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EXECUTIVE SUMMARY 
 
Research Summary: 
 

The overall goal of this study was to quantify and characterize the transport of polycyclic 
aromatic hydrocarbons (PAHs) to Presque Isle Bay (PIB) and Lake Erie. A total 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: 

 
A review 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 SB18 BPAHs 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 P

3
P (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 ï 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 

PAHs, should be incorporated into the model. 



Gannon University   

 2 

1 INTRODUCTION 

1.1 Background: 

 
Erie, the 4P

th
P largest city in Pennsylvania, is located in the stateôs northwestern 

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 43P

rd
P 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 
(PA DEP, 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).  A total 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 
change the status of PIB from an AOC in the ñremediation stageò to one in the 

ñrecovery stage.ò  AOCs 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 PAHs 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 PAHs 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 PAHs, 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:  

¶ PAHs 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;  

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

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

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

¶ 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); 

¶ 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 

¶ Gannon has the capabilities to analyze PAHs 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: 

¶ 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 

A total 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. 

 

 


