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1. Scope

1.1 This guide focuses on the approach for determination of
representative sediment background concentrations used for
remedial actions performed under various regulatory programs,
including the Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA). Although many
of the references cited in this guide are CERCLA oriented, the
guide is applicable to remedial actions performed under local,
state, federal, and international cleanup programs. However,
the guide does not describe requirements for each jurisdiction.
The requirements for the regulatory entity under which the
cleanup is performed should be reviewed to confirm compli-
ance.

1.2 This guide provides a framework, including specific
statistical and geochemical considerations, as well as case
studies, demonstrating the approach to determine representa-
tive sediment background concentrations. This guide is in-
tended to inform, complement, and support, but not supersede,
local, state, federal, or international regulations.

1.2.1 This guide does not address methods and means of
data collection (Guide E3163, Guide E3164.)

1.2.2 This guide is designed to apply to contaminated
sediment sites where sediment data have been collected and are
readily available. Additionally, this guide assumes that risk
assessments have been performed, so that the contaminants/
chemicals of interest that exceed risk-based thresholds have
been identified.

1.2.3 Furthermore, this guide presumes that risk-based
thresholds identified are low enough to pose corrective action
implementation challenges, and/or the site is subject to recon-
tamination from ongoing anthropogenic and/or natural sources
that are not controlled. In both cases, representative sediment
background concentrations will be useful for determining the
extent of corrective remedial actions (when used as remedial
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goals), evaluating risks posed by representative background
concentrations, and establishing appropriate post-remedial
monitoring plans.

1.3 Units—The values stated in SI units are to be regarded
as standard. No other units of measurement are included in this
standard.

1.4 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety, health, and environmental practices and deter-
mine the applicability of regulatory limitations prior to use.

1.5 This international standard was developed in accor-
dance with internationally recognized principles on standard-
ization established in the Decision on Principles for the
Development of International Standards, Guides and Recom-
mendations issued by the World Trade Organization Technical
Barriers to Trade (TBT) Committee.

2. Referenced Documents

2.1 ASTM Standards:*

D6312 Guide for Developing Appropriate Statistical Ap-
proaches for Groundwater Detection Monitoring Pro-
grams at Waste Disposal Facilities

D7048 Guide for Applying Statistical Methods for Assess-
ment and Corrective Action Environmental Monitoring
Programs

E178 Practice for Dealing With Outlying Observations

E1689 Guide for Developing Conceptual Site Models for
Contaminated Sites

E3163 Guide for Selection and Application of Analytical
Methods and Procedures Used during Sediment Correc-
tive Action

E3164 Guide for Sediment Corrective Action — Monitoring

3. Terminology
3.1 Definitions:

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service @astm.org. For Annual Book of ASTM

Standards volume information, refer to the standard’s Document Summary page on
the ASTM website.
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3.1.1 anthropogenic background, n—natural and human-
made substances present in the environment as a result of
human activities, not specifically related to the site release in
question. (1)*

3.1.2 arithmetic mean, n—a measure of central tendency
that is the sum of observed values in the sample divided by the
sample size.

3.1.3 distribution, n—in statistics, a set of all values that
individual observations may acquire and the frequency of their
occurrence in the sample or population.

3.1.4 false negative error, n—also known as “Type II” error.
For the purposes of this guide, in site versus background
comparisons, the error that occurs when the statistical proce-
dure does not indicate concentrations above background, when
such concentrations are present.

3.1.5 false outlier, n—measurements that are very large or
small relative to the rest of the data, but represent true extreme
values of a distribution and indicate more variability in the
population than was expected. (2)

3.1.6 false positive error, n—also known as “Type I” error.
For the purposes of this guide, in site versus background
comparisons, the error that occurs when the statistical proce-
dure indicates concentrations above background, when such
concentrations are not present.

3.1.7 high nondetect, n—a nondetect concentration that
resides in the upper decile of the analyte’s distribution (that is,
above the 90™ percentile of the data set).

3.1.8 median, n—in statistics, the value below which 50 %
of a sample or population falls.

3.1.9 nonparametric, adj—a term referring to a statistical
technique in which the distribution of the constituent in the
population is unknown and is not restricted to be of a specified
form (Guide D7048).

3.1.10 outlier, n—see outlying observation.

3.1.11 outlying observation, n—an extreme observation in
either direction that appears to deviate markedly in value from
other members of the sample in which it appears (Practice
E178).

3.1.12 parametric, adj—a term referring to a statistical
technique in which the distribution of the constituent in the
population is assumed to be known (Guide D7048)

3.1.13 probability plot, n—a plot of ascending observations
in a sample, versus their corresponding cumulative
probabilities, based on a specified distribution function.

3.1.14 representative background concentrations, n—a
chemical concentration that is inclusive of naturally occurring
sources and anthropogenic sources, similar to those present at
a site, but not related to site releases and site-related activities
(Guide E3164).

3.1.15 sample, n—in statistics, a group of observations
taken from a population that serve to provide information that
may be used as a basis for making a decision concerning the
population.

3 The boldface numbers in parentheses refer to a list of references at the end of
this standard.

3.1.16 sample size, n—in statistics, the number of observa-
tions or measurements in the sample.

3.1.17 sediment(s), n—a matrix of pore water and particles
including gravel, sand, silt, clay and other natural and anthro-
pogenic substances that have settled at the bottom of a tidal or
nontidal body of water (Guide E3163).

3.1.18 significance, n—in statistical hypothesis testing, the
probability of the test rejecting the null hypothesis, when the
null hypothesis is actually true.

3.1.19 tolerable error rate, n—the specified maximum ac-
ceptable error rate set by the decision maker.

3.1.20 true outlier, n—measurements that are very large or
small relative to the rest of the data, but are a result of
transcription errors, data-coding errors, or measurement system
problems. (2)

3.1.21 upper confidence limit (UCL), n—an upper limit of
an estimated value, such as the mean, that has a specified
probability of including the true value, with a specified
confidence level.

3.1.22 upper percentile, n—the value below which a speci-
fied percentage of observed values falls.

3.1.23 upper prediction limit (UPL), n—the value below
which a specified number of future independent measurements
will fall, with a specified confidence level.

3.1.24 upper tolerance limit (UTL), n—the value below
which a specified percentage of observed values falls, with a
specified confidence level.

3.2 Definitions of Terms Specific to This Standard:

3.2.1 background reference areas, n—for the purposes of
this guide, sediment areas that have similar physical, chemical,
geological, biological, and land-use characteristics as the site
being investigated, but are not affected by site-related releases
and/or activities.

3.2.2 background threshold value (BTV), n—for the pur-
poses of this guide, a measure of the upper limit of represen-
tative background concentrations.

3.2.3 cleanup level, n—for the purposes of this guide, the
prescribed average or point sediment concentration of a chemi-
cal that shall not be exceeded at the remediated site.

3.2.4 conceptual site model (CSM), n—for the purposes of
this guide, the integrated representation of the physical and
environmental context, the complete and potentially complete
exposure pathways and the potential fate and transport of
potential contaminants of concern at a site.

3.2.4.1 Discussion—The CSM should include both the cur-
rent understanding of the site and an understanding of the
potential future conditions and uses for the site. It provides a
method to conduct the exposure pathway evaluation, inventory
the exposure pathways evaluated, and determine the status of
the exposure pathways as incomplete, potentially complete, or
complete.

3.2.5 population, n—for the purposes of this guide, in
statistics, a comprehensive set of values consisting of all
possible observations or measurements of a certain phenom-

enon from which a sample is to be raocuments
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3.2.6 potential contaminant of concern (PCOC), n—for the
purposes of this guide, a contaminant whose sediment concen-
trations at the site may exceed applicable screening levels; this
includes chemicals of potential environmental concern
(COPECs) and chemicals of potential concern (COPCs).

3.2.7 reference element, n—for the purposes of this guide, a
major element that represents the mineral to which a trace
element may be adsorbed.

3.2.8 trace element, n—for the purposes of this guide, an
element defined as generally being present at less than 0.1
weight percent in the sediment sample; its natural concentra-
tions are typically one or more orders of magnitude lower than
those of the reference elements.

4. Significance and Use

4.1 Intended Use: This guide may be used by various parties
involved in sediment corrective action programs, including
regulatory agencies, project sponsors, environmental
consultants, toxicologists, risk assessors, site remediation
professionals, environmental contractors, and other stakehold-
ers.

4.2 Related ASTM Standards: This guide is related to Guide
E3164, which addresses corrective action monitoring before,
during, and after sediment remediation activities; as well as
Guide E3163, concerning sediment analytical techniques used
during sediment programs.

4.3 Use of Representative Background to Set a Boundary:
Representative background concentrations for sediments can
be used to delineate a sediment corrective action, establishing
the boundary of the sediment corrective action by distinguish-
ing site-related impacts from representative background con-
centrations.

4.4 Use of Representative Background to Establish Cleanup
Levels: Representative background concentrations for sedi-
ments can also be used to establish cleanup levels for use in
sediment corrective actions. In cases where risk-based sedi-
ment cleanup levels are below representative background
concentrations, background concentrations are typically used
as the cleanup level. This ensures that the cleanup levels are
sustainable. Any recontamination from ongoing sources will
eventually result in surface sediment concentrations greater
than the risk-based cleanup level, but the surface sediment
should still meet a cleanup level based on representative
background concentrations, even after recontamination.

4.5 Use of Representative Background in Risk Assessments:
Representative background concentrations can be used in the
risk assessment process (including human and ecological risk
assessments) to understand risks posed by background levels of
contaminants to human health and the environment, and the
incremental risks posed by site-related releases and/or activi-
ties that result in sediment concentrations that exceed repre-
sentative background concentrations. Conversely, they can be
used to estimate the risk reduction for various contaminants, if
sediment is remediated from existing PCOC concentrations to
lower values (that is, representative background concentra-
tions).

4.6 Use of Representative Background in Long-Term Moni-
toring Programs: Long-term monitoring programs can also use
representative background concentrations in sediment, either
as a corrective action target or to understand how post-
corrective action concentrations compare to sources not attrib-
utable to site releases and/or activities. Typically, source
control actions taken to ensure that site-related releases are
controlled and will not re-contaminate the post-corrective
action sediments must be developed based on an understanding
of ongoing contributions from representative background.
Ongoing sources not related to site-related releases and/or
activities (that may or may not be subject to source control
actions) must be considered in this evaluation.

4.7 Importance of the CSM: The users of this guide are
encouraged to continuously update and refine the CSM used to
describe the physical properties, chemical composition and
occurrence, biologic features, and environmental conditions of
the sediment corrective action project (Guide E1689).

4.8 Reference Material: This guide should be used in
conjunction with other reference material (refer to Section 2
and References at the end of this guide) to direct the user in
developing and implementing sediment corrective action pro-
grams.

4.9 Flexible Site-Specific Implementation: This guide pro-
vides a systematic, but flexible, framework to accommodate
variations in approaches by regulatory agencies and by the user
based on project objectives, site complexity, unique site
features, regulatory requirements, newly developed guidance,
newly published scientific research, changes in regulatory
criteria, advances in scientific knowledge and technical
capability, and unforeseen circumstances.

4.10 Systematic Project Planning and Scoping Process:
When applying this guide, the user should undertake a system-
atic project planning and scoping process to collect information
to assist in making site-specific, user-defined decisions for a
particular project, including assembling an experienced team
of project professionals (that is, experienced practitioners
familiar with current sediment site characterization and reme-
diation techniques, as well as geochemistry, and statistics).
These practitioners should have the appropriate expertise to
scope, plan, and execute a sediment data acquisition and
analysis program. This team may include, but is not limited to,
project sponsors, environmental consultants, toxicologists, site
remediation professionals, analytical chemists, geochemists,
and statisticians.

5. Importance of Representative Background

5.1 At many sediment sites, multiple sources may contrib-
ute to the nature and extent of contamination. The largest
contribution of contamination at sediment sites is typically
attributed to site releases and/or activities. However, contami-
nation can also result from natural and ongoing anthropogenic
sources not related to site releases and/or activities. Discharges
from combined sewer overflows (CSOs), industrial outfalls,
surface runoff, and/or storm sewer systems (municipal and
private) are examples of ongoing anthropogenic sources that
may be unrelated to site releases and/oLA@ICRAIN ents
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5.2 The off-site contamination not associated with site
releases and/or activities is considered a component of repre-
sentative background concentrations and will continue to be a
source of contamination to the site, unless all transport path-
ways are eliminated. A primary objective of determining
representative background concentrations is to account for any
background chemical input (both natural and anthropogenic)
that is expected to continue migrating onto the site. It is
recognized that one of the important principles for manage-
ment of contaminated sediment sites is the control of sources of
contamination, to the greatest extent practicable, prior to the
initiation of corrective actions at the subject site (for example,
see (3, 4)). However, it is rarely practicable to control all
background sources.

5.3 Technically defensible representative background con-
centrations are those that accurately reflect chemical inputs to
a site from natural and ongoing anthropogenic sources unre-
lated to site releases and/or activities. In addition to informing
or establishing cleanup levels, representative background con-
centrations can assist in determining site boundaries, identify-
ing PCOCs, establishing and optimizing realistic long-term
monitoring plans, and assessing the performance of corrective
actions.

5.4 In the absence of representative background
concentrations, risk-based cleanup levels may be used inappro-
priately at sites where representative background concentra-
tions are actually greater than the risk-based cleanup levels.
Similarly, if the representative background concentrations have
been erroneously calculated (for example, by the inappropriate
exclusion of some outlier data points [false outliers], refer to
Section 11), inappropriately low cleanup goals could be used in
the corrective action evaluation process. Under both
circumstances, sites will eventually return to representative
background concentrations after corrective actions are com-
pleted and cleanup goals will be exceeded. Due to exceedances
of the inappropriately low cleanup goals, the corrective actions
would be perceived as failures.

5.5 Attempting to implement corrective actions to achieve
concentrations less than representative background is not
sustainable over the long-term and can require considerable
expenditures that serve no environmental or public health
purpose. The process described in this guide (refer to Section
6) is intended to help promote a scientifically sound approach
for establishing representative background concentrations,
leading to corrective action decisions that avoid costly per-
ceived corrective action failures at sediment sites.

6. Overview of the Process

6.1 As shown in Fig. 1, to determine representative back-
ground concentrations, a thorough understanding of a site is
necessary. This can be accomplished by developing a CSM
(see Guide E3164, Appendix X2) that informs the selection of
the background reference area(s) where data collection will
occur. Additionally, the site PCOCs must be identified.

6.2 Representative background concentrations are typically
derived in two ways: (/) collecting sediment samples in
background reference areas that have characteristics as similar

as possible to that of the site (based on a preliminary CSM for
the site), and/or (2) extracting representative background
concentrations from the site data from portions of the site that
have been unaffected by site releases and/or activities.
Additionally, under certain circumstances (/) and (2) can be
combined to derive representative background concentrations.
Sections 8 and 9 provide additional information concerning the
collection and extraction of representative background concen-
trations. Appendix X1 provides a simple case study illustrating
the selection of representative background areas.

6.3 Once the preliminary CSM has been developed, back-
ground reference area(s) can be identified for sampling (refer to
Section 8).

6.4 When analytical data are available—either by collecting
new data or by extricating data from the existing site data
set—data can be visualized with a variety of techniques.
Section 10 describes several types of graphical methods that
aid in statistical and geochemical evaluations of the data.

6.5 Evaluation of outliers is performed to identify statistical
outlying observations in the candidate background data set, as
further discussed in Section 11.

6.6 Chemical and geochemical processes that influence the
concentrations of elements in sediment are also considered
when identifying a representative background data set, evalu-
ating statistical outliers, and comparing analyses of site versus
background samples. The use of geochemical evaluation is
discussed in Sections 7 and 12.

6.7 As described in Section 13, the identification of repre-
sentative background data should include the screening of
high-nondetect values, outlier testing, consideration of impacts
from organic contaminants, and geochemical evaluation of
metals concentrations.

6.8 As described in Section 14, once a technically sound
background data set has been obtained, representative back-
ground concentration values can be calculated by a number of
methods and applied for a variety of uses.

7. Chemical and Geochemical Considerations

7.1 Identifying representative sediment background
concentrations, to include in a background data set, is typically
an iterative process. The goal is to maximize the likelihood of
obtaining a final data set that contains a wide range of
representative background concentrations and that captures the
natural and anthropogenic variance in the data set, without
biasing the data by including “true outliers” (3.1.20 and 11.4),
excluding “false outliers” (3.1.5 and 11.4), or including “high-
nondetect” values (3.1.7 and 13.1.1) in the background data
set. The resulting background data set is less likely to yield
erroneous conclusions when used for statistical and geochemi-
cal comparisons to site data. The analytes that are the focus of
the background study should be understood and evaluated with
respect to their source(s) and potential site-related impacts. The
screening steps of 13.1 include consideration of geochemistry,
as well as consideration of other characteristics of the candi-
date background samples, such as laboratory reporting limits

and qualifiers. DOC uments
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Model and Potential Contaminants of Concern

Y
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Background Reference Area(s)
(Appendix X1)

Y

Collection of Data from Representative
Background Reference Areas
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Extraction of Representative Background
Data Sets from Site Data

(Sections 8 and 9)

\

Data Visualization
(Section 10)
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Evaluation of Qutliers
(Section 11)
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Identification of Representative
Background Data Set
(Section 13)

Y

Computation of Representative
Background Concentration Values
(Section 14)

el N Chemical and
Geochemical

o Evaluations
(Sections 7 and 12)

FIG. 1 Overview of the Process

7.2 Organic Compounds:

7.2.1 Background studies may focus on one or more groups
of organic compounds that can be pervasive in the
environment, typically at low concentrations. They include
polycyclic aromatic hydrocarbons (PAHs) and polychlorinated
dibenzo-p-dioxins and dibenzofurans (PCDD/F), which can
have both natural and anthropogenic sources; and pesticides
and polychlorinated biphenyls (PCBs), which are solely from
anthropogenic sources (5, 6, 7).

7.2.2 Different sources of PAHs have different proportions
of individual PAH compounds. These proportions provide a
signature, or “fingerprint,” that can be used to examine the
PAH data on a sample-by-sample basis. Selected PAH com-
pound ratios (for example, fluoranthene/pyrene) reflect the
thermal stability of related isomers, and they can be examined
to distinguish pyrogenic and petrogenic sources, among other
forensic uses (Appendix X2; also see Appendix A of (8)).

Normalized ratios (for example, anthracene/
[anthracene+phenanthrene]), visualized using double-ratio
plots, can be a powerful technique for PAH data evaluation (9).

7.2.3 PAH, PCB, and PCDD/F data are well suited for
evaluation using the “FALCON” fingerprinting approach de-
scribed in (10). FALCON is a simple method that is suitable for
limited data sets; more sophisticated (but more complicated)
methods for exploratory data analysis of organic compounds
can also be used. For example, multi-component mixtures are
amenable to compositional analysis via a number of different
multivariate data analysis techniques (5, 11). All of these
methods allow the investigator to identify samples that have
ratios or fingerprints that differ from those of other samples and
that might not represent ambient background conditions. For
example, a background sediment sample that possesses rela-
tively high PAH concentrations that also exhibits PAH ratios
identical to those of the other backgromowmentQS
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may be part of the background population(s) and should be acteristics as the site. Additionally, such areas should not be
retained in the background data set. In contrast, if this sample influenced by site-related releases and/or activities, but should
exhibits distinctly different PAH ratios relative to those of the  include ongoing sources similar to those present at the site, as
other background sediment samples, then it warrants further ~ well as a similar land use (Guide E3164). For example, if the
investigation and possible exclusion from the representative subject site is in an industrial area with CSOs, the background
background data set. reference area(s) should be in an industrial area with CSOs

7.3 Inorganics: (refer to Appendix X1).

7.3.1 Naturally Occurring Elements—Background studies 8.2 The more developed the CSM, the more informed the
commonly focus on the concentrations of elements, due to their  chojce of background reference areas will be. Additional
ubiquity in nature and the fact that naturally occurring concen- information is provided in Guide E3164 and (13).
trations often exceed risk-based screening values. Naturally ) )
occurring elements detected in sediment derive from parent 8.3 Once the background reference area(s) are identified,
material (commonly bedrock) that was chemically and physi- data collection can occur. This guide does not address methods

cally weathered and then transported from other locations to a ~ and means of data collection. The optimal number of back-
point of deposition. Climate and the composition of the parent ~ ground reference area sediment samples needs to be deter-
material determine the minerals that form during sediment  mined on a project-specific basis by qualified personnel on the
development. Some minerals, such as metal sulfides, can project team (4.10 and 14.2).

precipitate from the sediment pore water, and this contributes
to the detected sediment concentrations.

7.3.1.1 Common reference elements in sediment include
aluminum, calcium, iron, magnesium, and manganese. These
elements are found at higher concentrations in sediments (often
greater than 1 weight percent) and serve as potential reference
elements during geochemical evaluations (Section 12). Trace
elements are typically defined as being present at less than 0.1
weight percent, and their natural concentrations can be one or
more orders of magnitude lower than those of the reference
elements. The USEPA’s Target Analyte List (TAL) of 23 metals
includes most of the trace elements that may be of interest at
most sediment sites: antimony, arsenic, barium, beryllium,
cadmium, chromium, cobalt, copper, lead, mercury, nickel,
selenium, silver, thallium, vanadium, and zinc. Molybdenum
and tin are other trace elements that are not included in the
USEPA’s TAL, but are potential contaminants of concern at
some sediment sites and may need to be analyzed.

7.3.2 Anthropogenic Input of Elements—Inorganic contami- 9.1 Although collecting samples from off-site representative
nants can have many different sources; see references such as background reference areas is typically preferable, in many
(5, 12). During a sediment background study, it is important to instances (especially in urban areas), identification of such
identify and exclude any samples that have been impacted by areas are problematic. Under such conditions, representative
site releases and/or activities. For example, the addition of a ~ background data sets may potentially be extracted from site
trace element, such as zinc, from a contaminant source at a  data, as long as part of the site has not been impacted by site
given location will result in an elevated trace-versus-reference ~ releases and/or activities. Even when data from separate
element ratio in the sample relative to unimpacted samples. off-site background reference areas are available, an extracted
This is because the trace element was added to the sediment at site-specific background data set provides an additional line of
that sample location but the reference element was not added  evidence when determining representative background concen-
(that is, the trace element concentration has increased while the ~ trations. Therefore, an analysis of existing site data is always
reference element concentration is unchanged). Therefore, =~ recommended. A more complete review of this topic is
geochemical evaluation of all candidate background samples is presented in (14).
recommended, to identify potentially impacted samples and
flag them for removal, when appropriate. Section 12 provides
an overview of the theory behind geochemical evaluation, and
the case studies in Appendix X3 provide detailed examples of
geochemical evaluation using a variety of sediment data sets.

8.4 Representative background concentrations may be char-
acteristic of one or more statistical populations with distinct
features. For example, sediment background concentrations
from a basin surrounded by urban developments and/or indus-
trial areas are distinctly different from those collected from
another portion of the same basin surrounded by agricultural
areas (refer to Appendix X1). Combining background data sets
that represent different statistical populations can lead to
erroneous or misleading results. Representative background
concentrations are those that are collected from sampling
locations (either background reference areas or areas within the
site that are unimpacted by site releases and/or activities) with
physical, chemical, geological, biological, and land-use char-
acteristics similar to the site.

9. Extraction of Representative Background Data Sets
from Site Data

9.2 Extracting representative background concentrations
from site data not only maximizes the utility of existing data,
but also avoids the often complex task of selecting separate
background reference areas that adequately display physical,
chemical, geological, biological, and land-use characteristics
similar to the site, as described in Guide E3164, Appendix X2.
Extraction of representative background data from site data
often involves utilizing probability plots to segregate site data

8.1 The background reference area(s) should have similar into impacted versus unimpacted populations for each PCOC
physical, chemical, geological, biological, and land-use char- (see Appendix X3). Documents
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10. Data Visualization

10.1 Evaluation of a candidate background data set should
begin by visualizing the data. There are a number of techniques
described in this section that can be used, depending on the
characteristics of the data set. These plots are exploratory in
nature and not all plots shown are required when visualizing
the data set. Different plots depicting the same data set are
illustrated in the following subsections. Other tools (for
example, geographic information system [GIS] post plots) can
also be used for data visualization.

10.2 Dot Plots. Dot plots represent each concentration in a
data set as an individual dot (see Fig. 2), with concentration
values listed along the x-axis (15). Samples with similar
concentrations appear as vertical stacks, and large data sets can
be accommodated by using one dot to represent a predeter-
mined number of samples. This plot allows all samples to be
viewed, and no distributional assumptions are imposed on the
data. Symmetry, bimodal or multi-modal groupings, and skew-
ness can also be discerned in dot plots.

10.3 Histograms. Histograms depict data sets in bar form,
with concentrations (grouped in “bins,” or intervals) along the
x-axis and the corresponding frequency (or percentages of
frequency) for each concentration interval along the y-axis (see
Fig. 3). The area of each bar reflects the proportion of that
concentration interval within the data set. Histograms are
commonly used in conjunction with goodness-of-fit tests to
assess the shape of a data distribution, because the graphs can
reveal such features as symmetry, skewness, and bimodality.
However, the observed shape of a data set is affected by the bin
size (for example, 10 mg/kg interval versus 20 mg/kg interval),
which should be carefully selected. Multiple data sets can be
depicted on the same histogram using unique colors or pat-
terns.

10.4 Box Plots. Box plots, or box-and-whisker plots, are
used to compare two or more groups of data (2, 16). A box plot
(see Fig. 4) provides a summary view of an entire data set,
including the range of concentrations, degree of symmetry, and
skewness of the data. The box encloses the central 50 % of the
data points (“interquartile range”), with the top of the box

representing the 75" percentile and the bottom of the box
representing the 25" percentile; the median is represented by a
symbol within the box. In this example, the upper whisker
extends to the maximum data point and the lower whisker
extends to the minimum data point. A side-by side configura-
tion of box plots permits visual comparison of multiple data
sets to quickly discern whether they are similar or distinct.

10.4.1 Users can define the appearance of box plots. Default
settings in statistical software programs typically identify
predefined “outlier values” (for example, values outside 1.5
times the interquartile range) and “extreme values” (for
example, values outside 3 times the interquartile range). These
settings are arbitrary and can be avoided by simply extending
the upper and lower whiskers to the maximum and minimum
data points. See also Section 11 and 13.1.2 for discussions of
statistical outliers and their appropriate treatment.

10.5 Probability Plots. A probability plot is often used to
visualize distributions and determine whether the data are
normally or lognormally distributed (2). Probability plots can
indicate the presence of possible outlier values, and they can
help determine whether a single normal (or lognormal) distri-
bution exists, as opposed to multiple distributions (see Fig. 5).
The plots are constructed by rank-ordering the data and
plotting each data point as the standard normal probability
value for the respective rank on the y-axis and the concentra-
tion on the x-axis. For example, the normal probability value z;
for the j” value (rank) in a sample with N observations is
computed as: z; = M [(3%j-1)/(3*N+1)], where M' = the
inverse normal cumulative distribution function. A logarithmic
scale on the x-axis is used for lognormal distributions (see Fig.
5), and a normal scale is used on the x-axis for normal
distributions. If the points fall roughly on a straight line, one
can conclude that the underlying data distribution is approxi-
mately normal (or lognormal), with the slope proportional to
the variance of the data. Many environmental data sets do not
fit parametric models (see 14.1), such as the normal or
lognormal distribution, so probability plots can have limited
utility or may lead to erroneous conclusions for those data sets.

Dot Plot of Lead Concentrations in Sediment
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FIG. 2 Dot Plot of Lead Concentrations in a Set of Sediment Samples Documents
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Histogram of Lead Concentrations in Sediment
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FIG. 3 Histogram of Lead Concentrations in a Set of Sediment Samples

Box-Plot Comparison for Lead Concentrations in Sediment

10,000 T T
1,000
2 j
~ —_—
o
E
-]
m -
3
100 ]
. i
- - m Median
10 : : [0 25%-75%
Initial (Pre-Screen) Data Final (Post-Screen) Data I Min-Max

FIG. 4 Box Plots of Lead Concentrations in a Candidate Background Data Set (Left Side) and in the Final Background Data Set Follow-
ing Screening Procedures (Right Side)

10.6 Percentile Plots. Percentile plots are similar to prob- Normally distributed data appear as a straight line if a linear
ability plots, but depict concentration versus percentile rather ~ concentration scale is used, and lognormally distributed data
than concentration versus probability (see Fig. 6). The data are appear as a straight line if a logarithmic concentration scale is
first rank-ordered and then concentrations are plotted on the used; statistical outliers will appear above or below the linear
y-axis with the corresponding percentiles plotted on the x-axis.  trend. A break in slope may be observamm&ﬁs
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Lognormal Probability Plot of Lead Concentrations in Sediment
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FIG. 5 Lognormal Probability Plot of Lead Concentrations in a Set of Sediment Samples

Percentile Plot of Lead Concentrations in Sediment
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FIG. 6 Nonparametric Percentile Plot of Lead Concentrations in a Set of Sediment Samples

bimodal or if multiple samples have identical concentrations.
As with probability plots, percentile plots permit a qualitative
assessment of the shape of the data. A key advantage of
percentile plots is that they are nonparametric, so they can be
used to visualize any data set without making assumptions
regarding the distributional shape of the data set.
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10.7 Scatter Plots. In support of the geochemical evaluation
of metals data, scatter plots are constructed to explore elemen-
tal associations and identify potentially contaminated samples
(17). Trace element concentrations are plotted along the y-axis
and the corresponding reference element concentrations (typi-

cally major elements such as_iron and Bﬁ@umen d
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along the x-axis (see Fig. 7). The reference element represents
the mineral to which the trace element may be adsorbed, as
discussed in 12.4. A common trend (not necessarily linear) is
observed in the absence of contamination, due to similar
trace-versus-reference element ratios. A sample with excess
trace element from a contaminant source will exhibit an
anomalously high trace-versus-reference element ratio relative
to unimpacted samples and will lie above the trend.

10.8 Ratio Plots. Ratio plots are recommended to accom-
pany each scatter plot (18). Ratio plots depict trace element
concentrations along the y-axis and the corresponding elemen-
tal ratios (that is, the trace element concentration divided by the
reference element concentration for each sample) along the
x-axis (see Fig. 8). Unimpacted samples exhibit consistent
trace-versus-reference element ratios. A sample with excess
trace element from a contaminant source will exhibit an
anomalously high trace-versus-reference element ratio relative
to unimpacted samples and will lie to the right of the
unimpacted samples in the ratio plot.

11. Evaluation of Outliers

11.1 Representative background concentrations may con-
tain outlying observations, or “outliers,” that appear to deviate
markedly from other members of the sample set in which they
occur. There are well-established procedures to test for statis-
tical outliers (refer to Appendix X4, Table X4.1). Each
statistical test requires a pre-identified number of probable or
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 data set.

11.2 Common statistical outlier tests, including those pre-
sented in Practice E178, typically assume the normality of the
data set after the removal of outliers. For many environmental
data sets, 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 end result is the calculation of biased, unrepre-
sentative background concentrations from an incorrectly trun-
cated background data set. Therefore, graphical techniques (see
Section 10) may be more appropriate for identifying outliers.

11.3 Practice E178 classifies the identified outliers into two
broad groups:

11.3.1 “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 observa-
tion 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.”

Lead Versus Aluminum Concentrations in Sediment
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Lead vs. Pb/Al Ratios in Sediment
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FIG. 8 Ratio Plot Depicting Lead Concentrations Versus Lead/Aluminum Ratios in a Set of Sediment Samples

11.3.2 “An outlying observation might be merely an ex-
treme 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.”

11.4 Section 4.4. of (2) refers to the above two types of
outlying observations as “true” outliers and “false” outliers,
respectively. The USEPA guidance (2) states 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
belong to populations not representative of background condi-
tions should be excluded. 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 is presented in (19).

12. Chemical and Geochemical Evaluations

12.1 This section focuses on metals for several reasons. Of
note are the differences between metals and organics, which
require distinct types of evaluations. The biggest difference is
that all elements are naturally occurring (although some
organics like PAHs can also occur naturally). Their natural
occurrence makes it necessary at some sites to distinguish
between naturally occurring concentrations versus contamina-
tion. An additional difference is that the concentrations of
metals are usually controlled by sorption reactions on specific
mineral surfaces, which enables evaluations of the ratios of the

contaminants versus the concentrations of major elements in
the host minerals. These ratios can be used to identify the
presence of contamination.

12.2 Many scientific papers thoroughly address the numer-
ous environmental forensic techniques that can be employed
for source attribution of organic compounds (for example, (5,
6, 9, 11, 20, 21, 22, 23, 24, 25, 26)) and they are often used
during background sediment studies. However, regulatory
guidance documents do not provide an analogous methodology
for the evaluation of metals concentrations, which can be
naturally elevated in sediment and—on the basis of absolute
concentrations alone—can appear to reflect contaminant input
even in the absence of anthropogenic sources. Instead, regula-
tory guidance documents tend to focus solely on statistical
methods when characterizing background data sets for metals.
Based on the above, the focus of this section is metals.

12.3 Multiple processes control the concentrations of ele-
ments in sediment, and it is important to consider these
processes when identifying a representative background data
set, evaluating statistical outliers, and comparing analyses of
site versus background samples. These processes include
adsorption-desorption reactions (generally the most important
among the various processes), dissolution-precipitation
reactions, oxidation-reduction (redox) effects, and pH effects.
At any given site, an element’s concentrations may be con-
trolled by one or more of these processes, which can be highly
localized phenomena. For example, a trace element such as
nickel may adsorb on the surfaces of iron oxide minerals or
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clay minerals, depending on local pH conditions. It is impor-
tant to understand these processes, so that the analytical results
can be properly evaluated in the context of local geochemical
conditions.

12.4 Geochemical Mechanisms Controlling Element Con-
centrations:

12.4.1 Adsorption on Iron Oxides. Iron oxides are a large
class of naturally occurring minerals that are common in oxic
sediments (27). They can exist as discrete mineral grains and as
coatings on silicate minerals. As used here, the term “iron
oxides” encompasses oxides, hydroxides, oxyhydroxides, and
hydrous oxides of iron. These minerals tend to maintain a net
positive surface charge under circumneutral (6 to 8) pH
conditions. They have strong affinities to adsorb negatively
charged species, such as oxyanionic forms of arsenic
(HAsO,*, H,AsO,"), selenium (HSeO;~, Se0,>", Se0,”),
and vanadium (H,VO,~, HVO,>). Cationic species can also
adsorb on iron oxides under certain conditions. For example,
the divalent cation Cu®* can bind to surface hydroxyl groups
(OH") (27). Sediment samples that have a high proportion of
natural iron oxides will contain naturally elevated concentra-
tions of iron and typically associated trace elements, such as
arsenic, copper, selenium, and vanadium. Therefore, iron is a
useful reference element for these trace elements in oxic
sediments.

12.4.2 Adsorption on Clays. Clay minerals include a large
number of fine-grained, aluminum-containing silicate minerals
that are common in sediment and that tend to maintain a net
negative surface charge. They have strong affinities to adsorb
divalent cations such as Ba®*, Cd**, Pb>*, and Zn>*. Whereas
iron oxides (12.4.1) and manganese oxides (12.4.3) are redox-
sensitive and will dissolve if conditions change from oxidizing
to reducing, clay minerals are unaffected by redox and will
persist under reducing conditions. Sediment samples that are
preferentially enriched in clay minerals will contain naturally
elevated concentrations of aluminum and typically associated
trace elements, such as barium, cadmium, lead, and zinc,
among others. Therefore, aluminum is a useful reference
element for these trace elements.

12.4.3 Adsorption on Manganese Oxides. Manganese oXx-
ides are a class of naturally occurring minerals that are
common in sediment (28). These minerals are characterized by
large surface areas and high negative surface charges, so they
have a strong affinity to adsorb divalent cations such as Ba**,
Co*, and Pb**(29). Manganese oxides are observed in oxic
sediment environments that contain enough natural manganese
to form discrete manganese oxides. Sediment samples that are
naturally enriched in manganese oxides will have high concen-
trations of manganese and typically associated trace elements,
such as barium, cobalt, and lead. Therefore, manganese is a
useful reference element for these trace elements in oxic
sediments.

12.4.4 Other Mechanisms. Dissolution-precipitation
reactions, redox effects, and pH effects are other controls on
element concentrations and can be quite complex in the
dynamic aqueous medium surrounding sediment grains. Each
trace element exhibits unique geochemical behavior that de-
pends upon pH, redox conditions, the presence or absence of

complexing anions, and the presence or absence of adsorptive
media, such as specific minerals and total organic carbon
(TOC). Such details are beyond the scope of this guide; refer to
additional sources of information on these processes, which as
a starting point include (27, 28, 29, 30, 31, 32, 33, 34).

12.5 Analytical Data Requirements:

12.5.1 Geochemical evaluation of elements in sediment is
based in part upon examination of ratios of specific trace
element versus reference element concentrations (12.6). The
reference elements represent minerals with which trace ele-
ments associate, due to adsorption reactions on the mineral
surfaces. Thus, each sediment sample needs to be analyzed for
these reference elements, along with the trace elements of
interest.

12.5.2 The USEPA’s TAL of 23 elements (see 7.3.1.1)
includes most of the common trace elements of interest, along
with reference elements used during geochemical evaluation.
In addition to TAL analyses, other trace-element analyses (for
example, molybdenum and tin) may also be required, depend-
ing on site history and regulatory requirements.

12.5.3 In addition to inorganic analyses, TOC and sulfide
analyses are important for evaluating specific trace elements.
Copper and mercury strongly adsorb on naturally occurring
organic substrates, which results in higher natural concentra-
tions in samples containing higher TOC concentrations. Sev-
eral elements (for example, arsenic) can precipitate as sulfide
minerals under reducing conditions, resulting in covariance of
their concentrations versus sulfide concentrations.

12.5.4 Grain-size analysis of each sediment sample and
field measurement of surface-water pH at each sediment
sample location provide additional lines of evidence to support
conclusions based on elemental ratios. The release of organic
contaminants, such as petroleum hydrocarbons or chlorinated
solvents, at or near the site, can indirectly affect metals
concentrations. For example, reducing conditions induced by
the biodegradation of organic contaminants can result in the
precipitation of sulfide minerals. Sediment samples at these
sites may also be analyzed for organic PCOCs.

12.6 Evaluating Elements in a Sediment Data Set:

12.6.1 To evaluate a trace element in a set of sediment
samples, scatter plots are constructed to explore the elemental
associations and identify potentially contaminated samples
(17). The reference element represents the mineral to which the
trace element may be adsorbed, as discussed in 12.4. Alumi-
num concentrations serve as proxy indicators for the relative
amounts of clay minerals in the sediment samples; for oxic
sediments, iron and manganese indicate the relative amounts of
iron oxides and manganese oxides, respectively. If no contami-
nation is present in a set of sediment samples, then they
typically exhibit a common trend on a scatter plot (that is,
similar trace-versus-reference element ratios). In contrast, if a
sediment sample contains excess trace element from a con-
taminant source, then that sample will exhibit an anomalously
high trace-versus-reference element ratio relative to unim-
pacted samples and lie above the trend established by unim-
pacted samples. It is recommended that ratio plots be prepared
to accompany each scatter plot. An example scatter plot is

provided in Fig. 7 and its correspnndinDﬁCﬂlbfm&nt(Sd
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