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Abstract

Boston Harbor (and its approaches) is a glacially carved,
tidally dominated estuary in western Massachusetts Bay.
Characterized by low river discharge and significant human impact,
the harbor is typical of many bays and estuaries along the New
England coast.

The sands and gravels that floor Massachusetts Bay and the
harbor approaches are relict glacial sediments, but in areas of
fine-grained sediments, Holocene sedimentation rates have averaged
0.015 em/yr. In the harbor itself, modern organic-rich sediments
are accumulating in several depocenters at an estimated rate of
0.2-0.3 cm/yr. The high organic matter content (greater than 10%)
of these modern sediments 1s attributed in part to anthropogenic
wastes. Decomposition of this organic material and subsequent
production of methane gas render the sediment impenetrable to
acoustic energy, facilitating the mapping of these modern deposits.

Wastes rich in trace metals are discharged into the harbor
from the sewage treatment facility at Deer Island and from numerous
point sources in the Iuner Harbor. Organo-metallic complexes and
iron oxide coating on suspended particles and bottom sediment appear
important in the transport and retention of these metals.
Calculations suggest that at least 337 of the metal discharged into
the outer harbor is retained. Trace metal profiles in the bottem
sediments reflect the increasing use and discharge of these metals
during the past 100 years. Large variations in several cores may be
related to circulation changes accompanying the closing of Shirley
Gut in 1936.

In the water column, silt and clay sized mineral grains are
suspended together in organically bound agglomerates. The organic
film binding these particles is a by-product of biological activity
and aids in the deposition of particulates and pollutants.
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. Tidal activity and differential settling apparently
fractionate silt and clay agglomerates forming a very thin, soupy

layer of organic, clay-rich material at the sediment-water
interface, that carpets portions of the study area. This layer
seems to form a transition between the more silty and less mobile
subsurface sediments and the suspensates of the turbid water column.
The redistribution of natural sediments (resuspension/
advection) is a key depositional process, accounting for as much as
70-80% of the material deposited in the harbor. Harbor circulation
indicates that Massachusetts Bay may be an important source for this
material. Human activity may enhance the ability of the harbor to
retain this redistributed material by stimulating biological X
production (organic film) and supplying lipid-rich organic material

. through waste disposal.

Boston Harbor is an efficient sediment trap. Long flushing
times and landward bottom drift aid in the retention of fine-grained
wastes, whose impact on the biological and chemical environment of
the harbor can be severe. Other estuaries along the coast of New
England may operate in similar ways with respect to waste dispersal.

Thesis Advisor: Dr. John D. Milliman

Title: Associate Scientist
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II. Scientific Objectives

This thesis reports the findings of a three-year study
designed to establish and exélain thé past and present patterns of
movement and accumulation of sediment in Boston Harbor, with
particular emphasis on anthropoéenic wastes and théir influence on
natural.pfocesses. Because of its small riverine input and
extensive urban influence, Boston Harbor offers an §pportunity to
assess the nature of man's impact on depositional processes.
Several basic (and related)'queétiqns outline the task: what tQpes
of sediment co?ef Ehe harbor floor; where are they concentraﬁed, and
why; what are thefsou:ces of thgse sediments; do pollutants
accumulate in the harbor and at what rate; how effective is the
harbog at retaining these pollutants; by what mechanisms are these
pollutants transported; how doeé the composition of suspended

particuiates compare to bottom sediments; how does the suspended

particulate regime change with time (tidally and seasonally)?

Answers to these questions are Qital to harbor management schemes
aimed at improving existing conditions and minimizing futura adverse
impact. Three main reseérch programs address the questions raised:
1) determine the character, distribution,thiékness, and sourceé'of
bottom sediments; 2) define the accumulation history of pollutants
(trace metals)_in the harbor; ana 3) relate the suspended
particulate regime to the recent sédimentary history of the harbor.

These programs are the topics of the major divisions of this



thesis. The collected samples are stored in the Data and Earth
Sampliﬁg Center of the Woods Hole Oceanographic Institution. The
data on which this report is based will appear in a separate data

file (Ellis et al., 1980).

IIT. Introduction

Estuaries, a crifical transition between landband the
sea, eﬁhibit a wide range of hydrographic and ecologic.
conditions. As such, the estuarine gnvironment is far more
important than ité pﬁysical dimensions would imply. For
example, estuaries form a major sink of modern flﬁvial, and
marine sediments (Meade, 1972) as well as provide spéwning
grounds for many fish and invertebrates (Officer, 1976).
However, because many major cities are leccated on or near
estuaries, this fragile environment is exposed to a diversity
of pressures: economic activities (such as fishing and
shipping) often conflict'directiy with recreation (e.g.,
bathing and boating), as do engineering projects (such as
dredging, mining, and sewage dumping). Unfortunately the
complexity of estuarine processes often make; the effects and
interactioné of various’authfopogenic forcés more difficult to
undefstand. Clearly, however, coastal management schemes must
incorporate a knowledge of both the dynaﬁic regime wiﬁhin the
estuary and the effects.of man's activities in order to
maintain thatvestuary as a viable economic and esthetic

resource.
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a. Environmental Setting
Boston Harbor and its ﬁeighboring waters face

envircnmental problems similar to many other harbors and
estuaries adjacent to large urban centers. Man's activity,
both on land and iq the estuary itself, has greatly affected
harbor configuration (through extensive landfili operatibns),
freshwater runoff, énd watef quality.

| The discharge of domestic and industrial wastes into the
harbor has made A major and lasting effect on this
environment. The serious nature of this environmental
contamination is reflected in the dramatic reduction in acreage
open for shellfishing. Presently 9 sq. kﬁ of the harbor are
closed to shellfishing with another 10 sq. km restricted
(Boston Globe, December 10, 1979). The extent of the pollution
of bottom sediments in portions of the harbor is shown by the
character of the benthic communitiés in these areas (FWPCA,
1969: Stewart, 1968; Normandeau Assoc., 1975). Opportunistic
polychaete worms and~amphipod&.typica1 of sédiments stressed by
human and industrial wastes, dominate the soft bottom community
of the harbor. Five generé compose the polychaeté assemblage:

Polydora, Nephthys, Phyllodoce, Etcone, and Tharyx, and one

species, Polydora ligni, predominates. Of the three genera

(Ampelisca, Corophium, and Lysianopsis) comprising the amphipod

assemblage, Ampelisca is the most common, often outnumbering

even Polzdogg. .-



Boston Harbor receives the discharge of municipal wastes
from the 43 cOmmunitias served by the Metropolitan District
Commission (MDC). Efforts to éope with the problem led to the
construction of the.two existing primary treatment plants, fed
by 225 miles of interéeptor sewers. -Five of the older
communities in the 36 squafé mile downtown area have combined
sanitary and stdrmwatér'sewerS'ﬁhat overflow into the rivers at
‘hundreds of dischargé points (Figure 1). Additional pollution
sources include industrial waste dischargé#, shipping wastes,

- and debris from rotting dock facilities.

Municipal wastes discharéed at the mouth of the harbor
from outfalls at the twenty-five year-old Nut Island treatment
plant and the eleven-year-old Déer Island faci1ity carry a
sizeable pollutant load. The Nut Island.plant contfibutes 123
million gallons per day (MGD), and Deer Island over 329 MGD of
chlorinated primary sewage‘to the harbor waters (MDC‘Annual
Report, 1975). The flow from these two plants is equal to
three-quarters of the average fiow‘of all rivers émptying into

the harbor. A third outfall, which discharged raw sewage from

Moon Island for eighty years, contributed a considerable amount °

of material prior to its closing in 1969.

19.
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Figure 1.

Map of sewer outfalls and storm—sewer
overflows in Boston Harbor,

20.
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At present, approxiﬁately_lOO tons of solid material
from the waste treatment plants aré flushed daily into the-
harbor at ebbing tidg to enhance the dispersion of this
watevial into Massachusetts Bay. Evidence suggeéts, however,

that some of this sedimént accumulates in the harbor (Bumpus et

. al., 1953),4and McLeodk(l972) has éstimated that at least 20%

of the sewage spoiis are rétained; In addition to the organic
ioad, thé sludge contains wasté oils, traqe metals, and
chiorinétéd'hjdrocarbons; Waste oils make up 2% of the net
weight of the organic material iﬁ the slﬁdge, or some 1,360 kg
per dgy (Gilbert et al., 1972).' During Septemger, 1979, Deer
Island alone diséharged some 200 kg of lead per day (MDC flow:
records).

Boston Harbor presents a'managerial and en;ironmental
dilémma.‘ Curreﬁtly, loéal;vstate, and federal agencies are inv
the throes of a debate coﬁcerning a harbor cleanup plan and the
1 billion dollars allocafed‘fof it. To comply with the Federal
Clean Water Act, Béston mus t upgrade its system to secondary
treatment by 19&3; unless MDC caﬁ secure a waiver allowing ‘
primary effluent to bé pumped far out to sea. Decisions,
hambered by the paucity of data on the harbof environment, are
based solely on engineering and political considerations, and

actiorn is expected to be long delayed by litigation.

22.
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b. Geography
Boston Harbor and its 31 associated island§ cover an

area of 114 square kilometers in westernmost Massachusetts Bay
(Figure 2). Draining into the harbor along its 190 km
shoreline are the Charles, Mystic, Chelsea, Neponset, Weymouth
Fore, and Weymouth Back Rivers. The natural configuration of
Boston Harbor and the recent construction of causeways between
various harbor islands have effectively divided the harbor into
two major subdivisions: 1) the Inner Harbor, Dorchester Bay,
Deef Island Flats, and President Roads to the north, and 2)
Quincy Bay, Hull Bay, Hingham Bay, and Nantasket Roads to the
south and east.

c. Hydrography

The harbor has little freshwater influx. The

Charles, Mystic, and Chelsea Rivers contribute freshwater to
the Inner Harbor at an approximate rate of 15 to 40 m3/sec
(Karpen, 1974) - the Charles, though dammed, accounting for
more than half of all freshwater flow intokthe harbor. Bumpus
et al. (1951) estimate the flushing timé for freshwater in the
Inner Harbor at 2 to 12 days depending on river discharge;
while the flushing time for the entire harbor is 42 days.

A thin wedge of water of less than 29 O/oo
(4-29 °/00) occupies the surface layers from the Mystic River

seaward throughout most of the length of the Inner Harbor.



Gk

Figure 2

Geography of Boston Harbor and its
approaches. Dashed lines refer to
shipping lanes.
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This fresher water is underlain by water of salinity between
30.0 and 31.0 0/oo. This in;ermediate wedge of water extends
out across President Roads to Deér Island. In the approaches,
salinities are generally greater than 32.0 O/oo, though'
spring fresﬁeﬁing (due to increased runoff).decreases
salinities throughout the area.

From December through March the water column ip Boston
Harbor and Massachusetts Bay ié-virtuélly isothermal, reaching
its minimum temperature in late February; surface temperatures
during this period range bet&éen 0 and 6°C. 1In April vernal
‘warming heats the surface 1ayefs, continuing through August,
with surface temperatures feaﬁhiﬁg 18°C (Bumpus et gl., 1953
Bumpus,bl974).

Semi-diurnal tides (mean rangé of 2.7 m) are primarily.
. responsible for water exchange in‘the harbor (Bumpus et al.,
1953; New England Aquarigm, 1973). On a volume flow
relationship, the residence fime is slightly under two tidal
cycles. Héwever,,because‘many areas have sluggish circulation,
complete flushing presumably takes longer. Maximum current
velocitieslapproach 100 cm/sec bétween Deer Island and Long
Island three hours after flood, but in most areas max imum
surface velocities are less than 50 cm/sec (Folger, 1972).

Wave directions are predominantly from the SW through W
in sﬁmmer, NW and N to NE iﬁ winter, corresponding to the

prevailing wind system (Bumpus et al., 1$53). Wave heights
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offshore usually range 1-2m fromrNovembar through April and
0-1m the remainder of the year. Landward of the outer islands,
lowér sea staﬁes will prevail.for Sﬁ, W, NW, and N &inds due to
limited fetch. Swells within the harbor are predominantly low,
though occasional medium and high swells accoméany NE and E
winds.

d. Bottom Topography_

The submarine bottom tdpography of Boston Harbor and
western‘MaSSachusetts Bay'(Bumpus et al., 1951; Meisburger;
1976) is éharacterized by irfegular (hummocky) terrain
possessing considerable relief‘(Figure 3). The éeabed inclﬁdes
a system of NE-SW trendiﬁg, steep~sided, rough-topped,
discontinuous rock ledges and.troughs. Northeast of The Graves
(FigureIZ), the trend of the elevations changes to NW-SE,
possibly indicating a change from bedrock to glacial sediments
"(mapus et al., 1951). Away from these roék ledges glacial
deposition pfobébly'controlled the bathymetric
characteristigs. The majority of harbor islands owe their
.relief‘to the presence of giacial drumlins, whosé.long axes are
oriented roughly in an E-SE direction (LaForge, 1932).

" Postglacial erosion and deposition (including man's activities)
have modified bottom morphology throughout the harbor area.

More than three-quarters of the harbor has a depth (mean

low water) of 3m or less. However, two major shipping channels .

provide Boston Harbor with effective connections to

-
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Figure 3.

Bathymetry of Boston Harbor and its

approaches, contoured from 1973 U.S.

Coast and Geodetic Survey chart.
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Massachusetts Bay: President Roads, with a mean low water_depth
(MLW) of 12 m and Nantasket Roads, Qith a MLW depth of 9 m.
Prior to its closing in 1936, Shirley Gut.(Figure 1) Also
provided an important conneqtion with Massachusétts Bay for
tidal exchange.
e. Geolégic Settiﬁg

Boston Harbor lies wholly within the Boston Lowland,
a structural and topographic basin underlain by'faulted and
folded Paleozoic clastic sediments (Pre—Devonian) with:
interbedded andesitic volcaﬁics of the Boston Bay Group
(LaForge,‘1932). Post;depositional erosion carved an irregular
surface into the bedrock before.the onset of Quaternary
glaciation (Upsbn and Spencer,1964). This old topography,
which now forms the bedroqk surface under the Bbston_Lowland,
was later modified by glacial ice masses and subsequen;ly
buried by glacial drift, alluvium, and coastal déposits.

Basement rocks trend to the northeast and slope

_generally seaward. A few highs in the old topography outcrbﬁ
on the seafloor and form some of the islets in Boston harbor
and its épproaches. Elongated, deep areas‘repfesent fbrmer_
drainage pathways. The apparent convergence of these vélleys
‘tbward Point Shirley and the depth to basement (68 m belpw MLW)
suggest a major outlet valléy Beneath ﬁhe former position of

Shirley Gut (Bﬁmpusvet al., 1951).
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Except for bedrock exposures throughout the area, most
sgrficial and shéllow subéurface deposi;s consist of Qu;ternary
glacial and glaciomarine sediments. VIn'general, these glacial
deposits lie directly upon the bedrock sﬁrface and are thickest
in ancient bedrock valleys (see below). Holocene fluvial and
coastal marine deposits are_impértant only locally.

| The record of Pleistocene glacial_and interglacial
stages in the Boston region is fragmentary (Table 1); however;
xthé bulk of glacial déposits invthe aréa are prébably of
wiéconsin:age (Kaye, 1961). Presumably pre-Wisconsin
continental glaciers deposited drift, though evidencefof such -
past events has been largely obliterated by subsequent glacial
erosion. During excavation under Boston Common, Kéye (1961)
did find evidence of four, and possib}y five, ice advancesAand
three marine transgressions (pre-Wisconsin deposits). The
oldest widespread deposit of Pleistocene age in thé Bosﬁon area
is a discontinuous drift layer (Drift II1) which Kaye (1961)>
believed ﬁas deposited during the early Wisconsin-Iowan
substage. -

After retreat of the glacier associated witﬁ Drift III,
the area was inundatéd,and a layer of glaciomarine clay (Clay
1I1) was deposited; A second period of emergeﬁce foliowed the
deposition of Clay III, during which this clay and exposed

portions of older deposits were eroded.
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TABLE 1 - Pleistocene Stratigraphy

Epoch Kaye (1961)] Judson (1949)2 | Upsonr& Spencer (1964)3
, , - Upper peat '
‘Holocene Marine silt - Estuarine deposits
. | Lower peat ‘ :
Late Wisconsin Drift IV Lexington Out-
(Cary) Mostly outwash wash v Outwash
(in Boston Basin) Lexington Drift
Mid Wisconsin Clay III Boston Clay “Marine clay
(Tazewell) ‘ - o
Early Wisconsin Drift III Boston Till Tin
(Iowan)
I1tinoian Drift 11 Bedrock )
I11inoian- , :
or Clay 1 Pre Boston Till
Yarmouth - . ' _ o
Kansan .
or - | Drift I
Nebraskan
Badrock |

1. Based on a section under Boston Commons, Massachusetts.
2. Based on excavations at PBoston, Massachusetts.
3. Based on borings in fill of ancient valleys in the Boston Basin.
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Anothér glaciallepisodé (late Wisconsin) followed this
period of erosion, depositing sedimeﬁts consisting primarily of
outwash. This last glaciation is dated at about 10,000 years
B.P.A(Kaye and Barghoorn, 1964).

Since that time, felative sea level has risen and
estuarine and coastal sediments.have been deposited -- modern
sea level reaching a near standstill abouﬁ 3000 yeafs B.P. The
risé of sea level to its present position’é?er the paét 5000
years at a rateiof about 1 cm/ye;r (Emery and Uchupi; 1972) has
subjécted glécial.deposits to cqntinuing marine reworking.'
This reworking has distributed‘é surface "skin" of marine sand
and gravel over much of the area. Silts and clays, largely
Vorganic in éomposition, are now being deposited in sectioﬁs of

Boston Harbor.
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Chapter 1

1v. Bottom Sediments

a. Subsurface Ceology

With thg coopefation of the U.S. Geological Survef,
seismic reflection profiling operations gafﬁered data 6n the
bottom morphology and,shallowksubbottom structure of Boston
Harbor (Figure 4). Previous seismic operations within the
harbor were very limited in scope (Edgerton, 1963, 1965;‘Yu1es,
1966). Profiling surveys of western Massachusetts Baj
compl ement our own work and include the Massachusetts Coastal
Mineral Inventory Survey, MCMI (Wiliett, 1972), and the Inmer
Continental Shel f Sediment and Structﬁre study, iCONS
(Meisburger, 1976). -The paucity of deep borings in the harbor
andkthe complexity of the basement topography preclude the
correlation of internal-refiectors.«'Thus,.ihterpretation of
the harbor’s.subbottom structure ﬁust be inferred from the
detailed offshore seismic and corihg surveys.

Relationships between bottom morpholég&land‘subsurface
structure are fairiy consistent in western Massachusetts Bay
and Boston Harbor. Most topographic highs on the seafloor are
associated with outcrops of the ifregular bedrock surface or
glacial till, while topographically flat or low areas occur

¥

where bedrock or till is buried.



Figure 4.

3.5 kHz seismic coverage
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Oldale, Uchupi, and Prada (1973) inferred the existence
of'foﬁr discéntiﬁuous sedimentafy units errlying the basement
complex in the western Gulf of Maine and the southeastern
Massachusetts offshore area. Defined largely on the basis of
seismic reflection data, these Qnits are: (1) coastal plain
éediments of late Cretaceoﬁs to early Pleistdéene age, (2)
moraihe dgposits of Pleistocene age, (3) glaciomarine aﬁd
marine deposits of Pleistocene and Holocene age, and (4)
glaciolacustrine deposits of late Pleistoéene age. The
ifreguiar acéustic b&sement was.traced in'many cases to Qithin
short distances of the shore,'wﬁere crystalline and sedimentary
rock of pre-Cretaceous age outcrop.

Two of these sedimentary units are found within western
Massachusetts Bay (Oldale, ﬁchupi, and Prada, 1973). Unit 2, a
'glacial moraine, is present in only one place in the Bay, where
it forms a large submarine hill. The other unit comprises.
glaciomarine deposits of Pleistocene and Holocene age. This
unit, which Oldale, Uchuéi, and Prada (1973) called the
"transparent layer'", outcrops throﬁghout Massachpsetté Bay
alternating with outcrops of the basement complex (Meisburger,

1976).
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1. -Acoustic Basemenf

An acoustic basement cohtaining no internal
reflectors is evident on our 3.5 kHz.records and the low
frequency records fsparker and uniboom) of the ICONS and MCMIV
studies. Tﬁis basement underlies the transparent umit aﬁd,vin
_plagés, may outcrop on the sea floor to create topographic
highs.. It is likely that acous;ic basement 1is nof everywhere °
coincident with the top of'pre;Cretacéous basemént complex |
rocks, but includes overlying glacial deposits in piaces Eoth
in the harbor.and its approaches (Meisburger, 1976)."

| The surface of the acousﬁic baéement is highly irregular

and cOmplex.(Figure'S). The basement'tbpbgraphy consists
mostly*of elongate lows aﬁd itregular highs. The orientgtion‘
of basement features is east to east-southeast offshore and

northeast in the harbor proper (Figure 6).

2. Transparent Refléction Unit

Numerous. reflectors can be seen in the transparent
layer, and iocally, reflectors defining cut-énd—fill'and slump
structures are preseﬁt (0ldale, Uchupi, and Prada, 1973). 1In
some places, continuous internal reflectors are absent, and the
record has a'mottled appea;ance. The mottiing is inferred to
represent local deposits of‘coarser‘gfained material, perhaps
sand and gravel (Oldale, Uchupi, and Prada, 1973). ‘Generally,

the unit has a flat upper surface, and partly or complétely

fills topographic lows in the basement unit.



Figure 5.

Selected 3.5 kHz profile showing the
irregular and complex surface of the
acoustic basement (A). Sediment surface
(S) is indicated. Vertical scale is
approximately 50 m (1/16 sec);
horizontal scale 1 km.
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Figure 6.

Topography of the acoustic basement
(relative to mean sea level). Offshore
data taken from Willett et al. (1972).
Boston Harbor data from this study.
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Meisburger (1976) divides the offshore transparent unit
ipto upper and 1owér subunits separated by an irregular
reflecting surface. Meisburger (1976) suggests that this "blue
reflector" is proﬁably'an erosional surface. Below this |

reflector, the transparent unit is reflectively featureless or

possesses weakly defined reflectors with a horizontal or gently j

warped attitude. The upper transparent subunit has internal

reflectofs that are generally stronger, often discontinugﬁs,
and relatively steep. Offshore both subunits occur together
throughout most of the area; where only éne subunit is-presen;
it is usually the lower_(Meisburger,'19765.

Though outer portions>of the harborAdisplay the
subbottom character discussed above (Figure 7), large areas
show strong reflectors (layering) throughout most of ﬁheb
sediment éolumn-(Figure 8). These layers drape ove# ché*
acoustic basement, fhereby suggesting a quiescent current
regime, while overlying these ﬁarallel reflectors are
discontinuous layers showing cut-and-fill structures,
suggestive of the more vigorous current regime which exists
today.

Boreholes in Boston Harbor show the upper part of the
transparent layer to be Holocene silt and clay and the lower
part to be glaciomarine silt and clay of late Pleistocene age
(R.H. Burroughs, unpublished data); Oldale et al. (1973)

inferred a similar correlation for the transparent layer
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Figure 7.

3.5 kHz profile, taken near the outer
islands, showing the acoustic character
of the "transparent layer'" as described
by Meisburger (1976). Sediment surface
(S), acoustic basement (A), and "blue
reflector" (R) are labelled. Vertical
scale is approximately 50 m (1/16 sec);
horizontal scale .75 km.
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Figure 8.

3.5 kHz profile taken southeasi of
Long Island showing the extensive
layering characteristic of much of

the harbor. Sediment surface (S) and
acoustic basement (A) are labelled.
Vertical scale is approximately 50 m;
horizontal scale .8 km. '"Ringing"
section is an acoustically turbid zone
(see text).
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offshore. No intermal reflector within the unit, suggestive of

an unconformity between the glaciomarine and Holocene marine
deposits, could be identified. This fact suggests that in most
places deposition hae been continuous since the late
Pleistocene.

The eilt and clay represented by the transparent layer
thﬁs appears:to have a complex origin. Presumably, most of the
‘material coné?eted of glacial rock flou: carried by mel t-water
streams andldeposited in the basins. As the rising;Holocene
sea submerged the area, silt and elay were winnowed from
giacial drift and carried into the basins (Oldale et al.,
1973).' Finally, the:uppermost‘silt and clay deposit probably

contains some material transported by modern streams.

b. Bottom Sediment Thickness

Analyses of the 3.5 kHz profiles (Figure 9) shows the
partial filling with sediment of the northeast trending bedrock
valleys. Sediment is thinnest over topographie.highs and
thickest in troughs, where.penetretioe reaches 45 — 50
milliseconds two-way travel time. Assuming a velocity of 1.6
km/sec, this fime corresponds to 35-40 m of sediment. This is
in good agreement with the thickness of Quatermary deposite on
land (LaForge, 1932).

The isopach map highlights the historical loci of .w

deposition in Boston Harbor: northeastern Dorchester Bay,

President Roads, Quincy Bay, and the area surrounded by



&3
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Figure 9.

Isopach map, contoured in milliseconds
two~way travel time, of sediment over
acoustic basement.
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Thompson, Spectacle, Long, and Moon Islands. Another thick
wedge of seaiment - not identified in our survey - lies in the
Deef Island Flats at the former position of Shirley Gut (Bumpus
et al., 1951). ‘Comparing the locations of these historical
depocenters with sites of modern deposition is important in
assessing the modification of sedimentary patterns through time
(see section on organic bottom sediments).

As stated earlier, the few deep test borings in the
harbor show Holocene marine silt and clay overlying
glaciomarine silt and clay of Pleistocene age. Unfortunately,
these borings are too few to map the extent of these deposits
and their horizontal relatiohéhips. Several shallow borings
(6-9m) in the harbor by the U.S. Army Corps of Engineers,
however, do provide some information on recent sediment
relations (Bumpus et al., 1951). Soft mud areas are found in
sheltered portions of the harbor such as Deer Island Flats and
Quincy Bay. The greatest thickness of mud recorded is 12m in
SW Dorchester Bay (Boston Society of Civil Engineers, 1961),
but normal thicknesses of this mud run from 1.5 to 6 meters.
The materials beneath these soft sediments vary from gravel to
clay (Bumpus et al., 1951). Outside of these mud areas, few
generalizations can be made regarding vertical sediment
sequences, except that they are heterogeneous. Adjacent
borings frequently show no correlation either in sequence or in

thickness of individual types.
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In the harbor, the mos£ pfevalent subbottom deposit is a
blue-gray to slightiy greenish-gray clay, which beéomes
yellow-brown when oxidized. This clay, generally called the
Boston Blue Clay, may correspond to Clay III of Kaye (1961).
This clay is often layered with fine sand or silt in béds.of
less than three centimeters to more than thirty (Mencher et
al., 1968). The‘thicker layering ma? givé rise to the parallel
reflectors seen on continuous seismic profiling records in the
Preéident Roads and other areas (see above). From Fort
Independence through President Roads to Deer Island, the Boston
Blue Clay is édmmonly encounteréd at depths of 1 to 10 meters
below the bottom. _Overlying sediments vary greatly in
thickness and composition within short horizontal distances

(Bumpus et al., 1951).

c. Texture and Coﬁposition

The results of several studies? including this work, are
utilized to fully describe the distribution and character of
bottom sedﬁmeﬁts in Boston Harbor and its épproachesv(Bumpus et
al.,‘1951; ﬁencher et al., 1968; Hathaway, 1971; New England
Aquarium, 1972; Willett et al.,>1977§ Meisburger, 1976).

Figures 10, 11, and 12 show the distribution of samples.
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Figure 10.

Grab sample locations used by Menc

~al. (1968).
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Figure 11,

Bottom sample locations for the MCMI and
ICONS surveys (see Willett et al., 1972;
Meisburger, 1976).
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Figure 12.

Core and grab sample locations (this
study).

57.



! 1
A CORE SITE

Hydrostatically
Damped Core (C)
Piston Core (PC)

B GRAB SAMPLE (G)

22

42°20'

18

16

42Q 44' - e . - o . - \
04’ 02 74°00' 58 56 54 C 520 70°50".

"8



L ¥

[+

1. Size Distribution

Data»from‘the 34 cores collecte& for the ICONS study
(Meisburger, 1976), the 26 cores collected for ﬁhe MCMI
(Willett, 1972), and the 460 grab samples collected by'Bumpus
et al. (1951) provide information on surficial sediments in

western Massachusetts Bay. Surface sediments in the harbor

.approaches are heterogeneous in character (Figure 13). 1In the

region east and southéast of Boston ﬁarﬁor,surface sediﬁents
are characterized by coarse gfavels, whilé fine sands dominate
northeast of tﬁe harbor.Abcbarse,gravelly sedimentsAf similar
to those found in the.sﬁipping éhannels - are intefpreted as

reworked glacial drift; the fine sand ascribed to modern

.progradation of sand from the shore and littoral zene

(Meisburger, 1976).

Based on the 152 grab samples taken by Mencher et al.
(1968) and the 27 samples taken during this study, muds (silt
plus cléy) within the harbor are concentrated in areas where
dredging has noﬁ taken place aﬁd where tidal velocities are a
minimum (Figﬁre 14); Sands and gravels and.mixtures of the two
are found in the shipping channels and near the harbor islands
(ridge crests). . The_major depoceanters of mud correséond'to the
historiqal IQci i&entified in the previous section. The muds

in these areas contain between 25 and 35 percent clay. In the
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Figure 13.

Surficial sediments of Massachusetts Bay
(from Willett et al., 1972).
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Figure 14,

Distribution of mud, material finer than
62 microns. Based on samples from
Mencher et al. (1968) and this study.
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harbor, where the mud content exceeds 50 percent, the ratio of
clay to mud is generallyfless than Q.40, indicating that these
muddy sediments aré dominated by silt-size material. 1In
confrast, sands and gravels in the harbor (and its approaches)
usually contain less than 5 percent clay and slightly less silt

(ratio of clay to mud is greater than 0.50).

2. Bottom Sediment Composition
a. Inorganic Sedimentary Coﬁponents
The greater than 62 micron fraction of harbor
sediments is fairly uniform; Constituents incudezl 1) angular to
" rounded, vitreous quartz (80490Z) wiﬁh minor amouhts of frosted
quartz; 2) angular, glossy unburnt coal and black (burnt) wood
shards (5-10%), mbst abundant near the navigation chaﬁnels; 3)
muscovite, feldspar, heavy minerals (15%Z); and 4) roundéd rdck
fragments -(<5%). Some saﬁples contain iron-stained quartz grains.
In the harbor approaches, the dominant mineral constituent of
the gréater‘than 62 micron fraction is quartz. Rock fragments are
coﬁmbn in coarser sands. Biogenic cbntent is minor, consisting
primarily of agglutinated foraminifera. Mica is generally present,
but at low percentages.
Micrbscopic examination and x-ray diffraction studies of the
2-62 micron fraction (éilt) show that harbor samples are dominated

by angular quartz. Black carbonaceous material is



present in minor amounts. X-ray diffraction studies on

oriented samples and powder mounts db éhow the presence of
feldspar, 10 A mica, illite, and chlorite. Offshore samples
display a similar composition.

The mineralogy of the less than 2 micron fraction is
dominated by illite. Chlorite and feldspar are secondar§
constituents, while quartz and kaolinite occur in trace

amounts.

b. Calcium Carbonate

Both shelled and nonshelled organisms abound in

the black muds and in the waters just above. Mussels are

common, and shell fragments are frequent constituents of the

mud. Other than these mussel banks, however, most sediments in
the harbor contain less than 1.0 percent calcium carbonate and
'_many contain less than 0.5 percent. The bulk of this carbonate

consists of the remains of mollusks with subordinate amounts of

benthonic foraminifera, echinoids, and barnacles. Molluscan

-shells dominated by the blue mussel Mytilus'gddlis (Linne), are

most common in the fine muddy sediments of Dorchester and
_ Quincf Bays.

Analyses of the samples from the harbor approaéhes by
Willett-et al, (1972), Meisburger (1976), and Hathaway (1971)

show that cal cium carbonate is a minor constituent of the

)
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bottom sediments. Mollusk shells, where fouand, are usually
fragmented; the majority are derived from the mussel, Mytilus

edulis, and the quahog, Mercenaria mercenaria.

c. Organics

Organic carbon'is ﬁost‘abundant in the
 fine-grained sediments of'ﬁorthern Qﬁincy Bay and bétween fhe

" hafbor islaﬁds (compare Figgreé 14, 15, and 16). In-thege
areaé, organic carbon in the sufface sediments measureé 4;SZ by
"weight (LECOYAnalyzer).  Away from these areés, most samples

- contain between 1.0 and 2.0 percent organic carbon,.which are
levels typical of estuaries along the eastern seaboard (Folger,
1972). Mencher et al. (1968) reported organic carboﬁ valugs in
excess of 15%, but these values appear at least three times
greater than the ones. reported here. Because of_the
wide-spread confidence in LECO methods and éhe-errors possible
in the "spectrographic" p;ocedure employéd by Mencher et al.,
it is assumed that the latter values are in error.

In the sandy énd gravelly sediments of the hafborv
approaches and near the outer islands, organic carbon content
is generally below 0.5 percent. Conover (1951) reported that
the total organic matter content of the bottom sediments of
Massachusetts Bay and the harbor.approaches were generally
below 2%, though'some samples contained»values in excess of
10%. (For comparison, Conover (1951) calculated a mean of

0.419 for organic carbon: total organic matter content.)



Figure 15. Percent organic carbon in surficial
sediments (this study).
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Figure 16.

Distribution of organic matter. Based
on samples from New England Aquarium,
1972, and this study.
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Organic carbon and cl%y show a direqt relation (Figure
17). However, high carbon values do not merely reflect areas
of fine.grain size. In some samples (g.g. G25 and G26) Qefy
small cléy contents are matched with drématic concentrations of
“organic céfbonf Analyses of the organic carbon conteant of the
‘élay fréctién for grab samples G2, G3, G5, G9, and G25 (Figure
_'105 show that thé.clay*size organic particles coﬁstitute under
ZOZ.of the total organic carbon content (Table 2),‘sugge§ting
' that siltvand sand~size o?ganie‘particles are also imﬁortant.
~In fact, examinatibh of the sand-size material in G25 shows
that mést>graiﬁs are coated wi:ﬁ an organic film. |
Conover (1951) reported that.thevorganic matter
depqéited in the sediments of the harbor approaches Qas derived
largely from marine sourées, the most important of which were
.phyﬁoplankton.: Conove? (1951) did note, however, that some
surface samples showed evidence of poilution from seﬁage, the
highest values for orgéhic.métter content 6cc§rring near the
North Channel and tﬁe Deer Island sewage.outlet; Mencher et
al. (1968) also concluded that a great. part of the organic .
matefial_in Boston Harbor proper was derived from.séwage.
The composition of the organic material in grab samples
G5, G12, Gié, GiS was examined by Chevron 0il Company using
microscopic organic analyses (Tablé 3). All four samples

possess a mixture of pale and translucent, fibrous organic
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Figure 17.

Percent organic carbon versus percent
clay in grab samples from Boston Harbor
and its approaches. Triangles represent
offshore samples taken by Hathaway
(1971).
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TABLE 2
Size partitioning of the organic carbon
BULK ORGANIC
SAMPLE CARBON CONTENT PERCENTAGE OF TOTAL CARBON
(%) ~ SAND SILT CLAY
G2 2.64 27.7 62.6 9.7
G3 2.26 46.9 35.7 17.4
G5 3.65 43.2 49.3 7.5
G9 2.29 53.6 36.1 10.2
G25 0.81 79.8 12.0 8.3
TABLE 3 ,
Organic analysis of selected grab samples

SAMPLE

G5

G12

Gl4

G15

BFOC
TOC

Wt.% Wt.7%

OIL-P OM -

BIT
TAT

-—

CaCO3  BFOC

.23 4.02
41 2.00
.11 4.34

.35 3.67

Wt.7%
TOC

4.48

2.08

4.91

4.06

H/C
1
0.6
1

1

OIL-P We.Z

OM (%)  BIT BIT/BFOC
75 .45 .12
50 .08 .04
80 .57 .13

80 © .39 .11

Bitumen-~Free Organic Carbon
Total Organic Carbon

0il-Prone Organic Matter

Bitumen

Thermal Alteration Index

TAI

1-1.5
1-1.5
1—1.5

1-1.5



material which tends to bind particles together. The greater

than 10 micron fraction of the organic matter has a heavy

terrestrial influence which includes pollen, spores, humic and -

cuticular material; Amorphous algal material and occasional
feraminiferajlinings are -also in the greater than 10 ﬁicron
-freetioe. The less than.lo ﬁicron fraction is predominately
‘amorphous in all four samples. Mech of this aﬁoréhous materiel
is believed te be related~to‘1argef humic particles. Sample
¢12 ie somewhat-anomelous in thet it contains significanﬁly
mereepyrite than the oﬁhers.and appeareemore biodegraded{ All
sampiee possess numéroqs_diatomfand'silicoflegellate fragments.
VIn general, theeorgaﬁically enricﬁed muds ef the harbor
have C/N ratios of less than 4.0, while the sandy sediments of
the topographic highs and navigation channels have C/N ratios
in excess of 5.0 (Figure 18)7 These low values of C/N may be
explained by the large nitrogenous input from sewage .discharge
and the severe fractionation of the sewage-derived organics (Rr.
Vaccéro,'personal communicatioe). Yet, curiously, these C/N
values do not reflect terrestrial origin. Differences between
our C/ﬁ values and those calculated by others for the area
(Hathaway, 1971; Stewart, 1968) are probably due tosdifferences

in nitrogen determination--i.e., Kjeldahl versus LECO.



Figure 18.

Ratio of carbon to total nitrogen in
grab samples (this study).
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Pockets of organic-rich sediment are often acoustically
inpenetrable to the energy from high-resolution, continuous
seismic profilers. The cause of these acoustically turbid
zones 1is ascribed to interstitial gas bubbles of methane and
HZS produced by the biochemical degradation of organic matter
(Schubel and Schiemer, 1972). During our seismic survey of
Bostoanarbor, several such acoustically turbid zones were
identified (Figures 19 and 20). For the most part, these zones
are coincident with sediments of high organic content (compare
Figures 16.and 20). While coring in these sediments, bubbles
with a strong odor of HZS evolved from the sediments.
Acoustically turbid zones not associated with present areas of
high organic content (i.e. those in Hingham Bay and the zone
off Pt. Alerton) may represent areas where gas production
occurs at some depth in the sediments. The acoustic records in

these areas showed that the reflective surface was at a shallow

depth below the sediment/water interface.
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Figure 19.

Acoustically turbid zone (location shown
in Figure 20). Sediment surface (S) and
acoustic basement (A) indicated for
reference. Vertical scale is
approximately 50 m (1/16 sec);
horizontal scale is 1.5 km.

79..



e
Ak ‘...‘w-..

w5 20

b2

s
ver|

80.



Figure 20. Distribution of acoustically turbid
zones in Boston Harbor (indicated by %).
Heavy line A-A' indicates location of
profile shown in Figure 19. '

81.



42°20'

16

42°44’

04

22' [

DISTRIBUTION OF ACOUSTICALLY TURBID ZONES
BEE YT RN b ! v

. fovin WG U ot R
' 74°00" 58' 55’ , 54' 52" 70°50'



CHAPTER 2

V. Pollution History —— Trace Metal Accumulation

The intent‘of this chapter is to.eétablish the receﬁt
sedimentafy,history of the harbof.‘:The key to understanding
the distribution of bottom sediments and the dispersal of
fine-grained materials_may lie in examinatioa of the down-core
distributiqns 6f various pollutants. Trace metal profiles and
210Pb-da£ing provide infefenCe into historical change# in
input or events (storms, changes in circulation,‘etc.)Aand lend
insight into those factors fesponsible for the long-term
retentidn'of'pollqtants. ’

For a more extensive discussion of coring ;esults and a

detailed déscription of analytical techniques see Bothner

et al., 1980 (in preparation).

a. Surface Distribution of Trace Metals

1) Previous Work

Considerable attention has been given td'the trace
metal content of Boston Harbor sediments. The first detailed
geochemical study of the harbor sediments (White, 1972)
utilized 150 surface sémples taken with a Peterson dredge.
With atomic absorption spectrography, White determined 7
elements in his samples'(Cd,‘Cr, Cu, Hg, Ni, Pb, and Zn), and
found that although organic métter and trace metal

concentrations varied considerably, definite distribution
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patterns-occurred throughout the harbor. 1In general, the metal
concentrations decreased along:a path extending from the Inner
Harbor arid western shore easterly toward Massachusetts Bay.
Metal concentrations also decreased with distance from the
Inner Harbor to Nantasket (Figure 21A & B). Comparison of the
average harbor values with clean, background sediments (Table
4) reveals the significént accumulation of trace metals in the
harbor. |

White found that certain élements correlated wifh brganic
content. Nickel, lead, and copper had correlation coefficients
with organic .matter of 0.87, 0.85, and 0.84, respectively. On
this basis, he asserted that orgahic matter was an important
sea water—sediment exchange vehicle for these élemenﬁs.' Good
correlations also existed between several of the different
metals, with correlat{ons betweén cadmium, coppér; iead,vand
zinc haﬁing coefficients greater than 0.86. (Summerhayes et
al. (1976) also reéorted good correlations among these elements
in New Bedford Harbor.) | |

In 1972 the New England Aquarium reported on trace metal
analyses of Cd, Co, Cr, Cu, Hg, Mo, Ni, PB, V, and Zn from 3
approximately_lOO cores from the Inner Harbor and Outer Harbor
(Gilbert et al., 1972). These results showedvgenerally much
higher concentrations in the Inner Harbor sediments, which were
attributed to riverine input, commercial activity, and combined
sewer outfalls. In the Outer Harbor? higher trace metal

.-
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TABLY 4 Trace metal concentraticns in the surface sediments of

Postoa Harbor

AVERAGE
RANGE BACKGROUND ,
CONCENTRATICN (PPM)

ELEMENT = (PPM)

cd 0.3-17.5 0.7

Cr 20.0~437.0 7.5
Cu 8.0-625.0 - 5.6
Hg 0.2-9.4 0.2
Ni © 8.0-129.0. 4.3
Pb 12.5-500.0 10.2
Zn 32.0-1750.0  16.1

Taken from White (1972).

AVERAGE
VALUE
(PPM)

2.8
164.1
106.9

2.3

29.9
148.7

254.2

STANDARD

DEVIATION

(PPM)

2.4

119.6

88.0

1.6

13.9

111.4

237.3



Figure 21.

A.

Distributicn of lead in. the
surficial sediments of Boston
Harbor (taken from White, 1972).

Distribution of chromium in
surficial sediments of Boston
Harbor (taken from White, 1972).
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values occurred in Deer Island Flats, northeastern Dorchester
Bay, and along the western shore of Long Island. IheseA
locations are possible deposition siteé.for'suspended solids
emanating ffom the Inner Harbor and for the sludge and
particulate éffluent discharged at Deer Island. Sédiments in
the southern portion of the haryor had generally lower levelg
of trace metéls; this was atfributed‘to lower levels of
industrial activity in the Quincnyingham area.‘ Notable
_exceptions were ascribed to the former sewage facility at Moon
Head or to-tﬁe Nut Island treatment plant. A

Subsurface samples in the Aquarium study showed é marked
décrease in metal levels. Surface enrichment (and‘subsutface
peaks) was attributed to increasing organic concentrations.. In
sevéral areas, a significant portion of the organic content was
vreported_to be petroleum producté.

2. Present Study
From the pfevious studies, it is clear that the

sediments of Boston Harbor contain substantial.quantities of
trace metals. Input is dominted by the Deer Island and Nut
Island treatment plants, the Inner Harbor, an& the atmosphere.
Little is knowﬁ, however, of hqwlthese ﬁetéls spread ;hroughout
the harbor.. In an attempt to address this problem; we examined
the horizontal distribution of trace metals; their vertical

profiles in cores, and the relationships between these metals
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and sediment charadcteristics. This study involved.sediment
collected from 11 core sites and 24 grab sémples (Figure 12).
Bothner et al. (1980) discuss analytical techniques used and
detailed results of this study. The following discussion is
restricted to a preliminarf description of the spati§1 and
temporal distributions of metals and the implications of these
digtributions for the sedimehtary environment.

The distributioﬁ of tracevmetals in the harbor closely
follows the pattern outlined by earlier studies. Metals are
concentrated in the Inner Harbor, northeastern Dorchester Bay,
Deer Island Flats, and northern Quincy Bay (Figure 22). This
regidnai distribution of metals coincides with regional
concenirations of fine—gréined sediments and organic matter
(compare Figure 22 with Figures 13 and 16), though slight
differences in mud or orgénic mattér content can result in
significant changes in trace metal concentration (Figure 23).

 One way in which complex relations among many variables can
be reduced to.a smaller number of simple associations (whi;h |
accoﬁnt for most of fhe vériancé in the original data) is
through factor analysis,(Spencér, 1966; Cooléy and Lohnes,
1971). 1In factor analysis,lfhe aiffereﬁt variables (in this
case geochemiéal data) are grouped on the basis of the degree
of their intercorrelation (into factors). Mathematically, this

proceés involves determining the eigen-structure of the



Figure 22.

Concentration of lead (ppm dry weight)
in the grab samples from this study.
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Figure 23.

A.

B.

"LEAD VS. ORGANIC CARBON
(in grab samples)

LEAD VS. CLAY CONTENT
(in grab samples)
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correlation matrix. Tﬁe factors are statistically thebmost_
dominant features of data variation.  The degrees of importan;e
of éach factor for a given.Sample are expressed as R-scores.

For the grab saméle data (which include size data and |
organicbcarbon measurements), only two factors are
statistically significant - i.e., eigen values greater than
1.0. Together.they account for 85.7 percent of.fhe total
variance in the data (Table 5). Factor I, accounting for 79.0
perhent of'the variance, comprisés a strong associatioﬁ among
Cr, Ni, Pb, Cu, and Zn, V, As, and the fine-grained,
organic-rich sediments. :Factor.II, accounting for 6.7 percent-
of the variance; associates Mn,‘Cr, Al, and Ba.

When the R-scores for factor 1 are calculatéd, the organic,
meta14fich samples produce high positive scores, while the
sandy, gravelly samples have negétive scores (Figqre 24). When
the two factor§ are plotted agéinst §ne another, the samples
fail into three discernible‘éategories (Figure 25). Highly
contaminated‘(metal—rich), positively scoring saﬁples and the
less contaminated or negatively scoringksamples are separated
by the zero score fdrbfacto:_l. "In addition, tﬁe contﬁminated
samples from the Inner Harbor and Deer Island Flaﬁs are
separated from the remaining céntaminated sampleé by the zero
score for factor II (categories 2 and 3, respectively, in

Figure 25)., Thus, there may be a discernible difference in



97.

Table 5. Factor Analysis of Geochemical Data
for Grab Samples showing:

(1) Main factors controlling data variance

(2) Percentage of variance explained by
each factor

(3) Factor loadings within each factor ( Y.
Factors have not been rotated.

FACTOR I FACTOR II

79.0 % ' 6.7 %
cr (.975) Mn (.457)
Ni (.974) cr (.452)
Pb (.964) AL (.394)
Cu (.958) | - Ba (.352)

CLAY (.945)
Zn (.943)_
Organic Carbon (.935)
Vv (.930)
Silt (.920)
As (.912)

'SAND (-.941)



wr

Figure 24.

R-Scores for factor I. Positive values
are associated with the most highly
contaminated samples.
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Figure 25. Factor I vs Factor II. Plot effectively
divides samples into three categories
(see text).
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sediment chemistry between the inner and outer portions of the
" harbor, and the influence of the Inner Harbor oa the
sedimentary environment of the outer harbor app2ars limited to

the area of Deer Island Flatsvandeestern President Roads.

Geochemical data shbwva greatervintercorrelation (Table 6),

than reported by White (1972).' The close interrelation of this
diverse suite of metals suggests cohmoﬁ sources, modes of
transport, and dispersal paths. The distrib;tién of traée
metals in the outer harbor and their association withr
organic-~rich muds point to the treatment plants as the most

likely source of these contaminants (in the outer harbor). The

sheer volume of trace metals released by these treatment plants

overshadows other sources. “With its sluggish ciféulation ahd
high sedimentation rates (seé seqtion V.c), the Inner Harbor is
probably a sécondary source of trace ﬁetalsAto the outer
harbor. The impact of atmospheric input, howevér;.can be

significant for some metals (see section V.e).
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. Al05
cd
Cr
Cu

Fey04

. Hg

Ni
Pb
Zn
As
Ba

- Sb

A

1.000
. 662

.776

.830

<744
.653
. 548
.874

.720

.815

.655
.881
.590

773

Cd

.662

1.000
.691
.766
395
.435
.340
.673
.569
.824
A

. 689

.451

«599

Table 6.
Cr Cu Fe203
7767 .830  .744
691 .766  .395
1.000 .976. .801
.976 1.000 .742
.801 .742 1.000
.769  .770  .565
487 44T .709
942 .941  .975
962 .935  .782
925 949  .773
.882  .834 .80l
.879  .866  .885
.836 .787 .678
.863 .867 .759

Correlation Matrix

Trace Metal

H
.653
.435
.769
.770
.565

1.000
.460
.743
.790
.707
.796

. 649

.809

Mn
.548
.340
.487
J447
.709
.460

1.000
.565
.455
.568
414
.667
496

452

(GRAB SAMPLES)

Ni  Pb
874 ,720
.673  .569
942 .962
.941 . .935
.875  .782
L7643 .790
.565  .455
1.000  .917
.917 1.000
931 .84
.868  .910
934  .802
.807  .855

922 .89

Zn As

.815  .655
824 441
.925  .882
949 .834
.773  .801
707 .796
568 L4l4
931  .868
.884  ,910
1.000  .813
.813 1.000 -
.870  .770
743 .802
.883  .900

Ba
.881
689
.879

.866

.895"

649
.667
.934
.802
.870
.770

1.000

. .675

+795

Sb Vv
590  .773
451 .599
836 .863
.787  .867
678 .759
934  .809
496 452
807 .922
.855  .894
743 .883
.802  .900
675 .795
1.000 .800
.800 1.000

‘eo1
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b) Down-core Variations in Sediment Characteristics

To examine the accumulation history of pollutants
(particﬁlarly trace metals) in the harbor, a coring program was
initiated under the direction of Dr. Michael Bothner (U.S.G.S.).
Eleven core'sites were selected on th; basis of our seismic
survey to sample the entirevrange of accumulation rates and
metal contamination (Figure 12). Core 11 from the Inner Harbor
and cofe 7 northeast of Deer Island were hoped to represent
end-members of this raﬁge for comparison (i.e., highly
influenced by human activity and slightly influenced,
respectively). . At each site, multiple cores were taken using a
piston corer, gravity corer, and a hydrostatic corer to provide
samples for 210Pb-datiné; trace metal analyses, and
measurements of size, and orgénic carbon (see Appendix 1 for

description of techniques).

1) Sediment Texture

Most of the piston cores taken in the harbor encountered
sand or the Pleistocene clay (Boston Blue Clay) at depths in
excess of 1 meter. Hydrostatic cores C2 and Cll from the Inner
Harbor show low percentages of sand throughout the core, while
C7 from the harbor approaches and C9 near the outer islands are
domiﬁated by sand-sized méterial (Figure 26). In other cores
from Dorchester Bay, Quincy Bay, and between the harbor

islands, there are considerable down-core variations in
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sediment size. Microscopic analyses of the subsurface
sediments reveal a mineralogy consistent with that described
earlier for surface samples.

For the most part, clay (finer than 4 microns) and mud
(silt plus clay) co-vary down-core (Figure 26), but changes in
the clay/mud ratios with changing mud content (within cores)
caa be considerable, and cover the entire range of values
discussed for the surface sediments. Such variations may imply
short-term changes in the depositional environment.

The clay/mud ratios in grab samples are much higher
(greater than 0.10 difference) than the corresponding core
tops. This apparent discrepancy may suggest that the surface
layer of sediment consists of a soupy, clay-rich material which
is trapped in grab samples; the coring process, however, may
fail to sample this unconsolidated surface sediment
(Summerhayes et al., 1977). Presumably, with its high water
content such a layer is easily moved and forms, in effect, a
mobile carpet. Such 2 layer would be of more importance and
have greater extent in the quiescent areas of the harbor.
Further evidence of this mobile carpet or "fluff" (Weil, 1976)

will be presented later and its implications discussed.
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Figure 26. Down-core variations in mud (silt plus
clay) and clay ( 4 microns) for cores:
c2-78, €c3-78, ¢4-77, C5-718, C7-77,
Cc8-78, €9-78, and Cl11-78. '
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2. Organic Carbon

In our cores from the harbof approaches and near the
outer islands, organic carbon decreases slightly from top to
bottom (Figure 27). However, cores taken in the harbor
depocenters show large decreases in organic carbon with depth
(except in cores 5 and 11, where the sedimentagion rates are
high). Sediments from the bottoms of harbor cores have amounts
of clay and carbon similar to cores (tops and bottoms) in the
harbor approaches, suggesting that these sediments were
deposited under similar cénditions. In contrast, sediments
from-the upper parts of harbor cores have carbon to clay
relationships which correspond to grab samples from the harbor
depocenters (Figure 28 and Figure 17). This increase in carbon
relative to clay apbears indicative of pollution (Summerhayes
et al., 1976), and the core data suggest that this impact is
increasing. However, there may be natural increases in carbon
at the éurface in unpolluted areas; Rhoads and Young (1970)
observed that the bioturbated 2 to 3 cm thick surface layer of
sediment in.Buzzards Bay contain more organic matter than the
subsurface sedimenﬁ.

3. Metals

Analyses of down-core fluctuations of trace metal
concentrates have been completed for five hydrostatic cores
(c2, €3, C4, C5, and C7), and, hence, discussion will be
limited to these cores. For an expandedndiscussion of results,

see Bothner et al. (1980).
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Figure 27.

Down-core variations in organic carbon
content.
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Figure 28.

Organic carbon (%) vs. clay content (%)
for cores C2-78, C3-78, C4-77, C5-78,
C7-77, €9-78, C10-78, and Cl1-78. Line
represents the carbon/clay relationship
of grab samples from Massachusetts Bay
(Figure 17).
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Trace metals show little down*cofe variation in C2 (Figure
29). Above 30 c¢m, there is a graduai increase in concentration
for €d, Cu, Mo, Pb, anden (and organic carbon), while the |
other metals maintain a relatiyely constant value. Note that
White (1972) reported that several of these metals show
considerable intercorrelatioﬁ and an affinity for organic
matter in the surface sediments.

In core 3 from Dorchester Bay, trace metals increase
gradually in concentration above a depth of 38 cm (Figure 30).
Silt, clay, and organic carbon show coincident increases.

Core &4 from Deer Island Flats shows a rapid increase in
trace metal concentrations above 10 cm (Figure 31). Size
analyses indicate that while the sediment is sandier near the
surface (Figure 26), organic carbon content increases (Figure
27).

Trace metal concentrations decrease rapidly above 15 cm in
core 5 (Figure 32). The large fluctuations evident throughout
the core do not correlate with changes in size distribution or
organic content, suggesting that some other factor (of factors)
is responsible for the observed variation. In contrast core 7
(from the harbor approaches) shows large-scale variations in
trace metal concentrations that are coincident with abrupt
changes in size distribution and organic content (compare
Figures 26, 27, and 33). Interpretation of these changes will

be addressed in a later section.
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Figure 29.

Trace metal profiles for core C2-77.
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Figure 30.

Trace metal profiles for core C3-77.
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Figure 31.

Trace metal profiles for core C4-77..
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Figure 32. Trace metal profiles for core C5-77.
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Figure 33. Trace metal profiles for core C7-77.
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The harbor is an gfficient trap for organic-rich sediment
and their associated pollutants. The increases in trace metal
concentrations with time reflect man's continually increasing
metal usage. In the highly contaminated sediments of the
harbor and the slightly contaminated sediments of the harbor
approaches, the order of metal enrichment is Cu>Cd>Pb>Cr>Zn
(Table 7), similar to that found in New Bedford Harbor
(Summerhayes et al., 1976). Whether this ordering reflects the
anthropogenic uses of these metals over the past century or is
a function éf immobility in the sediments is unknown.

Co-variance among the metals in the sediment cores is
similar to that identified in grab samples (Table 8). Factor
analysis of this geochemical data objectively examines the
relationships between variables. Table 9 lists the three
factors extracted from the data (accounting for 87.9% of the
varianée) and preseﬁts the loadings that characterize these
factors.

Factor I comprises a strong association among Ni, Zn, Pb,

V, Cu, Fe_ O_, organic carbon, silt, and clay -- similar to

273’
the principal factor identified for grab samples. The high
loadings for organic carbon and Fezo3 suggest the
importance of organic matter and iron oxides in the transport
and retention of trace metals with depth in sediments. The
effectiveness of organic matter and iron oxide in binding Heavy

metals is well established. Summerhayes et al. (1976) found

that in New Bedford Harbor sediments, for example, 20 percent

\
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Table 7. Surface enrichment of trace metals in
: cores C2, C3, C4, C5, and C7

Average . Mean Mean

Nearshore Background = Surfac '
Metal - Sediment(8) . Boston(P) Boston?c) Enrichment
cd S 01 1.6 x16
cr 100 - 38 203 . x5.3
Ccu w71 119 x17
Pb 20 2 15 X5.8

Zn 95 42 176 ’ x4.2

All values are in ppm. Source: (a) Wedepohl (1960).
| (b) From core C3 (Figure 30)

(c) Averages for these cores



Table 8. Correlation matrix for core data (55 samples)

Al,G3 FepOj Mn Zn \Y Cr Ni Cu Mo cd Pb As Sb Hg Sd Silt Clay D.C.

Alp05 1.000 746 -.142 .511 .536  .326 .659 .469 423 .269 .569 .733 . 385 .291 -.702 .667 .710 .532 ’

Feply .746  1.000 .154 .894 .919 .738 .962 .841 .670 . 683 .906 .928 .653 .717 -.908 .863  .918 .897v
Mn ~.142 .154 1.000 .070 .167 .050 .088 .019 -.139 .027 .071 .084 -.036 .084 .087 -.119 .002 .013
Zn .511 .894 .070 1.600 .950 .854 .955 .869 .810 .911 .954 .763 . 684 .852 ~.848 .829 .823 .943

v .536 .919 .167 .950 1.000 .850 .963 .923 <743 .843 .927 .821 .675 .782 -.850 .817 .834 .932
Cr . 326 .738 050  .854 .850 1.000 .813 .871 .663 .778 .806 .681 .621 .655 -.717 .690 .701 .863
Ni .659 . 962 .088 .955 .963 .813 1.000 .910 .759 .802 . 948 .862 .666 .788 -.903 .868 .887 .935
Cu .469 .841 .019 .969 .923 .871 .910 1.000 .825 .873 . 944 .726 . 786 775 -.825 .809 773 .957
Mo 423 .670 -.139 .810 .743  .663 .759 .825 1.000 .792 .733 .512 .583 601 ~.744 47 .654 V747
cd .269 .683 .OZ} .911 .843  .778 .802 .873 .792 1.000 .804 .506 .539 .822 ~.691 . 685 .523 .792
Pb .569 .906 .071 .954 .927 .806 . 948 | 944 .733 .804 1.000 .836 .780 .834 ~.840 .805 .834 . 348
As .733 <528 .084 .763  .821  .681 .862 .726 .512 .506 .836 1.000 .623 .624 -.809 .750 .864 B2y
Sb . 385 .653 -.036 . 684 .675 .621 .666 .786 .583 .539 .780 .623 1.000 .528 -.663 .657 .602 L7590
g <291 L7117 .084 .852 .782  .655 .788 775 .601 .822 .834 .624 .528 1.000 -.667 .636 .670 .770

Sand -.702 ~-.908 087 -.848 ~.850 -.717 -,903 -.825 -.744 -.691 -,840 -.809 =-.663 ~.667 1.000 -.987 =-.917 -,870

Silt .6h7 863 -.119 .820 .817 .690 .868 .809 747 .685 .805 .750 .657 .636 -.987 1.000 .843 .848

Ciay .710 .918 .602 .823  .834 .701 .887 .773 .654 .628 .834 .864 .602 .670 -.917 .843 1.000 .825

B.C. .532 .897 .013 .943 .932 .863 .935 .957 747 .792 .948 .829 .790 .770 -.870 .848 .825 1.000

‘971
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Principal factors identified from the geochemical

Table 9.
) data of cores showing:
(1) percentage of variance explained by each factor,
i (2) factor loadings within each factor ( ).
FACTOR I FACTOR IT - FACTOR III
74.2% 7.7% | 6.37
NL (.980) Mn o (.466) Mo (.348)
Zn (.972) cd (.398) | Mn  (-.845)
Organic carbon (.967) AiZO3 (-.683)
Pb  (.966) |
vV (.961)
Cu .(.954)
Fe (.949)

%Z SILT (.898)
% CLAY (.989)

% SAND (-.928)



of the Cu and Zn was adsorbed onto organic and inorganic

particles while another 20% formed organo-metallic complexes.

In addition, Aston and Chester (1976) note that iron oxides are

efficient scavengers of trace metals in the nearshore
environment.

Down-core Qe find that positive scores for factor I
dominate the organic-rich muds (compare Figs; 27 and 34);
negative scores occur in the sandy sediments of cores 4 and 7
and at the base of core 3. These differences may represent
differences in the sedimentary-regime (and'contémination) both
lateraliy and through time —-- these differences related to

changes in organic matter input.
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Figure 34.

Profiles of Factor I for cores C2-77,

C3-77, C4-77, C5-77, and C7-77.
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DOWN-CORE VARIATIONS IN FACTOR I
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c. Sedimentation Rates

The broad areas of clean gravel which cover much of
Massachusetts Bay {Figure 14) suggest that sediment
accumulation over much of the bay has been negligible since
glacial times. Rates are likely to be low on topographic highs
and in the narrow channels scoured by tidal currents. Cores in
the deep water east of The Graves (Bumpus et al., 1953) show 60
cm of sediment overlying the Boston Blue Clay. Followiﬁg a
period of subaerial exposure, this clay was subwerged about
10,000 vears B.P. (Kaye and Barghoorm, 1964), which translates
into an average sedimentation rate of 0.006 cm/yr.r Butéher
(1951) calculated a rate of 1.2'cm/yr at the end of the
President Roads shipping channel but concluded that this was
probably a maximum rate for the approaches. Probably all
gradations exist between the fastest and slowest rates
mentioned depending upon the location within Massachusetts Bay,
but for the most part, the sedimentation rate is likely to be
low, perhaps on the order of 0.006 cm/yr.

Rates within the harbor proper are significantly higher
than those estimated for the harbgr approaches. Two cores (PC2
and PC11l) penetrate the Boston Blue Clay in the harbor. Again
using 10,000 years B.P. as the time of the clay's submergence,

we arrive at rates of 0.014 cm/yr at PC2 and 0.016 cm/yr at

131.



PCll. (Refer to Figure 12 for core sites.) These rates
probably represent a minimum Holocene sedimentation rate in the
' harbpr. This blue clay has been encountered at depths up to 10
m (Bumpus et al., 1951), giving an estimated maximum rate of
0.1 cm/yf.z |

Radiometric methods (210Pb) were used to measure modérn
rates of sedimentation (over the last 150 years) from 9 sites
in the harbor (Figure 35). Cores about 1 m in length were
taken using a hydrostatic corer,vwhich preserves the
sediment/wéﬁer interface (see Appendix I). After subsampling,
the cores were analyzed for 210?0 using the technique of
Flyﬁn (1968). The assumption of secular eqﬁilibrium between
210Pb and its granddaughter 210?9 appears valid for coastal
areas (Benninger et al., 1979; Nittrouer et al., 1979);: Tﬁe
calculation of sedimentation rate from the profile of 210?b
is at present based on a level of supported 21OPb estimated
from the 219Pb brofiles. More accurate estimates of |
suppoftéd 210Pb levels will be made when 226Ra analyses are
completed (see Bothner et al., 1980).

Bioturbation of the sediments creates a second limitation

. . . . 210
in estimating sedimentation rates from excess Pb

profiles. The sediments in Boston Harbor are generally anoxic

2Unfortunately, the rough topography of the acoustic basement
precludes the correlation of the blue clay between core sites,
and thus the estimation of Holocene rates in these cores.
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Figure 35.

Cores selected for 210Pb-dating.

Cores C2, C4, C5, and C7 were taken in
1977. The remaining cores were
collected in 1978.
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slightly below théuéurface bqt support a variety of organiémé
which are capable of sediment mixing. The effect of'fhis
mixing is to transport youﬁg sédiment déwﬁward and old.sedimentA'
upward, making-the apbafent’?lorb sedimeﬁtation rate too

fast. Our preliminafy_estimateé of accumulation raté;are thus
upper limits. Analyses of 137Cs-(in progress) will hopefully
resoive the.issue of mixing. First:occurrenée'of l37Cs at a
sediment age of 1953 will indicate thé‘absence of siénificant
mixing (Smith and Waltom, 1980).

| The~sedimentation raté caicﬁlatéd f;bﬁ_the exce§s>210PB
.préfilé for C2 is apprbxiﬁatély’0.27 ém/yr (Figure 36). For
combarison, the U.S. Army'Corps‘of Engineers calculated'an-.
'accumuiation rate of 0.2 cm/yr for the Inner ﬂarbor based on
" the volqmé of material collected»bétweeﬁ'two dredgiﬁg
operations (1934 and 1950).

| Rétes in some sections of the Inner Haerr may be
significantiy higher dué to the input of storm-sewer overflows.
For instance, &ivéts report a mound of waste some 2 meters ﬁigh'
near the combined sewer under the New Ehgland Aquarium. The
~ sedimentation réte calculated from the excess 2-lon profile
for core 11 is 0.40 cm/yr which is significantly higher than
rate‘atACZ. | | |
Coré 3 from Dorchester Bay shows a rate of 0.22 cm/yr

(Figure 36). The profile suggests that the upper 10 cm of the

core form a mixed zone. The "Blizzard of_'78“ struck the
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Figure 36.

Profile of excess 210pp for c2-77,
C4-77, C3-78, C5-77, and C9-78. X's
indicate samples assumed to have
background levels of 210py,
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Boston area prior to coring and wmay be responsible for this

mixing. In fact, a core taken at this location a year earlier -
(Figure 30) does not show this shallow mixed zone.

The modern sedimentation rate measufed at C4 in Deer Island
Flats is 0.24 cm/yr (Figure 36). Assuming no sediment mixing,
the 10 cm horizon in this core —- which defines tﬁe bottom of
the‘sediment layer containing elevated trace metél
concentrations -- corresponds to 1937, véry close to -the
cldsing of‘Shirley Gut in 1936 (Figure'Z) The close
corresﬁohdence Qf the historical and sgdimént record suggests a
possible change in sedimentary patﬁerns due to the alteration
of harbor configuration.

Core 5, between Spectacle Island and Long Island, is in an
area of high organic and mud content (Figures 13 and 16). The
excess 210Pb profile'for this core indicates a change in
sedimentation rate at about 15 cm (Figure 36). Bélow 15 cm,
the rate is 1.52 cm/yf. Above this dépth, the rate is about
0.32 cm/yr, a five-fold decreése, but very close to thé modern
rates estimated in other harbor c;fes.

The 210Pb profile fof core 7 taken east of Deer Island
shows erratic down-core variations. This is probably rel&ted
to the highly variable texture in this core, which precludes
thé simple application of 21on for éedimentation rate
estimates. The profile for core 8 in Hingham Bay is néarly

vertical, which suggests that deposition of this sediment was.
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instantaneous. Uniform profiles have been found in dredge

‘spoil dump sites in other harbors, though we have no knowledge

of dumping in this area.

-Sedimentétion rates measured on cores 9 and 10 are .23
em/yr (Figure 36)>and 0.13 cm/yr, fespectively.l Both rates are
close to thbse calculated for other cores in fhe harbor. The
somewhat.lower raﬁehfbr core 10 is poésibly the coﬁséquence.of
the more exposed location of the core site.infzuincy Bay.

Sevéral aspects of these &ata-are signifiéant (Table 10):
the modern raterof éedimentétion, over most of the harbor,
averages about 0.2 to 0;3.cm/yeér§ this.raté is an épprgciably
ﬁigher than the estimated Holocene average, iﬁplyingvthat the
harbor is effeétively trapping modern sediments; and'the 
closing of Shirley Gut, north of Deer Island; in 1936 may have
significaptly altered depositiona} patterns in some areas of
the harbor; ‘Further analyses are needed to assess the
importance of bioturbation (which éould seriouély affect
calculated rates). These éalculations, however, do provide us
with a wbrking mbdél for'estimating‘felative magnitudes of

sedimentation in the harbor and its approaches.
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TABLE 10. Summary of Sedimentation Rates
: PRELIMINARY
SEDIMENT HOLOGENE MODERN
COVER RATE RATE (210pB)
CORE (m) : (em/yr) » (em/yr) -
2 - 25 » 014 .27
3 '30 —- .50
4 10 — .24
5 00— .32
8 27 - -
9 30 —-— .23
10 17 ——‘ : . .13
11 - .016 40

*Based on Pleistocene Blue Clay (10000 yrs B.P.). These rates
probably represent a minimum (see text). Maximum rate
is estimated to be 0.10 cm/yr. .
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d. Interpte;atioﬁ

Largefscale changes in pollutant accumulation are
gtfributable'to sevéfél factors: changes'in pollutantAinput,
changes in citculation, and changes in sediment sources. In
addition, pqst—depositional mobilit& of‘some~metals.may ﬁe
influenégd by the chemical énvironment which characterizes the
'sediment. In intérpréting the-pdllution histor& of»Bostén
Harbor as outlined by the trace»metal pfofiles, two events
appear to ha§e had sigﬁificant impact -~ the initiation of 
sewage disﬁosal'at Mdop Island.in'thé 1890's (input) and the
closing of Shirley Gut'(Figufe i) in 1936 (éircqlatién).

- .In core 3 from Dorchester Bay, trace metals, qiay content,
and organic carbon increase in concentratioﬁ above a depth of
38 cm. Using 0.50 cm/yr (the rate measured on this core) as:
the sedimentation rate, this depth corresponds to the year
1900 -- in close agreement with the opening of the Moon Island
plant. These increases likely reflect its inflqence.
| As stated earlier, near-surface increases in trace metal
concentratiyns in core 4 are coincident witﬁ the closiﬁg of
Shirley Gut. This change in harbor coﬁfigurgtion (and
cifculatién) appears to have alteréd the sedimentary patterns
over a broader area. Abrupt éecreases in sedimentation rate
and trace metalicontent occur at a depthvof 15 cm in core 5
near Long Island. With a sedimentation rate of 0.32 cm/yr,

this depth corresponds to the year 1932 -~ suggesting possible

141,



correlatidn with the closing of Shirley:Gut in 1936.  Note
that positive scores for factor I‘in'core 3»(Figure_55) occur
:aﬁove a depth of 20 cm (i.e., 1937), implying a chaﬁge in
sediment characteristics.
e Trapping Efficiency

Knowledge of the areal distribution of'tréce metals, their
input rate;”anditheir acgﬁmulétioﬁ rate enébies oné to make a
geochemiéal-budget'fof'tﬁé area, and thereby estimate the
trapping effiéiency of the outer harbor. .Because of the many
assumptidns;'thig estimate is:rodgh,'but itvcan serve as a
Stafting point for discussihg tﬁe capacity of the outer harbor
to retain sediment éﬁd the associated pollﬁtants.'

Estimates of input rates were obtained by examination of
Metropolitan District Commission (MDC)'records (Tablell).

Measurements of trace metals in both the sludge and effluent

are infrequeht and, therefore, only four records were available

for tﬁe last two years. To elimihate problems with variations
in input, differences in dispersal paths, and modes of
transport; a suite: of féur metéls ﬁas selected (Cd + Cu + Ni +
Zn) -- all of which display an affinity for organic-rich |
particulétes (Aston and Chester, 1976). The averégé_yearly‘

input of these metals (from discharge records) is 5.08 x 105

kg.
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The area of northeastern Dorchester Bay, Moon Isiand, and
Inorthern.Qﬁincy Bay appears to be the region mqst impactéd by
éewage‘discharge on the basis of trace.metal and orgénic carbon
concenﬁrations; As statéd earlier, Deér island Flats (Winthrop
Harbor), appears influenced by discharge from the Inner Harbor
and ié, therefore,>exclgded. Harbor circulation.(see Chapter
3) and the.dischafge of Nut Island sludge ne#r Deer Island.
(Figure. 1) preclude much of Quinéy Béy,-Nantaske£ Roads, and
vHingham Bay as major depositories of thése‘trace metals. The
50 percént mud isoiine (Figure 13) is chosen>to outliné‘the
hajor defocenter of tfacé metals in the outer harbor,
encompassing approximately 16.8 kﬁz. Aséuming that 40
percent of the mud consists of solid maﬁerial with a density of
2.65 gm/cm3 and that the average concentration of Cd + Cu +
Ni + Zn in these sedimentélis_470 ppm (as measured in grab
samplés), we can caiculate the metal contént in the top 1 cm of
sediment: . ' S . | .

METAL CONTENT = AREA}X THICKNESS X DENSITY X CONCENTRATION

X (1-WATER CONTENT). | |

837000 kg = 16.8 x 1011 cm? x 1 cm x 2.65 gm x 470 ppm x -4 em3 dry sed.
‘ : : cm cm? wet sed.

Thé sedimentation rate for the area.r;nges from 0.2 - 0.3..
em/yr. Thus, 1 cm fepresénts a maximum of 5 years of
accumulation. Dividing our estimated metal reserve by the
5-year input of these metals (Tabie 11), we arrive at an

estimated trapping efficiency of 33%. The limited area



Input of trace metals (Cd+Cu+Ni+Zn) into Boston Harbor by the

Deer Island Treatment Plant (including the Nut Island sludge).

Table 11.

DATE EFFLUENT
Average
Daily Metal
Discharge Concentration
(x1092) (mg /%)

Aug., 1977 1.08 1.42

Nov., 1977 1.26 1.13

Feb., 1979 1.23 0.92

Sep., 1979 1.05 0.94

i

SLUDGE

Metal Metal Metal

Input Discharge Concentration
(kg /DAY) (x1062) (mg/)

1534 1.37 100.3
1424 1.30 27.3

1132 0.82 42.2

987 1.29 92.65

Metal
Input
(kg/DAY)
137
36
35

120

TOTAL
METAL
INPUT*
(kg/DAY)
1740
1478
1184

1167

Soutrce: Metropolitan District Commission (MDC), Deer Island Plant Flow Records (Analyses by MDC Lab)

*Inputs include Nut Island sludge estimated to be 50% of the Deer Island sludge load

AVERAGE INPUT

]

1392 kg per day

YEARLY INPUT

50.8 x 10% kg

FIVE-YEAR INPUT = 25.4 x 10° kg

A



- considered and the effect of sediment mixing in reducing the

surface concentrations of trace metals would make this trapping
estimate too low. This error may be partially balanced; if
mixing takes place, sedimentation rates are too high,
overestimating the trapping.

The deposition of the digested sludge solids from the MDC
treatment facilities in the harbor was estimated by
Hydroscience (DiToro et al., 1973), using a two-dimensional
model which.incorporates the vertical settling velocity of
solids, the longitudinal tidalvvelocity, and dispersive mixing,
but excludes scouring. The prqbortion of diécharged solids
that eventually settle into Béston Harbor west of Deer Island
was estimated at 15% to 20% of the total mass of solids
released with the effluent (which is pumped continually), but
the model ignored the possibility of resuspension and tramsport
inshore. Nonetheless, in view of considering the assumptions
involved, these two estimates are close.

If a similar budget calculation is made for lead (average
input of 212 kg per day), we obtain a trapping efficiency of
96%. Measurements of dissolved and particulate trace metal
concentrations in Boston Harbor waters (New England Aquarium,
1972) show that Pb possesses a much greater affinity for
particulates than either Cd, Cu, Ni, or Zn, which may account

for some of this discrepancy. In addition, the order of
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stability for metallo-humic complexes is Pb+2>Ni+2>Zn+2>Cd+2
(Schnitzer and Kahn, 1972), suggesting the enhanced ability
of the organic-rich sediments to bind Pb.

However, the major contributor of lead to the harbor is
most likely atmospheric industrial lead pollution, arising from
incinerators and automobiles. Chow and Earl (1969) and Lazrus
et al. (1970) found an average of 40 micro-grams Pb per kg of
rain in cities. Using this figure and 40 inches as the average
yearly rainfall in Roston, we can account for an additional
5-year input of 61,000 kg of Pb to the outer harbor of 16% of
the calculated lead reserve in the bottom sediments from rain
alone. The remainder is probably input into the harbor through
land runoff. Lead input from lead-based boat paint is likely a
minor contributor. The atmospheric input of other trace metals
appears insignificant by comparison. (Atmospheric fallout of
Cu, for example; is approximately 0.5 ug/cmzlyr (Bruland et al.,
1974), or only 750 kg of Cu supplied to the outer harbor over a
five~year period.)

According to MDC figures, the average dﬁtput of solid
material (from both sludge and effluent) is 200,000 kg per
day. Using 33% as the trapping efficiency of the outer harbor,

24.1 x 100 kg per year of sewage collects in the harbor. If we

mdry sed/ m3

wet sed)’ we

assure a water content of 60% (0.5 g “

can calculate a sedimentation rate for the area:



it

- . ]
RATE = INPUT x (AREA) & x (DENSITY) !

24.1 x 106kg x (16.8 x 10M1em2)-1.
yr

x (.0005kgdry se':l/cms%et:‘sed)_1
RATE = 0.029 cm/yr

The measured (estimated) sedimentation rate for the area is

between 0.2 and 0.3 cm/yr. Such a discrepancy might imply an.

underestimate of the trapping efficiency, or suggest the.
importance of material resuspended and redistributed in the

harbor (as well as shoreline erosion).
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Chapter 3

VI. Suspended Sediments and Water Quality
Iﬁ Ordef té exaﬁine the pattern of sediment movemeni
through the‘water éolumn, a fiéld.program was conducted tc
determine water-mass properties in the harbor, Ehe composition
and tidal variability of suspanded particles, the development
of the Deer Island sludge pluwe, and fhe nature of—particﬁlates
captured in sediment traps, and we compared these ﬁata to the
characfer'and'distributiﬁﬁ of the bottom sediments themselves.
a. Circulation
‘Any pollutant, whether dissblvéd or.freely suspended iﬁ.the
ﬁater, is distributed landward and seaward of the outfall
location hy fidalvciréulation.> Thug, a knowledge offharbdf'
circulation is critical to ‘the understagding of waste dispersal
and the distribution of these wastes in the bottom sediments.
In accordange with ﬁhe tidal flushing concépt, Ketchum
(1951) subdivided Bostonr Harbor inte tidal exéursion segments
(Flgure 373, Eagh segment is defined such that the‘yolume it
contains af high tidé is equél fo the volume of the tidal prism
which entefs through the seaward boundary on the flooding
~tide. 1f this entering water werebto act as a piéton,

displacing landward the low tide water, the distance

148.
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Figure 37. Tidal excursion segments defined by
Ketchum (1951). Numbers refer to
accumulation factor, or flushing time
(in number of tides), for each segment.
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traveied would equal the average excursion on the flood tide.
The low tide water displaced equals the volume of the tidal
prism for the remaiﬁ&er of the estuary and fills the adjacent
‘landward segment at high tide. Thus, the low tide volume of
each‘segment equals the high tide vblume of the adjacent
landward segment. With each segment so defined, the intertidal
volume is equal to the volume of water which permanently'
escapes on each tide (assuming complete mixing at high tide).
This "escaping volume" is the water available for the dilutioﬁ
of pollutants introduced during a tidal cycle. For each
segment, Ketchum (1951) qalculated the exchange r;tio
(proportioh of any material removed during a complete tidal
cycle) and the accumulation factor (or the length of time
required for a pollutant to move through the segment).

The Inner Harbor segments and that segmént near the Deer
Island outféll are characterized by long flushing times (Figure
37), which increase the potential for biological interaction
and settling. These long flushingvtimes, thus, may explain the
restricted extent and influence of the outfall plume and Inner

‘Harbor discharge néted in a later section.

In 1971 the National Oceanic and Atmospheric Administration
(NOAA), utilizing a number of recording current meters, |
conducted a survey of harbor currents. &hough the time scales

of water movement (transient events, seasonality, etc.) are



Figure 38;

Nontidal component of current meter
record (averaged over an integral
number of tidal cycles) at several
harbor locations. Note general
counterclockwise circulation. Data
supplied by NOAA/Circulatory Surveys
Branch.
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poorly defined by these data, analyses of some of these records
suggest dominant features in harbor circulation (Figure 38).
Measurements display a general counterclockwise circulation,
with water entering through President Roads, travelling
landward and southward between the harbor islands, and finally
leaving through Nantasket Roads. (Note: These data also may
include errors due to meter drift and inaccuracy. Further
processing is underway to lend more confidence to these data.)
Direct-reading current meters (ENDECO type 110), used
during several cruises at stations BH1 and BH3 (Figure 41)
provide records consistent with some aspects of the water
movement described. Current measurements show a net landward
displacement of water at Deer Island over two tidal cycles
(Figure 39). 1In response to the strong NW winds assoéiated
with the major storm in February 1979, the near-surface waters
did show a net seaward displacement, but bottom waters still
moved landward. Recording current meter measurements near Deer
Island, made for the Metropolitan District Commission (MDC)
during the summer of 1979, also reveal a prominent landward
movement (unpublished MDC report). At BH1 both near-surface
and bottom measurements show a net seaward displacement.
Near-surface waters were displaced northward into Deer Island

Flats, while near-bocttom movement was to the southeast.

154.



Figure 39;

A.

Tidal variations of current speed
at station BH3 (in the shipping
channel near Deer Island),
October, 1978.

Progressive vector diagram of
near-bottom currents (measured
hourly with a direct reading
ENDECO current meter).

Progressive vector diagram of
surface currents.
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Surface and bottom drifters (10% recovery of bottom

drifters and 30% for surface drifters), released at the New
England Aquarium in the Inner Harbor and at the Deer Island
outfall, lend some insight into long-term water movement
(Figure 40A and B). These results, however, should be viewed
only as.supporting evidence. Water exits the Inner Harbor,
mixes, and moves southward between the harbor islands,
eventually to escape through Nantasket Roads. Some of thié
water apparently circuiates through Hingham and Hull Bays. At
Deer Island, water moves landward and southward between the
islands. Once escaping through Nantasket Roads, water movement
is southward along the coast, though some drifters appear to
cross Cape Cod Bay. This landward and south&ard pattern of
drift is consistent with the pattern outlined by gumpus (1974)
for the Massachusetts Bay region.

The circulation pattern deécribed above may aid in the
retention of fine-grained wastes. The long flushing ﬁime of
the harbor segments and the general counteréiockwise
circulation would enable these wastes to settle from
suspension. Patterns of long-term bottom drift also indicate
that material from Massachusetts Bay may move 1andﬁard and
accumulate in the quiescent areas of the harbor. Howe&er, seasonal
variations in circulation patterns (if they exist) and (particularly)

storm events could significantly alter this scenario.



&5

Figure 40.

Recovery locations of surface and
bottom drifters.

A. Released from New England Aquarium
(NEA) and station BH1

B. Released from station BH3
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b. Previous Studies

Previous investigations of the suspended matter regime of
Bosfon Harbor are few and limited in scope, most focusing on
water quality measurements (nutrient concentrations and
‘coliform bacteria counts). Most measurcments were made in the
summer months, and few took .into account diurnal/tidal
variation.

The Federal Water Pollution Coﬁtrol Administration (1969)
reported water quality data for Boston Harbor covering the
period May - September, 1963. -Plankton tows revealed a

seasonal dominance of the diatom population by Chaetoceros sp.

with some replacement by Rhizosolenia sp. and Nitzschia sp. in
September. Nutrient analyses identified areas of high nutrient
concentrations extending from Deer Island into Winthrop Harbor
and from Nut Island into Hingham Bay. Data did not include
suspended matter measurements.

Physical, chemical, and biological data collected from
1970-1972 have been reported by the New England Aquarium
(1973). Dissolved oxygen and nutrient concentrations varied seasonally,
with the‘greatest changes occurring in the spring and fall,
épparently related to photosynthetic activity. Diurnal studies
carried out at several stations revealed tidal variations
rivaling seasonal fluctuations. For example, turbidity varied

from 2.7 - 10.3 mg siozlliter over a tidal cycle.
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Phytoplanktcen surveys undertaken by the Aquarium in 1970-71
identified the most frequently encountered species as:

Coscinodiscus sp., Nitzschia seriata, Chaetoceros sp.,

Skeletonemaﬁcostatum, and Thalassiosira nordenskiolgii.
Additional water quality data are presented in an
unpublished report prepared for the Metropolitan District
Commission. Suspended solid concentrations taken under
spring-tide conditions were generally less than 10 mg/liter,
while under neap-tide conditions, seston concentrations vere
consistently greater at all stations. Nutrient determinations
again showed the impact of the sewage outfalls but suggested

that for the most part the harbor is well mixed.



c. Water Properties and Suspended Matter

Data on the suspended matter regime of Boston Harbor were
collected during nine cruises covering a period from August
1977 through September, 1979. The first five cruises - each
lasting three to four days - focused on the tidal variations at
eight stations (Figure 41), providing harbor-wide coverage.
The desire to characterize the tidal variability and nature of
the major seston sources necessitated a greatlykincreased
sampling frequency, and, thus, the last four cruises
concentrated on stations BH1 and BH3. Because of the
voluminous amount of data generated, tﬁis discussion will
summarize the tidal and seasonal variation at stations BHI,
BH3, and BH4. A c;uise—by—cruise examination of water

properties and seston is presented in the Appendix II.

Summer

In summer months harbor waters reach their maximum
temperatures (surface values >1SOC), with the development of
a strong thermocline (Figure 42). Tidal variations in
temperature and salinity are most pronounced at stations BH1
and BH3 due to the influences of the Inner Harbor and Deer
Island discharges, respectively. Massachusetts Bay water

(colder and more saline) dominates the tidal fluctuations at

station BH4 (Figure 42).

[¢))

w
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Figure 41. Suspended matter and water quality
stations.
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Figure 42.

Tidal variations {(sumwmer):

A. Temperature, salinity, nitrite,
and noncombustible seston at BH1;

B. Temperature, salinity, ammonia,

and noncombustible seston at BH3;

C. Temperature, salinity, ammonia,
and noncombustible seston at BH&4.
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Warm temparatures, low salinities, and high concentrations
of NOz*N,,NO3—N, ?OA—P’ and Si02~Si define the Inner
Harbor water mass at BH1 (Figure &2) -- restricted to ebbing
surface waters. Oxygen saturation values for this water mass
are low especially in the early morning hours (see Appendix II).

Ammonia (NH3~N) énd>phosphate (904~P) profiies outline
éhe Deer Island sludge plume at BH3 and define its temporalr
impact on water quality (Figure 42). The plume -- confined to
mid and sﬁrface waters —- dominates the nutrient field but does
not appear to adverseiy affect oxygen saturation va}ues. The
ma jor tidal exchange between the harbor and Massachusetts Bay
involves near-bottom water; surface tidal movement appears
limited. A core of cold, saline Massachusetts Bay water,
characterized by low ammonia values, intermediate nitrate
values, and low concentrations of seston, represents the bulk
of water transported in and out of the harbor. At stations
inshore of BH3, this water mass is gradually obscured by mixing.

Temperature stratification is well defined at stations BH7
and BHS in Nantasket Roads due to the intrusion of cold

Massachusetts Bay water (Figure 43). However, tidal variations

in salinity, nutrient concentration, and seston are small .

2Mixing greatly reduces tidal fluctuations in Nantasket Roads
during other seasons.
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Figure 43. Tidal variations (summer) in
temperature, salinity, ammonia, and
noncombustible seston:

A. at BH7

B. -~ at BHB8
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Near—bottqm concentrations of noncombustible suspended
‘matter are highest just before and after slack low water.
Whether this increase is the result of local resuspension or
horizontal advection is not clear. Mineral grains of quarfz,
mica, and clay minerals dominate the noncombustible fraction.
Energy dispersive x-ray analysis of the particles (Figure 44)
indicates reiatively high concentrations of Fe. The importance
of Fe‘aswa»scavenger of trace metals has been well established
by other studies (Aston and Chester, 1976; Summerhayes et al.,
'1977; Eaton, 1979).

Combustible material (organics) averages 48% of the total
seston in summer months, with much higher valueé in the surface
waters of the Inner Harbor and in the Deer Island plume. This
organic combonent is dominated by an organic film (described
later) which blankets the filter and binds mineral aggregates.
Such organic film haé been reported from several shelf areas
(Emery and Honjo, 1979), including Georges Bank (C. Parmenter,
personal communicafion).

Plankton contribute sigﬁificantly to the organic and
inorganic fractions of the seston. However, the distribution
of chlorophyll a is patchy, with the highest concentrations
(over 40 ug/%) at BH1l and BH3 (associated with the outfall
plume). The plankton assemblage (as inferred from these Niskin

bottle samples) consists primarily of Thalassiosira sp.,
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Figure 44.

Photomicrograph of mineral grain from
suspended matter sample.-
Back-scattering x-ray pattern reveals
the presence of Cu (at 08) and Fe
(between 06 and 07).
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Coscinodiscus sp., and ebridiars (Ebria tripartita).

Rhizosolenia sp., Plesrosigma sp., and Bitzschia sp. are
secondary constituents. Fecal pellets (with pellicle) are

common.

Autumn

By avtumn, harbor waters have cooled significantly

(10-13°

C), and the water column is partially mixed. Tidal
variations in temperature and salinity are small throughout the
harbor (Figure 45). At BH4, temperature and salinity profiles
outline the Massachusetts Bay water‘entering the harbor, but
mixing obscures its signal further inshore.

Background concentrations of nutrients have increased over
summer values, but tidal variations in the nutrient field are
still dominated by the Inner Harbor and Deer Island (Figure
45). . The Inuer Harbor water mass is characterized by high
concentrations of Noz—N and NOB—N’ while ammonia profiles
outline the Deer Isiand plume, which is restricted to mid and
surface waters.

Near-bottom highs in the concentration of noncombustible
material suggest the importance of resuspension/advection
during ebb tide. Clay minerals, quartz, and mica are abundant,

particularly in near-bottom samples. Scanning electron

ml.crosco shows that particle agsregates are abundant, and
y 5O H
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Figure 45.

Tidal variations (autumn):

A.

Temperature, nitrite, nitrate, and
noncombustible seston at BHl;

Temperature, salinity, ammonia,
and noncombustible seston at BH3;

Temperature, salinity, total
seston, and noncombustible seston
at BHA4.
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KEVEX analyses indicate that jiron is associated with most
mineral grains -- if this Fe is in the form of an Fe-coating,
then it is important in terms of trace metal transport.

Carbonate laths are visually prominent constituents of the
seston. These '"needles" (30-100 microns long and 2-10 wmicrons
wide) appear to come from the breakdown of mollusk shells
(Figure 46). This degradation apparently begins with the
breakdown of the organic material binding these carhonate
bundles. Storm activity resuspends these bundles and enhances
degradation (Fitzgerald et al., 1979).

In early autumn, organic film is still an important
constituent of the seston, but as biological activity
decreases, its importance is diminished (percentage of
combustible material drops to 36%Z). Concentrations of
chlorophyll a vary between 1 and 10 pg/%, and its distribution

is very patchy. Coscinodiscus sp., Skeletonema sp., and

Thalassiosira sp. are important. Copepods and tintinnids are

very abundant in early fall.

Winter

Water temperatures range between 0.5 and Z.SOC and the
water column is very well mixed (Figure 47). High-salinity
bottom waters at BH3 and BH4 outline the core of Massachusetts

Bay water, but for the most part, tidal variations are small.
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Figure 46. A. Photograph showing carbonate laths
(crossed-nichols)

B. Photomicrograph showing carbonate
lath bundle.
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Figure 47.

Tidal variations {winter):

A. Temperature, salinity, nitrate,
“and noncombustible seston at BHI;

B. Temperature, salinity, ammonia,
and noncombustible seston at BH3;

C. Temperature, salinity, ammonia,
and noncombustible seston at Bil4.
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Background nutrient concentrations are high, with NO3—N,
for example, ranging from 7.0-14.0 pg-atom/2. Yet, even during
storm activity, the slude plume dominates the nutrient field
(see Appendix IT). Ammonia and phosphate profiles define the
impact of the Deer Island plume at BH3. Aided by a NW wind,
the plume can extend as far seaward as BH4.

Suspended matter concentrations are lower overall than
during other seasons, suggesting the importance of biological
production on seston. Chlorophyll a concentrations are very
low, ranging from 0.2 - 1.5 yg/%. Organic material is not a
major component except at BH3, and where present, appears in
particulate form and not as a blanketing film (Figure 48).

Coscinodiscus sp., Rhizosolenia sp., Navicula sp., and

Nitzschia sp. are the major constituents of the plankton
assemblage.
Noncombustible concentrations, though fairly
uniform throughout the water columm, do show some increase
during ebb tide. Single grains are the dominant particle
mode, though organically bound aggregates can be important
in the surface waters. Iron is ubiquitous in its association
with mineral grains (quartz, mica, and clay minerals). Carbonate

laths and bundles are very abundant.

~>,



Figure 48.

A.

Photomicrograph showing abundance
of organic film in autumn surface
sample from BH1 (flood tide,
September, 1979).

Photomicrograph showing paucity of
organic material in winter sample
from BH1 (flood tide, January,
1978). ‘
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Spring

Salinities are much lower in both surface aud bottom waters
-= ranging from 24-29 O/oo ~~ at all stacious both in the
north and south as & respouse to the seasonal high in river
discharge (Bumpus et al., 1953; Manohar-Mahara and Beardsley,
1973). Water temperatures rénge from 5—1500, but
stratification is not well defined except at station BHI
(Figure 49).

Background nutrient coacentrations are much reduced from
the winter values. Elevated concentrations of N02~N and
NOB“N profiles define the low-salinity Inner Harbor water --
limited to ebbing surface waters -- at BH1. At BH3 nutrient
profiles reveal the strong influence of the sludge plume on
water quality, though that influence is limited to the surface
waters near BH3.

The importance of mineral grains as a s2ston component is
diminished by the large biological contribution. Clay
minerals, quartz, and mica are most prowminent in near-bottom
samples. Mineral grains are often agglomerated and continue to
show traces of iron.

The profiles of chlorophyll a accent the increased
biological activity. Values range from 3-20 ug/%, with the
highest concentrations in the Inner Harbor samples.

Thalassiosira sp., Coscinodiscus sp. and Chaetoceros sp. are

the dominant diatoms. The microflagellate Calycemonas sp. is
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Figure 49. Tidal variations (spring):

A. Tewmperature, salinity, nitrate,
and noncombustible seston at BH1;

B. Temperature, salinity, ammonia,
and noncombustible seston at BH3;

C. Temperature, salinity, ammonia,
and noncombustible seston at BH4.
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also important. Copepods Calanus sp. are locally abundant, and
fecal pellets (with pellicle) are present in significant
numbers. With this increased biological activity (percent
combustibles averages near 50%), organic film is a prominent
feature of the seston.

d. Statistics -- Characterization of Seston Sources

In an attempt to characterize objectively the principal
seston sources, the scope of their impact, and their tidal and
seasonal variations, the techniques of factor analysis were
applied to the data on suspended matter and water quality .
Factor analysis identifies those factors (sources) associated
with the variation observed, and interstation comparisons
define the spatial extent of those factors.

Analysis of summer (August, 1977; July, 1978), winter
(January, 1978), and spring (May, 1978) water-quality data
reveals three water masses that dominate tidal and seasonal
variations in the harbor. Factors extracted from the data
differentiate the waters of the Deer Island plume, the Inner
Harbor, and Massachusetts Bay primarily on the basis of
nutrient content. TInterstation comparisons suggest that the
direct influence of the Deer ISland plume is restricted to the

vicinity of station BH3, while Inner Harbor water extends into

northeastern Dorchester Bay (BH2). Massachusetts Bay water
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dominates the water column at the outer stations (BH4, BH7,
BH8) throughout the year; the uniformity of this single water
mass minimizes tidal variation. The character of the prinéipal
factoré at stations BHSvand BH6 show some impact of the Nut
Island plant.

These data emphasize the importance of the Deer Island
plume. Though its spatial extent is limited, the plume
.accounts for most of the tidal variation in water quality
observed in the harbor throughout the year. The absence of its
signature at station BH4 suggests that the plume tends to
follow a more northeasterly route (the shipping channel), while
inshore, mixing dilutes its signal. Waters from the Inner
Harbor also appear to mix rapidly -- their zone of influence
restricted to northeastern Dorchester Bay and possibly the
western portions of President Roads. Stations in the southern
cell of the harbor are not affected directly by the Inner
Harbor or the Deer Island sludge, though Nut Island effluent
may exert some influence.

Diurnal studies at stations BH1 and BH3 provide the
sampling frequency necessary to observe tidal and seasonal
changes in the characteristics of these water masses. At
station BH1l, factor I distinguishes between the
nitrite/nitrate-rich waters of the Iuner Harbor and

particle-rich bottom waters (Figure 50). The components of



Figure 50.

A, B, C,

Tidal variations of R-scores

for Factor I for station BH1:

October (1978), May (1979),
and September (1979),
respectively. See Table 12
for description of these
factors.
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this factor vary in importance with the season (Table 12), but
the identity of factor I does not. TFor station BH3 (Table 13),
the principal factor differentiates the ammmonia and
phosphate-rich waters of the Deer Island Plume from the less
turbid, saline bottom waters from Massachusetts Bay (Figure
51). This factor also maintains its identity through all
seasons —-- even during the February, 1979 storm. Thus,
although the characteristics of these principal water masses
(and seston sources) change seasonally, they retain a
contrasting signature from the surrounding water mass.

é. Suspénded Matter and Its Relation to Bottom Sediments

1. Dispersal of the Deer Island Sludge Plume

As reported earlier, sludge is released near Deer
Island on the ebb tide to enhance its dispersal into
Massachusetts Bay. But geochemical evideﬁce suggests that at
least 337 of the discharged material is retained in the outer
harbor (Chapter 2, Vd). 1In July, 1978, under the direction of
Dr. Marshall Orr (W.H.0.I.), a 200 kHz acoustic profiler was
employed to delineate the development and dispersal of the Deer
Island sludge plume.

The results of that survey show the spreading of the plume
at the water surface and also the raining of material from
suspension (Figure 52). Profiles show that the plume moves
offshore, confined somewhat by the shipping channel. The plume

does mnot reach the eastern extent of the shipping channel

194.



Table 12 Factor analysis of water quality data for BHI
(Diurnal sampling). (1) Main factors controlling variance.
(2) Percentage of variance explained by each factor.

(3) Factor loadings within each factor ( ).

October, 1978

1

50.5 %

NH3 (.870)

§i0,(.845)

NOy (.848)

Temperature (.816)

NO3 (.789)

Po;, (.761)
Noncombustible (-.723)
Total Seston (-.700)

May, 1979
I

48.7%

No3 (.928)

Combustible % (.815)
NOy (.797)

PO, (.785)

Chlorophyll (.707)
Salinity (-.932)

pH (-.766)
Noncombustible (-.537)

September, 1979
I

42.5%

NO03(.858)

Temperature (.844)

NOjy (.782)

PO, (.599)

Total Seston (-.770)
Noncombustible (~.766)
Chlorophyll (-.730)

I1

13.1%

Total seston (.633)
Combustible (.592)
Noncombustible (.512)

IT

15.6%

Total (.943)
Combustible (.679)
Noncombustible (.611)

11

17.8%

$i0y (.726)
NH3  (:660)
POy, (.595)
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Table 13.
(Diurnal Sampling.

196.

Factor analysis of water quality data for BH3
(1) Mein factors controlling variance.

(2) Percentage of variance explained by each factor.
(3) Factor loadings within each factor (

October, 1978

I II
26.87% 16.27
NO, (.817) Combustible (.916)
NH3 (.816) Total Seston (.687)
POy (.804) CombustibleZ (.550)
pH (-.616)

Salinity (-.536)

May, 1979
I II

37.7% 14.3%
Total Seston CombustibleZ (.675)
P04 (.832) Oxygen Sat. (.516)
Combustible pH (.487)

(.790)
NH3 (.758) Chlorophyll(-.451)

Noncombustible (.666)
Temperature (.549)
Salinity (-.809)
Oxygen Sat. (-.523)

February, 1979

I

43.5%
NH4 (.899)

Total Seston (.865)
Noncombustible (.801)

Siog (.770)
POy (.758)

Combustible (.694)

NO3 (.671)
Salinity (-.662)

IT

15.1%
NO 4 (.632)
SiOz(.SZO)
Combustible(~.642)
Combustible¥% (~.707)

September, 1979

I

32.9%
POy, (.890)
Combustible (.869)
Total Seston(.670)

CombustibleZ (.651)
Salinity (~.696)
pH (-.660)

IT

17.8%
NO3 (.587)
S§i0y (.505)
Noncombustible (.500)

Temperature (-.665)
Oxygen Sat.(-.613)



Figure 51.

A, B, C. D.

Tidal variations of
R-scores for Factor T
for station BH3:

October (1978), February
(1978), May (1979), and
September (1979)
respectively. See Table
13 for description of
this factor.
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Figure 52. 200 kHz profile showing the Deer Island
plume rising to the water surface and
spreading. The water surface (S) and
harbor bottom (B) are labelled.
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before the tide reverses. Particle settliag is intermittent,

but increases with the approach of slack tide. As the tide

reverses, the plume, maintaining ite structure, moves landward

into the harbor. The Hreakup of the plume is completed within

a tidal cycle; ‘

A drogue study conducted in October, 1968 (FWPCA, 1969)
sUppofts this description of the plﬁme diépersal. A surface
drogue wés released in the "boil" created by the discharge of
Deer Is1and sludge. A Sustained 25-knot Nﬁ-wind probably
caused thevdrogue_td drift éoutheaéfward. The drogue £ravg1ed
out the South Channel and stﬁlléd with the approach of slack
ﬁater.(Figure 53). On the flood, the drogue returned to South
Channel and moved westward into the harbor.

Temperature and salinity measurements seem tovindicate that
the major e#change of water-with the bay involves bottom

water. Because the plume is restricted to the surface waters,

the plume stalls. In addition, intermittent particle settling,

accompénied by landward bottom drift, may aid in retention of
this material. |

2. Organic film

The suspended matterrsaﬁpling program has illustrated
the importance and variability of the Qrganic film'thaf ~
blankets the sample filter. These films contain many trapped
or attached grains of skeletal debris and minerals (Figure 54)

and, thus, may be important in the deposttion of these
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Figure 53.

Path of surface drogue released in the
"boil" of the Deer Island plume.
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materials. 1In addition, Emery and Honjo (1980) suggest that
organic films enhance the role of fecal pellets in sinking
gréins below the surface, since particles are concentrated
further within fecal pellets excreted by animals that graze
upon the films. We might expect that the organic films in
Boston Harbor play a similarly important role in the deposition
of particulates.

Emery and Honjé (1980) report that organic films are found
in various areas of the world ocean from which they have
samples: off eastern Asia, off eastern North America, off
western Africa, and the centralvPacific. Thus, these films
appear to be a major factor in marine sedimentation. 1In their
work off western Africa, Emery and Honjo (1980) contrast the
dominance of organic films (and aggregates) in upwelling areas
with the relatively low amounts of organic film off river
deltas (where the total organic content is much higher). On
Georges Bank off New England, the presence of organic film
corresponds with high concentrations of phytoplankton (C.
Parmenter, personal communicat{on). In Boston Harbor we noted
earlier that the widespread occurrence of these organic films
corresponds with increases in plankton concentration, and
Sigleo et al. (1979) report that colloidal organic material in
Chesapeake Bay is of marine biological origin. Thus, it
appears that these organic films are a by—prodhct of biological

activity and important in sedimentary processes.
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Figure 54. Photomicrograph of organically bound
floc.
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How does the discharge of organic-vich, fine-grained waste
influence these films? As a source of organic matter and a
-source of nutrients for phytoplankton growth, sewage discharge
most likely has considerable impact. Our éampling shows that
despite the low chlorophyll a values for January and February,
orgénic films may be a significant component cf the seston near
the Inner Harbor and Deer Island.

To learn of the composition of the organic matter in
suspension, selected seston samples were examined by the
techniques of thermal distillation - gas chromatography and
pyrolysis — gas chromatography kWhelan and Fitzgerald, 1980).
The technique involves heating a small, wet sample (0.5 - 50
mg) from 100° to 800 °C at 20 o/minute in a helium stream’
and measuring evolved hydrocarbons as a function of
temperature. Unaltered adsorbed hydrocarbons evolve at 100°
to 150 °C and cracked or pyrolyzed hydrocarbons at 500° to
800°C in two well separated peaks, P, and st
respectively. The compounds in Pl and P2 are collected and
analyzed further by capillary GC and GC mass spectrometry
(Whelan and Fitzgerald, 1980). Analyses revealed that
generally the P2 peak 1s consistent between seston samples,
implying that the organic matrix of these samples is of similar
but complex composition. What does vary significantly between

samples is the Pl peak or the adsorbed organics. The Inner

210.



Harbor water- and the Deer Island plume give different P1
patterns. Samples from the Inner Harbor give GC patterns
consistent with the presence of refined hydrocarbons (gasoline,
08~C10). Analysis of a fecal pellet within the Inner

Harbor water shows elevated levels of thé ""gasoline" peaks over
the total suspended matter sample. In contrast, P1 peaks

from surface samples near the sewage outfall show a different

set of hydrocarbons (C ). 1In samples outside the

14 %16
plume and Ianer Harbor water, P1 is low.

Apparently these organic films aid in the transport of
wastes by binding particlés and their associated pollutants and
by adsorbing organic pollutants onto the organic matrix. In
addition, these pollutants can be concentrated further by
inclusion into fecal pellets excreted by animals grazing on
tﬂese films —- enhancing chances of deposition. The discharge
of human wastes contributes to the production of these films by

supplying additonal organic material and nutrients for

biological uptake.

3) Sediment Traps

High horizontal tidal velocities in much of Boston Harbor
(approaching 100 cm/sec) preclude accurate estimates of the
vertical flux of particulates with sediment traps. However,

two sediment trap arrays deployed for 3 days during later

211.
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cruises (Figure 55) give some insight into the importance of
resuspension and the composition of 'settling material.
Locations were selected for their position relative to the Deer
Island outfall and for local sediment type. The inner statiom,
ST1, was located in 12 meters of water overlying a muddy
bottom, while ST2 was in 10.7 meters of water over a sandy,
gravelly bottom. Each array consisted of a mid-water (5 m
depth) and near-bottom (1 m above) trap. Following the
recommendations of Gardner (1976), the traps were 75 cm in
length with an intefnal diameter of 30 cm. Baffling covered
the trap opening to reduce turbulence.

Examination of the data reveals evidence of considerable
resuspension/advection (Table 14). During 3 days in October,
1978, 318 gm of solid material collected in the bottom trap at
station ST2; 87% of this material was sand size or coarser. If
one uses the difference in weight between the bottom-trap and
mid-trap contents as an estimate of resuspension/advection
(Gardner, 1976), 94% of the bottom-trap material was
resuspended (and/or advected). Similar calculations for ST1
(October, 1978), ST2 (May, 1979), and ST1 (September, 1979)
yield 79%, 96%, and 73%, respectively. Though these numgers
are consistent, there are large variations in total weight

between the sampling cruises (Table 14).
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Figure 55. Locations of sediment trap arrays.
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Table 14. Summary of sediment trap data

Total
Station Size Weight 7 Sand % Clay 7% Organic
‘Date Number Depth  Fraction = (gm) (or coarser) %Silt (<2un) Carbon
October, 1978 ST1 Mid <1 mm 5.2 . 28 29 .43 3.1
ST1 Btm <1 mm 24.3 50 25 24 2.8
ST2 Mid >1 mm 1.2 100 - - -
ST2 Mid <1 mm 17.4 82 7 11 1.3
ST2 Btm >1 mm 80.8 100 - - -
ST2 Btm <1 mm 236.4 95 3 2 1.6
May, 1979 ST1 Mid <1 mm 0.1 ~ - - 3.7
ST2 Mid >1 mm .3 100 - - -
ST2 Mid <1 mm 2.2 76 9 15 2.4
ST2 Btm >1 mm 3.9 100 - - -
ST2 Btm <1 mm 55.1 94 3 3 3.1
September,1979 ST1 Mid >1 mm .2 100 - - -
ST1 - Mid <1 mm 1.0 23 37 : 40 7.4
ST1 Btm >1 mm A 100 - - -
3.6 22 b4 33 3.8

ST1 Btm <1 mm

Note: Bottom trap for STl (May, 1979) lost during recovery attempt,
Array deployed in January, 1979 at STl lost during storm.

"GIC
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Comparison of trap data from the different seasons shows a
consistency in the size distribution and organic carbon content
(similar to local sediment type). The greater than 1 mm
fraction consisted primarily of plant fragmenfs; seeds, and
aluminum foil. Microscopic and SEM examination of the less
than 1 mm fraction reveal the predominance of mineral grains
and fecal pellets. Many of the mineral grains occur in
organically bound aggregates. The inorganic comporents consist
of quartz, mica, feldspar, clay minerals, and shell fragments.

Thermal distillation-pyrolysis analyses of organic sediment
trap material from October, 1978, and September, 1979 (Whelan
and Fitzgerald, 1980), show that the P2 peaks (organic
matrix) are consistent between trap sampleé and similar to the

P, peak of grab sample G27 (near ST1). Yet, these P, peaks

2

Care very different from thevP2 peaks recorded for suspended

2

matter samples. The trap samples are more lipid-rich than the
seston, implying that lipids may play an important role in the
agglomeration and deposition of particulates. The P1 peaks -
adsorbed material - show considerable variation between

samples.



The higher organic carbon and clay content of the mid-water
traps at STl may represent the "fluff" layer hypothesized
above3. The slurry of fecal pellets and clay-rich,
organicalily bound floes found in the mid-water traps is similar
to the mobile "fluff" reported by Weil (1976) in Delaware Bay
and envisioned by Summerhayes et al. (1977) for New Bedford
Harbor. Easily resuspended, this mobile carpet would be best
developed in the quiet shallows of the harbor. Though these
data hint at its existence, further sampling is necessary to
confirm its presence.

f. Schematic Model of the Suspended Matter Regime

Trapping efficiency estimates (Chapter 2) indicate that
anthropogenic wastes contribute only between 10 and 15% of the
material deposited in the harbor depocenters. If biological
production makes an equal contribution, then roughly 70-807% of
the material depositedrmust come from other sources. Sediment
trap data suggest that redistributed (resusﬁended/advected)
material is the likely source. If mén’s contribution is so
small in terms of volume, how then do we expiain the apparent
increase in modern sedimentation rates over the Holocene

average?

3The material in the near-bottom traps is dominated by
resuspended/advected material, which masks the character of the

"fluff".
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Superimposed upon the physical, chemical, and biological
processes that shape the suspended matter regime of the harbor
are man's activities (Figure 56). Biological activity produces
én organic film that is important in the aggregation and
deposition of particulates (Emery and Honmjo, 1980). Sewage
outfalls release nutrients into the harbor that stimulate
biological production and thereby increase the abundance of
this organic film. 1In addition, outfalls discharge significant
quaﬁtities of solid material - both organic and inorganic - and
associated pollutants. Organic pollutants are adsorbed onto
the organic matrix of the aggregates, and trace metals are
associated with the bound organic and inorganic particles.
Organisms feed on these aggregates, further concentrating these
pollutants into fecal pellets, which are deposited on the

harbor bottom. (These fecal pellets and organic aggregates are
probably cycled through the biological system several times
before burual (Rhoads, 1963). However, the virtual absence of
an oxidized layer in bottom sediments may limit this recycling
and increase the potential for retention.) ihé sludge plume 1is
not quickly dispersed, increasing the likelihood of biological
interaction and particle settling. Tidal currents redistribute
this sludge material along with natural sediments and deposit
them between the harbor islands and northern Quincy Bay.

(Seasonal changes in the circulation could alter this

depositional pattern.)
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Figure 56. Schematic model of suspended sediment
regime.
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Perhaps the most important aspect of man's interaction,
however, is the introduction of lipid-rich organic material.
These wastes appear very efficient in the scavenging and rapid
deposition of particulates. Natural material introduced into
the system is quickly agglomerated and deposited (and
effectively retained). Thus, though anthropogenic sources
represent a small fraction of the material deposited, the types
of material introduced aid considerably in the deposition and
retention of natural sediment, as well as imparting a:unique

character to the bottom sediments -- i.e., heavily polluted:.



VII. Synthesis

The sources and sinks of modern sediment in the urban
estuarine system are varied and complex. River discharge,
shoreline erosion, onshore transport, biological production,
and anthropogenic wastes represent the major inputs; tidal
flushing, organic oxidation, and dredging the major losses.
The interaction of these sources and sinks define the
sedimentary regime, but that interaction is often blurred, and
we observe only the end result. Boston Harbor, with its low
river discharge and high urban impact, offers the opportuﬁity
to isolate the human factor gnd thereby assess man's role in
the depositional processes of an urban estuary.

Outer Boston Harbor is the distal portion of a tidally
dominated estuary. Consistent with the circulation pattern of
a well mixed estuary (Pritchard, 1967; Schubel, 1971), harbor
circulation (based on existing data) is generally
counterclockwise, with water entering President Roads,
travelling landward and southward between the islauds, and
leaving through Nantasket Roads. This patte;n is aided by the
landward and southward bottom drift prevalent in Massachusetts
Bay (Bumpus, 1965, 1974).

Three distinct water masses —— Inner Harbor, Deer Island,
and Massachusetts Bay -~ can be characterized on the basis of

water quality data. However, long residence times (Bumpus,

=
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1953; Ketchum, 1951) limit the direct spatial impact of the
Inner Harbor and Deer Island waters. Massachusetts Bay water
dominates the outer portions of the harbor as well as Nantasket
Roads.

Suspended matter concentrations in Boston Harbor range
between 1 and 10 mg/liter, typical of many estuaries along the
U.S. east coast (Folger, 1972). Tidal variations in
concentration overshadow seasonal changes, and concentrations
are generally higher during neap tides. The resuspension
and/or advection of bottom sediments appears most vigorous
during ebb tide, probably a function of tidal inequality.
Similarly, Ludwick (1976) states that the intensity of erosion
and deposition is greatest during ebb near the mouth of the
Chesapeake.

Seston composition varies with the seasonal biological
cycle. Suspended material consists of mineral grains (quartz,
clay minerals, and mica), skeletal debris, and organic
material. Iron, probably in the form of iron-oxide coating, is
commonl y associatéd with the mineral grains aha may represent
an important transporter of trace metals (Aston and Chester,
1976; Summerhayes et al., 1977). Organic matter countent (loss
on ignition) averages between 30 and 50 percent of the total

seston depending upon the season -- higher than the year-round
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average calculated for estuaries along the east coast (Biggs,
1978). Within the waters of the Deer Island plume and Inner
Harbor, organic material can comprise 70% of the total
suspended matter. |

Organic film —- apparently the by-product of biological
activity -- aids in the transport and deposition of
particul ates and their associated pollutants by agglomerating
particles, which are subsequently ingested and transported to
the bottom with fecal material. These organically bound flocs
have been found in the seston from continental shelves
worldvide (Emery and Honjo; 1979) and recognized as potentially
important transport agents in other estuaries (Schubel, 1968;
Meade, 1972). Fractionation of thése clay-rich agglomerates by
tidal currents seems to produce an organic-rich, clayey
suspension or "fluff" similar to that found in Delaware Bay
(Weil, 1976). This mobile carpet, easily resuspended in the
shipping channels and exposed portions of the harbor, would
form a transition zone between the silty, less mobile
subsurface sediment and the suspensates of the turbid water

column.
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Black, anerobic, organic-rich (up to 5% organic carbon)
muds are accumulating in several harbor depocenters at an
estimated rate of 0.2 - 0.3 cm/yr —— higher than the average
deposition rates in Narragansett and Delaware Bays (Biggs,
1978). These dépocenters, 1§cated in northeastern Dorchester
Bay, Deer Island Flats, Mocon Heqd, and northern Quincy Bay, are
often impenetrable to acoustic energy due to the presence of
methane gas bubbles, similar to the organic-rich acoustically
turbid zomes of Chesapeake Bay (Schubel and Schimer, 1973).

The organic material in Boston Harbor shows a large terrestrial
influence which includes pollen; spores, humic and cuticular
material.

These organic-rich muds are also metalliferous. The
surface distribution of trace metals points to the Inner Harbor
and Deer Island as the likely sources. Statistical analyses of
bottom sediment data suggest that organic matter and iron oxide
are important in the retention of trace metals (Presley et al.,
1972: Aston and Chester, 1976) as seen in New Bedford Harbor
(Summerhayes et al., 1977) and San Francisco Bay (Eaton,

1979). Down-core variation in metal profiles suggest that
surface enrichment results from increasing input and that
alteration of harbor configuration changes depositional

i

patterns. ) .
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The importance of the different sediment sources varies
spatially within the harbor. The influence of the Inner
Harbor, with its large organic and trace metal load, appears
restricted to northern Dorchester Bay and western President
Roads. The dispersal of the Deer Island plume into
Massachusetts Bay is incomplete; ﬁaterial settles; and bottom
currents redistribute this material (énd pollutants) about the
quiescent portions of the harbor. In addition, the nutrient
input from the Inner Harbor and Deer Island stimulate |
biological production in the northern region of the harbor.

Geochemical evidence suggests that the harbor retains at
least 33% of the material discharged at Deer Island (or 10-15%
of the sediment deposited in the depocenters). Redistributed
material appears to be the most important sediment source in
the depocenters, accounting for as much as 70-80% of the
material deposited. Harber circulation indicates that
Massachusetts Bay may be a source of this redistributed
(resuspended/advected) material (Meade, 1969;}Drake, 1976;
Swift, 1976). Ootsdam {1971), for example, reports a net
contribution of shelf material in Delaware Bay.

Though sewage wastes represent a small fraction of the
material deposited, anthropogenic impact must account for the
apparent increase in sedimentation rate over the Holocene -
average. Yet, how do estuarine processes interact to produce
the observed sediment patterns? Suspended clays adsorb trace

metals, aided, perhaps by iron oxide coating. Biological
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activity, stimulated by sewage discharge, produces an organic

film that agglomerates the suspended particles and associated
pollutants. Organisms feed on this film, furthér concentrating
these particles into fecal pellets which are rapidly |
deposited. Organic, lipid-rich material released by the
outfalls appears important in the aggregation and répid

deposition of particulates. Tidal currents resuspend bottom

- sediments, and long-term bottom drift moves this material

landward. Leng flushing times increase éhe likelihood of
biological interaction and aggregation, and this matépial is
deposited between the harbor islands. Once deposited, these
aggregates may be cycled through the biological systém several
more times before burial. Thus, it would appear that man
enhances the trapping efficiency of the harbor (and therefore

sedimentation rate) by stimulating the biological production of

‘"film'" and through the discharge of 1ipid-rich organic material.

This study has focused on the impact of sewage discharge.
Yet, other of man's activities alsd have inf}uénced the harbor
environment. ©Engineering projects, such asjcausewaYJ'
construction and landfill operations, surely impaéﬁ the
sedimentary regimé and may account for some of the modern
increase in sedimentation rate. The closure of'wéterways (e.g.
the Charles River dam and the closing of Shirley Gut) alter

barbor circulation or sediment input and, thus, affect

v
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depositional patterns. Shoreline construction and landfill
operations also can change circulation as well as contribute

to the sediment supply by increasing erosion and by introducing
- fine-grained sediment.

The data in this report relate the sinks of harbor sediment
to "fair weather" sources. However, these conditions (or
processes) cannot be assumed to dominate the long-term
sedimentary environment. Major storms potentially can alter
drastically depositional patterns through erosion, mixing, and
redeposition. Existing information unfortunately is
inconclusive, but the potential influence of storm events
cannot be overlooked. Although trace metal and sediment
profiles in harbor cores show no evidence of past storm events,
three core sites reoccupied following the "Blizzard of '78"
suggest erosion and mixing of sediment (Bothner et al., 1980).
These data, however, are highly ambiguous due to the gross
lateral heterogeneity of subsurface sediments (Bumpus et al.,

1951).
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VIII. Recommendations for Future Work

This study investigated on a broad scale the geologic
history of the harbor, the modern accumulation of pollutants,
and the temporal and spatial variations in water quality.

Given the present state of kndwledge of the harbor environment,
future efforts should concentrate on those problems defined but
not delineated: the current regime and its temporal
variability; the impact of storm events on the sedimentary
environment; diagenetic processes and their implications for
pollutant mobility; and the influence of storm-sewer overflows
on the environment of the Inner Harbor.

Existing data on the current regime of Boston Harbor lack
the seasonal coverage necessary to define adeqﬁately the
circulation pattern and‘its influence on sediment
distribution. A network of recording current meter arrays
(surface and near-bottom meters) could outline the general
circulation of the harbor and ensure proper delineation of the
time scales of water movement (tidal and seaéonal variability,
storm events, etc.). Such ianrmation would aid greatly in
understanding existing sediment data and in evaluating future

harbor projects.
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Storm events can alter significantly the sedimentary
environment and thus pollutant distribution. Assessing the
influence of these transient events is difficult but might be
accomplished by utilizing a bottom instrument package —-
camera, transmissometer, current meter, temperature and
pressure sensors, sediment trap, and water samples (triggered
by the transmissometer). Several of these packages (on
tripods) deploygd in the harbor approaches and in the
depocenters would record the changes in water movement, wave
climate, and sediment transport associated with storms as well
as contrast the reaction of these two environments. Accurately
located cores taken during deployment and after a storm event
could integrate the effects of the storm on the sediments.

Toxic matals and organic pollutants are of grave concern to
environmentalists, heaith officials, and resource managers.
Once deposited, these pollutants are subject to biological
interaction and widely varying chemical environments.
Examination of the various diagenetic changeé through which
these pollutants proceed is necessary for understanding the
capacity of the sediments to retain these materials. Analyses
of cores need include measurements of sediment and pore water
chemistry and of partitioning of pollutants among various

phases.



Investigations to date have focused on the Outer Harbor and

the impact of the sewage outfalls. Boston's Inner Harbor,
however, remains poorly understood in terms of circulation,
sediment (and pollutant) input and accumulation, and its
contribution to the Outer Harbor. The Inner Harbor represents
a very complex environmental problem because of the hundreds of
pollution discharge points (storm-sewer overflows) and their
sporadic input. Yet, assessing fhe impact of these overflows
is essential to drafting an effective harbor cleanup plan.
Studiés should include monitoring of key discharge points,
water and sediment chemistry (input and accumulation), water
circulation, and sediment transport within the Inner Harbor

itsel f.
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XTI. APPENDIX TI.

a. Field and Laboratory Methods

Ten cruises in the study area aboard the R/V ASTERIAS
(W.H.0.T.) and R/V EDGERTON (M.I.T.) from August,
1977-Septe ber, 1979, account for data collection. Cruise
schedul ing maximized seasonal coverage and facilitated coring
and acoustic profiling operations.

1. Seismic Operations

Seismic profiling operations (April, 1978) utilized
equipment on loan from the Woods Hole Office of the U.S.
Geological Survey. Richard Sylwester of the U.S.G.S. lent his
technical expertise to the operation and maintenance of the
acoustic gear.

Equipment included a 3.5 kHz fish with four transducers
(Ocean Research Equipment), an O.R.E. 140 transceiver with a
power output of 2.5-5 kw, and an E.P.C. recorder. Pulse length
was set at 0.2 msec. Recorder sweep rate was 1/16 sec, which
produced a record with a full scale of 50 m.

Survey lines were run between Coast Guard navigation
buoys. Navigational control relied on line-of-sight and radar
fixes on the buoys. It was assumed that buoy locations on
Coast Guard charts were accurate. Survey line crossovers
showed close agreement in water depth and sediment thickness, ¥

supporting that assumption.



2. Bottom Sediments

Sediment sampling included piston cores, gravity cores
(2-3 m), Van Veen grabs, and hydrostatically damped cores,
which recover the upper 50-70 cm of sediment . Core locations
were selected to highlight areas of anomalous organic and heavy
metal content (Mencher et al., 1968; White,.1972), historical
depocenters (from seismic survey), and the "unpolluted" area of
westernmost Massachusetts Bay. Grab samples filled the gaps in
surficial coverage.

Two hydrostatic cores were taken at each site. One of
these was immediately sampled to obtain profiles of Eh and pH.
The remaining cores and grab sawples were frozen for later
analyses. Before subsampling, piston cores were split and
photographed and the remaining hydrostatic core x-rayed to
highlight downcore variations and to check for bioturbation
(mottling and burrows).

Most analyses were performed on the hydrostatic core.

These cores were subsampled at 4-5 cm intervals and dried to
determine water content. Size analysis’employed the Rapid
Sediment Analyzer (RSA) of the U.S.G.S. for the sand fraction
and Coul ter Counter measurements of the 63 micron fraction
(Schlee, 1966). Sediment lithology of the various size
fractions were examined using light microscopy and x-ray

diffraction (Phillips APD 3500). Powder mounts were used
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for x-raying the silt fraction, while silver filters provided
an oriented sample for clay mineral identification (Hathaway,
1971). The clay fraction was treated with 10% peroxide to
remove corganics.

Duplicate samples were analyzed for total carbon and
organic carbon content using a LECO carbon analyzer. Samples
for organic carbon measurements were treated for 4 hours with
2N HC1 to remove the CaCO3. Similarly, total nitrogen
content was determined using a LECO nitrogen analyzer
(triplicate samples). The LECO devices are precise to + 1% and
+ 27 of the carbon and nitrogen present, respectively.
Reproducibility was generally within + 5% for both carbon and
nitrogen determinations.

The distribution and accumulation history of trace
metals were examined under the supervision of Dr. Michael
Bothner (U.S.G.S.). For grab samples, both bulk sample and
clay fraction were anzslyzed, while only bulk samples were
examined in cores. The following elements were determined for
most samples: A1203, Cd, Cr, Cu, Fe203, Hg, Mn, Mo,

Ni, Pb, Sb, V, and Zn. Statistical analyses identified those

elements with significant covariance and enabled us to reduce
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the element coverage in some cores. A1203 and Mo were
determined spectrophometrically. Fe203, Zn, Mn, Cr, Pb,
and Cu were analyzed using flame atomic absorption spectroscopy
(AAS), and Cd, V, Ni, As, Hg, and Cu were determined using
flameless AAS.
Absolute rates of sedimentation were documented using
210 . . . .
methods of Pb determination (Bruland, 1974). Examination
10 . . . .
of Pb activity was carried out by analysis of the
210 . . .
granddaughter Po, which is assumed to be in secular

equilibrium with 210

Pb (Nittfouer,_1979). Sample preparation
followed the procedure of Flynn (1968). The alpha activity of
the Po isotopes was determined by counting with silicon-surface
barrier detectors comnnected to a multichannel analyzer. The

208Po spike was calibrated against a 210p,

activity of the
standard solution obtained from the Nuclear Regulatory
Commi ssion, Health and Safety Laboratory, New York, New York.
3. Suspended Sedimeats
a. Field Work

Water samples for suspensate and water quality
analyses were retrieved using 5 liter Niskin bottles. After
thorough mixing, subsamples were taken for sﬁspended matter and
dissolved nutrient determiniations. Nutrient samples were

immediately frozen using dry ice, and the one liter seston

sample was fixed with 10 ml of Lugol's solution (iodine plus



potassium iodide) to halt bacterial action. Soon after
collection, thirfy to a hundred milliliters of water were
passed through pre-ashed glass fiber filters for later
measurements of chlorophyll a. These samples were preserved
with MgCO; and wrapped in aluminum foil before freezing.
Additional water samples were saved for studies of dissolved
trace element by the New England Aquarium.

Tidal variations in suspanded load were observed by
obtaining time-series samples at several stations (Figure 46)
during each cruise for the first year. Diurnal studies of
temporal variability - hourly sampling - at BHl and BH3 were
undertaken during the second year to characterize seston
sources.

Horizontal control between stations was achieved on
selected cruises using a 200 kHz echo sounder (also operates at
357 kHz and 500 kHz simultanecously). Capable of detecting
particulate concentration differences greater than 1 mg/l, this
ul trasonic acoustic profiler outputs a continuous profile of
suspended particulate matter within the water column.

Suspended matter samples calibrate the acogstic system. This
unit was also employed to follow the development and dispersal
of the Deer Islaund sludge plume and provided information on the
net horizontal flux of particulates during our May, 1979
diurnal study. For details on the system's specifications and

components see Hess and Orr (1978).
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b. Laboratory Analyses

Measured volumes of water were passed through
pre-weighed pairs of MilliporeR filters (nominal pore size of
0.45 m). Thorough rinsing with filtered distilled water
removed any salt. After air drying, filters were weighed using
a Perkin-Elmer Autobalance Model AD-2 (accuracy + 0.005 mg) to
obtain total suspended matter concentrations. The bottom
filter of the pair served as a corrected filter weight. Ratios
of combustible to noncombustible material were derived by
halving the filter pair and combusting each filter half in a
pre-weighed platinum crucible at 500°C for one hour. After
cooling, the crucible plus ash was weighed using the
Perkin-Elmer. Determinations of total suspended matter and
combustible-noncombustible concentrations were reproducible
within + 10%. A more complete description of techniques can be
found in Manheim et al. (1970).

The remaining filter halfAserved as an archive sample.
Slides for microscopic analysis were prepared’for each sample
using Cargille Type B o0il immersion, which renders the filter
translucent. After thorough light microscopic examination,
selected samples were inspected and photographed under the
scanning electron microscope (S.E.M.). In addition to visual

examination of the particulates, a semi—quantitative analysis
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of elemental composition was obtained using the energy
dispersive x-ray fluorescence unit (KEVEX) attached to the SEM
(U.8.G.8. faciiity).

Concentrations of chlorophyll a were determined using
the 90% acetone extraction method of Yentsch and Menzel
(1963). Net percentage of fluorescence (chlorophyll a
corrected for pheophytin) was measured on a Turner Fluorometer
Model 110. Standards for calibration of th: fluorometer were
provided by the Environmental Protection Agency's Environmental
Monitoring andeupport Laboratory in Cincinnati, Ohio.

Dissolved nutrient coucentrations were obtained by Dr.
Zofia Mlodozinska (W.H.0.I.) using a Technicon Autoanalyzer
II. Nutrients examined included NH3—N, NOZ—N, NOB—N,

POA—P, and $i09-Si. Samples were reproducible within
1-1.5%, 1-1.5%, 1-2.0%, 1-2.0%, and 1-2.0%, respectively for
the nutrients listed. Methods for the automated analysis of
nutrients were based on Wood, Armstrong, and Richards (1967)
for nitrate, Bendschneider and Robinson (1952) for nitrite,
Murphy and Riley (1962) for phoéphate, Koroléff (1976) for

silicate, and Solorzano (1969) for ammonia. Techniques are

summarized in Technicon Company Industrial method papers (1973).
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XITI. APPENDIX IT

a. Water Properties and Suspended Matter

Nine cruises covered a period from August, 1977 through
September, 1979. The first five cruises to the harﬁor focused
on the tidal variations at eight stations (Figure 57),
providing harbor-wide coverage. The last four cruises
concentrated on stations BHl and BH3 --greatly increasing
sampling frequency to characterize the variability and nature
of the major seston sources. This section is a
cruise-by-cruise examination of water properties and suspended

matter.

August, 1977 (neap tide conditions)

Both the waters and seston in the outer harbor represent a
mixture of several sources —-- Inner Harbor, Massachusetts Bay,
biological production withi& the harbor, outfall material, and
resuspended bottom sediments. At station BH3, a core of cold,
bottom water enters tha harbor on flood tide (Eigure 58).
Characterized by relatively low dissolved ammonia values,
intermediate dissolved nitrate values, and low concentrations
of seston, this Massachusetts Bay water appears to represent
the bulk of water transported in and out of the harbor. 1In
contrast, the influence.of the Deer Island outfall is reflected v N
in high ammonia and total suspended matter content at 2120

hours. The high surface ammonia values during the previous



Figure 57.

Suspended matter and water quality
stations.
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Figure 58.

Tidal variations at station BH3, August
1977.
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incoming tide suggést fhat part of the preceding effluent plume
had re—~entered the harbor. These observatioﬁs have important
consequences for the &ispersal of the Deer Island plume for if
the major tidal exchange involves near-bottom Massachusetts Bay
water, then surface tidal movement is 1imitéd and the plume
does not disperse effectively.

Station BHl gives some evidence of the character of the
waters in the Inner Harbor . Warmer temperatures, decreased
salinities? and higher NO,-N and NOB-N céncentrations
reflect the influence of the Charles, Mystic, and Chelsea
Rivers (Figure 59). Lower oxygen saturation values point to
the high organic load in the Inner Harbér.

Stations BH7 and BH8 in Nantasket Roads .show some
temperature stratification, but for the most part, seston and
nutrient concentrations vary little with depth or with tidal
‘stage. |

Near-bottom concentrations of noncombuétible suspended
matter are higbest‘just before and after slapkhlow water,
suggesting that resuspension/advection is greatest with
decelerating and accelerating current.

Seston is dominated by mineral grains -- quartz, mica, and

clay minerals (noncombustible content averages 51.5%). Energy

254.

]



Figure 59.

Tidal variations at station BHl, August,
1977.
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dispersive x-ray analysis (KEVEk attacﬁment to SEM) of these
particles indicate that iron-coating -- an efficient scavenger :
of trace metals —- is common. In fact, several particles
examined did ha§e éssociated trace metals.

The érganic component of the suépended matter is dominated
by an organic "film" which blankets the filter, particularly
for sampies at stations BH1, BH2, and BH3. Such organic film .
has been'reported for several shelf areas (Emery and Homjo,
1979), including Georges Bank (C. Parmenter, personal comm.).

Plankton also contribute significéntly to the organic and
inorganic components. Diatoms fragménts and frustules are
prominent constituents. The plankton'population (as inferred
from these Niskin bottle samples) consists primarily of

Thalassiosira sp., Coscinodiscus sp., ebridians, and

tintinnids. Several genera of penmnate diatoms are present,
particularly in near-bottom samples, but represent minor
constituents. Actual plankton counts are precluded by the

-

extent and thickness of the organic film..

November, 1977 (neap tide conditions)
Water temperature has decreased and the temperature range
(10.6-12.5°C) narrowed since August (Figure 60), with the
water cclumn_becominngell'mixed. Temperature and salinity , -
profiles for station BH4 outline the Massacbusetts.Bay water
entering the harbor, but harbor mixing obscures its signal

further inshore.



Figure 60.

A.

Tidal variations at station BH1,
November, 1977.

Tidal variations at station BH3,
November, 1977.
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Nutrient samples were not collected, but the impact of the

Deer Island sludge discharge is seen in the suspended matter
profiles for station BH3 at 0845 and 2150 hours. The
reappearaﬁce of the'plume at this station at 2150 sho&s thgt
the sludge plume does maintain its structure at least over a
tidal cyéle, wﬁich reflects the incomplete dispersal of this
material.

Profiles 6f noncombustible maferial show the resuspension
of bottom material near slack low watér. Sediment trap
samples, discussed in the text, give ﬁ better indication of the
importance of fesuspension.

Clay minerals, quartz grains, and mica dominate the seston

in all samples. Many of these clay and silt-size particles are

aggregated and'iron—stained,' Carbonate laths

- not observed in our August sémples - are important
constituents of the seston. These "needles" (30-100 microns in
length and 2-10 microns wide) appear to come from the breakdown
of mollusk shells (see text).

,

With the exception of station BH3 mnear the Deer Island -

~outfall, organic particles are relatively minor. Even at BH3

organics are primarily in a particulate form rather than a
film. This decreased importance is likely the result of

reduced biological activity. : f ’ L
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Whole plankton tests are greatly reduced over August
samples. Pennate diatoms (Navicula sp. and Pleurosigma sp.)
dominate near bottom samples. The silicoflagellate Distephamus

sp. is fairly abundant and indicative of colder water.

Skeletonema sp., Coscinodiscus sp., and Thalassiosira sp. are
minor constituents. Tintinnids are quite abundant in some

samples.

January, 1978 (neap tide conditions)

Water temperatures range betweean 0.5 and 1.5°C, and the
water column is very well mixedb(Figure 61). High-salinity
bottom waters at BH3 outline the core of Massachusetts Bay
water entering ﬁhe harbor; profiles from the Nantasket Roads
stations do not distinguish this water mass and generally
display little tidal variation, suggesting rapid mixing.
Nutrient concentratiéns - outside of the outfall plume - are
quite high with NO4-N, for example, ranging from 7.0-14.0 H
g-atoms/ L. | |

Suspended matter, ammonia, and phosphate profiles highlight -

‘the extent of the Deer Island sludge plume at station BH3

(Figure 61B). Data suggest that this plume extended as far
seaward as BH4 on the ebb aided by a NW wind. Nutrient and
combustible material profiles suggest that the Deer Island

plume also influenced concentrations at BHL (at 1450 hours).

v
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Figure 61. A. Tidal variatiomns at statiom BHI1,
January, 1978.

B. Tidal variations at statiom BH3,
January, 1978.
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Suspended matter concentrations are lower overall than

. previous cruises, suggesting the importance of biological

production on seston values. Noncombustible concentrationms,
though féirly uni form throughout the water column, do show some
increase during ebb tide. Because of the low biologic
activity, organic material is not a major component of the
samples except at station BH3. Where present, organics appear
as particulates and not as a blanketing film.

Individual mineral grains of quartz, mica, and clay
minerals dominate the suspended matter. Aggregates are few;
Back-scattering x-ray analyses show.thatvifon and manganese are
associated Qith~mpst mineral grains. Pyrite framboids occur in
some samplgs»(pfimarily near bottom samples) and probably
represent résuspende& mate?ial.

Carbonate laths are a.visually'prominent component of the
suspenéed matter. As stated'earlier,'these laths appear to
come from the degradation of mollusk shells.

Navicula sp. domihéte the peﬁnéte diatomsAthlexfléurosigma“iﬁ

-

sp. and Rhizosolenia sp. are secondary constituents.

Coscinodiscus sp. are the major centric diatom. Thalassiosira

- sp. are present but in minor amounts. Agglutinated forams

collected in some samples are probably resuspended. Fecal
pellets occur in significant numbers, usually without a ‘ Rk

pellicle.
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May, 1978 (spring tide conditions)

Salinity is much lower - ranging from 26.0 - 29.0 ®/o0 —-
at all stations both in the north and south as a response,
perhaps, t6 the higher river discharge of New England rivers
(Bumpus eE al., 1953; Manoshar-Mahara and Beardsley, 1973).
Water temperatures range from 5.0 - IO.OOC, but
stratification is not well defined except at BH1 during ebb
tide (Figure 62A).

Nutrient concentrations are much reduced from the January
highs. Nutrient values for BHl reflect the high organic load
of the Inner Harbor, while concentrations at BH4 and southern
stations reflect the "cleaner" conditions of Massachusetts Bay
and Nantasket Roads. |

Suspended matter and nutrient profiles at station BH3 again
reveal the strong influence of the sludge plume on water
quality (Figure 62B). High NO5-N values at 0930 hours appear
related to the effluent discharge at Deer Island since no
corresponding signal is seen in the values for combustible
seston values. Stations BHl and BH4 show no'evidence of
"contamination'" by ths plume.

Resuspension/advection is again prevalent during ebb tide
as seen in the profiles for noncombustible material. Most
prominent in near-bottom samples, miﬁeral grains are largely

aggregated and show traces of iron and manganese (KEVEX).

~r



Figure 62.

A.

Tidal variations at station BH1,
May, 1978.

Tidal variations at station BH3,
May, 1978.
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Chlorophyll a profiles accent this increased biological
activity. Values range from 3-15 ug/liter, with the highest

concentrations in the Inner Harbor samples. Thalassiosira sp.

dominate the phytoplankton assemblage. Coscinodiscus sp. and

Chaetoceros 8p. are also numerous. Tintinnids, Asterionella

8p., Thalassionema sp., and Nitzschia seriata are locally

important. Fecal pellets (with pellicle) are present in
significant numbers. With this increased biological input,

organic film is again a prominent feature of the seston.

July, 1978 (neap tide conditions)

Temperature stratifiction is well established throughout
the harbor. Valués range from 8.5 - 18.5°C. Salinities
average slightly higher than May values, fanging from a 1low of
23.5 ®°/oo at BHl to a high of 30 ®/oo at the outer statioﬁs.

Nutrient profiles of NQZ—N, NO43-N, PO,-P, and
Sioz—si define the nutrient~rich surface waters of the Inner
Harbor ebbing past BH1 (Figure 63A). Oxygen saturation values
for this water mass are quite low, particula?iy in thé early
morning ﬂours (Figure 64A). Together these measurements

clearly distinguish this water mass from that entering the

Inner Harbor at flood tide.

271.
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Ammonia and phospﬂate érofilés outline the Deer Island
sludge plume at BH3 and reveal the lengthy impact of this plumé
on water qualityb(Figure 63B). The plume appears confined to
the surface waiers, and does not appear to adveréely‘affect
oxygen saturation values (Figure 643). Lower oxygen values
‘near the bottom may reflect the reduced phytoplankton
population of those watérs or the oxidation of settling and
resuspended organic material.

Mineral grainé are a major constit&ent of the seston,
particularly in near—béttom samples. Clay minerals, quartz,
and mica are the dominant farms. Though most particulates are
single grains, numerous orgaﬁically bound aggregates are
present.

Chlorpphyll a concentrations average slightly below the
high values recorded for May, but several very high
concentrations of chlorophyll a (up to 41 pg/liter) were noted

at stations BHl and BH3 (associated with the plume)m4

Coscinodiscus sp. and Thalassiosira sp. dominate the plankton

assemblage with Rhizosolenia sp., Pleurosigma sp., and

Nitzschia sp. as secondary constituents. Tintinnids are

locally abundant. Fecal pellets are common.

4Chlorophyll a and the combustible fraction show a
correlation of 0.5, improved over May.



Figure 63.

A.

Tidal variations at station BHI,
July, 1978.

Tidal variations at station BH3,
July, 1978.
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Figure 64. A. Tidal variation of oxygen
saturation at station BHL.

B. Tidal variation of oxygen
saturation at station BH3.
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October, 1978_(spring tide-conditions)

A more complete understanding of seston sources, their
relative importance, and variability required greater frequency
and duration of sampling. Hénce, begiuning with this cruise,
attention was focused on stations BHL and BH3. Samples were
collected hourly over a twenty-four hour period.

At station BIl temperature varies between 11° and 13°C
and shows 1itt1e change with depth except durihg ebb (Figure
65A). These wérmer surface waters from the Inner Harbor are
chéracterized by high concentrtions of No,ON, NO4-N,

PO,-P, and SiOZ-Si.v

The water column at station BH3 is well mixed (Figure 65B),
and temperature and salinity display litfle tidal variatiom.
Temperature ranges between 11° and 11.8°C, while salinity"
varies between 29 and 30 ©®/oo, The outfall plume --
restricted to surface waters —- accounts for most of the tidal
variation. 'Ammonia profiles outline the plume at 2015 hours.
Remnants>of thé plume linger and reappear ;tJIOIS'hours;

Noncombuétible maﬁerial shows near-bottom highs in
concentratiqﬁ either side of slack low water, suggesting
resuspension/advection. Clay minerals, quartz, and mica aré

very abundant, particularly in near-bottom samples. Iron is

e



Figure 65.

A.

B.

Tidal variations at station BHI,
October, 1978.

Tidal variations at station BH3,
October, 1978.

279.

~



A

HEIGHT OFF BOTTOM (m)

24

16

@«

(@]

n
D

b.;

BH{
- TEMPERATURE
| CI=05°C

L. . /,A. . _/'N\ -’./’_.42.0 /',—. . e -\,\.5. g
%\b \ N T
8 /)/ PRI 7
I SRR NS VPSR WP A VA ST WL ST WY 2NN B
1200 1600 2000 0000 Q400 0800
[ NOz-N
| CI=1.0 ug-atoms/{
- /‘/,/- ‘~'\.\.\ ’ \ '/.
-7’ N~
'—‘37 N>

/t\tj/g

YR f AP “> .
/
7()“{{] Y&T’\FS\'>' i lb‘\/;/\\&\ 1'/v‘\’ ‘/;‘Q\. R\ l‘/v’xiu'

1200 1600 2000 0000 0400 0800

NOZ‘N
CI=0.2 pg-atm/{

o~

// Tt~ .//’\\\\.\
— @\/\ 6. .\v\.__./'/ 6\/\%.
~ /
— ﬁfx._._.,.m./. .
. : A I N I I I
{200 1600 2000 0000 0400 08C0
NONCOMBUSTIBLE
CI=1.0 mg//
._,./2 —. .
ﬁ\\' Q .
/ ' T
Vﬁb//ﬂ\\\' LN & r/{;\/ . |'/4\|\‘ 1\1 M M

1200 1600 2000 0000 0400 0800

TIME (LOCAL EDT)
10/19-20/78

»
a4

‘082



-
2a

16

n .
H O (o]

HEIGHT OFF BOTTOM (m)
6

BH3-1
TEMPERATURE

‘rfll/'({ V
:(\\(Ol .\ | -\‘ [ S IS
R N
ne/ I b
. -Lisz
kT
Nt
':\\;ﬁ.\ ( e
2000 0000

[ NHz-N
CI 50pg -atm/L

2 \> ‘f/%JQf

1200 1600 2000 Q0C0C 0400 0800

LN /\/j 6/\ -.L-

SALINITY
CI C)536° .
= -] y \‘7 . . e

N TV ey
d . . Sl -
“?'s‘»’? ?L 6( \ '/ s
. \ 3 VAR ng,l’ ‘Q/Qr ol ’ b&

] g ¥ &[ : ' \ l

/ \ QLN S
Lt (A4 ! AR VAR

1200 1600 ZOOC OOOO 0400 ' 0800

NONCOMBUSTIBLE
CI=1.0 mg/
TN

/
Il 2

1200 1600 2000 OOOO 0400 0800

TIME (LOCAL EDT)
10/17-18/78

e
R

*1I8¢



282.

associated witﬁ mosﬁ mineral particles. Particle aggregates
are abundant, bound by an organic matrix: Carbonate laths are
significant components of the seston, and lath bundles are
common.

Biological activity is high in the harbor with chlorophyll
a concentrations varying between 4 and 10 1g/liter.
Distribution is patchy. Organic film is an important
constituent of the seston but shoﬁs.poor correlation Qith
chlorophyll a‘content (coﬁbustible'materialnvs. chlorophyll a:

r = 0.126). Coscinodiscus sp. are by far the most abundant,

followed by Skeletonema sp. Thalassiosira sp. are locally
important. Copepods are found in several samples (Calanus ER')
along with abundant tintinnids. Fecal pellets are common

constituents.

February, 1979 -

During this cruise only station BH3 was occupied, due to
advefsevwéather ccnditions.  Air temperatures hovered near
-18°C and winds gusted to 64 km/hr. Wave heiéht in the
harbor was 1-2 m. Thus, we were able to observe a portion of
.the suspended matter regime unﬁer storm counditions.:

Water temperafures are very comnsistent throughout the tidal
cycle (.4 - 2.2 °C); warmer offéhore water enters the harBor
during ftood (Figure 66A). Salinities show a bit more

variation because of the lower salinity of the outfall plume

and higher salinity of Massachusetts Bay water.



Figure 66.

A.

B.

Tidal variations at station BH3,
February, 1979.

Suspended matter variations.
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Nutrient concentrations are higﬁ; NOq-N values, for
examﬁle, range between 7 and 12 Hg-atom/liter. Yet, the Deer
island plﬁme accounts for most of the tidal variation
observed. Outlined by ammonia profiles (at 0200 hours), the

plume maintains its structure despite the storm activity.

Particulate concentrations average slightly higher than the

previous winter (3.06 mg/liter compared to 2.33 mg/liter).
Profilesvof suspended matter (Figure 66B), however, shqw that
the sludge plume dominates the seston regime. Coﬁcentrations
of noncombustible méterial in near-bottom samples suggést
resuspension/advection near slack low water.

Single grains aré_the dominant particle mode though
aggregates bound by organic material are impottant in the
surface waters. Iron appears ubiquitous in its assoéiation
with mineral grains. Particles identified as calcium by
back-scattering x—réy are common in the sludge plume.
Apparently these particles are reﬁnants of the_lime added to
the slﬁdgg.to in¢réase pH and could-pﬁssibly,sérve as a tracer
of outfall material. Carbonate laths are very abundant, and
bundles of nee&lés are quite common. |

Chlorophylla a concentrations are very low even in the

plume, ranging from 0.2 - 1.3 ug/liter. Coscinodiscus Sp.,

Rhizsolenia sp., Navicula sp., and Nitzschia sp. are the major

286.
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components of the plankton assemblage. Distephenus sp.,
tintinnids, and dinoflagellates are minor constituents. Fecal
pellets are not abundant.

Organic film and organic fibers are important in those
samples taken in the sludge pluﬁe. However, because of the low
biological activity, samples outside of the plume possess

little organic matter.

May, 1979 (neap tide conditions)

Temperature and salinity profiles for station BH1 show the
effects of spring‘discharge on the water properties (Figure
67A). Stratification is well pronouncea during ebb tide.
Salinity dips as low as 23.7 ®/oo at the surface, and the
warming of the shallow Inner Harbof water is evident, with
surface temperatures in excess of 15°C.

At station BH3 stratification is not well defined (Figure
67B). Tidal fluctuations in temperature and salinity reflect
the influence of the Inner Harbor and Massachusetts Bay. The
low salinity signal of the Inner Harbor (and/of the sewage
outfall) reaches BH3 at lcw tide, and during flood, cold,
saline Massachusetts Bay water enters unear—-bottom.

Nutrient profiles at BH1 reflectvthe character of the Inner
Harbor water mass -- defined by high concentrations of NOz-N

and N03—N and restricted to the near-surface. At BH3 the

~or



Figure 67.

A.

Tidal variations at station BHL,
May, 1979.

Tidal variations at station BH3,
May, 1979.
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sludge plume dominaﬁes the nutrient field between 1000 and 1200
hours. (Oxygen saturation values associatéd with the plume are
lower than surrounding waters.) |

Profiles of noncoﬁbustible material suggest the
resuspension of mineral grains at both BHI and BH3 near low
tide. These mineral g;ains occur primariiy as single grain
clay minerals, quartz, and mica. Organic material, however,
binds many grains into aggregates.

Chlofophyll a concentrations are highest (in excess of
19 yg/liter) in the ebb surface wéterslof BHl. Concentrations
at BH3 a;e ﬁniform, varying between 0.7 and 1.7 ug/f.

Coscinodiscus sp. are the prominent diatom with Skeletonema

SPp., Thalassiosfra sp., and Chaetoceros sp. as secondary
cénstituenté. The dinoflagellate, Ceratium sp., is a minor
component, and.tintinnids'are only locally important. Copepods
(Calanus sp.) are very abundant - #s mahy as 30 per liter.
Capturiﬁg so.many in Niskin bottles suggests extremeiy large
éoncentrétions. AThe microflagellate Calycémanéslgg.(Z—S]Jm in

long and 1-3 ym wide) occurs in significant numbersso

5Spring blooms of microflagellates are not uncommon in the
region. Furnas et al. (1976) report blooms of the
microflagellate Olisthodiscus sp. in Narragansett Bay during
spring and summer months.
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September, 1979 (spring tide conditions)

At both BH1l and BH3 the water column is not stratified.
Tidal variations in temperature and salinity are small and
reflect the influence of the.Inner Harbor at BH1 and of
Massachusetts Bay at BH3 (Figure 68).

-P

Nutrient profiles of NO,-N, NO,-N, and PO

_ 3 4
characterize the nutrient—rich waters of the Inner Harbor. The
sludge plume (characterized by profiles of am@onia and
phosphate) dominates the nutrient field at BH3 and is
restricted to surface waters.

| Noncombustible particulates are primarily single grain clay
minerals, quartz, and mica -- most with associated iron.
However, organics do bind numerous aggregates.

Chlorophyll a concentrations range from 1-8.5 ug/liter, but

do not display the patchy distribution noticed durng other .

cruises (Figure 69). Skeletonema sp. and Leptocylindrus sp.
are the secondary constituents. Ebridians are numerous in all’

samples as are tintinnids and the dinoflagellate Protocentrum

sp. Copepods occur in significant numbers.



Figure 68.

A.

293.

Tidal variations at station BHL,
September, 1979.

Tidal variations at statiom BH3,
Septembear, 1979.
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Figure 69.

Tidal variations of chlorophyll a at
station BH1 and BH3.
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