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EXECUTIVE SUMMARY

The Naval Construction Battalion Center is located within the city of
Gulfport, Mississippi, about 2 miles from the Gulf of Mexico. From 1968
through 1977, about 12 acres of the base were used to store 850,000 gallons
of Herbicide Orange in 55-gallon drums. The Herbicide Orange was
determined to contain an average of 2 parts per million
2,3,7,8-tetrachlorodibenzo-o~dioxin (TCDD). This material, along with
1.37 million gallons of Herbicide Orange from Johnston Island, Pacific
Ocean, was destroyed by Environmental Protection Agency-approved high-

temperature incineration in the summer of 1977.

This repoit describes the procedures, results, and analysis of a soil
sampling program performed at the former Herbicide Orange storage site on
the Neval Construction Battalion Center. Over 1700 soil samples were
collected from and around the 12-acre storage area,in aczcordance with a
previously approved sampling protocol. In addition to the soil samples,
over 200 laboratory analyses were performed and reported for a variety of

quality assurance criteria.

Samples were composited for 20-by 20-foot plots, both inside and
cutside the former fenced storage area. A total of 1300 plots were
sampled. To determine the depth of penetration of TCDD into the
cement-stabilized soil, 35 locations were sampled in intervals up to
22 inches in depth. At 15 locations, subsurface samples were collected to
a depth of 5 feet. The vertical distribution of the t:rbicides 2,4-D and
2,4,5-T was al:o investigated by analyzing all subsurt.ce samples for these

compcunds.

The valid ted data indicate that TCDD contamination of the former
feniced storage area is highly variable and random but is highest where the
drumrs were known to be stored or handled, and decreases as the drainage
path moves away from drum storage. TCDD concentrations on the surface
ranged from less than a detection limit of 0.01 ppb to 646 ppb. The

arithmetic mean for all surface plots inside the fenced area was 10.7 ppb.
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Based on the results of subsurface sampling, it appears that, except
for three samples, TCDD concentrations above 1 ppb were limited to 2 feet
in depth, with a maximum of 310 ppb in the 0-3=-inch interval, 93 ppb in the
3-7-inch interval, and 12 ppb in the 8-12-inch interval. The maximum in
the soil/cement is 1000 ppb. There is a definite trend in the data of
decreasing concentration with depth. The major contamination occurs in the
surface, the soil/cement, and 6 inches beneath the soil/cement layer. One
sample had a TCDD concentration of 5.1 ppb at 5 feet. The highest value

obtained was a TCDD concentration of 1000 ppb in the soil/cement layer.

The 15 subsurface samples were analyzed for 2,4-D and 2,4,5-T, the
main components of Herbicide Orange. The concentration values ranged from
detection levels (5000 ppb) to a maximum for 2,4-D of 20,800,000 ppb and a
maximum for 2,4,5-T of 27,700,000 ppb. The highest concentrations were in

the soil/cement layer.

The volume of material requiring excavation for a TCDD cleanup effort
has been calculated at the 65 and 95 percent confidence levels for a
conservative excavation depth of 2 feet. The 95 percent confidence value
for a cleanup criteria of 1 ppb TCDD is 728,800 cubic feet (26,990 cubic
yards). If excavation in 6-inch intervals was performed followed by
sampling the bottom of the hole, it is estimated from the data that this
value would be reduced to approximately 182,200 cubic feet (6,750 cubic
yards).
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PREFACE

All Herbicide Orange sampling reports were prepared for the
Air Force Engineering and Services Center, Engineering and
Services Laboratory, Tyndall AFB Florida, and Job Order Number
(JON) 1900 2067. The principal contractor, EG&G Idaho, Inc., is
a captive contractor of the Department of Energy, Idaho National
Engineering Laboratorye.

This report is one of four reports encompassing the Air
Fforce Soil Sampling and Analysis Programe The goal of this
pProgram was to define the vertical and horizontal extent of
Herbicide Orange derived 2,3,7,8-tetrachlcrodibenzo-p-dioxin at
the three primary herbicide sites. In addition, an initial
groundwater evaluation was prepared for the sites at the Naval
Construction battalionr Center, Gulfport, Mississippi and Eglin
Air Force Base, Florida.

This report has been reviewed by the public Affairs Office
(PA) and is releasable to the National Technical Information
Service. At NTIS it will be available to the general public,
including foreign nationals.

This technical report has been reviewed and is approved for
publication.
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= ~geaN

ALBERT N. RHODES, 1Lt, USAF ROBERT . OLFENBﬁTTEL, Lt Col,
Procject Officer USAF, BSC
Chief, Environics Division

i

THOMAS J. WALKER, Maj, LAWRENCE D. HOKANSON, Lt Col,
USAF, BsC USAF
Chief, Environmental Director, Engineering and
Engineering Branch Services Laboratory
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SECTION I
INTRODUCTION

Herbicide Orange (HO) was developed as a tactical defoliant for use in
Vietnam (Reference 1). It is a reddish-brown to tan liquid, soluble in
diesel fuel and organic solvents, but insoluble in water. The formula
contained an approximate 50/50 mixture of the herbicides 2,4-dichloro-
phenoxyacetic acid (2,4-D) and 2,4,5-trichlorophenoxyacetic acid (2,4,5-T)
with trace amounts of 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD). The
average concentration of TCDD in Herbicide Orange is about 2 parts per
million. The use of HO was discontinued after certain uses of 2,4,5-T,

which contains dioxin, were suspended in April 1970.

In September 1971, the Department of Defense directed that remaining
stocks of HO in South Vietnam be returned to the United States and disposed
of in an environmentally safe manner (Reference 1). After an evaluation of
various disposal techniques, the United States Air Force (USAF) disposed of
0.85 million gallons of HO that had been stored at the Naval Construction
Battalion Center (NCBC), plus 1.37 million gallons of HO stored on Johnston
Island by Environmental Protection Agency-approved high-temperature

incineration at sea.

Following disposal of the herbicide, the USAF instituted a storage
site monitoring program (Reference 1) to determine the extent and magnitude
of contamination degradation rates, potential for movement of residues,
and managarial techniques for minimizing impacts. The results of the
monitoring program at NCBC (References 1-3) shcow that significant
contamination has been detected within the former storage area, with lower

levels in the surrounding area.

A. OBJECTIVE

EG&G Idaho, Inc., has conducted a sampling program at NCBC to

determine the horizontal and vertical extent of HO-derived TCDD in soils.



Similar sampling programs were conducted at Johnston Island, Pacific Ocean,

and Eglin Air Force Base, Florida.

B. BACKGROUND

1. Location and Description

NCBC is located in the northern part of Gulfport, Mississippi,
about 2 miles from the Gulf of Mexico (Figure 1). The elevation averages
approximately 30 feet above sea level. Surface soils are primarily sand to
sandy loam with minor clays. The groundwater table at the herbicide

storage area ranges from approximately 3 to 10 feet below land surface.

The herbicide storage area comprises approximately 12 acres of
flat land. The area is drained by a system of ditches and culverts graded
to the west, discharging into a canal in the northwest corner of NCBC. The
storage site surface was stabilized with a soil/Portland cement mixture
about 30 years ago to provide a hardened surface for heavy equipment

operation and storage.

2. Previous Sampling and Analysis

Approximately 2 to 4 acres of the site are considered
contaminated with HO and dioxin. Nearly all soil samples collected in the
storage area during previous sampling programs had TCDD levels in excess of
1 ppb and range as high as 263 ppb (Figure 2). Contamination resulted from
leaking drums and spills during storage and handling. Shell, rock, and
soil fill material was added to the storage area in locations of known

spills. This cover ranges from O to 6 inches thick.

C. SCOPE

The overall scope of the work included the following:

1. Development of a sampling protocol (procedures for sampling and

analysis)
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2. Site layout of the sampling plots and other sampling locations

3:, Collection of field samples

4, Laboratory analysis of samples for Herbicide Orange components

TCDD; 2,4-D and 2,4,5-T

5. Validation procedure of the laboratory results
6. Statistical analysis of laboratory data
7. Assessment of the extent of contamination.

Under this program, 1767 samples of soil and soil/cement were
submitted to U.S. Testing Laborztories for analysis. Over 200 additional

analyses were performed for a variety of quality assurance criteria.

The resultant data were compiled and analyzed for validation and to
determine the statistical variability. Assessing the extent of
contamination at various levels of confidence based on the statistical

analysis will enable subsequent remedial action planning.



SECTION II
SAMPLING PROTOCOL

The objectives of sampling at NCBC were to determine the horizontal
and vertical extent of dioxin contamination. In addition, the vertical
extent and concentration of 2,4-D and 2,4,5-T were determined in
15 subsurface drill holes. The results of the sampling program will be #
used to evaluate remedial action options; however, acceptable levels of

TCDD contaminants in soils have not been determined.

A field protocol was prepared that addressed objectives, review of
background data, sampling plans, site safety and decontamination, sample
handling, data reporting, quality assurance, and analytical procedures.

The protocol was reviewed by the USAF and, informally, by the Environmental
Protection Agency (EPA) personnel. Comments were incorporated, and a final
protocol was completed in October 1984. This section summarizes
information contained in the protocol and includes field modifications. A
USAF representative was present during sampling and approved all

modifications.
A. SURFACE SAMPLING DESIGN

Existing data were found to be inadequate to design a rigorous,
statistically based characterization study. Previous results indicated the
"hot spot" nature of the contamination that would be expected from leaking
drums. Most of the soil samples containing TCDD in excess of 1 ppb were
collected within the former storage area. Therefore, most of the sampling
was concentrated in that area, and a reduced sampling intensity was used

for the surrounding area.

In designing the sampling plan, two different approaches were
considered. Relatively large areas could be repeatedly sampled to provide
a mean value (and standard deviation) that is compared against some cleanup
criteria. This procedure has been used by EPA when dealing with

contaminated oils spread fairly evenly over large areas. Since



contamination on NCBC is due to small spills, cleanup,theoretically,could
be conducted on small plots. The alternate procedure was to divide the
large area into many small areas and make a decision based upon the results
of a single analysis. An advantage of the latter approach is that data
from many small areas can be combined to produce a means for evaluating

larger areas, as was done by EPA.

Making decisions based upon one sample, however, is generally
unacceptable if data do not exist on the uncertainty associated with the
value. To determine the uncertainty within sampling plots, every 30th
sampling plot was sampled an additional four times. The four additional
field replicate samples would be used to determine a mean and standard
deviation and establish confidence intervals about the mean. These results
would be used to estimate confidence limits for the other sampling plots.
For example, to ensure with a 90 percent probability that all plots in
excess of 10 ppb are cleanea up, it might be necessary to clean up all
plots exceeding S ppb. The number of field samples at NCBC was based on an
arbitrary decision to allocate one surface soil sample for every
400 ftz. It was decided that 20-foot-square plots would be used. Plots
of this size are probably zbout as small as can be reasonably cleaned up
with heavy equipment. The final surface sampling design is shown in

Figure 3.

Tne sampling design within the fenced storage area is systematic, with
no designed-in randomness. A systematic grid was selected over random
designs because of the relative e2ase of locating plots, sampling costs, the
assumption that a randcm design would not impiove the usefulness of the
data (Reference 2), and the need for 100 percent coverage of the fenced
portion of the former storage area. 1In addition, remedial action based on
a systematic grid should be easier to conduct. The use of a systematic
grid for collecting the five soil subsamples aad four replicate samples can
be criticized for a lack of randomness. However, it can be argued that the
distribution of contamination within a sampling plot is random, and
therefore a rzndom sampling design is not necessary. This sampling design

was arrived at after a review of EPA Region VII's recommended procedures

~J
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(draft),a other reports (References 3 and 4), and consultation with a

statisticianb familiar with TCDD data.

To verify data indicating very little contamination in excess of 1 ppb
outside the fence, 100 additional sample plots were allocated for
characterizing the surrounding area. The storage area grid shown in
Figure 3 was extended, and plots were randomly selected from within an area
bounded by the railroad tracks, roads, and along the south side of

Greenwood Avenue.

At each sampling plot, a composite sample composed of five subsamples
was collected on an X pattern (four corners and a center aliquot). The
center subsample was collected 6 inches away from the center stake and with
the corners of the X at the ends of diagonals, 9.5 feet from the plot
center. The purpose of collecting a composite sample was to obtain a more
representative sample (and thus a more accurate estimate of TCDD
contamination) from the sampling plot. Surface soils ranged from

0 to 6 inches thick.

To ensure data quality and utility, additional samples were collected
and subtmitted to the analytical laboratory, including replicates, splits,
blanks, rinsates, and standards. Replicate sampling, as previously
discussed, involves collecting a normal sample, as noted above, and then
collecting four more samples (at every 30th plot) by shifting the pattern
3 feet in four directions parailel to grid lines. These samples were
essential for determining confidence limits zbout sample plot means. Split
samples involved collecting a composite sample every 40th plot, dividing it
into two jars, and sending each to a separate analytical laboratory. Blank
samples at the rate of one in forty were also collected and submitted for

analysis. All blanks came from one large homogeneous sample containing

a. Field Procedure and Techriques for Use in Dioxin Site Investigationms,
Draft, EPA Region VIII.

b. Personal Communication, Robert Kinninson.



soil and shells. Every 20th sample was a standard or known sample. This
Quality Assurance (QA) program was designed to determine the accuracy and
precision of the laboratories and the total uncertainty associated with
sampling and to permit detection of cross-contamination between samples.
Because of the lack of timely analytical results, it was not possible to

provide QA data to field personnel during sampling, as was planned.

All surface soil samples were analyzed for TCDD at a target detection

limit of 0.1 ppb.
B.  NEAR-SURFACE AND SUBSURFACE SAMPLING DESIGNS

Near-surface soil samples from the upper 12 inches of soil were
collected to determine the vertical extent of contamination in "hot spot"
areas for remedial action. Subsurface samples to a depth of 5 feet were
collected to determine the maximum vertical migration of 2,4-D, 2,4,5-T,
and TCDD. Sampling sites were determined in the field, based upon a
limited quantity of analytical results from surface soil samples. Those
sites with the highest concentrations of TCDD at the surface were chosen
for subsurface sampling; sites with the next highest concentration were

chosen for near-surface sampling.

Near-surface samples were collected from 35 sites at the following
intervals: surface soil, soil/cement, 0-3 inches, and 3-7 inches below
soil/cement. Sites were selected based on limited analytical results
available. Samples were collected from near the plot center. The
previously described field QA program regarding splits, blanks, rinsates,
and standards also applies to near-surface sampling. All samples were

analyzed for TCDD at a target detection limit of 0.1 ppb.

Subsurface soil samples were collected from 15 locations at the
following depth intervals: surface to soil/cement, soil cement,
0-3 inches, 3-7 inches, and 8-12 inches below soil/cement, and at 1-foot
intervals to 5 feet. Sampling sites were selected next to the most

contaminated sites indicated by analytical results available at that time.
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The field QA program is as previously described. Samples were prioritized
for analysis. Samples below 30 inches were held, pending results of the
shallow samples. All subsurface samples were analyzed for 2,4-D, 2,4,5-T,
and TCDD. The detection limit specified for TCDD varied from 0.1 ppb to
0.01 ppb, based upon the estimated concentration in the sample and depth of
collection. The detection limit for 2,4-D and 2,4,5-T ranged from

20 to 5000 ppb.

C. DITCH SAMPLES

Samples were collected from the sediment in the bottom of all ditch
segments to determine if dioxin contamination had entered the local
drainage system. Five aliquots were collected from each ditch segment and
were sieved, mixed, and spooned irto a jar; samples were collected using a
shovel and new spoons. Nondisposable equipment was decontaminated between

each sample.

D. SAMPLING PROCEDURES

Sampling sites in the former storage area and adjacent boneyard were
laid out parallel to fence lines, using a level and steel tape. Sampling
site centers were marked using a 2-foot steel stake and stainless steel
disk stamped with the site identification number. A washer was placed on
the top of the stake, elevated at least 6 inches aboveground to permit easy
relocation of the sampling plot. Plots outside the storage area were
surveyed in the same manner, but were marked using a 3-inch-diameter
plywood disk nailed into the soil with a 6-inch galvanized spike. The
stainless steel identification disk was fastened to the wooden disk using a

smaller nail.

Fizld sampling was prioritized according to anticipated contamination
levels, starting with surface soil on the former storage area (Rows 23, 24,
and 25), followed by surface soils on the present heavy equipment boneyard,
samples outside the storage area, the remainder of the storage area, and

then near~surface and subsurface sampling. This procedure is contrary to
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the usual approach of sampling cleaner areas first. In this case,
analytical results were desired to guide the collection of additiomnal
samples. However, because of time lag in receiving analytical results,
only a few surface soil results were available to assist in near-surface

and subsurface site selection.

Surface soils were sampled from the surface to the soil cement layer,
a depth ranging from O to 6 inches, using a new stainless steel
tablespoon. The five subsamples from a plot were sieved through a
disposable piece of 10-mesh (2.0 mm opening) stainless steel screen into a
disposable aluminum pan. The fines were thoroughly mixed with the spoon
and placed in new 8-ounce wide-mouth glass jars (two-thirds full,
approximately 200 grams) with aluminum foil-lined caps. This operation
took place on the sample plot. The coarse soil remaining was poured into

one of the subsample holes.

Near-surface samples were collected using a jackhammer to break up the
soil cement layer, then a shovel to enlarge the hole. Samples were then
taken using new spoons, starting at the bottom and working up. All

nondisposable sampling equipment was decontaminated between sites.

Subsurface samples were collected using a truck-mounted drill rig with
hollow stem augers and a split-spoon drive sampler. Augers were advanced
to the top of the sampling interval; then the split spoon was driven for
10 inches using a drop weight. The sampler was retrieved and opened, the
outside soil scraped away, and the sample scooped out of the center using a
new spoon. Augers, drill bit, and other drilling equipment were
decontaminated between each hole. Split spoons were decontaminated between

each sample.
E. SAMPLE HANDLING
Preprinted form labels were used for all samples. Labels included

provisions for information on location (4 digits, 2 for row, 2 for column),

sample type, depth, date and time of collection, and type of analyses
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required. Labels were placed on bottles before sampling with location,
sample type, and required analyses filled in. Date and time were filled in

as samples passed the "hot line."

Al]l samples were recorded in a sample
log that contained all of the above data plus the name of the team leader,

sample logger, and shipping case number.

Sample jars were placed in plastic bags before they entered the
contaminated area and were rebagged and sealed with twist ties at the "hot

line."

The jars were then placed in labeled one quart paint cans

(1/2 gallon for rinsaces) that had been lined with plastic bags.
Vermiculite was placed between two bags, the outer bag was sealed with a
twist tie, and the paint can lid was secured with three clips. Labels on
each paint can contained the identical infermation as the sample jars plus
warning labels: FLAMMABLE SOLID N.O.S. UN 1325; and, DANGER DO NOT LOAD ON

PASSENGER AIRCRAFT.

Cans were packed in metal ice chests lined with a plastic bag and
padded by vermiculite. Up to 34 cans were routinely placed in a cooler.
The cooler had the same warning labels as the paint cans. Commercial

express package service completed delivery to the laboratories.
F. SAFETY

All personnel coliecting samples at NCBC were given physicals before
and after sampling was completed. The results of the physicals have been
reviewed by a physician, end no significant effects due to the project were

observabie.

A "hot line" was established at the site where personnel were
decontaminated upon leaving the contaminated area. Within the contaminated
sampling area, all personnel were equipped with level C protective gear,
including Tyvek® suits and hoods, steel-toed neoprene boots and latex
boot covers, surgical ianer gloves and neoprene/viton outer gloves (and
sometimes an outer cottomn glove), and positive pressure respirators

equipped with combination pesticide and particulate cartridges. Boots and



gloves were taped to the Tyveéﬁ)suits. Boots, respirators, and viton
gloves were decontaminated as personnel left the contaminated area; all
other protective gear was discarded. Deccontamination usually consisted of
a soap and water wash, water rinse, and an alcohol rinse. At least one
person was always on the clean side of the "hot line" to provide assistance

as needed. Personnel were always within sight of each other.
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SECTION III
ANALYTICAL PROCEDURES AND LABORATORY QUALITY ASSURANCE

EG&G Idaho specified the analytical procedures to be used for the
dioxin survey and validated the data obtained from the analytical
laboratory. The analytical procedures selected and the quality assurance

protocol used for data validation are discussed below.

A. ANALYTICAL PROCEDURES

The analytical procedures for the program were adapted from
appropriate existing EPA analytical procedures. The
2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) procedure was adapted from the
December 1983 revision of the protocol developed by EPA Region VII
(Reference 5). The detection iimit for the analytical procedure as adapted
was 0.1 ppb for surface samples. For the routine analytical laboratory to
achieve the 0.01 ppb detection limit for subsurZace samples, it was
necessary to increase the effective concentration of TCDD in the final
sample extract by a factor of ten. This tenfold increase in concentration
was achieved by one of two methods. Either a 10-gram sample aliquot was
utilized and the final volume of the sample extract was adjusted to 5 uL
rather than the 50 uL called for in the procedure or, alternatively, a
50-gram sample aliquot was utilized and the final volume of the sample
extract was adjusted to 25 uL. The choice of option used to obtain the
0.01 ppb detection limit was operational based upon the availability of
personnel and equipment. The use of the smaller final volume (5 uL) for
the sample extract required close supervision during the final volume
reduction step to prevent evaporating the extract to dryness. Conversely,
use of the larger sample aliquot (50 grams)resulted in larger aliquot
volumes and required larger initial extract volumes, which made the various
preparative manipulations more difficult. Both procedural modifications
provided the required tenfold increase in TCDD concentration in the final

extract, permitting the lower detection limit.



The method used for 2,4-D and 2,4,5~T was EPA Method 8150
(Reference 6). The target detection limit was 1.0 ppb for each of the
herbicides. However, the detection limit actually achieved for each of the
herbicides was considerably higher than this, ranging from 20 ppb to
5000 ppb (5 ppm), because of the dilution factor required during
preparation of the samples for analysis. In addition, a modification to
the procedure was required as follows: the sample aliquot taken for
analysis was 0.5 gram rather than the 50 grams specified in the procedure.
Analysis of dilute extracts was necessary because large amounts of
materials present in the samples, either the compounds of interest or
contaminants, caused chromatographic interferences in the analyses.
Dilution and reduction of the sample aliquot size were required to minimize

the effect of the interferences.
B. LABORATORY QUALITY ASSURANCE

The laboratory quality assurance (QA) program consisted of two parts.
The irternal QA program was carried out within the analytical laboratory.
This consisted, at a minimum, of performing certain specified analyses such
as the analysis of method blanks (reagent blanks), matrix spikes, and
duplicate sample aliquots on a regular basis, as required by the analytical
protocols. These specific analyses are discussed in more detail below.
The second part of the QA program was carried out independently of the
analytical laboratory. It consisted of several subparts, including
analytical data review/validation, the use of samples submitted to the
analytical laboratory as performance audit (PA) samples, analysis by the
analytical laboratory of performance evaluation (PE) samples, and analysis
of samples split between the analytical laboratory and the Quality
Assurance/Quality Control (QA/QC) laboratory. These latter samples are
subsequently referred to as split samples. The external phase of the QA

program is discussed in detail below.
Each of the analytical procedures outlines specific QA requirements.

The herbicide procedure (EPA Method 8150) addresses only the internal

laboratory QA requirements, which consist of analyzing matrix spike samples
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and laboratory replicates (duplicates) at unspecified frequencies. In
addition, the procedure requires that a method blank be run with each set
of samples. The general definitions of each of these samples and their

purpose follow:

1. Method blank: This consists of determining the analytical
response when analysis is performed in the absence of a sample
aliquot but including all reagents and all steps of the
analysis. The purpose of this analysis is to demonstrate that
all reagents and glassware used are free of contamination and

interference.

2. Matrix spike: This consists of adding a known amount of the
compound of interest to a sample aliquot before analysis. This
analysis is performed to determine the accuracy of the analytical

procedure.

3. Duplicates: These consist of two subsamples or aliquots of a
sample considered to be homogeneous. The aliquots are taken by
the laboratory, and each is submitted for analysis using the same
procedure. Duplicate analyses are performed to provide a measure

of the precision of the analysis.
These analyses were performed as required by the herbicide procedure.

The QA requirements outlined in the TCDD procedure are more extensive
than those of the herbicide procedure. The internal laboratory QA
requirements consist not only of analyzing method blanks, matrix spikes,
and duplicates at regular intervals, but also including the use of a
surrogate standard in every analysis. A surrogate standard is a pure
compound that is an isotopically labeled version of the compound of
interest. It is added in known amounts to the sample aliquot before the
aliquot is subjected to the analytical procedure. For the TCDD procedure,
the surrogate is added in amounts equivalent to 1.0 ppb. The accuracy of

the result for the analysis of the surrogate standard is indicative of the
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accuracy of the analytical result for the unlabeled compound of interest.
Thus, the use of a surrogate standard provides additional information about
the accuracy of the analysis at the 1.0 ppb level. The TCDD used as a
surrogate has been labeled by replacing the four chlorines of the compound

with chlorine-37, which is a specific isotope of chlorine.

In addition to the internal laboratory QA requirements, the TCDD
procedure also addresses specific QA requirements to be carried out
external to the laboratory. These requirements include submission of the

following blind samples to the analytical laboratory on a routine basis:

1. Field blank: This is a sample known to be free of contamination
by the compound of interest. Analysis of the sample is used to
demonstrate that there has been no contamination of the samples

during sampling, transportation, storage, or analysis.

2. Field performance audit sample: This consists of a sample that

contains a known amount of the compound of interest. This sample
provides a routine check on the performance of the analytical
laboratory in the form of analytical accuracy, precision, and

bias compared with the QA/QC laboratory.

The TCDD procedure also calls for submitting to the analytical
laboratory, on a nonroutine basis, a set of performance evaluation (PE)
samples. Each set consists of several samples, each of which contains a
known level of TCDD. The concentration of TCDD in these samples is unknown
to the analytical laboratory. The purpose of these samples is to determine
the quality of the laboratory performance in terms of accuracy compared
with the QA/QC laboratory. As an additional part of the external QA
requirements, the procedure calls for split samples to be collected at
specified intervals. Each of these samples is split or divided in the
field. A separate portion of each sample is sent to both the analytical

laboratory and the QA/QC laboratory and is analyzed independently by each.
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Various QA elements of the TCDD procedure, as noted above, were
addressed as required during the analysis of the NCBC samples. The
frequency of analysis, however, varied from that required by the procedure
because the number of samples in each extraction batch run by the
laboratory could sometimes vary from the 24 samples per batch specified in
the procedure. The breakdown, by type, of total field samples submitted

to the analytical laboratory is as follows:

1. Field Soil Samples (includes samples from surface, near-surface,

and subsurface).

a. Regular samples

b. Replicate samples

c. Split samples (portion sent to the analytical laboratory)

2. Field Blanks

3is Performance Audit Samples

4. Rinsate Samples

Table 1 lists the total number of field samples submitted and
summarizes the total number of QA samples of each type analyzed, excluding
additional analyses performed because of QA considerations.

All TCDD analytical data were reviewed according to the requirements
outlined in the TCDD QA protocol. These requirements are detailed in the
EPA document for reviewing TCDD analytical results (Reference 7). The
latter document was adapted to form the working document used for detailed

data review/validation. This data review/validation process formed an

integral part of the external QA program, as mentioned previously.
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TABLE 1. NCBC QA SAMPLE SUMMARY

Type of Sample Number Analyzeda
Total field samples 1907b
Method blanks 80
Matrix spikes 87
Duplicates 81
Field blanks® 53
Performance audit samplesc - 82
Split samplesc 38
Performance evaluation samples (sets) 2
Rinsate samplesc 6

a. These numbers do not include additional analyses performed because of
sample reruns necessitated by the QA criteria of the data review/validation
process.

b. This total does not include the split samples sent to the QA laboratory.

c. These samples are included as part of the total field samples. Some of
these samples may have been analyzed and reported more than once.

The criteria used to validate the analytical data for the TCDD

results, as outlined in the TCDD QA protocol, are as follows:
1. To ensure isomer specificity for chromatographic separation, the
TCDD must be separated from interfering isomers with no more than

a 50 percent valley relative to the TCDD peak.

2. The m/z 320/322 and 332/334 ratios must be within the range of
0.67 to 0.87.
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3. Ions 320, 322, and 257, which are each monitored separately but
concurrently, must all be present; and the signals for all three
. must maximize simultaneously. The signal-to-noise ratio must be

2.5 to 1 or better for all three iomns.

4, The signal-to-noise ratio must be 5 to 1 or better for the 332

and 334 ions, which are the ions due to the internal standard.

5. The retention time of the native TCDD must equal (within

3 seconds) the retention time for the isotopically labeled TCDD.

6. Positive results must be confirmed by obtaining partial scan

spectra from mass 150 to mass 350 for selected samples.

7. The surrogate standard results must be within *40 percent of the

true value.

8. TCDD must be absent from the blank (both method blanks and field
blanks).

9. Overall, a minimum of 80 percent of the reported values must be

certified as valid.

10. The analytical laboratory must obtain satisfactory results for

the performance audit and performance evaluation samples.

The above validation criteria that refer specifically to native TCDD
(the species potentially present as the soil contaminant) only applied to
sample results reported with positive TCDD values. These criteria refer to
the 320/322 mass ratio value; the simultaneous presence of the 322, 320,
and 247 ions; and the TCDD retention time. For samples in which TCDD was

absent, the particular criteria abowve did not apply.

Analytical data meeting all the applicable validation criteria were

considered valid. Failure of the data to meet all applicable criteria
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resulted in the data being considered questionable. If the data were
questionable because any of the associated blanks (field blank or method
blank) were reported as being contaminated or because the result for the
associated PA sample was not acceptable, the sample was rerun by the
laboratory in an effort to provide valid data. Data that were questionable
for other reasons were reported as probable results if the departure from
the requirements of the validation. criteria were considered relatively
minor. Data were reported as invalid if there were major departures from

the requirements of the validation criteria.

One analytical laboratory analyzed all routine NCBC field samples. An

independent QA/QC laboratory performed the following QA functions:

1. Analyzed the matrix material used to prepare the performance

audit samples to confirm that it was uncontaminated with TCDD.

2. Prepared the field performance audit samples and analyzed the
prepared material to deiermine the TCDD levels. For NCBC, three
different series of PA samples were utilized. The TCDD
concentrations of the three series of PA samples, as established
by analysis in triplicate for each series, were as

follows: 0.080 ppb, 0.85 ppb, and 8.34 ppb.

3. Prepared a series of performance evaluation samples and
established the concentration of TCDD in each level of the series
by replicate analysis. The PE samples were prepared using clean

(uncontaminated) Eglin Air Force Base soil as the matrix.
4. Analyzed the NCBC split samples.

The results of the work performed by the QA/QC laboratory have
been summarized in various separate reports submitted by that laboratory.
The reports from the QA/QC laboratory have not been appended to this
document. However, pertinent data have been excerpted from them and are

presented in the following discussion, as appropriate, to compare the
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performance of the analytical laboratory to the QA/AC laboratory. The
QA/QC laboratory also analyzed the NCBC split samples for 2,4-D and
2,4,5-T, where appropriate. These analyses have supplied external QA for

the herbicide analyses performed by the routine analytical laboratory.
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SECTION IV

RESULTS AND DISCUSSION

A. ANALYTICAL RESULTS

This section presents the results obtained from the analysis of the
NCBC soil samples. In addition to an overall summary, each type of sample

(duplicates, splits, field blanks, etc.) is presented separately.
1. Field Soil Sample Analyses

The results of the analyses of the NCBC field soil samples,
including the analytical results for the herbicides, are listed in
Appendix A. This summary contains TCDD results on 1766 field soil samples,
which exclude rinsate samples and field performance audit samples. To
prepare the summary, the TCDD results have been reviewed and assigned a
validation status, as shown in Table 2. In addition, all maximum possible
concentrations (MPCs), explained below, have been interpreted as reporting
levels or positive concentrations, as appropriate. As shown in Table 2,
the term, reporting level (RL), was adopted for use in Appendix A as a
general term to cover both detection limits and maximum possible
concentrations to avoid confusion, since the terms detection level (DL) and
MPC have specific meanings according to the analytical protocol. A DL is
reported for samples in which no unlabeled TCDD was detected. An MPC is
reported for samples where interference is observed for both ions with
mass 320 and 322 or when unacceptable 320/322 and/or 257/322 ion ratios

prevented identification of unlabeled TCDD as a sample component.

MPCs with a 257/322 ion ratio outside the prescribed window have
been interpreted as actual concentrations if there was a nonzero peak area
for ion mass 257. This interpretation is consistent with current EPA
practice. Conversely, MPCs with a zero peak area for ion mass 257 have
been interpreted as a reporting level, and MPCs with a nonzero peak area

for ion mass 257 but an unacceptable 320/322 ion ratio have been
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TABLE 2. LEGEND FOR NCBC FINAL SAMPLE SUMMARY

Symbol Explanation

Status Validation status for the sample TCDD result, refers only to the
TCDD result. Validation categories are defined below.

\Y Valid; sample result is valid, all validation criteria have been
met.

P Probable; sample results interpreted as a probable concentration;
not all validation criteria have been met, but the discrepancies
are minor.

I Invalid; sample result is invalid; there are major departures from

the requirements of the validation criteria. No statement can be
made about the results.

M Missing; sample results are missing; the sample was either not
received by the laboratory or could not be analyzed by the
laboratory.

RL Reporting limit; this term is used for the TCDD results instead of

detection limit (DL) or maximum possible concentration (MPC)
because the latter terms have specific definitions according to
the analytical protocol. The RL is a term applied after the
interpretation of the results; in some cases it will be
numerically equal to a true DL, and in other cases it will be
numerically equal to an MPC.

interpreted as either a probable concentration or a reporting level

depending upon how far outside the acceptance window the ratio was.

Only the average of duplicate results is presented in
Appendix A. When more than one result was available for a sample because
of reruns, only the valid one is presented. If more than one valid result
was available, the highest value has been presented in the appendix, since
this would provide the best indication of the maximum contamination of any

location.

The TCDD results in the summary list have been presented to two
places past the decimal point (i.e., to the hundredths place). No

significance should be placed on a zero in the hundredths place; the
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analytical results are usually not that accurate. The zeros were added
during preparation of Appendix A for data manipulation and data
presentation purposes only. A maximum of two significant figures should be

attributed to the analytical results because of possible analytical errors.

As shown in Table 3, 1473 samples out of the total 1766 were
determined to be valid. This represents a percentage validated of
83.4 percent of the samples, which is above the level of 80 percent

required by the analytical protocol.

TABLE 3. NCBC TCDD RESULTS STATUS SUMMARY

Status Category Number of Results Percent of Total
Missing 5 0.3
Invalid 109 6.2
Probable 179 10.1
Valid 1473 83.4

Total 1766% 100.0

a. The total does not include results for rinsate, field blank, or
performance audit samples.

2. Method Blank Analyses

A total of 94 method blank analyses were performed during the NCBC
sample analysis program. This total includes 14 method blank analyses
performed during rerun of various field soil samples because the original
results failed to meet specific QA requirements of the analytical protocol.
In 93 of the method blanks, no TCDD was found, indicating that all reagents
and glassware used were free of contaminants and interference. The remaining
method blank was reported with a positive TCDD value of 0.08 ppb. This level

of contamination was not considered to be significant, particularly since the
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majority of the samples associated with this method blank were reported with

positive TCDD values of 0.3 ppb or greater.

3. Matrix Spike Analyses

A total of 102 matrix spike analyses were performed during the NCBC
sample analysis program. Included in this total are 15 matrix spike analyses
performed during rerun of various field soil samples because the original
results failed to meet specific QA requirements of the analytical protocol.
The matrix spike samples were prepared using aliquots of clean
(uncontaminated) NCBC matrix material that were subsequently spiked with
native (unlabeled) TCDD. Spiking was performed either at the 1.0 ppb level
in 10~gram matrix aliquots or at the 0.2 ppb level in 50-gram matrix
aliquots. Five of the matrix spikes were performed at the 0.2 ppb level in
50-gram sample aliquots. The remaining matrix spikes were performed at the
1.0 ppb level in 10-gram sample aliquots. As stated previously, the purpose

of these analyses was to measure the accuracy of the analytical procedure.

Out of the total 102 matrix spike analyses reported,
81 (79 percent) were reported as positive TCDD concentrations. In addition,
19 results for 19 percent of the total were reported as MPCs because the
257/322 mass ratio was outside the prescribed window. However, in keeping
with current EPA practice, this condition has been relaxed, and these results
have been interpreted as actual TCDD concentrations since each had a nonzero
peak area at ion mass 257. Two of the results out of the total were
outliers, where an outlier is defined as a result for which the spike
recovery is either less than 60 percent or greater than 140 percent. The
percentage of outliers was 2.0. One of the outliers is an MPC considered as
an actual concentration. The spike recovery for this analysis was
153 percent. The second outlier is an MPC for which both the 320/322 mass
ratio is unacceptable and the 257 mass peak is zero. In this case, the MPC
was considered as a detection limit, which means that the reported

concentration was 0.0 ppb for 0.0 percent spike recovery.

27



The average percent spike recovery for the 100 acceptable (within
tolerance) matrix spike results was 103 percent, with a standard deviation of

14 percent and a recovery that ranged from 80 to 140 percent.

Because the average percent recovery is close to the theoretical
value and the standard deviation is well within the guidelines of the
protocol, the results of the matrix spike analyses indicated that there was

no significant analytical interference or bias due to the matrix.

4. Duplicate Analyses

Table 4 lists the results of the duplicate analyses performed
during the NCBC sample analysis program. A total of 90 duplicate pairs were
reported. Included in the list are results for 17 samples that were rerun.
These samples may be either one or both members of the original duplicate
pair. All reruns have been reported separately. Where only one member of
the pair was rerun, the rerun results have been compared with the other
member of the original pair. If both members of the duplicate pair were

rerun, the two reruns have been compared with each other.

For duplicate analyses, MPCs where the 257/322 ratio was outside
the prescribed window have been considered as actual concentratioms.
Conversely, MPCs with unacceptable 320/322 ratios have been considered as
detection limits. This interpretation is consistent with the situation
discussed previously for matrix spikes. The MPC values in each category have

been accordingly identified in Table 4.

Of the 90 pairs of duplicate results, 16 are outliers, i.e.,
16 pairs of results have a relative percent difference (RPD) of greater than
50 percent. The percentage of outliers is 18. Thus, the results of the
duplicate analyses meet the protocol guidelines regarding the percentage of
outliers based on the guideline for data completeness, i.e., acceptability of

80 percent or greater of the data.
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TABLE 4. NCBC DUPLICATE ANALYSIS SUMMARY?
TCDD
(ppb)
Relative
Reported Detection Percent
Sample Number Concentration Limit Difference

NC-0590.01000 0.0 0.03° 0.0
NC-0590.01000D° 0.0 0.10°
NC-0635.01000 0.1 - 200°
NC-0635.01000D 0.0 1.90"
NC-0642.02004 0.0 95.85° 0.0
NC-0642.02004D 0.0 91.23"
NC-0742.01000 15.5 -- 35
NC-0742.01000D 10.9 --
NC-0774.51000 0.0 0.11° 0.0
NC-0774.51000D 0.0 0.03"
NC-0776.01000 0.0 0.02P 0.0
NC-0776.01000D 0.0 0.06°
NC-0841.01000 2.0 -- 4.9
NC-0841.01000D 2.1 --
NC-0857.01000 14.9 -- 0.67
NC-0857.01000D 15.0 --
NC-0884.51000 0.0 0.34f 13
NC-0884.51000D 0.3 --
NC-0939.01000 6.6 -- 24
NC-0939.01000D 0.0 s5.21f
NC-0953.01000 4.8 -- 46
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TABLE 4. NCBC DUPLICATE ANALYSIS SUMMARY?

(CONTINUED)
TCDD
(ppb)
Relative
Reported Detection Percent
Sample Number Concentration Limit Difference

NC-0953.01000D 3.0 -=
NC-0977.01000 0.0 0.20b 0.0
NC-0977.01000D 0.0 0.24b
NC-0992.51000 0.0 0.10 0.0
NC-0992.51000D 0.0 0.1
NC-1031.01001 0.0 0.10 0.0
NC-1031.01001D 0.0 0.10
NC-1062.01000 2.0 - 5.1
NC-1062.01000D 1.9 =&
NC-1080.01000 0.4 i 5.1
NC-1080.01000D 0.38 i
NC-1086.01000 1.8 s 0.0
NC-1086.01000D 1.8 -
NC-1146.01000 5.6 — 28
NC-1146.01000D 7.4 -=
NC-1229.01000 0.2 i 0.0
NC-1229.01000D 0.2 --
NC-1238.01000 9.4 == 4.2
NC-1238.01000D 9.8 ==
NC-1255.01000 0.1 -- 11
NC-1255.01000D 0.0 0.09f
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TABLE 4. NCBC DUPLICATE ANALYSIS SUMMARY®

(CONTINUED)
TCDD
(ppb)
Relative
Reported Detection Percent
Sample Number Concentration Limit Difference

NC-1259.01000 11.5 -- 35
NC-1259.01000D 8.1 --
NC-1285.01000 0.0 0.26f 26
NC-1285.01000D 0.2 =
NC-1353.01000 2.2 - 13
NC-1353.01000D 2.5 --
NC-1374.01000 0.0 0.23f 130 ©
NC-1374.01000D 0.0 0.05f
NC-1374.01000R8 0.0 0.02 0.0
NC-1374.01000DR 0.0 0.02
NC-1385.61000 0.0 0.59f 38
NC-1385.61000D 0.4 --
NC-1444.01000 5.2 -- 18
NC-1444.01000D 0.0 6.23f
NC-1568.01000 0.0 0.10 0.0
NC-1568.01000D 0.0 0.10
NC-1568.01000R 0.0 0.11b 200°
NC-1568.01000DR 0.1 =
NC~-1620.01000 2.0 -- 0.0
NC-1620.01000D 2.0 --
NC-1626.01000 1.0 -- 200°®
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TABLE 4. NCBC DUPLICATE ANALYSIS SUMMARY®

(CONTINUED)
TCDD
(ppb)
Relative
Reported Detection Percent
Sample Number Concentration Limit Difference

NC-1626.01000D 0.0 1.41b
NC-1632.01000 0.7 -- 15
NC-1632.01000D 0.6 --
NC-1685.01000 0.0 0.18b : 200°
NC-1685.01000D 0.3 --
NC-1713.01000 0.0 0.05f 200°
NC-1713.01000D 0.0 0.06b
NC-1713.01000R 0.1 2 50
NC-1713.01000DR 0.0 0.06f
NC-1754.01000 8.3 == ' 1.2
NC-1754.01000D 8.2 i
NC-1763.01000 0.8 s 12
NC-1763.01000D 0.9 —
NC-1780.01000 0.0 0.06b 0.0
NC-1780.01000D 0.0 0.08b
NC-17A7.01000 0.0 0.10 0.0
NC-17A7.01000D 0.0 0.09
NC-1823.51000 0.0 0.06b 0.0
NC-1823.51000D 0.0 0.09b
NC-1868.01000 0.0 0.04b 0.0
NC-1868.01000D 0.0 0.20
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TABLE 4. NCBC DUPLICATE ANALYSIS SUMMARY®

(CONTINUED)
TCDD
(ppb)
Relative
Reported Detection Percent
Sample Number Concentration Limit Difference

NC-1884.01000 1.5 -- 24
NC-1884.01000D 0.0 1.18f
NC-1884.01000R 1.4 -- 13
NC-1884.01000DR 1.6 --
NC-1914.01000 0.0 1.99% 200°
NC-1914.01000D 0.0 2.13°
NC-1917.01000 0.0 0.33° 200°®
NC-1917.01000D 0.5 --
NC-1923.01000 0.1 -- 200°
NC-1923.01000D 0.0 0.13P
NC-1975.01000 0.0 0.13° 0.0
NC-1975.01000D 0.0 0.14°
NC-1985.01000 1.1 -- 200°®
NC-1985.01000D 0.0 0.10
NC-2028.01000 1.5 -- 14
NC-2028.01000D 1.3 --
NC-2041.01000 0.4 -- 29
NC-2041.01000D 0.3 --
NC-2054.01000 0.0 0.20° 0.0
NC-2054.01000D 0.0 0.13°
NC-20A7.61000 0.0 0.10 0.0
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NCBC DUPLICATE ANALYSIS SUMMARY®

(CONTINUED)
TCDD
(ppb)
Relative
Reported Detection Percent
Sample Number Concentration Limit Difference

NC-20A7.61000D 0.0 0.10
NC-2158.01000 4.4 L 6.3
NC-2158.01000D 0.0 4.13f
NC-2182.01000 0.9 “s 5.4
NC-2182.01000D 0.0 0.95f
NC-2268.01000 1.2 - 8.7
NC-2268.01000D 1.1 --
NC-2271.01000 24.5 -- 12
NC-2271.01000D 27.5 -
NC-2271.01000R 14.9 -- 6.9
NC-2271.01000DR 13.9 --
NC-2277.01000 9.4 - 2.2
NC-2277.01000D 9.2 --
NC-2277.01000R 7.5 == 2.6
NC-2277.01000DR 7.7 s
NC-2318.01000 0.0 7.5° 200°
NC-2318.01000D 6.1 --
NC-2318.01000R 4.9 e 22
NC-2318.01000D 6.1 --
NC-2328.03008 0.15 -- 150°
NC-2328.03008D 0.02 --
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TABLE 4. NCBC DUPLICATE ANALYSIS SUMMARY®

(CONTINUED)
TCDD
(ppb)
Relative
Reported Detection Percent
Sample Number Concentration Limit Difference

NC-2329.01000 5.0 == 3.9
NC-2329.01000D 5.2 ==
NC-2329.01000R 3.9 -- 5.3
NC-2329.01000DR 3.7 =
NC-2358.41000 37.6 = 12
NC-2358.41000D 0.0 33.5¢
NC-2365.01000 17.3 e 23
NC-2365.01000D 13.8 =
NC-2369.03000 15.8 - 1.3
NC-2369.03000D 15.6 =
NC-2377.02004 0.20 - 62°
NC-2377.02004D 0.38 e
NC-2378.04000 1.1 e 15
NC-2378.04000D 0.95 =
NC-2418.01000 0.0 0.78b 0.0
NC-2418.01000D 0.0 0.60b
NC-2431.04000 154.0 == 48
NC-2431.04000D 94.8 e
NC-2440.21000 1.4 mim 25
NC-2440.21000D 1.8 ==
NC-2462.02004 34.4 - 13
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TABLE 4. NCBC DUPLICATE ANALYSIS SUMMARY®

(CONTINUED)
TCDD
(ppb)
Relative
Reported Detection Percent
Sample Number Concentration Limit Difference

NC-2462.02004D 39.3 ol
NC-2482.01000 86.6 s 1.2
NC-2482.01000D 85.6 ==
NC-2516.01000 0.0 0.20b 0.0
NC-2516.01000D 0.0 0.20b
NC-2528.03004 0.22 et 8.7
NC-2528.03004D 0.24 --
NC-2541.01000 0.9 - 40
NC-2541.01000D 0.6 --
NC-2550.02001 12.9 = 20
NC-2550.02001D 15.8 --
NC-2555.01000 0.0 1.92f 26
NC-2555.01000D 2.5 --
NC-2555.01000R 1.7 -- 6.1
NC-2555.01000DR 1.6 ==
NC-2564.02000 35.5 == 18
NC-2564.02000D 42.5 --
NC-2575.01000 10.7 == 3.7
NC-2575.01000D 11.1 =
NC-2587.01000 0.0 0.38f 200°
NC-2587.01000D 0.0 1.07b
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TABLE 4. NCBC DUPLICATE ANALYSIS SUMMARY®

(CONCLUDED)
TCDD
(ppb)
Relative
Reported Detection Percent
Sample Number Concentration Limit Difference
NC-2870.01000 31.0 -- 2.9
NC-2870.01000D 31.9 --
NC-6030.81000 0.0 0.15° 0.0
NC-6030.81000D 0.0 0.09°
NC-6041.81000 0.0 0.09P 200°
NC-6041.81000D 0.1 --
NC-7008.01000 0.0 0.12° 0.0
NC-7008.01000D 0.0 9.06°
NC-7025.01000 0.0 4.70° 2.1
NC-7025.01000D 4.8 --
NC-8018.81000 0.19 -- 71°
NC-8018.81000D 0.09 --

a.

Total pairs of results: 90, including 17 individual reruns; average

relative percent difference: 40 percent; standard deviation: 67 percent;
number of outliers: 16; percent outliers: 18.

b.

Maximum possible concentration (MPC) considered as a detection limit.
D = Duplicate.

Not applicable.

Outlier = Pair of results with RPD >50 percent.

MPC considered as a positive result.

R = Rerun.
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The overall average RPD for the duplicate analyses is 40 percent,
with a standard deviation of 67 percent. The large standard deviation of
67 percent is due to the large RPD of the majority of the outliers. The
average RPD meets the protocol guidelines for accuracy. However, the large
standard deviation means that the protocol goal for precision, which is a

relative standard deviation (RSD) of 20 percent or less, was not met.

Of the 16 pairs of duplicate results that are outliers, 10 pairs
have reported low-level TCDD concentrations with all values 0.5 ppb or
less. This group of outliers is of only minor significance because of the
low levels of TCDD contamination involved. Specifically, it is anticipated
that the low levels of TCDD contamination represented by these samples
would be well below any proposed action level required by any site remedial
action activity contemplated in the future. Therefore, spread in the
results obtained at these concentrations, as reflected in their large
contribution to the standard deviation associated with the average RPD

levels, is of no practical concern.

Five of the six remaining outlier pairs each include one result that
is an MCP and has been interpreted as a detection limit because the
320/322 ion ratio was unacceptable. Three of these five pairs of results
would each have acceptable RPDs if the MPCs were interpreted as actual
concentrations. Since reanalysis of these samples, which was not performed
because it was not required by the analytical protocol, would most probably
have provided data with an acceptable 320/322 ion ratio and, therefore,
have dramatically reduced the RPD for each pair of results, the large
contribution of these outliers to the standard deviation associated with

the average RPD is.also of no practical significance.

In support of this conclusion, consider the case of sample
NC-2318.01000, which was reanalyzed because of QA problems with the first
analysis. In the first analysis, an MPC was interpreted as a detection
limit because of an unacceptable 320/322 ion ratio, which led to an RPD of
200 percent when compared to the duplicate analysis. Reanalysis of this

sample produced a result that was an actual concentration of TCDD and led
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to an RPD of 22 percent when compared to the same duplicate analysis. This
case is typical of the results that would be anticipated if all of these

MPC outliers had been reanalyzed.

To provide an indication of the significant contribution of the
outliers to the average RPD and the associated standard deviation, the
average RPD for the duplicate results is reduced to 11 percent, with a
standard deviation of 13 percent if the outliers are eliminated. The RSD
still exceeds the protocol goal of 20 percent or less, which means that the
goal for precision has still not been achieved. The standard deviation
measures the dispersion of clustering of the results around the average
value (precision) and reflects the range of the RPD values. For the
duplicate analyses, the clustering of the RPD values around the average
does not meet the guidelines of the protocol. That is, there is more
spread in the RPD values than would be ideal. This spread indicates that
there is more scatter in the analytical results than anticipated. However,
an inspection of the results of the duplicate analyses shows that with the
exception of the outliers, each pair of results is consistent and meets the
accuracy guidelines of the protocol. Therefore, the fact that the
within-tolerance duplicate results do not meet the protocol goal for
precision is of no practical significance. The lack of significance of

most of the outliers has already been noted above.

5. Surrogate Standard Analyses

Table 5 summarizes the results of the surrogate standard analyses
performed during the NCBC sample analysis program. Each surrogate spike
was performed at a level equivalent to 1.0 ppb in a 10-gram sample
aliquot. As stated previously, the purpose of these analyses was to

indicate the accuracy of the analytical procedure at the 1.0 ppb level.

A total of 2543 results were reported. Of this number, 51 are
outliers, representing a percentage of outliers of 2.0. An outlier is
defined by the protocol as a result for which the percent surrogate

accuracy is either less than 60 percent or greater than 140 percent. The
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TABLE 5. NCBC SURROGATE ACCURACY SUMMARY

Parameter Value
Total results reported 2543
Total number of outliersb 51
Percent outliers 2.0

Surrogate accuracy for within-tolerance results

Average 100%
Standard Deviation 19%

a. This total includes all results reported, including duplicates, method
blanks, matrix spikes, performance audit samples, rinsate samples, and
reruns.

b. Outlier = Result for which percent surrogate accuracy is either
<60 percent or >140 percent.

average surrogate accuracy for the within-tolerance results is 100 percent,

with a standard deviation of 19 percent.

The results of the surrogate standard analyses show that there
are no significant analytical problems in quantifying results at the
1.0 ppb level. These results meet the protocol guidelines for accuracy and
precision, which are t40 percent for surrogate accuracy and a relative

standard deviation (RSD) of 20 percent or less for precision.

6. Field Blank Analyses

As indicated previously in Table 1, 53 field blank samples were
submitted to the analytical laboratory during the NCBC sample analysis
program. The status of these samples and the results of the field blank
analyses performed during the analysis program are listed in Table 6. Of
the 53 samples submitted to the analytical laboratory, six were used as

sources of material for the matrix spike analyses and four are listed as
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TABLE 6.

NCBC FIELD BLANK ANALYSIS SUMMARY®

TCDD
(ppb)
Reported
Sample Number Concentration Detection Limit
NC-6001.81000  Ms® P
NC-6002.81000 MS --
NC-6003.81000 MS --
NC-6004 81000 MS -
NC-6005.81000 MS --
NC-6006.81000 MS --
NC-6007.81000 Missing® --
NC-6008.81000 0.0 0.1
NC-6009.81000 0.6° --
NC-6009.81000RT 0.0 0.1
NC-6010.81000 0.0 0.26%
NC-6011.81000 3.5% --
NC-6011.81000R 0.0 0.1
NC-6012.81000 0.0 0.5
NC-6013.81000 0.0 0.3
NC-6013.81000R 0.0 0.3
NC-6014.81000 0.0 0.3
NC-6015.81000 0.0 0.1
NC-6016.81000 0.0 0.1
NC-6017.81000 0.0 0.2
NC-6018.81000 0.09 --
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TABLE 6.

NCBC FIELD BLANK ANALYSIS SUMMARY (CONTINUED)

Sample Number

NC-6019

NC-6019

NC-6020.

NC-6020.

NC-6021.

NC-6022.

NC-6023.

NC-6023.

NC-6024.

NC-6025.

NC-6025.

NC-6026.

NC-6027.

NC-6028.

NC-6028.

NC-6029.

NC-6030.

NC-6030.

NC-6030.

NC-6031

NC-6032

.81000

.81000R

81000
81000R
81000
81000
81000
81000R
81000
81000
81000R
81000
81000
81000
81000R
81000
81000
81000R
81000Di
.81000

.81000

TCDD
(ppb)

Reported
Concentration Detection Limit
0.0 0.2
0.0 0.2
0.0 0.16%
0.0 0.1
0.0 0.128
0.0 0.1
0.0 0.17%°P
0.0 0.098
0.0 0.1
0.0 0.2
0.0 0.18
0.0 0.088
0.0 0.1
0.4° --
0.0 0.1
0.0 0.028
0.0 0.15%
0.0 0.1
0.0 0.98
Missing ==
0.0 0.1
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TABLE 6. NCBC FIELD BLANK ANALYSIS SUMMARY (CONTINUED)

TCDD
(ppb)
Reported
Sample Number Concentration Detection Limit
NC-6033.81000 Missing =
NC-6034.81000 0.0 0.038
NC-6035. 81000 0.0 0.018
NC-6035.81000R 0.0 0.01
NC-6036.81000 0.0 0.6
NC-6037.81000 0.0 0.05
NC-6038.81000 0.0 0.05
NC-6039.81000 0.0 0.188
NC-6040.81000 0.0 0.048
NC-6041.81000 0.0 0.098
NC-6041.81000D 0.1 --
NC-6042.81000 0.0 0.06%
NC-6043.81000 0.0 0.1
NC-6044.81000 0.0 0.09
NC-6045.81000 Missing e
NC-6046 . 82000 0.0 0.33%0
NC-6047.82000 0.0 0.9
NC-6048.82000 0.2° --
NC-6049 . 82000 0.1 --
NC-6050.83000 0.04 -

43



TABLE 6. NCBC FIELD BLANK ANALYSIS SUMMARY (CONCLUDED)

TCDD
(ppb)
Reported
Sample Number Concentration Detection Limit
NC-6051.83000 0.05 --
NC-6052.83000 0.05 - ’
NC-6638.81000 0.0 0.048

a. Total results reported: 55; including 10 reruns and 2 duplicates;
number of outliers: 6; percent outliers: 11.

b. MS = Sample used as a source of material for matrix spike analyses.

c. Not applicable.

d. Missing = Sample results are missing; the sample was either not
received by the laboratory or for some reason could not be analyzed by the
laboratory.

e. Outlier = A positive result with a value >0.1 ppb.

f. R = Rerun.

g. Maximum possible concentration (MPC) considered as a detection limit.

h. MPC considered as a positive result.

i. D = Duplicate.

missing, meaning that the sample was either not received by the laboratory
or for some reason could not be analyzed by the laboratory. These two
categories of field blank samples are appropriately identified in the
table. Table 6 lists 55 analytical results for the remaining 43 field

blank samples, including 10 reruns and 2 duplicate results.
Of the 55 reported results, 6 were outliers, defined as a field

blank with a reported positive TCDD value of greater than 0.1 ppb. Two of

the outliers were due to MPCs considered as positive results, as discussed
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previously for the matrix spike analyses. The percentage of outliers was
11 percent. The outliers are appropriately identified in the table. Four
of the field blanks with outlier results were reanalyzed as part of the
reruns performed during the project. In each case, the rerun result showed
the field blank to be free of TCDD contamination. The other two field
blanks with outlier results were not reanalyzed because of project schedule
restraints. The field sample results associated with these two field

blanks were invalidated.

An additional six field blanks, for 11 percent out the 55 results
reported, were reported with positive TCDD levels ranging from 0.04 to
0.1 ppb. The low level of suspected contamination indicated by these

results did not warrant reanalyzing the respective field blanks.

Overall, the results of the field blank analyses indicate that
significant contamination of the samples during sampling and analysis did

not occur.

7. Field Performance Audit Sample Analyses

For the NCBC site, the QA laboratory prepared three different
series of PA samples from the same batch of clean (uncontaminated) NCBC
matrix material. Replicate analysis in triplicate by the QA laboratory
established the true TCDD value for each series of these PA samples. The
experimentally determined true value for each series of PA samples and the
associated standard deviation for the replicate analyses are shown in
Table 7.

Tables 8, 9, and 10 list the results of the field performance
audit (PA) sample analyses performed during the NCBC sample analysis
program. A total of 82 PA samples were submitted to the analytical
laboratory for analysis during the NCBC sampling program. These tables
also identify the MPCs. 1In all cases, the MPCs have been considered as

positive results. The situation is similar to that noted previously for
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TABLE 7. NCBC PERFORMANCE AUDIT SAMPLES: QA LABORATORY RESULTS

TCDD
(ppb)
True Concentration Standard Deviation
0.080 0.00
0.85 0.042
8.34 0.64

matrix spikes (Section IV, A.3). 1In addition, in each of these three
tables, various samples have been identified as missing. This notation, as
explained in the footnotes to each table, means that results for the sample
in question are missing; the samples were either not received by the
laboratory or for some reason could not be analyzed by the laboratory,

e.g., the sample container had been broken in transit.

Furthermore, in each of the three tables, several analytical
laboratory PA sample results have been identified as outliers, where an
outlier is defined by the analytical protocol as a result with a relative
percent error (RPE) compared to the true concentration of greater than
*50 percent. In accordance with the analytical protocol, if a sample
extraction batch contained a PA sample with a reported TCDD concentration
so that the RPE was out of tolerance, then all samples in the extraction
batch, including the PA sample, were reanalyzed. If reanalysis still
failed to produce an acceptable RPE for the PA sample, then the analytical

results for each of the samples in the extraction batch were invalidated.

Table 8 lists the analytical results for PA samples with a true
TCDD concentration of 0.080 ppb. A total of 36 results are reported in the
table, including the results for 10 samples reanalyzed (rerun) because of
various QA considerations of the data validation process. Also listed in the

table is the result of one duplicate analysis. The rerun and duplicate

46



TABLE 8. NCBC PERFORMANCE AUDIT SAMPLE ANALYSIS SUMMARY? (SERIES 1)

TCDD
(ppb)

Reported Detection Relative
Sample Number Concentration Limit Percent Error
NC-8004.81000 0.0 0.11% 38
NC-8007.81000 Miss ing®
NC-8011.81000 0.9° - 1000%8
NC-8011.81000R" 0.1 -- 25
NC-8013.81000 0.0 0.05 -38
NC-8013.81000R 0.2 -- 1508
NC-8018. 81000 0.19 -- 1408
NC-8018.81000D" 0.09 -- 13
NC-8019.81000 0.8° -- 900%8
NC-8019.81000R 0.1 -- 25
NC-8021.81000 0.0 0.14°¢ 758
NC-8021.81000R 0.1 -- 25
NC-8022.81000 0.0 0.1¢ 25
NC-8038.81000 0.0 0.1 25
NC-8039.81000 0.0 0.1¢ 25
NC-8043. 81000 0.5°% -- 530%°8
NC-8043.81000R 0.1 -- 25
NC-8046. 81000 0.4% -- 40028
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TABLE 8. NCBC PERFORMANCE AUDIT SAMPLE ANALYSIS SUMMARY? (SERIES 1)

(CONTINUED)
TCDD
(ppb)

Reported Detection Relative
Sample Number Concentration Limit Percent Error
NC-8047.81000 0.1 -- 25
NC-8049.81000 0.0 0.06° -25
NC-8050.81000 0.3 -- 280’8
NC-8050.81000R 0.6 -- 6508
NC-8051.81000 4.8% -- 5900°%’8
NC-8051.81000R 0.1 -- 25
NC-8052.81000 Missing
NC-8054.81000 0.0 0.05° -38
NC-8056.81000 0.0 0.06° -25
NC-8061.81000 0.9% -- 1000%°8
NC-8061.81000R 0.1 -- 25
NC-8062.81000 0.1 -- 25
NC-8067.81000 0.0 0.1¢ 25
NC-8067.81000R 0.1 -- 25
NC-8068.81000 0.0 0.07°¢ -13
NC-8070.81000 0.0 0.1°¢ 25
NC-8072.81000 0.11 -- 38
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TABLE 8. NCBC PERFORMANCE AUDIT SAMPLE ANALYSIS SUMMARY® (SERTES 1)

(CONCLUDED)
TCDD
(ppb)
Reported Detection Relative

Sample Number Concentration Limit Percent Error
NC-8074.81000 0.2 e 1508
NC-8074.81000R 0.2 -- 1508
NC-8078.81000 0.0 0.06° -25

a. Total results reported: 36, including 10 reruns and 1 duplicate; number
of missing results: 2; average reported TCDD concentration: 0.11 ppb,
standard deviation: 0.043 ppb; average RPE: 33 percent, standard
deviation: 53 percent; bias: 38 percent; number of outliers: 13, percent
outliers: 36.

b. RPE versus the true value for the PA samples; true value: 0.080 ppb.
c. Maximum possible concentration (MPC); considered as a positive result.

d. Missing = Sample results are missing; the sample was either not received
by the laboratory or for some reason could not be analyzed by the laboratory.

e. Result not included in calculation of averages.
f. Not applicable.
g. Outlier = Result with a RPE >50 percent.

h. R Rerun.

i. D

Duplicate.
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TABLE 9. NCBC PERFORMANCE AUDIT SAMPLE ANALYSIS SUMMARY® (SERIES 2)

TCDD
(ppb)

Reported Detection Relative
Sample Number Concentration Limit Percent Error
NC-8002.81000 1.0 --¢ 18
NC-8003.81000 0.3 i -65d
NC-8003.81000R® 0.7 = -18
NC-8008.81000 0.9 s 5.9
NC-8012.81000 0.9 <= 5.9
NC-8014.81000 1.1 s 29
NC-8015.81000 0.0 0.99f 16
NC-8017.81000 0.8 s= =5 9
NC-8025.81000 Missing
NC-8026.81000 0.71 == -16
NC-8027.81000 0.92 “& 8.2
NC-8028.81000 0.7 s -18
NC-8028.81000R 0.78 S -8.2
NC-8029.81000 1.0 -- 18
NC-8030.81000 0.85 o= 0.0
NC-8031.81000 0.65 -- -24
NC-8032.81000 0.78 i -8.2
NC-8033.81000 0.86 -- 1.2
NC-8034.81000 0.85 mis 0.0
NC-8035.81000 0.82 -- -3.5
NC-8036.81000 1.5 == 76d



TABLE 9. NCBC PERFORMANCE AUDIT SAMPLE ANALYSIS SUMMARY® (SERIES 2)

(CONCLUDED)

TCDD

(ppb)

Reported Detection Relative

Sample Number Concentration Limit Percent Error
NC-8037.81000 0.93 -- 9.4
NC-8052.81000 Missing
NC-8065.81000 0.8 e =5+9
NC-8076.81000 1.1 - ‘ 29
NC-8077.81000 0.0 0.79f -7.1
NC-8079.81000 1.0 - 18
NC-8080.81000 Missing

NC-8082.81000 " 0.8 -- -5.9

a. Total results reported: 26, including 2 reruns; number of missing
results: 3; average reported TCDD concentration: 0.87 ppb, standard
deviation: 0.21 ppb; average RPE: 2.0 percent, standard deviation:

24 percent; bias: 2.4 percent; number of outliers: 2, percent outliers:

8.0.

b. RPE versus the true value for the PA samples; true value: 0.85 ppb.
c. Not applicable.

d. Outlier = Result with an RPE >50 percent.

e. R = Rerun.

f. Maximum possible concentration (MPC); considered as a positive result.
g. Missing = Sample results are missing; the sample was either not

received by the laboratory or for some reason could not be analyzed by the
laboratory.
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TABLE 10. NCBC PERFORMANCE AUDIT SAMPLE ANALYSIS SUMMARY? (SERIES 3)

TCDD
(ppb)

Reported Detection Relative
Sample Number Concentration Limit Percent Error
NC-8005.. 81000 13.3 --¢ 599
NC-8005 . 81000R® 9.4 -- 13
NC-8006.81000 0.0 10.8f 29
NC-8009.81000 9.3 s 12
NC-8010.81000 6.4 == -23
NC-8016.81000 7.8 = -6.5
NC-8020.81000 8.5 - 1.9
NC-8023.81000 8.4 = 0.72
NC-8023.81000R 7.8 -- -6.5
NC-8024.81000 7.4 -- -11
NC-8040.81000 0.0 8.18f -1.9
NC-8041.81000 11.6 Ss 39
NC-8042.81000 0.0 7.79f -6.6
NC-8044.81000 8.4 - 0.72
NC-8045.81000 7.8 -- -6.5
NC-8048.81000 QA
NC-8053.81000 0.0 10.7f 28
NC-8055.81000 6.6 = =21
NC-8055.81000R 7.9 e -5.3
NC-8057.81000 7.5 == -10
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TABLE 10. NCBC PERFORMANCE AUDIT SAMPLE ANALYSIS SUMMARY® (SERIES 3)

(CONCLUDED)

TCDD

(ppb)

Reported Detection Relative

Sample Number Concentration Limit Percent Error
NC-8057.81000R 6.7 -- -20
NC-8058.81000 Missing
NC-8059. 81000 0.0 8.63% 3.5
NC-8060.81000 7.4 -- -11
NC-8063.81000 8.1 -- : 2.9
NC-8064 . 81000 0.0 8.49% 1.8
NC-8066.81000 8.1 s -2.9
NC-8069.81000 7.5 e =10
NC-8071.81000 8.1 e -2.9
NC-8073.81000 8.1 -- -2.9
NC-8075.81000 7.2 -- -14
NC-8081.81000 8.4 - 0.72

a. Total results reported: 30, including 4 reruns; number of missing
results: 1; average reported TCDD concentration: 8.4 ppb, standard
deviation: 1.5 ppb; average RPE: 0.83 percent, standard

deviation: 18 percent; bias: 0.84 percent; number of outliers: 1, percent
outliers: 3.3.

b. RPE versus the true value for the PA samples; true value: 8.34 ppb.
c. Not applicable.

d. Outlier = Result with an RPE >50 percent.

e. R = Rerun.

f. Maximum possible concentration (MPC); considered as a positive result.
g. QA = Sample submitted as an unknown to the QA laboratory.

h. Missing = Sample results are missing; the sample was either not

received by the laboratory or for some reason could not be analyzed by the
laboratory.
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results are identified in the table. In addition, two samples are listed
as missing, as explained above. The missing samples are also listed in the
table, but have not been included as part of the total results. As noted,
the true concentration for this series of PA samples was 0.080 ppb, which
was below the 0.1 ppb detection limit required for the majority of the
analyses. To prevent biasing the laboratory results, no attempt was made
to identify to the analytical laboratory that any of the PA samples had a
concentration of less than 0.1 ppb. In this regard, two of the results in
Table 8 are reported as nondetected with an associated DL. For each of
these results, the DL has been considered equivalent to a concentration to

perform the statistical analysis of the analytical results.

Of the 36 results, 13 are outliers, and the percentage of
outliers is 36. Eight of the outliers have RPEs greater than 250 percent.
Because these latter results are considered extreme outliers, they were
excluded when calculating both the average reported TCDD concentration and
the average RPE. Both the outliers and the extreme outliers are identified
in Table 8. The results for this series of PA samples fail to meet the
analytical protocol guidelines regarding the percentage of outliers based
upon the protocol guideline for data completeness, i.e., acceptability of

80 percent or greater of the data.

The average RPE for this series of PA samples is 33 percent, with
a standard deviation of 53 percent. The average RPE meets the protocol
guideline for accuracy. Of the 10 reruns reported, six resulted in RPEs
within tolerance, compared to the original results which had unacceptable
RPEs. For two of the reruns, the RPE for the rerun was the same as for the
original result. For the remaining two reanalyses, the RPE for the rerun

was significantly larger in magnitude than for the original result.

For this series of PA samples, as shown in Table 8, the average
reported TCDD concentration is 0.11 ppb, with a standard deviation of
0.043 ppb. Based on this standard deviation, the results for the analyses
of this series of PA samples do not meet the protocol guidelines for
precision. As with other categories of analyses, the protocol guideline

for precision in this case is a relative standard deviation of 20 percent
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or less. Comparing the average reported TCDD concentration to the true
concentration indicates an apparent bias between the analytical laboratory
and the QA laboratory of 38 percent, which exceeds the protocol guideline
of *10 percent,

In summary, the analytical results for this series of PA samples,
as listed in Table 8, meet the protocol guideline for accuracy, but do not
meet the guidelines for percent outliers, precision, or bias. The high
precentage of outliers, low precision, and the large apparent bias can all
be attributed to the significant scatter evident in the analytical
results. Possible sources of this scatter will be discussed below
following discussion of the results for the other two series of PA
samples. The problems with this series of PA samples are due to the low
true concentration of the samples, which is at the extreme limits of the
analytical protocol as adapted for a DL of 0.1 ppb. The scatter implies
that analytical errors are more significant for low level samples, around
0.1 ppb, than for samples at the 1.0 ppb level and higher. However, since
any projected cleanup of the NCBC site would probably be based on a
criterion of 1.0 ppb or greater, the error in such low level samples would
not have a significant impact on cleanup. To illustrate the dramatic
decrease in analytical errors with increasing concentration, the analytical
laboratory results for the other two series of PA samples, which had higher
true TCDD concentrations, show significantly less scatter, resulting in

better precision and lower bias. The other two series of PA samples will

be discussed below.

Table 9 lists the analytical results for the series of PA samples
with a true TCDD concentration of 0.85 ppb. A total of 26 results are
reported in the table, including the results for two samples that were
reanalyzed (rerun) because of various QA considerations of the data
validation process. The rerun results are identified in the table. 1In
addition, three samples are listed as missing, as explained previously.

The missing samples are identified in Table 9, but they have not been

included in the total results.
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Of the 26 results, two are outliers, giving a percentage of
outliers of 8.0. Thus, the results for this series of PA samples meet the
analytical protocol guideline for outliers. The average RPE is
2.0 percent, with a standard deviation of 24 percent. The average RPE is
well within the analytical protocol guideline for accuracy. In addition,
the average reported TCDD concentration is 0.87 ppb, with a standard
deviation of 0.21 ppb. Based on this standard deviation, the results did
not meet the previously discussed protocol guideline for precision.
Finally, comparing the average reported TCDD concentration to the true
concentration indicates an apparent bias between the analytical laboratory
and the QA laboratory of 2.4 percent, which is well within the protocol

guideline.

In summary, the analytical results for this series of PA samples,
as listed in Table 9, meet the protocol guidelines for accuracy, percent
outliers, and bias, but do not meet the guideline for precision. For both
the duplicate sample analyses and the results for the first series of PA
samples, the failure to meet the goal for precision is due to the scatter
in the analytical laboratory results. This failure is not considered
significant for the same reasons discussed previously for the duplicate

sample analyses (Section IV, A.4).

Table 10 lists the analytical results for the series of PA
samples having a true TCDD concentration of 8.34 ppb. A total of
30 results are reported in the table, including the results for four
samples that were rerun. One sample has been listed as missing, as
explained previously, and another sample was submitted to the QA laboratory
rather than being submitted to the analytical laboratory. These samples

have not been included in the total results.

Of the 30 results, one is an outlier, giving a percentage of
outliers of 3.3. Thus, the results for this series of PA samples meet the
analytical protocol guideline regarding the percentage of outliers. The

average RPE is 0.83 percent, with a standard deviation of 18 percent. The
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average RPE is well within the analytical protocol guideline for accuracy.
In addition, the average reported TCDD concentration is 8.4 ppb, with a
standard deviation of 1.5 ppb. On the basis of this standard deviation,
the results meet the analytical protocol guideline for precision. Finally,
comparing the average reported TCDD concentration to the true concentration
indicates a bias between the two laboratories of 0.84 percent, which is

well within the analytical protocol guideline.

In summary, the analytical results for this last series of PA
samples, as listed in Table 10, meet the protocol guidelines for accuracy,

precision, bias, and percent outliers.

As stated above, one sample from this last series of PA samples
was submitted to the QA laboratory. The specific sample, identification
number NC-8048.81000, was submitted as an unknown to serve as a check on
the performance of the QA laboratory. The QA laboratory reported a TCDD
concentration in the sample of 7.34 ppb, giving an RPE in comparison with
the previously established true concentration of 12 percent. This result
provides additional confirmation of the previous results of the QA

laboratory.

Throughout the analysis program, the analytical laboratory did
not extract and analyze the NCBC samples strictly according to the sequence
in which they were submitted. As a result, one batch of samples extracted
by the laboratory in the latter stages of the analysis program contained
four different PA samples, and one of the PA samples was analyzed in
duplicate. For this particular extraction batch, the result for the PA
sample analyzed in duplicate was an outlier, with an RPE greater than
50 percent. However, the results for the duplicate of this PA sample, as
well as the results for the other three PA samples, were all within
tolerance, with RPEs of less than 50 percent. Thus, for this extraction
batch, the outlier PA sample result was ignored, and the sample results for
the extraction batch were validated based on the presence in the batch of

four PA sample results with RPEs within tolerance.
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There is no obvious cause for discrepancies or apparent bias
between the analytical laboratory and the QA laboratory. The same
analytical protocol, including extraction procedures, was used by both
laboratories, so there would be no differences resulting from procedural
variations. No errors or discrepancies were found in the various
calibrations and calculations of either laboratory. Furthermore, the
instruments used by both laboratories were from the same manufacturer, so
there was no possibility of differences because of different makes of
instruments. Finally, neither laboratory reported instrument problems that

could have led to discrepancies in results between the two laboratories.

Therefore, the apparent bias between the two laboratories, as well as
the low precision previously noted during the discussion of the PA samples,
has been attributed to significant scatter in the analytical laboratory
results for certain levels of TCDD concentrations. This scatter is
evidenced not only by the extreme range in the results, also reflected in
the large standard deviations calculated, but also by the wide variations
in the results upon reanalysis of samples. Such scatter in the results is
probably because numerous personnel and several different instruments,
working in multiple shifts, were employed in preparing and analyzing these
samples. This scatter in results has contributed significantly to both the
lack of precision and the apparent biases noted at lower levels of TCDD
concentration. Scatter decreases dramatically as the TCDD levels
increase. As anticipated, the analytical results show that reductions in
the scatter produce concomitant improvements in the precision and

reductions in the apparent bias.

8. Performance Evaluation Sample Analyses

The analytical laboratory analyzed two sets of PE samples,
provided by the QA laboratory, during the analysis program. The results
from the first set were inconclusive because the results reported by the
analytical laboratory did not agree with the values previously determined
by the QA laboratory. The analytical laboratory reported TCDD levels in

several of the samples that were significantly higher than the values
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determined by replicate analysis in triplicate by the QA laboratory. For
these results, the RPEs were about 200 percent. One of the sample extracts
was obtained from the analytical laboratory and analyzed by the QA
laboratory. The QA laboratory results confirmed the analytical laboratory
results. Conversely, the QA laboratory confirmed its previous analyses by
reanalyzing one of its original sample extracts. Because of the
requirements of the analytical schedule, the analytical laboratory did not
at the same time analyze one of the sample extracts from the QA

laboratory. It was decided that, in this case, the additional analytical
effort was not warranted because it would have provided no conclusive
additional information and would also have increased the chances of loss or
contamination of the QA laboratory sample extract, all of which were
maintained for reference purposes throughout the project. The same
analytical protocol had been used by both laboratories, and no
discrepancies in any of the calibrations or calculations were revealed.
Thus, no apparent reason for the discrepancies between the laboratories
could be determined for this set of PE samples. The confirmatory results
obtained by the QA laboratory for the extract provided by the analytical
laboratory indicated that the results reported by the analytical laboratory
for this set of PE samples were at least consistent. However, the results
were anomalous since they did not agree with the true values determined by
the QA laboratory.

Since the problems with the first set of PE samples could not be
resolved, a second set of samples was immediately submitted to the
analytical laboratory. This set consisted of six samples that included two
sets of duplicates and a blank. Table 11 summarizes the results of the
analysis of this set of samples. The average RPE for the six samples is
-7.8 percent, with a standard deviation of 7.3 percent. Furthermore, the
average RPD for the two pairs of duplicates in the set is 12 percent, with
a standard deviation of 2.4 percent. These results show very good
agreement between the QA laboratory and the analytical laboratory and

indicate that there is no significant bias between the two laboratories for

these samples.
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TABLE 11. NCBC PERFORMANCE EVALUATION SAMPLE ANALYSIS SUMMARY

TCDD Reported Results
(0.080 ppb)
Relative Relative

Sample True Reported Percent Percent
Designation Concentration Concentration Difference Error
PE-2 0.0 0.0 0.0
PE-1 0.083 0.08 13 -3.6

PE-6 0.083 0.07 -16
PE-3 15.09 13.8 10 -8.5

PE-4 15.09 12.5 -17
PE-5 25.78 25.3 -1.9
Average: 12 -7.8
Standard deviation: 2.4 7.3

a. True value for the PE samples as determined by the QA laboratory.

b. Relative percent difference calculated between results for PE samples
having the same true value.

c. Relative percent error calculated against the true value for the PE
sample.

To further confirm its previous analysis of the various PE
samples, the QA laboratory analyzed a separate set while the analytical
laboratory was analyzing the second set of PE samples. The QA laboratory

results reconfirmed the previous results obtained by that laboratory.
9. Split-Sample Analyses
The results of the split-sample analyses performed during the

NCBC sample analysis program are summarized in Table 12. Forty-five pairs

of results were reported, including five reruns and two duplicate analyses
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TABLE 12. NCBC SPLIT-SAMPLE ANALYSIS SUMMARY?
TCDD
(ppb)
Relative
b Reported Detection Percent
Sample Number Concentration Limit Difference
c d
NC-0639.63001 259.0 o 64
NC-0639.73001 504.8 --
e d
NC-0763.61000 0.0 22.1 71
NC-0763.71000 10.5 --
NC-0763.61000R 12.7 - 19
NC-0763.71000 10.5 --
NC-0796.61000 0.0 0.20 0.0
NC-0796.71000 0.0 0.11 --
NC-0853.61000 6.7 — 1.5
NC-0853.71000 6.8 .
NC-0944.61000 41.5 — 0.97
NC-0944.71000 41.1 -
NC-0984.61000 0.408 0.0
NC-0984.71000 0.0 0.458
NC-1073.61000 0.27¢ 2004
NC-1073.71000 0. 0.188
NC-1163.61000 49.5 —— 30
NC-1163.71000 36.7 --
NC-1163.61000R
NC-1163.71000
NC-1163.61000R 35.0 -- 18
NC-1163.71000 36.7 -
NC-1254.61000 1.3 -- 31
NC-1254.71000 0.95 -
NC-1254.61000R 0.9 - 5.4
NC-1254.71000 0.95 --

61



TABLE 12. NCBC SPLIT-SAMPLE ANALYSIS SUMMARY®

(CONTINUED)
TCDD
(ppb)
Relative

b Reported Detection Percent
Sample Number Concentration Limit Difference
NC-1343.61000 5.8 e 8.3
NC-1343.71000 6.3 -n
NC-1385.61000 0.0 0.59° 21
NC-1385.71000 0.48 =
NC-1385.61000D" 0.4 -= 18
NC-1385.71000 0.48 -
NC-13A6.61000 0.0 0.10 0.0
NC-13A6.71000 0.0 0.19
NC-1474.61000 0.0 0.058 0.0
NC-1474.71000 0.0 0.14
NC-1718.61000 0.0 0.248 0.0
NC-1718.71000 0.0 0.248
NC-1718.61000R 0.3 - 2004
NC-1718.71000 0.0 0.24f
NC-1758.61000 5.9 -- 31
NC-1758.71000 4.3 o
NC-1821.61000 0.0 0.478 0.0
NC-1821.71000 0.0 0.318
NC-1861.61000 0.0 0.2 0.0
NC-1861.71000 0.0 0.25
NC-1924.61000 0.0 0.508 0.0
NC-1924.71000 0.0 0.438
NC-1924.61000R 0.8 - 2009
NC-1924.71000 0.0 0.43%
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TABLE 12. NCBC SPLIT-SAMPLE ANALYSIS SUMMARY?

(CONTINUED)
TCDD
(ppb)
Relative

b Reported Detection Percent
Sample Number Concentration Limit Difference
NC-1964.61000 0.37° 24
NC-1964.71000 0.47°
NC-2027.61000 16.4 - 699
NC-2027.71000 8.0 -
NC-2030.63001 0.41 -- 2004
NC-2030.73001 .0 0.108
NC-2067.61000 0.0 .158 0.0
NC-2067.71000 .0 .168
NC-20A7.61000 0.0 0.10 0.0
NC-20A7.71000 0.0 0.06
NC-20A7.61000D 0.0 0.1 0.0
NC-20A7.71000 0.0 0.06
NC-2130.61000 31.9 “s 0.31
NC-2130.71000 32.1 -
NC-2170.61000 0.0 0.47° 14
NC-2170.71000 0.41 -
NC-2273.61000 Missing -- .-
NC-2273.71000 10.7 -—
NC-2336.61000 0.0 0.60 0.0
NC-2336.71000 0.0 0.258
NC-2376.61000 179.0 o 45
NC-2376.71000 113.6 --
NC-2377.62001 1.20 -- 49
NC-2377.72001 1.98 --
NC-2381.64000 0.22 -- 674
NC-2381.74000 0.11 --
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TABLE 12. NCBC SPLIT-SAMPLE ANALYSIS SUMMARY?

(CONTINUED)
TCDD
(ppb)
Relative

b Reported Detection Percent
Sample Number Concentration Limit Difference
NC-2420.62001 3.30 -- 170d
NC-2420.72001 0.24 --
NC-2439.61000 3.9 -- 9.8
NC-2439.71000 4.3 -
NC-2479.61000 40.1 “= : 5.6
NC-2479.71000 42.4 --
NC-2527.63001 0.0 307.00°% 69d
NC-2527.73001 151.3 --
NC-2542.61000 1.5 -- 40
NC-2542.71000 1.0 --
NC-2544.62001 8.7 -- 200d
NC-2544.72001 0.0 0.038

e d

NC-2549.62000 0.0 226.5 81
NC-2549.72000 533.9 --
NC-2582.61000 8.0 = 2.5
NC-2582.71000 8.2 --

a. Total result pairs reported: 45; including 5 individual reruns by the
analytical lab, 2 duplicates, and 1 missing sample; average RPD =

44 percent; standard deviation: 65 percent; number of outliers: 12;
percent outliers: 27.

b. Sample Identification Code: NC-__ .6__ = analytical laboratory sample;
NC-___ .7 _ = QA laboratory sample.

c. Not applicable.

d. Outlier = pair of results with a relative percent difference (RPD)
>50 percent.
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TABLE 12. NCBC SPLIT-SAMPLE ANALYSIS SUMMARY?
(CONCLUDED)

e. Maximum Possible Concentrations (MPC) considered as a positive result.
f. R = Rerun.
g. MPC considered as a detection limit,

h. D = Duplicate.

by the analytical laboratory and one missing sample. Twelve are outlier
pairs, giving a percentage of outliers of 27, out of a total of 45 pairs.
To compare the results of the split-sample analyses, MPCs have been
considered in the same way as those encountered during analysis of the
results of matrix spikes (Section IV, A.3). MPCs with unacceptable
320/322 ratios have been considered as detection limits. The results of
the split-sample analyses fail to meet the analytical protocol guideline

for the outliers based on the guideline for data completeness.

The average RPD is 44 percent, with a standard deviation of
65 percent. The average RPD meets the analytical protocol guideline for
accuracy. However, the large standard deviation means that the protocol
goal for precision was not met. As with other categories of analyses, the
protocol guideline for precision in this case is a relative standard
deviation of 20 percent or less. The pairs of results listed in the table
show significant differences between the results reported by the analytical
laboratory and the QA laboratory. However, as is further evident from the
results, there is also significant scatter in the data so that no clear-cut
trends can be identified. The scatter in the results is also reflected by
both the large standard deviation associated with the average RPD and the
large number of outlier pairs. The differences between the two
laboratories can be attributed to the significant scatter in the results
and do not necessarily imply bias between the two laboratories. The lack
of bias has been confirmed based on the conclusions reached during the
preceding discussions regarding the results of both the PA and the PE

samples.
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The failure to meet the protocol guideline for outliers is of no
practical significance because many of the outliers are either low-level
samples with TCDD concentrations below 1.0 ppb or higher level samples with
TCDD concentrations of around 20 ppb or higher. In the former case, the
TCDD levels are below any anticipated action level that might be required
by future site remedial action. In the latter case, the TCDD levels are
probably higher than any action level that might be required. Thus,

cleanup of contamination of these levels would be required in any event.

The failure to meet the guideline for precision is a reflection
of the scatter in the data. Such failure is not of practical significance

because much of the scatter results from the outliers.

In addition to the potential causes of scatter noted previously
during discussion of the PA sample analyses (Section IV, A.7), another
possible cause for the scatter in the results for the split samples is the
heterogeneous nature of the NCBC sample matrix, which may have resulted in

sample splits that were not equivalent.
10. Rinsate Sample Analyses

Six rinsate samples were collected during the NCBC sampling
program. Rinsate samples were only collected during subsurface drilling
operations because other samples were collected using disposable
equipment. Trichloroethane rinse samples were collected after the
split-spoon sampler had been cleaned, as previously described. Four of the
six rinses show low levels of contamination, while the other two show
levels of 61 and 1.2 ppb, respectively. These results indicate that

decontamination of the split spoon was incomplete.

The sampling protocol was designed to minimize the possibility of
cross-contaminating the sample by use of a contaminated tool. After the
split spoon sampler was removed from the hole and carefully opened, the top
3 inches of the core were cut off and removed. The outer layer of soil

(approximately 1 inch thick) was then scraped off to expose the interior of
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the core. A new spoon was used to scoop the center of the core out of the
sampler, leaving behind the layer of soil (approximately 1 inch thick)
exposed to the other half of the split spoon. If this procedure had not
been followed, samples collected with a contaminated split spoon could have
been contaminated, although probably at insignificant levels (the dilution
factor 1 gram of soil contamination in a 1500-gram sample is 1500).
However, any cross-contamination from the sampler should have been
eliminated by removing soil directly below the previous sampling interval
and soil that contacted the walls of the tool. Thus, the rinsate sample
indicates the potential for contamination, not that contamination actually
occurred. These data do not invalidate the subsurface sampling results.
Since samples were not collected in strict numerical sequence, it is not
possible to determine what samples were collected using the contaminated
spoons. The rinsate sample numbers relate to the rinse following the
sampling of a location, i.e., sample 2030.93040 is the rinse of the spoon
used to collect sample 2030.03040.

B. SURFACE SAMPLING

The results of the surface sampling task are presented in this
section. The overall site is presented first, and then the site is divided
into the following four areas: the original area (Rows 5-28,

Columns 35-59), the original expansion area (Rows 5-28, Columns 60-87), the
expansion west area (Rows 6-28, Columns 9-34), and the expansion east area
(Rows 5-28, Columns 88-127). The relationship of the areas is shown in

Figure 3.
1. Overall Site

TCDD concentrations for all 1300 plots are shown in Figure &.
Surface TCDD concentrations in the overall site range from less than a
detection limit of 0.01 to a high of 650 ppb. Of the 1300 plots,
83 percent had TCDD concentrations less than 10 ppb, and 51 percent had
TCDD concentrations less than 1 ppb (Figure 5). The major contamination

occurs in areas where drums were either stored or handled. The area along
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Greenwood Avenue (Rows 23-25, Columns 10-85) was drum storage. The area
around Building 411 (Rows 6-14, Columns 35-53) was used for dedrimming
operations, and the area around the concrete slab (Rows 6-13, Columns
60-64) was used to crush empty drums. There are additional random hot
spots where leakage obviously occurred outside the above areas, but these

are isolated and less than 100 ppb TCDD concentration.

The drainage of the overall site is inward toward the drainage ditches
in the middle of the site. The three major areas identified above all show
that leakage drained toward the ditches with further confirmation from the
ditch samples, which are TCDD contaminated to a maximum of 107 ppb in these
areas. The contamination in the ditches decreased downstream until
reaching the filter system installed at Row 6, Column 66, preventing

contamination spread offsite.

The horizontal extent of TCDD contamination in surface soils has been
delineated on the overall site, including the expansion areas. The random
samples taken offsite indicate no contamination except in Row 28,

Column 10, with a TCDD concentration of 31 ppb. EG&G Idaho has advised
AFESC/RDVW of this finding and suggested additional sampling in this area.
The effort is under consideration and any results of additional sampling

will become an addendum to this report.
2 Original Area

TCDD concentrations for all plots in the original area are shown
in Figure 6. Figures 7 through 13 present the plots of TCDD concentration
using the concentration intervals less than detection limit, detection
limit to >! ppb, >1 -10 ppb, >10-25 ppb, >25-50 ppb, and >50-100 ppb.

Plots containing replicated aﬁalyses are represented by the arithmetic mean

of the replicated values.
Surface TCDD concentrations in the original area using arithmetic

means for replicated plots range from less than a detection limit of 0.01

to a high of 650 ppb. The ten highest values are 650, 390, 280, 240, 230,
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Figure 5. Storage Site (excluding randoms) Concentration Range
Distribution of Surface Soil Plots.
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150 (three plots), 140, and 120 ppb. In general, the spatial distribution
of TCDD appears random as would be expected from leaking drums and spills.
The frequency distribution of the plots for the various TCDD concentrations
intervals is given in Figure 5. As shown in Figure 5, the TCDD
concentrations in over 75 percent of the plots in the original area are

less than 10 ppb.

3. Original Expansion Area

The original expansion area includes 56 plots. TCDD
concentrations in composited surface soils for all plots are shown in
Figure 14. Figures 15 through 21 present the plots with TCDD
concentrations within the intervals as stated above. Plots containing
replicate analyses are represented by the arithmetic mean of the replicated

values.

Surface TCDD concentrations in the original expansion area range
from less than a detection limit of 0.01 ppb to 280 ppb. Thirteen plots,
all located in the southeastern portion of the original expansion area,
exceed 100 ppb (Figure 21). In particular, the area comprising Row 24,
Columns 70 through 74, and Row 25, Columns 71 and 72, has been impacted by
a significant spill. A composite sample of surface soils collected
southeast of Greenwood Avenue and the railroad tracks (approximately
50 feet) from the spill area had a TCDD concentration of 31 ppb (see
Figure 14).

4. Expansion West Area

Two hundred seventy plots were sampled in the expansion west
area. TCDD concentrations in composited surface soils are shown in
Figure 22. TCDD concentrations in replicated plots are represented by the
arithmetic means of all replicates. TCDD concentrations in the expansion
west area ranged from nondetectable to 182 ppb. Only 3 of 25 plots in the
northwestern portion of the area had detectable levels of TCDD. The
highest TCDD concentrations appear to be in the southeastern portion of the

area, particularly in Rows 23, 24, and 25; Columns 25 through 29.
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Surface Soils, > Detection Limit through 1.0 ppb.
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Surface Soils, >50 ppb through 100 ppb.
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Figure 22. Expansion West Area--TCDD Concentrations in Composited Surface
Soils.
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Figures 23 through 29 present the plots with TCDD concentrations
within the intervals listed in Figure 5. TCDD concentrations in over 86
percent of all plots in the expansion west area are less than 10 ppb.
Almost 60 percent of the plots has concentrations less than 1 ppb. 1In
general, the expansion west area has lower overall TCDD concentrations than

both the original area and the original expansion area.
5. Expansion East Area

The expansion east area is next to the original expansion area to
the northeast of the fenced-in area. To determine the presence, if any, of
TCDD contamination, 49 plots were randomly scattered throughout the area.
Trace levels of TCDD concentration were found in 7 of the 49 plots, ranging
from 0.02 to 0.3 ppb. One of the 49 composited samples is missing.

Figure 30 shows the locations and TCDD concentrations of the composited

sample plots.
C. NEAR-SURFACE SAMPLING

Near-surface soil samples were collected from 35 locations identified
in Figure 31. Sampling sites were determined in the field based on a
limited amount of analytical results from surface soil samples. Those
sites with the highest concentrations of TCDD in surface composites were

selected for subsurface sampling at 15 locations.

Near-surface samples were collected at the following intervals:
surface soil that varied in thickness from 0 to 6 inches and averaged
2 to 3 inches; soil/cement layer averaging 6 to 9 inches thick;

0 to 3 inches below the soil/cement layer; and 3 to 7 inches below the

soil/cement layer.
The analytical results of the near-surface samples are summarized in

Table 13. TCDD concentrations of surface soils ranged from 0.64 ppb to

430 ppb. The arithmetic mean for the surface soils is 89 ppb. TCDD
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Figure 23. Expansion West Area--TCDD Concentrations in Composited Surface
Soils, > Detection Limit.

91



| 100 ft |

Figure 24. Expansion West Area--TCDD Concentrations in Composited Surface
Soils, > Detection Limit through 1.0 ppb.

92



agts

-d
(54

Ditch

HEEEEEEN

25- 3

0
0
¥

| 100 ft |

Figure 25. Expansion West Area--TCDD Concentrations in Composited Surface
Soils, >1.0 ppb through 10 ppb.
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Figure 26. Expansion West Area--TCDD Concentrations in Composited Surface
Soils, >10 ppb through 25 ppb.
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Figure 27. Expansion West Area--TCDD Concentrations in Composited Surface
Soils, >25 ppb through 50 ppb.
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Figure 28. Expansion West Area--TCDD Concentrations in'Composited Surface
Soils, >50 ppb through 100 ppb.
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Figure 29, Expansion West Area--TCDD Concentrations in Composited Surface
Soils, >100 ppb.
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