Troubled Waters

Report on the Environmental Health of Casco Bay

by
Paul Hauge, Staff Scientist
Conservation Law Foundation

Conservation Law Foundation Island Institute
3 Joy Street 60 Ocean Street
Boston, MA 02108 ' Rockland, ME 04841

617-742-2540 | 207-594-9209






EXECUTIVE SUMMARY

The rich resources of Casco Bay have played a key role in the development of south central Maine. As
habitat for abundant fish and shellfish, as an avenue for commerce, and as a beautiful site for recreation and
relaxation, the Bay has long attracted people and a variety of human activities. Casco Bay is now the most heavily
developed embayment in northern New England; the lands surrounding the Bay are home to twenty-seven percent
of Maine’s coastal population.

Farther south along the New England coast, in areas that have already experienced steady population
growth and rapid development, coastal waters have suffered. From New Haven to Providence, from Fall River
to New Bedford, from Boston to Salem, contaminants in sewage, industrial waste, and urban rinoff have polluted
harbors and estuaries and robbed millions of residents and visitors that use those waters of countless benefits.

Now, a growing body of scientific evidence suggests that Casco Bay is vulnerable to the same problems
that plague its neighbors to the south. The waters, sediments, and living resources of the Bay are showing the
signs of environmental degradation, signs that represent an early waming signal to citizens and government
officials. They may be tempted to ignore the warning, since Casco Bay’s woes have not become so serious as
to pose an immediate threat to human health; there is ng indication that any fish or shellfish taken from the Bay
is unsafe to eat because of contaminants. But the available evidence does indicate that all is not well in Casco
Bay: ’

Bacterial Pollution
» Shellfishing is prohibited or restricted in almost 15 percent of Casco Bay because of bacterial poltution.

= Expanding areas of the Bay are failing to meet even minimal water quality standards for swimming.

Heavy Metalg

« Concentrations of heavy metals, especially lead, copper, nickel, and zinc, in the sediments of Casco Bay are
well above presumed “natural” levels, and led a federal agency to conclude that itis among the nearshore bodies
of water in the northeastern U.S. that can be considered contaminated.

» The concentrations of lead in mussels from Casco Bay sampled as part of a nationwide study during the 1970s
were among the highest in the Northeast.

» High levels of lead, silver, and zinc in the livers of winter flounder earned Casco Bay a rating as one of the
East Coast sites considered most contaminated in an ongoing federal study.

Hydrocarbons

» The level of polycyclic aromatic hydrocarbons (PAHS) in the sediments at a station in outer Casco Bay placed
it fourth among 44 stations in a nationwide federai study of bays and estuaries. Sediment PAH levels in the.
Portland area are also elevated.

« Mussels from Casco Bay sampled in a national EPA-sponsored study contained hydrocarbons at levels that
were among the highest found in the entire Northeast.

PCBs

» The sediments beneath the Bay contain significant concentrations of PCBs, especially in Portland Harbor.



Pesticides

The sediments also contain concentrations of several pesticides that are high compared to other New
England coastal areas. '

Casco Bay is clearly exhibiting some of the early symptoms of environmental stress, a problem that
already affects other New England estuaries, And while other New England embayments are more heavily
developed, many of the same pollution sources that affect coastal waters elsewhere are also present in Casco
Bay:

« Casco Bay receives nearly 30 million gallons of treated sewage every day, the vastmajority of it from four large
dischargers in the Portland area. Untreated sewage and runoff also pour into the Bay through approximately
sixty overflow pipes in Portand and South Portland.

«» The Bay also receives over 23 million gallons of industrial wastewater every day, most of it from two large
dischargers in the Portland area.

« Portland handies 80 percent of the petroleum products received at Maine ports; it handled about 61 million
barrels in 1987. But there are no bilge cleaning facilities for the tankers that use the port cach year — more
than 150 in 1987.

« More than 76 tons of toxic metals, and more than 1,500 tons of petroleum hydrocarbons pour into the Bay each
year. Much of this load comes from municipal treatment plants and industries in the Portland area, but a large
amount also comes from urban runoff. Urban runoff accounts for about half of the petroleum hydrocarbons,
80 percent of the lead, and a significant fraction of the other metals that enter Casco Bay every year.

There is still time to turn the tide in Casco Bay. It will require serious and concerted action by state and
federal authorities, and the support of citizens who enjoy and depend on the Bay for their livelihood or recreation.
Among the steps that can be taken in the short term to improve the prospects for a healthy Casco Bay in the future
are the following: .

» Reduce or eliminate combined sewer overflows in Portland and South Portland.

« Reduce the level of fecal coliform bacteria in the discharge from the Portland Water District's treatment plant
in Portland.

« Establish a Casco Bay Environmental Trust Fund, financed through penaltics assessed against violators of water
pollution laws, to fund studies and remedial actions around the Bay.

» Develop a joint state/EPA plan for improving water quality in the Portiand/South Portland area so that it meets
state water quality standards.

- Initiate region-wide comprehensive testing of fish and shellfish in the market and in the occan, and establish
federal limits for the many unregulated marine contaminants.

« Include Casco Bay in EPA's national estuary program.
« Include Casco bay in the National Oceanic and Atomospheric Administration's Mussel watch program.

- Initiate a comprehensive study of the Bay and the factors that affect environmental quality, especially human
activities.
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I. INTRODUCTION

Casco Bay is a 150-
square-mile embaymentinthe Gulf
of Maine bordered by some 180
miles of mainland shoreline and
containing over400large and small
islands. Itreceives freshwaterinput
from three major rivers (the Royal,
the Presumpscot, and the
Stroudwater, which empties into
the Fore Riverin Portland), whose
drainage basins cover parts of five
southern Maine counties. In all,
Casco Bay drains a land area of
979 square miles (National Oce-
anic and Atmospheric Administra-
tion (NOAA), 1987b), nearly

equivalent 10 the land area of the

state of Rhode Island.

The resources of Casco
Bay have played a key role in the
development of south central
Maine. The Bay supports an ac-
tive fishery, yielding a variety of
fish and abundant shellfish, includ-
ing sofishell clams, ocean quahogs,
and even European oysters (K.M,
Lyons, Maine Department of
. Marine Resources, personal com-
munication). Portland Harbor is
the largest port in Maine, and, as
home to the commercially impor-
tant Poriland Fish Exchange, the
largest fishing port on the Atlantic
coast north of Gloucester, Massa-
chusetts (New England River
Basins Commission (NERBC),
1981). The diverse natural attrib-
utes of Casco Bay have long at-
tracted people and human activity,
and the area surrounding the Bay
is now called home by twenty-
seven percent of Maine’s coastal
population. The Portland water-
front, long ignored by government
and citizens as it fell into disuse
and decay, isnow inthe midstof a
renaissance, with hundreds of
millions of dollars in public and
private funds spawning a wealth

of new commercial and residential
development.,

Land use in the area
drained by Casco Bay has shifted
dramatically in the last century,
and even in the last thirty years.
Since the mid-nineteenth century,
as natural resource-based activi-
ties such as agriculture and lum-
bering declined in importance in
favor of manufacturing and, in
recent years, services, land use
patterns also changed (NERBC,
1981). While most of Casco Bay’s
drainage area is still forested (see
Table 1-1), land use changes in the
Greater Portland arca have becn
significant. The industrial growth
of the late nineteenth and early
twentieth centuries was concen-
trated in the urban centers of Port-
land, South Portland, and
Westbrook, and the postwar proc-
ess of suburbanization expanded
the urban-suburban area around
the cities from five towns in 1950
tothirteentownsin 1975 (NERBC,
1981). Today, Casco Bay is the
most heavily developed embay-
ment on the northem New Eng-
land coast. _

Despite the historic im-
portance of Casco Bay tothe econ-
omy and life of the region, and
increasing pressures. on the Bay
from population growth and
changes in the scale and nature of
human activities, until 1980 there
had been virtually no systematic
study of the Bay’s physical and
biological properties. Sadly, this
is typical for coastal embayments,
which have received little atten-
tion from the scientific commu-
nity compared with offshore ma-
rine environments. Peter Larsen
and several co-workers (Larsen et
al., 1983¢) performed the first in-
tensive study of the Bay’s envi-

1

ronment in 1980, to provide an
“environmental benchmark”
against which one could measure
natural changes and the effects of
human activities. Their findings
provide a glimpse of the richness
and productivity of Casco Bay.

Larsen and his co-work-
ers found over 260 different spe-
cies of benthic (bottom-dwelling)
animals living in the sediments
beneath the waters of the Bay, and
described the Bay’s fauna as “rich
in terms of diversity, density and
biomass.” Indeed, when compared
with other inshore marine envi-
ronments, Casco Bay tumns out to
be truly exceptional in the density
of benthic organisms that it sup-
ports (see Table 1-2). The high
density and biomass of the Bay’s
benthic fauna indicates ahighlevel
of biological productivity, accord-
ing 1o the researchers.

The biological richness of
Casco Bay, its traditional and in-
tense use for fishing and recrea-
tion, and the growing population
and industrialization of the land
that it borders and drains setup a
situation that is increasingly com-
mon in urbanized harbors and es-
tuaries around the country, espe-
cially in the densely populated
Northeast — the possibility that
the fragile coastal marine ecosys-
tem, long taken for granted as a
source of food and recreation, has
been and is being degraded by the
products and waste of the people
that benefit from its resources.
Perhaps the residents of the towns
and cities that surround Casco Bay
and of its numerous island com-
munities — as well as tourists and
vacationers that visit them — are
used to thinking of Casco Bay, and
of Maine’s coastal waters in gen-
eral, as different from coastal
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waters elsewhere in New England,
as insulated from the pollution
problems that plague urban har-
bors from New Haven to Provi-
dence, from Fall River 10 New
Bedford, from Boston to Salem.
This report looks at the available

Bay’s environment — its waters,
its sediments, the living organisms
that inhabit it — to develop a pic-
ture of the “health” of Casco Bay,
and to see how it compares with
other harbors and estuaries, both
those recognized as highly pol-

luted or pristine. It then considers
the magnitude and sources of some
of the pollutants that find their way
to Casco Bay. Finally, the report
suggests some steps that should be
taken to protect the Bay and ensure
that it remains a productive re-

informationonthe qualityof Casco  luted and those considered unpol-  source for the future.
Table 1-1
Land Use in the Casco Bay Drainage Area

Area
Land Use (sq. mi.) Percent
Urban/Built Up 140 14
Agriculture 102 10
Foresi 710 73
Wetland 19 2
Other 8 1
TOTAL 979 100
Source: NOAA (1987b)

- Table 1-2

an Density of Inv I in Unconsoli diments

f Temperaie and B Inshore Wa

(from Larsen ef al. (1983c¢); modified from Maurer gt al. (1978)

, Mean Density
Location rganisms/sqg. mefer Source
Casco Bay 8,743 Larsen gt al, (1983¢)
Sheepscot Estuary, Maine -

. Gradient Study 4,928 Larsen & Doggett (1978)

© Shallow Water Study 11 Larsen (1979)
Mystic River, Massachusetts 3,000 Rowe ¢t al. (1972)
M(f_)ﬁi;:hes Bay, New York 1,300 O’Connor (1972)
Delaware Bay 722 Maurer et al. (1978)
False Bay, South Africa 2,200 Field (1971)
Gullmars Fjord, Sweden 4,198 Rosenberg (1973)

1,153 Christie (1976)

Lambert Bay, South Africa

2
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II. WATER QUALITY

The stmplest indicator of
the “health” of any water body is
the water itself. The quality of the
water in Casco Bay or any water
body both reflects the impacts of
human activities on it and deter-
mines how it can be used by the
people who depend on it for vari-
ous purposes. While water quality
does not tell the whole story about
Casco Bay, it is the one aspect of
the Bay’s environmental quality
that falls under specific, numerical
standards and serves as a useful
starting point for our review.

The water quality stan-
dards that the Maine legislature
has established for its estuarine
and marine waters are set out in
Table 2-1. Figure 2-1 shows the
parts of Casco Bay that fall under
each of the water quality classifi-
cations.

The water quality stan-
dards listed in Table 2-1 fall into
two categories: qualitative stan-
dards, such as the designated uses,
and quantitative standards, such as
the standards for dissolved oxy-
gen levels and for concentrations
of enterococci bacteria. The quali-
tative standards conceming shell-
fish harvesting {e.g., designated
uses for shellfish harvesting and
propagation; bacteria standards
that prohibit levels that would
cause closure of shellfish areas or
prevent propagation) are in fact
quantitative, since they are backed
up by numerical standards devel-
oped by the National Shellfish
Sanitation Program withinthe U.S.
Food and Drug Administration.
The relevant standards from the
National Shellfish Sanitation
Program’s Manual of Operations,

which is referenced in the Maine
water quality standards, are shown
in Table 2-2.

A. Bacterial Pollution: Shellfish-
ing

The Maine Depariments
of Environmental Protection and
of Marine Resources do not moni-
tor the waters of Casco Bay on a
regular basis for dissolved oxygen
levels (a relatively simple techni-
caltask), orfor detrimental changes
to estuarine and marine life and the
maintenance of community struc-
ture and function (an enormously
complicated and time-consuming
scientific endeavor). The Depart-
ment of Marine Resources does,
however, test on a fairly routine
basis for bacterial pollution. Data
about bacterial levels in the water
arecrucial to determining whether
given waters of the Bay may be
used for specific purposes. Be-
cause of the importance of this in-
formation to users of the Bay (i.e.,
shelifishermen and swimmers) and
its economic and health-related
implications, bacterial levels are
perhaps the most important and
certainly the most abundant single
type of information about water
quality in Casco Bay.

Because bacterial levels
are tied so closely to the suitability
of different portions of the Bay for
varioususes, itis most revealing to
examine how the state Department
of Marine Resources (DMR) has
classified the waters of the Bay
with respect to their suitability for
shelifish harvesting, as opposed to
examining the information onbac-
terial levels directly. Althoughthe
Department of Marine Resources
keepsno figures on the acreages of

the waters within Casco Bay where
shellfishing is restricted or com-
pletely prohibited, DMR maps of
open and closed shellfish areas
graphically summarize the avail-
able information on bacterial pol-
lution and show the extent and
seriousness of the problem in Casco
Bay.

Figure 2-2 shows those
portions of the Bay where shell-
fishing restrictions are in effect.
Since all estuarine and marine wa-
ters in the state are, according to
the state water quality classifica-
tions summarized in Table 2-1,
supposed to be suitable for shell-
fish harvesting (either direct har-
vesting, forClass SA and Class SB
waters, or harvesting with depura-
tion or cleansing, for Class SC
waters), all SA and SB waters that
are not approved for direct har-
vesting of shellfish, and all SC
waters that are not approved for
direct or restricied harvesting of
shellfish, fail to meet state water
quality standards. Comparison of
Figures 2-1 and 2-2 shows the
extent of this longstanding and
persistent violation of state law.

The National Oceanic and
Atmospheric Administration
(NOAA) has collected data on
shellfish growing water classifi-
cations for 92 estuaries around the
country, including Casco Bay.
NOAA'’s information for Casco
Bay is presented in Table 2-3. It
shows in tabular form what Figure
2-1 showed graphically; shellfigh-

ing is prohibi r restri -
causeof pollutionin approximaiely
1 nt of the w. f
Bay.!

IMoreover, Table 2-3 understates the relative magnitude of the problem in Casco Bay, probably toalarge
degree. The total acreage in Tabie 2-3 is 107,400 acres, or 168 square miles. This total encompasses all
of Casco Bay as it is defined in NOAA’s National Estuarine Inventory, including waters that lie outside of

3

(Continued on page 4)
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If better information ex-
isted about which areas in Casco
Bay are productive sheilfish grow-
ing waters, and about the resource
levels for various shellfish spe-
cies, especially inthose areas where
harvesting is prohibited or re-
stricted, it would be possible 10
compute the economic impacts of
the harvesting restrictions on the
local and regional economies. No

such study has ever been done for -

the waters of Casco Bay. Studies
of the economic impacts of sew-
age-related restrictions on the
harvesting of sofishell ¢lams on
the North Shore of Massachusetts
{Resources for Cape Ann, 1982)
and on the harvesting of hardshell
clams or quahogs in the QOuter
Harbor and Clarks Cove in New
Bedford, Massachuseits {Conser-
vation Law Foundation of New
England, 1988) show that the
economic losses attributable to
such closures can reach several
million dollars per year in direct
losses in landed value and income
to the local economy, and tens of
millions of dollars per year in
overall economic activity.?

B. Bacterial Pollution: Swimming

Bacterial levels also de-
termine whether waters are suit-
able for swimming. The Maine
Department of Marine Resources’
bacteriological surveys, in addi-
tionto supporting the management
decisions of the department con-
cerning shellfish harvesting clas-
sifications, tell health authoritics
whether swimming should be al-
lowed in given areas. Because
bacterial standards for swimming
waters are less restrictive than the
standards for shellfish harvesting
areas, swimming area closures
reflect much more serious pollu-
tion problems.

According to the Maine
Department of Environmental Pro-
tection (1988), only 10. square
miles, or less than one percent, of
Maine’s estuaries, bays, and
nearshore waters were closed to
swimming because of water qual-
ity problems as of 1988, based on
the staie’s latest comprehensive
water quality assessment. How-
ever, much of that closed area was
in Casco Bay. The department (T.
McGovern, personal communica-

tion) also reports that bacteriologi-
cal surveys in the Fore River and
the Presumpscot estuary have
shown high bacterial Ievels in the
past, and that if surveys this year
continue to show high levels, it
will move forexpanded swimming
area closures in these areas. Thus,
expanding areas of Casco Bay arg
failing t¢ meet even minimal wa-
fer guality standards.

C. Holding the Line:
Great Diamond Island and the
Threat of Further Degradation

The failure of large por-
tions of inner Casco Bay to meet
state water quality standards sends
a strong signal that the inner Bay's
ability to handle the pollution load
it already receives from the Port-
land urban area has already been
exceeded, and that before any
additional pollutantdischargesinto
these waters are allowed, some re-
ductions inthe existing flows must
be achieved.

The issue of further deg-
radation of the inner Bay’s water
quality is at the center of the con-

Casco Bay proper. (See, e.g., the maps published by NOAA and the U.S. Food and Drug Administration
(1985).) 1t also exceeds the area for Casco Bay cited by Larsen gt al. (1983c) in their landmark study of the
Bay.

The total of 107,400 acres, and the percentages in Table 2-3 (which are based on that total), also assume
that all of the waters of Casco Bay are actually or potentially productive shellfish growing areas. This may
not be the case. Almost assuredly, certain portions of the Bay are not productive shellfish growing areas,
or, for reasons not relating to pollution, are otherwise not suitable for shellfish growing or harvesting.
Indeed, the state’s 1988 water quality assessment report to the U.S. Environmental Protection Agency
(Maine Department of Environmental Protection, 1988) noted that, for the shellfish species of the greatest
commercial value in Maine, the softshell clam (Mya grenaria), there are just 71 square miles of intertidal
mud flats along the entire Maine coastline that are productive enough io allow commercial harvesting. In
1988, 19 square miles of these flats (27 percent), including Portland Harbor, were closed to harvesting due
to discharges of untreated or inadequately treated wastewater.

2Resources for Cape Ann (1982 ) analyzed the effects of the closure of 115 acres of clam flats, and calculated
annual losses of $674,100 in direct income to clammers, dealers, processors and restaurants, and nearly $1.9
million in total economic activity. The Conservation Law Foundation of New England (1988) found much
larger losses (although smaller on a per-acre basis) for the 6,709 acres in New Bedford closed to shellfish-
ing because of sewage pollution, and not because of the more widely known problem of contamination with
PCBs (polychlorinated biphenyls). The annual losses for New Bedford were $4.8 million in landed value,
$5.7 million in direct income, and $21.9 million in total economic activity.

4
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troversy surrounding a Casco Bay
development proposed by Dia-
mond Cove Associates (DCA), a
Portland firm that proposed a resi-
dential and commercial develop-
ment on Great Diamond Island,
consisting of 134 condominium
units and a commercial complex
in a rehabilitated Fort McKialey,
and 70 single-family homes. The
developer plans to construct a
facility to treat wastewater from
the new community at a common
sand-filter treatment facility and
discharge the effluent — some
50,000 gallons per day — through
- a pipe on the western shore of the
island into inner Casco Bay, DCA
received a waste discharge license
for the first phase of its proposed
development from the Maine De-
partment of Environmental Pro-
tection in 1986, and applied in
1987 for an amendment of its li-
cense forthe second phase. Atthe
same time, DCA had applied to the
U.S. Environmental Protection
Agency (EPA) for a federal dis-
charge permit.

DCA has run into heavy
opposition to its proposal all
through the state permitting proc-
ess, especially from the Island In-
stitute and Maine Audubon Soci-
ety. These groups have fought the
project on a host of environmental
grounds, ranging from failure to
comply with zoning restrictions to
unacceptable impacts on historic
resources at Fort McKinley.
DCA’s proposed “amendment” of
its discharge drew heavy fire from
both groups because of the Maine
legistature’s decision in the spring
of 1987 1o ban all further “over-
board discharges,” including those
of the type proposed by DCA.

The developer’s jouiney
through the federal permit process
was further complicated by lan-
guage inthe Clean Water Actabout
new discharges into waters that

are already failing to meet state
water quality standards. The Con-
servation Law Foundation and
the Island Institute cited this pro-
tective language to argue, from a
legal standpoint, what common
sense already told them: before
allowing any new discharges into
the waters of inmer Casco Bay,
federal and state authorities must
crack down on existing pollutant
discharges.

According to the Clean
Water Act, before any new dis-
charge could be allowed, Maine
would have to study the assimila-
tive capacity of inner Casco Bay,
determine that there was sufficient
capacity left to allow the new dis-
charge, and place existing dis-
chargers — such as the Portland
Water District — under compli-
ance schedules that would bring
inner Casco Bay into compliance
with the state’s SB water quality
standards.

As this report was being
completed, EPA’s regional office
in Boston had not yet made a final
decision on DCA’s federal permit
application. Its close scrutiny of
the application had already set a
precedent of a sort, though, His-
toricaliy, EPA has granted permits
virtually automatically to appli-
cants who had already received
approval from Maine authorities.
For the DCA application, EPA is,
for the first time, subjecting a
permit application to a careful,
independent reviéw.

EPA’s decision about
whether and with what conditions
to issue the permit, and the likely
appeal of that decision to a federal
administrative judge by one side

or another in the controversy, will -

helpto shape the debate about water
quality and development in inner
Casco Bay for years to come. In
any event, the controversy itself
shows just how serious water

5

quality problems in Casco Bay
have become, and has focused
attention on the crying need for
state and federal regulators to
address those problems speedily
and aggressively. See Table 2-1,
next page.
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Table 2-1

Water Quality Standards for Estuarine and Marine Waters in the State of Maine -

Parameter
Designated Uses:

recreation

fishing

aquaculiure

shellfish propagation/
harvesting

navigation

fish habitat

process/cooling water

hydropower

Dissoly Xyoen

Bacteria:
General

Enterococci (#/100 ml)
(swimming areas)

Direct Discharges/

Bioti n¢gar

Source: 38 M.R.S.A. § 465-B

Clags SA

as naturally
0CCUurs

as naturally
ocCurs

as naturally
occurs

direct
discharges
prohibited;
biota as
naturally
Qccurs -

Standards

Class SB

o oM oMo

85% of
saturation

ne levels
which would
cause closure
of shellfish
areas

. 8
(5/15-9/30)

no
deirimental

change; no new
shellfish
closures

Class SC

X
X
X

(restricted)
Cx .

X
X
X

T0% of
saturation

no levels
which would
prevent
shellfish
propagation

14
(5/15-9/30)

maintain
structure/
function of
community



Parameter
Total Coliforms

mean
highest 10%
of samples

lif
mean

highest 10% -

of samples

Table 2-2
andards for Shellfish G
(# per 100 milliliters)
Standard _
Approved Areas Restricted Areas
- (SA and SB) 6103}
70 700
230 2300
14 88
43 260

Casce Bay Report

Source: National Shellfish Sanitation Program (U.S. Food and Drug Administration, 1986)

(1985)
Clagsification Acres
Approved 91,900
Harvest Limited Arcas:
Prohibited 12,300
Conditionally
Approved 2,300
Restricted L1000
SUB-TOTAL (Harvest Limited) 15,600
TOTAL 107,400

Source: Broutman and Leonard (1986)

14.5

100.0




Casco Bay Report

li \gsifications i B

n"0’ 700"

Source: 38 M.R.S.A. § 469
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Figure 2-2

hellfish Harvesting Restrictions in B

P = prohibited (no harvesting permitted)
R = restricted (harvest must undergo depuration)
C = conditionally approved (e.g., seasonal closures)

Source: Maine Department of Marine Resources (1987)
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III. SEDIME

Beneath the waters of
Casco Bay lies an equally impor-
tant component of the Bay’s physi-
cal environment — the sediments,
Besides providing a home for the
benthic (bottom-dwelling) inver-
tebrate organisms that occupy a
crucial place in the Bay’s food
web, and habitat for demersal fish
(those that live on or near the bot-
tom), the sediments act as a “sink™
for many of the poltutants that
enter the waters above from the
1ands and rivers that surround the
Bay.

‘Whereas the previous chap-
ter focussed on bacterial pollution
and its effects on water quality and
use, this chapter will concentrate
on toxic pollutants — organic pol-
lutants, such as hydrocarbons and
PCBs, and heavy metals, such as
nickel and zinc — and their levels
inbottom sediments. AsFigure 3-
1 shows, deposition in the sedi-
ments is just one of several pos-
sible environmental fates of a
pollutant discharged into a coastal
water body. Because of the ten-
dency of many toxic pollutants to
accumulate in the sediments (as
opposed to remaining in the wa-
ter), information about the levels
of toxic pollutants in the sediments
is a useful indicator of the toxic
pollution of the Bay.

Moreover, once poilutants
have become associated with bot-
tom sediments, they continue to
have the potential to affect water
quality and marine organisms.
Swift currents or storms can resus-
pend bottom sediments, allowing
sediment-bound pollutants to re-
enter the water. In addition, or-
ganisms that spend their lives in or
on the sediments, such as winter
flounder, are exposed to the con-
taminated sediments, and can thus
accumulate the same pollutanis in

their bodies. Bottom-feeding fish
can also accumulate contaminants
from food organisms thatlive inor
on the sediments and concentrate
the contaminants in their own tis-
sues. Exposure to and resulting
accumulation in fish of toxic pol-
lutants from sediments and food
organisms are known or suspected
to cause changes in normal behav-
ior, disruptionof biochemical proc-
esses, and increases in the preva-
lence of diseases, such as fin rot
and cancerous lesions in the liver
{Olsen, 1984; Susani, 1986;
Zdanowicz et al., 1986)(sce Fig-
ure 3-2).

Ultimately, the harmful
effects of contaminants on indi-
vidual organisms can have devas-
tating effectsonentire populations,
biological communities, and eco-
systems. By altering behavior,
reducing growth rates, and inter-
fering with normal reproduction,
chemical contaminants can cause
decreases in populations of sensi-
tive organisms; at the same time,
species that are more tolerant of
contaminants might increase in
numbers as food and other re-
sources become more available.
The overall diversity of the com-
munity may decrease, as relatively
few tolerant species come to
dominate the ecosystem.

Such shifts in the relative
abundances of even a few differ-
ent species can affect the many
otherspecies populations thatmake
up the local biological community
and that inieract in many ways: as
competitors for scarce resources,
as predators and prey, even as
“partners” in symbiotic arrange-
ments. By altering these species
interactions, subtle changes in in-
dividual populations.can have a
ripple effect that disrupts the bal-
ance of the entire community.

1

NTS

As part of the biological
community, people thatharvest the
resources of a given ecosystem
can also be affected by these
changes. Populations of commer-
cially or recreationally important
fish and shellfish may be among
those that decrease, either as a
direct response to contamination
or as a result of the resulting
community disruption. In addi-
tion, if levels of contamination in
harvested species reach high
enough levels, it may be necessary
to restrict or prohibit the harvest-
ing of those species to protect
humanhealth, (Thereisno indica-
tion that any fish or shellfish taken
from Casco Bay is unsafe to eat
due to contaminant levels.)

A, Qrganic Pollutants

Organic pollutants consist
of an enormous variety of com-
pounds, including aromatic liydro-
carbons, polychlorinated biphen-
yls, pesticides, and other artificial
and natural compounds. Among
the natural organic compoundsthat
are considered pollutants is cop-
rastanol, a bacteria-produced
compound associated with sew-
age.

1, Polvcyclic Aromatic
Hydrocarbons

Polycyclic aromatic hydro-
carbons (PAHSs) are carbon-based
chemicals that contain more than
one six-carbon ring (see Figure 3-
3). Although some PAHs occur
naturally, most PAHs in coastal
environments can be traced to in-
complete combustion and un-
burned fossil fuels (NOAA,
1987d). They reach coastal waters
through surface runoff, pipeline
discharges, and atmospheric depo-
sition. PAHs form a subset of
petroleum hydrocarbons, which
include a wide variety of non-cyclic
compounds.*
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PAHshavebeenassociated
with a variety of deleterious ef-
fectsonmarine life, including acute
toxicity, genetic mutations, and
increased incidence of fish can-
cers.

Figures 3-4 and 3-5 show
PAH levels in Casco Bay in rela-
tion to other coastal areas. (There

are two separate figures, one for

dry weight measurements and the
other for wet weight measure-
ments, because some studies re-
port only one or the other, and
most do not provide wet weight to
dry weight conversion factors.)
The figures show clearly that the
iments in B ntai
high levels of PAHs when com-
pared with other coastal waters,
ranked fourth among the forty-
four sites in NOAA's nationwide
study (NOAA, 1987d), and was
one of only seven sites where PAH
concentrations exceeded 4,000
parts per billion (ppb) dry weight.
All but two of the remaining sites
had PAH levels less than 2,000
ppb; levels at twenty-nine of the
forty-foursites were less than 1,000
ppb.

It is interesting to note that
the results from NOAA’s Status &
Trends program are from sediment
samples taken in outer Casco Bay
(see Figure 3-6). Larsen et al
(1983b), on the other hand,
sampled a total of thirty stations
throughout the Bay (Figure 3-7).
Their study found a “strong geo-
graphic element” to PAH distribu-
tions in the sediments of the Bay,
with PAH concentrations at sta-
tions in the upper and middle sec-
tions of the Bay typically at 900
ppb wet weight or less, concentra-

tions in the lower Bay between
1,000 and 1,500 ppb, and concen-
trations of 2,000 ppb or greater
limited to stations in the Portland
area (see Figure 3-7). The highest
concentration reported by Larsen
et al. (1983b), 14,425 ppb for a
station off South Portland (Station
50, Figure 3-7), was the highest
concentration reported for any of
the nine sites in NOAA’s North-
cast Monitoring Program report
for 1982 (NOAA, 1985).

The relatively high levels
of PAHs that they found in Casco
Bay were not surprising to Larsen
and his co-workers, since many of
the known sources of PAHs men-
tioned above are present in the
Casco Bay region. What did sur-
prise them, however, was the very
strong gradientin PAHlevels, with
the “marked concentration of
highly contaminated stationsinthe
Portland area.” Such a pattern,
they reasoned, is “strongly sug-
gestive oflocalized, anthropogenic
inputs.”

2. PCBs

PCBs, or polychlorinated

- biphenyls, are a family of hydro-

carbon compounds in which chlo-
rine atoms occupy various posi-
tions onmolecular structures called
biphenyl rings (Figure 3-8). With
different numbers of chlorine at-
oms present, in different positions,
209 different PCB compounds are
theoretically possible. Not all of
these possible compounds, how-
ever, are formed during the PCB
manufacturing process (NOAA,
19874).

PCBs have been used pri-
marily as insulating and cooling
fluids inelectrical equipmentsince

the early 1970s; before then, they
had a variety of uses as lubricants,
flame retardants, and plasticizers.
However, as growing evidence
pointed to the ecological and
human health hazards of PCBs,
their manufacture was banned in
the U.S. in 1979, They are still
manufactured in other countries,
however, and manyelectrical trans-
formers and capacitors containing
PCBs are still in use here (NOAA,
19874d).

Like DDT, PCBs are both
lipid-soluble and persistent in the
environment, and tend to bioaccu-
mulaie (accumulate in the tissues
of living organisms to concentra-
tions higher than those found in
the surrounding water) and bio-
magnify (accumulate 1o succes-
sively higher concentrations at
higher levels in the food chain).
They have been shown to have
toxic effects on birds, mammals,
and aquatic organisms. Among
the observed effects of PCBs are
reproductive failure, birth defects,
tumors, liver disorders, skin le-
sions, and suppression of the
immune system. Marine fish and
shellfish exposed to PCB concen-
trations of less than one to a few
parts perbillion for several months
exhibit histopathological effects
(abnormal tissues). Marine fish
appear particularly susceptible to
liver damage from PCBs (NOAA,
19874d).

PCB levels in Casco Bay
sediments are shown in Figure 3-
9, along with results from other
areas in New England. Of all the
New England locations listed in
Figure 3-9, Portland Harbor ranks

‘Although PAHS comprise only a small fraction ( 4 10 9 percent) of all petroleum hydrocarbons, es-
timates of the major inputs of petroleum hydrocarbons into the marine environment {National Research
Council, 1985 ) indicate the potential relative importance of urban and industrial activities for PAH pollution
in coastal waters. The council estimated that approximately 47 percent of the petroleum hydrocarbon input
to marine waters came from petroleum transportation activities.

2A similar gradient in sediment PAH levels was found in Penobscot Bay by Johnson et al (1985). The
results are also discussed by Pearce and Johnson (1986), and received newspaper coverage.(Crowley,

1986).

12




Casco Bay Report

ton_Harbor, and Byzzards Bay

wh edimen im 1=

ginl notor
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New Bedford H 1) in sedimen

PCB levels, Sediments at a “con-
trol” station in lower Casco Bay
(Station 29 in Figure 3-10) and at
NOAA’s Status & Trends sam-
pling location (Figure 3-6) con-
tained lower concentrations of
PCBs. Even the “lower” concen-
tration found in outer Casco Bay
by NOAA placed it eleventh
among the forty-four sites around
the country included in that study.

The results presented in
Figure 3-9 for Portland Harbor and
lower Casco Bay, which were
reported by Larsen et al. (1984),
stand in sharp contrast to results
reported by many of the same re-
searchers just one year before. In
the earlier study, Larsen et al.
(1983a) did not repori any deteci-
able levels of PCBs in the sedi-
ments at any of 32 stations sampled
in 1980. They found “trace
amounis™ of PCBs in subsequent
monitoring of several stations in
Portland Harborinearly 1981, and
concluded that “PCBs can be dis-
missed as a significant contami-
nént of Casco Bay sediments.”

- Wisely, though, they continued

monitoring throughout 1981, 1982,
and 1983, and found the substan-
tial PCB levels shown in Figure 3-
9; The messages to those con-
cemned about the health of Casco
Bay are clear: one-time, “spot”
monitoring does not always tell
the whole story; and (2) the situ-
ation in Casco Bay is not very
different from the situation in the
other threatened estuaries of the
Northeast.

. 3. Pesticides

.. The nation’s grim experi-
ence with DDT in the 1960s and
1970s taught us an important les-
son about organic pesticides, and
about chlorinated pesticides in

P
i i

particular—they don’t quickly go
away. As they are washed down
the rivers from inland areas, dis-
posed of in sewer systems, or
simply dumped into the rivers or
the sea, these persistent chemicals
often find their resting place in the
sediments of nearshore waters.
Figure 3-11 presents some
results of the NOAA Status &
Trends Program’s sampling of
New England coastal waters in

1984. Casco Bay’'s sediments
ntain hi level
r rin n

six New England sites surveved,
and the third highestlevelsof chlor-
dane and hexachlorpbenzene. The
results for pesticides, like the re-
sulis for hydrocarbons and PCBs,
indicate that Casco Bay is vulner-
able to the same pollution woes
plaguing the rest of coastal New
England.

B. Heavy Metals

Unlike many organic pol-
lutants, heavy metals, such as
nickel, cadmium, and zinc, occur
in nature, both in ore deposits and
in seawater. They enter coastal
waters through the natural geo-
logical processes of erosion and
runoff. However, many heavy
metals are also common constitu-
ents of municipal and industrial
wastewater, and also enter coastal
environments via urban runoff,
vessel-related activities, and ocean
dumping (NOAA, 19874).

While many metals are
essential nutrients for certain or-
ganisms, metals in excessive
amounts can exert toxic effects on
living resources. While some
organisms can regulate the levels
of metals in their bodies to a great
extent, many benthic organisms
that live in sediments with high
metal concentrations often accu-
mulate the metals in their tissues,
with potential adverse effects on
the individual organism and the
population,
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Two major studies have
examined metal concentrations in
the sediments of Casco Bay and
compared the cbserved concen-
trations with those found in the
sediments of other New England
coastal environments. PeterLarsen
and colleagues from the Bigelow
Laboratory for Ocean Sciences in
West Boothbay Harbor, as part of
the “environmental benchmark”
study mentioned in Chapier 1,
sampled 32 stations around the
Bay for metal concentrations
(L.arsen et al., 1983d). In 1984,
NOAA began its Status & Trends
Program, whichincluded sampling
and analysis of sediments from
coastal areas around the country.
The results of the first year of
sampling were reported in 1987
(NOAA, 19874, 1987¢).

~ Table 3-1 presents the re-
sults reported by Larsen et al.
(1983d) for Casco Bay and. for
several other New England coastal
areas that they used for compari-
son. (The Casco Bay sampling
stations were the same as those
shown in Figure 3-7 for PAHSs.)
Of the sites used for comparison,
four were considered “unaffected”
by human inputs of pollutants:
Machias Bay, Penobscot Bay, the
Seabrook River estuary, and the
non-industrialized Mystic River
estuary in Connecticut. The other
five sites were considered to have
been affected by human inputs:
the Saco and Kennebec River es-
tuaries in Maine, the Great Bay
estuary in New Hampshire, Bran-
ford Harbor in Connecticut, and
the eastern half of the “highly
urbanized” Long Island Sound.

Larsen and his co-authors
summarized their results for the
different metals as follows (em-
phasis added). (We also add
comments regarding the average
for their Portland Harbor sites.)
Lead: “The mean value of lead in
Casco Bay sedimentsis higherthan
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that of the four non-industrialized
estuaries, but generally lower than
the otherindustrialized estuaries.”
Portland Harbor valuyes, though,
are higher than those for all but
ne of fecied

Copper: “Copperlevels in

Casco Bay are also glgvmg rela-

tiv e non-in ized estu-
aries an 01} )|

other impacted sites with the ex-
ceptions of the Kennebec River
estuary, Maine and Branford Har-
bor, Connecticut,” Porfland Har-
bor Ievels, however, are_nearly as
high as those found in Branford

Harbor, the most heavily impacted
site considered.

Zinc: “Mean zinc concen-

tration. . .is gnlv ex

reported for Jeffrevs Basin [an
offshore depositional area],” The
Casco Bay average exceeded that
of all affected areas , and the Pori-

Ha was m !

one-third higher than the overall
Casco Bay average.

Nickel: “Long Island
Sound is the only other site from
which nickel data are available
and the mean valye is much lower
than that of Casco Bav.” Again,
Portland Harbor values are siill
higher,

Chromium: “Casco Bay
sedimenis appear to be only mod-
erately enriched in terms of chro-
mium. The mean concentration is

rly twice that of -indus-
trial levels of northern New Eng-
langd, but an order of magnitude
lower than the Saco and Great Bay
estuaries, both of which are highly
enriched with chromium due to
tannery operations [citations omii-
ted).” Portland Harbor levels are
only slightly higher than the Casco
Bay average.

Cadmium: “Cadminm lev-
els in Casco Bay compare favora-
bly with the three other sites hav-
ing reported values. The mean
value is close to that of the unaf-

fected Mystic River estuary and
considerably lower than the val-
ues reported for Branford Harbor
and eastern Long Island Sound.”
Values for Portland Harbor, how-
ever, are much higher than the
overall average for Casco Bay,
although still below the values for
Long Isiand Sound and Branford.

In conclusion, Larsen and his
colleagues wrote (emphasis
added),

“Comparison with other New
England sites indicate, with the
exception of cadmxum, that trace
m ncen ns in
Bay are ¢levated well above pre-
sumed pre-industrial levels, Mean
values of each of the other metals
examined are comparable to Igv-

1 m T in i

iz w Englan

“Realizing that Imgg metal

ncentrati m i

Porfl nerail
nuch higher than the mean, and
that the mean is reduced by low
concentrations elsewhere in the
Bay, itis concluded that surficial
sedimentsin Portland Harborangd

1 River

The study of Larsen and
others was supported by NOAA as
part of its Northeast Monitoring
Program (NEMP), a five-year
project whose pollutionassessment
functions were eventually replaced
by the Status & Trends Program.
Annual NEMP reports prepared
by NOAA further serve to put the
findings of Larsen et al. in per-
spective. The nickel concentra-
tions for Portland Harbor were the
highest reported in the NEMP
reporis for 1980 and 1981 (NOAA,
1981, 1983), and comparable to
peak values from the highly pol-
luted New York Bight (NOAA,
1985). The copperlevels forCasco
Bay and Portland Harbor were
among the few reported levels in
excessof 10 parts permillion (ppm)
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in the report for 1981; most values
were below 5 ppm (NOAA, 1983).
The zinc levels from Portland
Harbor were among the highest
reported in 1981, exceeded only
by the peaks from the New York
Bight (NOAA, 1983). Qverall,
NOAA found that along with
Massach Bay,Buzzards Ba
Massach Narr
B nd Raritan B w_Jer-
Bay w il
“nearsh
northeastern U S Jthatcan . . . be
nsider ntamin ®
(NOAA, 1983)

NOAA’s Status & Trends
Program provides the other main
data set that allows comparison of
meial levels in Casco Bay sedi-
ments with those from other U.S.
coastal areas. Recall that the
sampling station for Casco Bay in
the Status & Trends Program was
in outer Casco Bay (se¢ Figure 3-
6). Figures 3-12 through 3-17 pres-
ent the results for Casco Bay and
New England coastal areas farther
south from the first two years of
Status & Trends for the same six
metals considered by Larsen et al.
Because there are more areas for
comparison, including several ex-
tremmely contaminated areas such
as Boston and Salem (Massachu-
setts) Harbors (and because the
sampling locations did not include
the most highly contaminated
poriions of the Bay), Casco Bay
ranks lower in sediment metal
levels than it did in the study of
Larsen et al. For the six metals
considered in both studies, how-
ever, the relative ranking of Casco
Bay is fairly consistent: Casco
Bay’s ranking (in comparison with
the othersites) is highest fornickel
and chromium, and lower for cad-
mium, lead, and copper. The only
inconsistencyis forzinc, for which
Casco Bay ranked near the top in
the study of Larsenet al., but closer
to the bottom among the Status &
Trends sites.
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Table 3-1

Average Metal Concentrations in Sediments
(parts per million, dry weight)

Cadmium Chrominm Copper Nickel Lead

Casco Bay™ 0.47 34.5 15.5 17.6 26.8
“Unaffected” Areas
Machias Bay, ME** —_ 16 9 — 13
Penobscot Bay, ME*#* —_ 18 9 — 12
Seabrook River
Estuary, NH** — 19 7 — 9
Mystic River
Estuary, CT*%* 041 — 44 — 14.5
“Affected” Areas
Kennebec River _
Estuary, ME¥* —_ 29 33 — 33
Saco River
Estuary, ME** — 274 15 —_ 36
(Great Bay
Estuary, NH+ — 142 164 _— 40.7
Branford Harbor, CT#* 1.16 — 34.5 — 265
Eastern Long
7.6 16.2

Island Sound++ | 2.7 577 20.0

* Larsen et al. (1983d)

** Lyons et al. (in press) :

**% | yons and Fitzgerald (1980)
+ Armstrong et al. (1976)

++ Grieg et al. (1977)

Source: Larsen et al. (198i3d)

Zinc

65.4

35

32
29

56.5

47

60.6

54.5

48.0
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In Fates of Pollutants in Coastal Wa
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Source: Farrington et al. (1982a)

~ Figure 3-2
Possibie Eff f Contaminants on
Life 1 Winier Flounder

GENETIC ABNORMALITIES
AND DEATH OF EARLY EMBRYOS

ABNORMALITIES {FIN ROT,
SKELETAL ABNORMALITIES,
TUMORS| AND GROWTH
RETARDATION IN JUVENILES

ABNORMALITIES AND
REPRODUCTIVE FAILURE
iN ADULTS

DEATH OR ABNORMAL
‘DEVELOPMENT QOF
LARVAE

Source: Sindermann (1980)
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Figure 3-3
Representative Aromatic Hydrocarbons

A. Naphthalene (C H,)
B. Fluorene (C,H )
C. Benzo[a]pyrene (C, H,,)

Source: NOAA {1987d)
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Figure 3-4
Concentrations of Polvevelic Aromatic Hydrocarbons in Sediments
(parts per billion, dry weight)

Boston Harbor, MA*

26437 -
Salem Harbor, MA*
Casco Bay, ME*"
New York Bight, NY*™
Narragansett Bay, RI*
Merrimack River, MA*
Buzzards Bay, MA*
N. Mass. Bay, MA™*
Cape Cod Bay, MA***
S. Mass. Bay, MA™*
Gulf of Maine, ME** ] 543 : _ : i .
0 10000 20000 30000
Concentration
Notes: (parts per billion, dry weight)
* NOQAA (1987d, 1987¢)
** Laflamme and Hites (1978)
#** Bochm et al. (1984)
Figure 3-5
Concentrations of Polycvclic Aromatic Hydrocarbons in Sediments
(parts per billion, wet weight)

Bosten Harbor, MA* 9519

Outer Casco Bay, ME* -
Salem Harbor, MA* |
Casco Bay, ME** EEEEE
Narragansett Bay, RI*

Buzzards Bay, MA*

T T T T T T T T L) T L} T 1

0 2000 4000 6000 8000 10000

Concentration
{parts per billion, wet weight)

Notes:
* NOAA (1987d, 1987¢)
** |arsen et al. (1983b)
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Source: NOAA (1987¢)
19
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Figure 3-7
Sediment Sampling Stations for PAHs — Larsen et al. (1983b)
Small Circles — < 1,000 ppb

Intermediate Circles — 1,000-2,000 ppb
Large Circles — > 2,000 ppb

20
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biphenyl 3,4,3,4-
~ tetrachiorobiphenyl

Source: NOAA (1987d)
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Figure 3-9

Concentrations of PCBs in Sedimeni:
{parts per billion, dry weight)

* NOAA (19874, 1987¢)

** Larsen et al. (1984) (average of means for each month at each station)
*** Boehrn et al. (1984)

Salem Harbor, MA*
Boston Harbor, MA*
Buzzards Bay, MA*
Portland Harbor, ME™*
Narragansett Bay, RI*
Boston Harbor, MA***
S. Mass. Bay, MA™*
Outer Casco Bay, ME*
L.ower Casco Bay, ME**
Merrimack River, MA*
N. Mass. Bay, MA™
Cape Cod Bay, MA™* l
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Concentration
{parts per biflion, dry weight)
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Figure 3-10
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Figure 3-11
Concentrations of Pesticides in Sediments
(parts per billion, dry weight)

Salem Harbor, MA 2.91
Boston Harbor, MA
Casco Bay, ME
Narragansett Bay, RI

Buzzards Bay, MA

Merrimack River, MA

— T v T v
0 1 2 3
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(parts per billion, dry weight)
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Flgure 3«12
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Figure 3-14
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Figure 3-15
Concentrations of Lead in Sediments Sampled in NOAA's Status and Trends Program
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Figure 3-16
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Figure 3-17
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IV. CONTAMINANT LEVELS
IN ORGANISMS

Asnoted in the previous chap-
ter, pollutants that enter c¢oastal
marine ecosystems can have a
variety of deleterious effects on
the living resources of those eco-
systems. They can disrupt normal
physiological processes, interfere
with reproduction, cause abnor-
malities in larval and juvenile de-
velopment, retard growth, and lead
to physical malformations in
adults.! (See Figure 3-1.) These
adverse effects on individual or-
ganisms can result in reductions in
the populations of various species,
increases in populations of other,
more pollution-tolerant species,
and changes in the overall struc-
ture and functioning of the area’s
biological community. It is also
possible for contaminants to accu-
mulate in the tissues of fish and
shellfish to levels high enough to
warrant human health concerns.

Researchers, resource manag-
ers, and health officials thus care
about the levels of contaminants in
the tissues of living organisms be-

cause of the potential effects of the
contaminants on marine and hu-
man populations. This informa-
tion is also useful, however, as
another reflection of the state of
“health” of a given coastal ecosys-
tem. Comparing the levels of
various contaminants found in the
same species in different locations
gives us another indicator (as did
information about waier quality
and sediment contamination) of
the overall level of contamination
in a given area.?

Casco Bay has been included
in just two studies of contaminant
levels in organisms.? Both stud-
ies, however, were national efforts,
one undertaken in the 1970s and
the other begun in 1984 and still
going on, allowing easy compari-
son of the results for Casco Bay to
those from other coastal areas. In
addition, because both studies paid
close attention to questions of
methodology and calibration, we
can be fairly confident in compar-
ing results from differentlocations.

A. Contaminant Levels in Mus-
sels: The EPA “Mussel Waich™
In the mid-1970s, as concemns
over and questions about the ex-
tent and seriousness of environ-
mental pollution were growing,
scientists from around the United
States, drawing on experiences
gained in smaller efforts around
the country and in similar efforts
around the world, developed a
coastal chemical pollution moni-
toring program based on the con-
ceptofa“sentinel organism.” They
chose three bivalve mollusk spe-
cies (the common blue mussels
Mytilus edulis and_Mytilus cali-
forianus and the oyster Crassos-
trea_virginica) as the sentinel or-
ganisms, in which levels of chemi-
cal pollutants would be measured
at numerous coastal sites. Their
reasons for choosing the sentinel
organism strategy, and for choos-
ing these species as the sentinels,
were as follows (Farringion, 1983):
1. Bivalves are widely distributed.
This minimizes problems of com-

'While it is difficult to establish a direct cause-and-effect relationship between a pollutant or group

of pollutants and a particular disease or abnormality observed in the field (as opposed to the laboratory),
many researchers have suggested a link between diseases in winter flounder and other flatfish and
environmental pollutants. A high prevalence of fin rot in the winter flounder , for example, has been observed
in Boston Harbor. A number of studies have focussed on liver lesions in winter flounder (Murchelano, 1985,
Murchelano, et gl., 1986; Murchelano and Wolke, 1985) and their probable link to the environmental
pollutants, especially PAHs (Susani, 1986).

*Numerous biological (e.g., seasonal variability) and analytical factors can affect the results of
tissue level studies, however, 5o it is important to know the source and reliability of the data when making
comparisons of this sort. See, for example, Capuzzo et gl. (1987), who called for a greater consistency in
analytical methodology and better design of sampling protocols after reviewing the available data on levels
of trace metals and organic contaminants in fish and shellfish in New England’s coastal waters.

3Concerns about fish and shellfish contaminations have been raised in other Maine coastal areas,
however. State and federal biologists were surprised in 1986 when crabs collected in Boothbay Harbor as
clean "control” specimens for a study on crabs from polluted areas in New York and Philadelphia were found
to contain high levels of lead (Lannin, 1986), leading to speculation about lead in the lobsters of Boothbay
Harbor (Plante, 1986). The Department of Marine Resources has begun a pilot program for testing
organisms for contaminants in a few areas of the siate (A.C. Johnson, personal communication).

29



Casco Bay Repori

paring data from markedly differ-
ent species.

2. They are sedentary, and thus
better reflect and integrate pollu-
tion conditions at a given site over
time than mobile species.

3. They are more tolerant to pollu-
tion than fish and crustaceans.

4. They concentrate many chemi-
cals in their tissues by factors of
100 1o 100,000 as compared to
concentrations in the water around

them, making measurements of

trace coniaminants easier.

5. Measurements of contaminant
Ievels in tissue give some indica-
tions of the availability of the pol-
lutant 10 organisms.

6. Bivalves are less able than fish
or crustaceans to break down
chiemical contaminants.

7. Bivalves have relatively stable,
local populations that are large
.enough to be sampled repeatedly.

8. Bivalves survive under pollu-
tion conditions that often reduce
or eliminate other species.

9. Bivalves can be transplanted

and grown on moorings in areas.

where they do not normally grow,
allowing study areas to be ex-
panded.

10. They are commercially valu-

able seafood species, and informa-
tion about them is useful for public
health reasons.,

The Mussel Watch Program was
sponsored by the U.S. Environ-
mental Protection Agency and ran
for three years, from 197610 1978,
before being phased out. It in-
cluded two stations in Casco Bay:
Bailey Island in Harpswell, and
Mackworth Island in Falmouth
(although the official station name
was Portland). Figure 4-1 shows
the sampling locations.*

1. Mussel Watch Resulis:
Metals

Figures 4-2 10 4-7 present the
results of the Mussel Waich analy-
ses for metals from the two Casco
Bay stations and the other stations
in the Northeast.’

For most of the metals ana-
lyzed in the Mussel Watch pro-
gram, levels observed in mussels
from the two Casco Bay stations,
Portland and Bailey Island, fall at
or below the mean and median
levels for all stations in the North-
east. The levels of cadmium, sil-
ver, zing, copper, and nickel found
inmussel tissues in Casco Bay are
well below the highestlevels found
in this regiomn.

There are no federal health-
based standards for the levels of
any of these metals in fish and
shellfish. However, the Austra-
lian National Health and Medical
Research Council has recom-
mended maximum allowable con-
centrations of several of the metals

considered in Tables 4-2 through
4.7, as well as arsenic (Table 4-1).
For ¢cadmium, silver, zine, copper,
and nickel, all observed levels in
the Northeast fall well below the
recommended maximum levels.

For cadmium, silver, and
nickel, the patiern within Casco
Bay is as one would expect, as-
suming that the urbanized region
of Portland should be more highly
contaminated than the more re-
mote Bailey Island area: levels
from the Portland station are
higher. However, the order is
reversed for zinc and copper: the
values for Bailey Island are higher
than those for Portland. Overall,
the Mussel Watch data for these
five metals give no clear indica-
tion that Casco Bay is heavily af-
fected by metal pollution.

The story is quite different,
though, for lead (Figure 4-7). The
concentration of lead found in
mussels from Portland was among
the highest in the Northeast, and
nearly five times as high as the
national baseline value suggested
by Goldberg et al. (1983). The
value for Bailey Island, in con-
trast, is below the regional mean of
3.6 ppm, although it exceeds the
regional median of 2.7 ppm.°
While the value for Portland does
NOt warrant any restrictions on or
concem:about the harvesting and
consumption of mussels from the
area (sec Table 4-1), it is neverthe-
less a cléar signal that the westemn
portion of Casco Bay is indeed
receiving significantinputsoflead,

“The Mussel Watch and its results are described in Farrington (1983); Farrington et gl. (1982b);
Farrington et gl. 1983); Goldberg et al. (1978) ; Goldberg et al. (1983); and Palmieri et gl. (1984).

SNortheast stations were chosen for comparison with the Casco Bay stations because of their geo-
graphical proximity and to limit the comparison to stations where the same species { MMM was used.

A somewhat surprising result is that for Cape Newagen, which is located to the east of Casco Bay
and south of Boothbay Harbor. Cape Newagen had the third highest lead levels i m the Northeast, and also
ranked above urban Portland for cadmium, zinc and nickel. The findings on lead are consistent with findings
of elevated lead levels in crabs from Boothbay Harbor in 1986 (Lannin, 1986). -

"The values for lead from Cape Ann and Boston, Massachusetts, howev&r, may be cause for some
health concern, since they exceed the lower estimate for the dry weight limit in Table 4-1.
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and that those inputs can accumu-
late in marine organisms.’

2. Mussel Waitch Results:

rgani ntaminan

The Mussel Waich also ana-
lyzed iissues for levels of PCBs,
“unresolved complex mixture”
(UCM) hydrocarbons, and aro-
matic hydrocarbons.

a. PCBs

The values for Portland and
Bailey Island are both relatively
low in comparison with other sta-
tions in the Northeast. Like all of
the resulis from the Northeast (with
the exception of the notorious New
Bedford Harbor), they are also well
below the U.S. Food and Drug
Administration health-based limit
of 2 ppm wet weight, which is
equivalent to 9,000-14,300 parts
per billion (ppb) dry weight (see
Table 4-1). The results for Pori-
land are the highest in Maine, and
over fourtimes as high as those for
Blue Hill Falls.

Nevertheless, the results from
Casco Bay (as well as those for
Cape Newagen) fall outside the
range of 3 to 50 ppb that Farring-
tonetal. (1982b), in discussing the
data, associated with “fairly re-
mote, relaiively pristinelocations,”

_Instead, they are among the nu-
merous stations with values greater
than 50 but less than 200 ppb; the
authors noted that stations with
values greater than 200 ppb were
inindustrialized areas of the coast.

b. UCM Hydrocarbons

Whenhydrocarbon samples are
analyzed using a gas chromato-
gram, different fractions of the
sample, containing different types
of hydrocarbons, separate out

according to the molecular weight .

of the particular compound. Cer-
tain portions of the sample, how-
ever, do not produce sharp peaks
inthe resulting chromatogram, but
rather form a larger “bump” (see
Figure 4-9). This group of hydro-

carbons is reported as the unre-
solved complex mixture, or UCM,
UCM is often used as an indicator
of the presence of fossil fuel hy-
drocarbons (Farrington ¢t al,
1982b).

The Mussel Watch results for
UCM hydrocarbons are presented
in Figure 4-10. Portland clearly
UCM hydrocarbon levels in mus-

1 i nly to Bos-
ton in the entire Northeast. The
Portland value is overtwenty times
higher than the non-detectable
levels found elsewhere in the
Northeast and at otherremote areas
around the country. This differ-
ence of over an order of magnitude
is a clear indication of contamina-
tion, as opposed to natural vari-
ation (Capuzzo et al., 1987). The
value for Bailey Island, while
above that for a number of North-
east stations, is well below that for
Portland, indicating some type of
pollution gradient within the Bay.

c. Aromatic Hydrocarbong

The results for aromatic hy-
drocarbons (Figure 4-11) are quite
similar fo those for UCM hydro-
carbons: Bemm_d_ran_ﬁ_amnﬂm

heavil in

in the Northeast level
aromatichvdrocarbonsinmussels,
coming in behind only Boston and
two stations in the New York area,
and Bailey Island ranks closer to
the bottom, but above the “clean-
est” stations. In fact, the value
from Portland is higher than that
for Narragansett Bay, which Far-
rington et al. (1982b) cite as one of
the urban or industrial locations
that stand out because of their
elevated levels of UCM and aro-
matic hydrocarbons.

B. Contaminant Levels in Winter

Flounders;

NOAA’s National Status &

Trends Program

The only other study of con-
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taminant levels in organisms taken
from Casco Bay is the National
Status & Trends Program, carried
out by the National Oceanic and
Atmospheric Administration.
Many of the findings on contami-
nants levelsinsedimenis discussed
in Chapter 3 come from the Status
& Trends Program. Both the sedi-
ment findings and the results that
are discussed in this section fall
under Status & Trends’ Benthic
Surveillance Project, under which
bottom-feeding fish and sediments
have been collected from some
fifty sites around the country since
1984. Status & Trends also has its
own Mussel Watch Project, which
involves the collection of bivalve
moltuscs and sediments at 150 sites
nationwide. Casco Bay isincluded
in the Benthic Surveillance Proj-
ect, but not in the Mussel Watch
Project. As with the sediment
sampling, the Casco Bay sampling
station for bottom-feeding fish
(winter fiounder) is in outer Casco
Bay (Figure 4-12),

The Status & Trends Program
analyzes the livers of various bot-
tom-feeding fish species for vari-
ous metals and organic contami-
nants. Livers tend to concentrate
and/or detoxify many environ-
mental contaminants, and thus are
better suited for analysis in pro-
grams such as Status & Trends
than muscle or edible tissue. (Of
course, when the testing is being
done for the purpose of comparing
the results with health-based con-
taminant limits, edible tissue is
used.) Bottom-feeding fish such
as winter flounder are especially
suited for such studies, and espe-
cially vulnerable to toxic pollu-
tion, because they live in close
association with the sediments
(where many contaminants accu-
mulate) and feed on organisms that
can also accumulate contaminants
in their own tissues.
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1. Status & Trends Resuls:

Metals |

NOAA (1987¢) has published
the results of the fish liver anatyses
from the Status & Trends Program
for 1984 and some data from 1985.
In addition to presenting the re-
sults for individual contaminants,
NOAA’s report discusses the data
and attempis to draw some conclu-
sions and to establish some rank-
ings of sites on anationwide basis.
The conclusions for Casco Bay are
striking.

(Table 4 2) The cntenon for
inclusion: of a Benthic Surveillance
site on this list of “most contami-
nated” sites was that at least two

mean concentrations rank in the -

upper five of 43 concentrations or
that a single conceniration rank in
the upper three. Casco Bay was a
pariicularly strong candidate: ithad
concentrations that ranked in the
top three for two different metals
(lead and silver) and in the top five
for another (zinc).

Figures 4-13 through 4-15
show the NOAA results for lead,
silver, and zincin fishlivers. Livers
in winter flounder from Casco Bay

i highest levels of 1

143 si mpled nation-
wide. The value for Casco Bay is
more than twice the second-high-
est value, for Elliot Bay (Seaitle),
Washingion, and over five times
as high as the next highest New
England value (western Long Is-
lanid Sound). Casco Bay ranked

ir 43 si m :
the country in the levet of silver
found in figh livers. Xt ranked first
among the eight New England

sites. .Emﬂx&am_ay_mms&d

fifth in ) in
w Engl in leyel f zin
found in fish livers.

Figures 4-16 through 4-21
present the Status & Trends resulis
forthe levels of six other metals in
fish livers. Casco Bay ranks no
higher than tenth among the 43
sites for any of these other metals.
However, when we consider only
the eight sites in New England (si-
mulianeously restricting our atten-
tion to those sites at which the
species sampled was winter floun-
der) — Casco Bay, the mouth of
the Merrimack River (Massachu-
setts), Salem (Massachusetts) Har-
bor, Boston Harbor, Buzzards Bay
(Massachusetts), Narragansett
Bay, eastern Long Island Sound,
and western L.ong Island Sound —
we find that Casco Bay ranks in
the top half of those sites for all six
metals. Axmuamgm

i i w_En
Ca&m_&amgksi&mm
wel ilver.

i ird in level of i -

ium, and nickel, and fo i

level of chromium and mercury.,

2. Statys & Trends Resulfs;

Qrganic Contaminants
Casco Bay ranks much lower,
bothon angiional level and among
New England stations, in the lev-
els of various organic contami-
nanis found in fish livers by the
Status & Trends Program. Figures
4-22 through 4-24 present the re-
sults for PCBs, DDT, and total
chlorinated pesticides. Casco Bay
falis around the middle or near the
bottom for all three contaminants
in a national comparison, and
seventh (PCBs) or last (DDT and
pesticides) among the eight New
England stations.
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Table 4.1
A i ignal H and Medical R h i
Recommended Maximum Concentrations of M in Seafood P, cis
(from Mackay et al., 1975)

(parts per million)
Standard
Metal Wet Weight : Dry Weight _
wet/dry =4.5*% _ wet/dry = 7. 14%%

Copper 30 135 214.2

Zinc 1000 _ 4500 7140
Cadmium 2 9 14.3
Lead 2 , 9 , 14.3

* Wet weight to dry weight ratio; after Grieg and Sennefelder (1985)
** After Capuzzo et al. (1987)

Table 4-2

East Coast Sites Among the Most Contaminaied on the Basis of
Contaminant Levels in Fish Livers Found in
NOAA’s Status & Trends Program

Casco Bay, Maine
Salem Harbor, Massachusetts
Boston Harbor, Massachusetts

Western Long Island Sound, New York

Source: NOAA (1987c)
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B lin

Figure 4-1

ions in the EPA “M

1 Watch” Program

P = Portland

BI = Bailey Island

Source: Goldberg et al. (1978




Caseo Bay Report

Figure 4-2

Concentrations of Cadmium in Mussels Sampled in
the EPA “Mussel Watch”

(parts per million, dry weight)
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Figure 4-3

Concentrations of Silver in Mussels Sampled in
the EPA “Mussel Watch”

aris per million, dry weight
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Figure 4-4

Concentrations of Zinc in Mussels Sampled in
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Figure 4-5

Concentrations of Copper in Mussels Sampled in
the EPA “Mussel Watch”

arts per million, drv weight
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Figure 4-6

i} ions of Nickel in Mussels Sampled in
the EPA “Mussel Watch”

(parts per million, dry weight}

Narraganseit Bay, R!
Manhasset Neck, NY
Herod Point, NY
Great Guil Island, NY
Rockaway Point, NY
c Naw Ia\arem, gg’
enlopen,

e Millst%ne, CT
Biock island, RI
Atlantic City, NJ

Sakonnet, Ri
Cape May, NJ
Cape Ann, MA
Assateague, MD
o N Boston, h&%
ewagen,
ape Portlagnd, ME
Cape Cod Canal, MA
Fire Island, NY
Sears Island, ME
Bailey Island, ME
Blue Hill Falls, ME
Piymouth, MA

Concentration
{parts per million, dry weight)

Source: Goldberg et al. (1983)

39



Casco Bay Report

Figure 4-7

Concentrations of Lead in Mussels Sampled in
the EPA “Mussel Watch”

(parts per million, dry weight)
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-Figui'e 4-8

ncentrations of P in Mussels Sampled in

the EPA “Mussel Watch”
(1976-77 data)

(parts per billion, dry weight)
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Figure 4-9
i m m_ Showin
the Unresolved Complex Mixture (UCM)
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Figure 4-10

ncentrations of UCM Hydrocarbons in Mussels Sampled in

the EPA “Mussel Watch”
(1976-77 data)
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Figure 4-11

g:gncgnzrat_iohs of Aromatic Hydrocarbons in Mussels Sampled in
the EPA “Mussel Waich”
(1976 data)
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Figure 4-12

Source: NOAA (1987e)
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Figure 4-13

ncentrations of in Fish Liver Ti led in

NOAA’s Stial Trends Pro

Casco Bay, ME
Ellictt Bay, WA
Commencement Bay, WA
Waestern Long !sland Sound, NY
Buzzards Bay, MA
Narragansett Bay, Rl
Boston Harbor, MA
Coos Bay, OH
Eastern Long [sland Sound, NY
Merrimack R. Mouth, MA
Salem Harbor, MA
Nisquaily Reach, WA
Southampton Sheai, CA
Oakland Estuary, CA
Hunters Point, CA
Nahku Bay, AK
Chesapeake Bay Lower, VA
St. John’s River Estuary, FL
Coiumbia River, OR
Delaware Bay, DE
Galveston Bay, TX
S. 0. Bay South Bay, CA
Mobile Bay, Al
Dana Point, CA
Lutak Inlet, AK
Bodega Bay, CA
Santa Monica Bay, CA
San Pablo Bay, CA
Mississippi Delta, LA
Corpus Christi Bay, TX
Heron Bay, MS
Pamlico Sound, NC
Charlotte Harbor, FL
Round Island, MS
S.D. Bay Qutside, CA
Apalachicola Bay, FL
Lower Laguna Madre, TX
aritaria Bay, LA
San Antonio Bay, TX
Sapelo Island, GA
eal Beach, CA
Charleston Harbor, SC

0

=~ N WNDHN o

oovoocopbLLLoL L

9000000000000
CrH~OOWIWOW

100
O

Concentration
{parts per mililon, dry welght)

Source: NOAA (1987¢)

46




LCasco Bay Repari

Figure 4-14

ncentrations of Silver in Fish Liver Ti mpled in

NQAA’s Status & Trends Program
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Figure 4-16
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Figure 4-17

Concentrations of Tin in Fish Liver Tissue Sampled in
NOAA’s Status & Trends Program

Coos Bay, OR 7.33

Elliott Bay, WA
Western Long island Sound, NY
S. D. Bay Qutside, CA
Galveston Bay, TX
Mississippi Delta, LA
Oakland Estuary, CA
Corpus Chiristi Bay, TX
San Pablo Bay, CA
Hunters Point, CA
Eastern Long Island Sound, NY
Southampton Shoal, CA
eal Beach, CA
Chesapeake Bay Lower, VA
Casco Bay, ME
Nahku Bay, AK
Commencement Bay, WA
Lower Laguna Madre, TX
Merrimack R. Mouth, MA
Heron Bay, MS
Mobile Bay, AL
Charlotte Harbor, FL
Pamlico Sound, NG
Apalachicola Bay, FL
Delaware Bay, DE
S. D. Bay South Bay, CA
Narragansett Bay, Rl
Charleston Harbor, SC
San Antonio Bay, TX
Round Island, MS
Santa Monica Bay, CA
Dana Point, CA
Baritaria Bay, LA
St. John's River Estuary, FL
’ Buzzards Bay, MA
Columbia River, OR
Sapelo Island, GA
Nisqually Reach, WA & 0.
Salem Harbor, MA B O
Boston Harbor, MA 1 0.
San Pedro Canyon, CA ) 0

0 2 4 6 8

.63
.83
61
61
2
7

oo
.ppoogpppppppooooooo
L M S R EEe

Oy o
mmﬁamgmmmw

=

ol
-
-

Concentration
(parts per million, dry weight)

Source: NOAA (1987¢)

50




Casce Bay Report

Congcentrations of Cadmium in Fish Liver Tissue Sampled in
NOAA'’s Status & Trends Program
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Figure 4-19

Concentrations of Nickel in Fish Liver Tissue Sampled in
NOAA's Status & Trends Program
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Figure 4-20

ncentrations of mium in Figsh Liver Tissue Sampled in
NOAA’ Tren
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Figure 4-21

Concentrations of Mercury in Fish Liver Tissue Sampled in
NOAA’s Status & Trends Program
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Figure 4-22

Concentrations of PCBs in Fish Liver Tissue Sampled in
NOAA's Status & Trends Program
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Figure 4-23

Concentrations of DDT in Fish Liver Tissue Sampled in
NOAA’s Status & Trends Program
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Figure 4-24

Concentrations of Total Chlorinated Pesticides in
Fish Liver Tissue Sampled in NOAA’s Status & Trends Program
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V. SOURCES OF POLLUTION
IN CASCO BAY

As the preceding chapters
make clear, the pollutants gener-
ated by the many activities that
take place on the shores of Casco
Bay do not simply go away. They
show up in the water, the sedi-
ments, and even the marine life of
the Bay. In this chapter we shift
our attention from the Bay itselfto
the land and people around it, to
examine the many sources of the
pollutants in Casco Bay and pos-
sible ways of reducing the flow of
pollutants into the Bay.

In the jargon of pollution
conirol experts, sources of water

pollution are divided into point -

sources and ponpoint SQUICES.
Point sources are facilities orloca-
tions where a specific pipe or other
discharge site can be identified.
Sewage treatment plants, indus-
trial discharge pipes, and power
plant cooling water discharges are
examples of point sources. Pub-
licly-owned sewage treatment
facilities often take the place of ad-
ditional point sources by treating
more than just sanitary waste. In
many systems industries discharge
their wastes to the sewage collec-
tion system instead of discharging
them directly to surface waters.
These wastes are sent to the treat-
ment plants, which are not specifi-
cally designed fo treat industrial
discharges, for treatment and dis-
charge.

Nonpoint sources, on the
other hand, are not as easily lo-
cated — or, for that matter, as
easily controlled. Rainwater car-
rying sediments from a field to a
water body, and runoff carrying
oil from the streets and parking
lots of a city into a harbor, are ex-

amples of nonpoint sources.

In many urban areas the
distinction between point and
nonpoint sources is blurred when
we discuss the runoff that pours
off the streets each time it rains.
Some of this urban runcff drains
directly into anearby stream, lake,
or harbor, but much of it is col-
lected by the city’s drainage sys-
tem. When this storm runoff is
discharged via a stormwater dis-
charge pipe, it has become a point
source discharge.

The sitmation is further
complicated in older cities where
the storm drainage system and the
sanitary sewer system are one and
the same. In these “combined”
sewerage systems, the same inter-
ceptor pipes carry both stormwa-
ter and sewage. When it rains,
enormous volumes of runoff pour
into the system, which is not de-
signed to carry the entire com-
bined volume of runoff and sew-
age. To prevent a surcharge of the
system, which would result in
flooding and/or sewage backups,
such systems are designed with re-
lief points, where the excess vol-
ume is discharged as “combined
seweroverflows,” or CSOs, which
contain a mixture of raw sewage
and street runoff,

Casco Bay is affected by
discharges from every type of
source described in the preceding
paragraphs. Sewage treatment
facilities, industrial discharges,
urban 'runoff (both point runoff
and nonpoint runoff), and CSOs,
as well as discharges from tankers
and'’ other vessels and oil spills,
coniribute to the pollutant Ioad that
the Bay is asked to assimilate, day
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in and day out.
A. Point Sources

Table 5-1 shows the daily
volumes of different types of
wastewater that are dumped into
Casco Bay and its immediate tribu-
taries from point sources.

1. Sewage

From Table 5-1 we sec
that Casco Bay receives nearly 30
million_gallons of d sewa
every day. Municipal facilities
account for over 24 million gal-
lons per day, or 81 percent of the
total. The Portland Water District’s
treatment plants in Portland (15.1
million gallons per day) and
Westbrook (2.2 million gallons per
day) and the City of South
Portland’s facility (5.5 million
gallons per day) are the largest
municipal dischargers. Among -
non-municipal dischargers of sani-
tary wastes, S.D. Warren Com-
pany in Westbrook is by far the
largest contributor, with a flow of
5 million gallons per day that ac-
counts for 87 percent of the non-
municipal total and 17 percent of
the overall total._The four largest

nitary waste discharge C
Bay — Portlan. Portlan
S.D, Warren, and Westbrook —

her discharge nearl mil-
lion gallonsoftreated sewageevery
day, all in the Greater Portland
area.

The Portland and South
Portland discharges deserve
greater scrutiny. In addition to -
sanitary wastes, Portland’s treat-
ment system also receives indus-
trial discharges from 107 fimms,
five of which fall under federal
pretreatment . requirements
(Crawford, 1988). (Certainindus-
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tries must treat their wastes before
they discharge them to the sewer
system,i.e.,*pre-treat” them,under
the federal Clean Water Act. Large
citics or those with significant
industrial contributions to their
sewage flow, such as Portland,
must have their own program to
regulate these pretreaters.) Indus-
trial contributions account for
about one eighth of the flow in the
Portland system (NOAA, 1987a).
Portland and South Portland also
have combined sewer systems.
These systems, as noted above,
discharge raw sewage and storm-
water during titmes of wet weather.
CSO discharges, which are diffi-
cultto quantify, are not included in
Table 5-1. During wei weather,
approximately 60 different CSO
discharge points discharge raw
sewage and stormwater from the
Portlan hP nd gys-
tems into the Fore River, Back

ve. Portland Harbor 0 Ba
he Presumps tuary, and other
waters, These completely un-

treated discharges, although they
are intermittent, can have serious
water quality impacts, and are in
fact blamed by many, including
the Maine Department of Envi-
ronmental Protection (1988), for
the bulk of the water quality prob-
lems in the Portland/South Port-
land arca.
2. Industrial Wastewater
One majordischargeralso
contributes the bulk of the indus-
trial wastewater discharged to
Casco Bay (Table 5-1). S.D.
Warren Company, a significant
contributor of sanitary wastewa-
ter, also accounts for a large pro-
portion of the total industrial dis-
charge of over 23 million gallons
per day, As the largest industrial
isch D, Warren dis-
charges over 21 million gallons of
industrial wastewater into Casco
Bay every day. This represents 89

percent of the total industrial waste
flow into the Bay.

3. Cooling Water

Casco Bay also receives
large volumes of cooling water
from power plants and industries
(Table 5-1). Infact, the volume of
cooling water discharged far ex-
ceeds the volume of sewage and
industrial waste discharged to the
Bay. However, cooling water
discharges, while not monitored

for pollutants as are sewage and

industrial discharges, are not
thought to contain significant
concentrations of harmful polut-
ants. Operators of power plants
sometimes use biocides to kill or-
ganisms in their intake water that
tend to attach to the inside surfaces
of pipes and interfere with water
flow, and small amounts of metals
(e.g., copper) may be added to the
water asitpasses through the plant.
The concentrations of these sub-
stances in the discharge will likely
be very low, but because of the
enormous volumes discharged
from some piants (such as the
Central Maine Power facility in
Yarmouth), the total amount dis-
charged could conceivably be sig-
nificant.

4. Oily Stormwater Dis-
charges

The numerous oil-related
facilities in the Portland area, as
well as certain other facilities,
discharge treated stormwater run-
off under permits issued by the
U.S. Environmental Protection
Agency and the Maine Depart-
ment of Environmental Protection
(Table 5-2). The poliutant of
concem in these permits is oil, and
the runoff is treated in oil-water
separators before being discharged.
Like CSOs, these discharges are
very difficult to quantify, but they
are monitored from time to time
for oil and grease, a measure of the
total amount of oil in the discharge.
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The oil-water separators provide
only a gross level of treatment, and
cannot remove all of the oil pres-
ent in the runoff. They are subject
1o various operational problems
and imperfections, and can vary
significantly in performance.
Because of the extreme variability
in the conceniration of oil in the
discharge, and the fact that the
volume of the discharge is all but
impossible to calculaie, the amount
of oil that flows into Casco Bay
through these discharge points is
unknown.

5. Bilge Waters and Spills

Portland is by far Maine’s
busiest port, handling a total of
308,631 meiric tons of cargo in
1987. Inthe same year, nearly 61
million barrels of oil moved
through the port in tankers and
barges (excluding the movements
of small harbor tankers that serv-
ice vessels in the harbor) (Maine
Department of Transporiation,
1988). Over 80 percent of the
petroleum products received in
Maine ports are handled at the
docks and terminals on Casco Bay.
Sixty-five percent of the state’s oil
storage capacity at marine termi-
nals is located on Casco Bay; over
90 percent of the Casco Bay total,
or 60 percent of the state total, is
west of Great Chebeague Island
(Crawford, 1988). The bilge wash
from the 154 tankers that visited
the port in 1987 (Maine Depart-
ment of Transportation, 1988)
likely contribuied significant
amounts of oil to the waters of
Casco Bay, although Clean Har-
bors Inc. of South Portland, a new
company, currently handles bilge
wash disposal.
B. Nonpoint Sources

Runoff from those parts
of the coast where stormwater is
not collected in sewer systems
reaches the Bay as a potential
nonpoint source of pollution.
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Runoff from urban areas will con-
tain a mixture of oil, heavy metals,
nutrients, and organic material;
runoff from non-urban areas will
contain fewer toxic pollutants but
higher amounts of some nutrients.
Pesticides may be entering Casco
Bay in runoff from agricultural
and forested areas throughout the
watershed.. Spills from oil pipe-
lines represent another hard-to-
quantify nonpoint source.

C. Pollutant Loadings

It is not possible to obtain
precise values forthe total amounts
of various pollutants that enter the
Bay from the many point and
nonpoint sources mentioned
above. Pollutant concentrations
and discharge volumes are quite
variable; often, they can only be
estimated. However, it is possible
to make “educated guesses™ that
can give us at least an idea of the
relative contributions of different
types of sources to the total pollu-
tion picture in Casco Bay.

The National Coastal Pol-
lutant Discharge Inventory
(NCPDI), maintained by NOAA,
is a data base and computational
framework that can be used to
generate just this sort of informa-
tion. When specific information
about a given pollutant concentra-
tionorflowisnotavailable, NCPDI
relies on the best information that
is available, e.g., “typical” con-
centrations and calculated runoff
volumes. The results are a screen-
ing tool intended to assist in the
assessment of relative pollutant
contributions.

Table 5-3 presents esti-
mates for annual pollutant load-
ingsto Casco Bay from the NCPDI
database. It shows that Casco Bay
Ieceives a staggering load of toxic
contaminants each year: nearly 77
tons of toxic metals, including
nearly 24 tons of lead, over 7 tong

of chromiom,. nearly 34 tong of -

zine, and more than 1,500 tons of
petroleum hydrocarbons. A closer
ook at the table allows us to pin-
point the major source categories
for each contaminant.

Power planis account for
a large part of the flow into the
Bay, but because the concentra-
tions of poliutantsinthe discharges
are very low, the total pollutant
contribution from power plants is
guite low,

Point sources other than
power plants, however, are sig-
nificant contributors of most

pollutants, Wastewater treatment
lants and industri er ac-
ount for m

h al loadin a

Bav forallmetals ex lea

for mo n4 nt_of th
otal for all metals ex ni

lead and copper. For cadmium,

chromium, copper, and lead, the
contributions of wastewater treat-
ment plants and industries are
roughly comparable.

Poimt sources are also
significant contributors of petro-
leum hydrocarbons to Casco Bay,
with almost half of the total Ioad-
ing attributable to wastewater treat-
ment plants. _Wastewater treaf-
ment plants pour over 750 tons of
petroteum hydrocarbons. into

asco Bay each year — over half
of the total received by the Bay.
As noted above, most of the point
source pollutant loads enter the

Bay in the Portland area.
Table 5-3 also reveals the

large extent to which nonpoint
sources, especially urban runoff,
contribute to the pollution of the
Bay. Urban runoff accounts for
nearly all of the ri ntami-
nants entering Casco Bay. Alarge
part of the Bays annual toxic load
is also attributable to urban runoff.
Urban runoff contributes nearly
half of the petroleum hydrocar-
bons, over 80 percent of the lead,
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and a significant fraction of the
arsenic, cadmium, copper, chro-
mium, and mercury entering Casco
Bayeach year. Aswas the case for
point source loadings, nearly all of
the nonpoint loading ocgurs in the
Greater Portland area.

Table 5-3 suggests a criti-
cal consideration for thos¢ con-
cerned with reducing the flow of
contaminants into Casco Bay:
controlling point sources is impor-
tant, but will not get the whole job
done. Controlling pollutant load-
ings from urban runoff —- that is,
controlling discharges from CSOs
and stormwater discharges, as well
as runoff from oil facilities and-
other industrial argas — is at leasi
as important as controlling pollu-

tion from large point sources.
A hard look at the pollu-

tion problems of Casco Bay will
also have to consider the heavy
tanker and barge traffic that makes
Portland the largest oil port in
Maine. These point sources are
not even considered in Table 5-3,
but may play a important role in
the Bay’s hydrocarbon pollution
picture. o

The area that will reap the
greatest immediate benefit from
better controls of both point and
nonpoint sources is the area that is
in the greatest need of help, the
area that has borne the greatesi
burden so far - the Portland vi-
cinity.

However, the ultimate
benefits of better pollution control
will go well beyond the Portland
area. As many of the results in
Chapters I1, IIT and IV suggest,
contamination problems in Casco
Bay are not limited to Portland.
Sediments and fish taken from
outer Casco Bay also had high
levels of many contaminants; shell-
fish closures are not limited to
Portland and South Portland.

Most importantly, by
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addressing the growing problem
of pollution in Casco Bay now, the
people that live and work on and
around Casco Bay can avoid the
fate of those that live further south.
The results presented in the pre-
ceding chapters stand as a waming
against complacency and inaction;
the situationin Casco Bay is not as

different from the situation in
Salem and Boston and Providence
as one might think. As the shores
and islands of Casco Bay come
under increasing pressure to fol-
low the path of the much more
urbanized and densely populated
coastal areas of southern New
England, the need for action will

become even more critical. By
acting promptly and aggressively,
citizens and government officials
can begin to reclaim Casco Bay
and prevent the sort of environ-
mental disasters that have befallen
too many of their neighbors to the
south,

Waste Type

Industrial Wastewater

Cooling Water

Sewage/Sanitary Wastewater

Tablé 51

Poin rce Discharges to

Daily Flow
millions of sallon

29.8
23.5

5264

Sources: NCAA (1987a); U.S. Environmental Protection Agency (1988); Douglas Miller, Portland
Water District (personal communication)
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Dischargers of Treated Stormwater Runoff to Casco Bay

Discharger .
Amoco Gil (South Portland)

BP Oil (South Portland)

Brunswick Naval Air Station

Central Maine Power (Portland)
{South Portland)

{Yarmouth)

Chevron USA (South Portland)

Clean Harbors/Williams Terminal

Cumberland Farms (South Portland)

Exxon Co., USA (South Portland)

General Electric (South Portland)

Getty (South Portland)

Greater Portland Resource Recovery

Gulf Oil (Portland)

Koch Fuels (South Portland)

Merrill Industries

Mobil Oil (South Portland)

Northeast Petroleum (South Portland)

Phoenix Resources (South Portlan&:)

Portland Pipe Line (South Portland)

Texaco (South Portland)

U.S. Naval Air Station

U.S. Navy Fuel Depot (Harpswell)

Webber Oil (Portland)

Table 5-2

Receiving Water
Portland Harbor

Fore River
Mere Brook
Casco Bay

Fore River
Casco Bay

- Casco Bay

South Portland tidewaters
Casco Ba“y

Fore River

South Portland Harbor
South Portland Harbor
Stroudwater River
Portland Harbor

Fore River/S. Portland H.
Fore River

Fore Rivet/S. Portland H.
Fore River

Casco Bay

Anthoine Creek

Fore River

Casco Bay

Casco Bay

Portland Harbor

Sources: NOAA (1987a); U.S. Environmental Protection Agency (1988)
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Table 5-3

Esti Annual Poltutant I oadings i Ba
from National Coastal Pollutant Discharge Inven

Power Urban  Other
Pollutant Units WWTPs _Industries’ Plants™ Runoff Runoff Totals
Flow 10° galions  8.78 12.86 190.0 20.15 4745 279.24
Biochemical
Oxygen Demand tons 867.7 1435.0 — 14672 739.7 4509.6
Total Suspended
Solids tons  1047.6 31104 46.8 16,815 67376 88395.8
Nitrogen tons 3674 3329 — 262.7 416.3 1379.3
Phosphorus tons 3059 135.1 — © 438 139 498.7
Fecal Coliform
Bacteria cells 4.1 x101° 3.5x10° —_ 35x 10 — 3.5x10
Metals i
Arsenic tons 0410 0.046 0.109 0.599 0.176 1.340
Cadmium tons 0.156 0.173 0.014 0.236 0.027 0.606
Chromium  tons 1781 2.103 0.094 1988 1408 7375
Copper fons 1.691 1487 1.720 4351 0.674 9.923
Lead tons 1.623 1076 0.016 19.081 2.013 23.809
Mercury pounds 37.8 147 3.7 31.6 0.01 87.81
Zing tons 5.074 8.565 1093 17.788 1225 33.745
Petroleum : :
Hydrocarbons  tons 756.7 12.2 0.05 738.6 — 1507.6
PCBs pounds 0.01 — — 10.8 — 108
Chlorinated

Pesticides pounds 323 — S 89 660 107.2

* Process, sanitary, and cooling water flows.
** Process and cooling flows (no sanitary flows from power plants).
***Total includes only only those sources listed by NOAA (1987a); atmospheric deposition is not included.

Sources: NOAA (1987a); U.S. Environmental Protection Agency (1988); some loadings calculated from
values provided by Daniel Farrow, NOAA (personal communication)
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VI. RECOMMENDATIONS

Effective action by citi-
zens and government can tum the
tide in Casco Bay. Instead of a
slow, downward spiral toward en-
vironmental degradation, Casco
Bay can experience a recovery
from the problems that are already
present and continue to serve as a
vital, productive resource for the
whole region. '

A comprehensive solution
for the problems that are begin-
ning to appear in Casco Bay would
include dozens of specific steps by
federal, state, and local govern-
ments, and by individual citizens.
Following are some broader rec-
ommendations that emphasize a
small number of actions that can
be taken in the short term to begin
to build both a better knowledge
base about the Bay and the mo-
mentum that will be required to
ensure the protection of Casco Bay
over the long term.

« The state and EPA should take
immediate action against the
problem of combined sewer
overflows in the Portland/South
Portland area. The Portland Wa-
ter District, the City of South

. Portland, and the City of Port-
land should be required to de-
velop plans that will resultin the
reduction or elimination of pol-
lutant flows from their combined
total of nearly 60 overflow
points.

» The Portland Water District
should take effective steps to re-
duce the levels of fecal coliform
bacteriainthe discharge from its
Portland plant. The plant has
consistently violated the limits
in its discharge permit for bac-
teria for over three years..

» The state should set up a Casco
Bay Environmental Trust Fund,
to which penalties from state,
federal, or citizen-initiated en-
forcement actions against firms
or municipalities that violate
water pollution laws would be
directed. The Fund would fi-
nance studies and remedial ac-
tions around the Bay.

» The state and EPA should im-
mediately begin 1o devote addi-
tional resources to the problems
of inner Casco Bay, especially
Portland and South Portland
Harbors. They should developa
detaiied plan for improving the
water quality of that area so that
it meets state water quality stan-
dards.

« The U.S. Food and Drug
Administration should institute
systematicmonitoring of fishand
shellfish in markets and in the
ocean, in order to maintain pub-
lic confidence in the safety of
seafood and to establish an early
warning system. In addition the
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federal government should set
safety standards for the many
unregulated contaminants now
found in fish and shellfish, in-
cluding lead, cadmium, various
hydrocarbons, and non-chlorin-
ated pesticides. The New Eng-
land states should expand their
spot checking to ensure that the
federal standards are being met.

« The state govemment and
Maine’s congressional delega-
tion should request that Casco’
Bay be made part of EPA’s na-
tional estuary program, so that
the comprehensive study of the
Bay could receive federal funds
as well as state funds.

» The National Oceanic and At-
mospheric Administration
should add Casco Bay to its
Mussel Watch program, This
would provide consistent com-
parative monitoring of contami-
nant levels in these sentinel
organisms.

» The Departments of Environ-
mental Protection and Marine
Resources, and the .S, Envi-
ronmental Protection Agency’s
regional office in Boston, should
initiate a comprehensive study
of the Bay and of the many fac-
tors, especially human activities,
that affect environmental qual-
ity in the Bay.
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