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Bottom Line Up Front – What Matters

Data Quality Objectives matter

Decision Unit selection Matters

Full Spatial Coverage (Increments Matter)

Mass of field sample (Mass Matters)

Lab interaction on processing steps. Extraction/Digestion mass matters.

All leads to Representative and Reproducible Data 
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Objectives

• Partnership: RRD Program Team is your “phone a 
friend”

• Fundamentals of Multi-Increment Sampling 

• DQOs for all projects

• DU Design 1)Assess Risk with Exposure Area DUs 

            2)Optimize Remediation with Source Area DUs 

• Soil Sampling Guidance Update

• Field Examples and Q/A  
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Risk and why is this important

Our criteria are based on the mean concentration of the 
contaminant for a specified “exposure area” and by default 
“exposure volume” of soil as a whole, such as a residential lot, 
greenspace around multifamily housing, or exposed soil at a 
school playground.

The concentration of the contaminant associated with any given 
small mass of soil within this area is irrelevant in terms of 
assessment of risk.
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Risk and why is this important

• If that’s true and you believe it, then how do you collect a 
sample that represents the volume of soil you are interested in 
to compare to Risk-Based Criteria?
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Decision Unit - Multi Increment Sampling (DU-MIS)
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TERMINOLOGY

DU:  Area/volume of soil you would collect and test as a single mass, if you could...;

Discrete Sample: (USEPA 1980s)
• Collected from a single point within a targeted area ("single increment sample");
• Mass collected based on laboratory needs (typically 100-Z00 grams).

Multi Increment Sample:  (relatively "new" idea)
• Collected from multiple points ("increments") within a targeted area;

• Mass and # of "increments" included in sample based on Gy's Theory of Sampling.
(Slide Courtesy of Roger Brewer)
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Representativeness

Think of the size of the samples 
you take…size of a sample…
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Data Quality Objectives

Think of the mass of the 
samples you take……

What are your samples representative of? 1g, 10g,
Example  ¼ acre sandy front yard to 6” (277tons) 
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What is DU-MIS?

• Robust composite sampling 
technique

• Designed to provide 
Representative, reproducible 
and defendable results

• Maximizes confidence in 
decisions to Assess Risk or 
Optimize Remediation
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How Does DU-MIS Increase Our 
Confidence?

1. Greater spatial coverage

2. Use of Replicates to measure                     
Reproducibility

Confidence is based on decisions being 
defendable
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Why is this Critical?

• Heterogeneity!!!!!!
• Known challenges to 

soil characterization
• Must avoid 

unnecessary resources 
spent on areas which 
do not cleanup and 
focus on those which 
do

• Need high confidence 
in decisions
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DQO Process Template/Checklist



PCB-Infused Tar Balls and "Distributional Heterogeneity" 
The Myth of "Maximum" Contaminant Concentrations in Soil  

(Slide Courtesy of Roger Brewer)
• Soil samples cannot be "homogenized" to the 

scale of a laboratory subsample;

• Reported concentration varies with 
volume/mass of soil tested;

• Maximum concentration always either 0 % 
(absent) or 100% (present);

• Risk-based objective is always the mean/true 
concentration for a specified area & volume of 
soil.

Arsenic 
Nuggets
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Collection of a Representative Sample

• Site preparation

• DU demarcation

• Soil type vs sampling tools

• Surface soils

• Subsurface soils 

• Excavations

• Stockpiles

• Sediment

• Sampling for VOCs

• Equipment decontamination

(Slide Courtesy of Roger Brewer)



Laboratory Sample Processing and Analysis

• Recommended subsample masses 
based on discussions with sampling 
statisticians trained and experienced 
in Gy's Theory of Sampling.

• *Minimum of 1.0g currently allowed 
for unground soil if necessary but 
include laboratory replicates 
(increases error in data).

Laboratory 
Subsample 
Triplicates (10%)

Air Dry, Sieve Subsample

Ideal Minimum Subsample Mass
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Why change?
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Good science will win in the 
end and in lawsuits

Fairness to regulated public 
(time, money, clear 

endpoint)

Unforeseen liability of 
stakeholders and 

consultants (and regulators)

Competition with other 
consultants (Get In. Get 

Out. Get it Right)

Regulatory requirement:

• Laboratory data must be 
representative of the sample 
provided

• Sample provided must be 
representative of area of collection
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What good are discrete samples?

• For indirect pathway evaluations and screening to determine 
if the media of concern should be sampled…

Paved UST sites, point source (piping elbow leak) presence or 
absence that leads to GW or VI sampling for risk and 
compliance  (Soil protective of…) may not even need to be 
analytical…visual, odor
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Why use DQOs

From EGLE’s Quality Management Plan:

• EGLE’s quality assurance activities: All data 
generated will be scientifically valid, of 
known precision and accuracy, of acceptable 
completeness, representative, comparable, 
and legally defensible. 

Data Quality Objectives
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Representativeness

• Description of the degree to which an 
estimate agrees with the true value of the 
parameter of interest. (ITRC Incremental Sampling Methodology 2012)

• A representative sample is one that answers a 
question about a population with a certain 
confidence. (Ramsey, C. A., and A. D. Hewitt. 2005. “A Methodology for Assessing 

Sample Representativeness,” Environmental Forensics 6: 71–75.)

• Representative, reproducible, and defensible 
(RRD)

Data Quality Objectives
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Draft Soil Sampling Guidance Development

• Planned Updates DU-MIS Document replacing 2018 resource 
material

• Planned development of a Soil Sampling Guidance Document 
to replace the 2002 S3TM. 

• Planned Guidesheets on unique but common applications:

  Soil Piles, Characterization of Clean Fill, Excavations
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Field Concerns

1. How is mass reduction of the sample to be done? Plugs, Wedge, 
Full Vertical Core(Densteadt tool)

2. What is the protocol if core is less than 100% recovery?

3. Staining, visible asphalt nuggets or paint flakes noted in field notes 
or pivot with PM in the field to boundary or source area sub-DUs.

Hawaii TGM  Appendix M (Field Doc) App F (Tools and Methods)
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Refinery DU-MIS Example

6/26/2026 24

Discrete Lead Samples 
exceeding Direct Contact 
Criteria 0-2 feet
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Refinery DU-MIS Example

6/26/2026 25

Discrete Lead Samples 
exceeding Direct Contact 
Criteria Below 2 feet



26

Refinery DU-MIS Example
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Refinery DU-MIS Example
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Refinery DU-MIS Example

What is Percent Relative Standard Deviation (%RSD)?

It’s a measurement of precision.  It tells you whether your data has captured the 
heterogeneity of the Decision Unit (DU)

Standard Deviation of the triplicate data divided by the Average (Mean) of the 
triplicate data, multiplied by 100.

       

            %𝑅𝑆𝐷 =
𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝐷𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛

𝑀𝑒𝑎𝑛
𝑋 100
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Refinery DU-MIS Example

Percent Relative Standard Deviation (%RSD)
Standard Deviation of the triplicate data divided by the Average 
(Mean) of the triplicate data, multiplied by 100.

       

       %RSD = (STDEV/AVERAGE) x 100
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Housing on Former Orchard
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Housing on Former Orchard
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Housing on Former Orchard
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Former Orchard in 1955
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Housing on Former Orchard
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Housing on Former Orchard
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DHHS and EGLE Publication
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Can I Incrementally Sample VOCs? Yes 
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Summary of What Matters  Defensible Decisions

Data Quality Objectives matter

Decision Unit Selection Matters

Full Spatial Coverage (Increments Matter)

Mass of field sample (Mass Matters)

Lab interaction on processing steps. Extraction/Digestion mass matters.

All leads to Representative and Reproducible Data 
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Follow us at:  Michigan.gov/egleConnect

Chris Christensen, CPG

EGLE-RRD-Technical Support Unit

Grand Rapids Office

616-446-7582 |  christensenc@michigan.gov 

Paul Knoerr

EGLE-RRD-IS TAPS Co-Leader

Grand Rapids District Office

616-840-2131 |  knoerrp@michigan.gov 
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https://gcc01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.michigan.gov%2Fegle%2F0%2C9429%2C7-135-3306-388510--%2C00.html&data=02%7C01%7CFeuersteinH%40michigan.gov%7C1871aa83887a4b0c644d08d6c74896a4%7Cd5fb7087377742ad966a892ef47225d1%7C0%7C0%7C636915511908961303&sdata=fe3hjbWp%2Bxu3L36LeIf0XFYcZgRvp%2FcdvER529jJL8o%3D&reserved=0
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