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Executive Summary
Experts in environmental forensics have concluded in several peer
reviewed articles that refined tar-based sealers (RTS) are not an identifiable
source of polycyclic aromatic hydrocarbons (PAHs) in urban sediment. Although
RTS have been banned in Austin, Texas and the state of Washington, no
quantifiable environmental benefit has been shown to exist with respect to PAHs
measured in sediment affected by the bans. Nevertheless, a small group of
scientists, predominantly from governmental agencies, has advocated that RTS
should be banned throughout the country. The Pavement Coatings Technology
Council (PCTC) offers this White Paper as a detail analysis of the data and
methods used by this small group of scientists to arrive at their conclusions.
The White Paper is premised upon scientific literature published by (a)
government researchers, (b) PCTC - funded researchers, and (c) other researchers
who have explored these issues “independently.” Multiple environmental
forensic methods are described within this literature and overall confirm that RTS
are not a significant source of PAHs in the studied urban sediments. Indeed,
comparison of results using different “fingerprinting” methods indicates that the
dominant source of PAHs in urban sediments is likely atmospheric deposition,
with little to no identifiable contribution from RTS.
All efforts have been made to include the most current studies and
evidence available, including data and documents produced by the USGS in
response to Freedom of Information Act (FOIA) request USGS-2011-00093, cited
in this White Paper as Kurfirst (2011). Despite the pendency of this FOIA request
for more than two years, the USGS response is not yet complete. Thus, it may be
necessary to supplement this White Paper at a later date.
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Introduction
In a 2011 “Fact Sheet,” the United States Geological Survey (USGS)
published the following assertions regarding sources of polycyclic aromatic
hydrocarbon compounds (PAHs) found in various lakes across the country
(Mahler and Van Metre, 2011):



Coal-tar-based sealcoat1 is the largest source of PAH
contamination in 40 urban lakes studied, accounting for one-half of
all PAH inputs.
Coal-tar-based sealcoat use is the primary cause of upward trends
in PAHs, since the 1960s, in urban lake sediment.

These assertions are based on a body of work that has been generated, in large
part, by two USGS scientists: Peter Van Metre and Barbara Mahler. The specific
conclusion naming RTS as “the largest source of PAH contamination” is based on
a paper by Van Metre and Mahler (2010) titled Contribution of PAHs from Coal–
Tar Pavement Sealcoat and Other Sources to 40 U.S. Lakes (hereinafter the “40
Lakes Paper”). According to Van Metre and Mahler, the findings set forth in the
40 Lakes Paper are consistent with conclusions that they and other government
researchers reached in previously published studies involving RTS.
This White Paper is organized into two main sections. The first section
evaluates an initial set of PAH “fingerprinting” studies published between 2005
and 2009, including articles published by Van Metre and Mahler. These studies
focus on a variety of strategies for source identification and apportionment of
PAHs found in sediment. The second section analyzes in detail the 40 Lakes
Paper in which Van Metre and Mahler contend that the chemical mass balance
model (CMB) is the most reliable method for PAH source identification and
apportionment and why their conclusions are flawed.

USGS Studies of PAHs in Sediments: 2005-2009
PAHs are ubiquitous – they occur naturally in fossil fuels and also are
made when organic matter is burned (e.g. ATSDR, 1995). . Because PAHs are
everywhere, an enormous amount of scientific research has been published
worldwide covering just about every aspect of PAHs, including studies that
attempt to identify and apportion sources of PAHs occurring in soils (e.g., Kay et
al. 2003; Mauro et al., 2006) and sediments (e.g., Stout et al. 2004 and the papers
summarized in the Attachment to this White Paper).
PAH source identification – sometimes called “PAH forensics” – typically
involves using graphical and statistical methods in an effort to identify source1

RTS are characterized as “coal-tar-based sealcoat” or “CTS” by the USGS.
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specific chemical characteristics – “fingerprints” – to distinguish sources. For
example, Figure 1 contains a principle component analysis (PCA) plot of PAH
data. The data (but not the statistical analysis) were published by the USGS team
for sediments in Washington State (Lake Ballinger; Van Metre & Mahler, 2010)
with samples from parking lots said to be treated with refined tar-based pavement.
It is easy to see that there is no overlap of PAHs in Lake Ballinger sediments with
PAH parking lot dust and parking lot scrapings data the USGS collected from lots
that were said to be sealed.
Overlapping data can be an indication of a source-sink relationship
between PAHs in samples. Likewise, the absence of an overlap, along with
different trends in sample PCA plots can be an indication of the absence of a
source-receptor relationship. It’s not always straightforward – sometimes
chemical data may overlap, but this doesn’t necessarily mean that there is a source
relationship. In cases of overlap, most scientists working in the field of
environmental forensics suggest additional forensic analysis should be pursued.
A requirement in source identification is consistency internally and among all the
different forensic methods used (O’Reilly et al., 2012). In cases such as the Lake
Ballinger data in Figure 1, in which the data neither overlap nor display similar
trends, the absence of a relationship is strongly suggested.

Figure 1. Principle Component Analysis (PCA) does not support the
claim that RTS is a significant source of PAHs in the sediment of Lake
Ballinger, located near Seattle, WA. The results are consistent with the
WA Department of Ecology’s conclusion that residential wood burning
is the largest source of PAHs in sediments of Western Washington.
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In their earliest publication about pavement sealers in Austin, TX, the
USGS team used double ratio plots as the method of source identification (Mahler
et al., 2005). Inconsistencies, however, have been identified in the published data
(DeMott & Gauthier, 2006; see Figure 2, below), and the source of the sediment
data shown in the Mahler et al. (2005) figure remains unidentified to this day.

Figure 2. Comparison of double ratio plot from Mahler et al. (2005, on left) with
graph of the same sealed parking lot data (DeMott & Gauthier, 2006, on right). The
USGS states that the sediment data used in the graph on the left is not the data
provided by the City of Austin and used in the graph on the right. The source of the
USGS sediment data as well as the data themselves remain unidentified.

As is always the case when a science journal such as Environmental
Science & Technology (ES&T) publishes a critical comment on a specific article,
a response by the article’s authors is also published. The DeMott & Gauthier
(2006) comment, which critiqued Mahler et.al. (2005), focused on two main
points:
(1) With regard to the PAH ratio analysis, we could not identify the

source of the values presented for stream sediment samples, and
the values that we could identify from the City of Austin appear to
contradict the interpretation developed by the authors [i.e., Mahler
et al. (2005)].
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(2) With regard to the mass balance analysis, we could not
identify the source for values from one watershed, the values
presented for the other watersheds do not appear to match those
from the cited sources, and the previously published values suggest
the relative contribution of PAHs from parking lot sources is
substantially less than the “majority” source suggested by the
authors [i.e., Mahler et al. (2005)].
Neither of these points was addressed by Mahler et al. (2006) in their
response. Rather, the response addressed topics that are, at best, secondary issues
raised in the DeMott & Gauthier comment. Topics raised in the response are as
follows:
(1)
A discussion of the use of specific PAH double-ratio plots, with
highly debatable representations about the impact that
concentrations may have had on ratios (debatable because ratios
are not concentration dependent).
(2)
Commentary that data used in the DeMott and Gauthier plot may
not be comparable to the Mahler et al. (2005) data, but with no
indication of what the source of the data in Mahler et al. was.
(3)
A discussion of possible overestimation versus underestimation in
mass balance calculations.
(4)
A discussion of comparability of load calculations made for the
Fort Worth and Austin, TX calculations.
(5)
A correction of load calculations errors made in Mahler et al.
(2005).
(6)
An assertion that certain yield calculations support the conclusions
of Mahler et al. (2005).
(7)
An unreferenced statement that the sealing of parking lots is a
fairly common practice, so sealants must be a “major contributor
of PAHs to the urban watersheds studied.”
Follow-up studies in Austin waterways confirm that RTS are not an
identifiable source of PAHs in Austin when using either the double ratio plot of
Mahler et al. (2005) (shown in Figure 2 above) or principle component analysis
(shown in Figure 3, below; DeMott et al., 2010; O’Reilly et al., in preparation).
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Figure 3. PCA evaluation comparing creek sediments in Austin, TX waterways to
Austin parking lot dust and scrapings. PCA results combined with results of additional
forensic methods do not support a claim that the lots are a significant source of PAHs.
PAH data are from Mahler et al. (2005) and DeMott et al. (2010). Figure is from
O’Reilly et al. (in preparation).

In a subsequent paper, Van Metre et al. (2009) again used a double ratio
plot to display sediment data from 9 lakes and dust/scrapings data collected from
parking lots and driveways in the vicinity of some of these lakes. This time,
however, the plots and data were used to demonstrate a purported difference in
ratios between samples collected in the Western U.S. versus samples collected in
Central and Eastern U.S. As discussed in O’Reilly et al. (2012), the range of
PAH ratios in samples collected from 10 ponds in the Minneapolis area is similar
to the range of ratios in samples from nationwide locations presented in Van
Metre et al. (2009), indicating that the apparent geographic differences in ratios is
likely an artifact.
Instead of using one of the well-studied PAH fingerprinting methods to
identify samples alleged to be influenced by RTS in the 9 lakes paper, the authors
assert (not for the last time) that an elevated PAH concentration in a sample must
indicate the “use of coal-tar-based sealcoat on this lot” (Mahler et al., 2009, p.
21). This type of assumption and circular reasoning does not reflect sound
scientific methodology. Indeed, the authors fail to mention that in a previous
study of these lakes (Van Metre et al. 2000), they concluded that changes in PAH
concentrations and chemical profiles were linked to increased automobile use
within the respective watersheds.
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USGS Studies of PAHs in Sediments: The 40 Lakes Study
In a 2010 study of 40 lakes across the country (Van Metre & Mahler,
2010; a/k/a the “40 Lakes Paper”), the USGS research team expanded its effort to
determine the extent to which RTS contribute PAHs to urban sediments. O’Reilly
et al. (2011) was a comment on the methods of PAH source identification and
apportionment used by the USGS research team not only in the previously
mentioned 9 Lakes study, but also in the 40 Lakes Paper. Van Metre and Mahler
were given an opportunity to respond in the same journal at the same time (Van
Metre and Mahler, 2011). The table below summarizes the comments and
responses:

1.

2.

3.

4.

5.

COMMENT
(O’Reilly et al., 2011)
Results for individual samples
are not consistent between
papers on this topic by the
same authors.
To validate results of any
single source apportionment
method, run and compare
multiple methods in one study
to determine if results are
consistent.
Cited Stout & Graan (2010) as
an example of a multi-forensic
method investigation, and the
types of expected results.

There is a poor correlation
between the results of double
ratio plot analysis and the
CMB model used in the 40
lakes study. For example, only
about 50% of the samples they
modeled to be >75% sealerderived PAHs have PAH ratios
claimed to be diagnostic for
sealer impacts.
Cited Ahrens & Depree (2010)
as an example of the expected
relationship between PAH
ratios and percent contribution

RESPONSE
(Van Metre & Mahler, 2011)
Stated that overall conclusions are
consistent between the papers, apparently
agreeing that individual results are
inconsistent.
Without factual support, stated that
different methods used with different data
in separate studies to reach the same
conclusion.

Did not address the point that Stout &
Graan is an example of internal
consistency within a multi-method
forensic analysis, but did claim that Stout
& Graan might have recognized the role
of sealers if they had been considered.
Restated the data a different way and
claim the restatement shows the original
statement to be right.

Dismissed Ahrens & Depree result as
hypothetical and not expected for
environmental samples. As Ahrens &
Depree was a discussion of environmental
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COMMENT
(O’Reilly et al., 2011)

6.

Explained concerns with
application of the CMB model
because of issues with source
sufficiency and stability. Cited
Galarneau (2008) as a paper
that highlights the potential
pitfalls of applying receptor
modeling to PAHs.

7.

Combustion emissions were
used as the CMB sources, but
reactions that change PAH
profiles were not taken into
account.
Suggested application of
multivariate methods such as
PCA that do not require preidentification of sources.

8.

9

The null hypothesis was not
tested, so atmospheric
deposition as a primary source
was not eliminated.

RESPONSE
(Van Metre & Mahler, 2011)
samples, the response seems to miss the
point. The response did not address why
there is no relationship between PAH
ratios and percent concentration even for
samples claimed to be almost all sealer.
Stated that the comment on “sufficiency
and stability” was too vague to respond.
Claimed it does not matter as Galarneau
was focused on atmospheric modeling not
sediment. Among other things, this
response ignores that emissions were used
as an alternative sources, and emissions
are subject to atmospheric processes.
Also ignores that the CMB was developed
as an atmospheric source allocation
model, and not as a sediment evaluation
model.
Ignored the differences between fresh
emission sources and post atmospheric
reaction depositional particles

Stated that multivariate methods do
require that sources be identified.
Ignoring the difference between methods
where sources are identified upfront and
those that use the results of analysis to
identify sources. Claimed that Watts et al
(2010) use of PCA supported their
conclusions. But, Watts only looked at
samples taken from within a limited test
area and considered sealers as the only
source.
Restated claims from previous papers, in
which the same authors concluded sealers
were an important source of PAHs.
Provided a circular argument referring to
the figure below from Van Metre &
Mahler (2010) in which sample
concentration is a used to calculate both
the X and Y axis:
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COMMENT
(O’Reilly et al., 2011)

RESPONSE
(Van Metre & Mahler, 2011)

Ultimately, the conclusion offered by O’Reilly et al. (2011) in their
Comment to the 9 Lakes Study and 40 Lakes Paper is worth repeating:
In papers published in ES&T, PAH ratios were used to link PAHs
associated with CT-sealed parking lots to urban sediments. Without this
evidence, there is little basis for claims regarding the relative role of CTsealants, and less for the use of such superlatives as the “dominant”
source or “substantial” contribution. While the points raised in this
commentary do not eliminate CT-sealants as a potential PAH contributor
in some urban systems, we suggest that the authors apply and compare
the results of multiple source characterization techniques including
sample chemistry (PAH ratios and concentration histograms), receptor
models, and multivariate methods.

Indeed, one of the primary flaws readily apparent in Van Metre and
Mahler (2010), and in other USGS publications about RTS, is the temptation to
confuse chemical similarity with causation. For many years, there has been a
broad consensus that the PAH profile of urban soils and sediments is dominated
by pyrogenic PAHs (e.g., Boehm, 2006; Kay et al., 2003; Mauro et al., 2006;
Stout et al., 2004; Stout & Graan, 2010). Parsing the relative contributions of
pyrogenic sources has numerous challenges which are routinely minimized in
publications to date by the USGS-led research team. Quite simply, demonstrating
that sealers are more similar to certain urban sediment PAH profiles than other
sources of PAHs does not demonstrate that sealers are a “dominant” source.
In the 40 Lakes Paper, the USGS research team overstates the applicability
of the chemical mass balance (CMB) model. The USGS research team adapted
the CMB model (now version CMB 8.2) developed by the U.S. Environmental
Protection Agency (EPA) to identify and apportion potential sources of
atmospheric pollutants. The CMB model is designed to fit various summations of
sources to the receptor profiles (Coulter, 2004). If one potential source has a
similar profile to the receptor, whereas other sources have dissimilar profiles, the
Pavement Coatings Technology Council
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model will indicate a higher contribution of the similar source. Like many source
apportionment methods, CMB is ultimately a similarity indicator. Such similarity
is not proof that a proposed source is an actual source. One reason for applying
multiple forensic techniques to a source apportionment exercise is that
demonstrating consistency among methods strengthens the weight-of-evidence
that a proposed source is a probable source.
The CMB model was developed by EPA as an aid to identification of
potential sources of air pollution in atmospheric studies, not for source
apportionment of chemical components in sediments. The CMB model has been
used in a number of published sediment evaluations, but conclusions reached
based on CMB output are usually confirmed using other apportionment tools to
validate that the input parameters used result in solutions consistent with the
system under investigation.
Application of the CMB model requires use of appropriate source profiles
as input. Published examples of using CMB to evaluate sediment are focused on
individual watersheds (see Attachment for summary of examples). The USGS
approach of using a single set of general source profiles for a nationwide sample
set is not consistent with model assumptions. For example, in companion papers
evaluating PAH sources in Chicago’s Lake Calumet, Li et al. (2003) and Bzdusek
et al. (2004) calculated different model outputs. Specifically, they calculated
different fractional contribution scenarios from different potential PAH sources
arrived at by using 9 different CMB and 2 different factor analysis model runs
(Figure 4). Using different source profile inputs for different runs demonstrates
how sensitive model outputs are to model inputs. For example, PAHs from
“traffic” sources (identified on Figure 4 as traffic, tunnel air or diesel) results in
modeled fractional contributions ranging from about 15% to over 60%, depending
solely on the source input profile used.
In the 40 lakes paper, it is stated that “The CMB model was run more than
200 times using various combinations of source profiles, fitting parameters
(PAHs), estimates of uncertainty, and combinations of lake-sediment samples.”
(p. 337) Out of the 200 runs, Van Metre and Mahler chose 4 that most closely
matched the parameters chosen to represent a “good fit” for the 5 PAH sources
chosen as source inputs, and then reported fractional contributions using an
average of results of the 4 chosen source input models. It may be possible to
evaluate the sensitivity of source profile inputs and graphically show results of the
sensitivity analysis if data for all 200 model runs (or for that matter, even for the 4
chosen model runs) considered as source input models for the 40 Lakes Paper are
made available in response to the FOIA request (Kurfirst, 2011). In the
Pavement Coatings Technology Council
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meantime, the data on the sensitivity of calculated fractional contribution results
on different source inputs in a local watershed, as developed by Li et al. (2003)
and Bzdusek et al. (2004), and as illustrated in Figure 4, must serve as a
sensitivity barometer for the 40 Lakes Paper.
As illustrated in Figure 4, use of the CMB model to estimate fractional
contribution of different sources requires use of appropriate source profiles as
input. Other researchers have published examples of using CMB to evaluate
potential sources of PAHs in sediment – much as the Lake Calumet study
discussed above – but these studies are focused on individual watersheds. The
approach in the 40 Lakes Paper is to use a single set of general source profiles and
apply them to a data set consisting of a small (but variable) number of samples
collected at many locations nation-wide. Some of the studied lakes are dammed
reservoirs which, like Town Lake (now called Lady Bird Lake) in Austin, Texas,
has for at least a substantial part of its existence served as a cooling pond for an
electric power plant.

Figure 4. Fractional contribution of various PAH source types to sediment of Lake
Calumet (Chicago, IL) based on nine CMB and two Factor Analysis model runs. Data
from Li et al. (2003) and Bzdusek et al. (2004). Figure from O’Reilly et al. (in
preparation).

The RTS research team’s application of the CMB model does not account
for the expected variability in both source profiles and location-specific variables,
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which further casts doubt on the consistency of model application with model
assumptions. Furthermore, the 40 Lakes Paper has no negative controls. The
USGS research team has not demonstrated that sediments with and without RTS
effects can be accurately distinguished.
By using results of analysis of emissions in the USGS adaptation of the
CMB model, the methods used to generate source profiles ignore the large
changes in PAH chemistry that have been demonstrated to occur as a result of
atmospheric processes. In the 40 Lakes Paper, a point is made of explaining why
using weathered samples to represent sealer source profiles is important, yet the
authors did not apply the same reasoning to other source profiles.
The CMB model has five key assumptions that are applicable to
identification of chemicals in sediments (Coulter, 2004). As detailed in the table
below, all five assumptions are violated in the adaptation and application of the
CMB model described in the 40 Lakes Paper.
1

2

CMB Model Assumption
The composition of each source emission
is consistent over the period modeled and,
as applied to a nation-wide data set in the
40 lakes paper, over the geographic area
modeled.

Chemical species do not react with each
other or the environment
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USGS Adaptation
- No site specific emission data were used,
so no measure of consistency over time
or space is available.
- The source profiles used were averages
of published data with no indication of
how representative they are of actual
sources that may impact each of the 40
lakes.
- The types of emission sources used are
known not to be consistent, changing
with fuel and process conditions.
- PAHs have been shown to react quickly in
the atmosphere so emission chemistry
should not be expected to represent
depositional chemistry. The USGS CMB
application ignored this factor.
- PAHs in RTS weather, and may weather
differently in different climates, which
would result in changes in the PAH
profile. Some possible effects of
weathering were accounted for in the 40
Lakes Paper.
- The combination of ignoring atmospheric
Page 12

CMB Model Assumption

3

All sources that contribute significantly to
the receptors have been identified and their
profile is known.

4

The composition of each source is linearly
independent of other sources

5

Measurement uncertainties are random,
uncorrelated, and normally distributed

USGS Adaptation
changes while considering weathering
effects increases the likelihood of
identifying RTS as sources.
- The USGS application considered a
limited set of sources assumed to be
applicable nation-wide.
- It is highly uncertain whether the source
profiles used as inputs in the USGS
application represent actual sources in
each/any/all of the sample locations.
- The adaption and application of the CMB
model described in the 40 Lakes Paper
indicate a positive relationship between
the mass of PAHs sourced by RTS and
the mass sourced by other sources
(R2=0.63). Samples with more sealer
also had more other sources.
- This positive relationship is the opposite
of the result expected if sealers were
actually a source.
- As noted in the 40 Lakes Paper, this
assumption could not be met with most
input source data so a generic uncertainty
factor (UF) of 40% was applied.
- This UF value was based on analytical
uncertainty, ignoring the inherent
variability in the chemical profiles of
potential sources, as well as geospatial
variability.
- Profiles based on a limited set of
published data are not expected to be
random, uncorrelated, or normally
distributed.

Based on explanations in the methods section of the 9 Lakes Study and 40
Lakes Paper, it appears that, with the sole exception of pavement, most source
profile inputs are not the chemistry of individual samples or sources but averages
of published data. It is not clear whether these mathematically generated source
Pavement Coatings Technology Council
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profiles represent actual sources in the watersheds for which conclusions about
the percentage contribution by sealers were reached by the USGS research team.
In a study of PAHs in sediments in nine urban waterways across the US, Stout et
al. (2004) found differences in PAH distributions between and even within
different urban settings, thus concluding that “there is no single ‘representative’
urban background…PAH signature.”
Averaging can make sense for duplicate samples of the same source, but
averaging potential sources across wide geographic areas is not appropriate to
represent what can be a very wide range of possible profiles for sources that may
be similar in process but not in the many other parameters that influence PAH
profiles. As demonstrated by the example shown in Figure 5, the profile for
Source 1 is similar to the receptor but if it is averaged with Source 2, the resulting
profile eliminates this relationship and results in a profile that doesn’t look like
either source. The proper approach is to run the model with each source profile as
inputs (O’Reilly et al., in preparation).

Figure 5. A hypothetical example of the effects of averaging PAH data. The profile for Source 1 is
similar to the receptor but if it is averaged with Source 2, the resulting profile eliminates this
relationship and results in a profile that doesn’t look like either source. The proper approach is to
run the model with each source profile as inputs. (O’Reilly et al., in preparation).
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Comparison of Results of USGS Adaptation of CMB Model with Other PAH
Source Apportionment Methods
O’Reilly et al. (2012) applied multiple well studied and commonly used
source apportionment methods to evaluate the same data that was generated by
the USGS. This must be contrasted to Van Metre and Mahler using just one
method – the previously discussed adaptation of the CMB model – to try to
identify sources of PAHs. Methods used by O’Reilly et al. included:
-

-

Diagnostic double ratio plots, in which the ratio of two PAHs is
plotted on the x-axis and the ratio of a second pair of PAHs is plotted
on the y-axis and potential differences are identified by comparing the
coordinates of samples to each other, to known sources, and to
published values;
Pearson correlations to evaluate similarities between PAHs in
sediments and potential PAH sources;
Principal component analysis (PCA) to compare sediment samples and
suspected source materials; and
Another EPA receptor model, UNMIX 6.0, to evaluate specifically the
same data evaluated by Van Metre and Mahler (2010) using EPA’s
receptor model CMB.

O’Reilly et al. (2012) also emphasized the significance of the null
hypothesis, ignored by the USGS authors in their body of work:
A hypothesis is a proposed explanation for observed
phenomenon that is typically tested by attempting to demonstrate
the null hypothesis. A hypothesis is supported if the phenomenon
could occur only if the proposed explanation is correct, while the
null hypothesis is appropriate if other explanations cannot be
eliminated. The goal of this study was to evaluate the hypothesis
that RT-sealers are a dominant (Mahler et al., 2005) or
substantial (Van Metre et al., 2009) source of PAHs to urban
sediments. The hypothesis would be supported if the PAH
profile in the lakes studied could not be explained without
inclusion of the sealants as a source. The results of this study
indicate that while RT-sealer cannot be eliminated as a PAH
source, sediment chemistry can be explained in the absence of
any contribution from sealers. While VanMetre and Mahler’s
work has identified similarities between the PAH profiles of RTsealer and urban sediments, such profiles are not unique, so the
similarity does not prove that one is the source of the other.

In addition to results presented in O’Reilly et al. (2012), detailed forensic
source apportionment investigation results have been presented at annual
meetings of the Society of Environmental Toxicology and Chemistry (SETAC)
and are the topic of papers in preparation. One set of results includes evaluations
of PAHs in the lake sediments that are the topic of a web page in need of
Pavement Coatings Technology Council
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correction. To use four of these lakes as examples, the table below summarizes
the different conclusions reached by the USGS authors using only the USGS
adaptation of CMB and by evaluation of the same data using multiple PAH source
apportionment forensic methods.
Water Body

Lake Ballinger, WA
Lake in the Hills, IL2
Newbridge Pond, NY
Town Lake, TX3

Percentage
sealer, Multiple
Forensic
Methods
Little to None
Little to None
Little to None
Little to None

Percentage
sealer, USGS
Model
~70%
~70%
~65%
~80%

The data in the above table is illustrated in Figures 5 and 6 below. Figure 5
contains results of PCA for the four lakes listed in the above table. The ranges of PAH
values in none of the four lakes overlaps the range of PAH values in samples known to be
directly derived from refined tar-based pavement sealer.

Figure 5. Three dimensional PCA plots of data from four lakes illustrating that none of
the sediment data collected from the four lakes overlap data from RTS sealed lots. Data
used are as reported in USGS publications. Rotating the Lake of the Hills plot reveals the
absence of overlap. PCA analysis and plots courtesy of K. O’Reilly.

2
Rotating the Lake in the Hills plot in 3 dimensions illustrates the absence of overlap between the
fields.
3
Town Lake, now known as Lady Bird Lake, is located in downtown Austin, TX, and is a
reservoir that formerly served as a cooling pond for the Holly Street Power Plant, located on the
lake shore.
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Figure 6 (Figure 4 of the 40 Lakes Paper) shows the source percentages calculated
for each lake considered in Van Metre and Mahler (2010), highlighting the four lakes
listed in the table above. It is interesting to note how PAH mass loading in Lake Ballinger
(West region) was reportedly greater than what was found to exist in Lake in the Hills
and Town Lake (Central region), even though the USGS asserts that RTS generally have
not been used west of the Rockies.

Figure 6. Van Metre & Mahler (2010), with the four lakes discussed in the text and
Figure 5 highlighted.

Conclusions
The data interpretation presented in the 40 Lakes Paper inherently lacks
objectivity as no other possible solutions are considered, nor are conclusions
presented in the context of the voluminous body of PAH source identification and
apportionment literature that exists. All results in the 40 Lakes Paper are
presented as though they demonstrate only the USGS hypothesis concerning RTS
and no other conclusions are possible. Neither the null hypothesis nor any
alternate hypotheses are considered. VanMetre and Mahler (2010) also ignore the
uncertainty inherent in CMB results. Uncertainties should be quantified and
discussed, and the sensitivity of outputs (fractional contributions) to different
source profile inputs should be evaluated.
Pavement Coatings Technology Council
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Other adaptations of the CMB model and similar approaches have been
used in targeted evaluation of various individual watersheds. Attached to this
White Paper is a summary of literature demonstrating that PAHs present in urban
system sediments can be explained even if sealers are not considered a source. In
all reviewed cases, sediment chemistry can be explained without including RTS
as a source. Just as this does not prove that some sediments may be influenced by
sealers, results of the USGS adaptation of CMB do not prove that sealers are a
contributor to PAHs in sediments.
The USGS research team has used two methods to reach the conclusion
that RTS is a “dominant” or “significant” source of PAHs in sediments in the
United States: (1) the alleged similarity of between PAHs in double ratio plots of
sample results of sealed pavement and unidentified sediment samples in Austin,
TX (Mahler et al., 2005) and (2) results of an adaptation of the CMB model.
O’Reilly et al. (2011) pointed out that the two methods give inconsistent results,
raising questions about whether reaching the same conclusion is warranted.
O’Reilly et al. (2012 and in preparation) demonstrate that conclusions based on
the CMB model as presented in the 40 Lakes Paper do not comport with
conclusions reached evaluating the same data using other source identification
and apportionment technique, including EPA’s UNMIX receptor model. The
USGS has not and, based on their data, cannot demonstrate a link between PAHs
in RTS and PAHs in most urban sediments. Communications to the contrary
posted on the USGS web sites constitute a dissemination of information that does
not meet the USGS standards for data quality.

Pavement Coatings Technology Council
White Paper 1301: 10 May 2013

Page 18

CITATIONS
ATSDR (Agency for Toxic Substance and Disease Registry). 1995. Toxicological
profile for polycyclic aromatic hydrocarbons (PAHs). Available at
http://www.atsdr.cdc.gov/toxprofiles/tp69.html .
Boehm, P.D. 2006. Polycyclic aromatic hydrocarbons (PAHs). In
Environmental Forensics - A Contaminant-Specific Approach, eds. R.
Morrison and B. Murphy, New York, Elsevier. 315 pp.
Bzdusek, P. A.; Christensen, E. R.; Li, A.; Zou, Q-M. Source apportionment of
sediment PAHs in Lake Calumet, Chicago: Application of factor analysis
with nonnegative constraints. Environ. Sci. Technol. 2004, 38:97-103.
Coulter, CT 2004. EPA CMB8.2 User’s Manual. EPA-452/R-04-011. Available
at http://www.epa.gov/scram001/models/receptor/EPACMB82Manual.pdf
DeMott, R.P. and Gauthier, T.D. Comment on “Parking Lot Sealcoat: An
Unrecognized Source of Urban Polycyclic Aromatic Hydrocarbons”
Environ. Sci. Technol. 2006, 40, 3657-3658.
DeMott RP , Gauthier TD , Wiersema JM and Crenson, G (2010). Polycyclic
Aromatic Hydrocarbons (PAHs) in Austin Sediments after a Ban on
Pavement Sealers. Environmental Forensics 11 (2010) 372 -382.
Galarneau, E. Source specificity and atmospheric processing of airborne PAHs:
Implications for source apportionment. Atmos. Environ. 2008, 42:81398149.
Kay, RT, Arnold, TL, Cannon, WF, Graham, D, Morton, E and Bienart, R, 2003
Concentrations of Polynuclear Aromatic Hydrocarbons and Inorganic
Constituents in Ambient Surface Soils, Chicago, Illinois:2001-02. USGS
Water-Resources Investigations Report 03-4105, 79 p.
Kurfirst, Leonard S. (2011) Freedom of Information Act (FOIA) Request USGS2011-00093.
Li, A.; Jang, J-K; Scheff, P.A. Application of EPA CMB8.2 model for source
apportionment of sediment PAHs in Lake Calumet, Chicago. Environ.
Sci. Technol. 2003, 37:2958-2965.
Mahler, B.J.; Van Metre, P.C.; Bashara, T.J.; Wilson, J.T.; Johns, D.A. Parking
lot sealcoat: An unrecognized source of urban polycyclic aromatic
hydrocarbons. Environ. Sci. Technol. 2005, 39, 5560–5566.
Mahler, B.J., and Van Metre, P.C., 2011, Coal-tar-based pavement sealcoat,
polycyclic aromatic hydrocarbons (PAHs), and environmental health: U.S.
Geological Survey Fact Sheet 2011–3010, 6 p.
Mahler, B.J.; Van Metre P.C., Wilson, J.T. Response to Comment on “Parking
Lot Sealcoat: An Unrecognized Source of Urban Polycyclic Aromatic
Hydrocarbons” Environ. Sci. Technol. 2006, 40, 3659-3661.
Pavement Coatings Technology Council
White Paper 1301: 10 May 2013

Page 19

Mauro, DM, DeClercq, PJ, Siegener, R and Coleman, A. 2006. Survey of the
distribution and sources of PAHs in urban surface soils. Land
Contamination & Reclamation 14: 513-521.
O’Reilly, K., J. Pietari, and P. Boehm. 2011. Comment on “PAHs Underfoot:
Contaminated Dust from Coal-Tar Sealcoated Pavement is Widespread in
the U.S.” Env. Sci. Technol. 45: 3185-3186.
O’Reilly K, Pietari J and Boehm P. (2012). A Forensic Assessment of Refined
Tar-Based Sealers as a Source of Polycyclic Aromatic Hydrocarbons in
Urban Sediments. Environmental Forensics 13 (2012) xxx-xxx.
O’Reilly K, Pietari J and Boehm P. (in preparation). Parsing Pyrogenic PAHs:
Forensic Chemistry, Receptor Models, and Source Control Policy.
Manuscript in preparation for submittal to a refereed journal.
Stout, S. A.; Graan, T. P. 2010. Quantitative source apportionment of PAHs in
sediments of Little Menomonee River, Wisconsin: Weather creosote
versus urban background. Environ. Sci. Technol., 44:2932–2939.
Stout SA, Uhler AD, and Emsbo-Mattingly SD. 2004. Comparative evaluation of
background anthropogenic hydrocarbons in surficial sediments from nine
urban waterways. Environ Sci Technol., 38(11): 2987-94.
Van Metre PC and Mahler BJ. 2010. Contribution of PAHs from coal–tar
pavement sealcoat and other sources to 40 U.S. lakes. Science of the Total
Environment 409 (2010) 334–344.
Van Metre, PC, Mahler, BJ and Furlong, ET. 2000. Urban Sprawl Leaves Its PAH
Signature. Environ. Sci. Technol. 34, pp 4064-4070.
Van Metre PC, Mahler BJ and Wilson, JT. 2009. PAHs Underfoot:
Contaminated Dust from Coal-Tar Sealcoated Pavement is Widespread in
the United States Environmental Science & Technology 43 (2009) 20-25.

Pavement Coatings Technology Council
White Paper 1301: 10 May 2013

Page 20

"$1&+&,/ !-$/),'.
#&%(,-*-'2 !-0,%)*

PAVEMENT COATINGS TECHNOLOGY COUNCIL
WHITE PAPER 1301

CRITICAL REVIEW OF USGS CONCLUSIONS
REGARDING SOURCES OF PAHS IN LAKE SEDIMENTS

ATTACHMENT

$&3(-(.1 #/&1+.)0 %('*./,/)4 #/2.'+,
White Paper 1301: 10 May 2013

"11&'*-(.1 $&)( 6

"$1&+&,/ !-$/),'.
#&%(,-*-'2 !-0,%)*

Literature demonstrating that PAHs present in urban system sediments can be explained even if
sealers are not considered a source is summarized in the following table. These results are in
conflict with the USGS's hypothesis that sealers are a widespread source of PAHs.
Citations for literature summarized in the table are as follows (numbers shown in first column of
table).
1. Su, Ming-Chein, Erik R. Christensen, Jay F. Karls, Sailaja Kosuru, Ipek Imamoglu. 2000.
Apportionment of Polycyclic Aromatic Hydrocarbon Sources in Lower Fox River, USA,
Sediments by a Chemical Mass Balance Model. Environ. Tox. & Chem. Vol. 19, No 6,
pp. 1481-1490.
2. Simcik, Matt F., Steven J. Eisenreich, Katherine A. Golden, Shi-Ping Liu, Elizabeth
Lipiatou, Deborah L. Swackhamer, David T. Long. Atmospheric Loading of Polycyclic
Aromatic Hydrocarbons to Lake Michigan as Recorded in the Sediments. Environ. Sci.
Technol. 1996, 30, pp. 3039-3046.
3. Dickhut, R.M., E.A. Canuel, K.E. Gustafson, K. Liu, K.M. Arzayus, S.E. Walker, G.
Edgecombe, M.O. Gaylor, E.H. MacDonald. Automotive Sources of Carcinogenic
Polycyclic Aromatic Hydrocarbons Associated with Particulate Matter in the Chesapeake
Bay Region. Environ. Sci. Technol. 2000, 34, pp 4635-4640.
4. Li, An, Jae-Kil Jang, Peter A. Scheff. Application of EPA CMB8.2 Model for Source
Apportionment of Sediment PAHs in Lake Calumet, Chicago. Environ. Sci. Technol.
2003, 37, pp 2958-2965.
5. Sofowote, Uwayemi M., Brian E. McCarry, Christopher H. Marvin. Source
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Analysis Methods. Environ. Sci. Technol. 2008, 42, pp 6007-6014.
6. Stark, Allen, Teofilo Abrajano, Jr., Jocelyn Hellou, Janice L. Metcalf-Smith. Molecular
and isotopic characterization of polycyclic aromatic hydrocarbon distribution and sources
at the international segment of the St. Lawrence River.
7. Walker, Shelby E., Rebecca M. Dickhut, Catherine Chisolm-Brause, Sean Sylva,
Christopher M. Reddy. Molecular and isotopic identification of PAH sources in a highly
industrialized urban estuary. Organic Geochem. 36 (2005). Pp 619-632,
8. Christensen, Erik R., Philip A. Bzdusek. PAHs in sediments of the Black River and the
Ashtabula River, Ohio: source apportionment by factor analysis. Water Research 39
(2005) pp 511-524.
9. Christensen, Erik R., Pichaya Rachdawong, Jay F. Karls, Ryan P. Van Camp. PAHs in
Sediments: Unmixing and CMB Modeling of Sources. J. Environ. Eng. November 1999.
10. Stout, Scott A., Thomas P. Graan. Quantitative Source Apportionment of PAHs in
Sediments of Little Menomonee River, Wisconsin:
Weathered Creosote versus Urban Background. Environ. Sci. Technol. 2010.
11. Christensen, Erik R., Sidarta Arora. Source apportionment of PAHs in sediments using
factor analysis by time records: Application to Lake Michigan, USA. Water Research 41.
(2007) pp 168-176.
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12. Bzdusek, Philip A., Erick R. Christensen, An Li, Qimeng Zou. Source Apportionment of
Sediment PAHs in Lake Calumet, Chicago: Application of Factor Analysis with
Nonnegative Constraints. Environ. Sci. Technol. 2004, 38, pp 97-103.
13. Van Metre, Peter C., Barbara J. Mahler, Edward T. Furlong. Urban Sprawl Leaves Its
PAH Signature. Environ. Sci. Tecghnol. 2000, 34, pp 4064-4070.
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