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Dear Ms. Driscoll:

Enclosed for your review is an interim guidance memorandum written by the Los
Alamos National Laboratory's Environmental Restoration (ER) Assessment
Council entitled, "Evaluating Polycyclic Aromatic Hydrocarbons (PAHs) in Soil,"
dated April 12, 1995. If at all possible, we would appreciate your comments by May 5,
1995. The memorandum is at an early stage of development, but ER personnel need
immediate guidance on making decisions regarding PAHs in soil. We have
developed a method of comparison similar to our statistical comparisons to
backgrounds for metals. When we receive your comments on the enclosed draft, we
will work toward a position paper for dealing with PAH comparisons.

If you have any questions regarding this document, please call Alison Dorries at
(505) 665-4791. Thank you.
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Mr. Theodore Taylor

Program Manager

Environmental Restoration Program
Department of Energy

Los Alamos Area Office

Los Alamos, NM 87544

Re: Interim Guidance for Evaluating Polycyclic Aromatic
Hydrocarbons in Soil
Los Alamos National Laboratory (NM0890010515)

Dear Mr. Taylor:

Enclosed are comments from the Environmental Protection
Agency’s (EPA) review of the draft document entitled Interim
Guidance for Evaluating Polycyclic Aromatic Hydrocarbons
in Soil. Los Alamos National Laboratory (LANL) has used a
study (Bradley et al. 1994) from which data was collected for
polycyclic aromatic hydrocarbons (PAHs) in New England. The
selection and use of this data set is not appropriate. LANL may
choose to collect their own background data for PAHs; however,
EPA recommends that prior to conducting the actual study, EPA
review the proposed sampling locations.

Should you have any questions, please contact Barbara
Driscoll at (214) 655-7441.

Sincerely,

William K. Honker, P.E.
Chief, RCRA Permits Branch

Enclosure

cc: Mr. Benito Garcia
New Mexico Environment Department
Mr. Jorg Jansen
Los Alamos National Laboratory, MS M992
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General Comments
Interim Guidance for Evaluating
PAHsS in Soil

The establishment of background data is for use in the
determinations made for remedial action, not for
determination of potential chemicals of concern. In that
regard, the need for "Interim Guidance" (page 1) and the use
of surrogate background data sets may not be necessary and
the appropriate effort at this time should be to proceed
with actual background sampling of polycyclic aromatic
hydrocarbons (PAHs).

This document begins by stating that no actual background
data for the LANL site have been collected. Although this
document states (pg 1) that various publications exist on
background concentrations of PAHs and that, ideally, the
surrogate background data set should be comprised of data
collected under conditions as close as possible to site-
specific conditions at LANL, a data set from New England
(Bradley et al. 1994) is selected for use. The selection
and use of this data set does not appear to be appropriate.
New England is known to have a greater likelihood of
anthropogenic sources of PAHs than the southwest. For
instance, many of the coal-fired electrical generating
plants in northeastern U.S. have been around for 20+ years
and some have not been required to meet recent air emission
standards.

Other problems exist with this data set. Although the
summary values of the original data suggest that the data
set is strongly skewed to the right (most samples resulted
in low background concentrations), LANL wishes to select a
upper tolerance limit (UTL) as the concentration for
comparison and define the UTL as the gsth percent upper
confidence limit on the 99t percentile of the "estimated"
distribution (NOTE: the actual data set is not provided nor
are any details of the Bradley background study such as
location, potential anthropogenic bias, etc.). Use of this
UTL will result in specific PAH background values that are
in some cases roughly an order of magnitude higher than the
mean of that specific PAH of the surrogate data set. Note
that the arithmetic means of the surrogate data set PAHs is
much closer to the minimum values that the maximum values.
In addition, use of this methodology for calculation of the
UTL can result in a UTL higher that any sample analysis in
the surrogate background data base (indeed, this has
occurred for benzo(b)fluoranthene).



2

What is the documentation for the use of the 99% percentile
as the tolerance interval? The risk assessment guidelines
(RAGS) for Superfund recommend hypothesis testing with
statistical significance generally determined at P = 0.05
for comparative testing of background samples with potential
release sites (PRS).

For six of the PAHs (benzo(a)pyrene, benzo(a)anthracene,
benzo (b) fluoranthene, benzo(k)fluoranthene,
dibenzo(a,h)anthracene and Indeno(l,2,3-cd)pyrene), the
action levels are lower than the proposed UTLs for
background. These chemicals should remain in the risk
assessment process until risk management decision-~-making.

The Statistical Comparisons to Background, Part 1 states (pg
2, paragraph 2) that "...guidance on statistical comparisons
between PRS data and naturally occurring concentrations of
metals in soils provided by this document may also be
applicable to background comparisons of certain
anthropogenic compounds...". The very next sentence states
".,..it should be emphasized that the approach presented in
this document should be applied to naturally-occurring
metals only...". This is contradictory. Either the
methodologies of this document are appropriate for use with
PAHs or they are not.



Subject: Interim Guidance for Evaluating Polycyclic Aromatic Hydrocarbons in Soil

DRAFT MEMORANDUM

The purpose of this memorandum is to provide Environmental Restoration (ER) Project personnel
with an overview of interim guidance for evaluating polycyclic aromatic hydrocarbons (PAHs)
detected in soil at the Los Alamos National Laboratory (the Laboratory) potential release sites
(PRSs). This guidance is intended to be finalized by mid-1995. Until that time, ER Project
personnel are cautioned that evaluations completed according to this draft interim guidance may
require revision by Assessments Council personnel at a later date. It should also be noted that this
interim guidance does not address potential ecological concerns. Therefore, the procedures
described in this document should not be implemented without the assistance of a risk assessor and

statistician from the Assessments Council.
Basis for Interim Guidance

Because PAHs are present in the environment as a result of both natural and anthropogenic
sources, the Assessments Council is attempting to develop a consistent strategy for distinguishing
the concentrations of PAHs that can be reasonably attributed to background sources from those that
are the result of past Laboratory releases. If PAH concentrations at a PRS are indistinguishable

from existing background concentrations, then remedial action may not be necessary.

Information regarding background levels of PAHs in soil in the vicinity of the Laboratory is not
currently available. This interim guidance presents a phased approach that will initially rely upon a
surrogate background data set based on data published in the scientific literature. As data specific
to the Laboratory become available, the surrogate information will be re-evaluated, and the
background distributions will be adjusted as necessary. Ultimately, sufficient site-specific data that
are representative of local background conditions will be collected and inclusion of surrogate data

will no longer be necessary.

Surrogate Background Data Set

Various researchers have published background concentrations of PAHs in rural, agricultural,
‘and/or urban soils collected throughout the United States and the world. Ideally, the surrogate
background data set would be comprised of data collected under conditions as close as possible to
site-specific conditions at the Laboratory. The Assessments Council has reviewed several existing

data sets; however, most are not applicable to LANL and/or do not contain sufficient information to
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be useful (e.g., analysis of benzo(a)pyrene only). At this time, the Assessments Council has
adopted data from a single source (Bradley et al., 1994) to be used as the surrogate background
data set. It should be noted, however, that the surrogate set is based on published summary
statistics alone because Bradley et al. have not released the raw data to the Laboratory. This data

set was chosen because:

. the analyses includes all individual PAHs of interest to the ER Project,

. the analytical methods and quality assurance/quality control measures are
consistent with those used by the ER Project, and

. the data were collected specifically to identify background concentrations of

PAHs in urban soil.

The Bradley et al. data are summarized in Table 1, and are the only data to be used at this time.
As noted above, this data set will be amended as more information becomes available. A new
memorandum will be issued by the Assessments Council each time the surrogate background data

set is refined.

TABLE 1
=] Mimmum | Maxmum | Amthmetic | Frequency
Compound Detect Detect Mean of
(mg/kg) (mg/kg) (mg/kg) Detection

2-Methylnapthalene 017 | 064 | 0150 19 [62 ]
Acenaphthene .024 3.40 0.20T 130 62
Acenaphthylene 018 1.10 0.173 24 62
Anthracene .029 5.70 0.351 4 62
Benzo(a)anthracene .048 15.00 1.319 358 62
Benzo(a)pyrene .040 13.00 1.323 S/ 62
Benzo(b)fluoranthene .049 12.00 1.435 53 62
Benzo(g,h,1)perylene .200 5.90 0.891 36 62
Benzo(k)fluoranthene .043 25.00 1.681 59 62
Chrysene .038 21.00 1.841 60 62
Dibenzo(a,h)anthracene 020 2.90 0.388 32 62
Fluoranthene 110 39.00 3.047 60 62
Fluorene 022 3.30 0.214 35 62
Indeno(1,2,3-cd)pyrene .093 6.00 0.987 43 62

‘|l Napthalene 018 0.66 0.125 35 62
Phenanthrene 071 36.00 - [.838 61 62

“ Pyrene .082 11.00 2.398 61 62
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Comparing PRS Data to the Surrogate Background Data Set

In early 1995, the Assessments Council issued a draft position paper on background comparisons
for metals and radionuclides (Statistical Comparisons to Background, Part I, Los Alamos National
Laboratory, Environmental Restoration Project, Assessments Council, LA-UR-95-1217). The
draft background position paper describes two types of comparisons: a "hot measurement"” test
involving comparison of the maximum detected concentration with an estimated upper tolerance
limit (UTL) of the background distribution, and a "distributional shift" test involving a comparison
of the distribution of measured concentrations to the entire background distribution. At this time,
the Assessments Council is recommending that only the hot measurement test be used for PAHs,

because:

. UTLs can be estimated from the summary data presented in Table 1, and
. the distributional shift test requires raw data, which Bradley et al. have not
agreed to release to the Laboratory.

It should be noted that an addendum to the Assessments Council's position paper on background
comparisons is currently in development, and will contain several additional statistical tests that
may be used to perform background comparisons. One or more of the additional tests may be
applicable in cases where the raw data are not available. If so, a revised memorandum regarding

PAHs will be issued by the Assessments Council.

The UTLs estimated from Bradley et al.'s summary data are presented in Table 2; the method used
to calculate the UTLs is presented in Appendix A. In general, if the maximum concentration
detected at a PRS falls below the UTL of the surrogate background concentration for a particular
PAH, then no further evaluation of that PAH should be necessary. It is strongly recommended,
however, that historical site information be considered in this decision, especially if the measured
concentrations of all PAHs are below their respective UTLs. In addition, the presence of other
potential chemicals of concern may also affect the decision to further evaluate PAHs, even if PAHs

are present at concentrations below the UTLs.

If the maximum concentration for a PAH exceeds the corresponding UTL, then one of several
possible actions may be undertaken, including, but not necessarily limited to:

. comparing the maximum detected concentration to the appropriate screening
action level (SAL),
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identifying the PAH as a chemical of potential concern to be included in a
baseline risk assessment,

collecting PRS-specific background data for PAHs during Phase 2 sampling,
or

performing additional statistical analyses to confirm that the site data are
different than background.

TABLE 2
COMPOUND [ UL (mgkg® | SAL(mgkg) |

2-Methylnapthalene 0.64 NA®
"Acenaphthene 3.40 4,800
"Acenaphthylene 1.10 NA
Anthracene 4.29 24,000
Benzo(a)anthracene 12.40 1
"Benzo(a)pyrene 12.10 0.1
Benzo(b)fluoranthene 12.20 1
Benzo(g,h,1)perylene 5.90 NA
Benzo(k)fluoranthene 19.40 1
Chrysene 19.50 96
Dibenzo(a,h)anthracene 2.90 0.1
Fluoranthene 32.50 3,200
Fluorene 3.30 3,200
Indeno(1,2,3-cd)pyrene 6.00 1
Napthalene 0.66 3,200
Phenanthrene 24.20 NA
Pyrene 12.80 2,400

* The UTL is used except when more than 20% of the samples had non-detectable

amounts of the compound of interest, then the maximum observed value is given.
° Not available.

The SALSs for the PAHs are also presented in Table 2. Of the 17 individual compounds,

7 PAHs have SALs greater than the UTLs by a factor of at least 5
(acenaphthene, anthracene, chrysene, fluoranthene, fluorene, naphthalene,

and pyrene),
4 PAHs have no SAL due to lack of toxicity information [2-methylnaphthalene,
acenapthylene, benzo(g,h,i)perylene, and phenanthrene}, and
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. 6 PAHs have SALs lower than the estimated UTLs [benzo(a)anthracene,
benzo(a)pyrene, benzo(b)fluoranthene, benzo(k)fluoranthene, and
dibenzo(a,h)anthracene, and indeno(1,2,3-cd)pyrene].

The relationship between UTLs and SALs will be taken into account when deciding the need for

further action.

Conclusions

This memorandum provides an overview of interim guidance for evaluating PAHs in soil at LANL
PRSs. ER personnel are cautioned that evaluations completed according to this guidance may
require revision at a later date. It is highly recommended that a risk assessor and statistician from
the Assessments Council be consulted before implementing any of the procedures described in this

document.
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The Environmental Restoration Project at the Los Alumos National Laboratory has worked with its
regulators at Region VI of the Environmental Protection Agency to determine an appropriate
methodology for comparing analytical concentration data to local background concentrations. The
methods that have been agreed upon are detailed in the policy paper, Statistical Comparisons to
Background, Part I, Los Alamos National Laboratory, Environmental Restoration Project,
Assessments Council, (LA-UR-95-1217). One of the methods set forth in that paper involves
comparison with an upper tolerance limit (UTL) of the background distribution. The UTL used is

the 95™ percent upper confidence limit on the 99" percentile of the estimated distribution.

The data provided by Bradley, et al., included numbers of samples, numbers of detections,
minimum observed values, maximum observed values, arithmetic means, geometric means, and
95™ percent upper confidence limits on the arithmetic means. The confidence limits were calculated
assuming normality of the underlying distribution. If this assumption were true, the arithmetic
means would be expected to fall in the middle of the range described by the minimum and
maximum. In actuality, the means fall far closer to the minimum than the maximum in every case,
showing that the data were skewed to the right and not normally distributed. Given the apparent
shape of the distribution, lognormal models were selected to describe the data sets for the purpose
of calculating UTLs.

A lognormal distribution can be described by two parameters that must be estimated in order to
simulate the data. The geometric mean provides a slightly positive-biased estimator for one of the
parameters. However, no estimator of the second parameter was available from the Bradley data.
In order to estimate the second parameter, simulations were performed. First, sample variances,
s%, were back-calculated from the 95 percent upper confidence limits on the arithmetic means
(given in Bradley, et al.) by subtracting the mean, dividing by 1.96 (as used by Bradley et al.),
multiplying by 7 (62), and squaring the results. One thousand data sets of size sixty two were then
simulated from lognormal distributions with the first estimated parameter held constant. The
second parameter was varied until the average sample variance, s?, of the one thousand data sets
matched the sample variance, s?, observed by Bradley, et al. The parameters of the lognormal

distributions were then recorded.

For each compound, a new set of simulations was run to calculate the UTL based on estimated
lognormal distributions. The simulations included four hundred data sets of size one thousand.
From each set of observations, the 99" percentile was identified. The averages of the 99™

percentiles from the four hundred data sets were calculated and recorded as estimates of the 99"
6
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percentiles for each distribution. The four hundregﬁ percentiles were combined in a data set and
ranked. The non-parametric estimates of the 95" percent upper confidence limit on the 99™
percentiles (UTLs) were estimated as 97.5" percentiles from these data sets.

The UTL was reported for every compound that had less than 25% non-detections in the original
data. When the number of non-detections was greater than 25%, the maximum observed value

was reported.
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INTRODUCTION

The main purpose of this policy is to provide guidance to the Los Alamos National Laboratory (the
Laboratory) Environmental Restoration (ER) personnel on recommended statistical comparisons
between Potential Release Site (PRS) data and naturally occurring concentrations of metals
(including radionuclides) in soils. Any background comparison approach consists of two
components. The first is to assemble a defensible set of background data. This document
describes comparisons to the Laboratory wide set of background data collected by Longmire
(Longmire at al. 1994, 1142). The second is the selection of the statistical method(s) used to
compare site data to background data. Two statistical methods are presented. In the first method,
site concentration data are compared with a statistic representing the upper percentile of
background concentrations, the upper tolerance limit (UTL). The UTL is used as a screening
value, or extreme (hot) value, to determine i a significant release has occurred at the site. The
second is a group of methods designed to detect a distributional shift between site data and
background data. Although guidelines for the application of these methods are presented in this
document, each data analysis report should briefly describe the statistical analysis method chosen
and justify its application to the data in question. In PRS data, particular attention should be paid
to background comparisons of beryllium and arsenic, because background concentrations of
these elements exceed risk-based screening action values. Each data analysis report should also
justify the use of Laboratory-wide background concentration data, or present the rationale for

using site-specific background concentration data.

Comparisons of PRS data with background concentrations are needed as part of the Resource
Conservation and Recovery Act (RCRA) corrective action process. The guidance on statistical
comparisons between PRS data and naturally occurring concentrations of metals (including
radionuclides) in soils provided by this document may also be applicable to background
comparisons of certain anthropogenic compounds (e.g., radionuclides distributed from nuclear
fallout or organic chemicals associated with urban activities). It should be emphasized that the
approach presented in this document should be applied to naturally-occurring metais only.

REGULATORY LITERATURE REVIEW

The Environmental Protection Agency (EPA) guidance documents supporting the
Comprehensive Environmental Response Compensation and Liabilty Act (CERCLA) and RCRA

1 March 28, 1995
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programs provide specific information on how to design background studies and how to
statistically compare site data with background data.

The CERCLA document, Guidance on Data Useability in Risk Assessment (Part A} (EPA 1992,
1166), recommends collecting background data prior to collecting site data. I the comparison of
background data with site-derived data for a given constituent does not show a difference
statistically, that constituent is eliminated from further analyses. The CERCLA guidance also
suggests basing the number of background sampies collected from a site on the “minimum
detectable difference” procedure (EPA 1989, 0303). Data analysts unfamiliar with this approach
should contact the statistical specialists designated by the Assessments Council Chair.

Background comparisons for groundwater monitoring data are addressed in the RCRA document,
The RFI Guidance (EPA 1989, 0088). Methods for comparing data derived from upgradient wells
with data from downgradient wells is presented in the RCRA groundwater statistical analysis
document (EPA 1989, 1141), referenced in the EPA RCRA fécility investigation (RFl} guidance
(EPA 1989, 0088). These statistical methods are codified in 40 CFR Part 264, Statistical Methods
for Evaluating Ground-Water Monitoring from Hazardous Waste Facilities: Final Rule Federal
Register Tues. Oct. 11, 1988.

Statistical methods used for background comparisons of groundwater can be applied to

background comparisons for data from other media as stated in the preface of EPA (1989, 1141):
“This scenario can be applied to other non-RCRA situations involving the
same spatial relationships and the same null hypothesis. The explicit null
hypothesis for testing contrasts between means, or where appropriate between
medians, is that the means between groups (here monitoring wells) are equal (i.e., no
release has been detected), or that the group means are below a prespecified
action level (e.g., the ground-water protection standard). Statistical methods that can be
used to evaluate these conditions are described in Section 5.2 (Analysis of
Variance), 5.3 (Tolerance Intervals), and 5.4 (Prediction Intervals).” Bold added
for emphasis.

The RCRA groundwater monitoring guidance suggests that the specific approach proposed by
the owner/operator should be submitted to EPA for approval, especially where methods other
than those presented in the guidance are used. Statistical methods presented below are
consistent with those found in the analysis of variance and tolerance interval sections of the
RCRA groundwater monitoring document (EPA 1989, 1141).

2 March 28, 19985
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BACKGROUND COMPARISON APPROACHES AT OTHER DOE FACILITIES

Based on information presented at the 1994 Technical Information Exchange (TIE) Workshop,
most DOE facilities have funded a facility-wide background analysis of all potentially impacted
media (soil, sediment, surface water, groundwater). Most have information on the soil horizon or
other data that suppont a site-specific comparison with background. No single statistical test for
comparing site data with background data is used throughout the DOE facilities studied.

Background comparison approaches at specific facilities include:

1) Hanford Site (Richiand, WA): abackground conceptual model has been developed. This
model includes metals (including certain radionuclides) and considers transport between soil,

sediment, surface water and groundwater.

2) Oak Ridge Reservation (Oak Ridge, TN): a statistically significant difference between site data
and background data is required before including the constituent in a risk assessment.

3) Sandia National Laboratories (Albuquerque, NM): upper tolerance limits (UTL) of metals and
radionuclides are calculated based on historical data collected within and outside of PRSs.
UTL calculations are made if there is an adequate number of “detects” reported by the
analytical laboratory. The UTL is calculated using a method dependent on the distributional
properties of the analyte.

LABORATORY BACKGROUND DATA

The strategy at the Laboratory has been to collect samples that are representative of Laboratory-
wide background metal concentrations in soil and tuff (see Longmire at al. 1994, 1142) for
comparison with PRS data. (Readers interested in more detail on the statistical distribution of
naturally-occurring metals are referred to the Appendix of this paper.) Longmire’s data,
representing Laboratory-wide variation in soil and volcanic tuff, are used as the default
background data for making comparisons in the initial RFI screening assessment process. The
Laboratory-wide background data were collected from sites representing the range of soil
conditions observed at the Laboratory. At present, Longmire has 47 soil samples (A, B or C soil
horizon) analyzed by EPA SW 846 methods, and 50 soil (A, B or C soil horizon) and 38 tuff
samples analyzed by Instrumental Neutron Activation Analysis (INAA). The INAA data represent

3 March 28, 1995
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total elemental concentrations and are useful for background comparisons only at selected PRSs
with data using a comparable method of analysis. Additional soil, sediment and volcanic tuff
background analyses will be added to the Laboratory-wide background data base during 1995.
The new data will be made available to ER Project personnel and other interested parties as soon

as validated data are received.

Variation in certain elements makes comparisons with Laboratory-wide background less valid than
comparisons with site-specific background concentrations. For example, due to natural variability
in element concentrations of Bandelier Tuff, background soils from Technical Areas (TAs) at the
east and west ends of the Laboratory are likely to be enriched, or depleted, in certain elements
relative to Laboratory-wide background values. Bandelier Tuff was derived from a zoned magma
chamber in which some elements were concentrated at the top and others were concentrated at
the bottom. During the eruption resulting in deposition of the Bandelier Tuff, magmas at the top
of the chamber were erupted first. Consequently, those elements that were concentrated in the
upper magmas are in higher abundance at TAs to the east of the Laboratory because the
Bandelier Tuff subunit exposed in that region represents the earlier-erupted magmas. Thus, soils
derived from tuff located to the east of the Laboratory are likely to have higher abundance of
certain elements than Laboratory-wide background soils. For example, at TA-33 uranium in
background soils is at higher levels than Laboratory-wide background because it is more
abundant in the stratigraphically lowest units of the Tschirege Member of the Bandelier Tuff.

Thus, it is important to develop site-specific background for some sites.

All users of background data must follow some simple guidelines to ensure that site data is being
compared with Laboratory background data in a scientifically valid manner. A primary requirement
is that PRS data and background data be collected from soil or tuff having the same physical
properties. i PRS data are collected from sediments, background data should also come from
sediments. For example, if site data were collected exclusively from a soil horizon naturally
enriched in a metal, these data would appear to be greater than Laboratory background data. A
second requirement is that PRS samples be assayed by the same analytical methods as used for

background samples.

Each data analysis report should demonstrate that the above guidelines were considered before
using Laboratory-wide background distributions. Failure ‘to meet these guidelines may be an
indication that site-specific background be collected or that a subset of Laboratory-wide
background data be compared with PRS data. Lack of data for a particular analyte could be
justification for the collection of site-specific background data. Before recommending the

4 March 28, 1995
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collection of site-specific background for an analyte, data analysts should confirm whether the
analyte in question could be present by looking at historical information. On the other hand, lack
of defensible historical information might justify the collection of site-specific background data.

Should site-specific background data seem warranted, data analysts are encouraged to seek
technical advice from the background specialists designated by the Laboratory ER Project
Assessments and Earth Sciences Council Chairs. These specialists will be able to provide
detailed guidance on the location and number of samples required for site-specific background

comparisons.
PROPOSED STATISTICAL METHODS

Because background comparisons are used to make decisions throughout the RCRA process
from site screening to corrective measures implementation, data analysts must have statistical
methods that can be applied over a broad range of decisions. This guidance defines two
statistical methods for background comparisons. Both methods meet the requirements for RCRA
decision-making. In the first method, the “hot measurement” test, site concentration data are
compared with a statistic representing the upper percentile of background concentrations. Inthe
second method, the “distributional shift test,” the mean of site data is compared with the mean of
background data to determine if the former is statistically greater than the latter. Used together, or
separately, these tests help demonstrate if a release at a PRS occurred, and help define what risk
consequence the release may have. Figure 1 illustrates the differences between site data and
background data detected by the two methods.

The decision to be supported by the background comparison determines which test is more
appropriate. In an initial RFl screening, when a single high value should trigger further analysis,
the hot measurement test is typically mdre appropriate. When extensive data are collected to
support a risk assessment and a change in the average concentration should lead to further action
at the site, the distributional shift test may be more appropriate. A data analysis report should
clearly indicate the rationale for selecting a statistical method that differs from those presented in

this guidance document.
It is emphasized that the level of effort spent in evaluating potential differences between PRS

data and background data should be related to the site-specific information available. For
example, if historical information indicates that beryllium was released at a firing site, the potential
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differences between the beryllium concentration data at the firing site and Laboratory or site-
specific background data should be carefully evaluated and presented in the data analysis report.

COMMON DATA ANALYSIS PROCEDURES

Because certain methods depend on the statistical distributions of site and background data,
analysts are encouraged to prepare graphical data displays to facilitate the communication of the
results of data comparisons. Box plots (see Figure 1), in which background data and site data can
be compared side-by-side, are most useful. Analysts should also consider using histograms and
probability plots. These graphs provide tangible evidence of the similarity or differences between

site data and background data.
HOT MEASUREMENT TEST

The hot measurement test defines a threshold value that represents high background
concentrations. No matter what parameters are chosen to define the threshold, there exists a
probability that a background measurement will exceed the hot measurement threshold. The
frequency of false positive results is minimized by using a threshold statistically related to higher
background concentrations. The confidence limit on a percentile of the distribution, termed the
tolerance limit, is such a value, and is one of the background comparison methods recommended
by EPA (1989, 1141). The Laboratory has selected the 99th percentile for calculating the upper
tolerance limit, based on the general guidance in the RCRA groundwater document. K the
underlying distributional model is correct, the upper tolerance limit based on the 99th percentile is
rarely exceeded. EPA recommends calculating an upper 95% confidence limit for the target
percentile (EPA 1989, 1141). The Upper Tolerance Limit (UTL) for the 99th percentile at 95%

confidence can be calculated using Equation (1).

UTL 00095 = Mean + standard deviation * K g90.05 1)

The “k-factor” depends on the number of background samples, and complete tables of k-factors
are published in EPA (1989, 1141) and Gilbert (1987, 0312). Table 1 presents k-factors selected
to represent the range of values used to compute UTLs for Laboratory background soil samples.
To apply Equation (1), the background data must be normally distributed or transformed to
normality (e.g., by using log-transformation). If data deviates sufficiently from normality,
nonparametric methods for calculating tolerance limits should be considered (e.g., as described in
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Gilbert [1987, 0312]). Alternatively, when appropriate, the data analyst may trim outliers from the
distribution and calculate the UTL based on the trimmed mean and standard deviation.

The Laboratory soil background data were used to calculate the UTL values presented in Table 2.
As discussed in section 4.0, use of the default is emphasized, or Laboratory-wide background
data should be justified for the specific background comparison being performed. Table 2 UTL
values should not be used without considering the guidelines discussed in section 4.0. A
minimalist approach to data preparation was used for the initial UTL calculations. Because some
soil concentration data were sufficiently skewed, a log-transformation was applied to improve the
fit of these data to a normal distribution. (Readers interested in the details of these data
distributions are referred to the Appendix of this policy paper.) The UTLs calculated for the
lognormal distribution were backtransformed into original units to simplify comparisons with site
data. No values were trimmed from the distributions used to calculate the mean and standard
deviation. If four or fewer non-detects were reported for an analyte, values below the laboratory
detection limit were replaced by one-half of the detection limit (EPA 1989, 1141). The UTL was

not calculated for any analyte having more than four non-detect values (>10% non-detects).

The observed maximum concentration in the background data is an altemnative to using the UTL
as the hot measurement threshold. However, when few background samples are available, using

the maximum will result in an underestimation of the upper background percentile. in general, the

sample maximum (for “n” samples) is an estimate of the [ ]th percentile. Thus, if 10

n
samples are collected, the sample maximum is an estimate of the 95% percentile. As more
Laboratory-wide background data become available, the maximum vaiue will increase, but the UTL
will typically not change. Because the maximum is extremely sensitive to background sample size,
it is not recommended for use as a hot measurement threshold. Rarely detected analytes, which
include: antimony, cadmium, mercury, selenium and thallium, are an exception to this general
recommendation. For this limited subset of rarely detected analytes, the maximum detected
background concentration can be used as the hot measurement threshold.

Exceeding the UTL does not prove that a release occurred at a PRS. Assuming the PRS is at
background and the statistical model is correct, there is a 1% probability that the 99th percentile
will be exceeded by each sample collected from the PRS. Furthermore, a typical metals suite
requires comparison of 23 analytes to background. If the concentrations of the 23 metal analytes
vary independently, the 1% probability that each PRS sample exceeds the 99th percentile
increases to a 21% probability that at least one of the 23-99th percentiles will be exceeded in a
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single sample. Additionally, given that the probability values for these multiple comparisons have
not been adjusted, the overall level of confidence for 23 analytes will be substantially less than
95%. Consequently, the resuits of a hot measurement test must be carefully evaluated. The
possibility of exceeding a UTL due to an unusual, but naturally occurring, soil matrix is a further

consideration.

The results of the UTL comparison should also be evaluated relative to potential human health or
ecological screening levels. Some analytes, arsenic and beryllium in particular, represent a special
case. Because background levels at the Laboratory exceed risk-based screening levels, no
screening action levels (SALs) for beryllium or arsenic have been calculated for the Laboratory ER
Program. Seven metals (antimony, barium, chromium, lead, manganese, thallium, and vanadium)
and one radionuclide (thorium-232) have background UTLs that appear close to their SAL values.
The UTLs of this group represent a significant fraction of the SAL (8 to 50%). i, in a comparison
similar to a multiple constituent test, each of these metals had a concentration equal to the SAL,
the total of the metal UTLs divided by the corresponding SAL (in effect normalizing the UTL to
SAL ratio) would equal 89%. Thus, the concentrations of most naturally-occurring metais are

significantly lower than their respective SALs.

Both the multiple constituent evaluation and the UTL-to-SAL comparison will help determine what
level of effort should be expended to evaluate deviations from background. For most naturally-
occurring metals, when only a single statistical comparison to background is performed, the UTL
will be adequate because probability levels are not compromised. Under this circumstance, the
UTL is the simplest comparison and is functionally most similar to comparisons of site data to target

risk levels or SALs.
DISTRIBUTIONAL SHIFT TEST

The distributional shift test is used to determine if site data are systematically greater than
background data. Several types of distributional shift tests are available. The Student t-test is a
parametric, statistical, two-sample test that determines whether the mean concentration of site
data is statistically greater than the mean concentration of background data. The Wilcoxon rank-
sum test is the nonparametric equivalent to the t-test (Gilbert 1987, 0312; Gilbert and Simpson
1992, 0974). The Wilcoxon test pools site and background data into one aggregate set and
determines if the average rank of site data is greater than that of the background data. The
Wilcoxon test is recommended when site data consists of few samples or when non-detects are
frequent. Another useful distributional shift test is the Quantile test (Gilbert and Simpson 1992,
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0974). This test, which compares the upper quantile (e.g., 25%) of background data with that of
PRS data, is more capable of detecting a difference when only a smal number of PRS
concentrations are elevated. The Quantile test is the most useful distributional shift test for PRSs
at which samples from a release represent a small fraction of the overall data collected at the PRS
because it does not artificially reduce statistical significance. For example, to detect contamination
from historical spills at unknown locations, an RFl work plan may call for samples to be collected
from a grid. Most sample results show no contamination, but those in or near spill locations show

elevated concentrations.

Use of the distributional shift test is dependent on the number of samples available for
comparison. In general, at least 10 sample concentrations for comparison with background data
are needed to provide adequate confidence for detecting a shift. Frequently, in RFl Phase |,
inadequate numbers of samples are collected to warrant a distributional shift comparison.

To infer a significant result in a distributional shift test, a 95% confidence level is recommended.
Given that multiple comparisons will be performed with the distributional shift test, the same
statistical interpretation issues cited above for the hot measurement test are also present. In
addition, the human health and ecological consequences of a PRS concentration data above
background must be considered along with differences in metal concentrations between soil
horizons. In particular, multiple comparison tests with SALs must be performed and ecological

SAL comparisons must be made.
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Figure 1. Box plot comparisons of example site data to Laboratory background data.

(a) Site data are within the range of background: no distributional shift or hot measurements (i.e.,
values greater than the UTL).

(b) Site data fail hot measurement test: one of 11 site arsenic concentration values exceeds the
UTL of 11.6 mg/kg.

(c) Site data show a distributional shift: the Wilcoxon rank sum test shows that site data tends to
be greater than the background data.

(d) Site data show a distributional shift and fail the hot measurement test: two of 10 site arsenic
concentrations exceed the UTL of 11.6 mg/kg and the site data tend to be greater than the
background data.
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Table 1 - Selected “k-factors” used to calculate UTLs (* reprinted from Gilbert 1987, 0312).

Number of background samples Ko.99.0.95
45 2897 *
46 2.8902
47 2.8834
48 2.8766
49 2.8698
50 2.863 *
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Table 2 - List of UTLs for LABORATORY soil background data.

Analyte SAL Mean Standard UTL g 05 N N>DL*
(mg/kqg) (mg/kg) deviation (mg/kgq)
(mg/kg)
Aluminum (LT) 19000 13800 123000 47 47
Antimony 32 2.45 0.36 25 (MAX) 46 2
Arsenic 4.4 2.5 11.6 46 _ 46
Barium (LT) 5,600 161 129 1140 47 47
Beryllium 1.15 0.75 3.31 47 47
Cadmium 80 0.39 0.54 27 (MAX) 47 5
Calcium (LT) 5790 12500 54400 47 47
Chromium (Total) t 11.7 7.8 34.2 47 47
Cobalt (LT) 15.2 7.6 51.1 47 47
Copper 3,000 53 3.6 15.7 47 45
Iron 14500 7320 35600 47 47
Lead 400 15.0 8.3 39.0 47 44
Magnesium (LT) 2920 2150 16100 47 47
Manganese 11,000 343 238 1030 47 47
Mercury 24 0.05 0.01 0.1 (MAX) 48 4
Molybdenum 400 NA NA NA NA NA
Nickel 1,600 9.7 5.9 26.7 47 45
Potassium 2420 1304 6180 47 47
Selenium 400 0.43 0.41 1.7 (MAX) 46 23
Silver 400 NA NA NA NA NA
Sodium (LT) 577 453 3320 47 47
Strontium NA NA NA NA NA
Thallium 0.27 0.24 0.9 (MAX) 45 21
Vanadium 25 14 66 47 47
Zinc 41 21 101 47 47
““Potassium (1) 21.6 5.07 36.1 50 50
*2Thorium (1) 1.71 0.34 2.68 50 50
BZ4Uranium (1) 1.21 0.29 2.03 50 50
#5Uranium (1) 18 0.052 0.012 0.088 50 50
28ranium (1) 59 1.14 0.27 1.90 50 50

* Concentration values < detection limit (DL) were replaced by 1/2 of the DL
t - SAL for Chromium-Ill is 80,000 mg/kg and for Chromium-VI is 400 mg/kg
LT - UTL is based on log transformed data

NA - data not available for Laboratory background

MAX - Maximum value is reported, rather than the UTL
(1) - Data are converted from elemental concentrations reported in the Laboratory background report. Units are in

pCi/g.
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Background Levels of

Polycyclic Aromatic

Hydrocarbons (PAH) and Selected
Metais in New England Urban Soils
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ABSTRACT: Polycyclic aramatic hydrocarbens (PAH) are byproducts of combustion and are
ubiquitous in the urban envirenment. They are also present in industial chemical wastes, such
as coal tar, peraleum refinery sludges, wase oils and fuels. and wood-treatng residues. Thas,
PAHSs are chemicals of concem ar many waste sites. Risk assessmear methods will yield risk-
based cleanup levels for PAHs that range from 0.1 w 0.7 mg/kg. Given their unjversal preseace
in the urban environment, it is imporam © compare risk-based cleanup levels with typical urban
background levels before udlizing wealisdeally low cleagup targets. However, licde data exist
_on PAH levels in urban, nomindustrial soils. In this scudy, 60 samples of surficial soils from urban
locatons in thres New England cities were analyzed for PAH  compounds. In addition, all
sampies were analyzed for torl pexoieum hydrocarbons (TPH) and seven metls. The upper
9S% confideacs interval on the mean was 3 mg/kg for benzo(a)pyrene toxic equivalents.
12 meskg for total porentially carcinogenic PAH, sud 25 mg/kg for total PAH. The apper 95%
confidence imerval was 373 mg/kg for TPH, which exceeds the txrget level of 100 mg/ks used
by many state regulatory agencies. Meul conczatrations were stmilar to published backgrommd
leveis for all menals except lead. The upper 95% confidencs intsrval for lead was 737 mg/kz in
Boston, 463 mg/kg in Providenee, and 378 mg/kg in Springiield

KEY WORDS: background, PAH, metals, urban. anthropogenic, soil.

I. INTROBUCTION

Polycyclic aromatic hydrocarbons (PAHS) are byproducts of combustion and are
naturally occurring chemicais in the environment Forest fires and volcanoes are
major natural sources of PAHs, but there are anthropogenic sources as well due to
burning of fossil fuels, including automobile and induswial emissions. PAXs are
chemricals of concern in many waste site investigations that are undeztaken pursu-
ant to the Comprehensive Eavironmental Response, Compensation, and Liability
Act (CERCLA), the Resource Conservation and Recovery Act (RCRA), and stare

1058-8337/94/5.50
© 1994 by AEHS
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hazardous waste programs, Risk assessments performed according to federal guid-
ance for former manufactured gas plant sites, woed treating facilities, petroleum
refineries, and other sites gencrally conciude thar PAHs pose unreasonable risks to
human health and that remedial actions must be taken to reduce risks to acceptable
levels. The majerity of the risk posed by PAHs is generally due to benzo(a)pyrene
and the other PAHs that have besn shown to cause cancer in laboratory animals
after repeated dosings. The U.S. EPA (15593a) currentdy identifies seven PAHs as
“probable human (B2) carcinogens™: benzo(g)pyreae, benzo(g)anthracene,
benzo(d)fluoranthene, beazo(k)fluoranthene, chrysene, dibenz(e,k)anthracene, and
indeno(1,2,3-¢,d)pyrene.

Because of the very health-protective assumptions used in regnlarory risk as-
sessments, very low risk-based clean-up levels for PAHs are derived for such sites.
In Michigan, residendal soil cleannp levels of 0.33 mg/kg for each carcinogenic
PAH have been set (MDNR, 1993). In New Jersey, proposed resideatial soil clean-
up levels are 0.66 mg/kg for benzo(a)pyrene (New Jersey Register, 1992). The use
of standard CERCL A risk assessment guidance (U.S. EPA, 1993b) results in the
dexivarion of a risk-based cleannp level for benzo(a)pyrene of 0.1 mg/ks.

All of these risk-based soil cleanup levels are below the urban, nonindustrial
background soil concentations presently reported in the literaare, However, the
availability of such data is very limited. Blumner (1961) reports that benzo(g)pyreane
concenrrations in Cape Cod. MA, soils range from 0.04 to 1.2 mgkg. Menzie et
al. (1592) report that urban background soil leveis of total carcinogenic PAH range
from 0.06 to 5.8 mg/kg. Butler et al. (1984) report that totai PAH levels in soils
alongside roadways in England range from 4 to 20 mg/kg, and potentially carci-
nogenic PAH range from 0.8 to 11.5 mg/kg. Blumer et al. (1577) report that total
PAH levels in soils in a Swiss town range from § to 300 mg'kg.

It is-very difficult to compare the data from these studies to the results of site
risk assessments due to the limited dataset and the nomuniformity of the PAH
compounds evaluated. Clearly, more data arz requirsd from nonindustrial urban
locations to define the urban background level for PAH and to critcally evaluate
the role of risk assessment in seting remedial goals for PAH in soils. Accordingly,
we have collected 60 samples of surficial soils from urban locations in thres New
England cities and analyzed them for all 17 PAF compounds present on the EPA's
Target Compound List, which is used in the Superfund program. In addition, all
samples were analyzed for wtal petroleum hydrocarbons (TPH) and fer seven
metals: arsenic, barivm, cadmium, chrominm, lead, mercury, and selenjom.

iI. METHODS
A. Sampie Collection

Samples of surficial soils from wban locations in thres New England cities wers
collected: Boston, MA: Providence, RI; and Springfield, MA. Twenty independent
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sampies and duplicates of two samples were collected in each city. The samples
were collected on July 21, 22, and 23, 1992, respectvely. The samples were taken
at a depth of O to 6 in. in areas considered to be not directly affected by industrial
sites. Geaerally, the locations were along roads and sidewalks, and in parks and
open lots. Each location was characterized in writing, including a soil description,
and photographically documented. The samples were collected following standard
eavironmental sampling protocols (U.S. EPA, 1986).

B. Sample Analysis

Chemical analysis of the samples was performed by AnalyiKEM, Inc. (Cherry
Hill, NJ). The sampies were analyzed by GC-MS for the 17 PAH compounds
present on the EPA s Targer Compound List using the methods required by EPA
Method 8270 for the analysis of semivolatile compounnds. In addition, the samples
were analyzed for the eight RCRA metals, total perroleum hydrocarbons (TPH;
EPA Method 418.1), and total solids. The complete analyre Iist is given in

Table 1.

C. Data Validation

Validation of the dara received from AnalytiKEM was performed according to
U.S. EPA (1991) guidelines. The data were reviewed for completeness, holding
times, GC-MS mning and system performancs, initial and continuing calibrations,
laboratory method blank analysis, sumrogate recoveries, mawix spike and matrix
spike duplicate analysis, fieid duplication precision, and compound quantitation
and detection Limits.

D. Data Analysis

The analytical data were summarized in accordance with U.S. EPA (1989) risk
assessment guidance. If 2 compound was detected ar least once in surface soil, one
half the sample quantitation lmit (SQL) was used as a proxy concentation forall
samples reported as “below detection limit” in the estimaron of exposure peint
concenations. However, if a2 compound was not detected In any sample, that
Eompound was omitted from further consideration. In addition, when a proxy
concenuation (i.e., one half the detection limit) was greater than the highest actual
detected value for a compound in any sample, that concenmraton was considered
to be an aberration and was omitted from the database. This is consistent with U.S.
EPA (1989) guidance, which recognizes that high sample quantitaticn limits can
lead to unrealistic concentration estimates.
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TABLE 1
Chemical Analyses of Urban Soils

Semivoladile Organics, EPA Target Compeund List

Naphthaiene
Acenaphthyiene
Acsnaphtens

Fluorene

Phensathrene
Anthracene
Flnorantheoe

Pyreas
Benzo(a)anthracsne
Cirysene
Beazo(h)fluoranthens
Benzo(k)fiuoranthene
Benzo(a)pyr=ne
Indeno(1,2,3-cd)pyrene
Dibenzo(a )anthracene
Benzo(g, i perylene
2-Methyinaphthaiene

Metals

Arsenic, total
Barjum, tomal
Cadmpinm. totai
Chromiam, total
Laad, total
Mercury, total
Seleninm, total
Silver, wtal

Other

Total petroleum hydrocarbons
Solids

. Aslightly different methed of analysis was'used 1o evaiuate PAH. Because PAH
are generally found in groups, it Was conservatively assumed that if one PAH was
detected in a sample, other compounds in thart class might also be present in that
sample. Therefore, if one PAH was detected in a sample, all undetected PAH were
assigned a proxy concenmation equal 1o one half the SQL. If 2 sample had no

tration of zero was used for all nondetects.

Swnmary statistics (minimum, maximum, arithmetic mean, upper 95% confi-
dence limit on the arithmetic mean, and frequency of detsction) were generated for
each campound for each city and for all thres cides combined.

-
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The data for PAH were summarized in several differeat ways. Of the
17 PAH analyzed in each sample, seven are considered to be probable human
carcinogens (Group B2) by the U.S. EPA (1993a). The U.S. EPA has derived
a cancer slope factor, which is a measure of the carcinogenic potency of a
compound, only for benzo(a)pyrene (B(a)P) (U.S. EPA, 19932). Review of the
literature indicates that not all PAH are equally potent with respect to umor
induction. Several researchers have proposed toxic equivalency schemes that
relate the mamorigenic potency of each PAH to that of B(a)P (ICF-Clement
Associates, 1983; Woo, 1989). B(a)P toxic equivalency factors (B(q)P-TEFs)
can be used 1o adjust either the B(a)P dose-response value to provide a com-
pound-specific dase-response value, or the concentration of each PAH in a
sample to be expressed in terms of B(a)P toxic equivalents (B(a)P-TE). The
latter method was used kers. B(a)P-TE were calcnlated using the B(g)P toxic
equivalency factors recommended for use by the U.S. EPA (1993c), as shown
in Table 2. For each sample, PAH concentrations were reported for each of the
17 PAH on the analyte list, for total PAH (tPAH), for total carcinogenic PAH
(cPAH), and for B(@)P-TE, and these values were used to generate the sum-
mary statistics for each group of samples.

lll. RESULTS

Anaiysis of the laboratary results for the PAH indicates that quality control criteria
were acceptable. The data were analyzed to detenmnine if any statistically signifi-
cant differences existed between the darasets for the three cifies. A Hartley test for
homogencity of variances (Mendenhall, 1979) and a one-factor analysis of vari-
ance to test for equaliry of the means (Mendenhall, 1979) indicated no statistically
significant differences. The results indicate that the PAH data can be pooled and
treated as one dataset for further statistical analyses.

- TABLE 2
Benzo(a)Pyrene Toxic
Equivalent Facters (BAP-TEF)

Compound EPA TEF

Benzo(g)pyrene 1.0
Benz(a)anthracene 0.1
Beazo(b)fluoranthene Q.1
Benzo(k)flucranthene 0.1
Chrysene 0.001
Dibenzo{z h)anthracene 1.0
Indeno(1.2.3-c.d)pyreoe 0.1
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The results of the PAH analyses are presented in Table 3 for all cities combined.
A summary of the PAH results by ciry and for all cities combined is preseated in
Table 4, which reperts for each: tPAH, total cPAH, and toral B(a)P-TE. The
arithmetic mean and the upper 95% confidence limit concentrarion are reported for
each. Table 4 provides a summary of the data by city, and the results are graphi-
cally presented in Figure 1.

Table 5 presents 2 summary of the metals, TPH, and solids data by city. A
Fartley test for homogeneity of variances and a one-factor analysis of variance to
test for equality of the means indicated that the metals and TPH data from the thres
cities cannot be combined. This is due to the fact thar the concentrations in cach
city are not normally distributed and did not have equal variances. The concentra-
tions of the metals are compared to the arithmetic mean concentrations in the
eastem U.S. (ATSDR, 1992) in Table 5. Most notably, lead concentations are
much higher than background concentrations. This is most likely due to the effects

. of automobile exhaust.

In order to determine if sample location significanty affected PAH concentra-

tion results, individual samples were classified based en the sample location’s

TABLE 3 |

Summary Statistics for PAH — All Areas Combined
Minimum  Maximum Upper 95%

detect detect  Arithmetic Interval Frequency
Campound (mgkg)  (mg/kg) mean (mg/kg) of detection*
2-Methylnacithalene 0.017 - 0.54 0:151 0.173 19 62
Accoaphthens 0.024 034 0201 0306 30 62
Acenapbthylene 0.013 1.10 0.173 0208 3 62
Anthracene 0.029 5.70 0351 0.535 4 62
Benzo(gjanthracene 0.033 15.00 1318 1.858 53 62
Benzo(a)pyrene 0.040 13.00 1323 1.816 57 62
Benzo(p)flucranthene 0.049 12.00 1435 1975 . 55 &
Benzo(g 2 perylene 0.200 5.90 0891 1195 % - 62
Benzo(Z)fIncramthens 0.043 25.00 1.681 2522 59 62
Chryseae 0.033 21.00 1.541 2693 &0 62
Dibenzo(af)anthracsne 0.020 2.90 . 0383 0.521 32 2
Finoranthene 0.110 39.00 3.047 444 60 62
Fluorene 0.022 330 0214 0.317 35 62
Indeno(1,23-c.d)pyrece 0.093 600 0.987 1.293 43 62
Naphthaleae 0.018 0.66 0.125 0.149 35 62
Phenanthrene . 0.071 36.00 1.838 2.982 61 62
Pyrene 0.082 11.00 2398 2.945 61 62
Total BAP-TE 0.257 2131 2.437 3324 62 62
Total cardinogenic PAH 0.630 71.70 8573 12.423 62 62
Total PAH 2.292 166.65 18361 24.819 62 62

*  Frequency of dezxdon = mbaﬂusm&: nomber samplex.
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TABLE 4

Background PAH Concentrations In Urban Surface Solls*

mean (ppm) mean (ppm) mesii ([ppm)

Arlthmellc
Compound maean (ppm)
Total B(a)P-TH 24
Total cPAH } 8.4
Total PAI 18.7 .
TPH 4149
4 Dtobin

2 AJDD ¥SK3

-
o

3N

]

ST 8

4=

731

QA"



- JAN—-12-135T

18:85

ENSR CCPY CENTER So8 B35 S1€@  P.@S

Parts Per Million (ppm)
“
3s
40 g &
= 25
30 & -
3 20
25
% RS 15
20 KR
10
15
5
10 1
0
»
0 5 L
oston
Providencs  gppincfield Al Citios
{2 Total BAP-TE Total CPAH [H Total PAH

FIGURE 1. Background concentations of PAH in urban scils. Data presented
are the uppar 95% cenfidence interval on the arithmetic mean. Data are presented
numarically in Table 4.

proximity to asphalt pavement, based on both written and photcgraphic documen-
tation of sample location. Genezally, samples collected within 4 to 6 ft of 2 road
were considered to be near pavement. Of the 60 separats locatons, 42 wers
considered 10 be near pavement and 18 were not. When tested for equalicy of
variance and means as above, the two populations were determined to be
significantly different. The mean total PAH concentration near pavement was
22 ppm compared to 8 ppm net near pavement. These results are shown in
Table 6. :

Similar analyses were performed to ses if TPH or total organic carbon

" concentrations could be used as surrogates for PAH concentrations. The results

showed that there is no correlation berween PAH and TPH conceatrations, nor
betweesn PAH and total organic carbon concentrations (data not shown).

The highest total PAH concentration detested was 166 mg/kg, taken from a
street corner in Boston. The next highest PAH concentration was 109 mg/kg,
taken at the base of a telephone pole. Four of the 60 samples were taken at the
bases of telephone poles, with widely varying results. The total PAH concen-
trations in the other thres locations were 62, 4, and 435 mg/kg.
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TABLE 5
Summary Stalistics for Metals, TPH, and Solls hy Clty

Boston Providence Springtleld

{n = 20) (n = 20) {n = 20)

Arlihmellc  Upper 85% Arlthmetlc Upper 85%  Arllhwmetle Upper 85% Arithmetlc mean
. mean interval mean Interval mean Interval in U.8. solla*
Compound (mgikg)  (mg/kg) (mghkg)  (ngkg)  (mgikg)  (mgrkg) (mg/kg)
Araenic, total 420 5.59 15 427 563 9.2y - 74
" Barium, total 5195 66.25 45.29 59.43 45.17 51.03 420

Cadmium, total 1.5% 2.9 ND ND ND ND 0.25
Chromium, total 23.00 27.69 12.08 1435 12.62 14.45 52
{ end, total 398.70 -731.44 30s.76 462,98 261.69 371.16 17
Mercury, total 0.29 0.39 0.19 0.24 0.20 0.25 0.12
Selenium, total 0.51 0.57 0.39 .48 0.53 0.55 045
Totul petroleum hydrocnibans 47490 652.62 267.43 338.19 184.38 23377 —_
‘Total solids 90% 93% 91% 95% 0% 2% —_

ATSDR. (992, Public Health Assessment Guddance Mannal. PB92-14T164. 1.5, Department of Health and Human Services.
.

ATSDR, 1991, Taxicological Profile for Cadmduns. PR92-147164. Diafl. U.S. Depertment of $ealth and Human Scrvices.
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TABLE 6
Comparlson of Background PAH Concentrations In Urban Solls: The Elfects of Proximity to Pavement

Resiile of stallalios! snalyale

Teat for homagansity of variancaa Teat of squality of means
Hoar pavament Not nenr pavament Stutistically Stallsiloslly
Atthnmatle Arithmalle Associated signiticent at Assooiafad signiticant nt
mean Stentlard meAn Standard  Samplos F- dagrass of 0.03 favel of Sample degrees of 0.00 level of
Compound {ppm) deviailon {apm) deviatian  atatistice treedom signilicance Bludent's ! lreedom slgntilcance
Toled Bla)P- 18 29 412 1.1 092 1113 41,17 Yes 169 30 Yes
Total PAII 1.9 n7 8.3 7. ([ Y] 17 Ver 169 30 Yes
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IV. CONCLUSION

In this smdy, 20 surface scil samples were collected from each of thres New
England cities and analyzed for PAH, TPH, and metals. The resuits of the
statistcal analyses described in the previous section show that, with respect to
PAH, the three darasets are not significantly different and can be considered as
one dataset representative of urban environments. The samples were taken in
typical urban anzas but not near known industral sires. Therefore, these dat are
considered to be representative of the generalized effects of urban activities.
It is clear from the results presented here that common regulatory target
cleanup levels for cPAH and B(g)P-TE (0.1 to 0.66 mg/kg) are much below the
background concentrations of these compounds in urban surface soils (upper
95% confidencs interval of 3.3 and 12.4 mg/kg for total B(2)P-TE and toral
cPAH, respectively). Figure 2 graphically compares the “bright line™ target
cleanup level for B(a)P of 0.1 mg/kg with the total B(a)P-TE (upper 95%
confidence interval on the arithmetic mean) measured in urban environments.

Parts Per Million (ppm)

4.6 5

FIGURE 2. Comparisen of B(3)P-TE with U.S. EPA Region Il risk-based concentraticn
for B(2)P. B(a)P data presented are the upper 35% confidence Interval on the arithmetic

mean.
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Upper 95% confidence intervals are compared because this is the statistic
preferred by EPA and many stares for risk assessment. Moreover, the State of
Massachusetts defines its background concenrrations of metals based on the
upper 95% confidence limit on the arithmetic mean concantration (Massachu-
setts Department of Environmental Protection, 1992). For all cities combined,
the background level of B(a)P-TE of 3.3 mg/kg is approximately ten times
greater than the target cleanup level of 0.33 mg/kg and approximately 30 times
higher than the target cleanup level of 0.1 mg/kg. For those regulatory siua-
tions in which the use of B(a)P-TEFs in determining site risk is not allowed,
the background level of cPAH is approximately 40 to 100 times greater than
these target cleanup levels.

An analysis of the data comparing samples taken near pavement with those
determined 1o be not near pavement indicated thar those samples designated near
pavement had significantly higher, approximateiy threefold higher, PAH concan-
tradons for both total PAH and total B(a)P-TE. This is most likely due to the
presence of diesel and automobile exhaust particles, perhaps influenced by the
presence of asphalt and runoff of vehicular oil from the roads.

Tortal pezroleum hydrocarbons (TPH) were also found at consistently high levels
in each city. The commonly applied regulatory cleanup level for TPH is 100 mg/kz.
This cleanup level is not risk based and is three times lower than the background
concentradon of TPH found in this study (arithmedc mean of 306 mg/kg and upper
95% confidence interval on the mean of 373 mg/kg).

It is incumbent upon the regulatory agencies to recognize that substantal
background levels of PAH and TPH exist in our wban environments and to
acknowledge this information in the development of reaistic targe? cleanup levels.
The use of these background data in seqing more realistic target cleanup levels may
result in better allocation of remedial and regulatory dollars in site investigations.
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