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in Soil. Los Alamos National Laboratory (LANL) has used a 
study (Bradley et al. 1994) from which data was collected for 
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review the proposed sampling locations. 

Should you have any questions, please contact Barbara 
Driscoll at (214) 655-7441. 
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General Comments 
Interim Guidance for Evaluating 

PAHs in Soil 

1. 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). 

2. 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. 

3. 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 95th percent upper 
confidence limit on the ggth 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). 
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4. 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). 

s. For six of the PARs (benzo(a)pyrene, benzo(a)anthracene, 
benzo(b)fluoranthene, benzo(k)fluoranthene, 
dibenzo(a,h)anthracene and Indeno(1,2,3-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. 

6. The Statistical Comparisons to Background, Part 2 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 
PARs or they are not. 



DRAFT MEMORANDUM 
DRAFT 

Subject: Interim Guidance for Evaluating Polycyclic Aromatic Hydrocarbons in Soil 

The purpose of this memorandum is to provide Environmental Restoration (ER) Project personnel 

with an overview of interim guidance for evaluating polycyclic aromatic hydrocarbons (PARs) 

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 P AHs 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 P AHs that can be reasonably attributed to background sources from those that 

are the result of past Laboratory releases. If P AH concentrations at a PRS are indistinguishable 

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

Information regarding background levels of P AHs 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 P AHs 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 ofbenzo(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 P AHs 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 

P AHs 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 

.M1nunum Maxunum Anthmetic .Frequency 

Compound Detect Detect Mean of 
(mglkg) (mglkg) (mglkg) Detection 

2-Methvlnaothalene .Ul/ U.b4 U.D1 1~ 62 

Acenaphthene .024 3.40 U.2Ul :;u 02 

Acenaphthylene .uu~ l.lU U.l/J 1.4 62 

Anthracene .02Y 5.70 0.351 54 62 

Benzo( a)anthracene .U4~ l5.UU l.J 1 ~ ~~ 62 

Benzo( a)pyrene .040 u.uu 1.Jl.j ~I 62 

Benzo(b )fluoranthene .04Y 12.00 1.4}5 55 62 

Benzo(g,h,i )pery lene .:L.UU ~.~u u.~~1 j() 62 

Benzo(k)fluoranthene .043 1.~.uu l.6l:S1 5Y 62 

Chrysene .u:;~ 21.00 1.~41 ()0 62 

Dibenzo( a,h)anthracene .U:L.U L~U U.J~~ jl. 62 

Fluoranthene .110 3Y.OO }.04"/ 00 62 

Fluorene .01.1. :; . :;u 0.1.14 j~ 62 

Indeno( 1 ,2,3-cd)pyrene .OY3 t>.UU O.Yl:S7 43 62 

Napthalene .Oll:S 0.66 U.l2~ }5 62 

Phenanthrene .U/ 1 }6.00 1.~j~ ()1 62 

Pyrene .Ol:S2 11.00 2.JYl:S 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 

P AHs 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 

P AH, then no further evaluation of that P AH should be necessary. It is strongly recommended, 

however, that historical site information be considered in this decision, especially if the measured 

concentrations of all P AHs are below their respective UTLs. In addition, the presence of other 

potential chemicals of concern may also affect the decision to further evaluate P AHs, even if P AHs 

are present at concentrations below the UTLs. 

If the maximum concentration for a P AH 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 P AH as a chemical of potential concern to be included in a 

baseline risk assessment, 

• collecting PRS-specific background data for P AHs during Phase 2 sampling, 

or 

• performing additional statistical analyses to confirm that the site data are 

different than background. 

TABLE 2 

COMPOUND UTL(mg/kgf SAL (mg/kg) 

2-~ethylnapthalene 0.64 

Acenaphthene 3.40 

Acenaphthylene 1.10 

Anthracene 4.29 

Benzo( a)anthracene 12.40 

Benzo( a)pyrene 12.10 

Benzo(b )fluoranthene 12.20 

Benzo(g,h,i)pery lene 5.90 

Benzo(k)fluoranthene 19.40 

Chrysene 19.50 

Dibenzo( a,h)anthracene 2.90 

Fluoranthene 32.50 

Fluorene 3.30 

Indeno( 1 ,2,3-cd)pyrene 6.00 

Napthalene 0.66 

Phenanthrene 24.20 

Pyrene 12.80 

* 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. 

0 Not available. 

NA0 

4,800 

NA 

24,000 

1 

0.1 

1 

NA 

1 

96 

0.1 

3,200 

3,200 

1 

3,200 

NA 

2,400 

The SALs for the P AHs are also presented in Table 2. Of the 17 individual compounds, 

• 7 P AHs have SALs greater than the UTLs by a factor of at least 5 

(acenaphthene, anthracene, chrysene, fluoranthene, fluorene, naphthalene, 

and pyrene), 

• 4 P AHs have no SAL due to lack of toxicity information [2-methylnaphthalene, 

acenapthylene, benzo(g,h,i)perylene, and phenanthrene], and 
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DRAFl 
• 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 P AHs 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. 

References: 

Bradley, L.J.N., B.H. Magee, and S.L. Allen. 1994. Background Levels of Polycyclic Aromatic 
Hydrocarbons (PAH) and Selected Metals in New England Urban Soils. Journal of Soil 
Contamination, 3(4):349-361. 

Los Alamos National Laboratory. 1995. Statistical Comparisons to Background, Part I, Los 
Alamos National Laboratory, Environmental Restoration Project, Assessments Council, 
March 28, 1995 (LA-UR-95-1217). 
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Appendix A DRAFT 
The Environmental Restoration Project at the Los Ahmos 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 95th percent upper confidence limit on the 99th 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 

95th 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, 

s2
, were back-calculated from the 95th 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 n (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, s2
, of the one thousand data sets 

matched the sample variance, s2
, 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 99th percentile was identified. The averages of the 99th 

percentiles from the four hundred data sets were calculated and recorded as estimates of the 99th 
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percentiles for each distribution. The four hun~Jl hf! were combined in a data set and 

ranked. The non-parametric estimates of the 95th percent upper confidence limit on the 99th 

percentiles (UTLs) were estimated as 97.5th 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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Statistical Comparisons to Background, Part 

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 W 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 metals only. 

REGULATORY LITERATURE REVIEW 

The Environmental Protection Agency (EPA) guidance documents supporting the 

Comprehensive Environmental Response Compensation and Liability Act (CERCLA) and RCRA 
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Statistical Comparisons to Background, Part 

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. If 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 samples 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 facility investigation (RFI) 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 ). 
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BACKGROUND COMPARISON APPROACHES AT OTHER DOE FACILITIES 

Based on infonnation presented at the 1994 Technical lnfonnation 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 support 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 (Richland, WA): a background 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 (INM). The INM data represent 
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total elemental concentrations and are useful for background comparisons only at selected PASs 

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 toEA 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 PAS data and background data be collected from soil or tuff having the same physical 

properties. If PAS 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 PAS 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 PAS data. Lack of data for a particular analyte could be 

justification for the collection of site-specific background data. Before recommending the 
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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. In the 

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 RFI screening, when a single high value should trigger further analysis, 

the hot measurement test is typically more 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 OAT A 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. W 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 ). 

UTL0.99,0.95 =mean+ standard deviation* ko.ss.oss (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 

normaltty (e.g., by using log-transformation). H 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 alternative 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 [ n -n°·5}h percentile. Thus, if 10 

samples are collected, the sample maximum is an estimate of the 95% percentile. As more 

Laboratory-wide background data become available, the maximum value will increase, but the UTL 

will typically not change. Because the maximum is extremely sensitive to background sample size, 

it is .!J.Q1 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 wiD 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 results 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%). If, 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 metals 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, 

8 March 28, 1995 



Statistical Comparisons to Background, Part 

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 small 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 RFI work plan may call for samples to be coUected 

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 1 0 sample concentrations for comparison with background data 

are needed to provide adequate confidence for detecting a shift. Frequently, in RFI Phase I, 

inadequate numbers of samples are collected to warrant a distributional shift comparison. 

To inter 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 1 0 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.990.95 

45 2.897 * 
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 99%.0.Ss N N > DL * 
(mg/kg) (mg/kg) deviation (mg/kg) 

!mgtkSl 
Aluminum (L T) 19000 13800 123000 47 47 
Antimony 32 2.45 0.36 2.5 (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 2.7 (MAX) 47 5 
Calcium (L T) 5790 12500 54400 47 47 
Chromium (Total) t 11.7 7.8 34.2 47 47 
Cobalt (L T) 15.2 7.6 51.1 47 47 
Copper 3,000 5.3 3.6 15.7 47 45 
Iron 14500 7320 35600 47 47 
Lead 400 15.0 8.3 39.0 47 44 
Magnesium (L T) 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 48,000 NA NA NA NA NA 
Thallium 6.4 0.27 0.24 0.9 (MAX) 45 21 
Vanadium 560 25 14 66 47 47 
Zinc 24,000 41 21 101 47 47 
40Potassium (1) ~illilj~~~l~![~j!~~~j~~~~~~~jjJ~llt~~~~~~1I~l~~~1~~~t~~~~l1~~!1~1~~fli~~~~lf 21.6 5.07 36.1 50 50 
232Thorium (1) 5 1.71 0.34 2.68 50 50 
234Uranium (1) 86 1.21 0.29 2.03 50 50 
235Uranium (1) 18 0.052 0.012 0.088 50 50 
238

Uranium ~1l 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 mglkg and for Chromium-VI is 400 mglkg 
L T - 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 
Metals in New England Urban Soils 

L J. N. Bradley,r~ B. H. Magee,2 and S. L Allen' 
1 E."'SR Consulting and Engineering. 3S Nagog Parle, Acton, MA 01720 

ZOgden EnvfrcnmentaJ and E.'19ffJY Services. 239 UtJJsmn Road. Suite iC, 

Weszford, MA 01886 

ABSTRACT: Polycyclic: aram.lltic: hychoc::uboas (PAH) ~ byprod.u~Z of combustion :md an: 

ubiquitous in the urban environment. They are also pr=ent in industrial chemical was=. suc:b 

as .:aa.I tn', petrclemn n:finc:y sludges, waste oils and fuels. and wood-trearing It:Sidues. Thus. 

PAHs are chemicals of concc:n at many waste sit:s. Risl:: assessmem methods will yield risk

based s:le:mup l~cls for P A.Hs rhat range from 0.1 tc 0. 7 mglkg. Given th~.r universal prese.aa: 

in the urban environment, il: is imporQ~It ttl c:ompare risk-based c:lemup ievels with cypic::U urban 

baapund levels b=for: utilmng lUITCalisti.c::illy low c:lc::mup targets. However, little data aist 

. onP AH levels in urban. nonixldustrial soils. In this sa.~dy. 60 samples of surfi~..:U soils from UX'baa 

loc::scicas :in thrc: New England cirles 'IVI:IN analyu:d for P AH · c:ompound.s. In addition. all 

samples were aaalyze.d for total petroleum l'lydroc:irixlas ('I?H) and seven meral.s.. The upper 

95~ eoufidenc ln.r.erval ou the me:m was 3 mgtkg. for benzo(o:)pyrene toxic: equivalents. 

12 mgtkg far total poa:ntially ~ PAH. md 25 mglkg for total P AH. 'Ihc appcr 95% 

c:oafidencc int=rvai was m mW}:g fer !PH. whic:.'t exceeds the t:rget level of 100 m;lkg used 

by many swe regulatoey a~ Metal ~tioas were similar to published backgnJand 

lcvcis for all metals ~t lead. The upper 95'1> coa:fidcac:c :in=r-al for lead was 737 mgtkg in 

.Boston. 463 mg,kg ia Providcrla:. and 378 mgtkg in Springfield. 

KEY WORDS: background, PAH. m.etals.llib:m.. ~thrcpoge::Uc. soil. 

L INTRODUCTION 

Polycyclic aromatic hydrOCJ.rbons (P AHs) are byproduc:ts of combustion and are 

namrally OCClllring chemicals in the environment. Forest fires and volcanoes are 

major na.lllr3l sources of P AHs, but there arc anthropogenic sources as well due to 

burning of fossil fuels, including amomobile and industrial emissions. PAHs are 

chemicals of concm1 in many waste site investigations that are undertaken pursu

ant to the Comprehensive Environmental Response, Compensation, and Liability 

Act (CERCLA), the Resource Conservation and Recovery Act (R.CRA). and sure 
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bazarrlcus waste progr:uns. Risk assessments performed according to federal guid
ance for fanner manufactured gas plant sites. wood treating fac:".Jities, petroleum 
re:fineries. and other sites genc:ally conclude that P A.Hs pose um:casonable risks to 
human health and that remedial actions must be taken to m:tuce risks to ac::--ptable 
levels. The majority ofthe.ri.sk posed by PAHs is generally due to benzo(a)py.rene 
and the other P AHs that have been shown to c:ause canc:r in laboratory ar.imals 
after repeared dosings. T".ne U.S. EPA (1993a) C'.lt!eody idend:fies seven PAEs as 
"probable human (132) carcinogens,.: benzo(a)pyrene, · benzo(a)anthra.c:ne. 
benzo(b )fluoranthene, beazo(k)fl.uoranthene. cheysene, diben:z(a.k)antbracene. and 
indeno(l.2,3-c,d)pyrcne. 

Because of the very health-protective assumptions used in regularory risk as
sessments. very low risk-based clean-up levels for P AHs ar= derived for such sites. 
In Michigan, residenri.al soil cleanup levels of 0.33 mg.tkg for eac.i c:ntinogenic 
PAH have been set (MDNR. 1993). In New Jer.sey, proposed :residential soil dean
up levels are 0.66 mg/kg for benzo(a)pyrene (New Jersey Register, 1992). The use 
of St<mdard CERCL>\ risk assessment guidance (U.S. EP.~ 1993b) results in the 
derivation of a risk-based cleanup level for benzo(a)pyrene of 0.1 mgiJ::g. 

All of these risk-based soil cle:mup levels are below the urban. nonindustriaL 
background soil concentrations presendy reported in the lite:rarure. However, the 
availability of such dau is very limited. Blumer (1961) reports that benzo(a)pyrene 
concentrations in Cape Cod. M..o\., soils range from 0.04 to 1.3 mgikg. Menzie et 
al. (1992) repOit that urban background soil levels of total c~..nogenic PA.H range 
from 0.06 to 5.8 mglkg. Butler et aL (1984) report thai total PAH levels in soils 
alongside roadways in England range from 4 to 20 mgtkg, and potentially can::i
ncgenic PAH range from 0.8 to 11.5 mgtlcg. Bl1Jll'ler et aL (197i) report that total 
PJ\.H levels in soils in a Swiss town.r.mge from 6 to 300 mg%g. 

It is ve..ory difficult to compare the data from these smdies to the zesults of site 
risk assessments due to the limited d.ar.aset and the nonunifcrmity of the PAH 
compounds evaluated. Oearly. mcm: data are requlred from nonindustrial urban 
locations to define the urban background level for P AH and to citically evaluate 
the role of .risk assessment in setting remedial goals for PAH in soils. Accordingly, 
we have collected 60 samples of surficial soils from urban locations in thre: New 
England cities and analyzed them for alll7 P ..A..H compounds present on the E? A's 
Target Compound List, which is used in the·Superiund program. In addition, all 
samples we.""e analyzed for tor:al petroleum hydrcc::li'bons (TI'H) and for seven 
metals: arsenic. barium. ca.Cmium. chromium. lead. merc:;ury, and seleninm. 

II. METHODS 

A. Sample Collection 

Samples of surficial soils from mban locations in thr= New England cities wc:r.: 
collected: BoSton. MA: Providence, Rl: and Springfield. MA. Twenty independent 
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samples and duplicates of two samples we:e collected in e:u:h city. The samples 
we.--e collected on July 21. 22. and 23~ 1992, respectively. The samples were taken 
at a depth of 0 to 6 in. in areas considered to be not ~Jy affected by industr...al 
sites. Gencrally7 the locations were along roads and sidewalks. and in parks and 

open lots. Each location was charac:erized ln. writing, including a soil description. 

and photogiaphic:ally documented. The samples were c:oU=:red following standard 
envjronmental sampling protocols (U.S. EPA. 1986). 

B. Sample Analysis 

Chemical analysis of the samples was perl'onned by AnalytiKEM. Inc. (Cheny 
Hill. NJ). The samples were analyzed by GC-MS for the 17 P AH compounds 
present on the EPA· s Target Compound List using the methods required by EPA 
Method 8270 for the analysis of sem.ivolatile compounds. In addition. the samples 

were analyzed for the eight RCRA metals7 total petroleum hydroc:irbons (TPH; 
EPA Method 418.1), and total solids. The complete cinalyte list is given in 
Table 1. 

C. Data Valida1icn 

Y ali darien of the dar.a received from Analyti.KEM was pe:formed according to 
U.S. EPA (1991) guidelines. The data were reviewed for completeness, holding 
times, GC-MS mning and system perlmman~. initial and continuing calibrations, 

laboratory method blank analysis, stmogate recoveries. matrix spike and matrix 

spike duplicate analysis. field duplication precision. and compound quantitation 

and detection limits. 

D. Data Analysis 

The analytical data were summarized in accordanc:: with U.S. EPA (1989) risk 
assessment guidance. If a compound was detected at least once in surface s9il, ~ 
half the sample quanti.tat:ion limit (SQL) W~.J:IS~ as_'l.prgxy conc:::n~.ncniouii_ 

samples reported as "below detection limit" in the estimation of e:t osure point 

conc:ntr.mons. owever. if a compound was not dete..--t:d in any sample. that 
compound was omitted from further conside.""ation. In addition, when a proxy 
concentration (i.e., one half the detection limit) was greater than the highest actual 
derected value for a compound in any sample, that concen1r.1tion was conside:ed 
to be an abenation and was omitted from the database. This is consistent with U.S. 

EPA (1989) guidance, which recognizes that high sample quantitation limits c:.an 
lead to unrealistic concentration estimates. 
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TABLE 1 
Chemical Analyses af. Urban SoDs 

Sc:mivoha:ile Orgacic::. EPA T.vgu Compound List 

NapiUhaieDc 
Ac:ermpamyl=e 
Aalnapntheuc 
Flucnae 
Pllcnazldnuc 
Antbnaceac 
Fluoramhc:le 
~ 
Berrzo(tt)aathr:lcoe 

~ 
Bcmo(b)fluanmrhenc 
'&Dzo(k:}fluoraDthcnc 
BeiiZO(t:)pyr=c 
Indeno{l,2,.3-<:d)pyrer.te 

Dibell2D(tt.h)~e 

B~c{g.h.i)pceykne 

2-Mcthyinaphtbaic:ne 

Arsclic., !OW 

Barium. tcCll 
C3dmi!Ul'L toc:d 
Clromium. fetal 
~tclal 

Meralry. toeal 
Selemnm, toQl 

Silver. 1Dfa1 

Total petroleum bydroc::I.Iboo.s 
Solids 

A slightly different method of analysis was·used to evaluate P A.H. Because P AH 
~e generally foWld .in groups, it was conservatively assumed that if one P AH was 

detected in a sample. other compounds in that class might also be present in that 
sample. Therefore, if one P AH was dete:::t.ed in a sample, all undetected P AH were 
assigned a proxy concemration eqaal to one half the SQL. If a sample ha:':i~o 
detected P Aa no P AH were assumed to be present in the sample, and a cCDCen-

--:--- ---- -----· 
tradon of zero was used for all nondcrects. 

Summary stati.st:ics (miirim~ m.a:cim~ arithmetic mean. upper 95% confi
dence limit on the arithmetic mean. and frequency of der.eaion) were generated for 
each compound for e:u:h city and for all thn:e cities combined. 
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The data. for P AH were summarized in seve:al diffe:cnt ways. Of the 

17 P AH analyzed in each sample, seven arc 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, 1993a). Review of the 

literature indicates that not all P AH are equally potent with respect to rumor 

induction. SeYe...-.11 researchers have proposed roxie equivalency schemes that 

relate the tumorigenic potency of each P • .J\H to that of B(a)P acF..Cement 
Associates, 1988; Woo. 1989). B(a)P toxic equivalency factors (B(a)P-TEFs) 

can be used to adjust either the B(a)P dose·response value to provide a com

pound-specific dose·responsc value, or the concentration of each P.~ m a 

sample to be expressed in temlS of B(a)P toxic equivalents (B(a)P-TE). The 

latter method was used here. B(a)P-TE were calculated using the B(a)P toxic 

equivalency factors recommended for usc by the U.S. EPA (1993c), as shown 

in Table 2. For each sample, P AH concentrations were reported for each of the 

17 PAH on the analyte lis[, for total P . .ui (tPAH). for total carcinogenic PAH 

(cP AH). and for B(a)P·TE. and these values were used to generate the sum

marJ statistics for each group of samples. 

Ill. RESULTS 

.-\naiysis of the laboratory results for the PAH indicates that quality control criteria 

were :u=ptable. The data were analyzed to de:ermine if any statistically signifi

cam differences existed between the darasets for the three cities. A Hartley test for 

homogeneity of variances (Mendenhall. 1979) and a one-factor analysis of vari

ance to test for equality of the means (Mendenhall, 1979) indicated no staJ:ist:ic<illy 
significant differences. The results in.dic:are that the P.~ data can be pooled and 

treated as one dataset for further statistical analyses. 

TABLE 2 
Benzo(a)Pyrene Toxic 
Et:;uivalent Fa~crs (BAP-TEF} 

02mpound 

Benzc(a)p~c 
Bcnz(a)antbra.c=e 
Beozo(b)flaar:mthcne 
Be!!zo(l:)flactmthcae 
Chryseac 
Dibmzo(a.h}~ 

ladcnc(1.2.3-e.d)pyreoe 
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EPA TEF 

1.0 
0.1 
0.1 
0.1 
0.001 
1.0 
0.1 
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The rcsuhs of the. P AH analyses are presented in Table 3 for all cities =mbincd. 

A summary of the P AH results by city and for all cities combined is presented in 
Table 4. which reports for each: tPAH. totll c:PAH. and total B(a)P·TE. The 

arithmetic: mean and the upper 95% c:oo.fidenc:e limit c:onc:ntration are reported for 

each. Table 4 provides a summary of the data by city, and the results :ue graphi

cally pn:sen.ted ln Figure 1. 
Table 5 presents a summary of the metlls. 17H, and solids data by city. A 

Hartley test for homogeneity of variances and a one-factor analysis ofvarimce to 

test for equality of the: means indicated that the metals and TPH dara. fu;lm the three 

cities cannot be c:ombincd. This is due to the fact that the concentrations in c:3Ch 

city are not normally distributed and did not have equal variances. The CDncentra· 

tions of the metals 3l'C compared to the arithmetic: mean concentrations in the 

eastem U.S. (ATSDR. 1992) in TableS. Most notably, lead concentrations are 

much higher than bacXgrcund concentrations. This is most likely due to the effecrs 

of a:atcmobilc exhaust. 
In order to detcrrnme if sample location signifiC3lldy affected P AH concentra

tion results, individual samples were classified based on the sample loctti.on' s 

TABLE 3 
Summary Statistics for PAH- All Areas Combined 

Minimum Ma:r:imum Upper 95% 
de teet detect Arithmetic Interval Frequency 

Compound (mglkg)· (mglkg) mean (mglkg) ct detection" 

2-Mcrhyl.aap~ 0.017' 0..64 O.lSl 0.173 19 62 

~ 0.024 0..34 0.201 0306 30 62 

~I== 0.018 1.10 0.173 0.208 24 62 

A.athr::lcelle 0.029 5.10 0..3.51 O.S3S 54 62 

Beazo(ajm~ 0.~ 15.00 1.319 1.858 58 62 

:Ba!zo(4)pyrene 0.040 13.00 1.3:23 1.816 57 62 

Bcnzo(aJflUor3%lthe!lll 0.049 1200 1.435 1.973 55 62 

:Benzo(g)l,i)perylene 0.200 5.90 0.891 1.195 .36 62 

:Beazo(k}flnor:mthcn= 0.043 25.00 1.681 2.522 S9 62 

Chry.sene 0.038 ::n.oo 1.841 2.693 50 62 

Dibenzc(a.b)zrhrx::ne 0.020 2.90 0.388 0.521 3~ 62 

Fiaorantbc:ne 0.110 39.00 3.041 4.444 60 6Z 

Flucm:nc 0.02.2 3..30 0.214 0.317 35 6:! 

1ndcll0(1.2.3-c:,~e 0.093 6.00 0.987 1.293 43 62 

Naphtbalenc 0.018 0.66 0.125 0.149 35 62 

Pb~ 0.071 36.00 1.838 2..982 61 .62. 
Pymnc 0.082 11.00 2.398 2.945 61 62 

Total BAP·T.E 0.2.57 21.31 2.437 3.324 62 62 

Total c:arci:ogenic: P AH 0.680 77.70 8.973 12.423 62 62 

Total PAH 2.292 166.65 18.361 24.819 62 62 

• mqucnc:y o{ d.ciJ:aion : IIWI10Ct'tieta:f.ed: number samples. 

'· 
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TABLE 4 
Background PAH Concenlrntlons In Urban Surface Solie• 

. :~ 

Compound 

Tolal B(u)P·TH 
Total cPAII 
Total PAll 
TPH 

• 0 to 61n. 

Boston 

------~(n_=_2_~------
Arllhmellc Upper 95~ 

mean (ppm) Cl (ppm) 

P1ovldence 
(n = 20) 

ArUhmello Upper 05% 
mean (ppm) Cl (ppm) -------

2.4 
8.4 

18.1 
474.9 

4.6 
16.0 
JB 

6~2.6 

2.1 
7.8 

16.8 
267.4 

1.9 
11.0 
llS 

338.1 

Sprlngfltld 
(n a 20) 

Arlthmellc Upper95% 
mean (ppm) Cl (ppm) 

2.8 4.S 
10.6 18.1 
19.1 29.9 

184.4 133.3 

All CIUH 
(n • 60) 

Arlllamatlc Upper 85% 
meiiVi (ppn\) Ct (ppm) 

2.4 
9.0 

18.4 
306.2 

3.) 
11.4 
24.8 

311.8 

Lj 

~ 
I ._. 

Jd 
I ._. 

11) 
11) 
IJI 

1-" 
m .. 
N 
IJI 

P.) 
ill ;n 
() 
Cl 
-u 
-< 
() 

~ 
-t 
~ 

Ill 
CJ 
m 
m 
Gi 
Ui 

If) .... 
m 
IS 

""( 

IS: 
a: 
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Parts Per Miffion (ppm) 

3Q 

2S 

20 

15 

10 

5 

ii'l Total C? AH 

508 635 9160 P.09 

·Air Cities 

3S 

30 

25 

20 

15 

10 

a:~--s 

t"t",l'--..,;..0 

~ TCltal PAH 

FiGURe 1. Sacicground c::ncantraiicns of ? AH in urban scils. Data preserrted 
are the upper 95% c=midenca intefv.il on the arithmetic; mean. Data are presented 
numerically in Table 4. · 

proximity to asphalt pavement, based on both written and photcg.raphic doc:umc:n
tation of sample location. Gene:a!ly. samples collected within 4 to 6 ft of a road 
were considered to be near pavement. Of the 60 separate locations. 42 were 
considered to be near pavement and 18 were not. Wben tested for equality of 
variance and means as above. the two populations were determined to be 
significantly different. The mean toea! P AH concentration near pavement was 
21 ppm compared to 8 ppm oct near pave:nent. These results are sho'Wir-n in 
Table 6. 

Similar analyses were performed to see if TPH or total organic carbon 
· concentrations could be used as surrogates for P AH concentrations. The results 
showed that there is no cocelation berween P AH and TPH concentrations. nor 
between PAH and total organic carbon concentrations (data not shown). 

The highest total P AH concentration detected was 166 mglkg. taken from a 
street comer in Boston. The ne:tt highest P AH gJncentration was 109 mgjkg. 
taken at the base of a telephone pole. Four of the 60 samples were t:lken ac the 
bases of telephone poles. with widely varying results. The total P AH concen
trations in the other three locations were 62. 4. and 45 mg/kg. 
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TABlE 5 
Summary Stallsllcs for Metats, TPH, and Solis .bY City 

Boston Providence Springfield 
(n = 20) (n = 20) (n • 20) 

Arllhmellc Uppar 95% Arithmetic Upper 95% Arllhmellc Upper OS% Arflhmellc mean 
mean Interval mean Interval mun Interval In U.S. aolla• 

Compound (mglkg) (mg/kg) (mglkg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) 

Arsenic, tola1 4.20 S.S9 3.53 4.27 ~.63 9.21 1.4 
Barium, total S3.9S 66.2S 4S.29 ~9.43 45.11 51.01 420 
Cadmium, total U3 2.79 ND Nl> ND ND 0.25• 
Chromium, total 23.00 27.69 11.08 14.35 12.62 14.45 .52 
I .cad, Iota) 398.70 ·737.44 30S.76 462.98 261.69 177.76 17 

(.o) Mercury, total 0.29 0.19 0.19 0.24 0.20 0.25 0.12 
~ Selenium, tolul 0.31 O.S1 0.39 0.48 O.S3 o . .ss 0.43 

Totlll petroleum h)'tlrt>Cilrhnns 474.90 6n.62 267.41 318.19 184.38 233.27 
Tollll&ollds ?0% 93% 93% 9S% 90% 92% 

• ATSllR. 1991. frlblic lftalsh Annrmerrl GlddaiiC# Aloruwi.I'B92-14716<1. U.S. lkpal1menl or lleallb and 11uman Services. 
• A1'SDR. 19111. 1'ru:it·c•losfcul PrDfilt for Cadnciunr. PB91-147164. Drafl.li.S. llcpan•ncul of tl~llllh a11d tlu11aau Scrvlcct. 
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TABLE 6 
Comparison of Backoround PAH Concentrallonaln Urban Soli a: The Effects of Proximity to Pavement 

Rn1llla of atalltllo1l IRII~III 

Teat lor homogantll!f of varlaNlll Teal or aqtttlll!f or meant 
Uou pavomtnl tlol n.ar ,-vamtnt 

&laUalla.nv BtallaUatiiJr Adlhmallo Arllhmallo Auocf•ted aiQnllla""l al AIIOOiaJad algnlrlc:anl at mHn Stand6rd mtan Slandarll 8tmpla f· deQrtu of 0.01 laval of Sampla degrua of 0.01 IIVII or Compound (ppm) dnlallon (ppm) dtvlatlon a tall alice freedom elgnlllc•nca Btudenra 1 lrtwom aJanfllc:anae 

Told B(<~)P-18 u 4.2 1-1 D-91 11.3 41, 17 Vet U9 50 Yet Tlllal PAll 11.9 lO.l u 1.1 il.4 41, 11 Yet 1.&9 so Ye1 
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IV. CONCLUSION 

In this smdy. 20 sur.face soil samples were collected from each of three New 

England cities and analyzed ·for PAH, TPH, and metals. ~ results of the 

statistical analyses described in the previous section show that. with .respect to 

P Aa the three datas~ts are not sig!li:fic::mtly different and can be considered as 

one dawct rcpr-...sentative of urban environments. Tne samples were taken in 
typic:al urban areas but not u~ known industrial sires. Therefore, these dam arc 

considered to be representative of the generalized effects of urban activities. 

lt is clear from the results presented here that common regulatory target 

cleanup levels for cP AH and B(a)P·TE (0.1 to 0.66 mg/kg) are much below the 

background concentrations of these compounds in urban surf.ac::e soils (upper 

95% confidence .interval of 3.3 and 12.4 mg/kg for total B(a)P·TE and total 

cP .AH. 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 arirlu:netic mean.) measured in urban environments. 

FlGURE 2. CQmparisan of B(a)P-TE with U.S. EPA Region Ill' risk-based c:onc:entralicn 

for B{a)P. S(a)P da%a presented are lhe upper 95% c:onfidena Interval on the arithmetic 
mean. 
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Upper 9S% confidence inrervals are compared because this is the statiStic 
preferred by EPA and many stares for risk assessment. Moreover, the State of 
Massachusetts defines its background concenttations of metals based on the 
upper 95% co:n:fidence limit on the arithmetic mean concentration (Massachu
setts Department of Environmental Protection. 1992). For all cities combined, 
the bacxground 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 sitUa
tions in which the use of B(a)P-TEFs in determining site risk is not allowed, 
the background level of cP AH is approximately 40 to 100 times greater than 
these target cleanup levels. , 

An analysis of the data comparing samples taken near pavement with those 
dete:mincd to be not near pavement indicated thar those samples designated near 
pavement had significantly higher. approximately threefold higher. PAH conce."l· 
1rations for both total PAH and total B(a)P-TE. This is most likely due to the 
presence of diesel and automobile e."thaust particles. perllaps influenced by the 
presence of asphalt and runoff of vehicular oil from the roads. 

Tow pemJleum hydrocarbons (TPH) were also found at consistently high levels 
in each city. The commonly applied regulatory cleanup level for TPH is 100 mg/kg. 
"This cle:mup lev.el is not risk based and is three times lower than the background 
concentration ofTPH found in this study (arithmetic mean of 306 mg}kg :md upper 
95% confidence interVal on the mean of 373 mg;kg). 

It is incumbe:lt upon the regulatory agencies to rccogniz:: that subst:mtial 
background levels of P Ali· and TPH exist . in our urban environments and to 
acknowledge this infoxmarion in the dc:Yelopment of realistic t:irge: cleanup levels. 
The use of these backoaratmd data in setting mote realistic target cleanup levels may 
result in better allccation of remedial and regulatory dollars in sire investigations. 
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