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ACRONYMS 

 
ARAR Applicable or Relevant and Appropriate Requirement 
CALUX Chemical Activated Luciferase Gene eXpression 
CERCLA Comprehensive Environmental Restoration, Compensation, and Liability Act 
CLP Contract Laboratory Program 
COC Contaminant of Concern 
CRREL Cold Regions Research and Engineering Laboratory 
CSM Conceptual Site Model 
CV Coefficient of Variation 
DL Detection Limit 
DMA Demonstration of Method Applicability 
DNT Dinitrotoluene 
DO Dissolved Oxygen 
DQA Data Quality Assessment 
DQI Data Quality Indicator 
DQO Data Quality Objective 
DU Decision Unit 
DWS Dynamic Work Strategies 
EA Exposure Area 
EMPC Estimated Maximum Possible Concentration 
EPA U.S. Environmental Protection Agency 
EPC Exposure Point Concentration 
ESTCP Environmental Security Technology Certification Program 
EU Exposure Unit 
FP-XRF Field Portable X-Ray Fluorescence 
GIS Global Imaging System 
GPS Global Positioning System 
HHRA Human Health Risk Assessment 
HQ Headquarters 
ICS Incremental Composite Sampling 
ISM Incremental Sampling Methodology 
ITRC Interstate Technology and Regulatory Council 
KM Kaplan-Meier 
mm Millimeter 
MS Matrix Spike 
MSD Matrix Spike Duplicate 
MS/MSD Matrix Spike/Matrix Spike Duplicate 
MSD Matrix Spike Duplicate 
NFA No Further Action 
ORD Office of Research and Development 
OSRTI Office of Superfund Remediation and Technology Innovation 
PAH Polycyclic aromatic hydrocarbons 
PCB Polychlorinated biphenyl 
PCDD Polychlorinated dibenzo-p-dioxin 
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PCDF Polychlorinated dibenzofuran 
ppm parts per million 
ppt parts per trillion 
PQO Project Quality Objective 
PRG Preliminary Remediation Goal 
QA Quality Assurance 
QA/QC Quality Assurance/Quality Control 
QAPP Quality Assurance Project Plan 
QC Quality Control 
RAGS Risk Assessment Guidance for Superfund 
RSD Relative Standard Deviation 
RPM Remedial Project Manager 
RSD Relative Standard Deviation 
SD Standard Deviation 
SOP Standard Operating Procedure 
SOW Statement of Work 
SSG Soil Screening Guidance 
SSL Soil Screening Level 
SU Sampling Unit 
TCDD Tetrachlorodibenzo-p-dioxin 
TEF Toxicity Equivalency Factor 
TEQ Toxicity Equivalent 
TIIB Technology Integration and Information Branch 
TIFSD Technology Innovation and Field Services Division 
TNT Trinitrotoluene 
TOC Total Organic Carbon 
UCL Upper Confidence Limit 
UFP-QAPP Uniform Federal Policy-Quality Assurance Project Plan 
USACE United States Army Corps of Engineers 
USEPA United States Environmental Protection Agency 
VOC Volatile Organic Compound 
VSP Visual Sampling Plan 
WHO World Health Organization 
XRF X-Ray Fluorescence 
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User Guide 
Uniform Federal Policy - Quality Assurance Project Plan 

Template for Soils Assessment of Dioxin Sites 
 
1.0 INTRODUCTION 
 
This User Guide was prepared by the U.S Environmental Protection Agency (EPA) Office of 
Superfund Remediation and Technology Innovation (OSRTI) to provide explanations and 
instructions for use of the Uniform Federal Policy – Quality Assurance Project Plan (UFP-QAPP) 
template for shallow soils assessment of dioxin sites. The purpose of the User Guide is to support 
development of project-specific QAPPs based on the UFP-QAPP template.  The User Guide 
provides context, examples, and detailed explanation; however, it is not intended to address every 
section of the UFP-QAPP.  The act of completing a project-specific UFP-QAPP, however, is 
intended to guide the project team through the systematic planning effort needed for a successful 
dioxin assessment effort. 
 
Tasks or issues that are not unique to dioxin assessment data collection projects, such as 
community involvement and access agreements, are not treated in-depth in the UFP-QAPP 
template or User Guide.   
 
An extensive companion UFP-QAPP Manual (March 2005) describing the design and use of the 
UFP-QAPP, as well as all other original UFP-QAPP associated documents and templates, can be 
downloaded for reference from http://www.epa.gov/fedfac/documents/qualityassurance.htm.  The 
original UFP-QAPP Manual should be considered a valuable companion to this User Guide.  For 
some topics, much more detail is provided in the UFP-QAPP Manual than is presented herein. 
 
Regions have the discretion to assess dioxin sites in the manner they determine best addresses site-
specific situations and concerns. The goal of the UFP-QAPP template and User Guide however, is 
to provide a consistent approach to dioxin assessments with a primary focus on protecting human 
health and the environment and doing so in the context of managing site uncertainties and 
resources to accomplish assessment efforts.  The strategies presented in this User Guide are based 
on incremental and compositing techniques for soils.  Both compositing and incremental sampling 
refer to the same basic process of mixing portions together, however, the purpose and details 
differ.  EPA’s “compositing” term is broader in its goals and applications than incremental 
sampling, for example, there are some composite designs used for hot spot searching. Incremental 
sampling, a more recent term, however, is considered a specific type of compositing used to derive 
an average.  For the purpose of this User Guide and the accompanying UFP-QAPP template, it is 
recognized that sampling designs may include a number of objectives.  Since one or more of these 
goals might be present in a single sampling design, the term “incremental-composite sampling” 
(ICS) is used herein to cover all possible sampling goals.  
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This User Guide presents the designs and rationale behind several ICS assessment strategies for 
soils, in order of increased level of complexity, as follows: 
 

�x DU-Based Default Strategy = sampling of whole decision units (DUs) using ICS, with the 
ICS samples comprised of a uniform range of 30 to 60 sample increments. 

 
�x SU/DU-Based Modified Strategy = dividing DUs into equally-sized sampling units (SUs) 

and sampling each SU using ICS samples comprised of equal numbers of sample 
increments that in total for the DU are within the range of 30 to 60. The optional purposes 
for using this strategy include: 

o Facilitating efficient collection and archiving of sub-DU (i.e, SU) samples for 
potential analysis to provide sub-DU information in support of remedial planning; 

o According to the specifics of the conceptual site model (CSM), accommodating 
heterogeneity of contaminant distribution attributable to sub-DU scale 
physiographic site features; and 

o Identifying and managing other drivers of short- and long-scale heterogeneity. 
 
�x Statistically-Based Strategy = using statistical and CSM information from a project-specific 

pilot study to determine how to appropriately divide DUs into SUs, and calculate how 
many SUs to sample and how many increments to use to comprise ICS samples.  The 
optimal purposes for using this strategy include: 

o Dealing with very large areas needing assessment; 
o Dealing with very large DUs; and/or 
o Justifying the use of less than 30, or more than 60, increments per DU. 

 
The goal of the UFP-QAPP template is to ensure quality performance of a dioxin site assessment 
project. Completing a project-specific UFP-QAPP for each site assessment serves to ensure that 
the project and its documentation meet the requirements of USEPA Quality policies (see page vii 
of the original UFP-QAPP Manual (March 2005)). The UFP-QAPP template was designed to be 
adaptable and flexible to serve site-specific circumstances. The UFP-QAPP template worksheets 
are intended to be filled out during systematic planning meetings.  Additional discussions or efforts 
needed to complete a project-specific UFP-QAPP should be performed prior to completion of 
systematic planning for the project.  
 
Writers of project-specific UFP-QAPPs should become familiar with the worksheets, the original 
UFP-QAPP Manual, and this User Guide prior to initiating a dioxin site soils assessment project.  
Worksheets may appear to follow a different order from the sequence of activities through time.  
Personnel involved in project-specific UFP-QAPP preparation should expect an iterative process 
of planning activities and recording outcomes to ensure consistency with other UFP-QAPP 
components.  It may be necessary to consider a given worksheet multiple times in an effort to 
refine its content as the project goals and work strategies take shape over the course of the 
planning effort.  
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Based on project needs, writers may also need to prepare multiple copies of some worksheets.  For 
instance, data collection worksheets may be necessary for both a background study and assessment 
efforts, or where there are variations in approaches required for one or more of a multiple DU-
based project.  Regions may discover that some activities may require development of entirely new 
worksheets or attachments to add to the site-specific UFP-QAPP. Any worksheets determined to 
be irrelevant to a given project should be marked with an explanation for non-use to prevent field 
staff and other readers from unnecessarily questioning document completeness.   
 
Applicable generic text and information prompts are provided throughout the UFP-QAPP template 
to expedite site-specific UFP-QAPP development. Some prompts require specific information, 
whereas others serve only as examples of the type of information requested. The examples 
provided are not mandatory, nor intended to be a comprehensive or complete list.  Planning teams 
are responsible for determining appropriate content, thus an expectation is that some prompts may 
be added, deleted or modified as a function of Region-, site- and project-specific planning efforts.  
Regardless of the Regional decision-making process used for a particular site, the primary goal of 
a project-specific UFP-QAPP is to capture and transparently document the actual process to be 
used. 
 
Exhibit 1 shows a flow chart of the typical process anticipated for a dioxin-assessment project. 
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Exhibit 1:  Figure 1:  Decision Logic Diagram for Dioxin Site Assessment Process 
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2.0 PREPARATION OF SELECT UFP-QAPP TEMPLATE SECTIONS 
 
This section provides explanations for preparing select UFP-QAPP template sections. 
 
Review Historical Information and Data – This entry is intended to be used to document the 
beginning of the quality assurance (QA) process by affirming that the project team has reviewed 
relevant site historical information and data. This review of historical material serves as the basis 
for developing a Preliminary Conceptual Site Model (CSM) for the site and property (ies) that are 
to be assessed.  The Preliminary CSM is a critical element of the systematic planning process as it 
summarizes all the information readily available at the beginning of a project prior to the 
systematic planning effort (USEPA, 1996a; see section 2.1 for more details).     
 
Attachment A to Figure 1 – This entry prompts a reviewer for items to consider when reviewing 
historical data. The Preliminary CSM is the recommended way of documenting the reviews of 
historical information and data, along with the conclusions drawn from them.  The summary 
results of the data quality assessment of historical data should be recorded on UFP-QAPP 
Worksheet #13 (the usability of secondary data). Attachments to Worksheet #13 should record the 
detailed findings prompted in Attachment A to Figure 1. For convenience, a copy of the contents 
of Attachment A to Figure 1 follows on the next page. 
 
In the UFP-QAPP template, documentation of historical information and data review begins in the 
Introduction section: “Between xx/xx/201x and yy/yy/201y [insert DATES]” – refers to the 
development of the Preliminary CSM.  It is important to note that the need for some historical 
documentation may be identified during a systematic planning effort; however, the Preliminary 
CSM should be as complete as possible prior to the formal systematic planning effort to capture 
available information and identify potential data gaps.  Exactly how this part of the project 
progresses is at the discretion of the Remedial Project Manager (RPM). 
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Exhibit 2:  Attachment A to Figure 1 - Historical Documentation and Data Review 
 

Attachment A to Figure 1 
Site Assessment Sampling Design and Strategy 

 
Uniform Federal Policy (UFP) Qualit y Assurance Project Plan (QAPP) 

 
This section provides examples of considerations for reviewing site historical information in light 
of a proposed dioxin assessment.  Information documented in a project-specific UFP-QAPP using 
the accompanying template should describe what documents or information was actually reviewed 
and what conclusions or work products (maps, figures, etc.) resulted from these reviews. 
 
Historical Documentation and Data Review 

Historical site documentation and data should be compiled and reviewed by the project team. The 
results of this effort serve as the basis for developing the Preliminary CSM and informing the 
systematic planning effort.  Historical site data sets should be evaluated for applicability as data 
needed to aid assessment against the soil Preliminary Remediation Goal (PRG) for dioxin toxicity 
equivalents (TEQ)s.  While being compiled, the quality and usability of historical data should be 
assessed from both sampling and analytical perspectives. Assessment of existing information and 
conclusions drawn based on historical sampling and analytical methods should be documented in 
the UFP-QAPP.  Documentation can be summarized in Worksheet #13 (for the usability of 
secondary data), with attachments to Worksheet #13 added to record any detailed findings.  Data 
quality assessment addresses the following items (more detail is available in EPA’s data usability 
guidance (USEPA, 1991)). 
 
Evaluation of Historical Sampling Approach 

�x General sampling strategy 
o Was there a basis for the sampling design in the CSM of that time? 
o Was there a rationale for the choice of sampling design? 
o Was it a statistical/probabilistic or judgmental design?  Describe the design. 
o Was a background study conducted? 

 
�x Sample representativeness and comparability relative to new data needs 

o Soil media sampled (sites and sub-sites, soil/waste types, background vs. site) 
o Sampling density 
o Depth intervals 
o Grab or ICS samples 
o Sample processing (sizing, homogenization) 

 
�x What was the intended use of the historical data? 

o Site delineation or screening 
o Risk assessment 
o Remedial design/remedial action (engineering evaluations, characterization of 

treated or removed wastes, confirmation of soil/waste removal) 
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�x Decision uncertainty management approach 
o Qualitative/professional judgment 
o Analytical quality assurance (QA) program only 
o Classical statistics 
o Other (e.g., geostatistics, modeling) 
o Unknown 

 
Data Quality Assessment via Evaluation of Analytical Methods and Quality Assurance 
Program 

�x Known and documented quality of data; i.e., were samples analyzed and reported as well as 
validated under an EPA QA program or equivalent? 

�x Status of analytical data in terms of whether it was collected for all contaminants of 
concern (COCs) for use in the current TEQ evaluations (dioxins, furans, and dioxin-like 
polychlorinated biphenyls (PCBs)) 

�x Were quantitation/detection limits sufficient for use in the current Toxicity Equivalents 
(TEQ) evaluations? 

�x Did data quality indicators (DQIs; i.e., quality control (QC) checks for precision, matrix 
interference, etc.) meet method performance requirements and did they indicate sufficient 
data quality for use in the current TEQ evaluations (e.g., precision, bias, completeness, 
comparability)? 

�x Were there any applications of field-based or screening methods (e.g., CALUX or 
immunoassay methods)? 

�x If non-conventional methods were used, was there a demonstration of method applicability 
(DMA) or other type of pilot study, or subsequent data analysis to establish the 
comparability between conventional and alternative methods? 

�x Did any of the historical analytical methods find matrix interferences that warrant 
consideration when selecting extract cleanup methods for future analyses? 

�x Are there QC or validation records available for any applications of non-conventional 
methods? 

 
Ideally, a thorough analysis of historical data would determine if previous data could be used to 
guide assessment planning, or in some cases even provide data of adequate quantity and acceptable 
quality to offset some of the assessment requirements.  If of adequate quality, these data might be 
used to:  
 

�x suggest optimal sampling and analytical strategies, 
�x help the project technical team to develop appropriate size, shape, and orientation of 

assessment decision units (DUs) 
�x support determination of constituent background concentrations,  
�x substitute for, or augment, current data collection needs,  
�x perform TEQ-based risk screening by evaluating the total TEQ value for all dioxin-like 

compounds against the PRG,  
�x perform human health risk assessment (HHRA), and  
�x provide information for remediation / mitigation planning and engineering. 
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If the sampling and analytical quality of historical data is undocumented and unknown, its use is 
greatly restricted.  Possibly this data can be helpful in developing a preliminary CSM and 
potentially applicable remedial strategies, however this CSM should be carefully tested for 
accuracy during project implementation.  If of known quality, however, historical data may still 
have much value even if the data are not adequate to substitute for current data needs.  For 
example, although quantitation limits might not be adequate for current needs, the data may still 
provide valuable qualitative information to support confident development of the Preliminary 
CSM.  The historical data may also indicate how much variability exists in TEQ concentrations in 
the field.  An understanding of this variability can help provide the basis for determining the 
number of increments appropriate to address this level of heterogeneity.  For example, variability 
associated with historical data may indicate it is appropriate to increase the number of increments 
within the default value range (30 to 60 increments) from a number around 30 to a number closer 
to 60 in an effort to ensure accurate representation of the mean.   
 
Systematic Planning – A short summary documenting the multi-disciplinary, team-based 
systematic planning effort conducted should be provided in Attachment A to Figure 1 of the 
project-specific UFP-QAPP.  The project-specific UFP-QAPP is the primary written product of the 
systematic planning effort. It serves both to document the planning process and as a guide to 
prompt the project team through systematic planning for the assessment effort.  A detailed “ Best 
Practices” checklist is included in Appendix 1 of this User Guide.  Use of this checklist is not a 
requirement, but it has several potential beneficial uses, such as to assist: 

�x general project planning by helping to ensure that key elements are not overlooked during 
development of project plans,  

�x reviewers providing project QA by ensuring that all the topics supposed to be covered in 
the project-specific UFP-QAPP are present, and 

�x project assessment and documentation; by providing a record of what activities were 
actually conducted and goals accomplished over the course of the project.     

 
The outcome of project-level assessments (as opposed to data assessments) should be recorded on 
Worksheet #32 in the project-specific UFP-QAPP.  Eight varieties of project-level assessments, 
including “readiness reviews” and “technical systems audits” are provided in the original UFP-
QAPP Manual (March 2005); see page 100.  Project-level assessments should compare project 
implementation to what was prescribed in the project-specific UFP-QAPP to ensure that the 
project team’s goals, as they were determined through the systematic planning process, were met.  
Any significant deviations from the project-specific UFP-QAPP’s instructions should be recorded 
in field logbooks, along with the reason and the substituted procedures.  The field crew’s logbook 
notations are attached to Worksheet #32 assessments.  The project team may also choose to 
instruct the field team to notify them right away and seek approval before implementing a 
deviation in procedures.  If such a deviation is reasonably anticipated,  project teams can include 
this instruction in the relevant standard operating procedure (SOP) and worksheet, as well as on 
Worksheet #6 (“Communication Pathways”).  Anticipating contingencies and having procedures in 
place to achieve consensus on potentially important deviations are critical parts of a well-planned 
project. 
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A primary goal of the UFP-QAPP template and systematic planning is to provide a cost-effective 
sampling strategy that meets data objectives in a limited number of field mobilizations.  A 
comprehensive process can help limit duplication of efforts and the need for multiple mobilizations 
arising from insufficient planning. Differing views among stakeholders that could potentially cost 
time and resources are best to address prior to initiating field efforts.  Experience has proven that 
systematic planning is the most effective mechanism for developing a successful project.  The 
project team should resist pressures to bypass or employ inadequate time and resources for the 
systematic planning process.  USEPA HQ staff is available to provide information and technical 
assistance to the RPM, risk assessor, or other team members.  Requests for technical assistance 
may be submitted via the OSRTI Technology Integration and Information Branch (TIIB) by 
contacting Dan Powell, the Branch Chief for TIIB, via email at powell.dan@epa.gov or via phone 
at 703-603-7196.  Note that all participating project staff (including contractors) and their 
qualifications need documentation in the project-specific UFP-QAPP on Worksheets #7 and 8. 
Project-specific UFP-QAPP Worksheets #1, 3, 5 and 6 should be used to document other 
organizational QA activities and the roles and responsibilities of project staff and higher levels of 
organization management.   
 
Systematic planning involves identifying project decisions in clear and unambiguous language, 
along with addressing any special considerations and complications for a particular site.  It also 
engages stakeholders in gathering historical information and identifying concerns that drive the 
framing of future project decisions.  Stakeholders should be included through all key decision-
making stages.  
 
Planning includes building in contingencies to accommodate changes in project conditions.  This 
requires staff to anticipate what could go wrong during project implementation.  If feasible, the 
project team should plan proactive measures to prevent problems that have a high probability of 
occurring or significant potential impact to a project.  These discussions allow the project team to 
have some contingencies in place for issues with increased likelihood of occurrence and significant 
impact to project goals or schedule while outlining a process for resolving unanticipated issues in a 
timely fashion.  Contingency discussions, at the very least, enable the project team to be prepared 
in the event that a significant project issue arises. 
 
An example systematic planning meeting agenda is provided as Attachment B to Figure 1.  UFP-
QAPP template Worksheet #9 should be used to document planning meeting participants.  Meeting 
minutes, with action items and significant agreements reached, should be included in the project-
specific UFP-QAPP as attachments to Worksheet #9. 
 
A variety of EPA guidance can be consulted to provide additional detail to support the systematic 
planning process, including  
 

�x EPA Quality Manual for Environmental Programs. (USEPA 2000, May), 

�x Guidance on Systematic Planning Using the Data Quality Objectives Process. (USEPA 
2006, February), and 

�x Guidance for Developing Quality Assurance Project Plans. (USEPA 2002a, December) 
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Exhibit 3:  Attachment B to Figure 1 - Systematic Planning Meeting Agenda[s] 
 

Attachment B to Figure 1 
Site Assessment Sampling Design and Strategy 

DRAFT Uniform Federal Policy (UFP) Quality Assurance Project Plan (QAPP) 

 
This section provides examples of agenda items and considerations for systematic planning efforts. 
Information documented in a project-specific UFP-QAPP using the accompanying template should 
describe team members who participate, project goals/exit strategies, key site decisions and project 
metrics, as well as the agreed upon technical approach to components of the project-specific dioxin 
assessment.  Systematic planning meetings provide the technical team with an opportunity to agree 
upon and document the dioxin assessment process by filling out UFP-QAPP template worksheets 
and attachments. 
 

Systematic Planning Meeting – An Example Agenda 

�x Team member introductions 
o Meeting roles and expectations 
o Lines of project authority and communication 

 
�x Confirm general project goals, site problems, and exit strategy 

 
�x Confirm site reuse goals (residential, industrial, recreation, other) 

 
�x Identify key site decisions: 

o Confirm site contaminants of concern (COCs) 
o Evaluate risk assessment inputs such as potential pathways and receptors 
o Confirm soil screening criteria 

�ƒ Preliminary Remediation Goals (PRGs) 
�ƒ Background 
�ƒ Applicable or Relevant and Appropriate Requirements (ARARs) 

o Definition of completed delineation 
 
�x Develop key project metrics (schedule, budget, other) 
 
�x Update Preliminary CSM to Baseline CSM status with the team if needed. The Baseline 

CSM represents the project technical team’s understanding and agreement of existing data 
needs, potential data gaps, site geologic/hydrogeologic features, etc. formulated from 
historical data review and the preliminary CSM.  

o Identify key data gaps 
o Identify missing elements, new hypotheses, etc 

 
�x Discuss technical approach to assessment 

o Project-specific UFP-QAPP - Fill out the worksheets thoroughly and completely. 
o Develop decision criteria, decision-making processes, decision logics, rules, etc. 
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o Data collection - start with a general approach that gets more specific as planning 
unfolds over the course of one or several meetings  

�ƒ Sampling design 
�ƒ Decision units (DUs) 

o Analytical methods - consider the benefits and limitations of both conventional and 
innovative methods (e.g., CALUX and immunoassays).  Consider that innovative 
methods may possibly provide important CSM and heterogeneity information with 
rapid turnaround of results, even if not having all the sensitivity capabilities of 
conventional methods. 

o Develop approaches to measure and manage both sampling and analytical 
uncertainties. 

o Identify technologies and methods that may require demonstrations of method 
applicability (DMA) to establish method comparability, usefulness, and gain 
expertise in their use. 

o Where useful and feasible, plan for real-time data management, assessment, 
visualization and communication. 

 
�x Meeting Summary and documentation of key decisions and strategies. 

 
Post-Meeting Activities 

 
�x Prepare meeting minutes and circulate to stakeholders. 
�x Write up documentation of agreements and areas of consensus. Secure signatures 

documenting the agreement of participants/stakeholders; maintain those documents in the 
project-specific UFP-QAPP records. 

�x Follow-up discussions on incomplete agreements as needed – the ideal goal is for all 
stakeholders to be in agreement/consensus on issues, or in agreement on a process to 
resolve issues identified during systematic planning. 

�x Technical team performs additional research as needed on potential characterization and/or 
remediation technologies, designs a DMA/pilot study if appropriate, and explores various 
sampling designs. Results should be presented for discussion and consensus, including at a 
subsequent systematic planning meeting, as warranted. 

�x Finalize additional data gap identification for the CSM as needed. 
�x Update CSM to Baseline status in designated documentation and visualization formats. 
�x Review the project-specific UFP-QAPP material added during the meeting; ensure there is 

clarity and consistency in the writing; identify items for follow-up and additional 
clarification, including at a subsequent systematic planning meeting, as warranted. 

�x Plan for procurement of technologies and services. 
 
UFP-QAPP template Worksheet #9 should be used to document planning meeting participants. 
Meeting minutes, with action items and significant agreements reached, should be included in the 
project-specific UFP-QAPP as attachments to Worksheet #9. 
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Developing the Baseline CSM from the Preliminary CSM 
 

The Preliminary CSM is a representation of contamination concerns that are known, or suspected, 
to be present; as well as an aid to predicting the nature, exposure, and extent of the contamination.  
It can be expressed through text, tabular data and/or simplified graphic renderings; or more 
complex visualization tools in order to capture, communicate, and leverage existing information. 
The Preliminary CSM enhances stakeholder understanding of site conditions and helps to focus 
future investigation and remediation efforts on key uncertainties or data gaps.  CSM development, 
project goals, and supporting information should be documented as attachments to Worksheet #10. 
 
The Preliminary CSM should be distributed to stakeholders for review prior to the first systematic 
planning meeting.  [See USEPA, 1993 and ITRC, 2003 for more information about constructing 
CSMs.]  The Preliminary CSM provides systematic planning participants with a basis for 
discussing current project objectives in the context of available historical information.  As the 
project team works during systematic planning meetings, the Preliminary CSM is evolved to a 
Baseline CSM as historical data is explored; updates to site graphics and maps are developed; and 
deposition, transport/migration and exposure mechanisms are proposed, and site reconnaissance 
confirms current site conditions.  It is important to seek stakeholder input and concurrence as the 
Baseline CSM evolves (USEPA, 1996a, 2002c).  The Baseline CSM is then used to support 
detailed planning of the sampling program and the logistics and sequencing of the field project, 
including:  
 

�x identifying information gaps and the data needed to fill them,  
�x developing risk assessment priorities and pathway-receptor network diagrams,  
�x developing the site-specific sampling plan design, 
�x refinement of the strategy for data collection, statistical analysis, and data use in the 

decision-making process,  
�x addressing areas of stakeholder contention, and 
�x anticipating sources of data variability that could interfere with decision-making, such as 

the degree of matrix and spatial heterogeneity, sub-sampling variability, and the analytical 
method variance.  

 
Note: The CSM concept used in these documents, and in accordance with USEPA guidance, is not 
limited to creation of a pathway-receptor network diagram.  
 
Planning Based on the Baseline CSM 
 
Key outputs of the systematic planning process include (but are not limited to):  
 

�x clear statements of problem definition, project goals, and the desired level of decision 
confidence when meeting those goals (Worksheets #10-13, 15, 28);  

�x sampling strategy (Worksheets #17, 18, 20-22, 26-28); and  
�x sampling and analytical SOPs, QC checks, performance/acceptance criteria and corrective 

action recommendations (Worksheets #12, 15, 16, 19 & 23-25, 28, 34-37). 
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�x In addition to addressing scientific issues, systematic planning also considers field logistics, 
activity sequencing, contractual, financial/budgetary, stakeholder, social, economic, site 
remediation and reuse, legal, and regulatory issues (Worksheets #6, 13, 10, 11, 14, 30, 37) 

 
Exhibits 2 and 4 provide examples of prompts for CSM inputs and considerations. 
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Exhibit 4:  Attachment C to Figure 1 - CSM and Data Gap Assessments During Systematic 
Planning 
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Consideration of Needs for Design and Implementation of a Background Concentration Study – 
This section discusses considerations for whether a background concentration study may be 
necessary for a project of concern.  A primary reason for needing a background study is to 
establish a reliable background concentration to comply with USEPA Superfund policy not to 
clean up below natural or anthropogenic background levels (USEPA, 2002d).  Similarly, a 
background study may be needed to ensure that sampling and analysis for background samples is 
conducted in a manner consistent with the proposed sampling design.  The determination for use of 
existing background information or the need for designing a site-specific background evaluation 
should be made by the project team during systematic planning.  The rationale for whether or not a 
background study is required and an explanation of how background data plan to be used should 
be provided in Worksheets #10 and 11.  
 
Reasons for why a background study might not be required include, but are not limited to: 
 

o Existence of a prior background study deemed adequate during DQA efforts to be useful 
and relevant to site assessment; 

o Existence of sufficient historical data of appropriate nature and adequate quality to assess 
background concentrations; or 

o A determination being made that background data are not needed to manage the site.  
 

Reasons for why a background study might be required include, but are not limited to: 
 
o Lack of a prior background study deemed adequate during DQA efforts to be useful and 

relevant to site assessment; and 
o No previous background data having been collected, however, systematic planning 

indicates the need for such information. 
 

The process of assessing the quality and usability of the historical data (i.e., “secondary data”) for 
the purpose of background study use should be described in the project-specific UFP-QAPP in 
Worksheet #13.  Guidance for evaluating data is contained in Guidance for Data Usability in Risk 
Assessment (USEPA, 1991), and in Section 2.7 (page 54 of 149) of the original UFP-QAPP 
Manual (March 2005). 
 
The background sampling design developed by the project team should be recorded in a 
“Background Concentration Study” set of sampling and analysis worksheets, including 
Worksheets #17, 18, 20-22, 26-28 and #12, 15, 16, 19 & 23-25, 28, 34-37.  The timeline for 
performing the background study should be recorded on Worksheet #16.  The design for 
comparing background and on-site concentrations should follow the guidance provided in 
Guidance for Comparing Background and Chemical Concentrations in Soil for CERCLA Sites 
(USEPA, 2002d).  The statistical design should be able to meet the recommendations for statistical 
confidence level and power provided by that guidance.  
 
When using an ICS design for on-site investigation, and when there is the opportunity to design the 
background investigation, there should be close integration of the two investigation designs.  The 
technical elements of the background study design should mimic the on-site design.  For example,  
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if the site DU’s dimensions are 0.25 acre area to a 6-inch depth, those should be the dimensions of 
the background DUs.  The number of increments per DU should also be the same.  Soil types and 
particle size distributions should also be similar.   
 
Considerations for Designing and Conducting Sampling – This section discusses considerations for 
designing and conducting assessment sampling. Assessment sampling design options for a site, as 
presented in this User Guide, are based on a unified framework developed by OSRTI in 
conjunction with existing EPA guidance. Final assessment designs should be developed by 
Regional staff on a project-specific basis and documented in the project-specific UFP-QAPP.  
 
The data collection design is a major product of the systematic planning, as are the proposals that 
technical staff bring to the planning table for consideration by the stakeholders. The project-
specific UFP-QAPP can be used in whole, or in part, by various project and site workers as 
applicable to their roles and goals.  For example, the field sampling team should have ready, 
functional access to the relevant sample collection portions of the project-specific UFP-QAPP 
when working in the field.  Worksheets that focus on analytical quality and instrument 
performance should be provided to the laboratory in advance of sampling.  Options for QA include 
procedures to observe workers to ensure they are following the procedures described in the 
project-specific UFP-QAPP.  The results of each assessment should be recorded on Worksheet 
#32. 
 
The “Design and Conduct Sampling” section of the UFP-QAPP template provides a short 
summary, introducing readers of project-specific UFP-QAPPs with an overview of issues 
associated with the site of concern.  The type of exposure scenario and type of assessment strategy 
the project team intends to use should be documented in applicable worksheets and attachments 
throughout the project-specific UFP-QAPP.   
 
Historical data and existing information provides valuable insight to guide the requirements for 
assessment sampling and analysis.  Even if previous data is not of the quality needed to support 
TEQ calculations, the data may be sufficient to help develop the Preliminary and Baseline CSMs 
and influence sampling density, design of DU size/shape/orientation, and locations.   
 
Conduct TEQ-Based Risk Screening –TEQ based risk screening is a key component of any dioxin 
assessment.  This section provides relevant information for project teams to document the TEQ 
screening procedures in a project specific UFP-QAPP, (Figure 1; Attachment F). Analytical results 
for dioxins/furans and dioxin-like PCB congeners with toxic equivalency factors (TEFs) are 
screened for risks to human health via the TEQ screening process, as outlined in Figure 1, 
Attachment F and G.  (See Appendix 3 of this User Guide for the World Health Organization’s 
2005 TEFs.) 
 
Calculations involve multiplying the concentration of each congener by its TEF and then summing 
those values to arrive at the TEQ.  There are 17 dioxin/furan congeners and 12 dioxin-like PCB 
congeners that have TEFs and are part of the TEQ calculation.  Although current analytical 
laboratory capability is set up to analyze for all dioxin and furan homologues and 209 PCB 
congeners, the OSRTI technical team is evaluating the potential to contract for modified methods 
that calibrate and use QC only for the 29 congeners of interest in an effort to save resources. 
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Human Health Risk Assessment – A Human Health Risk Assessment (HHRA) may be required 
based on project- or Region-specific procedures and policies. If required based on the TEQ-based 
PRG screening and Region-specific risk management strategies, a HHRA may be performed to 
determine whether detected site contaminants pose an unacceptable human health risk as related to 
the exposure scenarios or pathways of concern identified during systematic planning. The HHRA 
approach should be documented in the project-specific UFP-QAPP in Worksheets #10 and 11. The 
basic process for conducting the HHRA is presented in Figure 1; Attachment G.  
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Exhibit 5:  Attachment D to Figure 1 - Background Study Design and Performance 
 

Attachment D to Figure 1 
Site Assessment Sampling Design and Strategy 

 
BACKGROUND STUDY DESIGN AND PERFORMANCE 

 
The determination for use of existing background information or the need for designing a site-
specific background evaluation should be made by the project team during systematic planning.  
The rationale for whether or not a background study is required and an explanation of how 
background data are expected to be collected and subsequently evaluated should be provided in the 
project-specific UFP-QAPP Worksheets #10 and 11. 
 
To assist project teams evaluating the necessity and design of potential background studies, this 
section provides several examples and considerations for collecting and evaluating background 
data sets in the context of proposed ICS sampling schemes. Examples provided may be sufficient 
to meet project objectives for some dioxin assessment projects, however site and/or decision 
complexity may warrant a more rigorous statistical evaluation of background.  In these cases, 
project teams are encouraged to refer to EPA staff or technical team members with sufficient 
knowledge of statistics to design and implement an appropriate strategy. 
 
OBJECTIVES AND MAIN COMPONENTS OF ATTACHMENT D TO FIGURE 1 
 
Provide brief introduction, including: 
      a) role of background evaluations in environmental risk assessment studies, and 
      b) provide an operational definition for background chemicals/locations (USEPA 2002a) 
Provide guidelines/recommendations for: 
      a) selecting candidate background area(s) 
      b) development of  background sampling designs 
      c) technical approaches for conducting site data versus background comparisons 
 
NOTE:  In a site-specific UFP-QAPP developed by a Region, Attachment D would be a summary 
description with key details of the actual background study plan to be implemented in support of 
the site. 
 
CONSIDERATION FOR SELECTED STUDY COMPONENTS 
 
A. Overall Scope and Implementation of Attachment D 
 
In the project flow diagram (Figure 1), a trigger for Attachment D (i.e. necessity of a background 
study) is the absence of an existing site-specific or regional background data set (or threshold 
values, in the case of regional data), or a determination during review of historical documentation 
and data (UFP-QAPP Figure 1, Attachment A) that an existing background data set is inadequate 
to support site decision-making.  Several examples are provided below for consideration. 
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Example 1.  A site-specific background evaluation is recommended in cases where an existing data 
set for assessing background is absent. 
 
Example 2.  A tiered approach is used including an initial comparison to regional background 
values during systematic planning efforts (See UFP-QAPP Figure 1, Attachment C).  That is, an 
initial screen would identify cases where site concentrations are clearly above (or below) an 
estimated background level.  Screening against regional background values (using the highest 
values, if data are available from multiple background studies) would reduce the frequency of 
Type I (false positive) decision errors, but at the expense of inflating the Type II (false negative) 
error rate.  This would not, however, obviate the possible need for site-specific background values 
further along in the process for projects entering the remediation/mitigation phase (e.g., site-
specific background values would be needed if site concentrations exceed background, and 
background concentrations exceed the risk-based cleanup level). 
 
B. Selection of Candidate Background/Reference Areas 
 
Candidate background areas should be located within or proximate to assessment sites.  Unlike 
background studies for metals, which can be ubiquitous as naturally occurring minerals, the soil 
type(s) and underlying geology do not have to mirror conditions present at the site 
(notwithstanding any issues connected with the matrix, etc. that could bias laboratory analysis) but 
should be matched to the extent possible to site geologic conditions. The background areas should 
include locations that capture local (regional) background influences, but that are not believed to 
have received dioxin inputs from site related activities. 
 
Failure to include locations/areas that represent the range of potential background influences can 
result in biased estimates and could undermine the utility of investing in a background evaluation. 
 
In an effort to capture the full range of potential background conditions, multiple or discontinuous 
background areas should be considered.  Inclusion of multiple background areas may involve some 
form of stratified sampling (e.g., proportional allocation of sampling effort based on aerial extent 
of individual background areas or possibly allocation based on contaminant patterns and expected 
variability within individual areas). 
 
C. Background Sampling Design 
 
It is recommended that elements of the ICS sampling design for the planned assessment be 
leveraged to create a companion sampling approach for collection of the background data.  As 
recommended for the site designs, software tools, such as Visual Sampling Plan (VSP) (Matzke et 
al. 2007), can be used to generate systematic random grids for the background sampling. 
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Background Sampling Design Considerations: 
 
Establishing the Minimum Sample Size. 
 
The sampling design options for assessment sites outlined in this User Guide yield a minimum of 
one ICS sample per decision unit (DU). There are also provisions for Regions and site-specific 
technical teams to collect ICS replicates for a minimum number of DUs (10% or as determined 
during systematic planning), another frequency of DUs, or all DUs as project data needs are 
determined.  In cases where ICS replicates are only collected at the frequency described in the site-
specific UFP-QAPP, some nominal level of replication is typically needed for the background 
sampling to bound the uncertainty on the background side of the site-to-background comparison.  
Several examples are provided below for consideration. 
 
Example 1.  Require a minimum of three independent ICS samples (1 primary and two field 
replicates) from one or more background areas.  Use of more than one area is suggested if 
background is expected to vary significantly across a site, however if more than one reference area 
is used, then the design should be stratified to ensure background sample numbers allocated to 
individual areas correspond to appropriate area fractions. Individual sites would need to develop an 
appropriate scheme for allocation sampling effort in cases where multiple background areas are 
available, and there is potential for significant among-area heterogeneity in dioxin concentrations, 
or compositional differences in the mixture of dioxin constituents.  Existing soil sampling 
guidance (USEPA 1990, 1992, 1994, and 2002b) adequately cover this topic and can aid project 
technical teams in making this decision. 
 
Example 2. A more rigorous statistical approach is used to estimate minimum sampling parameters 
based on estimation or specification of desired Type I and II decision errors.  Modules for treating 
multi-increment designs in VSP (e.g., comparing site average to a fixed threshold, comparing site 
average to a reference average, constructing confidence limits on a mean) allow for estimation of 
the number of increments per composite, as well as the number of composites, and account for 
blending variance and other uncertainty components.  This is an option for sites with sufficient 
resources and technical staff, where the benefits (improved power and control of decision errors) 
of additional investment in the sampling design are needed to improve decision-making and can be 
technically justified. 
 
D. Technical Approach for Conducting Site versus Background Comparisons 
 
The preferred (and generally accepted standard) approach for discrete designs is comparison of the 
site and background distributions using two-population tests of location (typically, measures of 
central tendency and upper quartiles).  In situations where only a small number of site results are 
available, an alternative is to compare individual site results to a fixed background threshold value 
(BTV) (See EPA [2009a]).  BTVs typically represent an upper plausible limit for the unknown 
background population, and are estimated using simple upper percentiles of the sample 
distribution, or probabilistic estimators, such as upper tolerance limits (UTL) or upper prediction 
limits (UPL). UPLs are the preferred estimators in EPA’s ProUCL software (USEPA 2009a) as 
well as the unified RCRA groundwater statistical guidance (USEPA 2009d). 
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The sample size for the site data is a constraining factor for selecting the most appropriate 
background screening option.  Potential approaches are provided for cases where there are fewer 
than three, or three or more, ICS samples per site. 
 
1.  Fewer than three samples per site. This approach would compare individual ICS sample TEQ 
values from a site to a BTV developed for the background data set. 
 
Options for the BTV:  Some additional study and consultation with statisticians may be warranted 
to select either a single BTV method, or to identify criteria for selection of site-specific methods.  
Both the UTL and UPL should be considered as possible candidates for the BTV.  Documentation 
of recommendations from the team statistician or statistical support personnel is suggested 
regarding proposed individual methods (e.g. specifying coverage and confidence level in the case 
of UTLs), based on the relative performance of tests conducted using these estimators for 
background. 
 
2.  Three or more samples per site.  For cases where there is a minimum of three independent ICS 
samples (1 primary and two field replicates) results for both the site and background data sets, then 
two-population comparisons using Students t-test are recommended.  This would be ill-advised for 
discrete designs with n=3, but for 30 to 60 increment composite samples, for both the distribution 
of increments within composites and the distribution of means (composites), the assumption of 
normality can be justified.  Further, compositing dampens the variance, thus yielding relatively 
low estimates for the standard error.  The standard error governs the effect size or minimum 
difference between the two means that are declared statistically significant by the test. 
 
A two-population test for comparing the site and background means requires selection of an 
appropriate form for conducting one-sided hypothesis tests.  EPA (2002) discusses two 
background tests forms. Selection of an appropriate test form has important implications in terms 
of pre-defining or achieving targets for Type I and II decision errors.  EPA (2002a) provides 
additional discussion and recommendations for making this determination. 
 
 Option 1.  Test Form 1 (presumption of innocence): 
 
           H0:    Site < Background 
           HA:   Site > Background 
 
Option 2.  Test Form 2 (requires a preponderance of evidence to demonstrate that the site is below 
background): 
 
           H0:    Site > Background 
           HA:   Site < Background 
 
Note: Test Form 2 recommends specification of “S”, or some magnitude of difference between the 
site and background data that is considered significant in terms of ecological or human health 
effects.  Project technical teams should make this determination or run the risk of flagging a 
problem based on a statistically detectable difference that is not significant from a practical 
perspective. 
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E. Selection of an optimal testing approach among competing alternatives 
 
The selection of an optimal screening approach for conducting site versus background 
comparisons should be based on the relative performance of different statistical testing methods, 
considering constraints (e.g., sample size) imposed by the site and background data. 
 
Relevant performance criteria include: 
 
a) the Type I or false positive error rate (probability of erroneously concluding that site 
concentrations exceed background for Option 1 described above), and 
 
b) the power of the test (the probability of correctly identifying sites that exceed background for 
Option 1 described above, where power= 1-Type II error rate).  The power of the test depends on 
the “effect size”, or magnitude of difference between the site and background data (averages in the 
case of composites) declared statistically significantly different. 
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Exhibit 6:  Attachment E to Figure 1 - Summary of Assessment Effort, Objectives and 
Assumptions 
 

Attachment E to Figure 1 
Site Assessment Sampling Design and Strategy 

DRAFT Uniform Federal Policy (UFP) Qua lity Assurance Project Plan (QAPP) 

 
UNDERLYING CONCEPTS & DEFINITIONS 

 
In a project-specific UFP-QAPP this section is used to describe the planned sampling design for 
dioxin assessment projects.  This User Guide presents in-depth discussion of underlying concepts 
and provides definitions for terms and techniques that may be employed for an ICS design in the 
context of dioxin assessment.  Readers are referred to the section entitled Underlying Concepts and 
Definitions on Page 26 of this document for concepts and definitions that can be leveraged and 
developed for site-specific applications. 
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Exhibit 7:  Attachment F to Figure 1 - TEQ-Based Risk Screening 
 

Attachment F to Figure 1 
Site Assessment Sampling Design and Strategy 

DRAFT Uniform Federal Policy (UFP) Qua lity Assurance Project Plan (QAPP) 

 
TEQ-Based Risk Screening 

In accordance with Figure 1, the analytical results from soil samples collected at sites are used to 
conduct a 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) TEQ-based risk screening.  The TEQ-
based risk screening represents a first step in risk management and Regions have the discretion to 
conduct human health risk assessments (HHRA) and determine the necessity of remedial actions in 
accordance with EPA and Regional policies and procedures.  The following is a summary of the 
TEQ-based risk screening process. 
 
Depending on historical information and the contaminants of concern, the dioxin TEQ ICS soil 
samples collected at a site may be analyzed for three classes of contaminants: 
 

�x Polychlorinated dibenzo dioxins (PCDDs); TCDD is a member of this class, 
�x Polychlorinated dibenzo furans (PCDFs), and 
�x Dioxin-like polychlorinated biphenyls (PCBs) (USEPA, 1996c). 

 
It is well established that some of the individual contaminants in these three classes cause toxicity 
to humans via similar mechanisms as those causing TCDD toxicity (van den Berg and others, 
2006).  Historical data review should allow the site investigation and risk-screening program to 
focus on selected constituents within these three classes and support streamlining of the sampling 
and analytical program.  Concentrations of each of these individual contaminants are converted to 
a TCDD TEQ using contaminant-specific toxicity equivalency factors (TEF).  TEFs represent the 
relative toxicity of each contaminant to TCDD.  For example, a TEF of 0.1 for Chemical A means 
that Chemical A is approximately one-tenth as toxic as TCDD.  EPA (2009) “recommends the use 
of the TEFs developed by the World Health Organization (WHO)” (van den Berg and others, 
1998, 2006).  For the purposes of conducting the TEQ-based risk screening, the 2005 WHO TEFs 
should be used (UNEP, 2007). 
 

DU-specific TEQs for the Site may be calculated as follows: 

�x For each detected contaminant/congener with a TEF, the reported concentration (C) of the 
contaminant/congener is multiplied by its congener-specific TEF to generate a congener-
specific toxic equivalence concentration (TEC). Then all the TECs are summed to get a 
sample-specific total TEQ.  For DUs with replicate ICS samples, if UCLs are to be 
calculated, the three (or more) replicate samples’ total TEQs are used to calculate the TEQ 
UCL for the DU. 

o C x TEF = TEC 
o ∑ TEC = Total TEQ 
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�x As the primary basis for decisions, the sample TEQ is calculated based on detected, non-
detected, and congener results with “J” qualifiers.  Non-detected congeners are included in 
the calculations using a Kaplan-Meier (KM) approach to determining the mean or other 
applicable method (see Appendix 4).  Results with a “R” qualifier [representing rejected 
results] should not be used in the calculation of the TEQ as such, but should be used in a 
sensitivity analysis that evaluates the importance of the rejected data [see UFP-QAPP 
template Worksheet #15].  These two types of calculated TEQ-based risk screening results 
(with and without accounting for rejected results) can be compared and contrasted for the 
purpose of providing risk managers with the ability to compare to decision criteria.  If the 
congener that is rejected is important, there are various options to pursue, including 
reanalysis (perhaps with improved cleanup of the sample extract).  A more detailed 
discussion of handling non-detect and rejected data is presented in Appendix 4.  A 
Microsoft Excel spreadsheet is available that is programmed to perform these calculations. 

 
�x Because of the possibility of reanalysis, holding times for archived samples should be 

tracked to ensure holding times are not exceeded, however, holding times up to one year 
are specified by EPA methods [see UFP-QAPP template Worksheet #19].   

 
�x Depending on project-specific applications, the total TEQ or TEQ UCL is compared to the 

appropriate threshold value such as, the PRG for TEQ.   
 

If method-reporting limits (RLs) impede TEQ screening evaluations for one or more sample 
analyses, the affected samples may be reanalyzed to assess whether the elevated reporting 
limits are due to laboratory or matrix issues.  If reanalysis confirms matrix interferences, the 
laboratory should be consulted to identify and undertake corrective actions.  If matrix problems 
cannot be corrected, the original analytical results may be subjected to statistical evaluation to 
assess data usability and application. 

 
 
 
Exhibit 8:   Attachment G to Figure 1 - Conducting A Human Health Risk Assessment.  

Attachment G to Figure 1 
Site Assessment Sampling Design and Strategy 

Uniform Federal Policy (UFP) Quality Assurance Project Plan (QAPP) 

 
Human Health Risk Assessment 

 
 
Because the Human Health Risk Assessment (HHRA) process is supported by existing guidance, which is 
not subject to change based on the UFP QAPP template, no information is presented in this User Guide on 
this topic.  Reviewers are referred to the HHRA guidance  listed in the References section of the UFP QAPP 
template and  in Appendix 5: References, herein. 
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UNDERLYING CONCEPTS & DEFINITIONS 

The following section contains explanations of concepts that underlie ICS sampling and sample 
handling procedures as well as assumptions for use of these procedures in dioxin assessments. 
 

1. Sites are pre-determined to require assessment based on Regional determination. 
 

2. Media of concern is limited to shallow soil only.   
 

3. Shallow soil: USEPA’s Soil Screening Guidance User’s Guide (1996) recommends the 
top 2 centimeters (cm) of soil be considered ‘shallow’.  The actual depth interval of 
interest to project decisions, however, needs to be determined by the Regional project 
team during systematic planning according to Regional specifications or the CSM for 
deposition, transport and exposure.  The UFP-QAPP template assumes the actual depth 
interval is located within the 0- to 2-foot depth interval.  The chosen depth should be 
specified in the project-specific UFP-QAPP in Worksheet #10 as part of the “Problem 
Definition.” 

 
4. Deep Soil: The requirement to collect sample soils at depth needs to be determined by the 

Regional project team and key stakeholders during systematic planning, according to 
Regional specifications or the CSM for deposition, transport and exposure.  The actual 
depth interval is assumed to be located within the 2- to 10-foot depth range.  It is 
important to note, however, that the current version of the UFP-QAPP template does not 
address sampling of soils at depths greater than 2.0 feet. 

 
5. Particle size of interest refers to the soil particle size that is of interest to the decision-

making process.  More information is provided in the “Matrix Heterogeneity” section of 
this User Guide for why particle size is important to consider.  The particle size for soil is 
considered to be grains less than 2 millimeters (mm) in diameter.  Particle size is most 
relevant when exploring mechanisms and pathways by which receptors can be exposed, 
such as dust-sized particles that easily adhere to skin and clothing.  If dust-size particles 
are the targeted population of interest, this population can be isolated from the bulk soil 
by sieving.  Under other exposure scenarios, it is possible that the entire particle size 
distribution is the parameter of interest, in which case the bulk soil (all material less than 
2 mm) would be the targeted population.  The particle size(s) of interest should be 
determined during systematic planning and in consultation with the project risk assessor.  

 
Standard tests of soil properties, especially particle-size analysis, should be performed on 
at least one soil sample collected from the site.  If the site encompasses significantly 
different soil types, then areas composed of each soil type should be sampled and tested.  
If a background concentration study is performed, particle-size analysis can be performed 
on a representative sample during this step.  As an added benefit, particle-size 
information can serve multiple uses over the course of site characterization and 
remediation. 

 
6. Targeted population refers to the specific material or group of objects that are of interest 

to an investigation.  For the purposes of the UFP-QAPP template, a target population is 
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the soil area, soil depth, and particle fraction about which project decisions are made.  
Defining the target population is one of the most important outcomes of the systematic 
planning process. 

 
7. Sample support: “Support” refers to the physical parameters that help determine 

contaminant concentration results when a sample is analyzed.  “Sample support” includes 
the mass or volume of a sample, along with its dimensions (length, height, width) when 
extracted from its parent matrix.  When soil is involved, “sample support” also includes 
particle size, as this has a marked influence on the mass of contaminant attached to a 
mass of soil.  The term “support” also conveys the spatial dimensions and other physical 
characteristics of the population of interest.  “Decision unit support” is simply a 
shorthand way of saying “the spatial and physical dimensions of the decision unit.”  For 
example, a DU support might be the particle size fraction less than 100-mesh that is 
within the top 6 inches of a quarter-acre DU.  

 
EPA’s Soil Screening Guidance User’s Guide (1996) notes that the size, shape, and 
orientation of sampling volume (i.e., support) for heterogeneous media have a significant 
effect on reported measurement values.  For instance, particle size has a varying effect on 
the transport and fate of contaminants in the environment as well as on the potential 
receptors.  Comparison of data from methods based on different sample supports can be 
difficult.  Defining the sampling support is important in the early stages of site 
characterization, and is a task inherent to the “set the study boundaries” DQO process 
step.  
 

8. An ICS sample is defined as a single sample composed of soil portions (increments) 
collected from multiple locations evenly distributed across the designated volume of a 
designated area.  The soil increments should all be of equal mass and mixed together to 
form a single large uniform sample.  Use of ICS can require additional sample 
preparation/homogenization before being sub-sampled to isolate the portion of the sample 
volume submitted for analysis.  The concentration of an ICS sample represents the 
average concentration for the soil volume of the designated area.  The designated volume 
of soil represented by the ICS sample may be either a DU or an SU, depending on the 
specific structure of the particular sampling design and the purpose of the ICS sample. 

 
9. Compositing vs. incremental sampling vs. incremental compositing:  All EPA guidance 

on compositing was published prior to the term “incremental sampling” coming into 
vogue in recent years.  EPA guidance uses the term “compositing” to cover a variety of 
different sampling goals: 1) deriving an average, 2) searching for hotspots, and 3) 
estimating a population proportion (USEPA, 2002).  Recently, the term “incremental 
sampling” has come into use only in the context of deriving an average.  A number of 
organizations are still in the process of defining what characteristics should be present in 
order to use the term “incremental sampling.”  Both compositing and incremental 
sampling refer to the same basic process of mixing portions together; however, it is the 
purpose and details that differ.  EPA’s “compositing” term is broader in its goals and 
applications than incremental sampling.  For the purpose of the UFP-QAPP template, 
incremental sampling is considered a specific type of compositing used to derive an 
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average.  In some instances, dioxin sampling designs may also involve searching for 
hotspots.  Since one or both of these goals might be present in a single sampling design, 
the term “incremental composite sampling” (ICS) is used herein to cover all possible 
sampling goals.  

 
10. Application of  composite or incremental sampling in USEPA’s Superfund program:. 

USEPA’s 1996 Soil Screening Guidance User’s Guide reasons: “Because the objective of 
surface soil screening is to estimate the mean contaminant concentration, the physical 
“averaging” that occurs during compositing is consistent with the intended use of the 
data.  Compositing allows sampling of a larger number of locations while controlling 
analytical costs…” (USEPA, 1996a). 

 
The 2002 Supplemental Guidance for Developing Soil Screening Levels for Superfund 
presents composite sampling as an alternative to collecting the large number of discrete 
samples that would otherwise be required to generate an estimate of the true mean.  The 
95% upper confidence limit (UCL) was introduced as a technique to compensate for the 
inaccuracies of estimating the mean from a small number of discrete samples, as is 
generally done, even when spatial variability is high:  
 

“The maximum contaminant concentration from composite sampling is a 
conservative estimate of the mean concentration and can be used for soil screening 
evaluations… Alternatively, site managers can collect discrete un-composited 
samples…[but] because there is no spatial averaging of soil concentrations with this 
method, a much larger number of soil samples is required to produce a reliable 
estimate of the mean contaminant concentration.  As a result, EPA recommends 
estimating the 95th percentile upper confidence limit (UCL95) on the mean 
contaminant concentration as a conservative estimate of the mean when performing 
a soil screening evaluation with data sets of non-composited samples.”   

 
(See also the 1996 Soil Screening Guidance Technical Background Document.)  The use 
of the UCL95 is one alternative that should be considered during systematic planning.  
Regions and project teams have the discretion to use other threshold values (USEPA, 
1992a). 
 
The USEPA Risk Assessment Guidance for Superfund (RAGS, 1989c), says that 
composite samples are acceptable for representing average exposure concentrations:  
 

“For media such as soil, sediments, and groundwater, composite samples generally 
may be used to assess the presence or absence of contamination; however, they may 
be used in risk assessment only to represent average concentrations (and thus 
exposures) at a site.” [page 4-19; emphasis added]. 

 
At least six EPA guidance documents address compositing, collectively providing many 
details for how to use compositing for different project purposes.  In addition, advances 
in technology have deepened the understanding of natural systems and resulted in the 
development of more powerful field and laboratory tools.  These tools present RPMs with 



User Guide - Uniform Federal Policy - Quality Assurance Project Plan Template for Soils Assessment of Dioxin Sites 

 

29 

even more options for planning and implementing compositing projects than were 
available when these guidance documents were originally published.  EPA guidance and 
findings from current (2010-2011) research on incremental sampling and sample 
homogenization were used to prepare the UFP-QAPP template and this User Guide. 

 
11. A decision unit (DU) is defined herein as the volume of soil over which a mean 

concentration value is obtained for comparison to a regulatory threshold value or other 
type of action level or for using in risk assessment calculations.  It is the same as the 
material within the “study boundaries” as covered in Step 4 of USEPA’s DQO process.  
The study boundaries “specify the spatial and temporal aspects of the environmental 
media that the data must represent to support the decision.” (USEPA, 2006). 

 
In risk assessment, the average concentration obtained over a DU is called the exposure 
unit (EU), and is termed the exposure point concentration (EPC).  Thus, the DU is the 
area and volume about which the primary project decisions (such as evaluating risk or the 
need for remediation) are made.  The 1996 SSG User Guide displays a graphic on its 
page 11 (http://www.epa.gov/superfund/health/conmedia/soil/index.htm) showing how a 
site can be stratified into different sections based on their likelihood of contamination.  
Later in this dioxin assessment User Guide, Example 2, beginning on page 56 is loosely 
based on the SSG graphic and illustrates its application. 
 
The average concentration for a DU can be derived by: 
 

o Collecting multiple increments and analyzing a single ICS sample that provides 
an average for the whole DU.  This is illustrated in Figure 1 below.  A UCL may 
also be calculated by using an estimate of variability from a similar (same land 
use, physical attributes, etc.) nearby DU as described in Example #2 in the 
implementation section of this User Guide. 

 
o Collecting multiple ICS sample replicates (i.e., take a similar set of 3 or more 

samples from the same DU, but offset the grid so that increments are from 
different locations), analyzing ICS samples for the DU and calculating a UCL 
from replicate results.  This is illustrated in Figure 2 below. 

 
If the primary DU ICS sample fails and the sampling design includes SUs designed to assist 
potential remediation planning, averaging analytical results from multiple SUs within the DU and 
calculating a UCL from that data set is an option.   This may occur in a scenario where a hotspot is 
identified in a single SU, which is then remediated. If an updated UCL is required for the DU, the 
remediated SU can be sampled using the same number of increments and ICS samples as the pre-
remediation SU sample. The post remediation SU results can be substituted for the pre-remediation 
SU results. The new data set (original “clean” SUs and the post-remediation SU sample results) 
can be used to calculate a post remediation UCL for decision making.  Note that post remediation 
results are still based on the same number of increments as the pre-remediation DU (greater than 
30 increments).  Figures 1 and 2 below illustrate the collection of increments using a random 
systematic grid and highlight the need for off set grids to collect ICS replicates within the same 
DU. 
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Figure 1.  Single DU with 30 Increments Going into a Single ICS Sample 

 

 
 

Figure 2.  Three Replicate DU-ICS Samples of 30 Increments Each 
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12. Exposure point concentration: EPA recommends that comparisons with risk-based 
guideline values and standard risk equations use a concentration statistic that represents 
the average exposure of a chemical that a receptor may be exposed to within a given area.  
EPA’s RAGS (2002) states that: 

 
“the exposure point concentration (EPC) is a conservative estimate of the average 
chemical concentration in an environmental medium.  EPA recommends using the 
average concentration to represent ‘a reasonable estimate of the concentration likely 
to be contacted over time.”   

 
The conservative estimate of the average recommended by EPA is the statistical upper 
confidence limit on the mean. This agrees with the USEPA’s Soil Screening Guidance 
User’s Guide (1996a):  
 

“an individual is assumed to move randomly across an exposure area (EA) [note: 
this is the same as the current term “exposure unit”] over time, spending equivalent 
amounts of time in each location.  Thus, the concentration contacted over time is 
represented best by the spatially averaged concentration over the EA.  Ideally, the 
surface soil sampling strategy would determine the true population mean of 
contaminant concentrations in an EA.  Determination of the “true” mean would 
require extensive sampling at high costs; as a result, the maximum contaminant 
concentration from composite samples is used as a conservative estimate of the 
mean.  The Max test strategy compares the results of composite samples to the 
SSLs [soil screening levels] of 1996.” 

 
Pages 13 and 14 of the Soil Screening Guidance User’s Guide (1996a), describe a 
compositing strategy, including selecting the number of increments based on knowledge 
or assumption of the amount of variability within the EA. This example is similar to the 
strategy as recommended herein, with minor differences such as using a random 
placement of increments rather than random-start gridding as described herein. 
 
If it is acceptable to compare composite samples to soil screening levels (SSLs), what 
does this imply about compositing for a PRG?  The Supplemental Guidance for 
Developing Soil Screening Levels for Superfund Sites (2002) states:  
 

“EPA recognizes, however, that certain conservative assumptions built into the 
generic and simple site-specific approaches to SSL development, while appropriate 
for a screening analysis, may be overly conservative for setting PRGs…such 
conservatism may not be necessary for developing PRGs and cleanup levels for 
many contaminants.”   

 
This language implies compositing is considered appropriate for a conservative screening 
technique, leading to the conclusion that it would also be appropriate for another 
similarly conservative decision goal. 
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13. An exposure unit (EU) is the area over which the EPC is calculated.  It is the same 
concept as the EA described above, although EAs in the Soil Screening Guidance are 
presented as 0.5 acre.  For residential areas subject to dioxin site assessment, a 0.25-acre 
EU is recommended as a default.  The size of the DU may, however, vary from 0.25-acre 
depending on risk assessor needs, site-specific parameters, land use, and other driving 
factors of the project.  The basis for EU sizing should be outlined in the project-specific 
UFP-QAPP in Worksheet #11.  The EU is a common type of DU, and consistency with 
the term “unit” is a reason this User Guide uses the term “exposure unit,” rather than 
“exposure area.”  In addition, by 2001, EPA RAGS guidance was using the term 
“exposure unit.” 

 
14. A sampling unit (SU) is equivalent to an “area of inference,” a term used in EPA’s PCB 

guidance (1998) where compositing is recommended for PCB characterization 
(http://www.epa.gov/wastes/hazard/tsd/pcbs/pubs/subpartmopr.pdf).  A SU is a volume 
of soil represented by a single sample, which potentially can be analyzed for a data result.  
That single result might be from a single discrete sample in the center of a grid cell (the 
cell being the SU), or, as in an ICS design, the single data result might come from an ICS 
sample from across the grid cell.  In other words, instead of trying to represent the 
concentration of the whole grid cell from a single discrete sample, the grid cell is 
represented by a single sample, which is made up of many increments collected from 
across the grid cell.   

 
If an ICS sample is composed of increments taken from across the entire DU, the ICS 
sample represents the entire DU.  In that case, the DU is also a SU (because the DU is 
represented by only a single sample).  However, a DU can be partitioned into subunits 
(i.e. SUs), each of which is sampled with its own composite sample.  Such a subunit is a 
SU, because each subunit is represented by a single sample.  Each SU composite sample 
(abbreviated as SU-ICS) can be separately analyzed as individual samples.  More likely 
however, each SU-ICS sample should be split or sub-sampled.  Then the splits would be 
composited together to create the DU-ICS sample that represents the entire DU.  See 
Figure 3 below, where a DU is divided into SUs as quadrants. Increments are collected 
from each quadrant-SU to represent the whole SU’s volume.  Compositing of the SUs 
then produces a single ICS sample that represents the whole DU.   
 
It is easiest if all SUs within a single DU that are sub-sampled to create the “top-tier” DU 
ICS sample are of the same size area (see the figure below) so that each SU contributes 
equally to the DU composite.  Otherwise, the amount of soil contributing to the DU’s ICS 
sample would need to be weighted to reflect the proportional area of each SU.  
Depending on the sampling design and within SU variability, SUs do not always need to 
have the exact same number of increments.  The goal is for the set of SU increments to 
represent the average concentration for the SU.  Unless the concentration variability 
across an SU is known, the exact number of increments needed (as determined 
statistically) to represent the average for that SU cannot be known.  However, in most 
cases, the spatial density of increments (i.e., the number of increments per unit area) will 
be approximately the same for all the SUs within a DU, and therefore can be assumed to 
reasonably represent the mean for each SU.  Where this might not hold true is when 
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different SUs have markedly different concentrations, such as when one SU contains a 
“hotspot.”  If the variability is high within the contaminated SU, the number of 
increments might not be sufficient for an accurate estimate of the true mean of that SU.  
However, in that case, if the concentration is well above an action level, it is not as 
critical that the mean estimate be as accurate as when the concentration is nearer an 
action level.  Where a more accurate estimate of the mean is required for each SU and 
variability is expected to be high, 30 increments or more per SU may be used for the 
reasons explained in Appendix 2.  This is more likely to apply at sites with larger DUs. 
 
The use of SUs makes the sampling design somewhat more complex, and the UFP-QAPP 
template anticipates that most of the time the SU concept may not be utilized.  At times 
however, there might be site-specific reasons to split the DU into SUs.  These include the 
need to document spatial trends in concentration within the DU if a CSM has data gaps 
that need to be filled at a sub-DU scale.  In addition, the project team may suspect that 
contamination is not uniformly distributed within the DU (i.e., “hotspots” might be 
present), or that exposure to one SU (such as a child’s play area) is higher than to other 
SUs.  SU samples can be archived for later analysis in case the DU fails and is 
determined to require cleanup or further investigation.  Archiving SU samples for later 
analysis helps to reduce the chance for multiple field mobilizations, and their associated 
work plans, sample acquisition, analysis, data interpretation and reporting. 
 

Figure 3:  Example of Four SUs Within a DU 
 



User Guide - Uniform Federal Policy - Quality Assurance Project Plan Template for Soils Assessment of Dioxin Sites 

 

34 

Compositing SU ICS samples to create a DU-ICS sample is the physical equivalent of 
taking four discrete samples (one from each quadrant) and averaging them together, but 
with two very important differences.  First, the uncertainty about whether a single grab 
sample is representative of its quadrant is controlled by using a composite sample (made of 
bottom-tier increments) rather than a simple discrete sample.  In this way, the SU 
increment density is serving to control the short-scale heterogeneity over the quadrant, 
ensuring the representativeness of the SU ICS sample.  The SU ICS sample is assumed to 
approximately represent the average concentration over the SU.  The second difference is 
that, rather than analyze each quadrant separately and then mathematically calculating an 
average for the entire DU, this is done physically through a compositing process.  The 
remainder of the SU ICS sample can be archived for future use, if needed.   
 
In the end, the number of increments contributing to the DU-ICS sample is 30 to 60 (unless 
substantially justified in the project-specific UFP-QAPP), a number of increments that 
provides more confidence that the result represents the true mean, which is critical for risk-
related decision-making on the DU.  However, if the DU is found to be contaminated at a 
concentration level where remediation may be necessary, the SU ICS samples can be 
retrieved from archives and tested to determine the contaminant pattern at a spatial scale 
smaller than the DU where such information might inform remedial decisions. 

 
15. When both DUs and SUs are used, terminology should distinguish between the ICS 

samples produced at the SU level, and the ICS samples produced at the DU level.  
Shorthand designations such as “SU-ICS” and “DU-ICS” might be used.  There may also 
be times when terminology such as “bottom-tier” (i.e., at the SU-level) and “top-tier” (i.e., 
ICS samples formed by combining other homogenized ICS samples) might be useful.  Any 
use of tiered ICS samples should be clearly described as part of the sampling design in the 
project-specific UFP-QAPP in Worksheet #17. 

 
16. Collect samples for other analyte species if planned, including discrete samples for analytes 

requiring undisturbed samples (such as volatile organic compound (VOC) samples) or 
other project data needs.   It is also possible to collect VOCs using a compositing technique 
that places increments directly into methanol preservative (USEPA SW-846 method 5035) 
http://www.epa.gov/epawaste/hazard/testmethods/sw846/pdfs/5035.pdf  

 
17. Ideally, the number of increments should be selected based on the degree of heterogeneity 

in the field and the variability seen in sub-sampling.  If sufficient historical and other 
information is available, it is possible to use Visual Sample Plan (VSP) to calculate the 
ideal number of increments.  This information may also be obtained from a site-specific 
pilot study or demonstration of method applicability (see Appendix 3).  For those cases 
where neither option is available, a default number of 30 to 60 increments per DU ICS 
sample is proposed (see Appendix 2).  This number is considered the default, meaning that 
if 30 to 60 increments per DU ICS samples are collected, no explanation of how the 
number was selected is required.  One of the reasons a number higher than 30 might be 
utilized is if the CSM indicates high heterogeneity, but a quantitative measure is not 
available.  If a TEQ UCL (an upper confidence limit on the mean) is desired, rather than 
the simple TEQ mean (as represented by a single ICS sample result), then three replicate 
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ICS samples can be collected, tripling the spatial coverage of the DU (see figure below).  
When replicates and a UCL are used, a number closer to 30 may be sufficient for even a 
highly heterogeneous DU, because a total of 90 increments (three x 30-increment ICS 
samples) is collected within that DU.  If replicates are not used (only a single ICS sample 
per DU), then project teams may choose a number closer to 60 increments for the single 
ICS sample in order to ensure an accurate estimate of the mean for DUs suspected of 
having a high degree of heterogeneity. 

 
Figure 2:  Three Replicates DU-ICS Samples of 30 Increments Each.   

(Figure Duplicated here for Reference) 
 

 
The number of increments can be optimized to more than 60 or less than 30 if the reason 
for the deviation is scientifically- or statistically-derived, is transparent, and the reasons 
are clearly explained in the project-specific UFP-QAPP in Worksheet #17.  Referencing 
guidance that deals with a different analyte is not considered adequate justification. 

 
The default minimum increment number of 30 was selected based on a number of factors, 
which are discussed in detail in Appendix 2, “Rationale for a Default of 30 – 60 
Increments.” 
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Calculating UCLs from ICS replicates  
 
One of the reasons a default minimum of 30 increments was selected is that the Central 
Limit Theorem and its application in research studies suggest that this number is 
sufficient to normalize non-normal populations.  Stated more rigorously, repeated 
sampling of a non-normal population typically generates a distribution of means that is 
normal or near-normal.  As long as there is no evidence to negate the assumption of near-
normality, use of t-distribution statistics for calculating the UCL is allowed.  Being able 
to use the t-distribution simplifies the mathematics and generates a “well-behaved” UCL.  
However, if there is evidence that the assumption is not true for a certain DU, then an 
alternate statistical method to calculate the UCL is required.   
 
A group of statistician members of the Interstate Technology and Regulatory Council’s 
(ITRC) Incremental Sampling Methodology (ISM) Team recently performed simulations 
exploring this question.  Their simulations were based on using three replicate 
incremental samples per DU.  The following recommendations are based on their 
conclusions.  
 

�x Evidence that the distribution may be non-normal can be extracted from the three 
replicate data points by calculating the relative standard deviation (RSD), which is 
the standard deviation divided by the mean.  A high RSD is an indication that the 
distribution may be significantly non-normal.  For that reason, using the t-
distribution to calculate the 95% UCL is recommended only when the RSD is less 
than 1.5.   

�x For RSDs between 1.5 and 3, their recommendation is to use the nonparametric 
95% Chebychev UCL.   

�x For RSDs greater than 3, use of the nonparametric 99% (not 95%) Chebychev 
UCL is recommended.   

 
Note that ProUCL , an EPA software tool that can calculate UCLs for a variety of 
distributions (http://www.epa.gov/esd/tsc/software.htm)will not calculate a UCL for data 
sets of only three samples because the algorithms used cannot make the choice of which 
UCL to recommend.  A spreadsheet programmed to calculate these values from data 
results, therefore, has been developed for use in conjunction with the UFP-QAPP 
template.  Other commercially available software, or calculation by hand may also be 
used by qualified technical team members.   
 
The UCL from the Chebychev calculation, especially the 99% Chebychev UCL, can be 
quite high.  It is desirable, therefore, to control as many variables as possible so that the 
ICS sample replicate variability (the standard deviation) is low.  Achieving this involves 
1) using the CSM to separate different populations, 2) conducting dense sampling of the 
population with sufficient increments, and 3) performing careful homogenization and 
sub-sampling of the ICS samples.  These activities help make each ICS data point highly 
representative of the true DU mean, and therefore make the underlying data distribution 
normal.  With a normal or near-normal distribution, the RSD should be less than 1.5 and 
the t-distribution can be used to calculate the UCL. 
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18. Pilot studies can be very cost-effective in addressing a variety of important unknowns.  A 

fact sheet describing the benefits of pilot studies [also called “demonstrations of methods’ 
applicability” (DMAs), a term from SW-846] is attached as Appendix 3.  One example of 
how a DMA can pay for itself is when there are large areas made up of many DUs and 
the CSM indicates that all the DUs would have a similar variability.  If that variability is 
low, performing a DMA on a few DUs may show statistically that fewer than 30 
increments per DU are acceptable.  In that case, given the number of DUs involved, 
reducing the number of increments to only what is statistically required could result in 
considerable labor savings.  Visual Sample Plan (VSP) can be used to perform 
calculations on DMA data to statistically determine the number of increments.  
Documentation providing the derivations of VSP inputs should be provided in the 
project-specific UFP-QAPP in Worksheet #17   The DMA may provide evidence that not 
all DUs require field replicate DU-ICS samples.  Perhaps only a certain fraction need the 
replicates as a QC check to ensure that conditions are stable across the large area.  
Technical suggestions for implementing a DMA specific to dioxin assessment projects, 
along with an instruction sheet for using VSP in this context may be developed from 
early pilot sites to assist Regional project teams in future assessments.  Project specific 
assistance is also available from EPA HQ/Superfund/TIFSD. 
 
Another reason for performing a DMA when many related DUs are involved in a single 
project is to make sure the sampling and analytical methods can address matrix-specific 
challenges and meet the project-specific goals.  It is a good idea to test SOPs and ensure 
they are adequate for increment collection, sample preparation, and sample analysis 
before moving forward.  Finding out too late that SOPs are inadequate can result in 
inefficient use of valuable resources or require repeat site activities.  Similarly, standard 
sample preparation methods may be over-kill in some situations, and modification of the 
SOPs to reduce labor and associated costs may be beneficial.   
 
When a DMA is performed, it is a good idea to determine which step in the sampling and 
analysis chain presents the greatest source of data variability (USEPA, 1996a) as it is 
important to identify large sources of data variability that may jeopardize project goals.  
If any adjustments in analytical or sampling procedures are needed, it would be most 
efficient to determine those before project work plans are finalized.  Focusing 
modifications on those procedures having the highest impacts on data variability or data 
usability prior to full-scale field activities can avoid wasted labor and unusable data.  
 
Figure 4 shows the construction of a variability source QC design that measures sources 
of data variability. Seven analyses are required for each sample evaluated, whereas, the 
number of individual samples evaluated is flexible depending on what else the DMA is 
testing.  Based on the DMA results, the project team is able to confidently specify the 
details of sampling and analytical procedures and develop QA/QC procedures that build 
transparency and defensibility into the project while saving resources.  An example of 
using such a study is illustrated in Example 2 of the implementation section of this User 
Guide. 
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Even if a DMA is not performed, the investigation should be structured to include some 
type of variability source QC procedure (USEPA 1996a, 1990).  The figure below 
illustrates a procedure that measures the relative strength of variability sources.  This 
procedure should be performed at a rate determined by systematic planning and as 
documented in the project-specific UFP-QAPP worksheets.  When possible, the project 
team should target DUs that have different characteristics that could influence the 
efficacy of the SOPs, such as matrix properties and release and transport mechanisms. 

 
Figure 4.  Variability Source QC Procedure:  Measures Sources of Data Variability 

 
 

19. What if the DMA or CSM indicates that more than 60 increments are needed?  For 
example, historical data may indicate a very high degree of variability is present.  General 
experience is that collecting more than 60 increments per ICS sample begins to make the 
logistics of mixing, disaggregation, sieving, and other sample preparation procedures 
proportionately difficult to implement.  Where statistics indicate that more than 60 
increments are required, changing project plans to utilize smaller DUs may be beneficial.  



User Guide - Uniform Federal Policy - Quality Assurance Project Plan Template for Soils Assessment of Dioxin Sites 

 

39 

Justification for increment numbers greater than 60 should be documented in the project-
specific UFP-QAPP. 

 
If a large number of increments are suggested by a statistical evaluation, the sampling 
and analytical design should be examined more closely in light of the CSM, and/or DMA 
data, and variability source QC samples’ results (Figure 4).  For example, the variability 
in the data may result from inadequate sample homogenization or poor analytical sub-
sampling and not in situ field conditions.  If the variability problem lies in sample 
handling, corrective action can be taken at that level.  Collecting a larger number of 
increments is not beneficial if the greatest sources of variability are the result of 
laboratory sub-sampling or other handling procedures. 
 
If the source of high data variability appears to be spatial variability, the CSM may need 
to be updated and the reason explored.  The updated CSM may suggest that the 
variability is mostly uniform but randomly distributed across the DU area, as illustrated 
in Figure 5 below. 

 
Figure 5.  Example of Random Distribution of Contamination 

 
DU

Random distribution of contamination = a single heterogeneous 
population of highly variable contaminant concentrations

High contaminant concentration

Medium cont. concentration

Low contaminant concentration  
 
In this case, the CSM should be assessed to determine whether contaminant release and 
migration created patterns of contamination distribution that are highly variable even on a 
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small spatial scale, or biased by a unique physiographic feature, as in the example Figure 6 
below, which shows distributions based on the presence of a swale on site. 
 

Figure 6.  Example of Spatially Stratified Distribution of Contamination 

 
In some cases, observable DU-specific characteristics or unique physiographic features 
contribute to causing different “populations” of contaminated soil in different parts of the 
same DU.  For example, consider a site where contamination is suspected to have occurred 
by spraying.  It is possible that a DU in the investigation area was not directly sprayed, but 
spray drift likely deposited a lesser amount of contamination.  Drift deposition could cause 
short-scale heterogeneity—where one potential core sample can differ from its neighbor 
core sample. This is illustrated in Figure 5. 
 
On the other hand, suppose there were a swale that collected storm water runoff from the 
directly sprayed area, which channeled the runoff onto the DU (see Figure 6).  The part of 
the DU that lies in the swale would likely contain higher contaminant concentrations than 
the rest of the DU.  Thus, that swale would represent a different contaminant population 
than the rest of the DU because contamination migrated there in a different manner, 
creating a distinct spatial pattern and concentrations different from the rest of the DU.  The 
difference from one part of the DU to the other (the swale) creates “long-scale 

DU

Spatially stratified distribution of contamination = 2 populations of 
contaminant concentrations as a result of a swale

High contaminant concentration

Medium cont. concentration

Low contaminant concentration
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heterogeneity.”  To reiterate, long-scale heterogeneity means that samples from one 
location are reasonably similar to each other, but significantly different from samples from 
other locations in the DU. 
 

20. When data from different contaminant populations are mixed, it creates high data 
variability and non-normal data distributions.  Separating populations reduces data 
variability and makes statistical distributions more normal, which greatly simplifies 
statistical work and improves remedial design.  Within the ICS framework, a DU known 
or suspected of containing different populations might be split into separate DUs that 
each hold just one population.  For example, a wind-deposited population versus a water-
deposited population versus a spillage area, etc.  Often there are observable physical 
features or clues in the CSM that help delineate these different populations. 

 
Matrix Heterogeneity, Decisi on Units, and Sampling Units  
 
There are a few fundamental concepts behind the ICS design rationale in the UFP-QAPP template.  
One of the most important concepts is that soils and similar solid media can display a high degree 
of heterogeneity that greatly complicates collecting data representative of the population of 
interest.  A further complication is that the degree of heterogeneity depends on the spatial scale 
being examined.  The challenge for site characterization is that the scale of data sampling and 
analysis is much smaller (grams) than the scales at which exposure characterization and 
remediation take place (thousands of kilograms).  The goal of ICS is to bring those two spatial 
scales into better alignment so that the data from the analysis of 1 or 10 grams of soil can be 
confidently extrapolated to represent the concentration of a volume of soil in the field that is many 
orders of magnitude larger. 
 
In the context of project planning and implementation, defining and sampling DUs is a 
fundamental step.  Defining appropriate size, shape, and orientation of DUs is, therefore, a primary 
step and critical for systematic planning for any dioxin assessment effort.  In this respect, most site 
decisions are made at the DU level and efforts associated with managing heterogeneity or sources 
of variability work down to shorter scales from there.  In contrast, quality data collection and 
management starts at the sampling or matrix level and moves up through the DU level.  Project 
decision makers, and those charged with designing and collecting information to support those 
decisions, therefore, may view heterogeneity from opposite ends of the spectrum.  In an effort to 
more fully describe techniques to manage sources of variability at differing scales, this section 
describes heterogeneity from the matrix micro-scale to the DU level.  
 
Matrix  heterogeneity refers to variation in composition, and especially (for the purposes of this 
User Guide), the variation in contaminant concentrations from place to place within soil over the 
volume of the DU.  Variation in soil composition is correlated with variation in particle size and 
contaminant concentration.  The term “within-sample matrix heterogeneity” refers to the variation 
in composition that causes variability in data results between duplicate sub-samples from the same 
jar.  This within-sample heterogeneity acts at the micro-scale level, which involves the soil 
particles and contaminant molecules interacting with one another. Heterogeneity also occurs at 
larger scales and has an effect on data sets and their interpretation, as discussed in more detail in 
the following paragraphs. 
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Within-Sample Matrix Variability 
 
Starting at the smallest spatial scale, data variability caused by within-sample matrix heterogeneity 
is the first source of variability.  This source of data uncertainty is measured by laboratory and 
field replicates.  These splits are from the same sample location and should theoretically give the 
“same” result, but due to matrix variability, discrete samples often do not.  When sample 
homogenization is minimal, sample splits are not the “same” sample; as would be reflected by the 
different analytical results obtained.  The data uncertainty being created by within-sample 
heterogeneity increases as the difference between replicate results grows. 
 
Within-sample matrix heterogeneity is reduced by sample preparation activities, such as drying, 
disaggregation (breaking up clods) and sieving to separate particle size fractions.  [Note: Grinding 
of a sample may be necessary for some analytes or some scenarios.  Based on the experiences of 
practitioners with dioxin-contaminated soil, the UFP-QAPP template assumes that sample grinding 
will NOT routinely be required.  Since that cannot be guaranteed, the grinding option has been 
retained, and the UFP-QAPP template developers can provide assistance should the issue arise.  
The experience and SOPs from such a project can then be incorporated into updates to the UFP-
QAPP template and distributed to other Regions.]   
 
Matrix heterogeneity at the micro-scale is a function of soil particle size and particle composition.  
These soil particle properties cause preferential retention of analytes on certain soil particles rather 
than on others.  Soil properties such as surface area and electrostatic charge can affect the degree 
to which some analytes of interest preferentially sorb to those materials.  For example, clay 
minerals carry an electric charge that attracts positively charged metal ions.  Similarly, particles 
composed of significant amounts of organic carbon may accumulate higher levels of organic 
contaminants via sorption into the organic carbon component.  Particles that have little associated 
carbon, and which are largely composed of inert inorganic minerals, may not carry as much of a 
contaminant load.  Both particle types may be present in the same soil sample and they may or 
may not be roughly the same size. If particle types are of the same size, sampling to produce an 
analytical sub-sample that is representative of the bulk average might not be difficult.  Common 
mixing and sub-sampling techniques do not discriminate against particles if they are all the same 
size. 
   
Common sample handling techniques, however, actually do separate larger and smaller particles.  
As sample containers are shaken, smaller particles tend to settle to the bottom and larger particles 
migrate to the top.  This problem of segregation by particle size is exacerbated by sub-sampling 
utensils, such as spatulas and scoops, which discriminate according to particle size based on the 
design of the tool.  Larger, more bowl-shaped scoops will retain larger particles that would roll off 
a smaller or flatter scooping surface.  Sample handling and sub-sampling procedures are seldom 
standardized or controlled to avoid introducing particle size biases into analytical sub-samples.  
Laboratory technicians are likely to handle samples differently, even in accordance with laboratory 
protocols.  As a result, obtaining an analytical sub-sample that is truly representative of the bulk 
average in the sample container can be a challenge.  A sub-sample is sometimes more 
representative of the larger particle fraction, while an intended replicate sample is more 
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representative of the smaller particle fraction, and analytical results can vary based on the severity 
of this sub-sampling discrepancy.  
 
Although soils of uniform particle size do occasionally occur naturally, soils usually contain 
particles that vary in size from silt- and clay-sized particles to pebbles.  Clay minerals are of 
particular note because their large microscopic surface area and electrostatic charge tend to 
preferentially bind contaminants carrying a positive charge.  Contaminant loading varies with 
particle size, and routine sample handling and sub-sampling procedures discriminate according to 
particle size.  Therefore, soil data can be highly variable, even when extracted from the same 
sample jar.  Laboratory duplicates, matrix-spike duplicates (MSD), and field splits are considered 
to be the “same” sample, yet their results commonly differ significantly when routine splitting 
procedures are used.  
 
Split samples and laboratory duplicates can have very different analytical results.  Both results are 
correct in the sense that the analysis of both analytical sub-samples was likely correctly performed; 
however, the analytical sub-samples are fundamentally different samples.  Both could be 
misleading in the sense that neither data result might be representative of the true average 
concentration for the sample in the container or the area in the field represented by the sample.  
The difference between the replicate sub-samples’ results is a measure of how uniform the soil 
concentration is at the within-sample spatial scale (the within-sample matrix heterogeneity).  A 
few native soil types may show near uniformity in situ, but often, deliberate sample preparation 
activities are required to generate a homogenous sample.  Highly variable analytical replicate 
results should be a warning to decision-makers that the data generation process may not be 
sufficient to control artifacts caused by sample heterogeneity, and decisions based on those data 
have an additional degree of uncertainty. 
 
Fortunately, strategies are available to control this source of data variability, particularly if the 
analytical variability in sample replicates or splits exceeds what can be tolerated in decision-
making.  Unfortunately, options for reducing within-sample heterogeneity involve additional labor, 
time, equipment, and costs.  The additional resource requirements, however, should be weighed 
against challenges arising from increased data scrutiny; the need for additional data collection to 
resolve data conflicts; and the need to support difficult risk management decisions concerning 
protectiveness, which can affect remedial designs and costs.   
  
The exact procedures selected to prepare samples are dependent on the myriad of project variables 
related, but not limited to: 
 

�x soil type,  
�x contaminants of interest,  
�x staffing,  
�x budget,  
�x availability of equipment,  
�x desired workflow,  
�x number of samples, and 
�x subsequent sample preservation or preparation steps. 
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Under some circumstances, some or all of the sample preparation might be performed onsite, 
either in a temporarily housed fixed-base laboratory, or in a mobile laboratory.  Alternatively, 
some or all of the sample preparation might be performed in an offsite, fixed-based laboratory.  
This decision should be made by the project team after deliberation of relevant factors. 
 
There is yet another critical factor to consider when determining the actual soil sample population 
of interest.  Sometimes the population of interest is the bulk material, meaning that the data are 
supposed to represent the average concentration for all the soil material (usually defined as 
particles less than 2 mm) in the sample.  Frequently, however, this is not the case, such as when the 
population of interest is defined by what decisions the data are intended to support.  Risk decisions 
may involve exposure pathways that are governed by particle size.  For example, small particle 
sizes that may be transported as dust may be most likely to be carried off-site, also ingested, or 
inhaled.  If the dust-sized particle fraction is the population of interest, it is inappropriate to use 
data generated from bulk samples.  The dust fraction must be isolated from the bulk sample and 
analyzed separately if the sample is to be representative of the population relating to the decision 
process.  This is an example of where a well-prepared CSM can be effective in supporting the 
design of the project.  
 
Procedures that can reduce within-sample variability include: 
 

�x breaking up aggregates by hand, by pounding or by grinding in a mortar and pestle; 
�x sieving to a uniform particle size; 
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�x milling using mechanized grinding equipment (not anticipated by the UFP-QAPP 
template); and 

 

 
 
�x using incremental sub-sampling (a “slab cake” or “pancake”) to create the sample mass for 

analysis 
 

 
 

Sieving requires a dry sample, so wet samples need to be air- or oven-dried.  If oven-dried, the 
oven temperature should not exceed that which would drive off the more volatile analytes.  Any 
analyte that is volatile enough to be run through a gas chromatograph, like the SW-846 8270 semi-
volatile organic compound (SVOC) list, can be lost from a sample baked at too high of a 
temperature.  Air-drying, therefore, while more time-intensive, limits the potential for analyte loss.   
 
Sieving may be performed by hand or by a mechanical shaker.  If done by hand, shaking should 
continue until separation is complete to ensure the entire fraction of interest is obtained.  
 
Just as incremental sampling increases the representativeness of a field sample, incremental sub-
sampling (using the “slab cake” technique, see attachments to UFP-QAPP template Worksheet 
#18, 21, 26) serves to increase the sample’s analytical mass representativeness of the entire 
sample.  Incremental sub-sampling can occur in stages.  It can be performed onsite (if conditions 
are amenable) or in an offsite laboratory.  The first stage of incremental sub-sampling 
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representatively reduces the volume of the original field ICS sample to a smaller volume that 
might be submitted to the laboratory or be used as an increment in a 2-tier ICS strategy.  On-site 
incremental sub-sampling and laboratory sub-sampling are illustrated in the “slab-cake” photos on 
the left and right above, respectively. 
 
Incremental sub-sampling suppresses data variability caused by micro-scale heterogeneity within 
the sample.  This assumes that the population of interest has been identified and is what is being 
sub-sampled. It also assumes that the sub-sampling scoop has been sized to equally retain all 
particle sizes present in the population of interest. 
 
Within-Sampling Unit Variabil ity (Short-Scale Heterogeneity) 
 
The next tier of matrix heterogeneity is within-SU variability. SU’s are defined areas/volumes of 
soil from which increments are collected to produce a single sample representing that entire 
area/volume.  The goal behind incremental sampling of a SU is analogous to the goal for 
incremental sub-sampling from a “slab-cake” created from a jarred sample, only on a larger spatial 
scale.  Just as incremental sub-sampling seeks to reduce the data variability between analytical 
sub-samples, incremental sampling of a SU seeks to reduce the data variability between field 
samples intended to represent some relatively small area/volume (the SU) that is a portion of a 
larger DU.  
 
Within-SU variability is a function of the short-scale heterogeneity created by deposition and 
transport/transformation mechanisms.  Short-scale heterogeneity often exists over distances of feet 
to yards; for example, the spatial scale at which collocated samples might be collected.  The effect 
of high short-scale heterogeneity is that a different concentration may result depending on which 
exact location is chosen for sample collection.  If one location is chosen for sampling, the result 
may be low, but another location only 6 or 12 inches away may give a very high result.  An 
example of heterogeneity at this scale from actual field data for arsenic in parts per million (ppm) 
using X-ray fluorescence (XRF) is provided below:   
 

 
 
On the other hand, typical long-scale heterogeneity operates on a scale of yards to acres and is the 
heterogeneity that occurs from one area to another within the DU.  The differences in contaminant 
concentration could be due to point sources or topography-driven transport mechanisms.  Unless 
the average over a large area is the only measurement desired, SUs can be structured so that they 
avoid mixing potentially different populations represented by long-scale heterogeneity.  If the DU 
result were to exceed the action level, and further work is required, the archived SU samples can 
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provide the information needed to update the CSM, design remediation, or perhaps split the DU 
into two or more DUs. 
 
The benefit of SUs to risk assessment is explained in the Risk Assessment Guidance for Superfund 
(1989c):  
 

“If samples are taken from an area that is anticipated to have a high degree of variability in 
chemical concentrations, then many samples may be required to achieve a specific level of 
certainty and power.  If contaminant concentrations in an area are highly variable and only a 
few samples can be obtained, then the risk assessor should anticipate (1) a great deal of 
uncertainty in estimating mean concentrations at the site, (2) difficulty in defining the 
distribution of the data (e.g., normal), and (3) upper confidence limits much higher than the 
mean.  Identification of multiple areas of concern—each with its own set of samples and 
descriptive statistics—can help reduce the total variability if areas of concern are defined so 
that they are very different in their contaminant concentration profiles.  Risk assessors should 
discuss during systematic planning both the anticipated variability in the data and the desired 
power and certainty of the statistics that may be estimated from the data.”   

 
Project teams are encouraged to explore the SU concept with their risk assessors to determine 
potential applicability on a site-specific basis. 
 
SUs are also helpful when a DU is so large that coverage of the entire DU with increments is 
impractical.  A single tier of increments over a large DU (e.g., one incremental sampling project in 
an agricultural setting had DUs of 80 acre size) should have an increment density that can control 
for both short-scale and long-scale heterogeneity at the same time.  For practical reasons, 
increments generally have a small sample support (see definitions list #7).  Sometimes the sample 
support may be only the dimensions of a corer 1 inch or so in diameter and several inches in 
length.  Very small increment dimensions mean that more increments are needed to adequately 
capture the concentration extremes caused by a small sample mass in the presence of significant 
micro- and short-scale heterogeneity.  SUs can be used to create larger sample supports that avoid 
the problems created by short-scale heterogeneity.  As long as contamination is randomly 
distributed across the DU, the variability between SUs, that is, the long-scale heterogeneity, will be 
low.  The number of SUs needs to be sufficient to capture and measure long-scale heterogeneity.  
If the variability between SUs is low, then fewer SUs are needed to represent a large DU.  
Statistically, the fraction of SUs needing to be sampled in a very large DU (tens to hundreds of 
acres) depends on how variable the concentrations are between the SUs within that DU. 
 
In summary, as short-scale heterogeneity increases, more increments are needed within the SU.  As 
long-scale heterogeneity within a large DU (which has been partitioned into many SUs) increases, 
more SUs within the DU need to be sampled.  For small DUs, it is usually practical and advisable 
to sample all the SUs. 
 
Using SUs has the additional advantage of being amenable to simultaneously gather information 
about the spatial distribution of contaminants within a DU.  SU data can preserve information on 
spatial contaminant distribution if that information is important.  Such information might be 
needed to affirm, refute or correct components of CSM.  For example, if one SU out of four has a 
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concentration that is inconsistent (significantly different) than the other results, and the CSM 
instead assumes contamination is completely randomly distributed due to aerial deposition, the 
CSM is either incomplete or incorrect.  Building an accurate CSM generally requires a weight of 
evidence approach, and a SU strategy can help provide that. It is important to note, however, that 
chemical data are only one line of evidence.  Site visits, field observation, and other types of data 
such as the slope of the land, type of soil, vegetation, moisture, and wind direction provide some of 
the most valuable evidence.  The Preliminary CSM provides the justification for designing an ICS 
strategy at the beginning of a project.  As the project progresses, defending that the data set was 
collected appropriately requires that the assumptions supporting the sampling design be verified by 
a transparent and well-documented CSM. 
 
Decision Units: the Core of an ICS Design 
 
DUs are the fundamental basis for decision-making purposes under the UFP-QAPP template.  DUs 
are designed to address EUs and exposure assumptions and pathways.  All other components (SUs, 
etc.) fall out of the DU design.  A DU is a large volume of soil, generally at the scale of acres or 
fractions of acres.  A DU is often discussed in terms of two-dimensional area, but its depth 
component gives the DU three dimensions.  Setting the depth is a critical part of developing the 
sampling design and defining the DU.  As implied, a DU is that fixed volume of soil for which a 
primary decision is made.  As an example of a primary decision: “Is the TEQ or TEQ UCL for this 
¼-acre residential yard at a depth of 0 – 2 inches, above the regulatory threshold?”   
 
Regional technical teams have the flexibility to develop the size, shape, and orientation of DUs 
necessary for risk evaluations.  During systematic planning efforts and in consultation with key 
technical team members such as risk assessors and project engineers, the team should use all 
available information (captured in the CSM) to define DU boundaries.  Former and future land use, 
historical sampling data, site physical features, and other components of the CSM help define DU 
size, shape, and orientation necessary to complete project-specific UFP-QAPP elements.  
 
Two brief examples are provided to illustrate how teams might use CSM information and exposure 
scenarios to develop appropriate DUs for ICS efforts. 
 

DU Development - Example 1 
 

Example 1 illustrates a commercial redevelopment area adjacent to a former wood treatment 
facility with known arsenic and dioxin soil contamination.  DU Example 1, Figure 1a below, 
illustrates the shape of the area of interest outlined in blue along with the boundaries of the former 
wood treatment facility (outlined in red) neighboring this property. 
 



User Guide - Uniform Federal Policy - Quality Assurance Project Plan Template for Soils Assessment of Dioxin Sites 

 

49 

DU Example 1;  Figure 1a 
 

 
[Figures provided by Roger Brewer, Hawaii Department of Health.  These examples include site work 
conducted EPA Region 9.  Case studies illustrating these concepts were provided in a presentation to the 
EPA Dioxin Assessment UFP-QAPP Development Work Group on July 28, 2010.]  
 
Illustrated below (see Figure 1b) is the same property layout, but with the DU borders drawn in.  
The figure’s historical information and the current CSM is used to define acceptable DU size, 
shape, and orientation. With the DU lines overlaid, the above figure is transformed into the 
property shown below (DU Example 1b).  
 
Figure 1b places smaller DUs with higher likelihood for potential remediation along borders with 
the former wood treatment facility and medium size units are placed along historical access points 
to that property.  A specialized small DU is used to encompass an area of a known previous 
petroleum spill, and larger DUs 1-2 acres in size with a low likelihood of contamination are placed 
further away from the known source area. 
  




