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Although I’m sure that some of you have these rules memorized from previous CLU-
IN events, let’s run through them quickly for our new participants.  

Please mute your phone lines during the seminar to minimize disruption and 
background noise. If you do not have a mute button, press *6 to mute #6 to unmute 
your lines at anytime. Also, please do NOT put this call on hold as this may bring 
delightful, but unwanted background music over the lines and interupt the seminar. 

You should note that throughout the seminar, we will ask for your feedback. You do 
not need to wait for Q&A breaks to ask questions or provide comments. To submit 
comments/questions and report technical problems, please use the ? Icon at the top of 
your screen. You can move forward/backward in the slides by using the single arrow 
buttons (left moves back 1 slide, right moves advances 1 slide). The double arrowed 
buttons will take you to 1st and last slides respectively. You may also advance to any 
slide using the numbered links that appear on the left side of your screen. The button 
with a house icon will take you back to main seminar page which displays our agenda, 
speaker information, links to the slides and additional resources. Lastly, the button 
with a computer disc can be used to download and save today’s presentation materials. 

With that, please move to slide 3. 
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Does anyone feel that having a little fun during the day is too juvenile, 
like working for reward by answering questions in quizzes? 
We try to liven up a dry, dry…dry, dry topic and a long course to keep 
you interested and awake. 
Speak now or forever hold your peace. 
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Emphasize that this is cartoon whose only purpose is to illustrate the sample support 
concept. 
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Emphasize that this is cartoon whose only purpose is to illustrate the sample support 
concept. 
#1 would represent the layer of interest better if the depth of the sample was the same 
as the depth of the layer of interst.  
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8/5/98 Preamble page 35409; Codified 63FR 35465 & 35466 
1.5 m x 1.5 meters = 4.5 ft x 4.5 ft =  20.25 sq ft 
1985 PCB guidance on EPA.gov http://www.epa.gov/epawaste/hazard/tsd/
pcbs/pubs/subpartmopr.pdf 
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Animated slide for presentation 
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8/5/98 Preamble page 35409; Codified 63FR 35465 & 35466 
1.5 m x 1.5 meters = 4.5 ft x 4.5 ft =  20.25 sq ft 
1985 PCB guidance on EPA.gov http://www.epa.gov/epawaste/hazard/tsd/
pcbs/pubs/subpartmopr.pdf 
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“Given the average concentration in soil, the iron in a cubic yard of soil is 
capable of adsorbing from 0.5 to 5 pounds of soluble metals as cations, 
anionic complexes, or a similar amount of organic[s].” (Vance, 1994). 
[Reference = David B. Vance. National Environmental Journal. May/June. 
1994  Vol.4 No. 3 page 24-25. 

Mass of As in 1 ug soil with 5000 ppm conc (0.5%)= 5 ng 
If that 5 ng As dropped into 1 g soil = 5 ppb 
If that 5 ng As dropped into 1 kg soil = 5 ppt 
5 ng dropped into 0.5g soil (ICP) = 10 ppb 
5 ng dropped into 2 g soil (ICP) = 2.5 ppb 
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Cartoon of smectite plates with an embedded positively charged metallic ion 
(such as calcium, purple ball).  The plate structure increases the surface area 
and attractive forces available to bind a contaminant molecule (DD = dibenzo-
p-dioxin; red balls represent oxygen atoms) (Source: SRP Research Brief 183, 
3/3/10, page 2). 
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Data adapted from the Interstate Technology and Regulatory Counsel (ITRC).  2003. Characterization and Remediation of Soils at Closed Small 
Arms Firing Ranges. January. Available on-line at http://www.itrcweb.org/SMART-1.pdf 
The results of this study show how different particle sizes within the same jar of soil have different lead (Pb) concentrations. We call this “within-
sample” or “micro-scale” soil heterogeneity because different concentrations of analyte occur on very small spatial levels within in a single jar of 
soil. Although the soil may look “homogenized,” it really isn’t as long as different particles sizes exist in the sample jar. This would not matter IF 
the entire volume of soil in the jar was analyzed all at once. Analyzing the whole sample gives you the true concentration of the jar contents. 
However, jars usually contain 100 grams or more of soil. Common analytical methods for Pb (and other metals) use between 0.5 and 2 grams 
of soil for the analysis, depending on the lab’s SOP. So the analytical sample is much, much smaller than the mass of soil in the jar. 
For this study, a large soil sample was taken from a firing range with Pb contamination. The soil sample was dried and clods were broken apart, 
but no grinding was performed. Visible fragments of Pb bullets were removed. The soil was then sieved into different-size fractions. The 6 
particle size fractions that resulted are provided above. Particle size gets smaller as the mesh size increases. Each particle-size fraction was 
analyzed for Pb separately by atomic absorption (AA), a routine laboratory method for analyzing metals.  
An obvious trend exists for this site’s soil: the Pb concentration in a particle size fraction increases as the particle size decreases. Why should 
this be? There are a few reasons. The smaller the particle size, the more surface area is available to adsorb contaminants like Pb. And the 
smallest fraction is more likely to have particles made of clay minerals. Clay minerals carry a negative charge that attracts and holds on to 
positively-charged metal ions. Over time, contaminants “partition” into the soil constituents that have properties that attract them. There may 
also be very, very tiny particles of Pb released by the gun’s firing mechanism, from impacts of bullets into hard surfaces (like rocks), and by slow 
decay of bullet fragments. 
Particle size effects on analytical results have ramifications for the sampling & analysis of soil. When soil is shipped to a lab, motions in transit 
cause a segregation of particle sizes within jars. When a sample jar arrives at the lab, larger particles are typically sitting on top, and smaller 
particles have moved toward the bottom. If a technician were to sample a jar by unscrewing the cap and simply scooping a subsample off the 
top, the Pb result would likely be a lot lower than the true Pb concentration for the whole jar of soil.  
As mentioned above, metals analysis for soil typically involves digesting a very small mass, around 1 gram. So another variable that can affect 
the concentration of the analytical sample (and thus the reported result) is the size and shape of the utensil used to weigh out the nominal 1-
gram. A variety of utensils of varying sizes and configurations can be used to scoop up small amounts of soil and ferry it from the jar to the 
weigh boat that sits on the balance. There is no standardization of what utensil should be used. Even within the same lab, different technicians 
may use different scoops. A larger, spoon-shaped utensil will retain the larger particles (which provide mass, but little Pb), but those particles 
could easily roll off a flat spatula or a much smaller scoop. Thus a larger bowl-shaped utensil will select FOR larger particles, whereas a flat or 
very small scoop surface will select AGAINST larger particle sizes.  
Another variable is related to the motions the technician makes while weighing out the analytical sample. Say the target mass for an analytical 
sample was 1 gram. Weighing out samples takes time, and technicians are always under pressure to maintain high sample throughput. So the 
fewer scoops into the weigh boat needed to get close to 1 gram, the more samples a technician can process. So naturally, the technician will 
make the 1st scoop out of the jar larger to try to get close to 1 gram without going significantly over. If it does go overweight, the soil must be 
dumped and weighing started over. Although the analytical sample doesn’t need to be exactly 1 gram, it should be close. If a larger sized scoop 
was used and the amount of sample in the scoop looks larger than 1 gram. the technician may give the scoop a little shake to dump some of 
the larger particles back into the jar. This action selects AGAINST larger particles. 
Now, say the 1st scoop of soil brought the balance to 0.7 g. Then a smaller volume (with even fewer large particles that might “tip the weight 
over”) may be scooped into the weigh boat. Say that now the balance says 0.9 g. To get the mass closer to 1.0, the technician will likely gently 
tap the side of the scoop while holding it over the weight boat in order to knock smaller particles in a little at a time. This action selects AGAINST 
larger, low-Pb content particles and preferentially adds smaller, high Pb-content particles.  
These very common techniques are fine when weighing out materials that are truly homogenous and have a uniform particle size. But for soils, 
variable selection for and against various particle sizes in the analyzed subsample changes the result. These various weighing techniques may 
all occur in the same sample weighing, or only one or none may occur. The fact that these variables are not controlled in routine laboratory 
practice is part of the reason why split sample results can be very different, and explains why lab duplicates from the same jar often have poor 
precision. 

Size conversions: 
3/8” = 0.375 in. = 9.525 mm 
ASTM (US std) nominal aperture mesh size (mm): 
4-mesh = 4.76 mm 
10-mesh = 2 mm 
50-mesh = 0.297 = 0.3 mm 
200-mesh = 0.074 mm 
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The nugget effect can occur when contamination occurs in particulate form (such as 
explosives residues deposited as a powder or lead fragments in a firing range), or 
when contaminants partition onto mineral surfaces or organic carbon which are 
themselves heterogeneously distributed. Gy theory relates the size of the matrix 
particles to the mass of a sample support that can be representative of the true mean 
for the larger matrix volume. 
Specifying a regulatory threshold without specifying the sample support over which it 
applies (or at least recognizing that differences in sample support introduce variability 
into analytical data results) easily leads to widely different analytical results. Since the 
sample support is generally ignored in regulation, it is ignored in practice and the 
sample support is left to chance. This leads to uncontrolled (and usually 
undocumented) variations in sampling conditions and often widely varying results that 
are difficult to interpret. Unless the lab was in charge of field sampling and was 
involved in project planning and SAP/QAPP preparation, the lab cannot be held 
accountable for such variable results. The analytical result is probably correct; project 
planning was faulty for not ensuring that sample collection procedures would produce 
samples representative of the decision. 
The volume of the sample is an important factor that influences the reported 
concentration for the sample, especially when contaminants are heterogeneously 
distributed throughout the parent matrix. The nature of the release, such as 
contaminant release in the form of a powder, increases the heterogeneity. 
Alternatively, contaminants will be heterogeneously distributed if they preferentially 
partition onto mineral surfaces or into organic carbon that are themselves typically 
heterogeneously distributed. 
3 different color-coded sample volumes are illustrated here. From largest to smallest: 
green/brown, light blue, and red. The dark particles are “contaminated” particles in a 
matrix of “cleaner” particles. Variable capture of the “dirty” particles is illustrated for 
higher and lower contaminant concentrations and different sample volumes. 
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Gilbert, Richard O. and Pamela G. Doctor.  1985. Determining the Number 
and Size of Soil Aliquots for Assessing Particulate Contaminant 
Concentrations.  Journal of Environmental Quality Vol 14, No 2, pp. 286-292.  
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When we think about measuring the characteristics of a human population 
(e.g., average height), the basic sampling unit is well-defined and obvious: a 
person. 

Within the world of soil samples, however, there is no basic sampling unit that 
has been defined by guidance and is universally used.  The sampling unit (or 
sampling support) varies from project to project; different sampling units are 
often used at different times for the same project. 

At the physical scale that most sampling work is done, the soils that one 
collects, prepares, and analyzes are aggregates or “composites” consisting of 
lots of tiny soil particles.  This is true for the pinch of soil used for an extraction, 
the heap of soil that the original pinch was drawn from, the jar from which the 
heap of soil came, and the soil core that yielded jar of soil. 
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G-5S p 121 
In the first two cases (Sections 10.2 and 10.3), there is interest in making an estimate for a 
prescribed target population—in the first case estimating the mean of a continuous measure 
(e.g, the mean concentration of contaminant) and in the second case estimating the proportion 
of the population with a characteristic. In these two cases, carrying out the Composite 
sampling means combining a sampling design with a compositing protocol. The sampling 
design describes the method for selecting units from the target population and indicates the 
number of units to be selected and which ones are to be selected. The compositing protocol 
describes the scheme for forming and processing (mixing and homogenizing) composites. It 
indicates whether entire samples or aliquots are to be combined, the number of groups of 
units to be formed (m), the number of units per group (k), which units form each group, and 
the amount of material from each unit to be used in forming the composite sample.  

The last two cases (Sections 10.4 and 10.5) involve decision making at the unit level rather 
than at the target population level. As a consequence, these approaches involve composite 
sampling and retesting protocols that not only define how composites are to be formed but 
also define when and how subsequent testing is to be done to ultimately identify particular 
units. The retesting strategies for these cases are conditional on the results obtained for the 
composites. In order to retest individual samples, the identity and integrity of the individual 
samples must be maintained; this implies that aliquots from the individual samples, rather than 
the whole samples, must be combined in forming composites. Additional aliquots from the 
individual samples are then retested either singly or in other composites. 

RCRA Waste Sampling Draft Technical Guidance: Planning, Implementation, and 
Assessment, EPA530-D-02-002, August 2002 (formerly SW-846 Chapter 9, until 
pulled out to expand sampling into its own document) This document and 
SW-846 Method 8330B contain the most implementation details. 
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EPA Observational Economy Series: Composite Sampling (1995) pages 8 & 9 
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EPA530-D-02-002 RCRA Waste Sampling Draft Technical 
Guidance Planning, Implementation, and Assessment (Aug 2002) 
http://www.epa.gov/epawaste/hazard/testmethods/sw846/samp_guid.htm 



77 



78 



79 

http://www.epa.gov/quality/qs-docs/g5s-final.pdf 
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Here’s the distinction between composite averaging and composite searching 
for the purposes of this presentation.   

In the case of composite averaging (figure on the right), we collect multiple 
samples or soil increments from within a decision unit and then combine them 
into a composite sample for analysis.  Our goal is to determine whether the 
average concentration within the decision unit is less than some cleanup 
criterion. 

In the case of composite searching (figure on the left), we collect multiple 
samples or soil increments from either across decision units (as illustrated 
here) or within decision units and then combine them into a composite sample 
for analysis.  Our goal is to determine whether any of those original increments 
might have had contamination levels above some specified threshold that 
would be indicative of the presence of contamination at levels of concern. 

The balance of this discussion will focus on composite averaging.  Composite 
searching will be discussed later (also referred to as adaptive compositing). 

An important side point: “Dilution” is not a concern for composite averaging.  
“Dilution” is a concern for composite searching. 
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•  ITRC = Interstate Technology and Regulatory Council (http:www.itrcweb.org) 
•  The ITRC ISM-1 document is a web-based document to accommodate a 
wealth of hyperlinks between sections and to additional information and pop-
up definitions. The entire document will be able to be printed, but is over 600 
pages long due to the number of appendices and case examples. 
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•  In the case of ICS designs, collecting multiple increments of uniform mass/
volume in an unbiased manner within the decision unit involves 1 of 2 
strategies: Collect an incremental sample across the entire decision unit so 
that a single incremental sample represents the entire decision unit, or collect 
a composite sample that represents the average concentration across a 
smaller area within the decision unit. For the latter case, the entire area of the 
DU is split between several areas called sampling units (SUs), each of which 
is represented by a composite sample. SUs preserve spatial information about 
contaminant concentrations, which can be accessed later should the need 
arise (such as the DU average exceeds a decision threshold such that cleanup 
is needed). 
•  Maintaining the chain of sample representativeness at each step of sample/
increment collection may require sieving, grinding and/or increasing the mass 
of the analytical subsample. This is as critical for discrete samples as for 
incremental-composite samples. If representativeness is lost at the 
subsampling stage, the work that went into ensuring representativeness as the 
field level is wasted. 
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•  ASTM D6323 (2003)  Standard Guide for Laboratory Subsampling of Media Related to 
Waste Management Activities (www.astm.org) 
•  The graph shows that as particle size gets smaller, the mass of the subsample needed to 
obtain good precision gets smaller.  The reason why grinding to small particle sizes (like 75 
microns) is important for metals is that very small analytical subsamples are used, usually 
between 0.5 to 2 grams of soil. Even if sieving to 2 mm is performed, when only 1 gram is 
used (blue curve), the minimum variability in the data (given as %RSD) is extreme. (recall that 
as %RSD increases, variability increases and precision decreases) 

•  As an example, say you have a sample with a true Pb concentration of 100 ppm. The 
soil was sieved through a 10-mesh sieve (2 mm screen size) and everything larger 
than 2 mm was removed from the sample. Great care was taken to subsample in a 
representative way, but only 1 gram of that sieved soil is taken for the analytical 
subsample. The BEST precision that can be expected (no matter how carefully the 
tech performs the sampling) for the 100 ppm sample is for results to fall within the 
range of 12 to 188 ppm 95% of the time. That is a very wide range. 
•  From this minimum starting point, the variability only gets worse if sloppy 
subsampling techniques are used. 

•  Increasing the analytical subsample mass to 10 grams (purple curve) significantly improves 
the minimum %RSD (i.e., the best possible precision) even if the largest particle size stays at 
2 mm. If the true concentration of the sample is 100, and great care is exercised during 
subsampling, 95% of the time 10 gram subsamples will provide results in the range of 70 to 
130 ppm. 
•  On the other hand, if the particle size is reduced to less than 1/10th of a mm, the minimum 
variability for a 1-gram subsample is around 5 %RSD. This means that results for a 100 ppm 
sample could fall, at best, between 90 and 110 ppm 95% of the time. 
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Off-the-shelf coffee grinders and mortar/pestles are examples of tools that can 
aid disaggregation. 

Heavy-duty grinders/mills that can reduce particle size to <100 microns 
include: rotary pulverizers, ball mills, and puck mills. For more information on 
sample processing, see ITRC ISM-1 Section 6.2.2.5 

Gy theory is the theory of sampling particulate materials. More information 
concerning Gy theory can be found in the ITRC ISM-1 document, EPA/600/
R-03/027 (subsampling guidance) and EPA/530-D-02-002 (SW-846/RCRA 
sampling guidance).  
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Ref: Guidance for Obtaining Representative Laboratory Analytical Subsamples 
from Particulate Laboratory Samples   EPA/600/R-03/027    Nov 2003 
•  An incorrect subsampling tool allows some portions of the soil sample 
population to have a greater probability than others of inclusion in the 
analytical subsample. The soil sample population is the portion of the matrix 
that has been defined as the target, such as all particles smaller than 2 mm 
diameter. If all particles less than 2 mm is the target population, the 
subsampling tool cannot discriminate against (for example) particles in the 1- 
to 2-mm range vs. particles smaller than 1 mm.  
•  One example of discrimination can happen when the soil sample has 
segregated in the jar so that the larger particles are predominately at the top of 
the jar. Then when the soil in the jar is poured out into a “slab” for 
subsampling, the larger particles end up at the bottom of the slab. As depicted 
in the figure, the larger particles are less likely to be chosen by the rounded 
scoop. 
•  Another example of discrimination against larger particles can occur if the 
subsampling tool is shallow and narrow (as are some spatulas), so that larger 
particles roll off the tool. 
•  An example of discriminating against smaller particles can occur when soil is 
scooped off the top of jar contents which have segregated such that finer 
particles have mostly settled to the bottom out of reach of the sampling tool. 
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Guidance for Obtaining Representative Laboratory Analytical Subsamples 
from Particulate Laboratory Samples   EPA/600/R-03/027    Nov 2003 
•  A tool is “correct” if, as the tool is pushed forward, particles are included or 
excluded with equal probability.  

105 



106 



107 



108 



109 109 109 



110 


