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ACRONYMS AND ABBREVIATIONS

ACNE Acenaphthene

ACNY Acenaphthalene

AN Anthracene

AOC Area of concern

BaA Benz[a]anthracene

BaP Benzo[a]pyrene

BbFLA Benzo[b]fluoroanthene

BeP Benzo[e]pyrene

BghiP Benzo[g,h,iJperylene

BKFLA Benzo[k]fluoroanthene

COR Coronene

CYy Chrysene

DBahAN Dibenz[a,h]anthracene

DEP Department of Environmental Protection
DOE Department of Energy

EPA Environmental Protection Agency
FAA Federal Aviation Agency

FL Fluorene

FLA Fluoranthene

GC Gas chromatograph

GFF Glass fiber filter

IADN Integrated Air Deposition Network
IcdPYR Indeno[1,2,3-cd]pyrene

MDL Method detection limit

MIC Meteorological Instruments Company
MS Mass selective

ND Non-detect

NOAA National Oceanic and Atmospheric Administration
NWS National Weather Service

PAH Polycyclic aromatic hydrocarbon
PBT Persistent bioaccumulative toxics
PE Perylene

PEC Probable effect concentration

PH Phenanthrene

PIB Presque Isle Bay

PUF Polyurethane foam

PYR Pyrene

RAIS Risk Assessment Information System
RBC Risk-based concentration

SIM Selective ion monitoring

TEF Toxic equivalency factor

TEQ Toxic equivalency quantity

QAPP Quality assurance program plan
SOP Standard operating procedure

Vg Deposition velocity




Gannon University

Table of Contents

EXECUTIVE SUMMARY ...ttt ettt ettt e e e et s e e e e e et e s e e e e attan e e e e e e eeansaaeeeeeeannnnaeeeees 1
B | N 10 11U 1 ] PP 2
0 I = = Td (o | 0 11 [ o 2
1.2. PrOJECE ODJECHIVES. ... .ot e e e e e et et e e e e e e 4
B 1 I [ 02 PP 4
Bt T = 1 0T o] 1T o TS (= 4
2.2, .SAMPING PrOCEUUIES. ....uuiiieeieeeie ettt e e e e e e e e e et e e e e e e eatna e e eeeeeenes 6
2.21. Gasand Particulate Phase PAHS. .........ccoouiiiiii e 6
B V= G =T o To 1= 1 (o o R 7
2.23.  Dry DEPOSIION (DIFECL)......uuuuuuueies ettt e e e e e e e e e e e e e eees 8
2.24.  MeteorologiCal DAt .........ccouuiiiiiiiiiiiiiiiiae e 8

2.3, Laboratory Analysis and Quality ASSUIANCE............ccvuuuiieiiiiieeeeiiiee e e e e e e e e e eaenns 8
2.4, SOUICE APPOMIONIMENT. ....uuiieieieiiiie e e ettt e ettt e e e e e e et e e e e eeea e e eeeaeesnnnaaeeeeennnns 10

B TR U1 R 1 TP 12
B B0t B V1YL 11 =] oo - | = SO 12
3.2, .Gaseous phase and particulate data..............cooueiiiiiiiiiiii e, 13
3.21.  .Comparison of SAMPING SIES......ccoveiiiiiie e 13
3.2.2.  Frequency distribution of PAH SPECIES.........oieiiiiii i 14
3.2.3.  Analysis of sampling data by SEason...........ccouvvuiiiiiiiiiiiii e 15
3.24. Comparison of sampling data to other US CitieS.........c.c.ccevvvviiiiiiieiiiiiiiie e, 16
3.25.  .Comparison of measured air concentration by wind direction........................... 16
3.26. .Comparison of sampling results to previous EPA modeled estimates............... 17

3.3 WeEl DEPOSILION DALAL. .. . uuuuuniieeae ettt e e e e e e e e e e e e e e e eeeeees 18
3.4, RISK ASSESSMENT SUMIMAIY. ....cciiiiiiieeeiietiiae e e ettt e et e e e e eeaa e e e eesna e eeeeees 18
3.4.1. The Toxic Equivalency Quantity (TEQ) ANAlySIS.........cccuviiieiriiiiiiiiiieeeeiiiineen, 18
3.4.2. TEQ Calculation and RisSK ASSESSMENL.........cccceiiiiriiiiiieeeriiiiiee e e e e eeeenanns 20
3.4.3. RIiSK Characterization............ccieeeieeiuuiiiie e e et e e e e e e e eeaeees 21
3.44. Comparison to the risk-based concentration (RBC) for ambient air................... 22

3.5, Dry DEPOSIION DALA. .......uuuuuuuaaae ettt e e e e e e e e e e e e e e e aeeaeeeeees 22
3.5 1 PartiCulate FIUXES. .....ceiei et 22
3.5.2.  Ambient Particle Phase CONCENratioNS..............uuuiiieerieiiiiiiee e eeeeiinns 24
3.5.3. Dry Deposition VEIOCIHIES. .......cuuuiiiiiieiiiiee et 25
3.54.  Estimate of Loading of PAHs to Presque Isle Bay through Dry Deposition........ 26

3.6, SOUICES OF PAHS. ...ttt e et e e e e et e et e e e e e e e aan e e eeeees 26
3.6.1.  Binary ratio method of determining PAH SOUICES.............uuuuiiuiiiiiiiiniaieeeeeeeeee 26

B T2 @11V, 1= 381V o To 1= 1T o P 27




Gannon University

Listing of Figures

Figure 1: Distribution of PAHs in Presque Isle Bay sediments and comparison to the PEC.. 2

Figure 2: Project SAMPIING SIES: ......cuuiiiiiiiiiiiiiiiiii et 5
Figure 3: Wind Rose for Erie, PA during sampling period...............cooovviiiiiiiiiiiiiiiiiiinneenn 13
Figure 4. Comparison of the geometric means of gas/particulate concentrations.............. 14
Figure 5: Comparison of PAH profiles between the urban and suburban sampling sites... 15
Figure 6: Comparison of the geometric means of total PAHs by season.............ccccoeeee... 15
Figure 7: Comparison of target species by predominant wind direction designation.......... 17
Figure 8: Comparison of modeled and measured airborne PAH concentrations................ 18
Figure 9: Proportion of contribution to the overall TEQ calculation by PAH species........... 21

Listing of Tables

Table 1: Monitoring site description and MeasuUremMeNtS...........ocuvviiiiiiiiiie e eeeeeeeaas 6
Table 2: Summary of Sampling Methods, Frequency and References................ccccovvvnennes 6
Table 3: Formulae and Molecular Weights of Target PAH Species..............ccooovviiiiiinieee. 9
Table 4: Measurement Quality Objectives for the Laboratory Procedures........................ 10
Table 5: Fitting species and emission sources included in CMB model iterations.............. 11
Table 6: Frequency distribution of wind speed and direction...................coooviiiiiieecinennns. 12
Table 7: Comparison of the geometric means (range) of three representative PAHs
measured at the City of Erie site with that from4 U.S. CitieS...........ccoviiiiiiiiiiiiieeee. 16
Table 8: Summary of TEF ValUES..........cooiii e e 19
Table 9: Summary of TEQS DY SIte. ... ..ouiiiiiii e e e 20
Table 10: Intake calculation and associated asSSUMPLIONS..........ccuviuviiiiiiiiniiaaieeenene. 21
Table 11: Sampling time and number of dazls EXPOSEA. ...t 23
Table 12: Dry Deposition Flux Data (UQ/M. % d)..cvveiiie e 23
Table 13: Summary of Data from PAH Dry Deposition Studies ...........cocvveiiiiiiiiicennnn. 24
Table 14: Ambient Particulate Air Concentration Data (Ng/M2).........ccoeeiiiiiiiiiiiiiinnnn. 24
Table 15: Individual Dry Deposition Velocities of PAHS (CM/S) .....ocuvviiiiiiiiiiiieiieeeeee, 25
Table 16: Decision criteria for binary ratios and summary of ratios from each of the three
SAMPIING SIS, ...ttt e e e e e 27
Table 17: Contribution of emission sources to PAH profiles..........cc.cooiiiiiiiiiiiceiien, 28




Gannon University

EXECUTIVE SUMMARY

Research Summary:

The overall goal of this study was to quantify and characterize the transport of polycyclic
aromatic hydrocarbons (PAHSs) to Presque Isle Bay (PIB) and Lake Erie. Atotal of three
sampling sites were set up to collect both air and precipitation samples from Febuary 1,
2005 through January 19, 2006. One site was located in the City of Erie and the other
two were sited in areas downwind and upwind of urban sources. In addition, dry
deposition was quantified at the City of Erie site. This sampling scheme allowed for the
comparison of ambient air concentrations between the sites and to characterize the
transport of PAHs within the local area.

Major Findings:

Areview and analysis of the monitoring data from the three sampling sites provided the
following results:
1. The mean concentrations measured within the City of Erie for the
majority of PAH species were higher than those measured at either the
suburban or Presque Isle Bay sampling sites;
2. Phenanthrene was the predominant species accounting for
approximately 40% of the S;3PAHs measured followed by
fluoranthene, fluorene and pyrene, respectively;

3. Air concentrations at the Erie sampling site were comparable to those
obtained from four other U.S. cities. For example, the geometric mean
for phenanthrene at the City of Erie site was 11.0 ng/m”~. (range: 0.97-
59.8) compared to 70, 8.1 (0.92-25), 19 (5.4-97) and 26 (6.5-60) in the
cities of Chicago, Los Angeles, Houston and Elizabeth, NJ,
respectively. Strict comparisons between these studies are difficult
due to differences in sampling and analytical procedures and other
methodological differences.

4. The dry deposition velocities of PAHs estimated in this study were
comparable to previous research studies in other locales. The mean
annual loading of PAHs (evaluated in this study) to Presque Isle Bay
was estimated at 52 kg/yr (range: 8 1 80 kg/year).

5. The results of the mass balance modelling were variable and highly
dependent on which PAH species were included in the model as well
as which source fingerprints were used. The results, therefore, should
be interpreted with caution. The modelling results suggest that
automobile and diesel exhaust, coke oven emissions, asphalt
emissions and wood burning all contribute to the airborne PAH
concentration. Due to the high variability, it is difficult to ascribe
definitive percentages to each source contribution. To improve the
modelling results, additional samples and other analytes, in addition to
PAHSs, should be incorporated into the model.
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1

INTRODUCTION

1.1 Background:

Erie,the4™| ar gest city in Pennsylvania, i
corner along the shores of Lake Erie. The City has historically consisted of a
heavy manufacturing base, combined with a mixture of commercial and
residential areas. Presque Isle Bay (PIB), located adjacent to the City of Erie, is
a harbor formed by a recurved sand spit named Presque Isle, which is now the
location of a Pennsylvania State Park. The harbor is one of the oldest along the
Great Lakes and measures approximately 4.5 miles long and a maximum of 1.5
miles wide.

Presque Isle Bay was designated as the 43™ Great Lakes Area of Concern
(AOC) in 1991 due to two beneficial use impairments that included increased
rates of fish tumors and other deformities and restrictions on dredging activities
(PADEP, 2002). Studies conducted by Battelle Ocean Sciences and Gannon
University have found moderate to high levels of contaminants within the PIB
sediments, with PAHs and trace metals being the predominant pollutants of
concern (Battelle, 1997; Diz, 2002). Figure 1 shows the results of a 2000 study
that examined the PAH concentrations within Presque Isle Bay sediments (Diz,
2002). Atotal of ten sampling sites were included in this study. Approximately
30 percent of the samples analyzed at 7 of the ten locations exceeded the
probable effect concentration (PEC) of 22.8 mg/kg. Surface samples were more
likely to exceed the PEC compared to samples from the bottom layer. This
pattern is consistent with earlier studies (Battelle, 1997; PA DEP, 2002).
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Figure 1: Distribution of PAHs in Presque Isle Bay sediments and comparison to the
probable effect concentration (PEC) (Diz, 2002)
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Due to continued improvements in the environmental health of the Bay over the
past decade, the PA DEP has applied to the Environmental Protection Agency to
changethe st atus of PIB from an AOC in the fre
Ar ecover YOGCs with the latter designation do not require further
remediation efforts, but rather entail monitoring to ensure that conditions continue
to improve (PA DEP, 2002). The air-monitoring project specified in this grant
proposal will assist in this endeavor by providing data on the potential
contribution of atmospheric deposition to the loading of PAHSs to the Bay and
greater Lake Erie waters. It also is not known whether sources may include local
or distant sources. The aim of the present study, therefore, is to evaluate the
potential contribution of atmospheric PAHSs to the Presque Isle Bay watershed
and, if found to be appreciable, to determine methods to reduce such loadings.

Air transport and deposition characteristics of PAHs are complex due to a
number of factors that include: wind direction and speed, temperature, relative
humidity, precipitation characteristics, particle size, and the particular phase of
the pollutant. PAHs may exist in either the vapor or particulate phase. They can
be deposited to land and water surfaces through both wet and dry deposition.
They may specifically move from air to water, and vice versa, through air-water
exchange (Delta Institute, 2000). In order to adequately assess all potential
sources of PAHSs, a total of three sampling sites were set up to evaluate both wet
and dry PAH deposition, as well as gas exchange between air and water. One
site was located within the City of Erie, and the two other sites were located in
areas downwind and upwind of the Lake Erie watershed. This allowed for the
comparison of PAH concentrations between the sites and the opportunity to
characterize the transport of PAHs within the region.

In summary, PAHs were chosen for study based on the following rationale:

I PAHSs as a class of chemicals are considered to be persistent
bioaccumulative toxics (PBTs) and are listed as a contaminant of concern
in numerous Great Lake programs and federal legislation;

1 recent studies have found PAHs in moderate to high levels in Presque Isle
Bay sediments (Battelle, 1997; Diz, 2002);

1 PAHSs in area waters have been implicated in causing adverse effects to
wildlife (i.e., increased tumor incidence in brown bullheads);

9 air monitoring for PAHs was not currently being performed within the
Presque Isle Bay watershed;

1 recent data from the Integrated Air Deposition Network suggest that
benzo[a]pyrene loadings to the Great Lakes are not decreasing as with
most other persistent bioaccumulative toxics (EPA, 2003);

i the air concentration of gaseous phase PAHs measured at sites in urban
areas has been shown to be an order of magnitude higher than rural and
over-lake monitoring sites, suggesting that local sources may be an
important contributor (Delta Institute, 2000); and

1 Gannon has the capabilities to analyze PAHSs at the levels estimated to be
found in air and precipitation samples.
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1.2 Project Objectives
The primary objectives of this study were:

1
1

|l

to evaluate the concentration of airborne PAHs within the Erie area,

to estimate the PAH fluxes to Presque Isle Bay by considering dry particle
deposition and wet deposition via precipitation,

to characterize the potential sources of PAHs within air and precipitation
samples based on the relative proportions of various species,

to estimate whether the potential sources of atmospheric PAHs are
predominately from local or regional sources,

to characterize the transport of PAHs within the local area by comparing
data between sites upwind, downwind, and within the city of Erie, and

to disseminate the data obtained from this study to appropriate agencies
with the authority to influence the development of public policy.

2 METHODS

2.1 Sampling Sites

Atotal of three sampling sites were set up to collect both precipitation and air
samples as shown in Figure 2. An analysis of wind direction data from three
meteorological stations within the Erie area showed that winds are predominately
out of the southwest, followed by the west and south, for the previous two years.
Based on this information and the study objectives, one monitoring site was located
within the City of Erie and the other sites were located in areas upwind (southwest)
and downwind (northeast) of the City of Erie as noted in Table 1. This allowed for the

comparison of PAH concentrations between the sites and the ability to characterize
the transport of PAHs within the local area.
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Figure 2: Project sampling sites: Site 1=City of Erie; Site 2 =Suburban (Harbor Creek); and
Site 3 =Presque Isle Bay

One site was located on the roof of Gannon University library located within the City
of Erie and approximately 1 kilometer (km) from Presque Isle Bay. This rooftop site
provided a secure location with the electrical requirements necessary to operate the
sampling equipment. Additional procedures were followed at this site in regard to
separation distances of co-located monitors, inlet height and orientation, distance
from walls, absence of furnace or incinerator flues, and other siting guidelines (EPA,
2000).

The two additional sites (Presque Isle and Harborcreek locations) were located as
close to the lake as practical and, to the extent feasible, following the appropriate
siting guidelines in regard to set-back requirements, inlet height and orientation,
distance from interfering structures, etc. (Bigelow, 1984; EPA, 2000). Permissions
and clearances to use the sites were obtained from the appropriate authorities. Site
2 was located within Harborcreek, Pennsylvania, an area approximately 11
kilometers east of the City of Erie site (site 1). The samplers were located within a
vacant field away from trees and buildings. The samplers at the Presque Isle site
(site 3) were co-located in an area on the east side of the peninsula (bay side) with
other equipment operated by DEP and Pennsylvania State University.

An overview of the sampling methods and frequency is provided in Table 2 and is
further detailed in section 2.2 of this report.




