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I ntroduction

Polycyclic aromatic hydrocarbons (PAHSs) are a class of toxic organic pollutants, and
represent the largest group of carcinogens listed by the Environmental Protection Agency
(EPA). PAHSs are ubiquitous at low concentrations and can occur naturally in the
environment. Anthropogenic sources include storm water run-off and atmospheric
deposition of compounds formed by the incomplete combustion of petroleum, ail, coal,
and wood. In Portland Harbor, the largest oil port on the East Coast of the U.S., oil spills
are also asource of PAHs. The EPA lists PAHs as priority pollutants. Thisclassisvery
hydrophobic and therefore not very soluble in water. Once PAHSs enter the marine
environment, thislow solubility allows them to adsorb to sediment and accumulate.

In 2004, a Natural Resource Damage Assessment grant was awarded to Friends of Casco
Bay to establish abaseline for PAH concentrations in Portland Harbor and the Fore
River, hereafter referred to as “the harbor.” This task had two basic components: a
literature search for existing data, and sediment collection and analysis of PAH
concentrations from 20 sites |ocated around the harbor.

M ethods
Literature search

A literature search was conducted for historical PAH sediment data from around the
harbor. There were two phases of the literature search. First, data was sought from
known sources. Second, potential new sources of data were identified. Known reports
and studies were identified and reviewed in meetings with representatives from the Casco
Bay Estuary Project (CBEP), the Maine Department of Environmental Protection (DEP),
and the EPA. Eight categories were used to group the various sources of historical data.
See Table 1 for alist of these categories.

Table 1.
Source of Historical Sediment Data Year

Doggett/Larsen 1980

Maine DEP 1989

Casco Bay Estuary Project 1991/ 1993
Maine DEP — Julie N spill Pre-assessment Report 1996

US Fish and Wildlife— Julie N spill Pre-assessment Report 1996

EPA Nationa Coastal Assessment 2001 - 2002
Piers dredged through 1993 — Normandeau A ssociates 1950 - 1993
Piers dredged from 1994 to present -Portland Harbormaster 1994 - 2004

When apier or wharf owner needs to dredge, they must conduct a sediment analysis.
This analysis usually includes sediment PAH concentrations, potentially providing
sources of data. Normandeau Associates provided PAH data from analyses completed
prior to 1994 and the Portland Harbormaster provided FOCB with information on
dredging permit applications by pier owners from 1994 to 2004. A list of pier dredging




projects from 1994 to 2004 was compiled. Wharf owners were asked for data from their
sediment analyses; |etters requesting reports and data were sent and each owner was then
contacted by telephone, but no data was acquired for this study.

Selection of 2004 sampling sites

Twenty sites in the harbor were selected for sampling in 2004, based on areview of
historical stations, adjacent land use, and discussions with DEP, EPA, and CBEP. See
Table 2 for acomplete list of the 2004 sampling sites, and Figure 1 for amap with

locations.

Table 2.

Site Code | Depth 2004 Site Descriptions

(feet)

NRDAO1 4 Upper Fore River, opposite mouth of Stroudwater River, heavily
oiled during Julie N spill

NRDAO2 4 Airport Cove, drainage from Jetport

NRDAO3 5 Mouth of Long Creek, drainage from Maine Mall area through
Clarks Pond, Red Bank

NRDAO4 5 Thompson Point Cove, heavily oiled during Julie N spill, old
industrial site

NRDAO5 8 [-295 Cove, northeast corner, oiled during Julie N spill, many old
industrial sites nearby

NRDAO6 6 Global Oil flat, mouth of Barberry Creek, site of varied industrial
uses over time, spills

NRDAOQ7 15 Off South Portland POTW outfall, non-attainment area: violates
aguatic life standards, Federal 303d list category 5A

NRDAOS8 20 Gasworks, China Clay docks, non-attainment area: violates
aquatic life standards, Federal 303d list category 5A, VRAP at
Gasworks

NRDAQ9 a7 Mid-channel, Fore River, sasmpled for PAH in 1980, 1989, 1991,
1996, and 2002

NRDA10 48 Vessel Services at the Fish Pier fueling dock

NRDA11 7 Widgery Wharf —west, lobsterman’s dock, needs dredging

NRDA12 15 Widgery Wharf — east, |obsterman’ s dock, needs dredging

NRDA13 8 South Portland Shipyard, inner site

NRDA14 16 South Portland Shipyard, outer site

NRDA15 17 Casco Bay Ferry Terminal, just off large CSO at Commercial
Street

NRDA16 12 Maine State Pier, east side (near Cianbro), just off large CSO

NRDA17 68 Former site of BIW dry dock, future Ocean Gate site

NRDA18 15 Near South Portland Boat Ramp, near old industrial site, tank
farms, dredge area BB

NRDA19 8 Mill Cove, South Portland

NRDA?20 8 Pleasantdale Cove, South Portland




Sample collection in 2004

Sediment sampling in the harbor was conducted during November 2004, under the Casco
Bay Environmental Monitoring Plan, Assessment of Sediment Contamination in Casco
Bay (Quality Assurance Project Plan RFA No. ME01223). At each station the boat was
either anchored or secured to a pier or piling, and the GPS coordinates were recorded.
During sample collection, the boat engine was turned off to prevent atmospheric
contamination. A Y oung-modified Van Veen Grab sampler was used to collect samples.
Prior to each deployment, the stainless steel grab and other sampling equipment were
washed thoroughly with Alconox and rinsed with ambient seawater. Three replicate
samples were collected at each station. The top two centimeters of sediment from each
successful grab were removed with a stainless steel spoon and transferred to alabeled
120-milliliter glassjar. Thejarswere kept in acooler at 4 degrees Celsius until delivery
tothelab. At the end of each sampling day, the samples, accompanied by a chain of
custody form, were delivered to Katahdin Analytical Servicesin Westbrook, Maine, for
analysis.

Determination of PAHS

Katahdin Analytical Services analyzed the samplesin accordance with “Test Methods for
Evaluating Solid Wastes. Physical/Chemical Methods, SW-846, U.S. EPA. Datawas
received from Katahdin reported as ppb (ug/kg) dry weight.

The raw data provided by Katahdin was separated into two categories: analytes with 2 or
3 rings and analytes with 4 or more rings. Those PAHswith only 2 or 3 rings are
considered to be the lower molecular weight constituents, while those PAHs with 4 or
more rings are the higher molecular weight class. For each site, the average of the three
replicates was calculated and presented as the mean concentration. Total PAH was
computed as the sum of the 17 individual analytes. Total concentrations were also
computed for the low and high molecular weight classes as the sum of each respective

group.

Results
Literature search

Compiling the historical data proved to be much more difficult than anticipated. The
CBEP, state, and federal studies and project reports were generally available. However,
in many cases the reports did not include the methods used or the actual data. Andin
spite of attempts to obtain data from the various pier dredging projects identified in
cooperation with Normandeau A ssociates and the Portland Harbormaster very little
information was able to be collected. The Army Corps of Engineers was contacted to
inquire about facilitation of data collection. Ultimately it was determined that the
historical dredge data would be incompatible, very difficult to gather, and represented
conditions that no longer existed due to removal of the sediment, and therefore not
useable for this project.



In addition to being unable to compile a substantial portion of the historical data, it
became apparent that comparing what data we could obtain would be difficult due to
dissimilarities in methods of sample collection, analysis, and reporting. For example,
data was collected at varying sediment depths, by single samples or with replicates, or
even by compositing of multiple grabs. Some results were reported as wet weight, while
most others were reported as dry weight. Some results were surrogate corrected and
some were not, and some studies provided no details about methods used. The US Fish
and Wildlife study used 5 cm sediment cores and proved particularly inappropriate to use
for comparative purposes. Another challenge in comparing different studies involves the
specific PAH constituents included in each of the analyses. Most of the studies we
reviewed utilized different numbers of analytes. In order to compare one study to
another, the PAH constituents that were analyzed must be the same. Those constituents
that overlap from study to study may be used to determine trends if the sampling and
laboratory methodology is consistent.

Because of these difficulties, we present in this report only the sources of historical data,
and not the actual data from each study.

The following piers have been dredged and have had sediment analyses completed:
NorthEast Petroleum, Mobil Oil (three times), Star Enterprises, Merrill Industries (twice),
Irving Qil, FPL Energy, Global Petroleum, Proprietors of Union Wharf, DiMillo’s, Gulf
Oil Ltd (three times), Portland Pipe Line Corporation, South Port Marine (twice), and
Sprague Energy (twice). See Appendix C for contact information for the wharf owners
that have dredged since 1994.

Sediment PAH concentrations from the 2004 study

Total PAH concentrations (ug/kg dry weight) found at several of the sediment sample
siteswere very high. Table 3 lists each site with its respective mean total PAH
concentration as well as the ratio of mean low molecular weight PAH to mean total PAH.
A summary of the data can be found in Appendix A, while all of the datais presented in
Appendix B, and the full report from Katahdin Analytical Servicesislocated in Appendix
D.

Discussion

The literature search produced many potential sources of sediment PAH information, but
unfortunately only a small amount of actual usable data, as mentioned above. Enough
comparable data may exist for the mid-channel Fore River site (NRDAQ9) to establish a
trend, although it needs to be noted that it is difficult to reoccupy the same station from
study to study. By using only those studies that have employed similar methods, and
comparing just those analytes that are consistent throughout, the historical data could
prove to be avaluable resource.

The sediment analyses for PAHSs at the 20 sites sampled in the harbor in 2004 has yielded
an extremely important baseline against which future studies can be compared. In

4



addition to serving as a baseling, this analysis presented intriguing information. Total
mean PAH concentration at the Gas Works/Clay Docks (NRDAOB) is extremely high at
278,300 ug/kg, as are the concentrations just off the two large combined sewer overflows
at the Maine State Pier (NRDA 16) and the Casco Bay Ferry Termina (NRDA15), at
161,990 and 63,533 ug/kg, respectively. The two-site transect at the South Portland
Shipyard, NRDA13 and NRDA 14, revealed concentrations four times higher at the site
closer to the shipyard. Surprisingly, mean total PAH concentration is lowest at the mouth
of Long Creek, site NRDAO3, which drains much of the Maine Mall area. This suggests
that Clarks Pond, at the head of Long Creek, may be a sink for PAHs and potentially
other toxics as well.

Table 3.
Site Code | Site Description Mean Total PAH Ratio of Low
concentration Molecular Weight
(ug/kg dry PAH to Mean
weight) Total PAH
NRDAOQ1 | Upper Fore River 4,957 31%
NRDAO2 | Airport Cove 15,645 30%
NRDAO3 | Mouth of Long Creek 2,953 36%
NRDAO4 | Thompson Point Cove 6,223 31%
NRDAO5 | I-295 Cove, northeast corner 5,900 28%
NRDAO6 | Global Oil flat 4,707 24%
NRDAOQ7 | Off South Portland treatment outfall 22,800 27%
NRDAOQ8 | Gasworks, China Clay docks 278,300 25%
NRDAQ9 | Mid-channel Fore River 13,307 29%
NRDA10 | Vessel Services at the Fish Pier 15,723 30%
NRDA11 | Widgery Wharf - west 35,000 28%
NRDA12 | Widgery Wharf - east 30,767 30%
NRDA13 | South Portland Shipyard —inner 25,613 27%
NRDA14 | South Portland Shipyard — outer 6,180 31%
NRDA15 | Casco Bay Ferry Termina 63,533 21%
NRDA16 | Maine State Pier 161,990 27%
NRDA17 | Siteof former BIW Dry Dock 7,010 35%
NRDA18 | Near South Portland Boat Ramp 8,570 34%
NRDA19 Mill Cove, South Portland 8,370 31%
NRDA20 | Pleasantdale Cove, South Portland 16,097 28%

It may be possible to predict, very generally, the potential toxicity of PAHs to benthic
organisms using informal guidelines established through the NOAA Status and Trends
program (Long et al. 1995). Two thresholds are suggested, an “ Effects Range-L ow”
(ERL), the concentration below which toxicity rarely occurs (4,022 ug/kg), and an
“Effects-Range-Median” (ERM), as the concentration above which toxicity isvery likely
(44,792 ug/kg). | have used these two levels to produce three categories: total mean PAH
concentrations below the ERL, between the ERL and the ERM, and above the ERM.
Only one of the 20 sites sampled in 2004 fell out below the ERL, NRDAO3 at the mouth
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of Long Creek. Figure 2 presents data from all 20 sites grouped into these three
categories. Total PAH concentration values from the 2004 study represent the sum of the
individual constituents, and we apply these guidelines cautioudly, realizing that this may
be a conservative total, and that we may be underestimating the potential toxicity.
Calculating total PAH as the sum of the constituents is an established method set by
previous studies, including the San Francisco Estuary Institute’s Regional Monitoring
Program for Trace Substances (Oakland, California).

Theratio of low molecular weight PAHs to total PAHs may be used to determine the
likely source of the PAHs. Low molecular weight PAHSs are generally associated with
pre-combustion sources, such as oil spills, while high molecular weight PAHs are
associated with run-off and air deposition. Low molecular weight PAHs are even less
soluble in the marine environment than the higher molecular weight PAHs and therefore
do not persist in the sediment for as long as the higher weight PAHs do. An interesting
exampleisfound at the Casco Bay Ferry Terminal site (NRDA15). Thissite hasthe
lowest ratio of low molecular weight PAHs to total PAHs in this study, yet has one of the
highest total concentrations. This suggests avery large source of post-combustion PAHS,
which is most likely the CSO located at the site.

A subsequent analysis of the historical data may include a comparison of just those
constituants that are similar from study to study, where collection methods allow. Of
particular interest may be the NRDAQ9 site, which has now been sampled six times
within the past 25 years

The 2004 sampling effort, supported by the Natural Resource Damage A ssessment grant,
provides an invaluable data set against which future insults to the Fore River and Portland
Harbor may be measured and identifies challenged areas that might warrant particularly
close attention through subsequent studies.
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APPENDIX A - 2004 Data Summary

Units: ug/kg dry weight

L
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NRDAO1 mean 31% 4,957 1,507 3,450
sd 810 175 678
NRDAO2 mean 30% 15,647 4,630 11,017
sd 1,658 195 1,463
NRDAO3 mean 36% 2,953 1,073 1,880
sd 60 40 36
NRDAO4 mean 31% 6,223 2,103 4,120
sd 3,247 1,696 1,561
NRDAO5 mean 28% 5,900 1,643 4,257
sd 412 228 278
NRDAO6 mean 24% 4,707 1,140 3,567
sd 919 269 651
NRDAO7 mean 27% 22,800 6,137 16,663
sd 2,705 642 2,116
NRDAO8 mean 25% 278,300 70,633 207,667
sd 78,758 20,723 58,358
NRDAO9 mean 29% 13,307 3,910 9,397
mean 3,730 1,330 2,480
NRDA10 sd 30% 15,723 4,730 10,993
mean 2,460 611 1,892
NRDA11 sd 28% 35,000 9,700 25,300
mean 854 173 700
NRDA12 sd 30% 30,767 9,300 21,467
mean 4,952 954 4,038
NRDA13 sd 27% 25,613 6,837 18,777
mean 1,208 487 733
NRDA14 sd 31% 6,180 1,947 4,233
mean 1,576 756 859
NRDA15 sd 21% 63,533 13,100 50,433
mean 11,524 2,666 8,864
NRDA16 sd 27% 161,990 44,990, 117,000
mean 58,714 19,106 39,971
NRDA17 sd 35% 7,010 2,380 4,630
mean 2,116 440 1,691
NRDA18 mean 34% 8,570 2,980 5,590
sd 1,900 1,057 851
NRDA19 mean 31% 8,370 2,580 5,790
sd 1,270 150 1,123
NRDA20 mean 28% 16,097 4,347 11,750
sd 9,245 2,318 7,518
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