in Section 11, each type of statistical value (upper percentile, upper 
prediction limit, upper tolerance limit, upper simultaneous limit) has its 
advantages and disadvantages in different situations. 

• How the BTV will be used 

o If it is a default soil BTV, it will be used to compare to a large number of sites. 

o If it is a site-specific BTV, it will be used to compare to one site or a small 
number of similar sites. 

• Policies of the regulatory agency  

o Many regulatory agencies have guidance on the representative site concentration 
they will allow to be compared to a default or site-specific BTV. 

For comparisons with BTV, estimates used to represent site concentrations should be consistent 
with the statistic used to establish the BTV. Possible site concentrations that are appropriate to 
use to compare to a default or site-specific BTV are maximum and 95th percentile 
concentrations, which are discussed in Section 4.1.1.1 and Section 4.1.1.2. 
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 Maximum 

The maximum site concentration is generally used for an initial comparison to a BTV, regardless 
of which type of statistic is used to establish the BTV (for example, 95-95 UTL, 95-95 UPL). 
The maximum detected site concentration of a chemical in soil represents a conservative, high-
end (or upper limit) concentration. Using a maximum to compare to a BTV provides a high 
degree of certainty that the site concentration is attributable to background if the maximum 
concentration of the site is below the BTV. Alternatively, in some cases, using the maximum 
value could result in characterizing site concentrations as not likely to be representative of 
background when they are actually background. Other important factors for determining the use 
of the maximum site concentration should be considered, including the sample size and its 
relationship with the 95th percentile. For some regulatory programs, the maximum may be 
appropriate when there is large variability of the site data or there is an inadequate sample size. 

An additional line of evidence can be gained by comparing each individual site concentration to 
the BTV by performing a point-by-point comparison. This allows presentation of how many of 
the individual site concentrations exceed the BTV. For example, results showing that one out of 
20 site concentrations exceed a BTV by less than an order of magnitude or results showing that 
10 out of 20 site concentrations exceed a BTV by two orders of magnitude may lead to two very 
different decisions by a regulatory agency as to whether site concentrations represent 
background. Completing a point-by-point comparison provides additional information that can 
be used by risk assessors and risk managers to make more informed decisions.  

If the BTV is calculated based on the USL, the maximum concentration should be used. As 
discussed in Section 11.7.5 and Section 11.8, the USL represents a limit that no background 
concentration should exceed and addresses the false positive error. Therefore, if site 
concentrations and background are similar, then it should be assumed that the maximum site 
concentration should similarly not exceed the USL BTV. 

 95th percentile 

A 95th percentile is an upper limit of the dataset that represents the value below which 95% of 
the individual data points will fall. In other words, only 5% of the time will a value from that 
dataset be above the 95th percentile. Section 11.7.1 notes that upper percentiles are reliable for a 
dataset that is large and representative of a single population; the confidence in this estimate is 
sample size–dependent. This statistic may be appropriate to use in some cases rather than the 
maximum but only when the BTV is calculated based on similar statistics, such as a 95th 
percentile or 95-95 UTL. It is not recommended to be used with a USL for reasons described in 
Section 4.1.1.1  

 Using Default Background 

For state programs that use default BTVs, most human health and ecological risk assessments 
will incorporate them during screening. Due to the short- and long-term cost and potential 
complexity associated with developing a site-specific BTV and a site-specific background 
dataset, decisions to collect site-specific background data and/or perform geochemical or 
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environmental forensic evaluations are often not made until it has been determined that a site 
concentration exceeds a default BTV and/or is associated with risks above regulatory limits.  

While default BTVs are used in many states and under many circumstances, there are some 
states that developed different ways to address the issue of soil background in site cleanup. These 
approaches do not necessarily fall under either default or site-specific background evaluation. 
For example, Pennsylvania has a background cleanup standard that, although not part of the risk 
assessment, addresses soil background through the analysis of soil samples of regulated 
substances present, but not related to, a release at the site (25 Pa. Code § 250.202(b)). Alabama 
considered soil background during site characterization but uses a process different from those 
included in this guidance (ADEM 2017)[472]. In addition, some sites are rather complex and 
may require site-specific background in screening. A thorough understanding of the conceptual 
site model (Section 8.1) may facilitate identification of the need for site-specific background 
early in the site investigation process. In extreme cases, because of the complexity of the 
geology, there could be the need for more than one BTV for a single site. 

 Comparing a representative site concentration to a default BTV 

The first step in comparing a representative site concentration to a BTV is choosing the most 
appropriate site concentration to use for that purpose (Section 4.1), which includes the maximum 
and point-by-point concentration comparisons, and upper percentiles. The choice will depend on 
the statistic that was used to establish the BTV, CSM, DQOs, and the regulatory agency program 
providing oversight (Section 8 and Section 11.1). Comparing a representative site concentration 
to a default BTV shows whether the maximum site concentration or an upper bound estimate 
(upper percentile) is within the range of soil background concentrations and can help identify 
localized contamination (for example, upper percentile or maximum; see Section 4.1.1.1 and 
Section 4.1.1.2).  

 Test for proportions  

When the representative site concentration exceeds the default BTV and the regulatory agency 
requires further assessment, a next step could be comparing the entire site dataset (each 
individual site concentration not identified as an outlier) to the BTV using the test for 
proportions available in USEPA’s ProUCL software (USEPA 2015)[199] or in other appropriate 
software packages. The test for proportions evaluates whether the rate of exceedances above the 
default BTV is significantly different from zero (not attributed to chance). Some regulatory 
agencies recommend making such comparison before establishing site-specific background since 
it is easy to do and does not require obtaining any additional data.  

As mentioned above, when performing the test for proportions, it is important to eliminate 
outliers from the site dataset. The decision to eliminate an outlier should not be made based on 
the outlier test alone. If results from a statistical test show a potential outlier, an investigation 
should be performed to determine whether it is a true outlier or simply a characteristic of the 
heterogeneity of soil. Some examples described in Section 11.5 include an error in recording the 
numerical value or an error by the sampling crew or laboratory in following appropriate quality 
assurance/quality control procedures.  
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The test for proportions determines whether an allowable proportion (for example, 1%, 5%, 
10%) of the site dataset would likely exceed the BTV (Table 11-3). USEPA’s ProUCL User 
Guide (USEPA 2015)[199]) and Technical Guide (USEPA 2015)[197]) include details regarding 
how to perform the test and other items to consider, as well as the potential for errors. 

 Using Site-Specific Background 

When conducting a site-specific human health or ecological risk assessment, a site-specific 
background dataset can be obtained and used to: 

• establish a site-specific BTV as discussed in Section 3.7 for comparison to a representative 
site concentration (Section 4.3.1) 

• compare the site-specific background concentration dataset to the site concentration dataset 

In some cases (for example, no appropriate default background to use, or a highly complex site is 
being evaluated), a site-specific BTV (or background dataset) might be used during screening. 
Site-specific BTVs provide a more accurate representation of background concentrations in the 
vicinity of the site than default background concentrations. Thus, when such a value is available 
(or can feasibly be derived) and it is acceptable within the site’s regulatory context, it should be 
preferred over a default BTV. 

When using site-specific background datasets, it is common to: 

• establish a site-specific BTV to compare to a representative site concentration to understand 
if the site concentrations are within the distribution of soil background and to identify 
localized contamination (for example, a BTV is often compared to the site maximum as part 
of a screening-level step) 

• compare the central tendencies of the site and background datasets using two-sample 
hypothesis statistical tests (for example, a t-test). By comparing their central tendencies and 
variances, it is possible to identify if there may be slight but pervasive contamination. 

The two procedures are therefore complementary, as they test for the presence of different types 
of contamination, and they can be performed together. If a given chemical in a site dataset fails 
either test, it may be examined further using geochemical evaluation (for inorganics) or 
environmental forensics (for organics) to confirm or rule out the actual presence of site-related 
contamination, if necessary. 

 Comparing a representative site concentration to a site-specific BTV 

A site-specific BTV can be established and used to take a more site-specific look at whether site 
concentrations are reflective of background conditions. Site-specific BTVs are established using 
a dataset collected at a background area that has been determined to reasonably match the 
characteristics of the site being evaluated. Default BTVs are generally applicable to a larger 
number of sites over a larger area and include the site being evaluated plus many others. 
Comparing site concentrations to a site-specific BTV determines whether the site concentrations 
are within the range of soil background concentrations and can help identify localized 
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contamination. The appropriate measures of a site concentration for comparison to a BTV 
include the maximum and upper percentiles. The choice will depend on the statistic that was 
used to establish the BTV and the CSM, DQOs, and the regulatory program requirements 
(Section 8 and Section 11.1). Professional judgment informed by site history can also be used to 
support decision-making at this point. 

If the site concentration is above the site-specific soil BTV, the site dataset may be compared to 
the BTV using a hypothesis test (for example, test for proportions). The test for proportions is 
available in USEPA’s ProUCL software ((USEPA 2015)[199]) discussed in Section 4.2.2. Other 
software (for example, R) can also be used to conduct the proportions test or other relevant tests 
to compare site data to background data (as discussed in Section 4.3.2). 

  Comparison of site concentration dataset to site-specific background 
concentration dataset 

A statistical comparison of a site dataset’s and site-specific background datasets’ central 
tendencies can be conducted using the two-sample hypothesis tests listed in Table 11-5, which 
also describes the advantages and disadvantages of using each test. These tests can be used to 
determine whether site concentrations are generally higher than background; in this way, slight 
but pervasive contamination at the site can be detected statistically. Results from a statistical test 
alone do not necessarily indicate whether site concentrations are within background. Multiple 
lines of evidence (for example, Q-Q plots, box plots, geochemical evaluation, environmental 
forensics) and professional judgment (based on knowledge of site history) should be used to 
determine whether site concentrations represent background (Section 11.1.5 and Section 11.4). 
Section 14.6 provides an example of using forensic methods combined with site history and 
spatial tools to identify site concentrations that are inconsistent with background concentrations 
and chemical fingerprints and that were potentially influenced by known or suspected sources. 

Statistical test results are only as good as the quality of the data used and the validity of the 
underlying assumptions. Statistical methods are very useful to test the hypothesis that two groups 
of samples belong to the same population; however, other lines of evidence can be used to 
support the conclusions drawn from test results. Weight of evidence approaches are useful to 
reduce uncertainty in risk assessment and decision-making. 

 Community composition comparison 

While this guidance is focused on the chemical aspect of background conditions, ecological risk 
assessments also often consider one or more biological or ecological background conditions (or 
“reference conditions”). Ecological risk assessors often use a weight of evidence approach to 
characterize risk, including various chemical, biological, and toxicological lines of evidence (for 
example, bioaccumulation modeling or soil toxicity tests). Together these lines of evidence will 
either point together toward an impact or they will point in different directions, indicating 
uncertainty. The biological communities at one or more suitable background sites can provide a 
reference against which to judge the condition of the biological community at the site. Concepts, 
methods, and limitations of biological surveys and the use of related data in risk assessments are 
outside the scope of this guidance; relevant guidance should be sought elsewhere. The use of 
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biological background or a “reference condition” is only one of several lines of evidence that can 
be considered in addition to chemical background (described herein). 

 Geochemical evaluations and environmental forensics 

Geochemical evaluation for inorganics and environmental forensics evaluation for organics are 
additional tools that can help determine whether site concentrations are from background only or 
whether there is contamination. In some situations, it may make sense to perform these 
evaluations early on, in the initial screening step or at the start of the site-specific step, especially 
for highly complex sites, but in many cases they are not accomplished until the end of the site-
specific risk assessment (Section 5, Section 6, and Section 7). 

 Geochemical evaluations 

Geochemical evaluations can be used to provide an additional line of evidence to support 
whether or not site inorganic concentrations represent background during human health and 
ecological risk assessments. Geochemical evaluations are based in part on selected elemental 
ratios, and they are used to identify the processes controlling element concentrations in soil and 
to confirm or rule out the presence of contamination in individual samples (Section 5). 
Accordingly, geochemical evaluations can be used during background studies, such as to verify 
whether statistical outliers should be retained in a candidate background dataset, and they can be 
used during comparisons of site versus background datasets. This topic is covered in Section 5 
and Section 6. Although these methods may be used at any step in the risk assessment process, in 
some cases they are not accomplished early in the process due to their complexity, which 
requires an expert as well as additional resources and funding.   

 Environmental forensics 

Environmental forensics evaluations can be used to provide an additional line of evidence to 
support whether or not site organic concentrations represent background during human health 
and ecological risk assessments. Certain classes of organic chemicals such as polycyclic 
aromatic hydrocarbons (PAHs), polychlorinated biphenyls (PCBs), and dioxins are complex 
mixtures of structurally related compounds that, depending on source, occur in unique relative 
amounts forming distinctive compositional patterns (Section 7). Environmental forensics can be 
used to determine whether such organic chemicals in candidate background samples share 
characteristic compositional features consistent with background conditions, and the techniques 
can also be used to compare site and background datasets. This topic is covered in Section 7. 
Although these methods may be used at any step in the risk assessment process, in some cases 
they are not accomplished early in the process due to their complexity, which requires an expert 
as well as additional resources and funding. 

 Characterizing risks from background  

The primary goal of many environmental regulatory agencies, and of the statutes under which 
such agencies work, is to protect public health and the environment from current and potential 
threats posed by uncontrolled or illegal releases of hazardous substances, pollutants, and 
contaminants. Some of these chemicals may be present in the site soil not only because of 
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releases but also from other natural or anthropogenic ambient sources that are not attributable to 
site activities, or to other anthropogenic point sources (for example, a release from an adjacent 
facility). When the total cancer risks and noncancer hazards assessed for a specific receptor at the 
site exceed either risk-based values (for example, risk-based screening values, ARARs) or their 
regulatory target risk level (incremental excess lifetime cancer risk (ECR) or hazard quotient 
(HQ)), it might be useful to evaluate what portion of the risk is associated with exposure to 
background concentrations and what portion is associated with exposure to site concentrations. 
The USEPA OSWER 9285.6-07P states that “COPC that have both release-related and 
background-related sources should be included in the risk assessment.” USEPA further states 
that “if data are available, the contribution of background to site concentrations should be 
distinguished.” It also states “when concentrations of naturally occurring elements at a site 
exceed risk-based screening values, that information should be discussed qualitatively in the risk 
characterization” (USEPA 2002)[131]. This can also be accomplished quantitatively, which is 
the topic of this section. Understanding the potential risk associated with exposure to naturally 
occurring and anthropogenic ambient background concentrations may provide risk assessors and 
managers with an additional line of evidence to facilitate informed decisions. 

Under CERCLA, USEPA assesses and uses total risk at Superfund sites, including risks from all 
CERCLA hazardous substances present on site, to establish the baseline risk levels, determine a 
basis of action, and select an appropriate remedy. The Hazard Ranking System Final Rule 
defines the site as any “[a]rea(s) where a hazardous substance has been deposited, stored, 
disposed, or placed, or has otherwise come to be located” (40 CFR 300). Hazardous substances 
present on the site from non-CERCLA sources are commingled with a CERCLA release, 
contribute to the total risk at the site, and therefore are included in the total risk for the site. 
Reporting total site risk levels by subtracting background risk levels from the site risk levels is 
inconsistent with the CERCLA definition of site risks and the basis for action and would 
generally not be appropriate for use at a Superfund site. Distinguishing risks contributed by 
background from risks contributed by a site, however, is consistent with CERCLA guidance 
((USEPA 2002)[131], (USEPA 2018)[252]). As noted in USEPA guidance “[if] background risk 
might be a concern, it should be calculated separately from site-related risk” ((USEPA 
1989)[130], (USEPA 2018)[252]). Background levels are relevant to the CERCLA risk 
assessment and risk management where the risk-based cleanup levels are lower than the 
background concentrations. In such situations, USEPA generally selects background as the 
cleanup level. Other federal cleanup programs, such as the Resource Conservation and Recovery 
Act (RCRA) Corrective Action Program, use this same approach to background. In addition, 
quantitative risk assessment of background concentrations may provide useful information for 
communicating site risks to community members and other stakeholders. State and local 
regulatory agencies may follow different approaches in using background in risk assessment and 
risk management that permit the approaches discussed below. Also, USEPA regions may vary 
regarding how they handle calculating risks from soil background. It is best to discuss the 
approach to background with the lead regulatory agency early in the risk assessment process. 

 Incremental risk analysis of soil background 

Risk characterization used in human health risk assessment summarizes and integrates the 
outputs of toxicity and exposure assessments to characterize baseline risk, using both 
quantitative expressions and qualitative statements (USEPA, 1989). Quantitative estimates for 
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carcinogenic COPC are presented as the ECR, which is an increase in probability of developing 
cancer over a lifetime exposure to COPC. For noncarcinogenic COPC, quantitative estimates are 
presented as an HQ, which is an estimate of the potential for an individual to develop adverse 
health effects. Cumulative ECRs are calculated by summing individual ECRs for all COPC. 
Hazard indexes (HI) are calculated by summing all HQs for all the COPC that act on the same 
target organ, or by the same mechanism, considering all potentially complete exposure pathways 
and media for each receptor considered in the CSM. 

When COPC that are related to site-specific background condition are included in the risk 
characterization, the calculated site ECRs and HIs may overestimate risks resulting solely from 
site-related releases or operations. Incremental risk analysis provides insight on the magnitude of 
the relative contribution that exposure to background COPC has on the calculated total cancer 
risks and noncancer hazards. 

In risk characterization equations, the receptor-specific exposure point concentration (EPC) for a 
COPC directly affects the ECR or HQ for that receptor. If all other parameters stay the same, a 
change in the EPC will typically result in a proportional change in the cancer risk and HQs for 
the COPC.  

When comparing the risk associated with exposure to background COPC to that from exposure 
to COPC present because of site-related activities, the EPCs for both the site-related releases and 
background should be based on estimates of central tendencies (for example, 95% UCL of the 
mean). 

The incremental risk analysis method is based on a statistical relationship between the risk 
estimates (ECR and HQ) from exposure to site-related COPCs and exposure to site-specific 
background COPC. Site-specific EPCs for both the site-related releases and background are used 
in incremental risk analysis to determine the relative contribution of background to the estimated 
total site risk. It is important that the EPCs for background used in the incremental risk analysis 
are based on site-specific background data collected using a similar sampling design as the site 
data and collected from similar soil material and depth for each complete receptor exposure 
pathway. In addition, when comparing background risk to site-related risk, the reasonable 
maximum exposures should be calculated using the same type of EPC. The EPC for background 
should be developed consistent with the methodology used to calculate the EPCs for the risk 
characterization using site data (ITRC 2015)[237]. Refer to Section 9 for specifics on sampling 
design. 

The following sections discuss specific approaches for using site-specific background in 
incremental risk analysis. 

COPC identification 

Incremental risk analysis begins with identification of constituents that are a background 
condition. Statistical tests discussed in Section 11 and Section 4.3.2 can be used to identify site-
related COPC that are consistent with a background condition. In addition, geochemical 
evaluations and environmental forensics discussed in Section 5, Section 6, and Section 7 may be 
used to identify COPC to provide a line of evidence on site-specific background condition. The 
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geochemical evaluation determines whether site-related metals data are consistent with site-
specific background conditions, and if the metals data needs to be evaluated further in the 
incremental risk analysis. Geochemical evaluation can assist in distinguishing low-level site-
related COPC concentrations from naturally occurring background COPC concentrations, which 
allows the risk assessor or risk management team to decide whether a COPC should be retained 
as a COPC for risk characterization. Environmental forensics in the context of this guidance is 
focused on determining whether the observed chemical concentrations in soils may be 
representative of natural or anthropogenic ambient soil background.  

Based on the outcome of these evaluations, if selected COPC are identified as statistically 
correlated to the site background condition, then a site-specific background EPC can be 
calculated for the selected COPC. When assessing the risk, the reasonable maximal exposure 
should be developed using an exposure point concentration that is an estimate of the central 
tendency (for example, 95% UCL of the mean) and not an upper bound threshold value (for 
example, 95-95 UTL, 95th percentile) for both the site-related releases and background, as 
pointed out in ((ITRC 2015)[237], Section 6.2.5.1).  

Cumulative Risk Approaches 

The cumulative incremental risk analysis method evaluates the potential contribution of site-
specific background to the total site ECRs and HI. Total site risks are calculated using an EPC 
for the site, and background-related risks are calculated using EPCs for background. The same 
exposure model, exposure equations and assumptions, and toxicity values are used in calculation 
of the total site and background ECR and HIs. Refer to specific regulatory agency guidance on 
inputs to exposure equations and toxicity values.  

Once total site risks and background-related risks are calculated, the risks are compared using 
one of or any combination of the following methods:  

• Subtraction method—the total ECR and HI calculated for background are subtracted from 
the total site ECR and HI to differentiate the portion of the cancer risks and noncancer 
hazards that are from site-related releases and background ((ITRC 2015)[237], Section 
6.2.5.2). 

• Percent contribution method—calculates the potential percent contribution of background 
ECR and HQ to the total site ECR and HQ to differentiate the portion of the cancer risks and 
noncancer hazards that are from site-related releases and background. 

• Comparison method—compares the total site ECR and HI to the ECR and HI calculated for 
background. In this method, the difference between total site risk and background risk is not 
quantified.  

Note that regulatory agencies typically require reporting of the total site risks, so the emphasis of 
these methods is on comparison of total site risks and risks related to background condition. The 
acceptability and specific approach of applying these methods may be USEPA region-, state-, 
and/or project-specific. It is best to discuss the approach for evaluating distinction of background 
and site-related risks with the lead regulatory agency. The subtraction method and the percent 
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contribution method would generally be inappropriate for use under CERCLA or RCRA and 
would not be accepted by USEPA. Information gained from the comparison method may be 
useful for risk communication, but generally would not be appropriate for CERCLA or RCRA 
decision-making (USEPA 2018)[252]. 
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 Cumulative Risk Example (USEPA generally does not accept this method) 

An incremental risk analysis for a site identified that excess cancer risk (ECR) for an industrial worker and 
hazard index (HI) for a construction worker exceeded the regulatory agency ECR and HI targets of 1 x 10-6 and 1 
(target risk levels may vary; please consult the lead regulatory agency regarding the appropriate target risk level 
to use), respectively. Potentially complete exposure pathways for the industrial worker and construction worker 
included exposure to COPCs in soil via direct contact (for example, incidental ingestion and dermal contact) and 
inhalation of volatiles and particulates.  

Using the site-specific background exposure point concentration (EPC) developed for the site, the site-specific 
background cumulative cancer risks for the industrial worker (ECRbackground) and noncancer hazards for the 
construction worker (HQbackground) were calculated. The same exposure assumptions, exposure equations, and 
toxicity values used to calculate total risk were used to develop the background incremental excess lifetime 
cancer risk (IELCRbackground) and HIbackground for each receptor. A site-specific background EPC was developed 
using the same statistical method (95UCL of the mean) as the EPC in the calculation of the site cumulative ECR 
(ECRSite) and HI (HISite).  

The cumulative ECRSite calculated for the industrial worker was 8 x 10-6 and the HISite was 3 for the construction 
worker. The ECRbackground for the industrial worker was calculated to be 1 x 10-6 and the HIbackground for the 
construction worker was 2. 

The following presents an analysis of the incremental risk of site-specific background on the cumulative ECRSite 
and HISite for the construction worker. 

Industrial Worker 

Subtraction Method 
𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑊𝑊𝑅𝑅𝐼𝐼ℎ𝑜𝑜𝑜𝑜𝐼𝐼 𝐵𝐵𝐼𝐼𝐼𝐼𝑅𝑅𝐵𝐵𝐼𝐼𝑜𝑜𝑜𝑜𝐼𝐼𝐵𝐵 = 𝐸𝐸𝐸𝐸𝑅𝑅𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 − 𝐸𝐸𝐸𝐸𝑅𝑅𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 

𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑊𝑊𝑅𝑅𝐼𝐼ℎ𝑜𝑜𝑜𝑜𝐼𝐼 𝐵𝐵𝐼𝐼𝐼𝐼𝑅𝑅𝐵𝐵𝐼𝐼𝑜𝑜𝑜𝑜𝐼𝐼𝐵𝐵 = 8 × 10−6 − 1 × 10−6 = 7 × 10−6 

Percent Contribution Method 𝐸𝐸𝐸𝐸𝑅𝑅𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏
𝐸𝐸𝐸𝐸𝑅𝑅𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆

=
1 × 10−6

8 × 10−6 × 100 = 0.125% 

Comparison Method 𝑇𝑇𝑜𝑜𝐼𝐼𝐼𝐼𝐼𝐼 𝑆𝑆𝑅𝑅𝐼𝐼𝐼𝐼 𝐸𝐸𝐸𝐸𝑅𝑅     𝐵𝐵𝐼𝐼𝐼𝐼𝑅𝑅𝐵𝐵𝐼𝐼𝑜𝑜𝑜𝑜𝐼𝐼𝐵𝐵 𝐸𝐸𝐸𝐸𝑅𝑅
8 𝑥𝑥 10−6                        1 𝑥𝑥 10−6  

 

Construction Worker 

Subtraction Method 
𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑊𝑊𝑅𝑅𝐼𝐼ℎ𝑜𝑜𝑜𝑜𝐼𝐼 𝐵𝐵𝐼𝐼𝐼𝐼𝑅𝑅𝐵𝐵𝐼𝐼𝑜𝑜𝑜𝑜𝐼𝐼𝐵𝐵 = 〖𝐻𝐻𝐼𝐼〗_𝑆𝑆𝑅𝑅𝐼𝐼𝐼𝐼 −〖𝐻𝐻𝐼𝐼〗_𝑏𝑏𝐼𝐼𝐼𝐼𝑅𝑅𝐵𝐵𝐼𝐼𝑜𝑜𝑜𝑜𝐼𝐼𝐵𝐵 

𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑊𝑊𝑅𝑅𝐼𝐼ℎ𝑜𝑜𝑜𝑜𝐼𝐼 𝐵𝐵𝐼𝐼𝐼𝐼𝑅𝑅𝐵𝐵𝐼𝐼𝑜𝑜𝑜𝑜𝐼𝐼𝐵𝐵 = 3 − 2 = 1 

Percent Contribution Method 𝐻𝐻𝐼𝐼𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏
𝐻𝐻𝐼𝐼𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆

=
2
3 × 100 = 66.7% 

Comparison Method 𝑇𝑇𝑜𝑜𝐼𝐼𝐼𝐼𝐼𝐼 𝑆𝑆𝑅𝑅𝐼𝐼𝐼𝐼 𝐻𝐻𝐼𝐼     𝐵𝐵𝐼𝐼𝐼𝐼𝑅𝑅𝐵𝐵𝐼𝐼𝑜𝑜𝑜𝑜𝐼𝐼𝐵𝐵 𝐻𝐻𝐼𝐼
3                             2  

 

Based on the incremental risk analysis, the site-specific background condition is not significantly contributing to 
the cumulative ECR for the industrial worker scenario. The contribution of the site-specific background ECR 
(ECRbackground) to the ECR for the site (ECRsite) is 0.125%. When the ECR calculated for the site-specific 
background condition ECRbackground is subtracted from the ECR calculated based on the EPC (ECRSite), the ECR 
still exceeds the regulatory agency target level of 1 x 10-6. 

However, for the construction worker, the contribution of the site-specific background HI (HIbackground) is 66.7% 
and when the HIbackground is subtracted from the HI calculated based on the EPC (HISite), the cumulative HI is 
reduced to 1 and does not exceed the regulatory agency target level of 1. 

Therefore, ECR for the industrial worker is site-related and may warrant remedial action. For the construction 
worker, the majority of the elevated HI is attributable to the site-specific background condition and may not 
require remedial action. 
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Risk Drivers 

Another incremental risk analysis method is focused on potential contribution of site-specific 
background to the risk drivers identified in the risk characterization step. Risk drivers are defined 
as those chemicals that pose an unacceptable risk to human or environmental receptors and 
potentially trigger a need for response action ((USEPA 2001)[441], (USEPA 2001)[442]). The 
same calculations discussed under Cumulative Risk Approaches are used to compare the ECRs 
and HQs for the COPC-specific risk drivers using the EPCs for the site and background. 

This method is a streamlined approach and is focused solely on risk drivers for potentially 
complete exposure pathways and does not evaluate the cumulative risk from all site-specific 
background data. A benefit from using this approach includes decreased level of effort (time and 
costs) to identify contribution of site-specific background to COPC that may require remediation 
because of a site-specific risk assessment. Risk managers may then incorporate this information 
in risk management decisions. 
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  Use of Background for Remedial Goals 

Typically, when site conditions are associated with unacceptable risks, the lead regulatory 
agency requires some form of response action. Some response action may include numeric 

Risk Driver Example (USEPA generally does not accept this method) 

From the previous example, arsenic and benzo(a)pyrene in surface soil were identified as risk drivers for the 
industrial worker exposure scenario. Site-specific background EPCs developed for these COPCs were used to 
evaluate potential contribution of background conditions to risk drivers using the percent contribution method. 
Both background and site EPCs were based on the 95% UCL of the mean. 

Value Arsenic Benzo(a)pyrene 

COPC ECR 1 x 10-6 4 x 10-6 

Site-related EPC 4.22 mg/kg 10.4 mg/kg 

Background EPC 3.55 mg/kg 0.208 mg/kg 

The arsenic background EPC is divided by the arsenic total site EPC to determine a potential contribution to the 
EPC from the site-specific background condition. 

𝐵𝐵𝐼𝐼𝐼𝐼𝑅𝑅𝐵𝐵𝐼𝐼𝑜𝑜𝑜𝑜𝐼𝐼𝐵𝐵 𝐸𝐸𝐸𝐸𝐸𝐸𝑏𝑏𝑏𝑏𝑎𝑎𝑆𝑆𝑏𝑏𝑆𝑆𝑏𝑏
𝑇𝑇𝑜𝑜𝐼𝐼𝐼𝐼𝐼𝐼 𝐸𝐸𝐸𝐸𝐸𝐸𝑏𝑏𝑏𝑏𝑎𝑎𝑆𝑆𝑏𝑏𝑆𝑆𝑏𝑏

=
3.55 𝐼𝐼𝐵𝐵 𝑅𝑅𝐵𝐵�

4.22 𝐼𝐼𝐵𝐵 𝑅𝑅𝐵𝐵�
× 100 = 84% 

The site-specific background condition for arsenic may be contributing up to 84 percent of the total EPC for 
arsenic. To calculate a potential incremental risk from the site-specific background condition, the COPC ECR is 
multiplied by the percent contribution of risk from background. It should be noted that Backgroundincremental risk is 
rounded to 1 significant figure ((USEPA 1989)[130]). 

𝐵𝐵𝐼𝐼𝐼𝐼𝑅𝑅𝐵𝐵𝐼𝐼𝑜𝑜𝑜𝑜𝐼𝐼𝐵𝐵𝑆𝑆𝑏𝑏𝑏𝑏𝑏𝑏𝑆𝑆𝑖𝑖𝑆𝑆𝑏𝑏𝑆𝑆𝑏𝑏𝑖𝑖 𝑏𝑏𝑆𝑆𝑎𝑎𝑏𝑏 = 𝐸𝐸𝐶𝐶𝐸𝐸𝐸𝐸 𝐼𝐼𝐸𝐸𝐸𝐸𝐸𝐸𝑅𝑅 × 84% 

𝐵𝐵𝐼𝐼𝐼𝐼𝑅𝑅𝐵𝐵𝑜𝑜𝑜𝑜𝐼𝐼𝐵𝐵𝑆𝑆𝑏𝑏𝑏𝑏𝑏𝑏𝑆𝑆𝑖𝑖𝑆𝑆𝑏𝑏𝑆𝑆𝑏𝑏𝑖𝑖 𝑏𝑏𝑆𝑆𝑎𝑎𝑏𝑏 = 1 𝑥𝑥 10−6 × 84% = 1 𝑥𝑥 10−6 

Similar to the arsenic evaluation, the potential contribution to the ECR from the site-specific background 
condition is calculated using the following equations for benzo(a)pryene. 

𝐵𝐵𝐼𝐼𝐼𝐼𝑅𝑅𝐵𝐵𝐼𝐼𝑜𝑜𝑜𝑜𝐼𝐼𝐵𝐵𝑏𝑏𝑆𝑆𝑏𝑏𝑏𝑏𝑏𝑏(𝑏𝑏)𝑝𝑝𝑏𝑏𝑝𝑝𝑆𝑆𝑏𝑏𝑆𝑆

𝑆𝑆𝑅𝑅𝐼𝐼𝐼𝐼 − 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐵𝐵 𝐸𝐸𝐸𝐸𝐸𝐸𝑏𝑏𝑆𝑆𝑏𝑏𝑏𝑏𝑏𝑏(𝑏𝑏)𝑝𝑝𝑏𝑏𝑝𝑝𝑆𝑆𝑏𝑏𝑆𝑆
=

0.208 𝐼𝐼𝐵𝐵 𝑅𝑅𝐵𝐵�

10.4 𝐼𝐼𝐵𝐵 𝑅𝑅𝐵𝐵�
× 100 = 2% 

𝐵𝐵𝐼𝐼𝐼𝐼𝑅𝑅𝐵𝐵𝐼𝐼𝑜𝑜𝑜𝑜𝐼𝐼𝐵𝐵𝑆𝑆𝑏𝑏𝑏𝑏𝑏𝑏𝑆𝑆𝑖𝑖𝑆𝑆𝑏𝑏𝑆𝑆𝑏𝑏𝑖𝑖 𝑏𝑏𝑆𝑆𝑎𝑎𝑏𝑏 = 𝐸𝐸𝐶𝐶𝐸𝐸𝐸𝐸 𝐼𝐼𝐸𝐸𝐸𝐸𝐸𝐸𝑅𝑅 × 2% 

𝐵𝐵𝐼𝐼𝐼𝐼𝑅𝑅𝐵𝐵𝐼𝐼𝑜𝑜𝑜𝑜𝐼𝐼𝐵𝐵𝑆𝑆𝑏𝑏𝑏𝑏𝑏𝑏𝑆𝑆𝑖𝑖𝑆𝑆𝑏𝑏𝑆𝑆𝑏𝑏𝑖𝑖 𝑏𝑏𝑆𝑆𝑎𝑎𝑏𝑏 = 4 𝑥𝑥 10−6 × 2% = 8 𝑥𝑥 10−8 

This evaluation provides support that the majority of the risk associated with arsenic is a background condition 
and that arsenic is not a site-related COPC. Conversely, this evaluation suggests that the majority of risk 
associated with benzo(a)pyrene is not a background condition and that benzo(a)pyrene is a site-related COPC 
rather than attributable to a site-specific background condition. Therefore, this risk driver evaluation helps inform 
the risk manager of potential response action that may be warranted based on the concentrations of 
benzo(a)pyrene detected in soils at the site. 
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remedial goals, which are frequently based on site-specific risk-based values. When a risk-based 
remedial goal is within the range of the soil background concentrations of the same chemical, the 
soil background concentration may be used as the achievable remedial goal instead of the risk-
based concentration. 

There are two ways to use soil background to set a remedial goal: 

• use a default or site-specific BTV 

• compare the soil background dataset to the site dataset to determine which areas may require 
a response action  

Remedial goals can be based on two types of BTVs: those that are based on a central tendency 
BTV, and those based on an upper limit. The type of BTV to use is a risk management decision, 
not a risk assessment decision. On one hand, using a central tendency BTV as a remedial goal is 
a more conservative approach than using an upper limit BTV. On the other hand, a remedial goal 
based on a central tendency BTV is more likely to give false positive errors (concluding that a 
soil sample is contaminated when it is well within the bounds of background) than one based on 
an upper limit BTV. Conversely, using an upper limit BTV may be more susceptible to false 
negative errors (concluding that a soil sample is not contaminated when it is contaminated).  

Regardless of which type of BTV is used, it is important to ensure that both the BTV and the site 
concentration used to compare to the BTV are of the same type of statistics. For example, if an 
upper limit BTV is used as the remedial goal, then the site concentration to compare to the upper 
limit BTV should also be an upper limit. If a central tendency BTV is used as the remedial goal, 
then the site concentration to compare to the central tendency BTV should also be a central 
tendency.   

One possible approach, often adopted as a first-tier comparison, is comparing site concentrations 
to a remedial goal set to a BTVs on a point-by-point basis. This can focus remediation planning 
on those areas where concentrations exceed the BTV (for example, hot spots of contamination). 
For example, all areas of the site with concentrations exceeding the BTV might be remediated to 
background levels. There are alternative approaches for comparing site concentration to a BTV, 
including comparing a representative site concentration to a BTV (Section 4.2.1 and 4.3.1) or a 
test for proportions (Section 4.2.2). 

A site dataset and soil background dataset may also be compared to determine which areas 
require cleanup using statistics. Hypothesis testing may be used to indicate whether hot spot 
removal can reduce site concentrations to a level similar to background without remediating all 
areas of the site. Hypothesis testing may also be used to support the decision to remediate soil 
across the entire site when low-level, pervasive contamination is present. In cases where low-
level, pervasive contamination is present, hot spot removal would not reduce site concentrations 
to background levels.  

Ultimately, the choice of which BTV to use for setting a remedial goal will depend on many 
different factors, including which regulatory agency is providing oversight, the applicable 
regulatory framework, and negotiation among stakeholders. The rationale for selecting a specific 
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type of BTV for a given site should be clearly explained and documented to ensure transparency 
in the decision-making process. 

As noted in previous sections, it may be prudent to incorporate geochemical evaluation and/or 
chemical forensic analyses at this stage or earlier in the risk assessment process to confirm 
whether site and background datasets are chemically representative of background (not just 
statistically comparable). When possible, it is recommended that these analytical tools be 
incorporated earlier in the risk assessment process to ensure that background characterization and 
risk characterization are well supported. 

 Additional Considerations 

When considering soil background in risk assessment, additional considerations such as 
bioavailability of chemicals and uncertainties should be accounted for and addressed, when 
possible and if necessary. 

 Bioavailability of chemicals in site and background soil 

Bioavailability is important to understand when using soil background because it makes the 
chemical more (or less) available for uptake. The relative bioavailability of a chemical in the 
background soil may be different from the relative bioavailability of the same chemical in the 
exposure area (where there is contamination). How to account for background bioavailability is 
described in detail in Section 9.2.3 of the ITRC’s Bioavailability of Contaminants in Soil 
Guidance document (ITRC 2017)[206]. For human or ecological exposures, contaminants in soil 
may not be as bioavailable as the forms used in the toxicity tests used to develop risk-based 
criteria. When calculating the relative bioavailability of a COPC in the background reference 
area, it is important to make sure that the conditions (for example, sample depth, soil type) are 
comparable to those on the site. Although bioavailability is better understood for lead, arsenic, 
and PAHs ((USEPA 2007)[223], (USEPA 2012)[224], (ITRC 2017)[206]), particularly for the 
incidental ingestion of soil, states such as Hawaii recommend bioavailability testing when site 
concentrations exceed default BTVs (HI DOH 2011)[439].  

If the bioavailability of a chemical was considered or modified in generating a BTV, the 
conditions of the site must closely match the background study. This is of the utmost importance 
because bioavailability is greatly influenced by soil characteristics, including mineralogy, grain 
size, pH, and soil organic matter.  

Although it is unlikely that bioavailability of chemicals will be considered in developing a BTV, 
methods for some chemicals and receptor types have been developed that simultaneously 
consider background chemical concentrations and bioavailability in site soils. One approach 
developed for ecological receptors (plants and invertebrates) and metals, for example, is to 
develop soil cleanup values based on background concentrations and bioavailability modeling of 
“added metal” (the metal concentration greater than background) (Checkai et al. 2014)[202]. An 
example of a freely available and flexible tool for developing bioavailability-based soil 
guidelines that incorporates background soil concentrations of metals is available from Arche 
Consulting (2020)[200]. 



ITRC–Soil Background and Risk Assessment    January 2022 Final 

 

69 

When site-specific BTVs are generated, due to site concentrations exceeding a risk-based 
screening level or default BTVs, an assessment of a contaminant’s bioavailability at a site may 
be considered.   

 Uncertainty and assumptions 

A common thread among all the assumptions in using a default or developing the site-specific 
soil BTV is to lean toward being acceptably conservative to be protective of the most sensitive 
receptors. The consideration of soil background in a risk assessment will allow a focus on the 
risks actually associated with a release or site. Therefore, it is important to clearly identify and 
explain the assumptions and uncertainties made when establishing default or site-specific BTVs. 
In contrast with default BTVs, site-specific BTVs are developed for each individual site and are 
often not readily applicable elsewhere. The use of a BTV, especially a site-specific BTV, should 
be approved by the proper regulatory agency prior to the completion of the risk assessment. 

 Physical setting 

When using soil BTVs for a specific area, there is uncertainty about the physical setting because 
geochemical and physical processes are important to consider along with geological 
characteristics.   

To use default soil background values, both physical and chemical parameters need to be similar 
at both the site and the locations used during the background study. Based on the amount of 
information needed, the level of detail required to characterize a highly variable site does not 
typically allow the comparison to a default BTV. For sites with highly variable soil properties, 
equally detailed site-specific BTV are most appropriate for comparison. Background 
concentrations will be inherently variable depending on spatial distribution of the samples. This 
variability is rooted largely in the heterogeneous nature of soil. Before using a site-specific BTV 
in an area of interest that has high natural variability, confirm that the variability pairs well with 
the data used to generate the site-specific BTV (Section 3.7). 

Assuming the geochemical and physical processes that determine background, the chemical 
concentration for a constituent of interest can guide how the background concentration is 
determined. An assumption of aerial deposition may lead to the collection of surface soil samples 
in the study used to develop default BTV. On the other hand, knowing that chemicals such as 
metals, are naturally occurring, one could assume that metals are widely spread throughout the 
soil column. In that case, it would, therefore, be appropriate to compare samples from various 
sample depths to a default BTV (while also considering soil depths that are appropriate to the 
exposure of the human or ecological receptors being evaluated in the risk assessment). 
Comparing site data to a BTV should follow the same assumptions and sampling schemes. This 
may limit the applicability of a default BTV.  

It is important to consider if the geology of the location where a default BTV was developed is 
similar to the location that is being evaluated to ensure that the value was established from an 
area with similar geological characteristics. In many cases, this will be less of an issue with site-
specific soil BTV development due to a more narrowed focus on choosing an area that has 
similar geology. If the area of interest falls in an area with a high degree of geological variation, 
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the development or use of site-specific BTV may not be approved by the lead oversight agency. 
The remainder of geological considerations should have previously been addressed during both 
the sampling (Section 9) and establishment of default soil BTV (Section 3.7).  

There is also uncertainty in potentially changing conditions of background reference areas over 
time due to unexpected events (for example, flooding, wildfires, runoff). Areas prone to natural 
disasters or in a dynamic environment will experience temporal changes. Data collected at one of 
these locations may represent only a snapshot in time and the applicability of a BTV may be 
limited. Additionally, unknown off-site activities that increase or decrease background 
concentrations may underestimate or overestimate naturally occurring constituents. Site-specific 
BTV may be needed; however, site-specific values generated from previous studies carry 
additional uncertainties that increase with the age of the data and whenever different parties 
conduct the studies. Additional care in the form of geochemical evaluations (Section 5) or 
environmental forensics (Section 7) may be needed to determine whether the site data are 
representative of site-specific background.  

 Methods 

The statistical methods used will influence the calculated BTV (refer to Section 11). The study’s 
handling of nondetect values (Section 11.3), outliers (Section 11.5), and sample location each 
carry uncertainty into the risk assessment. Methods and assumptions used in determining a BTV 
balance between two outcomes: false positive or false negative error rates. Methods to estimate 
BTV typically attempt to reduce the number of false positives or to reduce the number of false 
negatives. Understanding how the BTV is established and the assumptions made are essential for 
their scientifically sound use. It is important to ensure that the analytical chemistry method used 
to quantitate COPC in a soil sample is sensitive enough to detect reliably amounts of COPC 
smaller than the correspondent risk-based concentrations (for example, screening levels, 
remedial goals). Much uncertainty can come from the exclusion of certain chemicals due to 
missing or unknown risk-based screening values or lack of sampling for those chemicals. If 
chemicals were previously eliminated due to data limitations, the consequences for excluding 
those chemicals should be discussed (USEPA 1989)[130]. 

As technology and laboratories’ ability to detect lower concentrations continually improve, 
previously established default BTV can become out of date. For more information on detection 
limits and their incorporation in soil background risk assessments, refer to Section 10.  

Soil collection method is a consideration that is made early in the DQO process and will impact 
how site data can be used in the risk assessment. According to ITRC (2020)[431], although 
discrete and ISM samples could be combined with some caveats, in practice, there are no 
established methods for combining discrete and ISM data. The underlying theory between the 
two types of sampling methods is different enough that the results of the average would 
conceptually not make sense. Section 9.4 lists advantages and disadvantages of different sample 
types.  
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 Professional judgment 

A large part of professional judgment will be addressing the assumptions noted in Section 4.5.2. 
Professional judgment should be used to make decisions regarding sampling or whether a default 
background study is appropriate for comparison. If site conditions fail to meet the 
parameters/assumptions of the default BTV study and are, therefore, unable to be used, 
developing site-specific values is an option.   

Section 4.1 describes options available for comparison of site concentration and a default BTV. 
The data and considerations used in the development of the default BTV and the site’s dataset for 
a compound will identify some options as inappropriate for use. Professional judgment and 
communication with the regulatory agency are essential when considering background 
concentrations of chemicals in a risk assessment. 
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5 GEOCHEMICAL EVALUATIONS 

Geochemical evaluation is a technique based on selected elemental ratios that is used to identify 
processes controlling element concentrations in soil and confirm or rule out the presence of 
contamination in individual samples. These ratios reflect trace elements’ affinities to adsorb on 
the surfaces of specific minerals in soil. An anomalous ratio can indicate the presence of excess 
trace element from a contaminant source. While commonly used during site investigations to 
delineate contaminated areas and refine lists of COPC ((Myers and Thorbjornsen 2004)[469], 
(Thorbjornsen and Myers 2007)[267]), geochemical evaluation is also important during 
background studies, where the goal is to characterize representative background concentrations 
and conditions ((Thorbjornsen 2008)[269], (Geiselbrecht et al. 2019)[15]). 

A notable feature of geochemical evaluation is that it employs the field observations and existing 
analytical data, such as environmentally available metals concentrations in discrete soil samples, 
that are acquired during standard environmental investigations. This minimizes overall project 
cost, because specialized analytical data are not required (Thorbjornsen and Myers 2007)[267]. 
Elemental ratios have long been used as a geochemical prospecting technique ((Hawkes and 
Webb 1962)[258], (Boyle 1974)[255], (Levinson 1974)[259], (Whitney 1975)[270]) and are well 
suited for the background applications discussed below. 

The geochemical evaluation described in this guidance does not include stable isotope analyses, 
sequential extraction procedures, or other specialized analytical techniques. Not only are such 
techniques outside the scope of this guidance, but they are also not necessary for background 
determination at most sites. Geochemical evaluation is also not a statistical technique (Section 
5.1), but rather it complements statistics by evaluating analytical results from a different 
perspective, thereby reducing decision errors that are inherent to any single methodology. 
Geochemical evaluations should be performed by experienced geochemists, because many 
potential geochemical processes need to be considered when evaluating soil datasets. 

 Geochemistry Is Not Statistics  

There are many statistical procedures that are applied to environmental data, but they are not 
used during geochemical evaluation, which has as its aim the identification of geochemical 
mechanisms controlling element concentrations in soil. It is not a hypothesis test with associated 
probabilities; it does not assume linear relationships between elements, nor do linear models 
apply, for the reasons explained in Thorbjornsen and Myers (2007)[268] and ASTM E3242-20 
(ASTM 2020)[146]. A properly performed geochemical evaluation identifies geochemical 
mechanisms controlling element concentrations in individual soil samples, which procedures 
such as multivariate statistics cannot do. Geochemical considerations are an important 
complement to statistical evaluations and serve as an independent line of evidence when 
characterizing background concentrations in soil and during comparisons of site versus 
background data. 

 Uses of Geochemical Evaluations 

Geochemical evaluations are used for the following purposes: 
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• to identify the processes controlling element concentrations 

• to identify contaminated samples 

• to determine whether statistical outliers should be retained in the background datasets 

• to confirm or rule out the grouping of candidate background datasets 

These purposes are described in the following sections. 

 Identify the processes controlling element concentrations 

Many geochemical mechanisms can control element concentrations in soil, and they are highly 
localized phenomena due to effects such as pH and oxidation-reduction (redox) in soil pore fluid. 
It is important to understand these processes so that elevated concentrations, which may be 
perceived as unrepresentative of background, can be explained. Section 5.5 provides further 
discussion of some of these geochemical mechanisms. 

  Identify contaminated samples 

Geochemical evaluation identifies samples with element concentrations that are anomalous 
relative to uncontaminated samples. These anomalous concentrations are not always obviously 
elevated in terms of their absolute concentrations. Moderately contaminated and even slightly 
contaminated samples can be identified using geochemical evaluation. This includes 
concentrations that would pass statistical outlier tests and/or lie below regulatory screening 
levels. Exclusion of all such contaminated samples results in a dataset that more appropriately 
represents background geochemical conditions. This becomes especially important later in the 
project life cycle, when site-to-background comparisons are performed that incorporate 
geochemical evaluation. Retaining a contaminated sample with anomalously high elemental 
ratio(s) in the background dataset means that contaminated site samples are more likely to be 
erroneously declared as uncontaminated. 

  Evaluate statistical outliers 

Background data screening processes may include statistical outlier tests (Section 11.5) to 
identify unusually high or low concentrations that do not fit a mathematical model, typically the 
normal distribution. Such “unexpected” concentrations may look suspicious but should not be 
excluded without further inspection to verify that they are not representative of background. 
Removal of naturally elevated concentrations would bias descriptive and inferential statistics 
toward lower, unrepresentative values, and it would censor important geochemical information 
about site soils. As noted by USEPA (2006)[192]: “These [outlier] tests should only be used to 
identify data points that require further investigation. The tests alone cannot determine whether a 
statistical outlier should be discarded or corrected within a dataset. This decision should be based 
on judgmental or scientific grounds.” 

Geochemical evaluation is a critical tool for determining whether statistical outliers represent 
contamination, in which case they should be removed from a background dataset, or have a 
natural source or are due to inherent variability, in which case they should be retained 
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(Thorbjornsen 2008)[269]. Section 14.3, Section 14.4, and Section 14.5 provide case studies of 
geochemical evaluations performed following statistical outlier tests. 

  Confirm or rule out the grouping of candidate background datasets 

A common assumption is that background soil samples must be separated on the basis of soil 
type (such as the U.S. Department of Agriculture's soil survey map units), location, or depth. 
Assumptions such as these should be tested using geochemical evaluation of selected elemental 
ratios (Thorbjornsen 2008)[269]. Similar elemental ratios provide a line of evidence for pooling 
soil background datasets that might otherwise be segregated based on a priori assumptions, at 
least during the geochemical evaluation phase of site-to-background comparisons if not also 
during the background study itself. Trace element concentrations in soil at a given site are 
controlled primarily by adsorption on fine-grained minerals such as clays and iron oxides, so 
grain-size effects (Section 5.5) have the largest influence on their concentrations. This means the 
various a priori classification schemes are often irrelevant for background purposes and 
separating samples confers no advantage. 

An example of using geochemical evaluation to test the validity of grouping samples follows. At 
a Georgia facility the candidate background dataset included surface soil samples collected from 
0 to 2 feet below ground surface and subsurface soil samples collected at 1-foot and 2-foot 
intervals with starting depths ranging from 2 feet below ground surface (the shallowest 
subsurface sample) to 42 feet below ground surface (the deepest subsurface sample). Of interest 
was whether the surface and subsurface samples could be combined (pooled), because during 
subsequent site investigations the project risk assessors would be evaluating hypothetical 
receptors' exposure to “total” (surface and subsurface) soil. Geochemical evaluation was 
performed that included comparisons of elemental ratios. The two sets of background samples 
exhibited consistent elemental ratios for the evaluated elements, including cobalt (Figure 5-1 and 
Figure 5-2). Natural cobalt concentrations in soil at this facility are controlled primarily by 
adsorption on manganese oxide minerals, which is reflected as consistent Co/Mn ratios 
regardless of absolute cobalt concentration. The surface soil Co/Mn ratios span the same range as 
the subsurface soil ratios (Figure 5-2), even though the depth intervals vary greatly. It was 
concluded in this situation that a combined (“total”) background soil dataset was appropriate for 
the facility, in addition to separate background surface soil and background subsurface soil 
datasets. Descriptive statistics and inferential statistics were subsequently provided for the three 
background datasets. 
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Figure 5-1. Cobalt vs. manganese in background surface and subsurface soil samples. 

Source: Karen Thorbjornsen, APTIM. 
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Figure 5-2. Cobalt vs. Co/Mn ratios in background surface and subsurface soil samples. 

Source: Karen Thorbjornsen, APTIM. 
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“trace” elements have concentrations less than 100 mg/kg (Sposito 2016)[263]. Where project 
budgets allow, the USEPA Target Analyte List of 23 elements should be analyzed because it 
includes most of these elements, thereby permitting a more thorough evaluation. If the analyte 
list is too restrictive (for example, only the trace element of interest and one major element, such 
as arsenic and iron), then important information may be lost that would otherwise explain the 
concentrations of the element of interest. 

In addition to the examination of trace versus major element ratios (described below), 
information that should be examined includes field geologists’ soil descriptions (found on 
drilling logs, sample collection forms, or field logs), site photographs, soil pH measurements, site 
history and physical setting, and interviews with personnel familiar with the site or facility 
operations. All lines of evidence should be brought to bear when drawing conclusions about the 
presence or absence of inorganic contamination in soil samples. 

In support of the geochemical evaluation, scatter plots and ratio plots are constructed to explore 
the elemental associations and identify potentially contaminated samples ((Myers and 
Thorbjornsen 2004)[469], (Thorbjornsen and Myers 2007)[267]). A useful starting point is to 
examine the relationship between aluminum and iron concentrations in the soil samples. 
Covariance of these major elements does not reflect a geochemical association (such as 
adsorption effects) but rather a grain-size effect. In oxic soils, samples with high aluminum and 
iron concentrations have a high proportion of clay minerals and iron oxide minerals, which are 
very fine-grained. As noted in Section 5.5, these minerals have affinities to adsorb specific trace 
elements, so samples with more of these minerals will contain higher background concentrations 
of the associated trace elements, including higher natural background concentrations. Coarser-
grained soils will generally contain lower background concentrations of trace elements. 

To evaluate trace elements, scatter plots are constructed to depict the detected concentrations of 
the trace element of interest against the detected concentrations of the major element that 
represents the mineral to which the trace element may be adsorbed. In the absence of 
contamination, the samples will tend to exhibit a common trend and similar elemental ratios. 
Uncontaminated samples with higher trace element concentrations will have proportionally 
higher major element concentrations and lie on the background trend. Contaminated samples will 
have anomalously high elemental ratios; on the scatter plot they will lie above the trend formed 
by the other samples. Such samples contain more trace element than can be explained by the soil 
mineral content, and they may contain a component of contamination. Ratio plots depicting trace 
element concentrations versus the corresponding trace versus major element ratios are prepared 
to accompany the scatter plots. The major elements against which trace elements are evaluated 
reflect the affinities that the trace elements have for specific minerals, which is a function of the 
specific trace element and geochemical environment. This is discussed in more detail in Section 
5.5, which also includes example scatter and ratio plots. 

 Nondetects   

The intent of geochemical evaluation is to determine whether detected element concentrations 
have a natural source or are impacted by anthropogenic or site releases and/or activities, by 
considering the geochemical mechanisms controlling the concentrations in soil. Nondetects, 
while typically indicating very low (below the detection limit) concentrations, are a function of a 
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laboratory process; they have no meaning in the geochemical context and provide no 
geochemical information for the site. Nondetects are therefore excluded from the evaluation 
(Myers and Thorbjornsen 2004)[469]. Estimated concentrations, such as “J” flagged (or 
“qualified”) concentrations, are included in geochemical evaluation datasets. Although they have 
more analytical uncertainty than unqualified concentrations, estimated concentrations still 
contain useful information. The higher analytical uncertainty associated with their values may 
result in additional variability in the data presented in scatter plots and greater spread in ratio 
plots, particularly at the low end of the trace element concentration range, where most J-qualified 
concentrations tend to reside. 

 Key Geochemical Processes 

Trace element concentrations in soil are controlled by multiple processes, including solubility 
(which is a function of pH, redox, temperature, etc.) and adsorption/desorption (“sorption”) 
reactions. Typically, the most important control is sorption reactions on specific mineral 
surfaces, which are driven by solute and surface charges. A detailed discussion of geochemical 
mechanisms is outside the scope of this guidance, but they are more fully explained in other 
sources, including Stumm and Morgan. (1996)[264], Cornell and Schwertmann (2003)[256], and 
Sposito (2016)[263]. 

Trace elements have affinities to adsorb on specific soil-forming minerals (such as clays), 
represented by major elements (such as aluminum). These adsorption affinities are manifested as 
consistent trace versus major element ratios in a set of uncontaminated soil samples. Samples 
with excess trace element from a contaminant source are identified by their anomalously high 
elemental ratios. Section 5.5.1 through Section 5.5.3 provide a few common element associations 
that are explored through the use of scatter and ratio plots. Other associations should be explored 
beyond those listed below, to ensure a thorough evaluation of concentration data for soil at a 
given site. 

 Clay minerals  

Clay minerals contain aluminum as a primary component. They tend to maintain net negative 
surface charges under circumneutral pH conditions and attract cationic species such as barium 
(Ba2+), cadmium (Cd2+), and zinc (Zn2+), among others (Kabata-Pendias 2010)[151]. 
Concentrations of barium versus aluminum, cadmium versus aluminum, and zinc versus 
aluminum are typically examined. In the example scatter plot of Figure 5-3, barium 
concentrations are plotted along the y-axis and the corresponding aluminum concentrations are 
plotted along the x-axis. 
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Figure 5-3. Barium vs. aluminum in background soil samples. 

Source: Karen Thorbjornsen, APTIM. 
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Figure 5-4. Barium vs. Ba/Al ratios in background soil samples. 

Source: Karen Thorbjornsen, APTIM. 
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contaminant source would lie above the trend in Figure 5-5 and would be shifted to the right of 
the other samples in Figure 5-6, but that is not observed for this dataset. 

 

Figure 5-5. Vanadium vs. iron in background soil samples. 

Source: Karen Thorbjornsen, APTIM. 
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Figure 5-6. Vanadium vs. V/Fe ratios in background soil samples. 

Source: Karen Thorbjornsen, APTIM. 

 Manganese oxides   

Manganese oxides are a large group of minerals that contain manganese as a primary component; 
where present in oxic soils, they tend to maintain strong negative surface charges and attract 
positively charged species such as cobalt (Co2+) and lead (Pb2+), among others (Kabata-Pendias 
2010)[151]. Concentrations of cobalt versus manganese and lead versus manganese would be 
examined, for example. 

In the example below, a site-specific background soil dataset contains two samples with 
relatively high cobalt concentrations (Figure 5-7); however, the two samples also contain 
proportionally higher manganese. The two samples were determined to be preferentially enriched 
in manganese oxide minerals and therefore contain naturally higher concentrations of associated 
trace elements, such as cobalt. 
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Figure 5-7. Cobalt vs. manganese in background soil samples. 

Source: Karen Thorbjornsen, APTIM. 

The Co/Mn ratios of the two samples are consistent with those of the other background samples 
(Figure 5-8), which is indicative of a natural source for the cobalt detections. If the samples 
contained excess cobalt from a contaminant source, then their Co/Mn ratios would be elevated 
relative to those of the other background samples, but that is not observed. The two samples 
reflect the natural variability of the site soils. 
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Figure 5-8. Cobalt vs. Co/Mn ratios in background soil samples. 

Source: Karen Thorbjornsen, APTIM. 

 Additional geochemical processes 

Additional geochemical processes need to be considered, along with relevant non-geochemical 
processes. They include:  

• other trace versus major element associations not described above, such as adsorption of 
cadmium and zinc on iron oxides (Kabata-Pendias 2010)[151] 

• adsorption of specific trace elements such as mercury and copper on organic particles, 
which would be evaluated via comparison of trace element concentrations versus total 
organic carbon concentrations (for example, see Xue et al. (2019)[271]) 

• the presence of evaporite minerals in arid soils 

• the effects of weathering of certain rock types, such as mafic and ultramafic units (for 
example, see Morrison et al. (2009)[260]) 

• the presence of mineralized zones that may have localized areas with high concentrations of 
specific elements 

• strong soil profile development that may cause vertical redistribution of elements 
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• the effects of bioconcentration, such as microbial or “biofilm” coatings on soil particles (for 
example, see Pal and Paul (2008)[262]) 

• physical weathering of rock (for soils that are dominated by mechanical fragments rather 
than chemical weathering products) 

• the effects of low redox in hydric soils 

Geochemical evaluation is not simply a graphical approach. All available data and information 
must be examined when evaluating the concentration data, as noted in Section 5.3, and the 
evaluation should be documented in writing. It is recommended that an experienced geochemist 
perform the geochemical evaluation because of the complexity that may be encountered at any 
given site. Conclusions must be explained and supported by applicable citations from the 
scientific literature, and they must often be defended during regulatory review. 

 Extracting Background Data from Existing Data 

Geochemical evaluation should be used to examine candidate background samples, in addition to 
the use of statistical procedures. Extracting background data from existing datasets can minimize 
the number of new background samples that may need to be collected, thereby saving money. 
Multiple procedures are typically performed when background data are extracted, with the goal 
of identifying uncontaminated samples that represent background conditions. Statistical 
procedures are most commonly performed, but those procedures can only identify elevated 
concentrations or attempt to distinguish “subpopulations” among a set of concentrations without 
consideration of their geochemical and scientific context. Some statistical procedures 
erroneously assume that data must fit a statistical distribution (such as the normal or gamma 
distribution); violations of the distribution or failures of statistical tests are often assumed to 
indicate the presence of contamination or other undesirable attributes. This is an unreasonable 
assumption for naturally heterogeneous geogenic materials such as soil. Statistics, being based in 
mathematics, cannot explain the reasons for detected concentrations of elements in soil. That is 
the province of geochemistry and related sciences. Geochemical evaluation can be used to screen 
out contaminated samples, if present, in the candidate background dataset ((Thorbjornsen 
2008)[269], (ASTM 2020)[146]). Note that soil samples will need to be analyzed for major 
elements (for example, aluminum, calcium, iron, magnesium, manganese) in addition to trace 
elements of interest to support geochemical evaluation of metals. 
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6 USING GEOCHEMICAL EVALUATIONS IN RISK ASSESSMENT 

The results of geochemical evaluations provide insight into metals concentrations in soil in two 
main ways:  

• using a background dataset to identify which detected concentrations are likely attributable 
to background (see Section 5, Section 14.4, and Section 14.5)  

• evaluating a site dataset to determine which of the detected concentrations, if any, are 
consistent with background conditions 

These results can be used at two key points where background is considered in the risk 
assessment process:  

• COPC selection  

• risk characterization 

The above depend on when the applicable risk assessment guidance allows consideration of 
background. 

 Using Geochemical Evaluations During COPC Selection 

Typically, a geochemical evaluation is performed after an initial screening for COPC has 
occurred because concentrations below screening levels would not typically warrant a 
geochemical evaluation. Depending on the applicable guidance, soil chemical concentrations are 
compared to risk-based screening values alone or to the higher of two screening values: the risk-
based screening value or background (default or site-specific). Any chemicals with site 
concentrations that exceed their associated screening values are then included in the site-specific 
geochemical evaluation. The geochemical evaluation is typically used to determine whether the 
site concentrations are consistent with background conditions (“background-related”), and thus 
that the element need not be evaluated further in the risk assessment even if concentrations 
exceed risk-based screening values. 

As discussed in Section 5.2, moderate or low-level contamination may be present in the site 
dataset that is not representative of background. Such concentrations may be lower than some of 
the higher naturally occurring background concentrations. Geochemical evaluation can assist in 
distinguishing low-level contamination from naturally occurring background, allowing the risk 
assessor or risk management team to decide whether a chemical should be retained as a COPC 
for risk evaluation. 

Some advantages of geochemical evaluations at the screening (COPC selection) stage in the 
process are: 

• Apparent statistical outliers (“false outliers”; Section 11.5) that are determined to be 
representative of background conditions (based on geochemical evaluation) can be 
recognized and retained in the background dataset to refine the estimation of a background 
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concentration (for example, BTV) (Section 5.2) and provide a more representative 
background dataset. 

• Multiple populations of background data, if present, can be identified geochemically 
(Section 5.2), and the knowledge of such populations can be used to guide additional 
sampling (if appropriate) and support the interpretation of results of the site assessment/risk 
assessment. 

• Consideration of the relevant geochemical processes controlling element concentrations in 
soil can enhance the project team’s understanding of uncertainties inherent in quantifying 
soil background concentrations and natural mechanisms that affect soil background 
concentrations, as they apply to the site. 

• COPC may be screened out of the risk assessment process at an earlier stage as attributable 
to background, thus allowing for focus on COPC not attributable to background and a more 
streamlined risk assessment. 

Some challenges when considering geochemical evaluations at the screening (COPC selection) 
stage are: 

• Although a geochemical evaluation at this early stage of risk assessment process is a best 
practice, the importance of background and the complexity of the site may not be 
sufficiently understood by all stakeholders at that point such that geochemical evaluations 
are not considered or used effectively. 

• Geochemistry expertise is needed, along with additional cost, to perform the geochemical 
evaluation, and, in some cases, there can be a lack of expertise at regulatory agencies and 
thus lack of understanding and acceptance of these methods. 

 Example #1: Evaluate anomalous concentrations further 

This simplified, hypothetical example demonstrates that if anomalous samples are identified in a 
site dataset, then those samples should be scrutinized further to determine whether they represent 
potential contamination. As shown in Figure 6-1 and Figure 6-2, most samples exhibit 
covariance between Trace Element A and Major Element B, including the samples with the 
highest trace element concentrations (up to approximately 1,000 mg/kg). The trace element 
concentrations are most likely naturally occurring in most samples and are deemed representative 
of background. Three samples have anomalously high A/B ratios relative to the others (Figure 
6-2). If these samples were a site dataset, then it might be concluded that most site samples are 
consistent with background conditions, with the exception of the three samples that lie above the 
general trend in the scatter plot and to the right of the other samples in the ratio plot (see arrows). 
However, additional lines of evidence regarding potential geochemical and physical processes 
should be evaluated to determine whether there is another explanation for the anomalously high 
ratios (Section 5.5). For example, are the trace element concentrations controlled primarily by 
adsorption on another soil-forming mineral that is not represented by the major element depicted 
here? The additional lines of evidence may support a more defensible conclusion as to whether 
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these samples represent a component of site-related contamination, or their concentrations are 
consistent with background. 

 

Figure 6-1. Scatter plot of Trace Element A vs. Major Element B shows anomalously high 
concentrations of Trace Element A in specific samples. 
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Figure 6-2. Ratio plot of Trace Element A vs. Trace Element A/Major Element B. 

 Example #2: Samples confirmed to be unrepresentative of background 

In this simplified example shown in Figure 6-3 and Figure 6-4, the majority of samples were 
identified as being consistent with background based on the covariance of trace element A 
concentrations with aluminum concentrations; however, a subset of the samples (circled here on 
Figure 6-3 and Figure 6-4 for illustration purposes) lies above the trend formed by most samples 
in the scatter plot and is shifted to the right of the other samples in the ratio plot. They have 
anomalously high elemental ratios, indicating potential input of trace element from site-related 
contamination. In this example scenario, further evaluation of the suspect samples had confirmed 
that there was no natural source to explain their anomalous ratios (Sections 5.3 and Section 5.5. 
Therefore, their trace element concentrations could be compared to risk-based screening criteria 
in the COPC selection step, and the other data (along the main trend) could be excluded from the 
COPC selection process as being consistent with background. This example also illustrates how 
low-level site-related chemical concentrations may be distinguished from background 
concentrations that have a much wider concentration range. 
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Figure 6-3. Scatter plot of Trace Element A vs. aluminum.  

 

Figure 6-4. Ratio plot of Trace Element A vs. Trace Element A/aluminum. 

 Using Geochemical Evaluations During Risk Characterization 

If geochemical evaluations are not used during the screening stage to select COPC, then 
geochemical evaluation results can be used during the risk characterization stage. The overall 
goal is to determine whether element-related risks can be attributed to site impacts or represent 
naturally occurring or anthropogenic ambient conditions. 

Using the typical human health risk assessment outline terminology of ITRC-Risk-3 (ITRC 
2015)[237], this evaluation would likely occur as a subsequent refinement presentation step 
following initial presentation of risk estimates. In the ecological risk assessment outline 
terminology ((USEPA 1997)[272], (USEPA 1998)[273]), this synthesis of risk estimation occurs 
under risk description. In either case, the geochemical evaluation is typically provided as its own 
stand-alone chapter or appendix in the risk assessment, or in the referenced remedial 
investigation report or background study report. 

Some advantages of considering geochemical evaluation results at the risk characterization stage 
are: 

• At this stage of the risk assessment process, the need for, and implications of, geochemical 
evaluation may be well understood, resulting in a focused evaluation and efficient use of 
resources. 
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• These results aid in understanding the results of the risk assessment, which is a primary goal 
of risk characterization (ITRC 2015)[237], including understanding what risks are with and 
without the element(s) included. 

• Results assist risk managers in scoping appropriate remedial action for a site. 

Some potential challenges when applying the results of geochemical evaluations in risk 
characterization are: 

• These results add complexity to risk results presentation, which might hinder risk 
communication with stakeholders and risk managers. 

• In some cases, geochemical evaluation conclusions may result in modification of the CSM 
(for example, through revision of background concentrations or redefinition of impacted 
areas). It is a best practice to conduct geochemical evaluations early, in order to focus the 
site assessment/risk assessment process and avoid revising the CSM at a late stage of the 
risk assessment process, which can result in inefficiency and additional cost.  

• Geochemistry expertise is needed, along with additional cost, to perform the geochemical 
evaluation; in some cases, there can be a lack of expertise at regulatory agencies and thus a 
lack of understanding and acceptance of these methods. 

These potential challenges can be addressed by involving an experienced geochemist in 
planning, evaluation, and presentation stages of the risk assessment process. The exact approach 
to incorporating the results of geochemical evaluations into risk characterization will differ 
depending on how the risk assessment plan is developed, as well as site-specific considerations. 
Some example scenarios are presented in the following sections. Depending on the applicable 
guidance and specific circumstances, these approaches could be incorporated within the primary 
presentation of risk results or presented as subsequent evaluations for comparative purposes. The 
documentation of the geochemical evaluation could then be included in an appendix to the risk 
assessment report or in a stand-alone chapter. 

 Example #3: Point-by-point spatial evaluation for delineation 

On a 100-acre site, sampling is conducted on a half-acre grid to evaluate a hypothetical 
residential exposure risk scenario. The end-product of risk characterization is a spatial grid of 
cancer risks for arsenic. A geochemical evaluation is performed, and it is determined that iron is 
the applicable major element with which to evaluate arsenic (Section 5.5.2). A map is prepared 
depicting sample locations, arsenic and iron concentrations, and the corresponding As/Fe ratios. 
The map shows that the As/Fe ratios inconsistent with background (anomalously high As/Fe 
ratios) are spatially clustered, whereas those that are consistent with background are distributed 
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throughout the site. The spatial evaluation complements the geochemical evaluation and helps 
delineate areas of site-related arsenic impacts.    

 Example #4: Incorporation into site-specific risk-based cleanup levels or 
preliminary remediation goals 

For some sites, the risk characterization portion of the risk assessment may conclude by 
establishing site-specific risk-based cleanup levels or preliminary remediation goals. To continue 
with the hypothetical site in Example 3 (Section 6.2.1), a separate examination of the site data 
finds that approximately 10% of the site samples show elevated arsenic concentrations greater 
than a site-specific BTV. The geochemical evaluation indicates that there are some locations 
where elevated arsenic concentrations appear to result from site impacts, but that there are other 
locations where arsenic concentrations are consistent with background. Because the geochemical 
evaluation identified additional locations as being consistent with background, both the data 
from these locations and the background dataset can be used to establish arsenic’s site-specific 
cleanup levels (or preliminary remediation goals) for the site. The cleanup level based on this 
combined background dataset would then be compared to a risk-based cleanup level, and the 
higher of the two values would be used as the final cleanup level.  

 Considerations  

Risk assessment guidance (for example, (ITRC 2015)[237] incorporates the concept that level of 
effort in developing components of a risk assessment should be “fit for purpose.” When 
contemplating incorporation of the results of a geochemical evaluation in a risk assessment, the 
following considerations are important (see also Section 5): 

• Are the necessary analytical data (Section 5.3) available to perform geochemical evaluation? 

• Is the sampling design robust and does it capture site and background geochemical 
variability? 

• How does the geochemical evaluation contribute to the risk assessment, and to what extent 
does it inform the results and conclusions of the risk assessment? Does the geochemical 
evaluation have any implications relative to the usefulness of the risk assessment results?  

• How do the results of the geochemical evaluation fit with the existing CSM? Are there 
inconsistencies that could lead to uncertainty in the risk assessment or to a reconsideration 
of what chemicals are site-related? 

• Does assignment of data to “impacted” or “background,” based on the results of a 
geochemical evaluation, change the overall risk assessment conclusions or interpretation? 

• Based on professional judgment of the project team, are metals results and risk assessment 
results consistent with expected impacts (or lack thereof) based on site history or experience 
at similar sites? 
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• How does the uncertainty resulting from inclusion/exclusion of data being considered for 
reassignment as background based on geochemical evaluation compare to other sources of 
uncertainty in the risk assessment? 

Discussion of some of these same considerations/questions in the risk characterization or 
uncertainty analysis sections of a risk assessment may be useful as lines of evidence supporting 
the results of a geochemical evaluation. 
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7 ENVIRONMENTAL FORENSICS RELATED TO SOIL BACKGROUND 

 Introduction 

Environmental forensics is a well-established discipline that considers scientific, operational, and 
historic information to interpret the potential sources and/or ages of contamination detected at a 
site, typically at anomalous concentrations. Although a common objective of an environmental 
forensic evaluation is to identify causation and timing of contamination (Morrison and Murphy 
2006)[344], in the context of this guidance its value is focused on determining whether the 
observed chemical concentrations in soils may be representative of natural or anthropogenic 
ambient background or are due to site-related contamination. Using environmental forensics to 
determine whether a contaminant is representative of background requires an expert who is 
knowledgeable about these methods and the chemistry of the contaminant being evaluated.   

Contamination requiring risk assessment can take many forms. Some forms are compositionally 
simple and their presence in the environment can be measured by only one or a few individual 
chemicals or elements (for example, arsenic or metals). Assessments of these simpler forms of 
contamination relative to background can often be achieved using numerous statistical tests 
(Section 11) and geochemical evaluations (Section 5). Other forms of contamination are 
compositionally much more complex, being comprised of scores of different chemicals, some 
with related chemical structures and similar but not identical chemical properties. Risk 
assessment of these more complex forms of contamination relative to background can often 
benefit from environmental forensics. Specifically, the complexity of these contaminants not 
only provides a basis to distinguish among different sources of the same contaminant but also, 
and of relevance herein, to distinguish contamination from background, particularly at low 
contaminant concentrations.  

In this section, five different groups of chemicals that occur in the environment as both 
contamination and background are considered, namely: 

• polycyclic aromatic hydrocarbons (PAHs; Section 7.2) 

• total petroleum hydrocarbons (TPH; Section 7.3) 

• polychlorinated biphenyls (PCBs; Section 7.4) 

• polychlorinated dibenzo-p-dioxins and dibenzofurans (PCDD/F; Section 7.5) 

• per- and polyfluoroalkyl substances (PFAS; Section 7.6) 

The varying compositions of these five groups of chemicals in different contaminant sources can 
be exploited to distinguish contamination from background. As such, the application of 
environmental forensics is clearly relevant, albeit perhaps underused, in the human health and 
ecological risk assessment of soils, and therefore, warrants consideration by risk assessors.   

In addition, this section also includes information on remote sensing (Section 7.7), whose 
application relies not on the chemical complexity of different source contaminants, but rather on 
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the spatial and temporal differences that can be recognized in a study area using various remote 
(noninvasive) techniques.  

 Polycyclic Aromatic Hydrocarbons 

PAHs are ubiquitous in soils worldwide (Nam, Sweetman, and Jones 2009)[347]. Some PAHs 
are acutely toxic and have carcinogenic properties (Menzie, Potocki, and Santodonato 
1992)[340], and as a result their occurrence in soils is regulated in most jurisdictions. Their 
ubiquity arises because (1) PAHs are formed by many natural and anthropogenic processes, and 
(2) once formed, PAHs can be spread throughout the environment, often by atmospheric 
transport. Some PAHs form naturally from the degradation of plant debris in soil (biogenic 
PAHs) or during the formation of crude oil (petrogenic PAHs) over geologic time. The latter can 
enter the environment both naturally (crude oil seeps) or due to anthropogenic spillage/leakage 
of crude oils and refined petroleum. Most PAHs, however, are formed by the incomplete 
combustion of organic matter (pyrogenic PAHs), such as wood, petroleum, coal, or even 
garbage. Again, combustion can be either natural (for example, wildfires) or anthropogenic (for 
example, fossil fuel burning or residential wood burning), and the resulting emissions and 
residues can be spread through the environment via runoff, atmosphere transport, or as 
redistributed contaminated fill.  

The variety and widespread occurrence of PAHs’ sources and their persistence during transport 
result in a certain level of PAHs in all soil that is attributable to background. In some soils, these 
PAHs can be derived predominantly to exclusively from natural processes, which impart a 
natural background. In other soils, PAHs can be derived from the diffuse occurrence of PAHs 
from anthropogenic ambient sources, such as atmospheric deposition, or from other sources that 
are not a result of a site release, such as runoff or fill.   

Distinguishing PAHs in soils attributable to natural and/or anthropogenic ambient soil 
background from those PAHs due to contamination (for example, spilled oil or coal tar) is 
important with respect to soil risk-based values used in risk assessment. When PAH 
concentrations are high, background threshold values used in lieu of the soil risk-based value can 
sometimes be established through statistical assessments of PAH concentrations in large datasets 
(Section 11). This distinction, however, is much more difficult in soils containing relatively low 
concentrations of contaminants, in which case-specific, sometimes subtle, chemical differences 
among different PAH sources can be useful. Environmental forensic assessments can aid in 
assessing the character of statistical outliers to determine whether they represent background or 
contamination. 

In the following section, the basic methods used in the forensic analysis of PAHs in soils are 
presented. For additional information the reader is directed to the multitude of studies conducted 
over the past 50 years that assessed PAH sources (Appendix C). 

 Forensic analysis of PAHs in soils 

Assessments of PAH in soils are conducted with the intention of determining impacts of local 
anthropogenic sources (contamination), both historic and current. This can sometimes be 
achieved through the use of the descriptive and inferential statistical techniques described in 



ITRC–Soil Background and Risk Assessment    January 2022 Final 

 

97 

Section 11, but forensic analysis, which can include multivariate statistical analyses, may be 
warranted to support or refute any statistical determinations regarding background. Forensic 
analysis requires not only an understanding of the PAHs present in specific forms of 
contamination, but also the ability to distinguish PAHs attributable to contamination from those 
attributable to representative background based upon chemical patterns.  

There is no single method for achieving this objective as no two datasets or study areas are the 
same. Instead, distinguishing PAHs in soils due to contamination from those due to 
representative background is best achieved through careful analysis, which often relies upon 
some combination of the following four forms of forensic analyses: 

• Pattern recognition includes visual, qualitative comparisons of the available PAH 
concentration histograms (and corresponding TPH chromatograms), including comparison 
to known standards in a sample library and/or site-specific samples of known origin(s) 

• Diagnostic ratios based upon parent and/or alkylated PAH concentration data, again 
sometimes including comparisons to known standards and/or site-specific samples of known 
origin(s) 

• Spatial and/or temporal analysis of PAH patterns, diagnostic ratios, and/or concentrations, 
including a comparison to historical information compiled for the area (as part of the CSM) 

• Quantitative source apportionment analysis that serves to allocate contributions between 
multiple PAH sources present, such as principal component analysis (PCA), chemical mass 
balance (CMB), and positive matrix factorization (PMF) 

There is extensive literature on all of these methods, so each is only briefly discussed in the 
following paragraphs. 

 Pattern recognition 

The human eye remains a powerful tool and, although experience in viewing PAH histograms 
can reveal subtle differences, even an inexperienced interpreter can visually compare the PAH 
histograms of different samples and assess any likely relationships (Stout et al. 2002)[371]. 
Because PAHs are usually derived from sources that also contain other (non-PAH) chemicals, 
the value of TPH chromatograms also cannot be underestimated. Good gas chromatography with 
flame ionization detection (GC/FID) (for example, USEPA Method 8015) of all the extractable 
compounds or hydrocarbons in a soil can often aid in understanding the source(s) of the PAHs 
alone (Section 7.3).  

Qualitative fingerprinting is perhaps most useful in instances wherein marked differences exist 
between contamination and background PAH fingerprints. For example, combustion-derived 
particles in soils that are attributable to anthropogenic ambient soil background are dominated by 
4- to 6-ring PAHs, which can be readily distinguished graphically from an impact of petroleum, 
such as used diesel fuel.  
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The long-recognized differences in the skewed versus bell-shaped PAH homolog profiles 
(Blumer 1976)[279] can be easily recognized through qualitative inspection (if alkylated PAH 
data are available (see (Douglas et al. 2015)[114] for details on alkylated PAH analysis). For 
example, Figure 7-1 shows the PAH distributions and concentrations for PAH sources often 
found in soils proximal to roadways, namely, abraded asphalt and soot (urban dust). The former 
exhibits bell-shaped PAH homologue patterns dominated by alkylated PAHs, whereas the latter 
exhibits skewed patterns dominated by the parent (non-alkylated) PAH. These serve to 
demonstrate the differences between petrogenic and pyrogenic PAH patterns, which are made 
more obvious with the availability of the alkylated PAH data. Of course, the influences of 
weathering on the PAH distributions must always be considered, which requires greater 
understanding of the effects of evaporation, water-washing, and biodegradation on PAH 
fingerprints (for example, (Elmendorf et al. 1994)[303]).  

 

Figure 7-1. PAH histograms for materials that can contribute to anthropogenic ambient 
soil background. (A) road asphalt and (B) urban dust (NIST SRM1649a). Dark blue bars 

represent USEPA priority pollutant PAHs; light blue bars represent alkylated PAHs often 
used in forensic assessments; red lines depict (A) bell-shaped and (B) skewed homologue 

profiles (see (Stout et al. 2015)[369] for additional details). 

Source: (Stout, Uhler, and Emsbo-Mattingly 2004)[370]. 

 Diagnostic ratios 

Qualitative differences between PAH patterns can become less clear when a greater number of 
potential PAH sources are involved. In such situations, or in studies involving large numbers of 
samples, comparisons among the PAH fingerprints can be achieved through the use of diagnostic 
ratios. (See Appendix C for additional sources of information). Most diagnostic ratios involve 
PAH isomers (same molecular mass, but different molecular structure) and thereby similar 
physico-chemical properties, which better ensure that the ratios remain stable during weathering 
(as the isomers undergo similar environmental fates). As such, differences in diagnostic ratios 
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among samples are commonly attributed to different PAH sources. Table 7-1 provides a partial 
inventory of some common PAH diagnostic ratios reported in two widely referenced studies.  

Table 7-1. Diagnostic ratios used to assess PAH sources 

Source: Scott A. Stout, NewFields Environmental Forensics Practice, LLC.  

Ratio Value/Range Reported Source 

AN/(P0+AN) 
<0.1 Petrogenic 
>0.1 Pyrogenic 

FL/(PY+FL) 

<0.4 Petrogenic 

0.4–0.5 Petroleum combustion 
>0.5 Coal & biomass combustion 

BaA/(C0+BaA) 

<0.2 Petrogenic 

0.2–0.35 Coal combustion 
>0.35 Petroleum combustion 

IND/(GHI+IND) 
  

<0.2 Petrogenic 

0.2–0.5 Petroleum combustion 
>0.5 Coal & biomass combustion 

See text for cautions regarding use of diagnostic ratios. PAH 
abbreviations: AN-anthracene; P0-phenanthrene; FL-fluoranthrene; 
PY-pyrene; BaA-benz[a]anthracene; C0-chrysene; IND-
indeno[1,2,3-cd]pyrene; GHI-benzo[g,h,i]perylene.  

The simplicity of calculating and plotting diagnostic ratios among PAHs unfortunately can lead 
to the unquestioning application of this method in PAH source identification—or the ratios from 
one set of samples or site being inappropriately applied elsewhere (Boehm et al. 2018)[99]. 
There is a generally large degree of scatter in the ratios among samples from large PAH datasets 
with no clear cutoff in values, although cutoffs are often identified to exist (Table 7-1). The 
diversity of fuels (gasoline, diesel, biomass) or different combustion conditions can result in 
large variations in the ratios in combustion emissions reported among pyrogenic and petrogenic 
sources (Lima, Farrington, and Reddy 2005)[334]. As such, diagnostic ratios from one study 
may not reflect results obtained when different source materials are involved. An example of this 
was demonstrated by Lima, Farrington, and Reddy (2005)[334], who showed that a cross-plot of 
the ratios of fluoranthene/pyrene and phenanthrene/anthracene ratios for a large number of 
known sources did not accurately reflect those predicted by published ratios (Table 7-1). 
Furthermore, some diagnostic ratios (for example, AN/(P0+AN) appear to be unstable during 
some forms of weathering (Uhler and Emsbo-Mattingly 2006)[375].  

As such, diagnostic ratios’ validity in source differentiation is often questioned ((Lima, 
Farrington, and Reddy 2005)[334], (Galarneau 2008)[119], (Katsoyiannis and Breivik 
2014)[325], (Tobiszewski and Namieśnik 2012)[471], (Zou, Wang, and Christensen 2015)[402]) 
and they should not be blindly applied—and used only with caution and only within the context 
of the area under study ((Lima, Farrington, and Reddy 2005)[334], (Boehm et al. 2018)[99]).  



ITRC–Soil Background and Risk Assessment    January 2022 Final 

 

100 

 Spatial and temporal analysis 

Spatial analysis of PAH concentrations or diagnostic ratios can further reveal lateral or vertical 
trends that can help in distinguishing contamination from background. More importantly, these 
techniques can help identify PAH concentration gradients or hot spots, either of which could 
suggest the location of a possible point source of PAHs relative to overall diffuse background 
conditions. The identification of possible point source locations can be bolstered if the locations 
happen to correspond to existing or former facilities at which PAH-containing materials were 
handled or produced. Conversely, if spatial displays of PAH data do not reveal hot spots or 
concentration gradients associated with a specific point source under investigation, then the 
contribution of the suspected source should be re-evaluated relative to representative background 
conditions in the study area. 

 Quantitative source apportionment 

Finally, forensic evaluations of PAH datasets using PCA, CMB, or PMF provide bases to 
evaluate large datasets in an unbiased manner, in ways that are not confounded by the number of 
candidate sources. PCA is likely the most widely used multivariate analysis to identify the 
different profiles of the principal components determined, that can then be attributed to specific 
sources. As an example, the factor score plot produced from a PCA analysis of the 16 priority 
pollutant PAHs (EPAPAH16) concentrations in 350 sediment samples from an urban river is 
shown in Figure 7-2 (Stout and Graan 2010)[364]. The results revealed variably weathered 
creosote in some samples, whereas most contained mixtures of weathered creosote and PAHs 
derived from background.   

PCA’s factor scores for each sample (Figure 7-2) subsequently can be used to calculate the 
percent contributions of the major sources that are identified using multiple linear regression 
((Larsen and Baker 2003)[330], (Zuo et al. 2007)[403], (Wang et al. 2010)[384]). CMB fits the 
soil data with pre-defined (known or presumed) PAH source fingerprints (Li, Jang, and Scheff 
2003)[333]. In contrast, PMF generates candidate PAH source fingerprints, which can then be 
identified through comparison to known source fingerprints and used to allocate the 
contributions from each ((Wang et al. 2009)[385], (Stout and Graan 2010)[364]).  
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Figure 7-2. Principal component factor score plot. PC1 vs. PC2 (left) showing overall 
trends among PAHs in 350 sediment samples. Most samples appear as mixtures of 

weathered creosote and urban (anthropogenic ambient) soil background. PAH profiles for 
representative samples (A-C) are shown (right). 

Source: Reprinted with permission from Stout and Graan (2010)[364]. Copyright 2010, 
American Chemical Society. 

 Total Petroleum Hydrocarbons (TPH) 

ITRC has developed guidance on TPH and its risk at petroleum-contaminated sites (ITRC 
2018)[316]. This earlier document provides a thorough assessment of TPH as it relates to 
petroleum. However, not all hydrocarbons in soils are attributable to petroleum (crude oil, fuels, 
lubricants, or oil-related wastes). Hydrocarbons in soil can also be derived from natural and 
anthropogenic ambient soil background sources, as well as from forms of contamination other 
than petroleum, for example, coal tar, creosote, or pitch. Thus, “TPH” is a misnomer since its 
detection in soils does not necessarily indicate the presence of petroleum. This section 
specifically focuses on natural and/or anthropogenic ambient background hydrocarbon in soils 
due to biogenic materials and particulate coal.   

 Applications and limitations of different types of TPH data 

The TPH concentration in soil is a method-defined analytical measurement. The applications and 
limitations of different TPH analyses are described in ITRC (2018)[316] (for example, Table 5-4 
and Section 5.9 of ITRC (2018)[316]). TPH concentrations in soils are most frequently 
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determined by solvent extraction followed by gas chromatography with flame ionization 
detection (GC/FID) per USEPA Method 8015, or comparable chromatographic method (for 
example, in Canada, (CCME 2007)[444]). This method allows for both the quantification of how 
much TPH is present in soil and, because of the GC/FID chromatogram produced, an assessment 
of the boiling range and character of that TPH. Because USEPA Method 8015 measurements are 
based on the response from the FID, all chromatographable chemicals within a soil sample’s 
extract will be measured. These will include resolved compounds, which appear as peaks on the 
chromatogram, and unresolved compounds, which appear as “humps” on the chromatogram’s 
baseline. The latter is often referred to as the unresolved complex mixture.  

Before measurement of TPH concentrations are made by USEPA Method 8015, the extractable 
materials in a soil sample are removed via extraction with methylene chloride. In addition to 
hydrocarbons, chemicals containing only hydrogen and carbon atoms, this solvent (and most 
others) will also remove non-hydrocarbons, including polar compounds (containing chemicals 
with atoms of sulfur, nitrogen, or oxygen) present within the soil.  

Naturally occurring organic matter in soils can contain both hydrocarbons and non-hydrocarbons 
(polars). Their presence in any soil extract will be measured as TPH, and unwittingly considered 
as contamination rather than background if left unrecognized ((Stout and Uhler 2003)[365], 
(Wang et al. 2012)[386]). The application of cleanup steps (for example, silica gel cleanup) that 
separate polar and nonpolar components prior to analysis of TPH is described in Section 5.10 of 
ITRC (2018)[316]. 

 Characterization of background TPH 

Biogenic Organic Compounds 
The most common naturally occurring organic background material encountered in soils is due 
to the presence of microbial and vascular (land) plant debris, collectively referred to as biogenic 
organic compounds (BOC) or naturally occurring materials (NOM). BOC is used herein. BOC 
consists of mixtures of biochemicals synthesized by living organisms that undergo modest 
diagenetic changes during their preservation and accumulation in soils and sediments ((Stout and 
Uhler 2003)[365], (Wang et al. 2009)[385]). Examples of BOCs include n-alkanes, terpenoids, 
steroids, fatty acids, alcohols, and esters.  

The BOC component within soils containing microbial and plant debris can be significant, 
particularly in moist, highly vegetated environments where peat or other organic-rich soil 
accumulates (or had in the past). The following studies address contributions of BOC to TPH 
measurements: (Dworian (1996)[115], Wang et al. (2012)[386], Stout and Wang (2008)[366]).   

Particulate Coal 
Although rarer than BOC, some soils may contain naturally occurring TPH associated with the 
organic compounds derived from coal (or organic-rich shales) that has been eroded from 
sedimentary rock outcrops. Thus, natural background TPH in soils in certain geologic settings 
where these precursor rock outcroppings exist must be considered ((Stout and Emsbo-Mattingly 
2008)[363], (Achten and Hofmann 2009)[93]). Separately, in regions where coal is mined, used, 
stored, or transported, decades of operations can distribute particulate coal and coal dust in 
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nearby soils (Hindersmann and Achten 2018)[125]. In such areas, coal would be considered as 
an anthropogenic ambient background material, but perhaps difficult to distinguish from natural 
background TPH due to coal.   

The examples described above underscore the importance of having an experienced analytical 
chemist review the chromatograms from TPH analyses prior to use of TPH data in risk 
assessment (ITRC 2018)[316]. 

 Polychlorinated Biphenyls (PCBs) 

Please refer to the USEPA’s Polychlorinated Biphenyls (PCBs) website as a resource for 
technical information pertaining to PCBs. 

PCBs are a mixture of chlorinated analogs of the biphenyl molecule. During chemical synthesis, 
mixtures of PCB molecules are produced that can contain between one and ten chlorine atoms 
(Figure 7-3), resulting in 209 possible PCB congeners. Each congener differs in terms of the 
number and position of the chlorines on the biphenyl molecule. PCBs are synthetic organic 
compounds; there are no natural sources of PCB in the environment. 

In the United States, PCBs were manufactured almost exclusively by Monsanto Corporation and 
marketed under the trade name Aroclor. The production of Aroclors ran from 1929 until 1977, 
when Monsanto voluntarily terminated production because of environmental concerns about 
PCBs. The USEPA banned the manufacture of PCBs and began phasing out most uses of PCBs 
in 1979 (USEPA 1979)[404].  

 

Figure 7-3. General structure for polychlorinated biphenyls. The molecule can contain one 
to ten chlorine atoms (x), resulting in 209 possible polychlorinated congeners. 

Source: A. Uhler, NewFields Companies LLC (unpublished). 

The most common Aroclors manufactured by Monsanto were: 

• Aroclor 1016 • Aroclor 1221 • Aroclor 1232 

• Aroclor 1242 • Aroclor 1248 • Aroclor 1254 

• Aroclor 1260 • Aroclor 1262 • Aroclor 1268 

 

https://www.epa.gov/pcbs
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The nomenclature used to identify specific Aroclors was the format “Aroclor 12XX,” where the 
prefix 12 represented the biphenyl molecule (12 carbons), and the second set of digits (XX) 
represented the approximate percentage of chlorine that composed the Aroclor. For example, 
Aroclor 1248 is a chlorinated biphenyl mixture containing approximately 48% chlorine. By 
contrast, Aroclor 1016 was prepared by the fractional distillation of Aroclor 1242, which 
excluded the higher boiling (more highly chlorinated) congeners (Mayes et al. 1998)[454]. 

The congener composition of Aroclors has been well studied, and this compositional data can be 
very useful in forensic evaluation of PCBs in soils. For example, it can be used to determine the 
compositional feature of PCBs in both background and site-impacted soil samples. Each of the 
commercial Aroclors contains a distinct distribution of congeners, which varies as a function of 
total chlorine content (Figure 7-4). The degree of chlorination for the congeners depicted in this 
figure increases from left to right. These distinctive patterns of congeners (and potential mixtures 
thereof) form the basis for forensic identification of PCBs in soil samples.  

 

Figure 7-4. The PCB congener distribution for commercial Aroclors. Congener number 
(and number of chlorines per molecule) and LOC increase from left to right. 

Source: A. Uhler, NewFields Companies LLC (unpublished).  
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Groups of congeners containing the same number of chlorine atoms are referred to as congeners 
of the same levels of chlorination (LOC). For example, congeners containing one chlorine atom 
make up LOC1, congeners containing two chlorine atoms make up LOC2, etc., ending with 
congeners containing 10 chlorine atoms (LOC10). The congeners that make up the various 
Aroclors are mixtures of differing relative proportions of these LOC (Table 7-2). LOC data are 
very useful for classifying PCBs measured in soil samples and provide a convenient means to 
compare the overall PCBs compositional character of background and site-impacted soil 
samples. This section discussed specific environmental forensics for assessing background in 
soils. Please refer to USEPA (1979)[404], ATSDR (2000)[275], Douglas et al. (2015)[114], 
Johnson et al. (2006)[448] for details regarding background information about PCBs that may be 
helpful for some readers who are not familiar with this information. 

Table 7-2. Composition of Aroclors by percent level of chlorination 

Source: Scott A. Stout, NewFields Environmental Forensics Practice LLC. 

Aroclor LOC1 LOC2 LOC3 LOC4 LOC5 LOC6 LOC7 LOC8 LOC9 LOC10 

1221 97.5 0.69 0.41 0.86 0.21 0.10 0.12 0.05 0.01 0.00 

1232 24.0 26.7 26.4 18.5 3.76 0.42 0.16 0.04 0.01 0.00 

1242 0.70 13.7 43.4 34.2 7.27 0.66 0.04 0.00 0.00 0.00 

1248 0.06 1.40 20.7 55.6 20.2 1.78 0.14 0.03 0.01 0.00 

1254 0.02 0.21 0.83 16.1 54.6 25.5 2.71 0.09 0.00 0.00 

1260 0.03 0.15 0.40 0.69 9.91 43.6 35.7 8.66 0.82 0.09 

1262 0.02 0.34 1.21 1.09 3.44 27.3 45.5 19.3 1.75 0.03 

1268 0.00 0.00 0.03 0.09 0.09 0.11 4.89 42.5 45.8 6.46 

 Forensic analysis of PCBs in soil  

Forensic analysis of PCBs in soils, including both those identified as candidate background 
samples and suspected impacted samples, involves data exploration techniques that combine 
evaluation of PCB concentrations and PCB pattern analysis. Often, the results of pattern or 
numerical analyses are paired with geospatial analysis to depict relative geographic locations of 
samples with similar (or different) PCB compositional patterns. 

Evaluation of the distribution of PCB soil concentration data are used to identify subsets of data 
representative of background and of impacted conditions. The statistical methods to carry out 
that analysis are described in Section 3 and Section 11 of this guidance. Examples of 
investigations of background levels of PCBs in soils can be found in ATSDR (2000)[275], 
Meijer et al. (2003)[339], Creaser et al. (1989)[296], USEPA (2007)[406]. 
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Once candidate background and suspected impacted soil samples are identified, an evaluation of 
the pattern(s) of PCBs for those classes of samples can be conducted. The steps involved in PCB 
pattern analysis involve data pretreatment, followed by graphical analysis of diagnostic PCB 
congener patterns that are descriptive of the composition of the samples, thereby allowing the 
investigator to describe and contrast the PCB composition of both background and soils 
suspected of being impacted by PCBs.  

Selection of data evaluation methods and/or selection of diagnostic metrics used in forensic 
analysis is accomplished through critical exploration of the dataset under investigation. The goal 
of such initial data exploration is to identify compositional characteristics descriptive of the 
samples and, where the data allow, distinguishing PCB compositional characteristics of 
background soil samples from those of impacted soils.  

 Data screening and treatment of nondetects 

Effective forensic evaluation of PCB data relies on both the method of chemical analysis used to 
produce the data and the inherent quality of the dataset. In theory, the PCB congener-specific 
data produced from USEPA Method 1668 provides more PCB compositional information than 
the less data-rich USEPA Method 8082 or simple Aroclor-only data produced by USEPA 
Method 8080. However, the underlying quality of data often dictates how reliable a dataset will 
be for forensic analysis. The data user is cautioned to carefully screen data quality prior to use in 
forensic evaluations. The most common systematic problems with PCB datasets are elevated 
detection limits (for congeners, LOC results, or Aroclor concentrations) and significant co-
elution of congener peaks, which can lead to difficulty in interpreting the patterns of PCB 
congeners, and/or introduces significant biases in numerical analysis of PCB LOC or congener 
data. 

Elevated detection limits that are the result of laboratory artifacts or simply very low PCB 
concentrations in certain samples can lead to a significant number of nondetects for reported 
congener or LOC data. Replacing the nondetected values with either the detection limit or one-
half the detection limit is a common data preprocessing approach and will standardize the 
influence of nondetects in multivariate data analysis. However, if certain samples contain a large 
number of nondetected results, the congener results will be dominated by the substituted 
detection limit values. Data users should conduct sensitivity analysis to identify and exclude 
samples where the nondetects bias or skew the results of subsequent forensic analysis of PCB 
congener patterns. In multivariate analysis or diagnostic ratio analysis, samples biased by 
detection limit substitutions are usually clearly evident and graphically cluster together, remote 
from samples based upon reliable congener or LOC data.  

Combining PCB data from different sources or from different analytical methods can lead to 
significant biases in the combined dataset. For example, gas chromatographic traces of PCBs 
developed by USEPA SW-846 Method 8080 or Method 8082 can vary significantly in 
resolution, and thus quality, from laboratory to laboratory. Such differences in chromatographic 
quality can make compositional comparisons problematic. Total PCB concentrations can vary 
significantly for the same samples analyzed using different analytical methods because of 
“double counting” of overlapping chromatographic peaks that can occur in traditional Aroclor 
analysis—a phenomenon that does not affect high-resolution congener analysis data 
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(Wischkaemper, Beliveau, and R.W. Henderson 2013)[483]. Similarly, congener data produced 
using the lower resolution USEPA SW-846 Method 8082 can be significantly affected by co-
elution interferences compared to congener data produced using the high-resolution USEPA 
Method 1668. This can lead to apparent congener compositional differences among samples that 
are actually nothing more than artifacts caused by congener co-elution.  

In summary, it is incumbent upon the environmental professional evaluating PCB data to 
carefully review data for uniformity in reporting limits and resolution quality of PCB congener 
and/or LOC data prior to conducting forensic evaluation of PCB data. Based on that review, the 
geochemist can eliminate low quality data or take other remedial pre-evaluation steps (for 
example, combining potential co-eluting congener data into congener data pairs) prior to 
conducting forensic evaluation. 

 Forensic PCB compositional pattern analysis techniques 

There are numerous techniques for evaluating the PCB composition of background and impacted 
soils that range from simple (for example, Aroclor identification) to complex (for example, 
multivariate data analysis). As the degree of complexity of the analysis increases, more subtle 
distinctions are recognized regarding the PCB composition among background samples or 
between background and impacted samples. The goals of such forensic evaluations are to (a) 
describe the background soils; (b) identify potential compositional outliers in background soil 
datasets; and (c) catalog the compositional features of impacted site soils, and contrast such 
features with those of the background dataset. 

• Aroclor identification. The simplest—and lowest resolution—PCB data evaluation method 
is based on laboratory-supplied Aroclor identification, which is the most basic output from 
PCB analytical results such as USEPA Method 8080 or USEPA Method 8082. In this 
approach, the PCB characteristics of soil samples are simply organized by Aroclor type. 
Figure 7-5 is an example of how to evaluate such data. In this figure, Aroclor identification 
data are binned by concentration, and the Aroclor character of the candidate background and 
potentially impacted soil samples can be evaluated. 

• Level of chlorination histograms and cross-plots. Small datasets are amenable to 
straightforward comparisons of histograms of the relative LOC among samples from data 
developed from USEPA Method 8082 or USEPA Method 1668. LOC concentration data for 
samples are normalized and plotted in histogram form from LOC1 through LOC10. Figure 
7-6 illustrates that qualitative similarities or differences in LOC composition among samples 
can be readily observed using this method. In this figure, the average LOC was calculated 
and used as a descriptive statistic to compare background soil sample data to potentially 
impacted soil samples. 



ITRC–Soil Background and Risk Assessment    January 2022 Final 

 

108 

 

Figure 7-5. Candidate background soil samples organized by Aroclor type and 
concentration. Sixty-five percent of the samples have Aroclor concentrations less than 

7 µg/kg and contained either Aroclor 1242 or Aroclor 1248. Higher concentration 
(>12 µg/kg) soil samples contained higher molecular weight Aroclor 1254 and Aroclor 

1260, suggesting potential point source impacts. 

Source: A. Uhler, NewFields Companies LLC (unpublished). 
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Figure 7-6. Low PCB concentration background soil samples have a lower LOC 

composition than suspected impacted site soil samples. 

Source: A. Uhler, NewFields Companies LLC (unpublished). 

• PCB congener histograms. Similar to LOC histograms, PCB congener composition 
histograms provide a graphical depiction of the PCB composition of samples. Histograms 
analogous to those shown in Figure 7-4 can be prepared for all samples, showing the relative 
PCB congener concentrations in congener number order by increasing LOC (Douglas et al. 
2007)[485]. Qualitative PCB compositional characteristics of background and potentially 
impacted soil samples can be observed and categorized using this technique.  

• Multivariate numerical analysis of LOC and PCB congener datasets. PCB datasets 
containing LOC or congener data are amenable to a variety of numerical data analysis 
techniques that provide a means to categorize PCB compositional data using multivariate 
techniques. An excellent review of multivariate data analysis methods for forensic 
evaluation is provided by Johnson et al. (2007)[323]. Examples of multivariate data analysis 
techniques available to the investigator include: 

o Principal component analysis (PCA). A mathematical method used to reduce the 
dimensionality of large datasets by transforming a large set of variables into a 
smaller one that still contains the majority of the information of the original data 
(Bro and Smilde 2014)[285]. PCA transforms a number of (possibly) correlated 
variables into a (smaller) number of uncorrelated variables called principal 
components. The principal components are rank-ordered by the amount of 
variance in the data they explain. Principal components represent the directions 
of the data that explain a maximal amount of variance among the data. Factor 
scores plots are visual projects of the principal component analysis. Factor scores 
that plot close to one another share similar chemical variability; sample scores 
that plot distant have different chemical variability (composition). Compositional 
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characteristics of samples can be inferred from the factor scores and 
corresponding component loading charts. 

o Polytopic vector analysis (PVA). A statistical pattern recognition technique that 
allows determination of compositional end-members and proportions of end-
members found among samples (Noémi, Goovaerts, and Adriaens 2004)[350]. 
The PVA method generates three basic parameters: 1) the number of end-
members (sources), 2) the composition of each end-member (signature of each 
source), and 3) the relative proportions of each end-member (source) in every 
sample. 

o Soft independent modeling of class analogy (SIMCA). PCA is performed on a 
reference dataset, and reference class characteristics are identified. Unknown 
samples are then analyzed and compared to the reference data and classified 
according to best fits to the reference data, or mixtures thereof (Dunn, Stalling, 
and Wold 1984)[301]. 

The advantages of these multivariate numerical methods are that they provide a convenient 
means to analyze large datasets and reduce the output into relatively straightforward graphical 
output that can then be interpreted, such as for identifying the compositional features of 
background soil samples and comparing those chemical signatures to potentially impacted soil 
samples. 

 Polychlorinated Dibenzo-p-Dioxins and Dibenzofurans (PCDD/F)  

Please refer to the USEPA Dioxin website  as a resource for technical information pertaining to 
polychlorinated dibenzo-p-dioxins and dibenzofurans (PCDD/Fs). 

PCDD/Fs are complex mixtures of chlorinated congeners of two benzene rings connected by 
either one or two oxygen molecules (PCDFs and PCDDs, respectively). These molecules can 
contain one to eight chlorine atoms (Figure 7-7). Arrangement of the one to eight chlorine atoms 
around each molecule yields 75 possible PCDDs congeners and 135 possible congeners of PCDF 
(Shields et al. 2006)[360].  

 

Figure 7-7. Generalized structures for polychlorinated dibenzo-p-dioxins and 
dibenzofurans. The number of chlorine atoms (x) can range from one to eight. 

Source: A. Uhler, NewFields Companies LLC (unpublished). 

https://www.epa.gov/dioxin
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Of the 210 possible congeners of PCDD and PCDF, 17 are commonly measured in 
environmental investigations, along with the summed total of the congeners of the same level of 
chlorination for the tetra- through hepta-chlorinated compounds (Table 7-3). The USEPA 
recommends the use of the consensus toxicity equivalency factor (TEF) values for 2,3,7,8-
tetrachlorodibenzo-p-dioxin and dioxin like compounds published in 2005 by the World Health 
Organization (USEPA 2021)[478]. The concentration of the 17 PCDD/Fs congeners is 
commonly converted to a 2,3,7,8-TCDD (“dioxin”) toxicity equivalent (2,3,7,8-TCDD TEQ) by 
multiplying each of the 17 congener concentrations by a congener-specific TEF, which is a 
fraction of the measured toxicity of 2,3,7,8-TCDD, the most toxic of the 17 PCDD/F congeners. 
The individual results of this transformation are then summed to form the 2,3,7,8-TCDD TEQ 
and used to facilitate risk assessment of exposure to the mixture of multiple PCDD/Fs. The TEFs 
listed in Table 7-3 are those published by the World Health Organization (2005). Among the 
benefits of converting raw dioxin concentration data to TEQ is the ability to compare measured 
TEQ concentrations with published benchmarks for media, including soil. This section discusses 
specific environmental forensics for assessing background in soils. Please refer to USEPA 
(2003)[409] and Shields et al. (2006)[360] for details regarding background knowledge about 
PCDD/F that may be helpful for some readers who are not familiar with this information.  
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Table 7-3. Most commonly reported PCDD and PCDF congeners 

Source: (Van den Berg et al. 2006)[396]. 

Analyte 

Toxicity 
Equivalency 

Factor 
(TEF) 

Dioxin congeners  
2,3,7,8-TCDD 1 
1,2,3,7,8-PeCDD 1 
1,2,3,4,7,8-HxCDD 0.1 
1,2,3,6,7,8-HxCDD 0.1 
1,2,3,7,8,9-HxCDD 0.1 
1,2,3,4,6,7,8-HpCDD 0.01 
OCDD 0.0003 
    
Furan congeners  
2,3,7,8-TCDF 0.1 
1,2,3,7,8-PeCDF 0.03 
2,3,4,7,8-PeCDF 0.3 
1,2,3,4,7,8-HxCDF 0.1 
1,2,3,6,7,8-HxCDF 0.1 
1,2,3,7,8,9-HxCDF 0.1 
2,3,4,6,7,8-HxCDF 0.1 
1,2,3,4,6,7,8-HpCDF 0.01 
1,2,3,4,7,8,9-HpCDF 0.01 
OCDF 0.0003 
    
Level of chlorination-sums 
Total tetrachlorodibenzo-p-dioxin (TCDD)  N/A 
Total pentachlorodibenzo-p-dioxin (PeCDD) N/A 
Total hexachlorodibenzo-p-dioxin (HxCDD) N/A 
Total heptachlorodibenzo-p-dioxin (HpCDD) N/A 
Total tetrachlorodibenzofuran (TCDF) N/A 
Total pentachlorodibenzofuran (PeCDF) N/A 
Total hexachlorodibenzofuran (HxCDF) N/A 
Total heptachlorodibenzofuran (HpCDF)  N/A 
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 Data screening and treatment of nondetects 

Prior to forensic analysis, raw PCDD/F analytical data should be carefully screened to identify 
and censor data that are inaccurate or biased. This screening includes both candidate background 
and site investigation data. Data users should evaluate and exclude data that suffer from elevated 
detection limits; contain laboratory flags indicating that data may be affected by field or 
laboratory blank interferences, matrix interferences, or instrument detection limitations (detector 
saturation); or lack acceptable mass spectrometer second ion confirmation for reported PCDD/F 
congeners. Useful data quality assessment guidelines for PCDD/F analytical data are provided in 
the USEPA National Functional Guidelines for High Resolution Superfund Methods Data 
Review (USEPA 2016)[167]. 

Many PCDD/F datasets contain nondetect results. Nondetects can be handled in a number of 
ways. Replacing the nondetect with either the detection limit or one-half the detection limit is a 
common approach and will standardize the influence of nondetects in subsequent data treatment 
(Shields et al. 2006)[360]. However, as the total PCDD/F concentration in a sample approaches 
the detection limit, a greater proportion of a sample’s PCDD/F composition will be accounted for 
by nondetects, and the transformed PCDD/F congener results will be dominated by the 
substituted detection limit values. Data users should conduct sensitivity analysis to identify and 
exclude samples where the nondetects bias or skew the results of subsequent forensic analysis of 
PCDD/F congener patterns. In multivariate analysis or diagnostic ratio analysis, samples biased 
by detection limit substitutions are usually clearly evident and graphically cluster together, 
remote from samples based upon reliable PCDD/F data.  

 Forensic data analysis of PCDD/F in soil 

Forensic analysis of PCDD/F in soils, including both those identified as candidate background 
samples and suspected impacted samples, involves data exploration techniques that combine 
evaluation of PCDD/F concentration and PCDD/F pattern analysis. Often, the results of 
diagnostic numerical analyses are paired with geospatial analysis to depict relative geographic 
locations of samples with similar (or different) PCDD/F compositional patterns. 

Evaluation of the distribution of PCDD/F soil concentration data is used to identify subsets of 
data representative of background and of impacted conditions. The statistical methods to carry 
out that analysis are described elsewhere in this guidance. An excellent compilation of 
background investigations of PCDD/F in soil can be found in USEPA (2003)[409].  

Once candidate background and suspected impacted soil samples are identified, an evaluation of 
the pattern(s) of PCDD/F isomers for those classes of samples can be conducted. The steps 
involved in PCDD/F pattern analysis involve data pretreatment, followed by graphical analysis 
of diagnostic PCDD/F congener patterns that are descriptive of the composition of the samples, 
thereby allowing the investigator to describe and contrast the PCDD/F composition of both 
background and soils suspected of being impacted by PCDD/F. Selection of data evaluation 
methods and/or selection of diagnostic metrics used in forensic analysis is accomplished through 
critical exploration of the dataset under investigation. The goal of such initial data exploration is 
to identify compositional characteristics descriptive of the samples and, where the data allow, to 
distinguish PCDD/F compositional characteristics of background soil samples from those of 
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impacted soils. Refer to USEPA (2003)[409] and USEPA (2006)[410] for information pertaining 
to PCDD/F patterns for background soils and for documented PCDD/F sources, respectively. 

PCDD/F patterns based on congener concentration data alone can be used for initial data 
exploration of candidate background soil samples and suspected impacted soil samples to 
evaluate obvious chemical patterns that describe and/or distinguish certain samples or groups of 
samples. Depiction of PCDD/F congener concentration data in basic graphical format such as bar 
charts or radar plots allows the investigator to quickly evaluate key PCDD/F compositional 
features of samples. Examples of such bar charts include those shown in Figure 7-8. 
 

 
Figure 7-8. Examples of combustion and chemically produced PCDD/F congener 

distributions. 

Source: (USEPA 2006)[410]. 
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Soil data from PCDD/F investigations often contain samples of highly varied total concentration. 
In addition, the relative concentration of PCDD/F congeners within a sample can vary by several 
orders of magnitude. Both total concentration and disparity in relative PCDD/F congener 
concentration can lead to significant biases during data analysis. Hence, forensic evaluation of 
PCDD/F compositional features benefits from pretreatment of the data prior to exploratory 
analysis.  
 
Data normalization helps attenuate the effect of these potential concentration-driven biases. 
Shields et al. (2006)[360] describes a number of data pretreatment steps that are useful for 
forensic evaluation of PCDD/F patterns and are applicable to evaluation of data related to soil 
samples. These include: 
 
• Sum standardization. The concentration for each of the commonly reported 17 PCDD/F 

congeners is divided by the sum total concentration of the 17 congeners and multiplied by 
100. This normalizes the relative PCDD/F concentrations on a scale of 0–100 for all 
samples, eliminating any concentration bias that may be introduced into compositional 
analysis. This approach does not adjust for significant differences in relative concentration 
among congeners, and the user must be aware of the limitations of this approach for certain 
types of data analysis—for example, correlation analysis. 

• Relative homologue standardization. The concentrations of the commonly reported 17 
individual PCDD/F congeners are divided by the respective total homologue concentration 
and multiplied by 100. This approach attenuates some differences in relative concentration 
among PCDD/F congeners. It is a useful data processing step for initial analysis of the data 
using certain multivariate data analysis techniques such as PCA or hierarchical cluster 
analysis, the latter of which identifies structure (similarity) among groups of samples within 
a dataset (McKillup 2012)[456]. 

• Relative TEQ standardization. The concentrations of the commonly reported 17 individual 
PCDD/F isomers are multiplied by the congener’s respective TEF. This approach has the 
benefit of attenuating the dominance of relatively high PCDD/F congeners such as OCDD, 
OCDF, and other higher chlorinated congeners, yielding datasets that are reasonably well 
scaled and amenable to a variety of graphical and numerical analyses. 

• Total homologue standardization. The concentration of each homologue class (for example, 
total tetrachlorodioxin isomers, TCDD) is divided by the sum of all homologue classes and 
multiplied by 100. Shields et al. (2006)[360] reported that this approach reveals gross 
differences in PCDD/F composition. The technique is applicable for basic graphical analysis 
(for example, bar plots) and useful for comparing PCDD/F composition among samples.  

Evaluating the compositional features of PCDD/F in soil can be accomplished by a number of 
approaches, ranging from basic to more complex: 
 
• Graphical (PCDD/F isomer distribution) analysis. The most straightforward approach for 

evaluating PCDD/F compositional features for soil samples is through basic PCDD/F 
pattern analysis of PCDD/F composition using bar plots or star plots (Shields et al. 
2006)[360]. Transformed data, using one of the techniques described above, yields PCDD/F 
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compositional depictions that can be compared among samples. This technique is often 
useful for small datasets where the investigator is not encumbered by the need to inter-
compare a large number of compositional plots.  

• Diagnostic ratios. The composition of PCDD/F isomers arising from many types of both 
combustion and chemical sources often has distinct proportions of PCDD/F isomers, which 
lend themselves to diagnostic ratio analysis. This analysis involves cross-plotting diagnostic 
ratio pairs, or a single diagnostic ratio versus total PCDD/F concentration. In such cross-
plots, samples of similar source character share similar Cartesian space, while samples 
containing PCDD/F of different chemical character plot remote from the otherwise similar 
samples ((Horstmann, McLachlan, and Reissinger 1993)[312], (Townsend 1983)[374]). 

• Multivariate analyses. Mathematical, multivariate methods can be used to identify samples 
that contain PCDD/F with similar (or different) PCDD/F compositional patterns. A variety 
of multivariate techniques are available to the investigator and include principal components 
analysis (PCA), hierarchical cluster analysis, and other receptor-based models (Johnson et 
al. 2007)[323]. These methods are particularly well suited to large sample datasets, where 
otherwise simpler methods of analysis—for example, comparison of histograms—would be 
too unwieldy and time-consuming. 

The goal of PCDD/F forensic analysis—regardless of the data analysis method used—is to 
identify the pattern(s) of PCDD/F isomers that are embodied by the statistically identified group 
of samples that is emblematic of background. The characteristic pattern or range of patterns 
assigned to background conditions can then be compared to samples suspected of being impacted 
by site-related PCDD/F. Differences in the chemical patterns between background and impacted 
samples lend insight into the nature and geographic extent of suspected PCDD/F impacts. An 
example comparing the PCDD/F compositional pattern for off-site background soil samples to 
PCDD/F impacted site soil samples is shown in Figure 7-9. 
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Figure 7-9. Sum-standardized star plots showing comparison of PCDD/F pattern for off-
site background soil samples with the average PCDD/F pattern for impacted soils. The plot 

on the left shows the PCDD/F pattern for off-site background soil samples that compare 
favorably with the pattern for USEPA mean urban background soil, while the plot on the 

right shows that the average PCDD/F pattern for impacted soils from the related industrial 
site exhibits a clearly different PCDD/F pattern compared to background. 

Source: A. Uhler (unpublished). 

 Perfluoroalkyl Substances (PFAS) 

Per- and polyfluoroalkyl substances (PFAS) are synthetic fluorinated aliphatic compounds. They 
are more water-soluble than other classes of contaminants, such as PAHs and PCBs, and are 
therefore most commonly recognized as groundwater contaminants. However, some of the PFAS 
released to the environment will adsorb to solids, and PFAS are found in soils, which can act as a 
reservoir for groundwater contamination. A detailed discussion of the PFAS sources, 
physiochemical properties, environmental fate and transport, regulations, site characterization 
methods, sampling and analysis considerations, and treatment technologies is presented in the 
ITRC PFAS Technical and Regulatory Guidance Document (ITRC 2021)[447]. This section 
focuses on the measurement, data handling, and data analysis techniques that are relevant to 
forensic analysis of PFAS substances in background and site-impacted soils. 

 PFAS uses  

The unique properties of PFAS have allowed them to find use in many different industrial and 
consumer applications. For example, PFAS are: 

• key components of Class B fluorine-containing firefighting foams, including aqueous film 
forming foam (AFFF), fluoroprotein (FP), and film-forming fluoroprotein foam (FFFP) 

• used as stain- and water-resistant coatings and treatments for textiles and leather 

https://pfas-1.itrcweb.org/wp-content/uploads/2020/04/ITRC_PFAS_TechReg_April2020.pdf
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• used to treat paper products for packaging or serving food 

• used in metal plating and etching, as they can maintain their efficacy under the high 
temperatures and acidic conditions 

• used in wire manufacturing to coat wires and cables 

• used to manufacture semiconductors in the photolithography process 

• used in manufacturing, as industrial surfactants, to manufacture plastics and fluoropolymers, 
as mold release coatings, or in other applications 

• used in consumer products, including as nonstick surfaces in cookware; to treat carpets or 
automotive upholstery; in outdoor textiles and sporting equipment; in cleaning agents and 
fabric softeners; in polishes and waxes; in medical products; in varnishes, dyes, and inks; 
and in personal care products such as shampoo, hair conditioner, sunscreen, cosmetics, 
toothpaste, and dental floss 

In some cases, PFAS materials may be directly discharged to the environment (for example, as 
with firefighting with AFFF or atmospheric releases from manufacturing facilities). Given the 
range of industrial and consumer uses of PFAS materials, PFAS is also common in various waste 
streams; wastewater treatment plants and landfills are common sources of PFAS to the 
environment. For a more detailed description of the history and use of PFAS, see the ITRC’s fact 
sheet entitled History and Use of Per- and Polyfluoroalkyl Substances (PFAS) (ITRC 2020)[318] 
and Section 2.5 of the ITRC’s online PFAS Technical and Regulatory Guidance Document 
(ITRC 2021)[447]. This section discusses specific environmental forensics for assessing 
background in soils. Please refer to the ITRC fact sheet entitled Naming Conventions and 
Physical and Chemical Properties of Per- and Polyfluoroalkyl Substances (PFAS) (ITRC 
2020)[319] as well as Buck et al. (2011)[288] or additional information regarding background 
knowledge about PFAS that may be helpful for some readers who are not familiar with this 
information. 

 Forensic PFAS compositional pattern analysis techniques 

The field of PFAS forensics is in its nascent stages. The understanding of the concentrations of 
target PFAS or forensic signatures associated with source materials is evolving. Research is 
being conducted to understand fate and transport in the environment and to evaluate tools to 
investigate changes in PFAS composition for the purposes of source attribution. The reader is 
referred to Brusseau, Anderson, and Guo (2020)[286] and Rauert et al. (2018)[353] as examples 
of investigations pertinent to findings of PFAS in soils. 

Benotti et al. (2020)[277] have suggested a tiered approach for characterizing the PFAS 
signatures associated with source materials and have suggested that some or all aspects of this 
approach may be useful when evaluating PFAS contamination in soil or water samples. 
However, until a library of source materials is available, and until researchers understand the full 
scope of forensic information that may help elucidate source, the best approach for associating or 
dissociating environmental contamination from one or more sources is to compare PFAS 
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information in a soil or water sample to similar information from the site-specific source area/s. 
Information on PFAS forensics is provided in Section 10.5 of the ITRC’s online PFAS Technical 
and Regulatory Guidance Document (ITRC 2021)[447]. 

 Remote Sensing 

 Overview 

Remote sensing isn’t a single tool, but a collection of tools that can detect properties of materials 
without direct contact. The ones of primary interest to background evaluations are satellite 
imagery, aerial photography, optical or electromagnetic spectrum techniques, such as optical 
sensing with specific bands (for example, SPOT, ASTER, Landsat), optical sensing based on 
hyperspectral imaging (based on 100 or more contiguous spectral bands), and optical sensing 
using the thermal infrared band. For determining suitable background reference areas, the most 
useful remote sensing tools are historical imagery and delineation of contaminated soils by 
correlating soil attributes with spectral features across a range of spectral bands. 

Remote sensing can include radar, satellite imagery, geographical information systems, sonar, 
imaging through spectral bands, and light detection and ranging (lidar). For a given material, the 
amount of solar radiation that is reflected, absorbed, transmitted, and emitted varies with 
wavelength. When this radiation or electromagnetic energy is plotted over a range of 
wavelengths, the resulting curve is called the material’s spectral signature. Multispectral 
imaging, based on several spectral signatures, and image classification can be used to generate 
thematic maps. More information regarding remote sensing and sensors can be found in these 
references: ((ITRC 2019)[317], (Gholizadeh et al. 2018)[479] ,(Slonecker and Fisher 2014)[362], 
(Singh 2016)[361]). 

 Items to consider 

The reflected or emitted radiation values observed by remote sensing tools are products of 
geophysical properties and conditions at or near the earth's surface (or shallow subsurface). 
Certain spectral signatures can be interpreted with multiple explanations and multiple metals and 
contaminants at a site can result in overlapping signatures that can be complex to sort out. It is 
important to have ground truthing of remote sensing data for proper interpretation. 

Scale needs to be considered. For example, spatial resolution can vary from the millimeter scale 
(drone-based cameras) to meters (SPOT and Landsat) or greater, so the appropriate data source 
must be chosen to meet the needs of the project at hand. Remote sensing data are often in a raster 
format and the size of the pixels must be compared to the needs of the project. Modern advances, 
such as deploying remote sensing equipment with unmanned aerial vehicles (drones), may be 
helpful for smaller scale projects.  

Satellite remote sensing data with lower spectral resolution may be inappropriate. Hyper- and 
super-spectral satellite sensors have recently been developed and may provide better tools for 
environmental data. 

Remote sensing based on spectral reflectance techniques requires exposure to soils, so areas with 
extensive pavement or tarmac may not profit from these tools, unless the goal is to delineate 
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extent of pavement or roads. The presence of vegetation may also impede the use of spectral 
reflectance techniques. 

 Application 

Although there is no published research on using remote sensing techniques for establishing 
background concentrations or risk assessments, remote sensing is a tool that could be very 
helpful in assisting with such assessments, such as evaluating whether an area should be 
considered as background. An important use of remote sensing in establishing background 
concentrations is for examining images of the selected background reference area in the past. 
Historical satellite imagery and aerial photographs can be used to identify areas that currently 
appear barren or untouched by human activity but that historically were subject to activities that 
could have affected background concentrations in soil (for example, areas surrounding a closed 
or abandoned mine). This can occur both in a range of areas where vegetation growth is quick 
and broadly dispersed to areas that have remained undeveloped once historical structures were 
removed.  

Remote sensing has been used for many years for evaluating spatial distribution of soil 
properties, such as soil texture and soil moisture, and for mineral exploration, but its use for 
environmental investigations has been sparse. Its strength is to provide spatial information over 
large areas. 

The ability of remote sensing to delineate the spatial distribution of metals or other contaminants 
would help determine whether the concentrations at a site are locally restrictive, hence site-
related, or extensive and more than likely background. The spatial relationship of potential 
contaminants, such as metals and PAHs in soil, can be useful in improving risk management.  

Arsenic contamination in soils can be mapped by relating the reflectance spectrum of plants with 
arsenic content in soils and mapping those spectra (Asmaryan et al. 2014)[480]. Arsenic in soil 
can be predicted from hyperspectral imaging (Wei et al. 2020)[389]. Remote sensing is a fast-
evolving field and may have greater use in the future for determination of chemical 
concentrations.
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8 CONCEPTUAL SITE MODEL AND DATA QUALITY OBJECTIVES 

Two general items that are important when establishing soil background and using it in risk 
assessment are a conceptual site model (CSM) and data quality objectives (DQOs). The 
descriptions below are not intended to be comprehensive or detailed, rather they are intended to 
introduce these concepts and provide key references for additional information. 

 Conceptual Site Model 

A CSM is the integrated representation of the physical and environmental context, the potential 
fate and transport of COPC, and the complete and potentially complete exposure pathways 
associated with each receptor at a cleanup site that is being evaluated (ASTM E2616-09(2014), 
(ASTM 2014)[135], ASTM E1689-20 (ASTM 2020)[136], ASTM D6169/D6169M (ASTM 
2013)[141]. The goal of a CSM is to provide an understanding of relevant site features and 
conditions to understand the extent of COPC and the critical exposure pathways for evaluation in 
risk assessments. A CSM should provide a thorough understanding of the physical characteristics 
of the site, as well as the sources of site contamination, potentially contaminated media, 
contaminant transport pathways, and exposure pathways applicable to receptors. A detailed 
understanding of a cleanup site that is being evaluated informs the development of an accurate 
CSM, which in turn provides important information that may be used to determine whether site 
chemical concentrations represent soil background and to identify potential soil background 
reference areas. Important concepts that should be included in a CSM are contribution of natural 
and diffuse anthropogenic inputs versus site-associated releases because all might be present at 
the site. CSMs may evolve throughout the duration of a project as more information becomes 
available (USEPA 2011)[462]. As noted, a well-developed site CSM aids in selection of 
background reference areas by ensuring that the site context—including land use, geochemical, 
and chemical considerations—is understood and background reference areas can be selected that 
reflect similar inputs, minus site release impacts. 

As described in the ITRC TPH document ((ITRC 2018)[316], information on the development of 
a CSM is readily available in several guidance documents including the following: 

• ITRC Triad Implementation Guide, ITRC SCM-3 (ITRC 2007)[488] 

• Guidance for Conducting Remedial Investigations and Feasibility Studies Under CERCLA 
(USEPA 1992)[489] 

• Data Quality Objectives Process for Hazardous Waste Site Investigations: Final Guidance 
(USEPA 2000)[490] 

• Standard Guide for Developing Conceptual Site Models for Contaminated Sites, ASTM 
E1689-20 (ASTM 2020)[136] 

• Environmental Cleanup Best Management Practices: Effective Use of the Project Life Cycle 
Conceptual Site Model (USEPA 2011)[462] 
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 Data Quality Objectives 

A systematic planning process, such as USEPA’s DQO process (USEPA 2006)[134], is a key 
step in developing a successful sampling and analysis program to ensure the appropriate 
sampling, analyses, and data evaluations are conducted to meet program objectives. The DQO 
process is important to use whenever sampling and analysis are conducted as part of establishing 
soil background and using soil background in risk assessment because this leads to consensus on 
the type, quality, and quantity of data needed to meet project goals (USEPA 2006)[134].  

The DQO process may be used when designing a soil background study intended either to 
characterize soil background to establish default background for a larger area (for example, a 
state, a region, or a unique geological area) or to obtain site-specific soil background for a site 
being evaluated. It also aids in the planning process by establishing the scope and scale of the 
study required, which can aid in resource planning. 

USEPA’s DQO process should be applied to soil background studies to help ensure that 
background data are comparable to data from the site being evaluated and the background dataset 
is suitable for its intended use in risk assessment.  

Details on the USEPA’s DQO process can be found in Guidance on Systematic Planning Using 
the Data Quality Objective Process (USEPA 2006)[134]. For a complete list of USEPA 
guidance documents on quality programs for environmental sampling, refer to 
https://www.epa.gov/quality/agency-wide-quality-program-documents. The initial five steps of 
the DQO process are focused on defining qualitative criteria, such as the nature of the problem, 
the decisions or estimates that need to be made, the types of data needed, and a “decision rule” 
process that defines the logic for how the data will be used to draw conclusions from the study 
findings. This aids in defining the characteristics and spatial extent of the sampling program 
necessary to determine soil background. 

The sixth step establishes acceptable quantitative criteria on the quality and quantity of the data 
to be collected. These criteria are known as performance or acceptance criteria, or DQOs. This 
step is used to define whether data collected or otherwise used are acceptable or unacceptable for 
use. Performance criteria form the basis of a project’s quality assurance project plan (QAPP), 
which relates back to the DQOs and ensures that the data are suitable for the intended use (for 
example, verifying that the analytical reporting limits are lower than background values). The 
final step of the DQO process involves data collection design that will meet both the qualitative 
and quantitative criteria to ensure that sampling design and the analytical program generate data 
acceptable for use. This final step, developing the plan for obtaining the data, is the basis for the 
sampling and analysis plan (SAP).  

SAPs and QAPPs are important for conducting a soil background study, as they document the 
project’s DQOs so that data collection and data analyses generate data suitable for use. The 
QAPP and SAP are discussed further below.  

https://www.epa.gov/quality/agency-wide-quality-program-documents
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 Quality assurance project plan 

The QAPP should define the procedures to collect, preserve, and analyze samples, as well as 
store and manage analytical data, to ensure that the data collected are of sufficient quality to 
meet project needs. The QAPP should include at a minimum: 

• requirements for field quality control (QC) samples (for example, field duplicates, field 
blanks) 

• methods to prevent cross contamination (for example, field decontamination procedures) 

• field equipment, including calibration and maintenance of that equipment 

• field documentation methods 

• number of samples to be collected for each evaluation, and justification for sample number 

• measurement performance criteria (such as bias, precision, and completeness) for each test 
method proposed 

Additional details on QAPPs can be found in guidance documents published by USEPA, 
including QA/G-5 (USEPA 2002)[133], and in USEPA’s Quality Assurance Project Plan 
Development Tool. 

 Sampling and analysis plan 

A well-designed sampling program is critical when conducting a study to determine soil 
background concentrations. SAPs are sometimes called field sampling plans (FSPs) and are 
generally required for projects performed under regulatory orders or as part of a regulatory 
process. Please refer to Section 9 for additional details.  

As outlined in USEPA (2006)[134], a SAP should include the following components: 

• rationale for each sample or group of samples based on the project DQOs 

• number of samples, along with justification for the number of samples to be collected  

• sample type (composite vs. discrete samples) 

• sample locations and design, along with justification for how sample locations were selected 
and the area or quantity that each individual sample represents 

• sample collection method (for example, surficial soil sampling versus drilling)  

• protocols for sample collection, preservation, handling, and shipping  

• analytical methods  

https://www.epa.gov/quality/quality-assurance-project-plan-development-tool
https://www.epa.gov/quality/quality-assurance-project-plan-development-tool
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• statistical sampling plan   
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9 SAMPLING 

A well-designed sampling program is critical when conducting a study to determine default or 
site-specific soil background or obtaining soil samples from an investigative site that is being 
evaluated to compare to default or site-specific soil background. This section provides an 
overview of important considerations when designing a soil background sampling program, 
including: 

• areas for collecting representative soil samples 

• sample depth 

• sample size 

• sampling methods (discrete, composite, incremental sampling methodology (ISM)) 

• sampling design 

• sample collection methods 

• sample handling 

Whenever possible, existing guidance will be referenced because this section is not intended to 
be a detailed description of soil sampling procedures but is intended to provide an overview of 
how the procedures relate to soil background. Field sampling practices are a source of variability 
in reported results. This variability can be minimized, but not eliminated, by using a high-quality 
sampling plan and experienced personnel to perform the field work. 

 Background Reference Areas 

When selecting areas to collect soil background samples, it is very important that locations 
should be as similar as possible to the site that is being evaluated in physical, chemical, 
geological, biological, and ecological characteristics; the rationale for this is discussed further in 
Section 9.1.3. Land use of the background reference area, compared to the site, should also be 
considered. The background reference areas selected should not be affected by site releases or 
site activities. Additionally, where transport processes are likely to deposit new soils on the site 
(such as floodplains, alluvial fans, or areas with high dust creation and deposition), the 
background reference location should be located upgradient or upwind of the site to avoid 
contamination from the site and to provide information on contaminants that may be transported 
to the site. Multiple background reference areas could be required for the collection of sufficient 
background samples to determine representative background concentrations if the site exhibits a 
wide range of physical, chemical, geological, and biological characteristics.   

Typically, background reference areas are located off site. In some cases, it may be difficult to 
find a suitable background reference area in an industrialized area. In these cases, an on-site area 
may be used as a background reference area if the area has not been affected by site releases or 
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site activities (USEPA 2002)[154]. Thus, background reference areas are not limited to natural 
areas or undeveloped lands. 

Review of the history of the site and surrounding areas, as well as current and historical aerial 
photographs, geological maps, soil maps, and vegetation maps, can assist in selecting candidate 
background reference areas. Soils maps, available geotechnical and environmental drilling 
borehole data, and satellite imagery can also provide useful insights. Areas that generally should 
be avoided when collecting background samples include industrial areas, roadways, stormwater 
ditches, areas of local anthropogenic releases, and areas with fill. Areas with fill are generally 
unsuitable to use as a soil background reference area; however, some jurisdictions may allow for 
the exclusion of contaminants in fill materials if these contaminants are not site-related. Before 
considering the use of fill in a background study, the regulatory agency should be consulted. 

Alternatively, existing background studies from sites located adjacent to the cleanup site being 
evaluated, with similar soil properties, and collected using similar sampling methods, can often 
be used for representative background values with high confidence (USEPA 1995)[251]; 
however, use of the adjacent site as a background reference area still needs to be evaluated and 
technically justified.  

Once preliminary background reference area sampling locations have been chosen, it is 
important to compare these locations to available remediation site databases (for example, 
USEPA’s Cleanups in My Community or state websites such as California’s CalEnviroScreen) 
to ensure that sample locations are not close to known potential contamination sources. The data 
resulting from samples taken from the background reference area could be evaluated using 
statistical (Section 11), geochemical evaluation (Section 5), or forensic (Section 7) 
methodologies to ensure that the background reference area has not been impacted by localized 
contamination sources (sometimes referred to as “hot spots”). Some complex situations, such as 
the presence of anthropogenic influences and variable site geology, can make it challenging to 
identify background reference areas not impacted by on- or off-site activities. In such situations, 
it might be appropriate to establish site-specific background data by extracting it from an on-site 
dataset (Section 3.8).  

 Natural soil background 

When selecting samples to determine natural soil background, sample locations should be chosen 
from areas that generally share similar physical, chemical, geological, and biological 
characteristics and are unlikely to have been impacted by human activities. Public lands, such as 
state or national forests, are often good candidate areas for obtaining background samples, 
assuming such areas have not been previously impacted by anthropogenic activities (including 
agricultural activities).  
 
Practitioners should document the technical rationale for choosing each of the sample locations. 

 Anthropogenic ambient soil background 

When selecting samples to determine anthropogenic ambient soil background as defined by this 
document, sample locations should be chosen from areas that generally share similar physical, 

https://www.epa.gov/cleanups/cleanups-my-community
https://oehha.ca.gov/calenviroscreen/indicator/cleanup-sites
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chemical, geological, and biological characteristics and are unlikely to be impacted by local 
releases. These soil background reference areas could be affected by anthropogenic nonpoint 
sources of chemicals that are present in soil (often, but not always at lower concentrations)—not 
because of local anthropogenic sources, but because of their persistence, ubiquity, and/or ability 
to be transported long distances. Examples include PAHs, polychlorinated dibenzo-p-dioxins 
(PCDDs), persistent pesticides (such as DDT), and mercury.  

What is included in anthropogenic ambient soil background depends on what the lead regulatory 
agency allows and the goals of the project or the site-specific situation. In some cases, the lead 
regulatory agency allows the inclusion of local releases that are not a result of releases from the 
site that is being evaluated to be included in anthropogenic ambient soil background (for 
example, the release of metals related to local mining or smelting operations). In some 
jurisdictions, metals might be included as a widespread urban source related to the historical 
association of lead with vehicle emissions (the contribution of this source has decreased over 
time, as leaded automotive gasoline use has been phased out). In these cases, the level of 
urbanization and intensity of anthropogenic land use are very relevant. Sample locations should 
be selected from an area with a similar level of urbanization to the site and as proximate to the 
site as possible.  

Practitioners should document the technical rationale for choosing each of the sample locations. 

 Geological and other considerations 

Naturally occurring concentrations of elements are an important consideration in soil background 
studies. Naturally occurring elements detected in soil are derived from parent material (bedrock) 
that was chemically and physically weathered. Climate, physical and chemical erosion processes, 
and the composition of the parent material determine the minerals that occur. Additional detail 
on the elements commonly found, their parent material, and effects of weathering and climate on 
chemical composition can be found in the reference Chemistry of Soils (Sposito 2016)[263]. 
Additional discussion of geochemical considerations is provided in Section 5. 

Geotechnical sampling and testing procedures (for example, grain-size distribution) should be 
included as part of the SAP ((Winegardner 2019)[158], (ITRC 2020)[431]), along with the 
COPC. Mineralogy and biotic and abiotic weathering are important factors in determining grain-
size distribution and are underlying factors that can contribute to environmental availability of 
naturally occurring elements. In addition, soil texture can have a substantial effect on the 
distribution of COPC in soil. For example, fine-grained soils can have a greater sorption capacity 
for some COPC (for example volatile organic compounds (VOCs), semivolatile organic 
compounds, and metals) due to greater surface area. Laboratory analysis to ensure comparable 
grain-size distributions between site datasets and background datasets should be conducted to 
ensure any COPC concentration differences between the datasets are not just a result of differing 
grain-size distributions. 

In some soils, vegetation can affect the distribution of elements. Some metals (for example, 
arsenic, cadmium, copper, mercury, lead) can be taken up by plants or adsorbed to organic 
matter. When the plant dies, these elements can be concentrated in the surface soil. Information 
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regarding plant communities and differences in vegetation density should be considered as part 
of background study design (Kabata-Pendias 2010)[151].   

 Sample Depth 

Soil sample depth should be considered when conducting background studies to ensure that 
datasets from the site and the background reference area are comparable. The soil sample depths 
chosen for both the site and background reference areas should be consistent with the receptors 
(as described in the CSM) that are expected to have contact with the soil. As noted above, 
background and site sample locations should be similar in physical, chemical, geological, 
biological, and ecological characteristics, which can be affected by depth. For example, surface 
soil can be affected by atmospheric influences, so the use of variable sample depths to define 
surface soil (for example, 0–15 cm versus 0–60 cm) can yield quite different results for 
contaminants that are deposited from the atmosphere. It should be noted that the definition of 
surface soil can vary by jurisdiction, with depths ranging from surface to 2, 15, 30, or 60 cm. For 
example, the USEPA’s Soil Screening Guidance (USEPA 1996)[427] defines surface soil as the 
top 2 cm.  

Sample depth should also take into account other site-specific factors that may vary with depth. 
These factors include the depth to the water table, perched water zones, or soil stratigraphy (for 
example, sand lenses and fracturing).   

For risk assessment, the selected sample depth needs to reflect the type of exposures and 
receptors expected. Surface soil samples generally target the data needed to evaluate human 
health exposures via direct ingestion, dermal contact or inhalation (via dust) pathways, as well as 
some ecological exposures. Subsurface soil sampling generally targets the data needed to 
evaluate human health exposure to soil during construction or utility work and migration to 
groundwater or animals burrowing at depth.  

Site-specific considerations must be taken into account when evaluating receptors and exposure 
pathways. For example, ecological receptors could be exposed to soils at depth while burrowing, 
depending on the species present at the site. Human health exposure to subsurface soils (as well 
as shallow soil) may need to be considered if there is soil disturbance at a site. Soil disturbance 
can be caused by construction (for example, basements, utility lines, or residential pool 
installation), landscaping, children digging while playing, gardening, soil erosion, or recreational 
activities (for example, ATVs). 

As noted in Section 8, the CSM should document all relevant complete and potentially complete 
and complete exposure pathways for the receptors at the site, and that information should be used 
to help inform the relevant sampling depths for soil background.  

 Sample Size  

Adequate background dataset sample size will need to be determined on a project-specific basis 
in accordance with the project’s DQOs. For example, in the context of defining DQOs to support 
use of background in risk assessment, the DQOs for developing a site-specific background 
dataset would differ from DQOs for developing a default background dataset. The number of 
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samples necessary to determine representative background, along with the rationale for the 
sampling locations and depths chosen, must be outlined in the SAP. The intended application, 
assumptions about the underlying distribution of the concentrations of the COPC, tolerable error 
rates (maximum acceptable error rate set by the decision maker), and sample design need to be 
considered when determining sample size. Inadequate background sample size can lead to 
unreliable or erroneous conclusions (ASTM E3242-20; (ASTM 2020)[146]).  

Size of the background reference area and expected variability should also be accounted for 
when determining adequate sample size to ensure the data are representative. A larger number of 
samples may be required to adequately represent a larger and more variable background 
reference area. This is discussed in more detail in Section 11.1.3. 

Additional information on determining adequate sample size can be found in USEPA 
(2002)[153] and USEPA (2002)[154]. Many software packages and tools can be used to 
determine an adequate sample size; two are discussed in detail here. 

 Sample size tools 

Information on statistical software is also provided in Section 11.9. 

 Visual Sample Plan software 

The free Visual Sample Plan software (VSP Development Team 2020)[430] is a recommended 
tool for use in calculations to determine sample size. The VSP software is specifically designed 
to provide an output to support the project DQOs. The software selects “the number and location 
of samples so that the results of statistical tests performed on the data…have the required 
confidence for decision making” (Matzke et al. 2014)[425]. The software can also recommend a 
minimum number of samples taking into account budget and sample design. Using the DQO 
process and this software ensures that the background study goals are well defined up-front, 
while identifying and minimizing uncertainty. VSP calculates DQO-based sample sizes for a 
wide range of applications, including the estimation of the mean or median, calculation of 
confidence intervals on the mean, one-sample and two-sample hypothesis tests, and location of 
hot spot areas, among many other statistics. Site maps and aerial/satellite photographs can be 
imported, with the resulting sample locations displayed on the maps or photographs, 
accompanied by geographic information system (GIS) coordinates for precise sample placement 
in the field. VSP has the support of a wide range of government agencies, including the 
Department of Energy, Department of Defense, USEPA, and Department of Homeland Security, 
among others. 

 ProUCL 

ProUCL is another free statistical tool that can be used to determine sample size (USEPA 
2015)[199]. Its sample-size module allows the user to calculate DQO-based sample sizes to 
support estimations of the mean, as well as one-sample and two-sample hypothesis tests (for 
example, t-test or Wilcoxon rank sum test). The software can also be used for comparing 
background and site concentrations. ProUCL is easy to use and accepted by regulatory agencies. 
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Its disadvantages include a limited number of scenarios for sample-size calculations, inability to 
import maps, and inability to depict sample placement. 

 Sample Methods 

Sampling methods can consist of discrete, composite, or incremental sampling methodology 
(ISM). The sampling method chosen will depend on project goals. 

Soil background samples should ideally be collected using the same, or similar, sampling 
methods as the samples from the site that are being evaluated to ensure comparability of the 
datasets. At a minimum, composited samples, which are a physical representation of “average” 
conditions, should not (except under select conditions) be directly compared to discrete sample 
data. If the same sampling methods cannot be used, a comparison of the methods should be 
conducted to ensure that substantively different results will not be obtained. For example, the 
comparison of data collected using ISM to data collected using a discrete sampling methodology 
should be done with an understanding of the potential error in the mean based on the ISM result 
(ITRC 2020)[431]. Note that comparing ISM and discrete datasets may be possible, but this 
should be done by a qualified statistician. 

 Discrete samples 

Discrete soil sampling is “the process of collecting a single soil sample from a specific location 
and depth interval” (EPA 2013)[152].  

 Advantages  

• Discrete soil sampling allows for less labor-intensive collection of representative data for 
volatile organic compounds than other sampling methods that involve some form of sample 
compositing. 

• This method can be used to understand the distribution of background concentrations and to 
aid in identifying localized areas of elevated concentrations if microscale heterogeneity is 
sufficiently managed (information may be masked with composite samples if they represent 
a larger area and ISM samples if the decision units selected are too large). 

• Data can be used to calculate representative point BTVs (a measure of the upper threshold 
of “point” background concentrations). In this context, “point” implies a discrete sample, as 
opposed to an area-average composite or ISM sample. 

• Discrete soil samples allow the examination of data via geochemical evaluation (Section 5). 

• Discrete samples are relatively easy to collect and do not require any specialized equipment 
or sampling skills. 
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 Disadvantages  

• Discrete soil sampling can bring potential increased effort and cost, as a larger number 
(relative to composite or ISM) of discrete samples may be needed to adequately characterize 
an area. This especially true in the case where soils are very heterogeneous. 

• Discrete samples may represent a small mass compared to area or volume of the target 
population being analyzed, so the sample may miss contamination or may not be 
representative (ITRC 2012)[148]. The DQO process should be followed to ensure that 
discrete samples are representative. 

 Composite samples 

A composite soil sample is a sample composed of several smaller subsamples that are physically 
mixed to create a single homogenous sample. The subsamples must be the same volume. The 
composite sample should be representative of the entire composite area or volume. 

 Advantages  

• Composite soil sampling can produce an estimate of the mean, with fewer analyses and 
lower cost compared to discrete sampling (USEPA 2002)[153]. 

• This method can reduce errors due to soil heterogeneity, because a single composite sample 
can be more representative of a defined area than a single discrete sample—when the goal is 
to characterize the mean (ITRC 2020)[431]. Note that not all composite samples are equally 
effective in their ability to reduce variability. 

 Disadvantages  

• Composite samples can be prepared for analyzing volatile compounds. To minimize 
contaminant losses from volatilization when preparing the composite sample, methodologies 
must be used that are more time-consuming than those used for discrete samples. 

• Composite sampling can introduce additional error related to weighing than with discrete 
samples (more weights are being taken, so there is more error). Soils that are mostly clay are 
difficult to homogenize and tend to be poor candidates for composite sampling. 

• Composite sampling yields a reduced amount of information on variability, and information 
on spatial trends can be masked and diluted. 

• Summary statistics from discrete sample results (for example, individual site measurements 
from historical sampling programs) are not directly comparable to summary statistics from 
composite sample results; comparison is only possible using statistical methods. While 
discrete samples are analogous to point values, composite and ISM measurements are 
representative of area averages. 
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• Information on the upper tail of the distribution may be lost; elevated concentrations might 
not be identified, because the data represent a physical average. Since composite samples 
usually represent larger areal extents, their data are typically not used to calculate a BTV or 
in geochemical evaluations. 

 Incremental sampling methodology (ISM) 

ISM is a structured sampling and processing protocol that reduces data variability and is a 
superior methodology to provide an estimate of mean contaminant concentrations in a defined 
volume of soil. ISM provides representative contaminant concentrations in samples from specific 
soil volumes, defined as decision units or sampling units), by collecting numerous increments of 
soil that are combined, processed, and subsampled for laboratory analysis (ITRC 2020)[431]. 
ISM was developed by mining corporations because standard sampling methods often missed ore 
bodies that were indicative of profitable levels of metallic ore present in rock formations. Since 
then, these sampling concepts have been applied to agricultural, food, drug, and environmental 
sampling. In environmental investigations, incremental sampling was originally intended for 
clearing large tracts of land at former bombing ranges to determine whether more focused 
sampling was required, but its use has since been expanded (ITRC 2020)[431]. Use of ISM 
during background studies, as with any sampling design, should be carefully considered and 
justified. 

 Advantages 

• ISM yields more consistent and reproducible results when characterizing the mean than that 
which is obtained by discrete or composite sampling approaches (ITRC 2012)[148]. 

• ISM reduces data variability and increases sample representativeness when calculating mean 
values for a specified volume of soil by designing and accounting for soil heterogeneity, so 
fewer samples are typically needed to obtain the same statistical power (ITRC 2012)[148]. 

• This method provides less biased and more precise estimates of the mean than discrete 
sampling plans, which typically have much lower sample density (ITRC 2012)[148]. 

• ISM is more cost-effective (for shallow soil sampling programs) than moderate- to high-
density discrete sampling plans that provide a comparable level of decision quality when the 
goal is to characterize the mean (ITRC 2012)[148]. 

• Samples can be collected for analyses of VOC compounds, but refinements to the 
procedures are required. These may include the use of special bottle ware, not drying or 
milling samples before laboratory analysis, and direct preservation of soil in increments in 
methanol or collections of increments by specialized samplers for processing in the lab 
(ITRC 2020)[149].  

 Disadvantages 

• Although regulatory acceptance of ISM is growing, some regulatory agencies may still not 
accept ISM. 
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• Although the methanol preservation approach for VOC analyses is effective at minimizing 
the loss of volatile contaminants from a soil sample, methanol preservation can result in 
lower analytical sensitivity. “The methanol dilution step causes elevated analytical detection 
limits compared to the direct soil purge-and-trap and low concentration method techniques. 
Analytical detection limits could be elevated above relevant screening levels for certain 
targeted contaminants” (ITRC 2020)[431].  

• Summary statistics from discrete sample results (for example, individual site measurements 
from historical sampling programs) are not directly comparable to summary statistics from 
ISM sample results. A more reliable comparison is obtained when both the site and 
background datasets are collected and analyzed using the same methodologies (ITRC 
2012)[148].  

• Information on the upper tail of the distribution is lost because the goal of ISM is to 
characterize the mean (elevated concentrations might not be identified, depending on the 
size of the decision unit chosen). 

• Because the data represent a physical average, a BTV calculated from the data will likely 
not be representative of the upper tail of the background data distribution. 

• ISM prevents the use of geochemical evaluation, because the compositing of incremental 
sampling obscures the natural variability in element concentrations and will diminish the 
ability to distinguish anomalously high elemental ratios relative to background elemental 
ratios. Note that geochemical evaluation data could be collected by concurrently taking 
discrete samples during an ISM sampling program. 

 Sampling Design  

There are two main types of sampling designs: judgmental (also known as targeted biased 
sampling) and probability-based (or statistical). Probability-based sampling design includes 
simple random sampling, systematic sampling/grid sampling, and stratified systematic sampling.  

The selection of (and rationale for) the sampling design should be determined in accordance with 
the project’s DQOs, as outlined in the SAP. A robust sampling design is required to develop 
representative and defensible soil background concentrations. For example, DQOs could include 
determining the presence/absence of a given chemical; determining soil background levels; and 
evaluating the human health risks associated with site-related chemicals (for example, is the 
incremental risk greater than background). 

An overview of various sampling designs, as well as advantages and disadvantages of each, is 
available in the USEPA Guidance for Choosing a Sampling Design for Environmental Data 
Collection (USEPA 2002)[154]. 

 Judgmental (targeted or biased) sampling design 

With judgmental sampling design, the number of samples and locations are selected at the 
discretion of a qualified person, based on their judgment/expertise. Judgmental sampling plans 
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do not allow for a full characterization of uncertainty. Statistical analysis of data collected using 
judgmental sampling design cannot be used to make any type of scientifically defensible 
probabilistic statements about the target population. Conclusions drawn about the data are made 
solely based on judgment and depend entirely on the validity and accuracy of this judgment 
(USEPA 2006)[134]. Because judgmental sampling design is based on nonrandom sampling, this 
results in datasets that can be biased, clustered, and correlated, so conclusions based on the 
dataset cannot be extrapolated to the whole site (USEPA 2002)[153]. Since judgmental sampling 
is not amenable to statistical analysis, it is not recommended for establishing a soil background 
dataset.   

 Probability-based (statistical) sampling design 

With probability-based (or statistical) sampling design, each possible sampling location has a 
known probability of being selected, and only those sampling locations selected are sampled and 
used in the development of background concentrations. Advantages of probability-based design 
include the ability to account for uncertainty in the data, to draw conclusions about the target 
population, and to properly express uncertainty in these conclusions (USEPA 2006)[134]. 
Probability-based sampling designs are recommended for background studies because statistical 
analyses can be applied and bias is reduced. 

 Sample Collection Methods 

Soil background samples should be collected using the same sampling methodologies as the site 
data, to the extent reasonable and appropriate, to ensure comparability of the datasets.   

Considerations when determining the method for soil sample collection include:  

• target depth for the soil samples (surface/shallow versus deep) 

• whether discrete, composite, or ISM samples are required 

• COPC (plus any additional analytes necessary for geochemical evaluation or forensic 
analysis) 

• soil conditions 

• site conditions for access of equipment (for example, space limitations, surface covering) 

Various methods for soil sample collection are available and can be broken into the three main 
categories as outlined in Table 9-1. Additional information on soil sample collection methods 
can be found in the following references: ASTM D1452 (ASTM 2009)[139], ASTM D4700-15 
(ASTM 2015)[144], ASTM D6151/D6151M-15 (ASTM 2015)[140], ASTM D6169/D6169M-13 
(ASTM 2013)[141], ASTM D6282/D6282M-14 (ASTM 2014)[142], ASTM D6286/D6286M-20 
(ASTM 2020)[143], ASTM D6914/D6914M-16 (ASTM 2016)[145], (BC Environment 
2020)[147], (USEPA 2012)[428], (USEPA 2014)[429] and (ITRC 2020)[431], as well as local, 
state, and USEPA regional guidance. 
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 Sample Handling 

Once soil samples have been obtained, they should be placed in the clean sample containers 
provided by the analytical laboratory and appropriate to the parameters being analyzed. During 
sample collection in the field, precautions must be taken to avoid cross contamination between 
samples (for example, the use of appropriate field decontamination procedures). Recommended 
sample containers and sample preservation for soil samples being submitted to the laboratory for 
different analytes or analyte groups are outlined in the appropriate USEPA reference method (see 
Section 10); these should be confirmed with the selected laboratory prior to sample collection.  

Proper sampling handling and quality controls, as outlined in the QAPP (Section 8.2.1), should 
be followed to maintain sample integrity.
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Table 9-1. Soil sample collection methods 1 

Source: (USEPA 2002)[153]. 2 

Description Equipment Examples Advantages/When Appropriate to Use Disadvantages/Precautions 
Surface Soil 
Sampling  

Collect 
shallow/surface soil 
samples. 

  

• Trier 

• Trowel 

• Shovel 

• Soil probe 

• Hand auger (manual or 
powered) 

• Core sampler 

• Cost-effective   

• Rapid data collection 

• Relatively easy to use 

• Less intrusive and disruptive 

• Limited depth range  

• Not ideal for rocky, dense, or hard soil conditions 

• Depending on method, soil type, and depth 
required, discrete soil samples can be difficult to 
collect due to sloughing   

 Test Pitting 

 Collect shallow to 
intermediate soil 
samples. Samples are 
collected from the 
bucket of the 
equipment. 

• Rubber-tire backhoe 

• Tracked excavator 

 

• Cost-effective 

• Depth range up to 3–4 m with backhoe 
and 5–6 m with excavator 

• Provides good visualization of soil 
samples 

• Large sample volumes collected 

• Disruptive, so not ideal for paved or developed 
sites 

• Difficult to collect discrete soil samples in 
unstable soil conditions (for example, sand) 

• More uncertainty in depth interval sample is being 
collected from than when drilling methods are 
used 
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Description Equipment Examples Advantages/When Appropriate to Use Disadvantages/Precautions 
Drilling  
 
Collect shallow to 
deep soil samples. 
Samples can be 
collected in all types 
of geologic material. 
 

• Auger drilling (for 
example, solid stem 
augers and hollow stem 
augers) 

• Core sampling devices 
(for example, split 
spoons or Shelby tubes) 

• Direct push  

• Sonic drilling  

• Percussion drilling (for 
example, cable tool) 

• Truck or tracked-mount rigs allow 
access to variety of sites 

• Collect samples at depths >100 m 

• Collect samples in any geologic 
conditions 

• Some methods allow for collection of 
discrete, undisturbed samples  

• Continuous, undisturbed samples can be 
collected 

• Higher cost 

• Height and space requirements for rig can limit 
use  

• Waste (soil cuttings) is usually derived  

• Solid stem augers not preferred, as confidence in 
soil sample depth is lower  

• Use of drilling muds or fluids can introduce cross 
contamination 

• Sample volume potentially limited depending on 
method and soil conditions 

• Sample area per location is limited based on the 
diameter of auger/sampling device used (most 
common for hollow stem augers is 6–31 cm, 
inside diameter) 

3 
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10 ANALYTICAL METHODS 

 Introduction 

A critical component in establishing soil background, whether it be default or site-specific, is to 
ensure that the soil samples are analyzed by laboratory methodologies that generate high-quality 
analytical data that meet the data quality objectives (DQOs) of the soil background study and are 
comparable to the site data being evaluated. Soil sample concentrations reported by the 
laboratory can be influenced by the soil sample collection and preservation methods, laboratory 
sample preparation methods (this includes soil sample preprocessing, digestion, or extraction), 
and laboratory analytical methods used.  

When using data from an existing study to establish soil background, laboratory sample 
preparation and analytical test methods that were used in the existing study should be evaluated 
to ensure that they provide substantively equivalent results to the laboratory method used at the 
investigative site(s) being evaluated. Different jurisdictions may have various definitions of what 
“substantively equivalent” means. However, it generally means that the two test methods being 
compared give results for the contaminants being analyzed in certified or standard reference 
materials that have a small allowable bias between the reported results for the two test methods. 
The magnitude of the allowable bias can vary by test method and jurisdiction. 

Data generated using different laboratory methods may (or may not) be comparable. In cases 
where there is a need to use data analyzed using different laboratory methods, it is important to 
evaluate the potential difference between the results generated by the two methods, clearly 
understand the uncertainties involved, and consider this in risk assessment results and risk 
management decisions.  

When conducting a study to establish soil background, to ensure comparability, it is important 
that soil samples collected from the area considered background and the area being evaluated are 
collected and preserved using the same techniques and analyzed using the same sample 
preparation and analytical test methods (or sample preparation and test methods that provide 
substantively equivalent results) for each analyte or analyte group. If practical, when conducting 
a site-specific background evaluation, site and background samples should be analyzed by the 
same laboratory (and if at all possible, in the same analytical batches) to reduce the potential for 
test method bias between the site and background datasets. 

In some cases, the background dataset is compiled from multiple existing soil background 
studies. In these cases, the different source datasets should be examined to determine whether 
they were generated using sample collection, preservation, preparation, and analytical methods 
that provide substantively equivalent results. Datasets generated from sample collection, 
preservation, preparation, or analytical test methods (or a combination of any of these factors) 
that provide substantively different results should not be included in a compiled background 
dataset. Even if the sample collection, preservation, preparation, or analytical test methods used 
for different datasets provide substantively similar results, a compiled background dataset from 
multiple sources should not be created until such a grouping is demonstrated to be technically 
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acceptable using statistical methods discussed in Section 11 and geochemical evaluation methods 
discussed in Section 5.  

 Obtaining Reliable Analytical Data  

 Data quality 

Choosing the laboratory methods to be used in a soil background study is part of the USEPA 
DQO process, which is discussed in Section 8.2.  

A soil background study, whether it is an existing study or one that will be conducted, should 
have a quality assurance plan. USEPA recommends having a quality assurance project plan 
(QAPP). This plan will specify the laboratory sample preparation method(s) and analytical 
method to be used for every analyte or analyte group. The quality assurance plan will also 
specify DQOs, such as measurement performance criteria (for example, various acceptable bias, 
precision, and analytical limit criteria) for every test method. Typically, the completeness (the 
number of analyses meeting all measurement performance criteria) for each analytical parameter 
and the entire analytical program are DQOs specified in the quality assurance plan. A complete 
list of laboratory DQO elements is provided by USEPA (USEPA 2002)[133]. 

 Test method bias and precision  

For laboratory test methods, ASTM International provides definitions for bias and precision 
(ASTM E177 (ASTM 2019)[127], ASTM E456-13A(2017)e4 (ASTM 2017)[128]). Test method 
bias is “the difference between the expectation of the test results and an accepted reference 
value” ((ASTM 2017)[128]), while test method precision is defined as a measure of “the 
closeness of agreement between independent test results obtained under stipulated conditions.”  

The quality assurance plan will contain performance criteria that evaluate test method bias and 
precision for data generated by every test method. A number of QC samples will be evaluated for 
data quality indicators such as bias (for example, method blanks, matrix spikes, and laboratory 
control samples) and precision (for example, laboratory duplicates, matrix spike duplicates, and 
laboratory control sample duplicates). Surrogates will be used to indicate the potential bias in the 
analysis of individual samples for organic analytes. Results for these data quality indicators will 
be evaluated during the data validation stage (Section 10.2.4). 

 Laboratory quality system and analyte group accreditation 

To ensure that high-quality analytical data with low test method bias and high test method 
precision are being generated, samples should be analyzed by laboratories whose quality systems 
have been accredited. Examples of items that are included in laboratory quality systems are their 
processes for calibration, calibration verification, and laboratory quality control. 

Environmental laboratories are generally accredited to ensure that their quality system meets 
NELAC (National Environmental Laboratory Accreditation Conference) requirements (NELAC 
2016)[8]. NELAC requirements meet the quality system requirements for ISO Standard 17025 
(ISO 2017)[6], in addition to country-specific requirements for the United States. Laboratories 
are accredited by accreditation bodies (either state regulatory agencies or select nongovernmental 
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organizations) that perform on-site quality system assessments. Note that a state or stakeholder 
agency (for example, the Department of Defense) may have their own laboratory accreditation 
programs and/or requirements. 

An accredited quality system means that the system has met certain minimum standards; it does 
not ensure that for individual test methods, the data reported by the laboratory have minimal test 
method bias. However, an accredited quality system makes this outcome more likely. It should 
be noted that as part of many accredited quality systems, the laboratory provides an estimate of 
the measurement uncertainty for every analytical test method in the laboratory. 

Proficiency testing programs are offered to the laboratory by the accreditation agency and 
involve the regular analysis of samples with an unknown concentration. The laboratory must 
participate in the proficiency testing program for any analyte groups for which it wishes to be 
accredited. If results for a proficiency testing sample are outside the acceptance limits (that is, 
the test method bias is unacceptably high or low), the laboratory can lose its accreditation for that 
analyte group. For soil background studies, the laboratory should be currently accredited (if 
accreditation is offered) for any analyte groups that are anticipated to be sent to the laboratory for 
analysis. Analysis should not be performed at a laboratory if the accreditation has been 
suspended for a specific analyte group, to avoid the generation of potentially suspect data. 

 Data validation 

Data reported by an analytical laboratory need to be independently reviewed to assess whether 
the data are fit for the intended purpose (such as the comparison of background and site soil 
analytical data). Often, this review is performed using the data validation process. This process is 
an assessment of data quality, tracing the history of the sample from collection through sample 
storage, sample preparation, instrumental analysis, and data reduction; this process ensures that 
the resulting data from the sample’s analysis are accurate, traceable, and appropriately qualified 
if any data quality issues were discovered in the validation process. 

Validation is a structured, documented review of the data. A qualified analytical chemistry data 
validation expert who is independent of the laboratory generating the data should perform this 
review, typically using USEPA data validation methodologies ((USEPA 2016)[167], (USEPA 
2017)[164], (USEPA 2017)[165]). Note that a state or stakeholder agency (for example, the 
Department of Defense) may have their own data validation requirements.  

 Analytical Limits 

Environmental datasets often contain “nondetect” and/or “estimated” results, based on the 
limited sensitivity of laboratory methods used to measure contaminant concentrations (note that 
estimated results can often be based on other factors besides the limited sensitivity of laboratory 
methods). This sensitivity can be described using two general types of thresholds (depicted in 
Figure 10-1)—the detection limit (DL) and the quantitation limit (QL). The reporting limit (RL), 
which is a surrogate for the QL, is also depicted in this figure. A review discussing detection, 
quantitation, and reporting limits in straightforward language has been published online by the 
American Industrial Hygiene Association (Brisson and Popp 2017)[4]. USEPA has also 
published an overview (USEPA 2006)[161]. A much more technically detailed review of 
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analytical limits was the subject of an Advisory Committee on Water Information webinar (van 
Buuren 2017)[9]. 

 

Figure 10-1. Relationship between various analytical limits. 

Source: Doug Blue (ExxonMobil) and Shahrokh Rouhani (NewFields). 

Briefly, these analytical limits are described in more detail: 

• Results that fall below the DL (termed nondetects) are indistinguishable from blank results.  

o Nondetects are a form of censored data, referred to as left-censored data, because 
they are always reported as being less than the DL.  

o Data that fall below the relevant DL are flagged (or “qualified”) by the analytical 
laboratory with a “U” code, which allows data users to identify such 
measurements. 

o Most laboratory Certificates of Analysis will report the method detection limit 
(MDL) for a sample. Alternatively, the limit of detection (LOD) may be 
reported. 

o USEPA does specify a methodology to set the MDL (this is detailed below). 

o MDLs are laboratory-specific and instrument-specific; they can vary between 
different analytical instruments (even for the same manufacturer and model 
number) performing the same method in the same laboratory. However, many 
commercial laboratories use data pooled from all similar instruments, so MDLs 
are consistent within that instrument group.  
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o The treatment of results less than the MDL in statistical analysis of the data is 
discussed in detail in Section 11.3. 

• Results that fall between the DL and QL are detected but are quantified with a higher degree 
of uncertainty. 

o Values between the DL and QL are considered to be estimated.   

o Data that fall between the relevant DL and QL are flagged (or “qualified”) by the 
analytical laboratory with a “J” code, which allows data users to identify such 
measurements. 

o Most laboratory Certificates of Analysis do not report the QL for a sample; 
instead, an RL is reported. 

o USEPA does not specify a methodology to set the QL. 

o QLs are laboratory-specific and instrument-specific; the QL can vary between 
different analytical instruments (even for the same manufacturer and model 
number) performing exactly the same the method in the same laboratory. 
However, many commercial laboratories use data pooled from all similar 
instruments, so QLs are consistent within that instrument group.  

o RLs are sometimes used by laboratories as a surrogate for the QL (see discussion 
below). 

The definition of the MDL has evolved over time (USEPA 2007)[162] and the definition and 
calculation methodology have recently changed. The MDL is now defined as “the minimum 
measured concentration that can be reported with 99% confidence that the measured 
concentration is distinguishable from method blank results” (USEPA 2016)[168]. The MDL 
accounts for aspects of measurement such as the instrumentation, sample preparation, matrix 
effects, and laboratory reagents. The limit of detection (LOD) is the measure of an analytical 
method to detect the presence of an analyte with a 99% level of confidence; it does not provide 
information on the quantification of an analyte. The LOD is a concept similar to the MDL, in 
that it is a measure of the DL, although it is calculated differently than the MDL. 

Instead of a QL, a laboratory will sometimes report an RL on their Certificates of Analysis. Like 
a QL, the RL is the lowest concentration of analyte in a sample that can be reported with a 
defined degree of analytical test method bias and precision. The USEPA does not specify a 
methodology to set the RL and there are multiple definitions of the RL (van Buuren 2017)[9]. 
Often, the laboratory sets the RL value at the QL, plus an added margin of safety to account for 
variations in the test method that may occur over time, or variation in instrument performance. 
However, in some cases, the laboratory will set the RL equal to the QL, which is why the RL is 
shown to have a range of possible values in Figure 10-1. For example, consider a laboratory that 
has three instruments (same model and manufacturer) performing metals analysis for soil 
samples. For copper, the QLs for the three instruments are determined to be 3.7 mg/kg, 3.8 



ITRC–Soil Background and Risk Assessment    January 2022 Final 

 

143 

mg/kg, and 4.1 mg/kg. In this case, the laboratory may set the RL for copper to 5 mg/kg to avoid 
having to report different QLs for different instruments on the Certificate of Analysis.  

For soil background studies, it is important that the analytical methods used meet the project 
DQOs. The RLs of the analytical methods used must meet the project DQOs, so they will be low 
enough to detect and quantify the analytes of interest, as well as minimizing (to the extent 
possible) left-censoring of the data. For many contaminants (especially organic contaminants), 
background concentrations may be very low. To minimize the number of data points less than 
the RL in the background dataset for these contaminants, it is often required to use “low-level” 
test methods (the test method that provides the lowest reporting limits for the analytes).  

Typically, reported results greater than the DL are used “as is” (even if results are estimated) 
when calculating soil background values. There are several recommended procedures for 
treatment of data less than the DL when calculating soil background values (see Section 11.3 for 
further discussion).   

Accredited laboratories should ensure sample preparation and analytical methods can generate 
the appropriate MDL and QL or RL, as per the project-specific DQOs. Early coordination with 
the selected laboratory can ensure that project objectives are met; the laboratory should review 
the project quality assurance plan to ensure accuracy and achievability before samples are 
submitted for analysis. Note that a state or stakeholder agency (for example, the Department of 
Defense) may have their own detection limit requirements. 

 Sample Preparation  

Sample preparation broadly covers the procedures performed on the soil sample from the time of 
its receipt by the laboratory up until instrumental analysis is performed. Organic analytes are 
typically extracted from the soil using an organic solvent and it is the extract that is 
instrumentally analyzed. For metals, the soil sample is digested using acids and it is this digestate 
that is instrumentally analyzed. However, soil samples typically require preprocessing before 
extraction or digestion; this preprocessing is also considered part of sample preparation. This 
preprocessing can include steps such as sample drying (air, oven, or chemical), disaggregation, 
sieving and milling, or pulverizing, as well as subsampling of the preprocessed soil to obtain an 
aliquot for digestion or extraction. 

Typically, the largest variability in the reported results is due to the sample preparation methods 
used for the soil sample, not the analytical method used to obtain the reported result. Different 
sample preparation methods can produce very different results for the same sample, so results 
may not be comparable if different sample preparation methods are used (this may also be true if 
different analytical methods are used). For that reason, common sample preparation methods for 
metals and various organic analyte groups are discussed in Table 10-1; the table gives a brief 
synopsis of the sample preparation method (including details on sample preprocessing and 
extraction or digestion details) and also discusses whether the sample preparation method is 
suitable for use in soil background studies. For a more detailed description of the sample 
preparation methods, the reference methods identified in Table 10-1 should be consulted. 
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Note that many USEPA SW-846 methods are referenced in Table 10-1 and Table 10-2. The 
USEPA periodically updates methods and changes the letter after the numerical method 
designation to reflect this revision. In general, use of the newest revision of each method is 
recommended, though there might be project-specific reasons to use an older version of a 
method. To facilitate the application of this guidance over time, the revision letters have been 
omitted from the method numbers in these tables. However, project-specific documents should 
always clearly identify the applicable revision number being used. 

Soil sample preparation considerations when compiling soil background datasets include: 

• For metals, soil sample preparation differs, depending on whether the goal is to determine 
the total metal concentrations in the sample, or just the environmentally available 
concentration of these metals. Sample digestion for total metals typically involves the use of 
hydrofluoric acid to more fully dissolve the aluminosilicate soil matrix and liberate more 
metals. It is harsher than the sample digestion procedures for environmentally available 
metals. Thus, greater soil metals concentrations will be obtained if the same sample 
undergoes total metals digestion versus digestion for environmentally available metals. For 
risk assessment purposes (see further discussion in Section 4), it is the environmentally 
available concentration of metals that should be quantified, not the total concentration. 

o For example, the USGS performed a low sample density study (one sample per 
1,600 km2) to determine elemental soil background values across the 
conterminous United States (Smith et al. 2014)[213]. USGS used a total metals 
digestion of the <0.15 mm fraction using four acids (including hydrofluoric acid) 
as the digestion method, which yields higher concentrations for metals than the 
less aggressive USEPA digestion methods used to determine environmentally 
available concentrations. Metals data from USGS studies (where total metals are 
quantitated) cannot be directly compared to data generated for environmentally 
available metals using USEPA methods, so they should not be used in soil 
background studies (Brooks 2020)[160]. 

o For metals analysis, sample digestion targeting just environmentally available 
metals (USEPA Method 3050 or USEPA Method 3051) can give reported 
concentrations up to an order of magnitude less than when a more aggressive 
total metals digestion method (USEPA Method 3052) is used for the same 
sample (Ames and Prych 1995)[1]. Soil samples digested using the USGS 
methodology will give even higher metal concentrations results than USEPA 
Method 3052, since it uses a more aggressive acid digestion and analyzes either 
the <2 mm or <0.15 mm soil fraction (see discussion in next bullet). 

o Critically, different sample preprocessing and/or digestion methods (but using 
the same analytical instrumentation) can give a much larger difference in the 
reported metals results for a soil sample versus if the same soil sample 
underwent the same sample preparation procedures but was analyzed using 
inductively coupled plasma (ICP)/mass spectrometry (MS) rather than 
ICP/atomic emission spectroscopy (AES) instrumentation. 
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• Sample preprocessing can affect the reported concentrations of environmentally available 
metals. USEPA digestion methods do not specify what preprocessing is to be performed, so 
different laboratories use different options. Some of these options (and their influence on the 
reported soil metals concentrations) are discussed in detail below (note that this list does not 
include all possible preprocessing options):   

o Option 1—a wet soil sample typically just has the largest stones manually picked 
out of the sample and the sample is digested. The metals concentrations for these 
samples are calculated on a dry weight basis using results of the moisture 
analysis of that sample. With no sample preprocessing that affects the particle 
size distribution of the soil sample being digested for analysis, this option will 
provide the lowest environmentally available metals concentrations for the soil 
sample. 

o Option 2—a wet soil typically has the largest stones manually picked out of the 
sample. The soil sample is air dried (or dried in an oven at 30°C) and 
disaggregated (broken apart), and dry sample is digested. With no sample 
preprocessing that affects the particle size distribution of the same sample being 
digested for analysis, this option will provide environmentally available metals 
concentrations for the soil sample similar to Option 1. 

o Option 3—a wet soil has the largest stones manually picked out of the sample. 
The soil sample is air dried (or dried in an oven at 30°C) and disaggregated. The 
disaggregated sample is passed through a 10-mesh (<2 mm) sieve and the 
fraction passing through the sieve is digested. This sample preprocessing results 
in soil with smaller particle sizes and higher surface area being digested for 
analysis. This option will provide environmentally available metals 
concentrations for the soil sample directionally higher than Options 1 and 2. 

o Option 4—a wet soil has the largest stones manually picked out of the sample. 
The soil sample is air dried (or dried in an oven at 30°C) and disaggregated. The 
sample is passed through a 10-mesh (<2 mm) sieve, with the fraction passing 
through this sieve then further milled/pulverized. After milling, the sample is 
passed through a 100-mesh (<0.15 mm) sieve and the fraction passing this sieve 
is digested. This sample preprocessing results in soil with even smaller particle 
sizes and higher surface area being digested for analysis than for Option 3. This 
option will provide environmentally available metals concentrations for the soil 
sample directionally higher than Option 3. 

o Soil sample preprocessing methodologies used prior to digestion are a key factor 
to consider when determining whether the metals results from two datasets are 
substantively the same or not. 

o Sample preprocessing methods should be tailored to fit the intended use of the 
analytical data. For example, pulverizing of soil is generally not appropriate 
when the dermal exposure pathway is being evaluated. 
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• For organic contaminants, sample preparation involves the extraction of the target analytes 
from the soil sample. The concentration of analyte obtained from analysis can vary widely, 
depending on the solvent chosen to extract the analytes from the soil matrix. Generally, 
organic analyte data from datasets generated using two different extraction solvents should 
not be combined in the same background dataset. 

o In addition to extraction solvent, if different methods are used to clean up the 
solvent extract before analysis, this can influence the reported results. The 
magnitude of this influence is typically less than the size of the effect observed 
from using different extraction solvents. 

• Incremental sampling methodology (ISM) can be applicable for background studies. The 
ITRC ISM-2 guidance ((ITRC 2012)[148], (ITRC 2020)[431]) describes the sample 
preprocessing options of air drying, disaggregation, sieving, milling, and two-dimensional 
slabcake subsampling. See Section 5 of the ISM-2 guidance for details on using project 
objectives to select among the sample preprocessing options if ISM is being used and how 
to implement these options at the laboratory. 

• To completely understand the differences in sample preparation (especially sample 
preprocessing before digestion or extraction) between the laboratories used in two studies, 
just comparing the reference methods used will not suffice, since there is often some 
flexibility provided in the reference method. It is recommended that the standard operating 
procedures used by both laboratories be examined in detail to see if sample preparation 
methods could result in substantive differences in the reported results between the two 
studies. Standard operating procedures are typically appended to the QAPP (if the QAPP is 
available for review) or can be provided (upon request) by the laboratory that performed the 
sample analysis. 
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Table 10-1. Sample preparation 

Sources: (USEPA 2020)[166] and (Taggart 2002)[463]. 

Chemical Reference Method Summary Comments 

Metals 

USEPA Method 3050 

(Heating Block 
Digestion) 

Soil is preprocessed using a number of options (see the 
text of Section 10.4 for a full discussion). The 
preprocessed soil is digested at 90–95°C on a hot plate or 
heating block. Digestion uses nitric acid, hydrogen 
peroxide, and typically hydrochloric acid (HCl always 
used for ICP/AES and can be used with some ICP/MS 
systems).   

Suitable for soil background studies. Will 
dissolve all environmentally available metals, but 
not aluminosilicate-bound metals that are not 
environmentally available.  

USEPA Method 3051 

(Microwave 
Digestion) 

Mimics USEPA 3050B, except it uses microwave heating 
of sample and hydrogen peroxide is not used.  

Suitable for soil background studies. Same 
comments as for 3050; provides similar results as 
3050. Has shorter digestion times than 3050 and 
higher precision (better temperature control, 
versus heating block).  

USEPA Method 3052 

(Total Digestion) 

Similar to USEPA 3051, except the sample is microwave-
digested at 180±5°C, using a mixture of nitric and 
hydrofluoric acids. Goal is the total decomposition of the 
sample, including all aluminosilicate and organic matrices. 
Analysis of the digestate yields a total metals value. 

Not suitable for soil background studies. 
Dissolves all metals, including silicate-bound 
metals that are not environmentally available. 
Provides soil metals results biased high compared 
to USEPA Method 3050 and USEPA Method 
3051.  



ITRC–Soil Background and Risk Assessment    January 2022 Final 

 

148 

Chemical Reference Method Summary Comments 

USGS Q030, T01 & 
T20 

(Total Digestion) 

Soil is air dried; fraction passing through a 10-mesh sieve 
(the <2 mm fraction) is retained for analysis. Optionally, 
the <2 mm fraction can be further pulverized and only the 
fraction passing through a 100-mesh sieve (<0.15 mm 
fraction) is retained for analysis. The sample is digested 
with four acids (hydrochloric, nitric, perchloric, and 
hydrofluoric) on a hot plate or heating block for several 
hours at temperatures up to 160°C. The goal is the total 
decomposition of the sample, including all aluminosilicate 
and organic matrices, to yield a total metals value. 

Not suitable for soil background studies. 
Dissolves all metals, including silicate-bound 
metals that are not environmentally available. 
Provides soil metals results biased high compared 
to USEPA digestion methods for environmentally 
available metals (USEPA Method 3050 and 
USEPA Method 3051). 

Mercury 
USEPA Method 7471 

(Mercury Digestion) 

Sample digested in 3:1 HCl:HNO3 (aqua regia); oxidized 
with potassium permanganate.  

Suitable for soil background studies. Will 
dissolve all environmentally available mercury.  

OCP, 

PAH, PCB, 

PCDD/F 

TPH 

USEPA Method 3540 

(Soxhlet Extraction) 

A soil sample is chemically dried with anhydrous sodium 
sulfate, placed in a thimble, and extracted using the 
appropriate solvent in a Soxhlet extractor. If necessary, the 
extract is further processed (for example, dried, 
concentrated, and cleaned up) before analysis. 

Suitable for soil background studies. Rigorous 
and rugged reference method to which all other 
methods are compared. Uses large solvent 
volume and long extraction time (16–24 hours). 
Preparation methodologies with shorter extraction 
times are more typically used and provide 
substantively equivalent results that are suitable 
for background studies. 

USEPA Method 3541 

(Automated Soxhlet 
Extraction) 

Soil sample dried with anhydrous sodium sulfate is 
immersed in boiling solvent, then Soxhlet extracted 
(similar to USEPA 3540) and finally concentrated. If 
necessary, the extract is further processed (for example, 
dried, concentrated, and/or cleaned up) before analysis. 

Suitable for soil background studies. Uses 
shorter extraction times (~2 hours) and smaller 
solvent volume than USEPA Method 3540, while 
still giving analyte recoveries similar to that 
method.  
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Chemical Reference Method Summary Comments 

USEPA Method 3545 

(Pressurized Fluid 
Extraction) 

Chemically dried soil sample is placed in extraction cell 
and heated (temperature and time depend on analyte). 
Sample is pressurized (1,500–2,000 psi) with appropriate 
solvent. Multiple extraction cycles used for some analytes. 
If necessary, the extract is further processed (for example, 
dried, concentrated, and/or cleaned up) before analysis. 

Suitable for soil background studies. Typical 
extraction cycle is 5–10 minutes. Small solvent 
volumes used in extraction.  

USEPA Method 3546 

(Microwave 
Extraction) 

Chemically dried soil sample is placed in extraction cell 
with the appropriate solvent and heated via microwave 
(temperature and pressure depend on the analyte). One 
extraction cycle used. The extract is filtered to remove 
solids. If necessary, the extract is further processed (for 
example, dried, concentrated, and/or cleaned up) before 
analysis. 

Suitable for soil background studies. Uses 
shorter extraction times (10–20 minutes) and 
smaller solvent volume than USEPA Method 
3540, while still giving analyte recoveries similar 
to that method.  

OCP, 

PAH, PCB, 

PCDD/F 

TPH 

USEPA Method 3550 

(Ultrasonic 
Extraction) 

Chemically dried soil sample is placed in an ultrasonic cell 
with the appropriate solvent and the mixture is extracted 
with solvent three times. The extract is separated from the 
soils by filtration or centrifugation. If necessary, the extract 
is further processed (for example, dried, concentrated, 
and/or cleaned up) before analysis. 

Not suitable for soil background studies. Uses 
shorter extraction times than USEPA 3540, but 
still uses relatively large solvent volumes. 
Method states it “might not be as rigorous as 
other extraction methods for soils” and that 
recoveries for some analytes are low. Not 
recommended for environmental soil background 
studies, due to potential for low recoveries for 
some analytes. 

VOCs 

USEPA Method 5035 

(Purge and Trap) 

The methanol preservation option, with a 1 g soil to 1 mL 
methanol ratio in a preweighed vial, is recommended for 
best analyte recovery. An aliquot of the extract is diluted in 
reagent water and purged onto the trap of the analytical 
instrument. The low concentration options using aqueous 
preservation solutions can produce low biased results when 
the VOCs are strongly bound to the soil particles. 

Suitable for soil background studies. Reporting 
limits are typically higher for methanol-preserved 
samples than the low-level options. The methanol 
option is preferable for soil background studies, if 
the analysis is performed with enhanced mass 
spectrometer sensitivity (for example, using 
selected ion monitoring) to compensate for the 
required dilution of the methanol extract. 
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Notes: 
OCP—organochlorine pesticides 
PAH—polycyclic aromatic hydrocarbons 
PCB—polychlorinated biphenyls 
PCDD/DF—polychlorinated dibenzo-p-dioxins/dibenzofurans 
TPH—total petroleum hydrocarbons  
VOC—volatile organic compounds 
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 Analytical Test Methods 

For common metals and various organic analyte groups for contaminants of concern at sites, the 
analytical test methods used are discussed in Table 10-2; the table gives a brief synopsis of the 
test method and discusses whether the analytical method is suitable for use in soil background 
studies. For a more detailed description of the analytical method, the reference method identified 
in Table 10-2 should be consulted. 

In risk assessments (including contaminant fate and transport modeling), analysis of soil samples 
for various other physical and chemical properties is useful, so collecting this data in a 
background study may be warranted. These parameters include (but are not limited to) grain-size 
distribution, pH, total organic carbon, and cation exchange capacity (Section 9.1.3). Discussion 
of the sample preparation and analytical test methods for these parameters is beyond the scope of 
this document. 
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Table 10-2. Analytical methods 

Sources: (USEPA 2020)[166], (Taggart 2002)[463]. 

Chemical Analytical Method(s) Summary Comments 

Metals 

USEPA Method 6010 

USGS T01 

(ICP/AES) 

A digested sample is nebulized into an ICP, where the 
metal atoms are ionized. The metal ions are quantitated 
using AES. 

Suitable for soil background 
studies if RLs are low enough. 
ICP/AES analysis is marginally less 
expensive than ICP/MS but has 
elevated RLs for some metals (for 
example, silver, thallium, and 
mercury).  

USEPA Method 6020 

USGS T20 

(ICP/MS) 

 

A digested sample is nebulized into an inductively 
coupled plasma (ICP), where the metal atoms are ionized. 
The metal ions are quantitated using mass spectrometry 
(MS). 

Suitable for soil background 
studies. ICP/MS typically has 
lower RLs than ICP/AES, so use of 
ICP/MS is preferred for soil 
background studies (to lower the 
nondetect frequency for some trace 
metals). 

Mercury 
USEPA Method 7471 

(CVAA) 

A digested sample is chemically reduced, converting 
divalent mercury to elemental mercury, which is aerated 
to vaporize the mercury. The cold vapor (CV) passes 
through an atomic absorption (AA) spectrometer, where 
the mercury is quantitated.   

Suitable for soil background 
studies. Instrumentation is typically 
more readily available than 
ICP/MS.   
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Chemical Analytical Method(s) Summary Comments 

OCP 
USEPA Method 8081 

(GC/ECD) 

Sample is extracted using any of USEPA Methods 3540, 
3541, 3545, or 3546. Extraction solvents typically used 
are 1:1 hexane/acetone or 1:1 methylene chloride/acetone. 
Extracts are cleaned up [for example, alumina (USEPA 
Method 3610), Florisil (USEPA Method 3620), or silica 
gel (USEPA (3630)]. After cleanup, the extract is 
analyzed by injecting into a capillary gas chromatograph, 
equipped with an electron capture detector (GC/ECD). 

Suitable for soil background 
studies. Currently, GC/ECD use is 
preferred over GC/MS for soil 
background studies because of 
lower RLs. With GC/ECD, careful 
evaluation of low-level detections is 
recommended because of the 
potential for false positives. 

PAH 

USEPA Method 8270 

(GC/MS) 

(Full Scan or Selected Ion 
Monitoring (SIM) mode) 

 

Sample is extracted using any of USEPA Method 3540, 
3541, or 3545. Methylene chloride/acetone is the 
extraction solvent typically used, with extract cleanup 
typically not performed. The extract is analyzed by 
injection into a capillary gas chromatograph, equipped 
with mass spectrometer detector (GC/MS) operated in 
either full scan or SIM mode. 

Suitable for soil background 
studies. Price difference between 
full scan and SIM analysis is small. 
In soil background studies it is 
preferred to use methods with lower 
reporting limits (for example, SIM). 

PCB 

USEPA Method 8082 

(GC/ECD) 

Sample is extracted using any of USEPA Methods 3540, 
3541, 3545, or 3546, using 1:1 hexane/acetone or 1:1 
methylene chloride/acetone. Extracts are cleaned up using 
sulfuric acid/potassium permanganate (USEPA Method 
3665). After cleanup, the extract is analyzed by injecting 
into a capillary gas chromatograph, equipped with an 
electron capture detector (GC/ECD). 

May be suitable for soil 
background studies. Much less 
expensive than USEPA Method 
1668. Only quantitates Aroclors and 
select congeners. Higher RLs than 
congener analysis. Suitable for soil 
background studies, if data for all 
congeners not needed and RLs meet 
DQOs. 

USEPA Method 1668 
(HRGC/HRMS) 

Sample is typically extracted using USEPA Method 3540, 
using hexane as the extraction solvent. Extracts are 
cleaned up [for example, Florisil (USEPA Method 3620)]. 
After cleanup, the extract is analyzed by injection into a 
high-resolution gas chromatograph, equipped with a high-
resolution mass spectrometer detector (HRGC/HRMS). 

Suitable for soil background 
studies. Much more expensive than 
USEPA Method 8082. Can 
individually detect most congeners 
at lower levels than Aroclor 
analysis. 
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Chemical Analytical Method(s) Summary Comments 

PCDD/DF 
USEPA Method 8290 

(HRGC/HRMS) 

 

Sample is extracted using USEPA Method 3540 or 
USEPA Method 3545 using toluene as the solvent. 
Extracts then acid/base washed, dried, and cleaned up 
using a column containing alumina, silica gel, and 
activated carbon. After cleanup, the extract is analyzed 
using a high-resolution gas chromatograph, equipped with 
a high-resolution mass spectrometer detector 
(HRGC/HRMS). 

Suitable for soil background 
studies. Able to detect PCDD/DF 
congeners at very low levels (ng/kg 
levels).  

TPH 

(GRO and 
DRO) 

USEPA Method 8015 

(GC/FID) 

For DRO, sample is extracted using any of USEPA 
Methods 3540, 3541, 3545, or 3546, typically using a 
methylene chloride/acetone solvent that is cleaned up with 
silica gel (USEPA Method 3630) when removal of polar 
sample components is appropriate. For GRO, purge & trap 
(USEPA Method 5035) or static headspace (USEPA 
Method 5021) are often used. Quantitation is via capillary 
gas chromatograph, equipped with a flame ionization 
detector (GC/FID). Gasoline range organics (GRO) 
quantitates C6-C10, while diesel range organics (DRO) 
typically quantitates C10-C28.  

Suitable for soil background 
studies. RLs less than USEPA 
Method 1664 (gravimetric 
determination of hexane extractable 
materials) are possible.   

VOC 

USEPA Method 8260 

(GC/MS) 

(Full Scan or SIM mode) 

Purge & trap (USEPA Method 5035) or static headspace 
(USEPA Method 5021) are often used. The vapor 
generated from the sample is analyzed using a capillary 
gas chromatograph, equipped with mass spectrometer 
(GC/MS) operated in either Full Scan or SIM mode. 

Suitable for soil background 
studies. Price difference between 
full scan and SIM analysis is 
negligible. Methods with lower 
RLs, such as SIM, are preferable. 

 
Notes: 
DRO—diesel range organics 
GRO—gasoline range organics 
OCP—organochlorine pesticides 
PAH—polycyclic aromatic hydrocarbons 
PCB—polychlorinated biphenyls 
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PCDD/DF—polychlorinated dibenzodioxins/dibenzofurans 
TPH—total petroleum hydrocarbons 
VOC—volatile organic compounds 
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Analytical method considerations when compiling soil background datasets include: 

• Soil results for organic and inorganic methods are typically reported on a dry weight basis. 
However, in some studies (especially older studies) results might be reported on a wet 
weight basis. If results were reported on a wet weight basis, convert these values to a dry 
weight basis before including them in a background dataset. If it is not possible to perform 
this conversion (there is no soil moisture analysis available for the sample for which data 
were reported on a wet weight basis), the wet weight data should not be used in a 
background dataset containing dry weight values. 

• Metals field screening data generated using portable x-ray fluorescence (XRF; USEPA 
Method 6200) should not be included in the background dataset generated by the laboratory 
using ICP/AES, ICP/MS, or cold vapor atomic absorption (CVAA) spectroscopy methods. 
These field XRF results do not have the strict QA/QC used to generate the environmentally 
available metals data in the laboratory; quantitation is based on a method with entirely 
different sample preparation. In addition, XRF quantitates total metals and not the 
environmentally available metals concentrations considered in soil background studies. 
However, portable XRF data can be useful to field-screen soil samples, to select samples to 
be submitted for laboratory analysis for metals.  

o Note that laboratory-based XRF instruments do generate data under strict 
QA/QC protocols. However, because XRF is a measure of the total metals 
concentration in the soil sample, laboratory data generated from this analytical 
method should not be included in background datasets for environmentally 
available metals. 

• If a geochemical evaluation to establish soil background is planned, refer to Section 5 for 
guidance on the necessary metals to include in the analysis. USEPA’s target analyte list 
(TAL) of 23 metals contains all the reference elements (aluminum, iron, manganese, 
calcium, magnesium, sodium, and potassium) and most of the trace elements (antimony, 
arsenic, barium, beryllium, cadmium, chromium, cobalt, copper, lead, mercury, nickel, 
selenium, silver, thallium, vanadium, and zinc) needed to perform a geochemical evaluation. 
In some cases, additional trace metals (for example, molybdenum) may need to be added to 
this list, if these elements are COPC in the soil background study.   

• Some jurisdictions have total PCB criteria for soils. Total PCB values calculated from the 
Aroclor data (USEPA Method 8082) will give a different result (typically lower) than the 
total PCB concentrations calculated using congener data (USEPA Method 1668). When 
determining background values for total PCB, the mixing of data generated using these two 
test methods in the background dataset should be avoided.
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11 STATISTICS 

This section is intended to provide a general overview of the statistics used in establishing soil 
background values, comparing the site data to a background threshold value, or comparing site 
data to background data. The appropriate statistical approach will be influenced by the project 
goals and site-specific needs. Project stakeholders should identify and agree to an appropriate 
statistical approach when designing the soil background study. Many of the methods and 
procedures outlined in this section are discussed in greater detail elsewhere (for example, 
USEPA ProUCL Technical Guide (USEPA 2015)[197]).  

 Data Requirements 

 Precautions 

Data are essential in any scientific analysis, particularly statistical analysis. However, not all data 
are created equal and prior to any analysis, statistical or otherwise, the source and quality of data 
should be examined. Any conclusions are only as strong as the data used in the analysis. 
Therefore, it is essential to ensure data are not only of suitable quality, but also reflective of site-
specific or regional conditions so that a representative background value is determined. Section 9 
describes appropriate sampling methods and Section 10 describes appropriate laboratory 
methods, including data qualification. Further, many data quality issues are mitigated by 
developing a working conceptual site model (CSM) prior to any field sampling (ITRC 
2013)[137]. As part of developing a CSM, DQOs can be developed that inform necessary 
quantity and quality of data (ITRC 2013)[137]. Developing a CSM and DQOs is discussed 
further in Section 8. 

 Appropriate use of statistics 

Statistical analysis is a powerful technique that provides quantitative results to inform 
background and site decisions (ITRC 2013)[137]. Selection of the appropriate statistical analyses 
depends on the CSM, the study design, the sample design, and the data characteristics. Further, 
while statistical tests produce quantitative results, these results also have associated uncertainty. 
It is inherently infeasible to sample an entire volume of soil to obtain the exact background 
value; therefore, any statistically derived soil background value will also have inherent 
uncertainty. However, many statistical tests are calculated to a confidence level or interval, 
typically 95%, which provides some level of certainty. Statistical tests are sensitive to the 
confidence level or interval, which can produce false positive or false negative errors. Statistical 
background values, and these types of errors, are discussed in detail in Section 11.6. All 
statistical tests also have underlying assumptions. Violating these assumptions, or misapplying a 
statistical test, can produce erroneous and misleading results and degrade the defensibility of any 
decision at the site. 

When applied appropriately, statistical methods provide quantitative results to define soil 
background concentrations and address project objectives (ITRC 2013)[137]. However, statistics 
are only one component of any scientific analysis. Statistics should not be used to compensate 
for low data quantity or poor data quality. Any scientifically defensible decision generally 
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requires multiple lines of evidence in addition to statistical analyses (ITRC 2013)[137]. 
Additional examples of investigative methods include geochemical evaluation (Section 5) and 
environmental forensics (Section 7). 

 Minimum sample size 

The appropriate application of statistics requires understanding the underlying assumptions and 
uncertainties of any statistical test, including the number of required samples. The appropriate 
sample size depends on the question being asked and the desired level of certainty. The 
minimum sample size is the number of individual samples required to conduct a specific 
statistical test or to calculate a specific statistical parameter with an acceptable level of 
uncertainty. Generally, a minimum sample size of 8–10 samples is required to do this ((USEPA 
2009)[198], (USEPA 2015)[195]). This recommendation is applied in many state agency 
guidance documents ((IDEM 2012)[176], (IDEQ 2014)[177], (KDHE 2010)[179]). However, 
depending on site characteristics and conditions or desired statistical power, more samples may 
be required. Some state agencies require a minimum sample size of 20 samples ((KEEC 
2004)[180], (MTDEQ 2005)[473]), due to the typical heterogeneity of soils (MTDEQ 
2005)[473]).  

In general, large datasets will provide better estimates of background concentrations and result in 
more powerful statistical tests (Cal DTSC 2008)[464]. However, the results of any statistical 
analysis are only as strong as the data. A strong dataset is a representative sample of the target 
population. A target population is the entire presence or distribution of a constituent in the soil 
(for example, arsenic concentrations in a soil type) (ITRC 2013)[137]. Generally, target 
populations cannot be fully characterized (ITRC 2013)[137], as it is technically or financially 
infeasible to sample and analyze every segment of soil at a site. Therefore, each soil sample is 
only a small portion of the entire target population. A representative sample then is a dataset of 
soil samples that have statistical characteristics congruent with the statistical characteristics of 
the target population (ITRC 2013)[137].  

Therefore, a dataset must come from a representative sample of the target population, collected 
and analyzed using the appropriate methods discussed in Section 9 and Section 10. While a large 
dataset is desirable, nonrepresentative data (for example, collected using different sampling 
techniques or from a different target population) should not be included to arbitrarily increase the 
dataset size. Namely, a large dataset is not the same as a large dataset suitable for statistical 
analysis (ITRC 2013)[137].  

Ultimately, site conditions or characteristics and the chosen statistical test should inform the 
necessary number of samples. The statistical tests described in this section identify the minimum 
number of samples required, if appropriate. It is recommended that the appropriate regulatory 
agency also be consulted when determining the minimum number of samples ((IDEM 
2012)[176], (IDEQ 2014)[177]). 

 Data selection 

In addition to a minimum sample size, many statistical tests also have requirements regarding 
data selection or sampling. An underlying assumption of all statistics is that the collected 
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measurements, or soil samples, are a random sample of the targeted population that is also free of 
any bias (IDEQ 2014)[177]. Random sampling is achieved through appropriate sampling 
techniques that are informed by the CSM. Random sampling does not necessarily imply that the 
entire soil at the site is sampled randomly, but that each target population is sampled randomly. 
Any investigative site will possibly contain several soil subgroups (for example, shallow or deep 
soils). Stratified sampling is the identification and sampling of each subgroup randomly. Section 
9 of this document provides more discussion on appropriate sampling methods.  

 Target population 

One key aspect of developing a CSM is determining the target population and whether the site 
includes one or more populations (ITRC 2013)[137]. A target population is the presence or 
distribution of a constituent in a soil (for example, arsenic concentrations in a soil type) (ITRC 
2013)[137]. Target populations may be specific to a site, different soil groups, or background 
conditions (natural or anthropogenic ambient). As discussed previously in this section, it is 
imperative that all data for any statistical analysis be representative of the target population. 
Analysis of nonrepresentative data could lead to erroneous results. For example, a background 
value calculated from a dataset containing several unrelated populations will result in an 
erroneous result. However, the presence of multiple populations does not necessarily indicate a 
nonrepresentative dataset, as some background scenarios may inherently contain more than one 
subpopulation (for example, a site with several anthropogenic sources of the same constituent). 
Regardless, prior to any statistical analysis, the dataset must be evaluated to ensure it is 
representative of only one target population. 

Site characteristics such as geology, soil depth, or geochemistry may indicate differing soil 
populations. For instance, deep soils may be representative of natural background conditions, 
while shallow soils would be more representative of anthropogenic ambient background 
conditions. In addition, graphical displays such as a quantile-quantile plot (Q-Q plot) or 
histogram can be used to determine the presence of data from several populations (Section 11.4). 
While these methods can reveal multiple populations, the selection of target population data from 
multiple populations can be subjective, requiring multiple lines of evidence and professional 
judgment. For example, in some cases for practical reasons and based on professional judgment, 
multiple background subpopulations may be combined in a statistical analysis. 

Graphical methods (for example, box plots) and statistical methods (for example, Student’s t-
test) can be used to evaluate and confirm the presence of multiple populations. These methods 
are discussed further in Section 11.4. Geochemical evaluations and forensic methods, discussed 
in Section 5, Section 6, and Section 7, can also be used to discern multiple populations within the 
dataset. 

 Underlying assumptions  

Dataset size and representativeness are not the only requirements when applying statistics. 
Fundamentally, all statistics rely on three assumptions:  

• The sampled data represent a random sample of the target population that is free from bias.  
• The sampled data are representative of the target population. 
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• Each sample is random and not influenced by other measurements (each sample is 
independent of the other samples (IDEQ 2014)[177]).  

Further, specific statistical methods may have individual assumptions. For instance, some 
statistics have underlying assumptions regarding the distribution of the dataset (discussed in 
detail in Section 11.2). Prior to application of any statistical test, the assumptions of that method 
need to be understood.  

 Data Distribution 

Data distribution is a descriptive statistic, often represented by a graphed curve, that describes all 
the values within a dataset and the frequency at which those values occur. Not all data are 
distributed in the same manner, and categories have been developed to describe common data 
distributions. Generally, statistical tests have underlying assumptions regarding sampling 
distribution. A prominent theorem in probability is the Central Limit Theorem, which states that 
the sampling distribution of the sample mean of a large number of independent random samples 
from a population is normal regardless of the distribution of the sampled population. Many 
common statistical methods rely on this theorem, and statistical tests that rely on distributional 
assumptions are referred to as parametric tests. However, in practice, environmental datasets 
may not have data distributions suitable for analysis using parametric methods. Therefore, prior 
to applying any statistical test, the data distribution must be understood. Applying a statistical 
test to a dataset that does not meet its distributional assumption will possibly produce erroneous 
and/or indefensible results (ITRC 2013)[137]. 

The most recognized distribution is the normal distribution (Table 11-1). The mathematical 
model of a normal distribution produces a smooth and symmetrical bell-shaped curve (ITRC 
2013)[137]. The shape of the curve (or bell-shape) is determined by the mean and standard 
deviation of the dataset (ITRC 2013)[137]. The shape of the curve is directly related to the 
standard deviation; a small standard deviation produces a narrow distribution, while a larger 
standard deviation produces a wider distribution (ITRC 2013)[137]. 

While a normal distribution is desirable for applying parametric statistics, many datasets have 
distributions that are not normal. Some common factors producing non-normal distributions 
include outliers and spatial or temporal changes (ITRC 2013)[137]. For example, natural 
background soil concentrations are often distributed asymmetrically (Chen, Hoogeweg, and 
Harris 2001)[173] and are positively skewed (USEPA 2015)[199]. 

While there could be additional considerations and guidance on the treatment of different data 
distributions, USEPA’s Statistical Program ProUCL considers two distributions that describe 
data with skewed distributions: lognormal and gamma (Table 11-1; refer to USEPA’s ProUCL 
Technical Guide for in-depth discussion regarding theory and application of these distributions). 
Typically, skewed data are logarithmically transformed and tested for normality. If the 
transformed data distribution is normal, then the data was considered lognormal (IDEQ 
2014)[177]. Traditionally, the log-transformed data were then analyzed using parametric 
statistical methods. However, the use of lognormal statistics can cause bias and unjustifiably 
elevated values for the mean and test statistics, especially for smaller datasets (<20–30 samples 
((ITRC 2013)[137], (USEPA 2015)[195], (USEPA 2015)[199], (Singh, Singh, and Iaci 
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2002)[189]). Skewed data can also be described by the gamma distribution (Table 11-1). The 
theory and application of the gamma distribution to skewed data were developed by Singh, 
Singh, and Iaci (2002)[189] and incorporated into earlier versions of ProUCL. The application of 
the gamma distribution to skewed data and associated parametric methods is recommended in 
USEPA’s Unified Guidance, subsequent state agency guidance, and the current version of 
ProUCL ((USEPA 2009)[198], (USEPA 2015)[195], (USEPA 2015)[199], (IDEQ 2014)[177]). 

Table 11-1. Common distributions of environmental data 

 

 Parametric and nonparametric statistical methods 

Parametric statistics can achieve high levels of confidence with a relatively small number of data 
points ((USEPA 2015)[195], (USEPA 2015)[199], (ITRC 2013)[137]). However, environmental 
datasets often do not match the distributional assumptions for parametric methods, or the 
distribution cannot be determined because of insufficient sample size or a large number of 
nondetects (IDEQ 2014)[177]. In these instances, nonparametric methods may be more 
appropriate to use since they do not make distributional assumptions. Regardless, nonparametric 
methods still require a sufficient dataset and generally require larger datasets to achieve a similar 
level of confidence compared to parametric methods (ITRC 2013)[137]. 
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The first step in any statistical analysis is to determine the data distribution. Numerous methods 
are available that determine data distribution, typically by testing for normality. Normality can 
be examined graphically using normal probability plots or mathematical goodness of fit tests. 
Some common goodness of fit tests are listed below, including the distribution they can be used 
to test for ((USEPA 2015)[195], (ITRC 2013)[137]): 

• coefficient of skewness and variation (normal and skewed distribution) 

• Shapiro-Wilk test (normal distribution) 

• Shapiro-Francia normality test (simplified version of Shapiro-Wilk for large, independent 
samples)  

• Kolmogorov-Smirnov test (gamma distribution in USEPA’s ProUCL) 

• Anderson-Darling test (gamma distribution in USEPA’s ProUCL) 

Datasets determined to be normally distributed are generally analyzed using parametric methods. 
Parametric methods are the most appropriate for normally distributed data. Datasets with skewed 
distributions were traditionally analyzed using lognormal methods; logarithmically transformed 
data that resulted in a normal distribution were then analyzed using parametric methods. 
However, as discussed previously, Singh, Singh, and Iaci (2002)[189] developed alternative 
methods using the gamma distribution that produce more accurate statistical results. Provided the 
dataset follows a gamma distribution, gamma statistical methods should be used to describe 
skewed datasets (USEPA 2015)[199]. USEPA’s ProUCL Technical Guide recommends that 
lognormal methods should be applied only if the dataset cannot be modeled by normal or gamma 
distributions and the dataset is not highly skewed and of small size (<15–20 data points). In 
general, if the data cannot be modeled by any distribution suitable for a parametric analysis (for 
example, normal, lognormal, gamma), or if the dataset is insufficient to determine the 
distribution, then the dataset is considered to follow a nonparametric distribution (Table 11-1). If 
the dataset does not follow a distribution with available parametric methods, then nonparametric 
statistical methods should be applied (IDEQ 2014)[177]. 

 Uncertainties 

As with any analysis, any determination of data distribution has uncertainties. Tests for 
normality depend on the values at the ends or tails of the ordered data, or the maximum and 
minimum values in the dataset (ITRC 2013)[137]. Therefore, numerous nondetects (more that 
10% of the dataset) or outliers can affect normality tests. While nondetects and high 
concentrations may affect normality tests, these values may be typical and expected for a skewed 
environmental dataset that is truly not distributed normally. In general, several methods should 
be applied to determine data distribution, not just tests for normality. Goodness of fit tests can 
help identify the most reasonable distribution type, with statistical software providing the ability 
to easily test for several distributions and visually inspect the test results via Q-Q plots (see 
Section 11.4 for further discussion of graphic methods). 
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Additionally, large datasets collected over space or time can result in non-stationarity (data with 
a trend or changing variance). Specifically, soil samples collected over a large area for 
determining default soil background may include data that are not in the same distribution, 
causing the hypothesis of normality to be rejected by the distribution test even if the sample 
subsets are normally distributed (ITRC 2013)[137]. Trend tests or analysis of variance tests 
should be used if non-stationarity is suspected. Trend tests also rely on assumptions regarding 
data distribution; An analysis of variance test is a parametric test, and an equivalent 
nonparametric test is the Kruskal-Wallis test. In instances where non-stationarity is determined, 
additional analysis will likely be required, including release and transport evaluation, further 
sampling strategies, or different ways of combining and analyzing data (USEPA 2002)[153]. 
Additional analysis may be as simple as excluding a portion of the dataset that can be determined 
to be nonrepresentative or to be as complex as using a complex non-stationarity model to 
determine spatial sampling (Marchant et al. 2009)[432]). 

Making unverifiable assumptions regarding data distribution is not advisable (ITRC 2013)[137], 
particularly regarding data normality. In instances where data distribution is not known, 
nonparametric methods should be used. 

 Treatment of Nondetects 

Environmental datasets often contain “nondetect” results because of the limited sensitivity of 
laboratory methods to measure contaminants or because the analyte does not exist in soil (Figure 
10-1). This section is intended to cover what to do when the concentration of a given analyte in 
soil is below the detection limit (nondetect) and how to incorporate such data points in the 
statistical analysis. It is not intended to discuss laboratory analysis and results, which are 
discussed in Section 10. Specifically, Section 10.3 provides detailed discussion about detection 
and quantitation limits. 

Nondetects in background datasets can complicate statistical analyses. There are several 
recommended procedures for treatment of nondetects. In general, nondetect results should be 
retained when using one of the appropriate methods described below. However, nondetects with 
detection limit (DL) values larger than the highest detected value in a dataset are usually 
excluded from further consideration to avoid ensuing complications in statistical analyses. 

 Substitution methods 

Substitution or imputation methods replace nondetects with numerical values that are then 
treated as equivalent to detected values in statistical analyses. Typical substituted values include 
0, various fractions of the DL, the full DL, or randomly assigned values between 0 and the DL. 
The most common form of imputation is ½ DL substitution, but there are also other proposed 
fractions of the DL such as DL/√2 (Antweiler 2015)[12]. Each of these alternatives is based on 
speculations or educated guesses about the shape of probability distribution functions of the 
nondetects. For example, ½ DL substitution assumes that the distribution of nondetects is 
symmetric between 0 and DL, while 1/√2 DL is based on the general assumption that the 
distribution of nondetects can be approximated by a right-triangular distribution with the DL as 
its mode and zero as its lower limit (see Figure 11-1)  
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Symmetric distributions = (a), (b), and (c); right-triangular distribution = (d). 

Figure 11-1. Examples of assumed nondetect distributions and their corresponding 
substitution values.  

Source: Leyla Shams, NewFields. 

Most substitution methods are easy to understand and implement and, in some cases, produce 
results that are similar to certain more complex methods (for example, the median semi-variance 
(SemiV) method (Zoffoli et al. 2013)[39]). In their extensive comparative evaluation of the 
performance of several methods for analyzing simulated censored datasets, Hewett and Ganser 
(2007)[22] recognized the importance of ease of calculation/accessibility in dealing with datasets 
that include nondetects. Hewett and Ganser (2007)[22] indicated that substitution methods are 
expedient and reasonably accurate, especially when dealing with datasets with small proportions 
of nondetects. However, substitution methods produce biased low estimates of population 
variance (Hewett and Ganser 2007)[22]. Such results can affect the reliability of certain 
statistics, including the estimates of the upper and lower confidence limits that rely on variance. 
For example, as discussed in ITRC (2013)[137], using ½ DL substitution artificially reduces the 
variance of concentration data, resulting in a confidence interval that is smaller than expected. 

In 2006, USEPA guidance supported the use of 0, ½ DL, or DL substitution in datasets with less 
than 15% nondetects (USEPA 2006)[192]. USEPA’s 2015 ProUCL Technical Guide restricted 
the use of ½ DL substitution only to datasets that are mildly skewed with less than 5% 
nondetects (USEPA 2015)[197]. Some investigators ((Hornung and Reed 1990)[23], (She 
1997)[34], (Antweiler and Taylor 2008)[11]) report the performance of ½ DL as being 
reasonable. 

 Kaplan-Meier method 

The Kaplan-Meier (KM) method (Kaplan and Meier, 1958) is a nonparametric approach for 
construction of the cumulative distribution function of a dataset that contains censored data. The 
constructed CDF in turn is used to estimate the summary statistics of interest. The KM method 
sorts the dataset by detected and DL values ascendingly and relies on the number of records at 
and below each detected value to compute its cumulative probability. 

The application of the KM method to environmental studies is relatively recent, when algorithms 
were developed to reformulate the method for left-censored environmental data (nondetects that 
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are reported as less than the DL). Helsel (2005)[20] proposed to transform censored data from 
left to right by subtracting each detected and DL value by a “large” number (also referred to as 
“flipping the data”), whereas Popovic et al. (2007)[30] adjusted the algorithm formulas for left-
censored data. This latter method has been adopted in USEPA ProUCL ((USEPA 2013)[419], 
(USEPA 2015)[197]). 

KM does not require an assumption of data distribution or any substitution for nondetects, and 
thus can be applied to cases where the distribution of the data is not known or discernible 
((Hewett and Ganser 2007)[22], (USEPA 2015)[197]), and is insensitive to outliers (Antweiler 
and Taylor 2008)[11]. KM results, however, are reliable only if the pattern of censoring is 
random and the probability of censoring is independent of DL values (Schmoyeri et al. 
1996)[33], (She 1997)[34]. This assumption means that the DL values associated with nondetects 
in a dataset must occur without displaying any preference to any particular range of 
concentrations. DL values in typical environmental datasets, however, are often associated with 
unique and/or low values that are lower than most, if not all, of the detected values. Older 
datasets with highly variable DLs may be more likely to meet the requirement of having a 
widespread distribution of DLs relative to measured values. In other words, nondetects are often 
concentrated along the lower end of the distribution. For such datasets, KM mean and upper 
confidence limit (UCL) results will be biased high. 

Similar to other nondetect treatments, KM results become less reliable when the proportion of 
nondetects increases. PROPHET Stat Guide (Hayden et al. 1985)[476] warned against the use of 
KM in cases of heavy censoring or small sample sizes. Helsel (2005)[20] recommended use of 
the KM method on datasets with no more than 50% censored data, while ITRC (2013)[137] 
recommended “no more than 50–70% nondetects.” Antweiler and Taylor (2008)[11] 
recommended KM for summary statistics when datasets include less than 70% censored data.  

KM has been promoted by many authors (including (Helsel 2005)[20], (Antweiler and Taylor 
2008)[11], (USEPA 2015)[197]), resulting in recommendations for its use within the 
environmental community. For example, (ITRC (2013)[137], Section 5.7) recommended use of a 
“censored estimation technique to estimate sample statistics such as the KM method for 
calculating a UCL on the mean.” Hewett and Ganser (2007)[22] tested KM against substitution, 
MLE, and regression on order statistics and found that KM “did not perform well for either the 
95th percentile or mean.”  

 Regression on order statistics (ROS) 

ROS is a semiparametric imputation technique (Helsel and Cohn 1988)[21]. To apply ROS, the 
results are sorted in an ascending order in accordance with their detected or DL values, as 
applicable. This step is followed by producing a plot of observed versus theoretical quantiles, 
sometime referred to as the Q-Q plot. Among the plotted quantiles, those associated with 
detected values are then subjected to linear regression. Each nondetect is then substituted with 
the predicted values based on the interpolated or extrapolated regression line using the order of 
their corresponding DL values ((Helsel 2005)[20], page 68). A pictorial example is provided in 
Figure 11-2. 
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Figure 11-2. ROS application example. 

Source: Leyla Shams, NewFields (Generated by IBM SPSS Version 23 plus added graphics). 

ROS can be applied to cases where statistical testing has confirmed that the measured data are 
derived from single populations. ROS is especially suitable for cases with 15–50% nondetects 
with either one or multiple detection limits ((ITRC 2013)[137], (Sinha, Lambert, and Trumbull 
2006)[35]). However, ROS requires an a priori assumption about the distribution of the censored 
values: in particular, typical ROS applications assume that the distribution of the investigated 
data are approximately normal or lognormal (ITRC 2013)[137]. If the type of distribution is 
incorrectly assumed, the resulting ROS estimates (for mean, standard deviation, UCL, and upper 
tolerance limit (UTL) values) could be inaccurate. The presence of outliers can also distort the 
regression estimates of slope and intercept that are used to impute values for nondetects (USEPA 
2015)[197]. 

Hewett and Ganser (2007)[22] found that overall, the log-probit regression-based methods 
“performed well across all scenarios.” Overall, ROS is most applicable to datasets that are 
derived from single populations, have limited skew, lack outliers, and have <50% nondetects 
(USEPA 2015)[197]. Datasets with 50% or more nondetects should not be subjected to ROS 
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calculations ((ITRC 2013)[137], (USEPA 2015)[197]). ITRC (2013)[137] further recommended 
that the approach should be applied with datasets representing at least eight to ten detected 
measurements, while USEPA (2015)[197] recommended a minimum of four to six detected 
measurements. 

 Maximum likelihood estimation (MLE) 

Maximum likelihood estimation refers to a family of parametric methods that, in essence, 
estimate parameters of assumed distributions by maximizing the likelihood of the occurrence of 
the actual detected and nondetect values in the dataset. (Helsel (2005)[20], page 13) stated, 
“MLE uses three pieces of information to perform computations: a) numerical values above 
detection limits, b) the proportion of data below each detection limit, and c) the mathematical 
formula of an assumed distribution. Parameters are computed that best match a fitted distribution 
to the observed values above each detection limit and to the percentage of data below each 
limit.” The MLE-estimated distribution parameters are then used to calculate the summary 
statistics of the investigated data. 

MLE can be used under a variety of assumed symmetric and asymmetric distributions. The vast 
majority of MLE applications in the literature have been developed for normal or lognormal 
distributions, which in some instances may reasonably match observed distribution of 
background datasets ((Akritas, Ruscitti, and Patil 1994)[10], (Nysen et al. 2015)[29]). Recent 
articles offer MLE solutions based on new classes of mixed distributions, which can be more 
representative of typical environmental datasets (Li et al. 2013)[26]). 

The primary cases where MLE is applicable are those in which the sample distribution can be 
reliably determined ((Helsel 2005)[20], (ITRC 2013)[137]). These are often datasets, derived 
from single populations, with larger sample sizes and/or a small proportion of nondetects (for 
example, less than 15% nondetects) (USEPA 2006)[192]. ITRC (2013)[137], for example, 
recommended applying MLE to sample sizes of 50 or above and a detection frequency of more 
than 50%. If the type of underlying distribution is incorrectly assumed or cannot be identified, 
the resulting MLE estimates could be misleading. 

Similar to datasets with nondetects, when applying MLE on censored datasets to compute upper 
limits such as UCLs and UTLs (see section 11.6), the use of lognormal distribution should be 
avoided (Singh, Singh, and Me 1997)[188]. Despite its prevalence in environmental applications, 
assuming a lognormal distribution may lead to unrealistically elevated UCLs and UTLs, 
especially when the dataset is highly skewed. This issue has been illustrated throughout the 
ProUCL Technical Guide (USEPA 2015)[197]. 

The most recent versions of USEPA’s ProUCL program have excluded parametric MLE 
methods, which USEPA (2015)[197] described as “poor performing,” likely due to difficulties in 
verifying the distribution of left-censored datasets with multiple detection limits. In contrast, 
Hewett and Ganser (2007)[22] found MLE methods in general to be strong performers when 
calculating the mean and 95th percentile values for data with known distributions.  
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 Summary of nondetect treatment  

The choice of the treatment of nondetects is driven by many factors that may require testing 
multiple procedures before identifying the appropriate method. Some practical rules for selecting 
an appropriate method for treatment of nondetects include: 

• Substitution, such as 0, ½ DL, or DL, may be used, while recognizing that these methods 
often yield underestimated standard deviations, as discussed in Section 11.3.1. 

• The Kaplan-Meier (KM) method has the advantage of being a nonparametric procedure, as 
discussed in Section 11.3.2. However, if DLs associated with nondetects are mostly below 
detected values, the KM mean and UCL would be biased high. 

• Regression on order statistics (ROS) is ideal if the distribution of the detected values is 
clearly evident, as discussed in Section 11.3.3. 

• MLE is ideal for datasets for which a reliable distributional assumption can be made, as 
discussed in Section 11.3.4. 

• In cases where the dataset does not meet the above conditions for KM, ROS, or MLE, 
substitution may be used, while recognizing that these methods often yield underestimated 
standard deviations, as discussed in Section 11.3.1. 

 Graphical displays 

Graphical displays of data can provide additional insight about a dataset that would not 
necessarily be revealed by using test statistics or estimates of confidence limits. These displays 
can be helpful in visualizing differences in means, variance, and distributions of background and 
site concentrations. Several graphing techniques that are commonly used include Q-Q plots, 
histograms, box plots, probability plots, and percentile plots. These are described in more detail 
below. 

 Quantile-quantile plot (Q-Q plot) 

A Q-Q plot is a type of probability scatter plot generated by displaying data quantiles versus the 
theoretical quantiles of the specified distribution, including normal, gamma, and lognormal 
distribution. Departures from the linear display of the Q-Q plot suggest that the data do not 
follow the specified distribution. Note that theoretical quantiles are generated using the specified 
distribution. The correlation coefficient based upon the Q-Q plot is not a good measure to 
determine the data distribution. Statisticians have developed goodness of fit tests to determine 
data distribution. ProUCL has goodness of fit tests for normal, lognormal, and gamma 
distributions. Example Q-Q plots are shown in Figure 11-3 and Figure 11-4. If the background 
and site concentrations were very similar (Figure 11-3), the two best fit lines would lie nearly on 
top of one another. If the concentration of contaminants at the site diverged from the background 
concentrations, the lines would diverge as shown in Figure 11-4. Q-Q plots can also be used to 
compare a set of data against a specific distribution in a method called a theoretical quantile-
quantile plot. 



ITRC–Soil Background and Risk Assessment    January 2022 Final 

 

169 

 

Figure 11-3. Example Q-Q plot—Similar site concentration and background concentration. 

Source: Jennifer Weidhaas, University of Utah (Generated by USEPA ProUCL version 5.1). 
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Figure 11-4. Example Q-Q plot—Site concentrations diverging from background 
concentrations. 

Source: Jennifer Weidhaas, University of Utah (Generated by USEPA ProUCL version 5.1). 

The combined background and site Q-Q plot with highlighted background data can be used to 
identify the subpopulations associated with the background and to extract background data from 
the site data (ASTM E3242-20 (ASTM 2020)[146]). However, the identification of exact break 
points (or threshold values for different populations) in a Q-Q plot is subjective and requires 
expertise for accurate evaluation. Guidance on these issues is provided in Section 3 of this 
document. 

 Histogram 

Histograms are used to display continuous data and to graphically summarize the distribution of 
the dataset. These histograms can be used to compare the size and shape of the observed data and 
the potential skewness of the distribution. A histogram showing a lognormally distributed dataset 
is provided in Figure 11-5 and a histogram showing a normally distributed dataset is provided in 
Figure 11-6. 
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Figure 11-5. Example histogram—Lognormal distributed data versus Q-Q frequency plot. 

Source: Jennifer Weidhaas, University of Utah (Generated by Sigma Plot v 14.5). 

 

Figure 11-6. Example histogram—Normal distributed data versus Q-Q frequency plot. 

Source: Jennifer Weidhaas, University of Utah (Generated by Sigma Plot v 14.5). 

The utility of histograms is limited if too few data points or samples are available, the proximity 
between the population means is too close, or there are unequal standard deviations for the 
populations. Histogram interpretation can be influenced by the number of bins included in the 
analysis. If too few bins are used, the shape is lost; conversely, if too many bins are used the 
shape can be lost as well. However, the histogram can be used to illustrate the conclusions drawn 
from the Q-Q plot and any outlier tests. 
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 Box plot 

Box plots summarize and display the distribution of a set of continuous data, such as the range of 
metal concentrations in soils at a site. These plots typically highlight five key points of the data: 
the median, the first and third quartiles (25th and 75th percentile values), and the minimum and 
maximum. Typically, values that are more than 1.5 times the interquartile range (the 75th 
percentile value minus the 25th percentile value) are considered outliers. Box plots are valuable 
as they can be quickly scanned to show the central tendency, range, and presence of outliers. 
Figure 11-7 illustrates a box plot and depicts the interquartile range. When two box plots are 
shown side by side it is easy to make comparisons between datasets. Figure 11-8 shows an 
example comparison of the range of metal concentrations in soils at two sites as depicted in box 
plots. 

 

 

Figure 11-7. Illustration of box plot and key characteristics. 

Source: Jennifer Weidhaas, University of Utah. 
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Figure 11-8. Example comparison of the range of metal concentrations in soils at two sites. 

Source: Jennifer Weidhaas, University of Utah (Generated by Sigma Plot v 14.5). 

Box plots are typically most useful when datasets contain five or more values and nondetect 
values need to have a value assigned. Box plots are a quick, simple, and graphical method of 
displaying data. Further, they are easy to interpret and to compare two or more sets of data side 
by side. However, identification of outliers is fairly arbitrary and may not be conclusive. 
Identification of outliers in a box plot is user-defined, as it is possible to set the upper whisker at 
the maximum concentration, and the lower whisker at the minimum concentration. These plots 
are also limited in that they show only a single variable in each plot and cannot necessarily show 
relationships between variables or sites. Further, depending on how the data are plotted, all 
individual data points may not be shown. The box plot is not intended to be the only graphic 
used to evaluate site and background. 

 Probability plots 

Probability plots are a graphical technique for assessing whether a dataset (for example, 
concentrations of a specific element) follows a given distribution (for example, normal or 
Gaussian distribution). The site data are plotted against a theoretical distribution so that if the 
data fit the distribution plotted, they fall along a straight line. The Q-Q plot is a type of 
probability plot (Figure 11-5 and Figure 11-6), namely the normal probability plot. Departures 
from the theoretical straight line indicate a departure from the specified normal distribution for 
the data. To determine the goodness of fit of the data to a distribution, the correlation coefficient 
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is used. Typically, probability plots for several competing distributions are generated and the one 
with the highest correlation coefficient is likely the best choice. 

  Percentile plots  

Percentile plots are nonparametric with concentration on the y-axis versus percentile on the x-
axis (ASTM E3242-20 (ASTM 2020)[146]). To construct these plots, first the concentration data 
are rank-ordered and then the corresponding percentile is applied to each concentration. An 
example of this kind of plot is provided in Figure 11-9. Although no distributional assumptions 
are required, normally distributed data (if applicable) will appear as a straight line when a linear 
concentration scale is used. Lognormally distributed data (if applicable) will appear as a straight 
line when a logarithmic concentration scale is used (see Figure 11-9). One application of 
percentile plots is in the identification of statistical outliers in a candidate background dataset. 
Such outliers will lie above or below the trend formed by the other data points. Breaks in slope 
may indicate bimodal or multimodal distributions or may indicate the presence of multiple 
samples with identical values. As with other graphical techniques, the data should always be 
inspected when evaluating the plots to identify the reasons for observed breaks in slopes and 
apparent outliers. 

 

Figure 11-9. Example percentile plot. 

Source: Karen Thorbjornsen, APTIM. 
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 Outliers 

An outlier or an outlying observation refers to an extreme observation in either direction that 
appears to deviate markedly in value from other measurements of the dataset in which it appears. 
Outliers in environmental datasets can be classified into two broad groups (ASTM E178 2016 
(ASTM 2016)[171]): 

• True outlier—“An outlying observation might be the result of gross deviation from 
prescribed experimental procedure or an error in calculating or recording the numerical 
value. When the experimenter is clearly aware that a deviation from prescribed experimental 
procedure has taken place, the resultant observation should be discarded, whether or not it 
agrees with the rest of the data and without recourse to statistical tests for outliers. If a 
reliable correction procedure is available, the observation may sometimes be corrected and 
retained.” 

• False outlier—“An outlying observation might be merely an extreme manifestation of the 
random variability inherent in the data. If this is true, the value should be retained and 
processed in the same manner as the other observations in the sample. Transformation of 
data or using methods of data analysis designed for a non-normal distribution might be 
appropriate.”  

USEPA (2006)[192] stated that “failure to remove true outliers or the removal of false outliers 
both lead to a distortion of estimates of population parameters.” In practice, only outliers that are 
demonstrably erroneous or belonging to populations not representative of background conditions 
should be excluded from the background dataset. In background investigations, typical sources 
of error that can result in outliers include: (a) transcription error, (b) sampling error, (c) 
laboratory error, and (d) sampling of media not representative of background conditions as 
determined by forensic and geochemical analyses. In some cases, soil concentrations associated 
with known releases or isolated extreme values, such as the outlier displayed in Figure 11-10, 
may be considered as not representative of background conditions. All other identified outliers 
should be retained and processed in the same manner as the other observations in the sample. A 
comprehensive review of outlier removal issues and recommended tests is presented in Grubbs 
(1969)[16]. 

 Graphical plots 

Perceived high and/or low outliers can be visually identified using a probability plot. For this 
purpose, the measurements in the dataset are sorted in an ascending order and plotted against 
their corresponding cumulative probabilities, based on a specified distribution. The most 
common type of probability plot is constructed based in the normal distribution, hence referred 
to as the normal probability plot. Other forms of the probability plot include the Q-Q (quantile-
quantile) plot and the P-P (probability-probability or percent-percent) plot. Normal Q-Q or PP 
plots can be used for any dataset regardless of their distribution. Log-normal probability plots are 
also used by practitioners, although USEPA (2015)[199] warns against their use. Therefore, the 
use of log-normal probability plots is appropriate only if assessed and approved by a professional 
with statistical expertise. 
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A potential outlier may manifest itself as a high or a low value separated by a large gap from its 
preceding or ensuing ranked measurement, as displayed in Figure 11-10. A gap is considered as 
“large” if it is visually much wider than the gaps displayed by other measurements in the 
probability plot. Authors, including van der Loo (2010)[38], have proposed parametric 
procedures to analyze probability plot results to determine outliers. 

 

Figure 11-10. Outlier in a Q-Q plot. 

Source: Leyla Shams, NewFields (Plot generated by USEPA ProUCL 5.1 (USEPA 2015)[199]). 

 Statistical tests  

There are well-established procedures to test for statistical outliers. Each statistical test requires a 
pre-identified number of perceived high and/or low outliers and an assumed distribution of the 
background population. Typical occurrences include a single outlier, or two or more outliers on 
the same or opposite sides of the dataset. 

As listed in Table 11-2, common statistical outlier tests, including those presented in ASTM 
E178-16a (ASTM 2016)[171], assume the normality or symmetry of the measurements after the 
removal of outliers. As noted in ASTM E3242-20 (ASTM 2020)[146], for many environmental 
datasets, the normality assumption is incorrect, which can lead to erroneous outlier 
identifications. This problem is further exacerbated when the above statistical tests are applied 
repeatedly, through the iterative removal of perceived outliers. Under such procedures, shrinking 
standard deviations caused by continuous exclusion of perceived outliers produces an increasing 
likelihood of incorrect identification of additional outliers. The result is the calculation of biased, 
unrepresentative results from an incorrectly truncated dataset. In many instances, graphical 
techniques, such as normal Q-Q plots or box plots, may be more appropriate for identifying 
outliers. In these cases, a normal Q-Q plot (on untransformed data) may be used as an 
exploratory tool to identify outliers, and not to determine normality of data (Hoaglin, Mosteller, 
and Tukey 1983)[434]. 
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Table 11-2. Outlier tests 

Source: Developed from (USDON 2002)[36], Table B-3, and ASTM E3242-20 (ASTM 
2020)[146], Table X4.1. 

Statistical 
Test Assumptions Advantages Disadvantages 

Dixon’s test • Sample size ≤ 25. 
• Measurements without outliers 

are normally distributed.  
• There is only a single 

suspected outlier, which can be 
either the smallest or largest 
value. 

• Available in commonly 
used software, including 
USEPA’s ProUCL. 

• Recommended in many 
guidance documents, 
including USEPA’s 
ProUCL.  

• The user must consider the 
highest or the lowest measured 
value as a potential outlier prior 
to the test.  

• Assumption of normality is 
rarely applicable to 
environmental field data. 

• In cases of skewed or 
asymmetric data distributions, 
the test has a tendency to falsely 
flag the tail value as an outlier. 

Discordance 
test 

• 3 < Sample size ≤ 50. 
• Measurements without outliers 

are normally distributed.  
• There is only a single 

suspected outlier, which can be 
either the smallest or largest 
value. 

• Available in commonly 
used software. 

• The user must consider the 
highest or the lowest measured 
value as a potential outlier 
before the test.  

• Assumption of normality is 
rarely applicable to 
environmental field data. 

• In cases of skewed or 
asymmetric data distributions, 
the test has a tendency to falsely 
flag the tail value as an outlier. 

• Not included in ProUCL. 

Rosner’s 
test 

• Sample size ≥ 25. 
• Measurements without outliers 

are normally distributed. 

• Can test for up to 10 
suspected outliers. 

• Available in commonly 
used software, including 
USEPA’s ProUCL. 

• Recommended in many 
guidance documents, 
including USEPA’s 
ProUCL. 

• The user must consider the 
highest or the lowest measured 
value as a potential outlier 
before the test.  

• Assumption of normality is 
rarely applicable to 
environmental field data. 

• In cases of skewed or 
asymmetric data distributions, 
the test has a tendency to falsely 
flag tail values as outliers. 
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Statistical 
Test Assumptions Advantages Disadvantages 

Walsh’s test • Sample sizes >60 (for 10% 
significance level). 

• Sample sizes > 220 (for 5% 
significance level). 

• Can be used to test if the 
largest r measurements or the 
smallest r measurements are 
outliers.  

• The measurements without 
outliers need to be 
symmetrically distributed, 
although not necessarily 
normally distributed. 

• Can test for one or more 
outliers. 

• The user must consider the 
highest or the lowest measured 
value as a potential outlier prior 
to the test. 

• Test can be performed only for 
certain significant levels.  

• The significance level depends 
on the sample size (for example, 
the significance level of 5% can 
be used only for sample sizes 
>220).  

• The suspected outliers are 
accepted or rejected as a group, 
rather than one at a time. 

• Not included in ProUCL. 

The above outlier tests are commonly cited in environmental guidance documents and were 
developed when environmental datasets were small and the computing power was limited. 
Newer outlier identification methods that include robust methods are available, such as Hoaglin, 
Mosteller, and Tukey (1983)[434], Rousseeuw and Leroy (1987)[184], Rousseeuw and Zomeren 
(1990)[186], Iglewicz and Hoaglin (1993)[178], Maronna, Martin, and Yohai (2006)[181], Singh 
and Nocerino (1995)[416], and Singh (1996)[187]. Several effective and robust outlier tests are 
available in the commercial software packages, including SAS and STRATA. 

 Confidence Interval Limit, Coefficient, and Limit 

A confidence interval is a range having an upper limit value and lower limit value. The true 
value of the parameter of interest lies within this range/interval. The confidence interval is 
determined based on the dataset that has been sampled and is only as accurate as the data one has 
obtained. A confidence interval places a lower limit or an upper limit on the value of a 
parameter, such as soil metal concentrations.  

A confidence coefficient displays how confident the user is the true value will be within the 
confidence interval. In other words, how much confidence there is that the true value of the 
parameter of interest does indeed lie between the upper and lower limits of the confidence 
interval. It is generally recommended that a confidence coefficient of 95% be used, meaning 
there is a 95% chance that the true value lies between the upper and lower confidence interval 
values. Confidence coefficients are expressed as values between 0 and 1. A 95% confidence 
coefficient is expressed as 0.95.  

A confidence limit is the lower or upper boundary of a confidence interval (the range of possible 
values that includes the true value of the parameter of interest). For risk assessment we are 
usually interested in the upper boundary since we need to be reasonably conservative to ensure 
we are being protective. When we are choosing an exposure concentration, we usually choose 
the upper confidence limit of the mean since this gives us a reasonably conservative estimate of 
what the true mean might be. When we are establishing soil background values (BTVs) we also 
usually consider using the upper confidence limit of the range of background concentrations to 
be reasonable to compare to the site concentrations. It is important to carefully consider what site 
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concentrations will be used to compare to this upper confidence limit of soil background to 
ensure we are being reasonably protective, as discussed in Section 3. 

 Statistical Values Used to Represent Background 

Although soil background is properly expressed as a range of values, regulators generally need to 
express it as one single value to be able to use it in risk assessment. Often, for this purpose 
regulators use soil background threshold values or BTVs. BTV is defined as a measure of the 
upper threshold of a representative background population, such that only a small portion of 
background concentrations exceed the threshold value. BTVs are usually used for site 
delineation purposes, or point-by-point comparison to individual site data to identify localized 
contamination ((Geiselbrecht et al. 2019)[15], ASTM E3242-20 (ASTM 2020)[146]). Appendix 
A contains additional information on upper limits commonly used to represent background. 

Regardless of the chosen BTV, point-by-point comparisons are prone to produce false positive 
errors. That is, as the number of comparisons increases, the chance of incorrectly concluding at 
least one erroneous above-background exceedance approaches 100%, even when the site data are 
within background ranges (Gibbons 1994)[18]. As stated in ASTM D6312-17 (ASTM 
2017)[170], “Even if the false positive rate for a single [comparison] is small (for example, 1 %), 
the possibility of failing at least one test on any [site dataset] is virtually guaranteed.” Due to this 
limitation, caution should be used when conducting point-by-point comparisons. The U.S. 
Department of the Navy (USDON 2003)[37] recommended against point-by-point comparisons, 
except when coupled with reverification sampling ((Gibbons 1994)[18], ASTM D6312-17 
(ASTM 2017)[170]). In practice, point-by-point comparisons to BTV are very useful and 
efficient screening procedures. If exceedances above BTV are detected, then more robust site-to-
background tests can be conducted to determine presence or absence of concentrations above 
background conditions. 

Applications of BTV yield reliable results only if the representative background dataset contains 
an adequate number of measurements. Adequacy of the background sample size is dependent on 
the intended application, assumptions about the underlying distribution of the chemical 
concentrations, and the tolerable error rates. These error rates include falsely declaring a site 
clean (false negative) and falsely declaring a site contaminated (false positive). Falsely declaring 
a site clean is often of more concern to regulators, and the error rate is set at 5% by convention. 
The total sum of error rates should not exceed 25% (Gibbons 1994)[18]. As a result, the rate of 
falsely declaring a site contaminated is often set at a value less than or equal to 20%. Inadequate 
background sample sizes can lead to unreliable or inappropriate conclusions. A more 
comprehensive review of this topic and the associated literature is presented by Cochran 
(1997)[14].  

Values commonly used to represent BTVs include the upper percentile, the upper prediction 
limit (UPL), the upper tolerance limit (UTL), and the upper simultaneous limit (USL). A 
summary of these values is presented in Table 11-3. USEPA (2015)[197], Section 3 provides 
detailed discussions and recommendations about the applications of these BTVs. For metals, 
natural exceedances of BTVs are common and can be verified through geochemical evaluation 
(Section 5). These exceedances are expected because trace element concentrations naturally span 
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wide ranges, and their distributions are typically right skewed; it is difficult for any background 
dataset to fully capture these ranges of concentrations. 

Table 11-3. Summary of values used to represent BTV 

Value Acronym Description 

Upper percentile Not applicable Value below which a specified percentage of 
observed background concentrations would fall 

Upper confidence limit UCL Upper limit of 95% confidence interval 

Upper prediction limit UPL 
The value below which a specified number of 
future independent measurements (k) will fall, 
with a specified confidence level 

Upper tolerance limit UTL The UCL of an upper percentile of the observed 
values 

Upper simultaneous limit USL 
Value below which the largest value of 
background observations falls with a specified 
level of confidence 

 Upper percentile 

An upper percentile is the value below which a specified percentage of observed background 
concentrations would fall. For example, the 95th percentile is the value below which 95% of 
observations may be found. Upper percentiles, when used for point-by-point comparison, can 
yield excessive false positive rates approaching 100%, which are exacerbated when dealing with 
small background datasets or background datasets consisting of multiple subpopulations.  

Estimates of upper percentiles are reliable (not prone to over- or underestimation) if the 
background dataset is adequately large and representative of a single population. As noted in 
(USEPA (1989)[130], Section 4.6.1, p. 4–17), the adequacy of the number of measurements 
depends on statistical and practical considerations. For example, when calculating a 
nonparametric BTV, if the risk assessor wants to be 90% confident that at least one of the 
measurements falls within the upper 5th percentile of the background population, then 45 
measurements are needed, (90% = 1 - (1 - .05)45). If for practical reasons, only 27 background 
samples are collected, the resulting confidence would be 75%, (75% = 1 - (1 - .05)27). This 
example illustrates that the adequate number of measurements is driven by statistical and 
practical considerations. Other confidence limits are shown in Table 11-4 and calculated using 
the following equation: 

 Upper confidence limit = [1 − (1 − (𝑜𝑜𝑢𝑢𝑢𝑢𝐼𝐼𝐼𝐼 𝑢𝑢𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑅𝑅𝐼𝐼𝐼𝐼 𝐼𝐼𝐼𝐼𝐼𝐼𝐵𝐵𝐼𝐼𝐵𝐵)𝑏𝑏𝑏𝑏𝑖𝑖𝑏𝑏𝑆𝑆𝑏𝑏 𝑏𝑏𝑜𝑜 𝑎𝑎𝑏𝑏𝑖𝑖𝑝𝑝𝑖𝑖𝑆𝑆𝑎𝑎)] ∗ 100 

When planning a background sampling event, the assistance of a professional with statistical 
expertise is recommended. 
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Table 11-4. Relationship between number of samples tested and the resulting UCL for an 
upper 5th percentile of the background population 

Number of Samples Tested UCL UCL Calculation 

10 40% [1-(1-0.05)^10)]*100=40% 

20 64% [1-(1-0.05)^20)]*100=64% 

30 79% [1-(1-0.05)^30)]*100=79% 

40 87% [1-(1-0.05)^40)]*100=87% 

50 92% [1-(1-0.05)^50)]*100=92% 

60 95% [1-(1-0.05)^60)]*100=95% 

70 97% [1-(1-0.05)^70)]*100=97% 

80 98% [1-(1-0.05)^80)]*100=98% 

90 99% [1-(1-0.05)^90)]*100=90% 

 Upper confidence limit  

The accuracy of any statistical estimate is often quantified by its confidence interval, which is the 
range of values around the estimate that contains, with certain probability (for example, 95%), 
the true value of that estimate. The upper limit of this interval is referred to as the upper 
confidence limit or UCL. The UCL of the mean is the common measure of point exposure 
concentration in risk assessments. However, since the mean is a measure of the central tendency 
of a dataset, UCL of the mean should not, under all but select circumstances, be used as a BTV 
because the result would be excessive false positive results. 

 Upper prediction limit 

The UPL is the value below which a specified number of future independent measurements (k) 
will fall, with a specified confidence level. For example, the 95% UPL of a single observation 
(k=1) is the concentration that theoretically will not be exceeded in a new or future measured 
background concentration with a 95% confidence level. Similar to the upper percentile, the use 
of UPL based on small background datasets (<50 measurements) with multiple subpopulations 
for point-by-point comparisons can lead to excessive false positive error rates. If the UPL is 
calculated based on only one future measurement (k = 1) but more (>1) future measurements are 
obtained, then the resulting UPL will be unrealistically conservative, and the false positive error 
rate will be even higher. 

 Upper tolerance limit (UTL) 

The UTL is the UCL of an upper percentile of the observed values. A UTL is designated by its 
confidence and coverage. Coverage defines the targeted upper percentile estimate (for example, 
95% coverage implies that the targeted upper percentile is the 95th percentile). Confidence, on 
the other hand, is related to the interval in which the true value of the upper percentile should 
occur. For example, the 99-95 UTL represents the 95% upper confidence level (95% UCL) of 
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the 99th percentile value. This means that 95% of future sampling events generate 99th 

percentiles that will be less than or equal to 99-95 UTL. 

When conducting point-by-point comparisons using the UTL, the false positive error rates stay 
the same, irrespective of the number of comparisons (USEPA 2015)[197]. The 95-95 UTL has 
become the most common measure of BTV in practice. However, when dealing with site datasets 
with numerous measurements, even a reasonable false positive error rate would yield a number 
of erroneous above-background classifications; this needs to be taken into account when 
interpreting the data. 

 Upper simultaneous limit (USL) 

The USL is the value below which the largest value of background observations falls with a 
specified level of confidence (USEPA 2015)[197]. USL is specifically used to mitigate the issue 
of excessive false positive error rate in point-by-point comparisons. However, due to the 
sensitivity of the USL to outliers, USEPA (2015)[197] recommended its use only in background 
datasets devoid of outliers or multiple subpopulations. 

 

There are many statistical tests that can be used to compare a site dataset to a soil background 
dataset. The test that is most appropriate in each scenario will depend on the site-specific 
situation. Statistical tests that can be used are listed in the table below along with the associated 
advantages and disadvantages of each.  
In practice, point-to-point comparisons of individual site data to the BTV are used for either 
delineation purposes or identifying localized contamination (Geiselbrecht et al. 2019)[15]. More 
comprehensive comparisons of site and background datasets involve the use of two-sample tests 
(USEPA 2006)[192]. As noted in USDON (2002)[36], in contrast to point-to-point comparisons, 
two-sample tests are less prone to falsely identifying above-background conditions.  
ASTM E3242-20 (ASTM 2020)[146] provides a list of common two-sample tests used in 
environmental applications, as reproduced in Table 11-5. Each test is based on a specific 
statistical hypothesis test. Some of these tests, such as the parametric t-test and the nonparametric 
Mann–Whitney U test, are geared toward the comparison of central tendencies of two datasets, to 
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identify widespread contamination. Other tests focus on the comparison of the upper tails of the 
two datasets to identify localized contaminations (Geiselbrecht et al. 2019)[15].  

Table 11-5. Assumptions, advantages, and disadvantages of common two-sample tests 

Source: ASTM E3242-20 (ASTM 2020)[146], Table X4.2. 

Test Statistic Objectives/Assumptions Advantages Disadvantages 
Quantile test • Objective is to test for 

differences in the right tail 
(largest values) of the site and 
background concentration 
distributions. 

• Nondetects are not among the 
right tail (largest values) in the 
pooled set of site and back-
ground concentrations. 

• Nonparametric: No assumption 
is required regarding the 
distributions of the site and 
background concentrations. 

• Relatively simple to conduct the 
test. 

• No distribution assumptions are 
necessary. 

• May be used in conjunction with 
tests that focus on detecting 
differences in the mean or 
median of site and background 
concentrations. 

• May require a large number of 
measurements to have 
adequate power to detect 
differences in site and 
background concentrations. 

• Test may be inconclusive if 
nondetects are present among 
the largest data values in the 
pooled set of site and 
background data. 

Wilcoxon 
rank sum 
(WRS) test 
also referred 
to as the 
“Wilcoxon-
Mann-
Whitney test” 
or “Mann 
Whitney U 
test”) 

• Objective is to test for 
differences in the medians of 
the site and background 
concentration data. 

• All nondetects are associated 
with a single detection limit.  

• The detection limit is less than 
the smallest detected 
concentration. 

• At least 50% of both the site 
and background concentrations 
are detected values. 

• The site and background 
concentration distributions 
have the same variance. 

• Nonparametric: No assumption 
is required regarding the type of 
distributions of the site and 
background concentrations.  

• Can be applied to datasets with 
less than 50% nondetects. 

• More robust with respect to 
outliers than parametric two-
sample tests, such as Student’s t-
test. 

• May be used in conjunction with 
tests that focus on detecting 
differences in the right tails of 
site and background 
distributions.  

• Not applicable to cases with 
less than 50% of detected 
values. 

• May conclude that site and 
background concentrations are 
derived from the same 
population when 
concentrations in right tail 
differ significantly, so it is 
important to complement the 
test with tests that focus on 
detecting differences in the 
right tails of site and 
background distributions. 

Gehan test • A generalized form of WRS 
test. 

• Objective is to test for 
differences in the medians of 
the site and background 
concentrations. 

• Nondetects do not need to have 
the same detection limits. 

• The censoring mechanism that 
generated the nondetects is the 
same for the site and back-
ground concentrations. 

• Nonparametric: No assumption 
is required regarding the 
distributions of the site and 
background concentrations. 

• Can be used with nondetects 
when multiple detection limits 
are present. 

• May be used in conjunction with 
tests that focus on detecting 
differences in the right tails of 
site and background 
distributions. 

• The test is not known as well 
as the WRS test. 

• Must assume the same 
censoring mechanisms apply 
to the site and background 
data—difference in censoring 
mechanism can lead to false 
results. 

• May conclude that site and 
background concentrations are 
derived from the same 
population when 
concentrations in right tail 
differ significantly, so it is 
important to complement the 
test with tests that focus on 
detecting differences in the 
right tails of site and 
background distributions. 
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Test Statistic Objectives/Assumptions Advantages Disadvantages 
Tarone-Ware 
test 

• Objective is to test for 
differences in the medians of 
the site and background 
concentrations. 

• Site and background 
concentrations are derived from 
populations with identical 
distributions; equality of 
variances of two datasets 
should be assessed using 
Levene’s test.   

• Nondetects do not need to have 
the same detection limits. 

• The censoring mechanism that 
generated the nondetects is the 
same for the site and back-
ground concentrations. 

• Nonparametric: No assumption 
is required regarding the 
distributions of the site and 
background concentrations. 

• Suitable for cases of small 
datasets with large fractions of 
nondetects. 

• Can be used when multiple 
detection limits are present. 

• May be used in conjunction with 
tests that focus on detecting 
differences in the right tails of 
site and background 
distributions. 

• The test is not known as well 
as the WRS test. 

• Must assume the same 
censoring mechanisms apply 
to the site and background 
data—difference in censoring 
mechanism can lead to false 
results. 

• May conclude that site and 
background concentrations are 
derived from the same 
population when 
concentrations in right tail 
differ significantly, so it is 
important to complement the 
test with tests that focus on 
detecting differences in the 
right tails of site and 
background distributions. 

Student’s  
t-test 

• Objective is to test for 
differences in the means of the 
site and background 
concentrations. 

• Nondetects have no significant 
impact on computed means (for 
example, less than 15% of 
measurements are nondetects). 

• Both site and background mean 
concentrations are normally 
distributed. 

• The site and background data 
concentrations have the same 
variance. 

• Most powerful test for detecting 
a shift in the site mean from the 
background mean, if the site and 
background data are normally 
distributed. 

• To ensure the normality of mean 
concentrations, certain 
transformations (for example, 
Box-Cox) may be performed to 
normalize the data before the 
test.  
 

• Nondetects must be 
substituted before 
implementing the test. 

• Requires a statistical 
evaluation of the equality of 
variances, such as the 
Levene’s test. 

• In general, the power will be 
less than that of the WRS test 
if the mean values are not 
normally distributed (when 
site and background datasets 
are small and/or have large 
variances). 

• Outliers can affect the test 
results. 

• Not well suited for datasets 
that contain a  large number of 
nondetects. 

• May conclude that site and 
background concentrations are 
derived from the same 
population when 
concentrations in right tail 
differ significantly, so it is 
important to complement the 
test with tests that focus on 
detecting differences in the 
right tails of site and 
background distributions. 
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Test Statistic Objectives/Assumptions Advantages Disadvantages 
Satterthwaite 
or Welch’s 
two-sample t-
test 

• Objective is to test for 
differences in the means of the 
site and background 
concentrations. 

• Nondetects have no significant 
impact on computed means (for 
example, less than 15% of 
measurements are nondetects). 

• Both site and background mean 
concentrations are normally 
distributed. 

• Site and background data 
distributions are expected or 
known to have unequal 
variances. 

• Test can be used when the site 
and background distributions 
have unequal variances. 

• Nondetects must be 
substituted before 
implementing the test. 

• In general, the power will be 
less than that of the WRS test, 
if the mean values are not 
normally distributed (when 
site and background datasets 
are small and/or have large 
variances). 

• Outliers can affect the test 
results. 

• Not well suited for datasets 
that contain a large number of 
nondetects. 

• May conclude that site and 
background concentrations are 
derived from the same 
population when 
concentrations in right tail 
differ significantly, so it is 
important to complement the 
test with tests that focus on 
detecting differences in the 
right tails of site and 
background distributions. 

Two-sample 
test of 
proportions 

• Objective is to test for 
differences in the proportions 
of the site and background 
concentrations above a given 
cutoff level, such as an 
applicable screening or action 
level.  

• Test may be used when more 
than 50% of the site or back-
ground datasets are nondetects. 

• Nonparametric: No assumption 
is required regarding the 
distributions of the site and 
background concentrations. 

• Can be used when many 
nondetects are present. 

• Use of inappropriate cutoff 
values can produce 
misleading test results.  

Levene’s 
test 

• Objective is to test the equality 
of variances of site and 
background concentrations. 

• Site and background 
concentrations are derived from 
approximately normal 
distributions. 

• Reasonably robust to non-
normality of the investigated 
datasets. 

• Nondetects must be 
substituted before 
implementing the test. 

• Not well suited for datasets 
that contain a large number of 
nondetects. 

Shapiro-Wilk 
test 

• Objective is to test the 
normality of site and 
background concentrations. 

• Well-known normality test. 
• A variant of the test, the 

Shapiro-Francia test, is useful 
for samples sizes greater than 
50. 

• Nondetects must be 
substituted before 
implementing the test. 

• Not well suited for datasets 
that contain a large number of 
nondetects. 

Reprinted, with permission, from ASTM E3242−20 Standard Guide for Determination of Representative Sediment 
Background, copyright ASTM International, 100 Barr Harbor Drive, West Conshohocken, PA 19428. A copy of the 
complete standard may be obtained from ASTM International, www.astm.org. 

In many instances, both widespread contamination and localized contamination should be tested 
concurrently. Selection of the appropriate test is contingent on the specific conditions, including 
the target statistics of interest and the type of distributions displayed by the investigated site and 
background datasets, as well as their variance equivalency. Geiselbrecht et al. (2019)[15] 
developed a decision flow diagram for selecting the appropriate types of tests, as reproduced in 

http://www.astm.org/
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Figure 11-11. In practice, nonparametric tests are often preferred because they do not require any 
specific distributional assumption about the investigated site and background data. 
 

 

Figure 11-11. Statistical tests for comparison of two datasets. 

Source: Adapted from Geiselbrecht et al. (2019)[15] 

 Statistical Software 

There are many readily available software packages that can be useful for background data 
analysis (Table 11-6). The following discusses some commonly used software but is far from 
comprehensive. Other software may be equally pertinent, such as ArcGIS or Visual Sample Plan 
for specific project needs, but this summary is meant only to make the reader aware of the 
existence of broadly useful statistical software and to highlight features that may be most useful 
for their situation. 

While most of the statistical analysis programs listed below will have the capability to conduct 
many of the analytical methods required for background statistical analysis, not all programs will 
be able to easily conduct all methods. Choosing statistical software for the background analysis 
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needs may have other considerations than simply cost or capabilities (for example, limited 
statistical experience or regulatory agency requirement). 

Because software is subject to continual development, the statements made herein regarding 
specific software programs will become outdated over time. Future versions of programs 
described herein may feature expanded capabilities, whereas some programs that are currently 
popular may become less so in the future. Therefore, it is recommended that users research 
available software options periodically and treat the recommendations presented herein as 
general guidelines. 

It is important that someone using statistical software packages understand the statistics behind 
the software and the uncertainties. Appropriate use of software requires valid data and someone 
with sufficient understanding of both statistics and the specific situation being evaluated to make 
reasonable professional judgment decisions using multiple lines of evidence (of which software 
statistical analysis would be only one). Decisions should never be made using the software 
analysis results alone without other lines of evidence. 

Table 11-6. Statistical software commonly used in computations involving background 
concentrations in risk assessments 

Software Capability Advantages Disadvantages 

USEPA ProUCL Parametric and 
nonparametric two-sample 
tests 

Multiple options for 
parametric and 
nonparametric BTV 
calculations; options for 
distribution tests and 
datasets with nondetects 

Outlier identification tests 

Trend tests 

• Free 
• Comprehensive user guide 
• Relatively easy to master 
• Benchmark package in risk 

assessment 
• Subjected to QA/QC 
• Provides consistent 

method for regulatory 
agencies 

• Recommended by USEPA 
• Focus is on environmental 

data 

• Does not have the ability to 
evaluate data for multiple 
populations (for example, a 
moderate and severe 
contaminant distribution 
both in the same dataset) 

• Inflexible input-output 
formats  

• Apart from trend test, 
limited to univariate 
modeling  

• Some minor conflicts in 
presented results, such as 
nonreproducible results for 
UCLs based on bootstrap 
methods 

• Graphical outputs limited 
to histograms, box plots, 
trend graphs, and Q-Q 
plots 

• Only compatible with 
Windows PCs 
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Software Capability Advantages Disadvantages 

Microsoft Excel Point-by-point comparisons; 
parametric two-sample 
tests; limited graphical 
capabilities 

• Easy to use 
• Often already owned 
• Subject to QA/QC 
• Easy data transfer to other 

statistics programs 
• Simple tools for basic data 

visualization 

• Limited built-in statistical 
capabilities 

• Add in packages or 
difficult coding needed to 
calculate BTVs, advanced 
parametric, and 
nonparametric tests, and 
treatment of nondetects 

• One-time fee or annual 
license for Excel; add-ins 
may have a separate one-
time or annual fee 

• Limited advanced 
graphical capabilities 

R code Open-source code offering a 
wide variety of statistical 
and data visualization 
tools, including all those 
offered by ProUCL 

• Open source, free-to-use 
software  

• Large online community 
support 

• Customizable statistical 
analysis capabilities 

• Customizable graphical 
outputs 

• Extensive statistical 
analyses available 

• Not subject to rigorous 
QA/QC 

• Requires specialized 
training, including coding 
capabilities 

• User required to manually 
evaluate dataset for 
multiple populations (for 
example, a moderate and 
severe contaminant 
distribution both in the 
same dataset)  

• Statistical training 
requirements are 
significantly higher than 
for other software 

• Requires coding capability 
by the user 

Python Open-source code offering a 
wide variety of statistical 
and data visualization 
tools, including all those 
offered by ProUCL 

• Open source, free-to-use 
software  

• Large online community 
support 

• Easy to integrate with 
ArcGIS 

• Customizable statistical 
analysis capabilities 

• Customizable graphical 
outputs 

• Not subject to rigorous 
QA/QC 

• Requires specialized 
training 

• Requires coding 
capability by the user 

Integrated Statistics 
Programs (for 
example, SAS, SPSS, 
Stata, Statistica, 
Minitab, MATLAB, 
Wolfram 
Mathematica) 

Commercial packages 
offering a wide variety of 
statistical and data 
visualization tools, 
including all offered by 
ProUCL 

• Subject to QA/QC 
• Graphic capabilities can be 

somewhat flexible 
• Require less, or zero, 

coding knowledge to 
conduct most analysis 

• Likely to include software 
beyond the scope of only 
background evaluations 

• Annual or one-time 
licensing fees 

• May require specialized 
training  

• Inflexible input-output 
formats 

• Slightly limited in analysis 
capabilities compared to 
languages such as R or 
Python 

 USEPA’s ProUCL 

USEPA’s ProUCL software, currently version 5.1 released May 2016, includes a thorough user 
guide as well as a technical guide. Version 5.2 is under development and is poised to be released 
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soon. The overwhelming majority of user functionality will be the same between the two 
versions. The user and technical guides have been updated for version 5,2 as well. The guides 
walk users through an extensive suite of statistical procedures, including two-sample hypothesis 
tests, trend analysis methods, BTV calculation, and UCL estimation. The BTV and UCL 
modules provide several different methods for calculating BTVs and UCLs of the mean. 
Additionally, there are multiple training presentations available for those just getting started or 
looking to master the use of ProUCL. Both the ProUCL software and the trainings can be found 
at USEPA’s ProUCL website.  

USEPA and state regulatory agencies often use ProUCL because it is recommended by USEPA, 
it’s free and easy to use, and it provides a consistent way to regulate all parties fairly. State 
regulatory staff often do not have statisticians and do not always have time to learn statistics as 
thoroughly as they may like to. This software allows users without formal statistical training to 
obtain accurate results for common statistical procedures. The user interacts with the software 
via a graphical user interface (GUI) that does not require coding or statistical knowledge (Figure 
11-12). As stated earlier, it is important that one using this software understands the statistics 
being used and the uncertainties involved so they can make an informed decision based on 
multiple lines of evidence. 

 

Figure 11-12. Example USEPA ProUCL interface. 

Source: (USEPA 2015)[199]. 

Additionally, users can create graphical outputs, though these are limited to histograms, box 
plots, Q-Q plots, and trend analysis plots (Figure 11-13). ProUCL does not handle other 
graphical outputs discussed in later sections, such as index plots, ratio plots, and bar plots. 

https://www.epa.gov/land-research/proucl-software#training
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Figure 11-13. Example USEPA ProUCL box plots. 

Source: (USEPA 2015)[199]. 

 Microsoft Excel 

Microsoft Excel is likely the most well-known software for data entry and tabular manipulation. 
This software comes with the backing of Microsoft and is directly integrated as part of the 
ProUCL software, as using Excel formats for input and output within ProUCL is standard. 
Within Excel itself, there are basic tools for data visualization, a free Excel Analysis Toolpak 
plugin, and a programming language (Visual Basic for Applications or VBA) to conduct more 
advanced analyses (“macros”) than those provided in Excel’s built-in functions. There is a 
limited free VBA version and a more robust paid version for both Windows and Mac OSX. 
There are also paid and free statistical analysis plugins for both Windows (for example, 
XLSTAT and Analyse-it) and Mac OS X (Real Statistics Using Excel). With this in mind, Excel 
was certainly not intended as a full-fledged background statistical analysis tool and is most suited 
to simple exploratory data analysis. 

 R 

R is an open-source language and coding environment for statistical computing and graphics. 
Due to this classification as a language, as opposed to simply a software package, the 
background statistical analysis possibilities are basically limitless. If a user has the resources and 
know-how to create an analysis method for the problem in question, it can be tailored to virtually 
any site-specific problem or issue complexity level. R is also capable of producing all the same 
statistical analysis that can be achieved in ProUCL.  

Because R is a coding language, it does require significantly more statistical understanding to 
use over USEPA’s ProUCL software. To help with this challenge, there are numerous packages 
available through R’s Comprehensive R Archive Network (CRAN). While those packages do not 

https://www.real-statistics.com/
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necessarily have any guarantees to their reliability, many are heavily used and regularly 
maintained by skilled statisticians. Additionally, all code used in building functions included in 
those packages is visible to R users should they desire to inspect the underlying code further. 

One of the biggest advantages that R provides is its ability to produce high-quality graphical 
deliverables. In addition to the graphic capabilities that come with the core R software, freely 
available packages, such as ggplot2 and plotly, can provide customizable and interactive (plotly) 
graphical results. This can be taken a step further using R’s Shiny app suite, which allows for 
web hosting of interactive tools. This app suite allows those receiving the deliverable to visualize 
data or statistical results in flexible ways. Bearing all of that in mind, the background statistical 
analysis conducted within R is only as reliable as the individual or team that conducted the 
analysis, so careful quality control and assessment are advised. 

R is free and is compatible with Microsoft Windows, Mac OS X, and Linux. Some existing 
packages within R may function only on a subset of these operating systems. R can be obtained 
from the R-Project website. 

 Python 

Python is a freely available coding language capable of many of the same things as R. However, 
this language and its supporting packages tend to focus more on programming and integration 
with other software (for example, GIS) as opposed to the statistician-oriented approach within R. 
Python users have developed many freely available packages that provide for a widely 
customizable approach to statistical analysis. However, at the time this guide was written, there 
are significantly fewer purpose-built statistical analysis packages available for Python then there 
are for R.  

 Integrated statistical programs 

There are many commercially available statistical software programs that effectively combine 
database, graphical, and statistical capabilities with a relatively accessible user interface. The key 
benefit of using such programs is that they are intuitive to use and can quickly generate decently 
attractive graphics and accurate analytical results based on a range of typical assumptions and 
inputs. The downsides of such programs can be lack of flexibility in graphics and analysis 
relative to programs such as R or Python, and relatively high cost considering most other 
presented options are free to the user. Integrated statistical programs also lack the focus of a 
program such as ProUCL, which includes functions specific to the analysis of environmental 
data. Examples of integrated statistical programs include, but are not limited to SAS, IBM SPSS, 
Stata, TIBCO Statistica, SYSTAT, MYSTAT, and Minitab. The most popular programs require 
payment to access, typically through an annual subscription service. GNU PSPP is a free 
program intended as an alternative to SPSS and similar programs. Currently, PSPP provides only 
a small number of statistical methods relative to SPSS or the other programs listed above. 

While limited relative to R or Python, the integrated statistical programs noted above have 
sufficient capabilities to support the estimation of background conditions or to compare site 
conditions to background. These capabilities include summary statistic calculation, hypothesis 
testing tools (for example, t-test and Wilcoxon Rank Sum test), graphical comparison tools, and 

https://www.r-project.org/
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other tools, depending on the specific program. For background analysis, integrated statistical 
programs may be more advanced than necessary; the statistical methods and graphics capabilities 
in ProUCL or potentially less expensive software, such as Excel add-ins like XLStat, or data 
visualization programs like SigmaPlot, may be sufficient to characterize soil background 
conditions. 
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12 REGULATORY FRAMEWORK FROM STATE SURVEY 

On March 9, 2020, a survey on use of soil background for risk assessment was sent to designated 
individuals who provide responses to ITRC surveys for each U.S. state and the District of 
Columbia. The purpose of the survey was to elicit current state practices for addressing soil 
background through the risk assessment processes.   

This survey focused on finding out how individual states1 currently handle soil background with 
respect to definitions, state guidance and regulations, use in risk assessment, and other factors. 
The survey did not target federal agencies or guidance available from other countries. Also, 
because in most cases the responses came from one person representing the state, they may not 
be complete, current, or represent the range of soil background uses in risk assessment from 
multiple jurisdictions within a state. Readers should consult with the appropriate state agencies 
for the most current approaches relevant to specific sites. 

 Description of State Survey 

The survey included a mix of multiple choice and open-ended questions. The key questions 
were: 

• Does the state regulatory agency have a definition for natural and/or anthropogenic ambient 
soil background? If so, please provide the definition(s) and a link to the document where it 
is presented. 

• Does the state regulatory agency recommend using natural and/or anthropogenic ambient 
soil background values in risk assessment? 

• Has the state established statewide or regional natural and/or anthropogenic ambient soil 
background values? If so, please provide a link. 

• Have studies to establish statewide or regional natural and/or anthropogenic ambient soil 
background been conducted in the state with or without agency approval/endorsement? If 
so, please provide the reference or URL. 

• Will the regulatory agency allow geochemical evaluations to be used to support risk 
assessment? 

 Overview of State Survey Results 

A total of 36 states, including the District of Columbia (71%), responded to the state survey, 
leaving 15 states (29%) with no responses, as shown in Table 12-1 Summary of the State Survey 

                                                 

 

1 For purposes of this section, the word “state” or “states” includes the District of Columbia. 

https://sbr-1.itrcweb.org/wp-content/uploads/2021/11/Table-12-1-Summary.xlsx
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Summary.  Figures 12-1 through 12-5 summarize the findings of the survey based on the above 
questions. 

In general, of the 36 responses total, most address natural and/or anthropogenic ambient soil 
background in some way: 

• 61% indicated that states have definitions for natural soil background or for both natural and 
anthropogenic ambient soil background; no states responded that they have a definition for 
only anthropogenic ambient soil background. 

• 92% indicated that state agencies recommend using soil background values (natural, 
anthropogenic ambient, or both) sometimes in risk assessment. 

• 54% indicated that states have established soil background values, either natural and/or 
anthropogenic ambient. 

• 59% indicated that states have statewide or regional soil background studies. 

• 94% indicated that state agencies either allow geochemical evaluations or sometimes allow 
them, depending on site-specific conditions, to support risk assessments. 

• It should be noted that states that did not submit survey responses could have some level of 
guidance regarding natural or anthropogenic ambient soil background and its use in risk 
assessment. Thus, the percentages shown above and in Figure 12-1 through Figure 12-5 
refer only to the 36 responses received. 

 State Survey Results 

Figure 12-1 shows the breakdown of responses to the first question, whether the states that 
responded to the survey have definitions for both natural and/or anthropogenic ambient soil 
background. For reference, Table 12-2 Summary of the State Survey Summary includes any 
definitions with comments or links that were provided in the survey responses.  

https://sbr-1.itrcweb.org/wp-content/uploads/2021/11/Table-12-1-Summary.xlsx
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Figure 12-1. Definitions for natural and/or anthropogenic ambient soil background. 

Figure 12-2 summarizes the state survey responses regarding the use of natural and/or 
anthropogenic ambient soil background values in risk assessment. The survey question asked if 
state agencies “recommend” the use of soil background values in risk assessment. Although 8% 
of the responding states reported” no,” it is possible they may allow it while not actively 
recommending it. The survey did not address whether those states might “allow” use of soil 
background in risk assessment.  

For further reference, the state guidance summary table (Table 13-1 Summary of the State 
Survey Summary) identifies specific guidance documents, some identified through the state 
survey and others researched independently, that address soil background use in risk 
assessments.   

https://sbr-1.itrcweb.org/wp-content/uploads/2021/11/Table-13-1-soil-bkgr-guidance.xlsx
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Figure 12-2. Recommend using natural and/or anthropogenic ambient soil background 
values in risk assessment. 

Figure 12-3 shows that more than half the survey responses indicated that the states have 
established statewide or regional soil background values.   

28%

28%

36%

8% Yes, both natural and
anthropogenic ambient

Yes, but only natural

Sometimes: it’s a site-specific 
decision

No
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Figure 12-3. Established statewide or regional background soil values. 

More than half of the survey responses (Figure 12-4) indicated that statewide or regional natural 
and/or anthropogenic ambient soil background studies have been conducted within the state. 
These studies may or may not have been prepared with agency approval or endorsement but 
rather by independent organizations or researchers. For example, some states will consider soil 
background surveys prepared by the U.S. Geological Survey, with or without state involvement, 
to be valid for use in risk assessments. 
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Figure 12-4. Studies to establish statewide or regional soil background with or without 
agency approval/endorsement. 

Figure 12-5 shows that most of the states that responded to the survey (94%) allowed the use of 
geochemical evaluations to support risk assessments in some way.   

 

 Figure 12-5. Allow geochemical evaluations to support risk assessment. 

32%

27%

41%

Yes, both natural and
anthropogenic ambient

Yes, but only natural

No



ITRC–Soil Background and Risk Assessment    January 2022 Final 

 

199 

13 EXISTING GUIDANCE AND STUDIES 

This section presents the results of research conducted by the SBR team to identify existing 
guidance and soil studies that are available regarding soil background and its use in risk 
assessment. The information is presented in two tables, one listing existing guidance (Table 13-1 
Summary of the State Survey Summary) and the other listing existing studies (Table 13-2 
Summary of the State Survey Summary); hyperlinks are provided when possible. The 
information on both tables is categorized by author as follows: federal agencies, state agencies, 
tribal agencies, private agencies, and other. (Note: This information was thought to be accurate 
at the time the document was published in 2021. Please contact the appropriate agency for 
updated information.) 

The guidance listed on Table 13-1 Summary of the State Survey Summary includes a variety of 
types of guidance, such as guidance documents, rules, and regulations, some including 
background values. Table 13-1 Summary of the State Survey Summary also indicates some basic 
soil background topics that are discussed in this document and whether the topic is addressed in a 
specific guidance. The following is a list of these topics, along with their locations in this 
document: 

• Soil background values (Section 3) 

• Soil background (default and/or site-specific) in risk assessment (Section 4) 

• Geochemical evaluations (Sections 5 and 6) 

• Environmental forensics (Section 7) 

• Sampling (Section 9) 

• Analytical methods (Section 10) 

• Statistics (Section 11)  

https://sbr-1.itrcweb.org/wp-content/uploads/2021/11/Table-13-1-soil-bkgr-guidance.xlsx
https://sbr-1.itrcweb.org/wp-content/uploads/2021/11/Table-13-2-soil-bkgr-studies.xlsx
https://sbr-1.itrcweb.org/wp-content/uploads/2021/11/Table-13-1-soil-bkgr-guidance.xlsx
https://sbr-1.itrcweb.org/wp-content/uploads/2021/11/Table-13-1-soil-bkgr-guidance.xlsx
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14 CASE STUDIES 

 Minnesota Pollution Control Agency (MPCA) Soil Background Case Study 

This case study presents an example of a state regulatory agency establishing statewide default 
natural soil background values using data from an existing soil natural background study. The 
MPCA established their first set of statewide soil background values using the U.S. Geological 
Survey’s (USGS) Geochemical and Mineralogical Data for Soils of the conterminous United 
States ((MPCA 2016)[459], (Smith et al. 2013)[40]). The objective of USGS’s study was to 
sample for natural soil background, avoiding anthropogenic sources.  

Soil screening values used to evaluate cleanup sites are generally derived by state regulatory 
agencies using the USEPA methodology (USEPA 1996)[427], toxicity values, exposure 
parameters, and chemical-specific information. These values are purely risk based, intended to 
protect human health or the environment, and do not take natural soil background into 
consideration. MPCA’s soil screening values are called soil reference values (SRVs). When 
MPCA revised their SRVs to incorporate more recent toxicity and exposure parameters, they 
recognized that eight of the revised SRVs for inorganics could potentially be below natural 
background concentrations in soil. Those eight inorganics were aluminum, arsenic, barium, 
chromium, cobalt, iron, thallium, and vanadium. This case study describes the process MPCA 
used to determine whether the SRVs were below natural soil background concentrations and, if 
so, derive default soil background threshold values (BTVs).  

 Existing data 

Since funding could not be obtained for MPCA to conduct a statewide soil background study, the 
agency evaluated existing studies that could be used to determine statewide background 
concentrations for the inorganics of interest. 

A report by the Minnesota Geological Survey (Thorleifson et al. 2007)[417] was considered, but 
the purpose of obtaining that data was for mineral exploration rather than to determine natural 
background concentrations of inorganics. Samples were obtained from areas thought to have 
higher concentrations of minerals rather than areas that were not impacted by anthropogenic 
sources. In addition, the study included both soil and sediment data that would not be easy to 
identify and separate (Thorleifson et al. 2007)[417].  

Two studies often used to determine soil background concentrations of metals, the USGS 
Boerngen and Shacklette studies ((Boerngen and Shacklette 1981)[420], (Shacklette and 
Boerngen 1984)[421]), were considered. These studies include concentrations of metals and 
other trace elements in soil of the conterminous United States, with samples collected in the 
1960s and 1970s. However, the USGS more recently conducted a national-scale geochemical 
and mineralogical survey of soils of the conterminous United States from 2007 to 2013 ((Smith 
et al. 2013)[40] and (Smith et al. 2014)[213]).  
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USGS Soil Geochemical and Mineralogical Background Study 

The most recent and comprehensive U.S. soil geochemical and mineralogical background study 
was conducted by the USGS from 2007 to 2013. The USGS developed protocols, performed 
pilot studies, and collected soil samples across the conterminous United States to determine 
natural background concentrations for constituents, including inorganics (Smith et al. 2013)[40]. 
Sites were selected to represent a spatially balanced density of approximately one site per 1,600 
km2 from areas unlikely to be contaminated. In total, 14,434 samples from nearly 5,000 sites 
were collected across the United States. Samples at each site included a surface sample collected 
from 0 to 5 centimeters, a composite of the soil A horizon, and a deeper sample called the soil 
C horizon, not exceeding a depth of approximately 80–100 cm.   

Samples were prepared for analyses using standard USGS analytical protocols, which included 
air drying at ambient temperatures, sieving to less than 2 mm, followed by grinding to less than 
150 µm. Prepared samples were aggressively digested using a four-acid mixture (hydrochloric, 
nitric, hydrofluoric, and perchloric) heated to temperatures between 125 and 150°C. This 
digestion method dissolves most silicate, sulfide, oxide, and carbonate minerals. Total element 
concentrations for 41 elements were measured by inductively coupled plasma-atomic emission 
spectrometry (ICP-AES) and by inductively coupled plasma-mass spectrometry (ICP-MS). 
Mercury, selenium, and arsenic were analyzed by single-element analytical methods. Organic 
carbon concentrations for the 0 to 5 cm soil and soil A horizon were calculated from the 
difference between analyzed inorganic carbon and total carbon. Mineralogy was determined for 
splits of the soil A and C horizons by a quantitative X-ray diffraction method. Smith et al. 
(2013)[40] provides details of sample site selection and analytical methods, as well as all 
geochemical and mineralogical data. Interpolated maps displaying the data are available in 
Smith et al. (2014)[213] and were also integrated into an interactive website (Smith et al. 
2019)[423]. 

USEPA methods (SW846 3050B or 3051A) used at cleanup sites are similar to analytical 
methods used by the USGS, but distinctions are evident for preparation methods and, 
particularly, for sample digestion. The USEPA method includes sample homogenization, but it 
is up to each individual lab to decide how to do this. USEPA methods also use a less aggressive 
aqua regia digestion, although there can be differences for digestion of some inorganics. Since 
USEPA digestions are not intended to yield total or near-total values, geochemical results are 
not directly comparable to results obtained using USGS’s analytical methods. It is likely that 
concentrations determined for the same soil sample using the more aggressive USGS methods 
will generally be higher than concentrations determined by USEPA’s methods. This, however, 
may not always be the case and will vary depending on specific inorganic constituents as well 
as local geology. Sample mineralogy also may influence the effectiveness of the two digestion 
methods. Overall, inconsistencies between the results of each analytical approach are due to the 
differences in preparation and digestion methods, and caution must be used when comparing 
data.  

 

MPCA chose to use this more recent USGS survey of soils to establish state background values. 
Soil from a total of 137 sites was collected in Minnesota as part of this study. Laboratory 
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analysis of the soil samples was completed in 2013. USGS took the following measures to ensure 
samples were not collected from areas impacted by anthropogenic sources: no samples were 
collected within 200 m of a major highway, within 50 m of a rural road, within 100 m of a 
building or structure, or within 5 km downwind of active major industrial activities such as 
power plants or smelters. Samples at each site were obtained from three different intervals below 
the ground surface: 0 to 5 cm, A horizon, and C horizon (Smith et al. 2013)[40]. Splits of all 
samples collected by the USGS are currently stored in a sample archive in Denver, Colorado. 

 USGS and USEPA analytical methods 

Soil preparation and analytical methods used by the USGS differ from the USEPA methods 
typically used for cleanup sites in state and federal remediation programs. Differences in 
concentrations resulting from the two methods depend on the geological characteristics of the 
area where the sample was taken, and also on the chemical nature of each analyte. As a result, 
concentrations obtained using these two methods are not generally comparable. 

Sample preparation using the USGS method begins with air drying at ambient temperature, 
sieving to less than 2 mm and grinding to less than 150 μm. The USEPA method (SW846 3050B 
or 3051A) begins with suggested sample homogenization but leaves the final decision on how to 
prepare an individual sample up to the laboratory. A consequence is that the USGS preparation 
method results in finer grained samples compared to samples prepared using USEPA’s method, 
thus leading to more surface area available for digestion. 

In addition, a near-total four-acid digestion is used in the USGS method. Sieved and ground 
samples are digested with a mixture of hot nitric, hydrochloric, hydrofluoric, and perchloric acid. 
Samples for arsenic analyses are first fused in a mixture of sodium peroxide and sodium 
hydroxide and then dissolved in hydrochloric acid. The USEPA method uses a less aggressive 
aqua regia digestion. For arsenic and thallium analyses, digestion is accomplished using 
hydrogen peroxide and nitric and hydrochloric acid. Digestion for the other inorganics is 
accomplished using hydrogen peroxide and nitric acid.  

Methods of detection used for the eight inorganics in the USGS analytical method are:  

• inductively coupled plasma–atomic emission spectrometry (ICP-AES) for aluminum, 
chromium, iron, and vanadium 

• ICP-MS for cobalt and thallium 

• hydride-generation atomic absorption spectrometry for arsenic 

Methods of detection used for the eight inorganics using the USEPA analytical method are:  

• inductively coupled plasma–atomic emission spectrometry (ICP-AES) for aluminum, 
barium, chromium, cobalt, iron, and vanadium 

• ICP-MS for arsenic and thallium 

The key distinctions between USGS and USEPAs analytical methods are: 
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• The USGS preparation method results in more surface area available to be digested, whereas 
the USEPA preparation method does not require a specific procedure and may result in less 
surface area available for digestion.  

• The USGS digestion is intended to result in a true total concentration of all metals in the soil 
sample, while USEPA’s digestion is not intended to be a total digestion and thus results in 
lower metals concentrations of some inorganics in the soil sample. 

In most cases the USGS method results in higher concentrations than the USEPA method. In 
these cases, soil background values based on the USGS data would be higher than those based on 
USEPA’s method. Since USEPA’s method is used to characterize site concentrations at cleanup 
sites, this would result in an inappropriate comparison. Higher site concentrations would be 
incorrectly characterized as being representative of background since USGSs background value 
would be higher than if the sample were analyzed using USEPA’s method.   

 USEPA method reanalysis 

Since it was not appropriate to directly use USGS’s data to establish a soil background value for 
a cleanup site, MPCA reanalyzed a subset of USGS soil samples using the USEPA’s method to 
evaluate the differences in results between the two methods. 

The archived USGS soil samples were outside of their holding time when they were reanalyzed 
for the MPCA study. Samples had been stored at the USGS Denver, Colorado, facility at room 
temperature since collection. Although the longer than normal storage time under room 
temperature conditions is not expected to significantly impact the results of the analyses of the 
eight specific inorganics that were reanalyzed, this has not been confirmed by laboratory testing. 

MPCA could not reanalyze more than one sample depth due to cost constraints. Even though 
human and ecological receptors could be exposed to both the 0 to 5 cm below the ground surface 
and A horizon, MPCA chose to reanalyze the 0 to 5 cm depth based on the following rationale:  

• The 0 to 5 cm depth was most relevant to human receptor exposure. 

• Results from the 0 to 5 cm and the A horizon appeared to be similar. 

A subset of 48 USGS 0 to 5 cm depth soil samples (out of 137 total available Minnesota 
samples) was chosen to be reanalyzed using the USEPA method. Samples were selected based 
on the following factors: 

• 24 samples were chosen in a stratified random fashion to represent differences in geology 
across the state. This was accomplished by choosing samples with varying abundances of 
quartz and clay, as proportions of these two silicate minerals are a good proxy for soil parent 
materials. 

• 14 samples were chosen in a stratified random fashion to represent the different major land 
resource areas and land cover across the state, which incorporated variations in vegetation 
and climate. 
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• 10 nonrandom samples were chosen based on their proximity to major cities and the 
Minnesota River to capture areas with potentially higher populations. They were not chosen 
to capture anthropogenic ambient soil background; the USGS study was aimed at collecting 
natural soil background.  

Three of the archived samples originally chosen for reanalysis using USEPA methods could not 
be located in the USGS archive so they were not analyzed (two chosen based on differences in 
geology and one chosen based on proximity to major cities and the Minnesota River). A total of 
45 USGS samples were reanalyzed using USEPA’s soil analytical method. Thirty-six of these 
were chosen in a stratified random fashion, and nine were chosen based on their proximity to 
major cities and the Minnesota River. Randomly chosen datasets are recommended to be used 
when performing statistical calculations. 

Samples were analyzed using USEPA Method 6010C (ICP-AES) for aluminum, barium, 
chromium, cobalt, iron, and vanadium and USEPA Method 6020A (ICP-MS) for arsenic and 
thallium. 

 Statistics 

USEPA’s ProUCL software and associated technical guide were used to evaluate for potential 
outliers, determine dataset distributions, and calculate a soil background value (BTV) from the 
Minnesota sample subset of the USGS study data (USEPA 2013)[419]. 

Outliers were determined using the Rosner outlier test and further evaluated using Q-Q plots, 
histograms, and box plots generated using ProUCL, version 5.0. BTV calculations were 
performed both with and without outliers using ProUCL’s “Upper Limit-BTVs” module. 

ProUCL’ s “Upper Limit-BTVs” calculation was used to determine the BTV for each inorganic. 
This ProUCL function can be used for datasets with or without nondetect data. It determines 
whether the dataset is parametric (fits a normal, gamma, or lognormal distribution) or 
nonparametric and provides the following types of BTVs: 

• upper percentiles  

• upper prediction limits (UPL) 

• upper simultaneous limit (USL) 

• upper tolerance limit (UTL) 

According to USEPA’s ProUCL guidance, upper percentiles and UPLs are not appropriate to use 
when establishing a default soil BTV where there will be a large number of comparisons to the 
BTV (expected for statewide default values). Using UPLs, which are designed to minimize false 
positives, will in this case actually result in high false positive error rates, meaning a larger 
number of soil concentrations reflecting real background levels would exceed the BTV and 
appear as if they are contaminated. Another concern with the UPL is that it is calculated based on 
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an expected number of future samples. With a statewide dataset, it is unknown how many future 
samples will be compared to the BTV. 

USLs are also not appropriate to use when establishing a default BTV where there will be a large 
number of comparisons to the BTV (expected for statewide default values). A USL represents an 
upper limit on the largest value of the dataset and would result in high false negative error rates, 
meaning a large number of soil concentrations that represent actual contamination would not 
exceed the BTV and appear to represent background levels. 

UTLs were chosen to establish the BTVs because they are appropriate to use when establishing a 
default BTV where there will be a large number of comparisons to the BTV (expected for 
statewide default values). Using UTLs is not likely to result in large false positive or false 
negative error rates. MPCA chose to calculate 95-95 UTL representing the 95% upper 
confidence limit on the 95th percentile. 

 Results 

Differences in results from the USGS and USEPA’s analytical methods varied widely among the 
inorganics. For some parameters the differences were very little, but for others they were 
significant.  

MPCA investigated the possibility of using the USEPA method by reanalyzing 45 samples to 
establish soil BTVs. Since the 45 samples that were reanalyzed using the USEPA method were 
not all chosen randomly (only 36 were), a comparison was performed between the random (36 
samples) and nonrandom (45 samples) datasets to determine whether they were similar. MPCA 
compared the distributions, graphical displays, and outliers of the five datasets listed below using 
USEPA’s ProUCL.  

• USGS method analyzed 137 samples (all samples from Minnesota) 

• USGS method analyzed 45 samples (subset including nine nonrandom data points) 

• USEPA method reanalyzed 45 samples (subset including nine nonrandom data points) 

• USGS method analyzed 36 samples (subset of only randomly selected data points) 

• USEPA method reanalyzed 36 samples (subset of only randomly selected data points) 

Since these datasets appeared to be similar, MPCA determined that it was appropriate to derive 
BTVs based on the results of the USEPA method reanalyzed subset of 45 samples despite the 
fact that only 36 were chosen randomly.  

The datasets were evaluated using USEPA’s ProUCL with and without outlier removal to 
determine the following: 

• BTVs using the complete 137 sample USGS analyzed dataset for Minnesota 

• BTVs using the results of the 45 samples reanalyzed using USEPA methods 
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Minnesota-specific maps of inorganic concentrations similar to those USGS created for the 
United States were also created. These maps can be used by risk assessors and project managers 
on a site-specific basis since the maps show the difference in concentrations across the state of 
Minnesota. Soil background concentrations of inorganics are heterogeneous. Although a range 
more accurately describes soil background, one value is often selected due to program needs. 

BTVs and the percent difference from the results from the reanalysis using the USEPA analytical 
method on the 45 samples compared to results from the USGS analytical method using the 137 
samples are shown in Table 14-1. This comparison included descriptive statistics and graphical 
displays. There was very little difference in the results of the two methods for arsenic. The BTV 
using the entire 137-sample USGS-analyzed dataset and the 45-sample USEPA-reanalyzed 
dataset was identical (9 mg/kg). Cobalt results were also similar, with the BTVs calculated from 
the two datasets having an 8% difference. Differences between the aluminum (68%), barium 
(70%), and chromium (62%) BTVs were much more significant. A BTV for thallium could not 
be calculated due to the number of nondetects in the dataset. In six cases the BTV was greater 
than the SRVs. In those cases, the BTV replaced the SRV (MPCA 2016a (MPCA 2016)[460]).   

Table 14-1. USEPA analytical method results 

Inorganic  

MPCA 
Residential  

SRV 
(mg/kg) 

USGS BTV 
(UTL) of 137 

Original 
Samples—

USGS 
Analytical 

Method (mg/kg) 

USEPA BTV 
(UTL) of 45 
Reanalyzed 
Samples—

USEPA 
Analytical 

Method (mg/kg) 

Percent 
Difference 

USEPA and 
USGS BTVs 

Aluminum 15,000 60,000 19,000 -68% 

Arsenic 0.051 9 9 0% 

Barium 3,000 710 210 -70% 

Chromium 23,000 (III) 
11 (VI) 71 27 -62% 

Cobalt 4.6 13 12 -8% 

Iron 11,000 38,000 29,000 -24% 

Thallium 0.15 None 0.29 NA 

Vanadium 1.1 119 62 -48% 

Bold, shaded values highlight background concentrations above MPCA SRVs. All BTVs are 95-95 
UTL, representing the 95% upper confidence limit on the 95th percentile. 

Percent difference USEPA and USGS BTVS defined as (((USEPA BTV – USGS BTV)/USGS 
BTV))*100) 
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 Former Firearms Training Range Soil Background Case Study 

This site is a former firearms training range used for small firearms training. The COPC 
associated with historical firearms training activities at the Site identified during environmental 
investigations included antimony, arsenic, and lead. Remedial soil excavation activities were 
conducted in 2020. Following the soil excavation activities, only elevated soil concentrations of 
arsenic were detected in the confirmation samples. 

This study presents an example of establishing a soil background level higher than the regulatory 
default ambient arsenic screening level of 12 mg/kg used as a cleanup goal for arsenic at the Site. 

 Development of a site-specific arsenic cleanup goal 

The removal action confirmation sample results included only the post-removal soil confirmation 
samples from the margins of the remedial excavation and not the complete soil dataset prior to 
the soil removal action. Figure 14-1 presents the probability plot of the 30 soil samples. 

 

Figure 14-1. Probability plot of 30 samples. 

Figure 14-2 summarizes the confirmation dataset in a box and whisker plot. 
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Figure 14-2. Box and whisker plot of confirmation data. 

As can be seen from these two plots, the majority of arsenic concentrations are between 5 mg/kg 
and 14 mg/kg. 

Ninety-eight soil samples were analyzed for metals at a nearby active firearms training range. 
Arsenic concentrations in soil ranged from 0.62 mg/kg to 21 mg/kg. Only four samples exceeded 
12 mg/kg, specifically 13, 14, 16, and 21 mg/kg. Six off-site background samples were also 
collected. Off-site arsenic concentrations ranged from 4.2 mg/kg to 7.0 mg/kg. 

For the Site, the two highest concentrations, 24.5 and 27 mg/kg, were removed as potential 
outliers based on multiple lines of evidence, including 1) graphical evaluation based on 
probability and box plots; 2) outlier removal based on ProUCL; and 3) arsenic data from a 
nearby site. Ultimately, professional judgment was used in evaluating the multiple lines of 
evidence and selecting the final dataset. The Site arsenic dataset was evaluated using the USEPA 
ProUCL, version 5.1, statistical software. Specifically, the descriptive statistics and BTVs were 
evaluated for the Site dataset. The ProUCL outputs included general statistics, goodness of fit, 
and estimated upper tolerance limits (background threshold values). Given the small sample 
size—only 30 arsenic samples—the 90th- or 95th-percentile estimates were selected as the more 
appropriate estimators of an upper-bound arsenic background value. Based on the ProUCL 
outputs, the data may be either approximate normal or lognormal in terms of the data 
distribution. 

Assuming a normal distribution, the 90th- and 95th-percentile arsenic concentrations were 16.5 
and 18.4 mg/kg, respectively. Assuming a lognormal distribution, the 90th- and 95th-percentile 
arsenic concentrations were 17.4 and 21.4 mg/kg, respectively. The nonparametric analysis, 
which does not assume any specific data distribution, resulted in 90th- and 95th-percentile 
arsenic concentrations of 17.0 and 17.6 mg/kg, respectively. 
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 Recommendations 

Given the small sample size and no discernible distribution of the arsenic dataset, the 
nonparametric 95th-percentile arsenic concentration of 18 mg/kg was selected as the most 
appropriate upper bound arsenic screening level for the site. This value is also consistent with (1) 
the site-specific off-site background data collected, where the maximum arsenic concentration 
was 18.3 mg/kg, and (2) the arsenic data from the nearby site.
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 Region 4 RARE Urban Background Study 

In 2017, USEPA Region 4 was awarded a Regional Applied Research Efforts (RARE) Grant to 
work in collaboration with USEPA Office of Research and Development and southeastern 
regional states to develop a robust dataset to characterize contaminants present in urban soils 
deriving from natural and anthropogenic background, unrelated to chemical spills or industrial 
waste. A sampling and analysis plan (SAP) and a quality assurance project plan (QAPP) were 
developed and applied to eight cities within Region 4. The SAP and QAPP for the project were 
developed to ensure data collected would be defensible and reproducible. Soils were analyzed for 
RCRA 8 metals and PAHs.  

 Sample Design 

A 7-mile by 7-mile grid was applied over each city center and divided into ½-mile by ½-mile 
grids, totaling 196 cells per city. Using a random number generator, 50 cells were selected for 
sample collection. Sample location criteria required soils to be representative of an urban setting, 
undisturbed by recent activity, not potentially impacted by nearby industry, and in public areas 
such as rights-of-way. Sample locations not acceptable included private/residential yards, 
industrial properties, areas of recent development, and low-lying areas subject to flooding or 
inundation. Samples were collected within the selected grid that met the criteria. If no areas 
within a sample grid met the criteria, then the next randomly selected grid was chosen.  

A discrete sample was collected at each location using a turf profiler. The turf profiler sampling 
tool was modified to be 8.9 cm (3.5 in) wide, 2.5 cm (1 in) thick, and 10.2 cm (4 in) deep. The 
top 5 cm (2 in) of soil were retained for analysis with top organic material and remaining soils 
discarded.  

Each sample was mixed and rigorously subsampled in the field. Samples designated for PAH 
analysis were sent in 4-ounce amber jars to an USEPA Contract Laboratory Program laboratory. 
Samples designated for metals analysis were sent in 4-ounce Whirl-Paks to USEPA’s Las Vegas 
lab to be dried, sieved, and prepared for analysis. Once prepared, samples were shipped to 
USEPA Region 4 Science and Ecosystem Support Division (SESD) laboratory for analysis. Soil 
samples were analyzed for metals using USEPA Method 6010C and PAHs using USEPA 
Method 8270D. Three equipment blanks and three field blanks were collected per city. 

 Results 

Metals analysis included arsenic, barium, cadmium, chromium, lead, mercury, selenium, and 
silver. Summary statistics were compiled for each contaminant by city and calculated using 
USEPA ProUCL software. The full dataset of metals and PAHs can be found at the USEPA 
Regional Urban Background Study website. Selected data are summarized below.  

Mean arsenic concentrations in seven of the eight cities were above the USEPA regional 
screening level (RSL) of 0.68 mg/kg. The mean concentrations ranged from 0.55 mg/kg to 19.71 
mg/kg. Noting that anthropogenic background of arsenic in some cities is above USEPA’s RSL 
can be useful not only in determining whether the presence of arsenic in a given location is site-
related contamination but in developing appropriate cleanup goals and guiding risk assessment.  

https://www.epa.gov/risk/regional-urban-background-study
https://www.epa.gov/risk/regional-urban-background-study
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Mean lead results in all eight cities were less than the current USEPA screening level of 400 
mg/kg. Mean lead concentrations ranged from 15.06 mg/kg to 216.1 mg/kg. Summary statistics 
for lead are shown in Table 14-2. Box and whisker plots for lead are shown by city in Figure 
14-3.  

Table 14-2. Lead summary statistics  

City Num Obs Minimum Maximum Mean Geo-
Mean SD 

Chattanooga 50 14 580 96.22 60.1 122 
Columbia 50 1.7 200 40.79 25.58 38.41 

Gainesville 50 2 110 15.06 9.187 18.62 
Lexington 50 18 420 81.51 56.33 88.63 
Louisville 50 25 1100 155.7 99.24 192.3 
Memphis 50 13 1000 121 63.43 201.7 
Raleigh 50 7.6 180 33.84 22.72 37.1 

Winston-Salem 50 20 1400 216.1 128.8 247.2 
 

 

Figure 14-3. Box and whisker plots for lead. 

 Uses of Methods and Data 

The robust dataset collected throughout the southeastern states could be used in developing 
cleanup goals, assessing risk, evaluating sample results, designing remedies, and evaluating the 
impact of natural disasters. The Region 4 Urban Background Study results highlight the 
difference in natural versus anthropogenic background. It is important to establish the difference 
between background concentrations and elevated contamination due to a spill or release in a 
particular area.  
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The methodology has been used by other USEPA regions along with universities to develop their 
own dataset of urban background soils. The data collected in Region 4 have been used at 
multiple sites and by two universities. The methods are easily adaptable to fit the area one would 
test for urban background, as was done for the City of Chattanooga.  

The Urban Background Study Sampling and Analysis Plan and Quality Assurance Project Plan is 
publicly available: (https://www.epa.gov/research-states/regional-urban-background-study-
webinar-archive).  

The background dataset is also publicly available: https://www.epa.gov/risk/regional-urban-
background-study. 

https://www.epa.gov/research-states/regional-urban-background-study-webinar-archive
https://www.epa.gov/research-states/regional-urban-background-study-webinar-archive
https://www.epa.gov/risk/regional-urban-background-study
https://www.epa.gov/risk/regional-urban-background-study
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 Geochemical Evaluation Case Study—Statistical Outlier is an 
Uncontaminated Soil Sample 

This case study involves a former military munitions site located in mountainous terrain in 
Colorado. A total of 12 candidate background subsurface soil samples (limited number due to 
budget constraints) were collected from an undeveloped adjacent property hydraulically 
upgradient of a former military munitions site that had soils geologically similar to the site. The 
discrete samples were collected from 0.3 to 0.5 m below ground surface and analyzed for metals; 
these results formed a candidate subsurface soil background dataset.  

Dixon’s statistical outlier test was performed for every trace element of interest for this site, 
including vanadium (a description of Dixon’s test is provided in Table 11-2 in Section 11.5). The 
maximum vanadium (V) concentration (51.1 mg/kg) failed Dixon’s outlier test at a significance 
level (α) of 0.05. Geochemical evaluation was performed to determine whether the elevated 
vanadium concentration was due to contamination or just inherent variability in soil 
concentrations. First, soil descriptions in the soil boring logs were studied, along with historical 
aerial photographs and site history, to identify possible sources for the elevated vanadium at that 
location; no sources were found. The sample with the outlier concentration was collected near an 
unpaved forest road, distant from the site. 

As discussed in Section 5.3, the next step was to evaluate the concentrations of aluminum versus 
iron, because they are qualitative grain-size indicators, as well as primary reference elements 
(Figure 14-4). The concentrations of iron and aluminum covary (as the concentration of iron 
increases, the concentration of aluminum increases) and the samples exhibit similar Al/Fe ratios, 
indicating there is no aluminum or iron contamination in any of the candidate background 
samples. This confirms that these elements can serve as reference elements for the evaluation of 
trace elements of concern. The samples with higher aluminum and iron concentrations have more 
fine-grained minerals (such as clays and iron oxides), so they are expected to have naturally 
higher trace element concentrations.  
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Figure 14-4. Scatter plot of aluminum versus iron for background subsurface soil. 

Source: Karen Thorbjornsen, APTIM. 

Scatter plots were prepared of vanadium versus aluminum (not depicted here, since the vanadium 
concentrations did not covary with aluminum concentrations in the scatter plot for this dataset) 
and vanadium versus iron (Figure 14-5). As discussed in Section 5.5.2, vanadium has a strong 
affinity for adsorption on iron oxide minerals in soil (Kabata-Pendias 2010)[151]. Vanadium was 
observed to covary with iron (Figure 14-5). The sample with the highest vanadium concentration 
also had the highest iron concentration (29,500 mg/kg). 
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Figure 14-5. Scatter plot of vanadium versus iron for background subsurface soil. 

Source: Karen Thorbjornsen, APTIM. 

In addition to the scatter plot (Figure 14-5), a ratio plot (Figure 14-6) of vanadium concentrations 
versus V/Fe ratios was prepared.  

Statistical 
 Outlier 
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Figure 14-6. Ratio plot of vanadium versus V/Fe for background subsurface soil. 

Source: Karen Thorbjornsen, APTIM. 

In Figure 14-5, all the background samples (including the statistical outlier) form a common 
trend with a positive slope. In Figure 14-6, all samples (including the statistical outlier) have 
similar V/Fe ratios. This evaluation indicates the elevated vanadium concentration is due to 
preferential enrichment of iron oxide minerals in soil at that location and is not due to 
contamination by vanadium. Thus, the maximum vanadium concentration (the statistical outlier) 
was retained in the candidate subsurface soil background dataset. 

Statistical 
 Outlier 
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 Geochemical Evaluation Case Study—Statistical Outlier Is a Contaminated 
Soil Sample  

Twenty-nine candidate background subsurface soil samples were collected from an undeveloped 
and heavily wooded property adjacent to (but hydraulically upgradient of) a former military 
facility located in glacial terrain in New Hampshire, with similar soils as the site. The discrete 
samples were collected from 0.5 to 0.6 m feet below ground surface and analyzed for metals; 
these results then formed a candidate subsurface soil background dataset. 

Rosner’s statistical outlier test was performed for every trace element of interest for this site, 
which included arsenic (a description of Rosner’s test is provided in Table 11-2 in Section 11.5). 
The maximum arsenic (As) concentration in subsurface soil (61.4 mg/kg) failed Rosner’s outlier 
test at a significance level (α) of 0.05. Geochemical evaluation was performed to determine 
whether this elevated arsenic concentration is due to arsenic contamination of this soil sample or 
if it is due to inherent variability in soil concentrations. Review of the soil description and the 
physical setting for that sample location revealed nothing unusual that would indicate a site-
related arsenic contaminant source. 

Aluminum and iron concentrations covary for this dataset (see scatter plot in Figure 14-7) and 
the samples have similar Al/Fe ratios. This indicates there is no aluminum or iron contamination 
in the candidate background samples and confirms that the two elements can serve as reference 
elements for the evaluation of trace elements of concern.  

 

Figure 14-7. Scatter plot of aluminum versus iron for background subsurface soil. 

Source: Karen Thorbjornsen, APTIM. 
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As discussed in Section 5.5.2, arsenic has a strong affinity to adsorb on iron oxide minerals in 
soil ((Bowell 1994)[414], (Kabata-Pendias 2010)[151], so the arsenic and iron concentrations are 
expected to covary in soil samples in the absence of arsenic contamination. In the scatter plot of 
arsenic versus iron concentrations (Figure 14-8), all but one of the samples lie along the same 
trend, reflecting the natural association of arsenic with iron oxides in soil. The sample with the 
statistical outlier concentration lies above and to the left of the trend. Although it has the highest 
arsenic, it has relatively low iron (as well as relatively low concentrations of the other major 
elements).  

 

Figure 14-8. Scatter plot of arsenic versus iron for background subsurface soil. 

Source: Karen Thorbjornsen, APTIM. 

In the ratio plot in Figure 14-9, all samples (except the statistical outlier) have similar As/Fe 
ratios; the statistical outlier has a higher As/Fe ratio relative to the other 28 subsurface soil 
samples. The arsenic concentration in this sample is anomalously high, likely due to 
contamination of the sample by arsenic. Thus, this concentration was excluded from the 
candidate background dataset for arsenic, leaving this dataset with 28 arsenic concentrations. 

Statistical 
 Outlier 
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Figure 14-9. Ratio plot of arsenic versus As/Fe for background subsurface soil. 

Source: Karen Thorbjornsen, APTIM. 

For arsenic at this site, geochemical evaluation confirmed the result of the statistical outlier test. 

Statistical 
 Outlier 
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 Geochemical Evaluation Case Study–Contaminated Soil Sample Is Not a 
Statistical Outlier 

A total of 10 candidate background surface soil samples (limited number due to budget 
constraints) were collected from a portion of a former military munitions site located in 
Wyoming that had never been developed and was hydraulically upgradient of the area of interest. 
The background soils were geologically similar to those in the area of interest. The discrete 
surface soil samples were collected from 0 to 5 cm below ground surface and analyzed for 
metals; these results then formed a candidate background dataset. 

Dixon’s statistical outlier test was performed for every trace element of interest for this site, 
which included lead (a description of Dixon’s test is provided in Table 11-2 in Section 11.5). The 
maximum lead (Pb) concentration in subsurface soil (17.4 mg/kg) passed Dixon’s outlier test at a 
significance level (α) of 0.05. From visual inspection this concentration appeared to be higher 
than the other lead concentrations, so a geochemical evaluation was performed to double-check 
whether the concentration was elevated due to lead contamination of soil at that location or just 
due to inherent variability in soil concentrations. 

Review of the soil description for that sample location revealed nothing unusual that would 
indicate a site-related lead contaminant source; the sampled soils were the same silty sand as 
noted for the other background sample locations. The aluminum and iron concentrations covary 
(see scatter plot in Figure 14-10) and the samples have similar Al/Fe ratios, indicating that there 
is no aluminum or iron contamination in the candidate background samples and confirming that 
the two elements can serve as reference elements. 
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Figure 14-10. Scatter plot of aluminum versus iron for background surface soil. 

Source: Karen Thorbjornsen, APTIM. 

Although lead can adsorb on iron oxides and manganese oxides, it also has a strong affinity to 
adsorb on clay minerals in soil ((McLean and Bledsoe 1992)[415], (Kabata-Pendias 2010)[151]). 
A scatter plot of lead versus aluminum (Figure 14-11) and corresponding ratio plot (Figure 
14-12) were prepared.  

In Figure 14-11, all but one of the background samples lie along a common trend; the sample 
with the maximum lead concentration has one of the lowest aluminum concentrations and lies 
above the trend. This sample also has low concentrations of the other major elements.  
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Figure 14-11. Scatter plot of lead versus aluminum for background surface soil. 

Source: Karen Thorbjornsen, APTIM. 

In Figure 14-12, most samples have similar Pb/Al ratios; the sample with the maximum lead 
concentration has a higher Pb/Al ratio than the other nine surface soil samples. Geochemical 
evaluation indicates the maximum lead concentration is anomalously high (likely due to lead 
contamination of the sample and suspected to be munitions-related) and is not naturally elevated, 
even though this data point was not identified as a statistical outlier in this dataset.  

Based on the results of the geochemical evaluation, the anomalous concentration was excluded 
from the candidate background dataset for lead, leaving this dataset with nine lead 
concentrations. This approach resulted in a more representative background dataset. 
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Figure 14-12. Ratio plot of lead versus Pb/Al for background surface soil. 

Source: Karen Thorbjornsen, APTIM. 
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 Environmental Forensics Case Study—PAHs from Leaked Petroleum 
Versus Contaminated Fill 

This site had various commercial and industrial uses since the 1800s, including a city dump, rail 
yard, and oil products terminal. The site is adjacent to a waterway whose shorelines progressed 
over many decades due to infilling of marshland associated with the site’s historic city dump. 
The oil terminal operated on only a portion of the site, wherein gasoline, kerosene, and 
diesel/fuel oil #2 (only) were off-loaded by barge, stored in aboveground tanks, and distributed 
by trucks from a loading rack. The rail yard was located at the terminus of a major railroad and 
operated from the mid-1800s until the 1960s.   

Preliminary site assessments across the 13-acre site measured the concentrations of 16 priority 
pollutant PAHs (EPAPAH16) for 185 soil samples, which revealed regulatory exceedances of 
the cleanup standards in 74 soil samples at the site. Only 33 of these exceedances were due to 2- 
or 3-ring PAHs reasonably associated with gasoline, kerosene, or diesel/fuel oil #2; most 
exceedances were for high molecular weight, 4- to 6-ring PAHs in deeper soil intervals (>1 m). 
The study’s objective was to determine the sources of all PAHs detected in the soil samples, and 
specifically to distinguish PAHs derived from petroleum attributable to oil terminal operations 
(gasoline, kerosene, and diesel/fuel oil #2) versus nonpetroleum sources, potentially attributable 
to contaminated fill material and historical rail yard operations (for example, coal, coal ash, slag, 
and cinders).  

Of the 185 soil samples, 108 were analyzed for TPH and PAH, the latter using the expanded list 
of PAH analytes that included 44 parent and alkylated PAHs and aromatic thiaarenes. The 
GC/FID chromatograms acquired using USEPA Method 8015 and PAH histograms acquired 
using modified USEPA Method 8270 revealed variable fingerprints for hydrocarbons and PAHs 
among the site’s soils, including apparent mixtures. The PAH concentrations were evaluated 
using PCA (Section 7.2.1), which yielded the factor score plot shown in Figure 14-13. Three 
end-member sources of PAHs were recognized: pyrogenic fill, particulate coal, and light 
petroleum fuels. Based upon the PCA factor scores, many samples exhibited mixtures among 
these end-members.   

Pyrogenic fill was dominated by 4- to 6-ring PAHs with homologues exhibiting a skewed pattern 
(Figure 14-13), which is typical of pyrogenic sources (Section 7.3.1.2; Figure 7-2; (Blumer 
1976)[279]). Soils containing particulate coal were recognized by a broad range of PAHs with 
bell-shaped homologue profiles typical of petrogenic sources (Figure 7-2; (Blumer 1976)[279]). 
However, because no such broad-boiling petroleum was handled at the site (only light fuels), this 
pattern was attributed to coal particles, not petroleum. This conclusion was supported by visual 
and microscopic examination of the soil samples. Finally, some soil samples exhibited a strong 
dominance of 2-ring PAHs attributed to weathered gasoline, while others exhibited 2- and 3-ring 
PAHs, along with sulfur-containing dibenzothiophenes, each exhibiting bell-shaped homologue 
profiles typical of petroleum, specifically, in this case, diesel/fuel oil #2 (Figure 14-13).  

Subsequent spatial analysis of the PCA-based results revealed that the soil samples identified as 
containing petroleum were mostly located proximal to former oil terminal operations (truck rack 
and pipelines). Those soil samples containing particulate coal were widely distributed on the site 
but were most common in the shallower soil intervals (<0.6 m). Finally, those soil samples 
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containing pyrogenic fill also were widely distributed at the site, but these were found 
predominantly within deeper soil intervals (>1 m).   

The chemical fingerprinting results, when interpreted in light of the site’s operational history, 
were used to constrain the spatial extent of soil at the site that was impacted by spilled petroleum 
attributable to the former oil terminal operations. Coal was attributed to historic rail yard 
operations wherein coal was stockpiled and used as a locomotive fuel. Its impact was limited to 
shallower soils. PAHs contained within the pyrogenic fill were found to be the dominant source 
of PAHs detected in the site’s soils and owing to the abundance of high molecular weight PAHs 
present in the fill (Figure 14-13). These were largely driving the regulatory exceedances across 
the site and attributed to the infilling associated with the site’s historical dump operations.   

 

Principal component analysis (PCA) factor score plot (right) identifying three end-member 
PAH sources in the site soils, represented by PAH histograms (left). Note petroleum sources 
contain little 4- to 6-ring PAHs, which largely were responsible for regulatory exceedances at 
the site. Contaminated fill associated with historical landfilling resulted in an anthropogenic 

ambient background for this site. 

Figure 14-13. Principal component analysis (PCA) factor score plot. 

Source: Stout (unpublished). 
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FRAMEWORKS  

Three frameworks are provided to depict the process generally discussed in this document for establishing default and site-specific soil 
background and using background in risk assessment: 

• Framework 1 depicts the process for establishing default soil background 

• Framework 2 depicts the process for establishing site-specific soil background 

• Framework 3 depicts the process for using soil background in risk assessment  

The process outlined in the frameworks can vary based on a specific situation and the regulatory agency providing oversight. Geochemical 
evaluations and environmental forensics can be used in any step of the process. Users are encouraged to review the referenced sections of this 
document for details on the elements of the process described in the frameworks. 
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Framework 1. Establishing Default Soil Background 
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Framework 2. Establishing Site-Specific Soil Background 
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Framework 3 Using Soil Background in Risk Assessment
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Appendix A. UPPER LIMITS USED TO ESTIMATE BACKGROUND THRESHOLD 
VALUES 

The USEPA has issued several comprehensive documents dealing with calculating upper limits 
to compute BTV estimates ((USEPA 2002)[131], (USEPA 2002)[154], (USEPA 2006)[192], 
(USEPA 2009)[198], (USEPA 2015)[197]) based upon a background dataset. However, there is 
no general consensus among practitioners about the statistic (upper limits) that should be used to 
estimate a BTV. For the sake of a typical reader and completeness, a brief description of upper 
limits (with interpretation), including upper percentiles, UPLs, UTLs, and USLs, used to 
estimate BTVs is provided in this appendix. Mathematical details and formulae to compute these 
statistics for datasets with and without NDs are given in ProUCL 5.1 Technical Guide. In the 
following the background population is also referred as the target population.  

Upper percentile: A value, based on the data, below which a selected percentage (for example, 
95%) of the data points will fall. In comparison with other BTV estimates (for example, UTL 95-
95), the use of the 95th percentile yields a higher number of false positives, resulting in 
potentially unnecessary cleanup decisions, especially when many observations coming from a 
population (comparable to the background population) are compared with the sample percentile, 
p0.95.  

Upper prediction limits (UPL): Let UPL95 represent a 95% UPL for a future/next observation. 
One is 95% sure that a single future value from the target (background) population will be less 
than or equal to the UPL95 with a confidence coefficient of 0.95 (95%). If an on-site value, 
x_onsite, is less than the UPL95, it may be concluded that x_onsite comes from the background 
population with a CC of 0.95. A UPL95 is not meant to be used to perform more than one future 
comparison.  

However, in practice, users tend to use a UPL95 for many future comparisons, which results in a 
higher number of false positives (locations declared contaminated when in fact they are clean). 
When k (>1) future comparisons are made with a UPL95, some of those values will exceed 
UPL95 just by chance, each with a probability of 0.05. For proper comparison, UPLs need to be 
computed according to the number, k, of comparisons that will be performed. For details refer to 
ProUCL 5.1 Technical Guide.  

Upper tolerance limit (UTL): A UTL (1-α)-p (for example, UTL 95-95) based upon an 
established background dataset represents that limit such that p% (for example, = 95%) of the 
sampled data will be less than or equal to that limit with a CC equal to (1-α) * 100% (for 
example, =95%). A UTL (1-α)-p represents a (1–α) * 100% upper confidence limit for the pth 
percentile of the underlying background population. It is expected that at least p% of the 
observations coming from the background population will be less than or equal to the UTL (1-α)-
p with a CC equal to (1-α) * 100%. Specifically, a UTL 95-90 represents an upper tolerance limit 
providing coverage to at least 90% of the observations of the target population with CC=95%.  

A UTL 95-90 assumes that as much as 10% of the observations can exceed the background UTL 
95-90 when site concentrations are not different from the background population, and a UTL 95-
90 can declare 10% of the observations coming from the background population as not coming 
from the background population just by chance, with a probability of 0.95. A UTL is used when 



ITRC–Soil Background and Risk Assessment    January 2022 Final 

 

231 

many comparisons are planned. For a UTL 95-90, 10 exceedances per 100 comparisons (of 
background values) can result just by chance for an overall CC of 0.95. The number (and not 
percentage) of false positives can become large when many values from the target population are 
compared with a UTL.  

Upper simultaneous limit (USL): A (1 – α) * 100% USL based upon an established background 
dataset is meant to provide simultaneous coverage for all sample observations in the background 
dataset (Singh and Nocerino 1995)[416] with probability (1-α). It is expected that all 
observations (present and future) belonging to the target (background, comparable to 
background) population will be less than or equal to a 95% USL (USL95) with a CC=0.95.  

Like a UTL, a USL is used when any number (small or large) of on-site observations are 
compared with a BTV estimate. Unlike a UTL, a USL does not assume a priori that a certain 
percentage of background observations may not belong to the background population. 
Depending upon the variability of the background data, some of these statistics (for example, 
USL95, UTL 95-95) may exceed the largest value in the background dataset. To account for data 
variability of all sampled and unsampled locations, critical values associated with a USL95 
increase as the sample size increases.  
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Appendix B. INDEX PLOTS 

An index plot based upon a dataset, x1, x2, ..., xn of size n represents a scatter plot obtained by 
plotting n pairs. An index plot represents a visual way of identifying intermediate and extreme 
outliers potentially present in a mixture on-site dataset. The data values need not be ordered in 
any way. The generation of index plots does not require any distributional assumptions and the 
availability of spatial data (x, y coordinates; latitude and longitude) associated with sampled 
locations. Since an index plot represents a scatter plot, any software equipped to generate a 
scatter plot can be used to generate an index plot.  

For clarity and usefulness of an index plot, one may want to order data by their population 
identification (ID) codes (for example, AOC1, AOC2...) (where AOC=area of concern) in the 
generation of an index plot as shown in Figure B1. On an index plot, observations from the 
various groups, including AOCs and an extracted background (for example, labeled as bk-extrct) 
data, are color-coded, where different colors represent different groups (AOCs). To avoid the 
distortion of the scale of an index plot, ND observations with elevated detection limits (DLs) 
may not be displayed on the index plot. An index plot can be formalized by drawing horizontal 
lines at one or more BTV estimates (for example, USL95, UTL 95-95), or at a prespecified 
regional cleanup level meant to compare individual on-site concentrations. The use of such index 
plots (Figures B1 and B2) comparing background (original or extracted) and the remaining on-
site data (not included in extracted background data) may help the site managers in quickly 
identifying site AOCs and in making cleanup and remediation decisions at those AOCs.  

Figure B1 contains a color-coded index plot of the surface soil arsenic (prior to background 
extraction) dataset used in Section 3.9.5. It exhibits data of the AOCs and the existing 
background (labeled as bk) with a horizontal line displayed at a BTV estimate. Figure B2 has the 
similar index plot comparing the extracted background dataset (shown in blue) to the remaining 
contaminated AOCs concentrations. 
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Horizontal line displayed at the BTV estimate =15.1 mg/kg. 

Figure B1. Index plot comparing surface soil arsenic concentrations of the existing 
background (bk) and various AOCs (prior to background extraction). 

Source: Anita Singh, ADI-NV Inc. 

 
Horizontal lines displayed at the BTV estimate, 15.1 mg/kg, and the largest nondetect value, 4.5 mg/kg. 

Figure B2. Index plot comparing surface soil arsenic concentrations of the extracted 
background (bk-extrct) and the remaining AOCs (not included in bk-extrct). 

Source: Anita Singh, ADI-NV Inc.

Site AOCs (a7, a11, a12, s1, 
s2, s4) Exceeding BTV 
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Appendix E. GLOSSARY 59 

A 
 60 

Anthropogenic ambient soil background—Amount of a substance, or family of closely related 61 
substances (for example, similar element species or similar compounds), present in soil due to 62 
anthropogenic nonpoint sources or due to their ability to be transported long distances. This is 63 
potentially most relevant to some recalcitrant organics, such as polycyclic aromatic hydrocarbons 64 
(PAHs) and 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) that can be present in soil at low 65 
concentrations not because of local anthropogenic sources, but because of their persistence, their 66 
ubiquity, or their ability to be transported long distances. Additionally, this could be relevant to 67 
metals with a widespread urban source, such as the historical association of lead with vehicle 68 
emissions or long-distance transport of mercury.  69 

B 
 70 

Background breakpoint (BP)—A point in the pooled dataset determined by using iterative 71 
normal Q-Q plots in untransformed raw scale. A background BP distinguishes uncontaminated 72 
and contaminated site locations.  73 

Background reference area - The area identified as appropriate for collection of samples used to 74 
ultimately determine a soil background concentration or range. 75 

Background threshold value (BTV)—A background population parameter representing some 76 
upper threshold, such as a 95th percentile or a 99th percentile of the distribution of the background 77 
population. Though this background parameter is not specifically defined in USEPA documents, 78 
USEPA guidance documents ((USEPA 2002)[131], (USEPA 2002)[154], (USEPA 2006)[192]) 79 
describe several methods to estimate this background parameter. For example, in computing a 95-80 
95 UTL based upon a background dataset, you are estimating the 95th percentile of the background 81 
population. Some details about BTVs are described in Appendix A.    82 

BTV estimate—Statisical limits such as UPLs, UTLs, and USLs represent estimates of a BTV. 83 
BTV estimates are computed based upon a background dataset.  84 

 C 
 85 

Chemicals of potential concern (COPC)—In a risk assessment, a substance detected at a 86 
hazardous waste site that has the potential to affect receptors adversely due to its concentration, 87 
distribution, and mode of toxicity (USEPA 1997)[272]. COPC are generally categorized 88 
operationally, based on how they are measured in the analytical laboratory. “Inorganic” COPC 89 
generally address metals, elements, and unique inorganic compounds such as perchlorate. 90 
“Organic” COPC include VOCs (such as acetone, benzene, and trichloroethylene), semivolatile 91 
organic compounds (such as chlorophenols, chlorobenzenes, and phthalate esters), pesticides 92 
(such as atrazine, DDT, toxaphene), PCBs, and polychlorinated dibenzodioxin and 93 
dibenzofurans. 94 
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Conceptual site model (CSM)—Iterative representation of the site that summarizes and helps 95 
project planners visualize and understand available information. The CSM is the primary 96 
planning and decision-making tool used to identify the key issues and the data necessary to 97 
transition a project from characterization through post-remedy. 98 

D 99 

Default soil background—Established by regulatory agencies for a larger area (for example, a 100 
state, a region, or a unique geological area) that generally shares similar physical, chemical, 101 
geological, and biological characteristics. Since default soil background is intended to be used to 102 
evaluate a large number of sites, it is generally established to be on the conservative side. Default 103 
soil background can be established for both natural and anthropogenic ambient soil background 104 
concentrations.  105 

E 
 106 

Environmental forensics—A well-established discipline that considers scientific and 107 
nonscientific information to interpret the potential sources and ages of certain chemical 108 
compounds detected at a site, typically at anomalous concentrations. 109 

Established background dataset—In this report, a dataset (traditional existing or extracted), 110 
agreed upon by all parties to be used as a background dataset.  111 

Existing/traditional background dataset—A dataset containing COPC concentrations of 112 
samples collected from uncontaminated off-site locations collected using USEPA policy 113 
guidelines described in USEPA documents (e.g., (USEPA 1989)[130], (USEPA 1992)[249], 114 
(USEPA 1992)[250], (USEPA 2002)[131], (USEPA 2002)[154]).  115 

Extracted background dataset/sitewide anthropogenic extracted background dataset—116 
Dataset consisting of all observations (detects and NDs) less than or equal to the background BP 117 
of the pooled dataset. Note that this definition is specific to this document; background datasets 118 
derived per agency guidelines are not required to have background BPs or be strictly 119 
nonoverlapping with contaminated data.   120 

 F 
 121 

 122 

 G  123 

Graphical display—A graphical representation of data displaying data points with their group 124 
identification as well as statistics (for example, UTL, USL) of interest. 125 

H 
 126 
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 127 

I  128 

Index plot—An index plot displaying data points with group identification as well as horizontal 129 
lines displayed at BTV estimates of interest, such as UPL, UTL, or USL. 130 

J 131 

 132 

K 
 133 

L 
 134 

Limit of detection (LOD)—The measure of an analytical method to detect the presence of an 135 
analyte with a 99% level of confidence. 136 

M 
 137 

Method detection limit (MDL)—The minimum measured concentration that can be reported 138 
with 99% confidence that the measured concentration is distinguishable from method blank 139 
results (USEPA 2015)[197]. 140 

N 
 141 

Natural soil background—The concentration of a substance, or family of closely related 142 
substances (for example, similar element species or similar compounds) present in soil due to 143 
geological characteristics, natural processes, or releases from nonanthropogenic sources (for 144 
example, wildfires, volcanic activity). Natural soil background does not include releases from 145 
local anthropogenic sources, releases from distant anthropogenic sources of persistent chemicals 146 
(due to their ability to be transported long distances), or other anthropogenic sources of 147 
ubiquitous or widespread contamination. Natural soil background is potentially one of the 148 
broadest applicable definitions, in that natural background for certain chemicals has been 149 
established statewide or over a large geographic area provided the geological formations are 150 
conserved. 151 

Normal Q-Q plot/probability plot—A graphical method for comparing an empirical dataset (y-152 
axis) to a theoretical normal distribution (x-axis). Each point is the cartesian coordinates of the 153 
theoretical quantile and the ordered (in ascending order) empirical data. A normal probability plot 154 
(Chambers et al. 1983)[46] is generated similarly. The two plots—normal Q-Q plot and probability 155 
plot—are used to address the same objectives (for example, (Chambers et al. 1983)[46], (Reimann, 156 
Filzmoser, and Garrett 2005)[62]). These graphs are often used as exploratory tools to determine: 157 
data skewness, data variability, data distribution tails, outliers, and the presence of more than one 158 
population in the dataset.   159 
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O 160 

Oxyanion—An ion that is negatively charged and contains oxygen. 161 

P 162 

Petrogenic—Chemicals derived directly from fossil fuels (crude oil, refined petroleum, or coal). 163 
Most common use is in reference to petrogenic PAHs derived from natural heating of fossil fuels 164 
in the earth over geologic time. 165 

Pooled/mixture/broader dataset—A pooled dataset consists of observations collected from on-166 
site AOCs and operating units. The pooled dataset may also consist of observations of a traditional 167 
background dataset (when available).  168 

Pyrogenic—Chemicals produced during the processes of heating, such as combustion and 169 
carbonization. Most common use is in reference to pyrogenic PAHs derived from the 170 
anthropogenic thermal decomposition of organic matter (oil, coal, or biomass). 171 

Q-Q plot—A quantile-quantile (Q-Q) plot displaying goodness of fit test statistics and other 172 
descriptive statistics, including the correlation coefficient, mean, and standard deviation. 173 

R  174 

 175 

S 
 176 

Site-specific background population—A population consisting of areas/locations 1) not 177 
impacted by site-related activities and releases; 2) influenced by non-site-related anthropogenic 178 
releases (if any) comparable to those of the site; and 3) with natural variability and geological 179 
properties comparable to the site. 180 

Site-specific soil background—The concentration of a substance established for a specific site to 181 
compare to that one site’s data to estimate if site concentrations may reflect background. This 182 
requires collection of data representative of the site’s natural and/or anthropogenic ambient 183 
background that has similar physical, chemical, geological, biological, and ecological 184 
characteristics and land use as the site being evaluated. Depending on the project goal, it may also 185 
be necessary to include other anthropogenic sources, such as municipal or industrial outfalls and 186 
urban runoff, that are influencing chemical concentrations at the site being evaluated. 187 

Skewness—A measure of the lack of radial symmetry in a distribution about the mean.  188 

Soil—For purposes of this document, the unconsolidated material present at ground surface and 189 
extending down to solid rock. 190 



ITRC–Soil Background and Risk Assessment    January 2022 Final 

 

244 

Soil background—Includes both natural soil background and anthropogenic ambient soil 191 
background. At some locations, the unconsolidated material may have formed in place from the 192 
underlying bedrock or associated with material that was transported to the location.  193 

 194 

T 195 

 196 

U 197 

 198 

V 
 199 

 200 

W 201 

 202 

X 203 

 204 

Y 205 

 206 

Z 
 207 

 208 
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Appendix F. ACRONYMS 209 

AES  atomic emission spectroscopy 210 
AFFF  aqueous film forming foam 211 
AOC  area of concern 212 
ATV  all-terrain vehicle 213 
BOC  biogenic organic compounds 214 
BP  breakpoint 215 
BTV  background threshold value  216 
CERCLA Comprehensive Environmental Response, Compensation, and Liability Act 217 
CMB  chemical mass balance 218 
COPC  chemicals of potential concern 219 
CRAN  Comprehensive R Archive Network 220 
CSM  conceptual site model  221 
CVAA  cold vapor atomic absorption 222 
DL  detection limit 223 
DQO  data quality objectives 224 
DU  decision units 225 
ECR  excess lifetime cancer risk 226 
EPC  exposure point concentration  227 
FID  flame ionization detection  228 
FSAP  field sampling and analysis plan 229 
GC/ECD gas chromatography/electron capture detector  230 
GC/FID gas chromatography/flame ionization detector 231 
GC/MS gas chromatography/mass spectrometry 232 
GIS  geographic information system 233 
HI  hazard index 234 
HQ  hazard quotient 235 
HRGC/HRMS high-resolution gas chromatography/high-resolution mass spectrometry  236 
ICP  inductively coupled plasma 237 
ICP/AES inductively coupled plasma/atomic emission spectroscopy 238 
ICP/MS inductively coupled plasma/mass spectrometry 239 
IELCR  incremental excess lifetime cancer risk 240 
ISM  incremental sampling methodology 241 
ISO  International Organization for Standardization 242 
KM  Kaplan-Meier method 243 
LOC  levels of chlorination 244 
LOD  limit of detection 245 
MDL  method detection limit 246 
MLE  maximum likelihood estimation 247 
MPCA  Minnesota Pollution Control Agency 248 
MS  mass spectrometry 249 
ND  nondetect 250 
NELAC National Environmental Laboratory Accreditation Conference 251 
NOM  naturally occurring materials 252 
OCP  organochlorine pesticides 253 
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OSWER Office of Solid Waste and Emergency Response 254 
PAH  polycyclic aromatic hydrocarbons 255 
PCA  principal component analysis 256 
PCB  polychlorinated biphenyls 257 
PCDD  polychlorinated dibenzodioxins  258 
PCDD/F polychlorinated dibenzo-p-dioxins and dibenzofurans  259 
PCDF  polychlorinated dibenzofurans 260 
PMF  positive matrix factorization 261 
QA  quality assurance 262 
QA/QC quality assurance/quality control 263 
QAPP  quality assurance project plan 264 
QC  quality control 265 
QL  quantitation limit 266 
RARE  Regional Applied Research Efforts 267 
RCRA  Resource Conservation and Recovery Act 268 
RL  reporting limit 269 
ROS  regression on order statistics 270 
RSL  regional screening level 271 
SAP  sampling and analytical plan 272 
SBR  soil background and risk assessment 273 
SIM  selected ion monitoring 274 
SRV  soil reference values 275 
SU  sampling units 276 
TCDD  total tetrachlorodibenzo-p-dioxin 277 
TEF  toxicity equivalency factor 278 
TEQ  toxicity equivalent 279 
TPH  total petroleum hydrocarbons 280 
UCL  upper confidence limit 281 
UPL  upper prediction limit 282 
USEPA United States Environmental Protection Agency 283 
USGS  United States Geological Survey 284 
USL  upper simultaneous limit 285 
UTL  upper tolerance limit 286 
VOC  volatile organic compound 287 
VSP  Visual Sample Plan 288 
XRF  x-ray fluorescence 289 
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