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This study has been motivated by the issue of marsh lossaiciaBay, New York. A
deficit in sediment supply has been implicated as a factor idré#meatic marsh loss, and
we have used particle-reactive natural radionuclides as trémethe transport and
deposition of particles in the bay. The short-lived radionucli@es (half-life = 53.3
days) and>*Th (half-life = 24.1 days) serve as tracers of particle dycgon short-term
(seasonal) time scales, while the longer li7€®b (half-life = 22.3 y) traces the fate of
particles on decadal time scales. In Jamaica Bay, thechalhcterized supply dBe
and *!°Pb from the atmosphere comprised 77-92% and 23-48% of the supply of these
radionuclides, respectively and is augmented by inputs of these rdalestfcom CSO
events that add storm water to the bay. Mé&Hmh, inventories in the subtidal
sediments in 2004 — 2006 ranged from 3.4 to 5.6 dpff cithe supply of**Th from

decay of dissolved®®U in situ is ~ 0.9 dpm cthand is augmented by particles with
ili



excess™>*Th transported into the bay from the New York Bight. Inventoriesxoéss
23Th in bay sediments show significant temporal variation, as evideircefour
sampling campaigns of the bay carried out in 2004-2006. The upper 5 arbtiofk
sediments were sampled to insure that the efififé,s inventory was obtained and could
be counted quickly, but additional samples in fine-particle dominated sedinmdicated
that 79 — 100% of thé**Th,s inventory was confined to a highly active veneer of
sediment. Results indicate tHatTh is deposited in sediments of the western bay during
times of low wave height outside the bay and winds out of the soudtvewér, particles
and associated®*Th in the highly active surficial sediments are transportedhéo t
northeastern portion of the bay (e.g. Grassy Bay) following stanmdswinds out of the
southwest. We have used a mass balané&Tf in the bay to estimate an annual input
of sediment of 4.3 to 35.8 x Tty y* from the New York Bight into the bay. A mass
balance of*%Pb for Jamaica Bay indicated that a sediment import of 4.2 to 1508 g

y! would be needed to balance the b&y®b budget. Both these radionuclide-based
sediment import estimates are upper limits. We have also usedaoe distributions

of excess'%Pb activity to estimate average long-term rates of sedidepusition in the
muddy sediments of the bay to be 0.47 + 0.27 f ¢th (7.6 + 1.4 x 18 g y). A
sediment import of 5.8 — 8.8 x f0og y* would be required to balance the sediment
budget of the bay. This annual import estimate is higher tharvepseestimate made
from the attempt at a sediment budget for the bay (1.5 — 2.9%g1¢"). However,
estimates from the mass balances of the radionuclides and dimest budgets all
indicate that there is an import of sediment from into Jamaiga Bleasurements dBe

and ?**Th in marsh peat complement the distribution of these radionuclidesiita
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sediments. WhiléBe was observed at all sites sampled (ranging from 0.7 to 3.2 dpm cm
%), as a consequence of its direct supply to the marsh from thepdienes In contrast,

the input of>*Th depends on the supply of particles from the subtidal to the marsh
surface. Inventories 6f*Ths on the marshes ranged from 0 — 9.8 dprif evith higher
mean inventories observed on the marshes in the western bay iSdpgmber-2004
and May-2005 (6.0 + 1.3 and 3.4 + 1.3 dpmi“crespectively) than in the eastern bay
(4.1 + 1.2 and 1.8 + 1.7 dpm &nrespectively). Elevated inventories OfTh are
typically observed near marsh edges, although the pattern is catagliby the
proximity of interior sites to tidal creeks that serve as cdadar sediment supply to the
marsh. Sediment accumulation on the marshes was estimated thsirfg'Thys
inventories measured on the marsh islands and the activit§iTogs in the upper 5 mm

of the fine-fraction sediments near the marsh islands. Sedingcenmalation rates
derived from this method ranged from 0 to 2.5 g°giil, while mass accumulation rates
on the marshes, derived fraif¥Pb geochronologies in a previous study ranged from 0.05
— 0.1 g crifyt. The difference in these two methods may reflect samplingtbitse
marsh edges during this study, where deposition is likely higimer,tlze short-term

patterns of deposition, reflected with fi&rh,s inventories.
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CHAPTER 1

Introduction

Jamaica Bay is a back barrier coastal lagoon located onotlieesn coast of
western Long Island and is surrounded by the New York City boroddgBsooklyn and
Queens and connected to the ocean by Rockaway Inlet (Fig. 1-1yralNaoccurring
changes and man-made modifications to Jamaica Bay in theeP@ury have had lasting
effects on its geomorphology and hydrodynamics. The most smmifinaturally
occurring change was a 1.4 km westward migration of Rockawaybeteteen the mid-
1800s to the 1930s when the Breezy Point Jetty was built (Black, 198hs&n and
Wilson, 2008). In the early 1900s the federal government and the citgwfYrk
undertook a project to dredge the inlet and the northeast channel fomghipposes.
Further efforts were planned to dredge much of the bay, elimindtengharsh islands,
transforming Jamaica Bay into a major shipping port. Theses plere eventually
abandoned, but other modification were made to the bay such ag dillmarsh islands
along the periphery of the bay, extensive bulkheading and furthegidgedf the
Rockaway Inlet and the northeastern channel in the 1930s (Black, 1981). 1&40®
Grassy Bay in the northeastern part of the bay was dredgedaim obaterial for an
expansion of Idlewild Airport (now known as John F. Kennedy Airport; IBI4©81,
Swanson and Wilson, 2008).

Channel dredging in Jamaica Bay has increased the volume of yhehie
marsh filling and bulkheading along the bay periphery has decrdsséotal area of the
bay (Black, 1981). In 1899, prior to when the first major modificatione wede to the

bay, the tidal range was relatively uniform throughout the Bayatson and Wilson,
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2008). Dredging of the Rockaway Inlet channel, North Channel, Broadn€hand
excavation of Grassy Bay deepened the mean depth of the bay foohmeters (Fig. 1-
1). Historic tide stations in Jamaica Bay indicate thatwvaatlen in tidal range became
prominent in the 1940s with a higher tidal range in the Bay’s ont¢hian at the inlet.
This change in tidal range coincides with many of the man-madioation to the bay.
Historical evidence indicates that before the 1900s the bay wadywebb dominated
while in present day there is flood dominance (Swanson and Wilson, 2008).

Today, Jamaica Bay is a shallow, weakly stratified and yidadtive environment
with estuarine circulation (Gordon et al., 2005; R.E. Wilson, pers. comim)the
summer, winds move landward out of the southeast and in the wintels are out of
the northwest. The tidal range Vof Jamaica Bay is amplified from the western end to
the far northeastern side of the basin (Grassy Bay) bagctorf 1.2. The resulting
barotropic tidal flow is flood dominant throughout the bay and contribut@satotain
significant tidal flow through the bay's main channels (North ChiarBeach Channel
and Broad Channel; Fig. 1-1). The barotropic tidal flow coupled witlochaic
estuarine circulation likely results in an increase of tbedtidominant shear stress along
the bottom, enhancing the import of fine-grained material into thémR.&y Wilson, pers.
comm.).

In addition to altering the bay’s hydrodynamics, modification hdtereal the
basic physiography of the bay. In the present day, JamaigasBdivided into two
sections (west and east) by Broad Channel Island. In therwéstg, deep channels are
located along the northern border (North Channel; depth ~ 7.5 m) anctladosguthern

border (Beach Channel; depth ~ 5.5 m; Fig. 1-2). In the easterthd@each Channel
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continues along the southern edge (depth ~ 11.5 m) while the North Ghzemews
and connects to Grassy Bay (Fig. 1-2). Grassy Bay, locatdgk inartheastern part of
Jamaica Bay, is deep (~ 11.5 m) and is to some extent isalatedrfuch of the rest of
the bay with exchange limited to the North Channel and through Broath€@haepth ~
6.5 m; Fig. 1-2). Stratification in Grassy Bay is more pronouncedithather regions in
the bay, particularly during the summer (Rubenstone, 2005). Gragsg Baspected to
be a significant sediment sink within the bay. The changes to the bay’s phykiogral
hydrodynamics have likely altered the major pathways and sinksefdiment in the
subtidal bay.

Much like the bay itself, the drainage basin of Jamaica Bayals® undergone
significant changes since the first Europeans settled inr¢laeimthe mid-1600s. Prior to
1865, the upland area around the bay was mostly used for small-goailegfawhile
fishing in the bay was limited to recreation and as a suppleafehe food supply. In
the late 1800s manufacturing, construction, fish oil and fertilizeofees were present
and there was general population increase around the bay. Alsg thei1800s oyster
and clam harvesting became an important fishery. The end of tlesisimg industry in
Jamaica Bay was not due to a disappearance of oysters ang, dat rather was
mandated by health officials in 1921 due to the contamination frosethiage discharge
into the bay (Black, 1981).

Today most of the fresh water entering Jamaica Bay ihaliged from one of
four waste water treatment plants — Coney Island, Jamaica, Ragkand the 26 Ward
(Fig. 1-1; Beck et al., 2007). These plants service over 2 millioplpeand have a

drainage area of 200 KmMunicipal and storm water runoff are combined (CSO system)
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and the four wastewater treatment plants deliver an average ohifléh gallons per
day to the bay (Benotti and Brownawell, 2007). However, during medévaheavy
rainfall events the water entering the system can overloachfieeity of the wastewater
treatment plant causing the plant to be bypassed and untreatecdméasewage to enter
the bay via outfalls (Fig. 1-3). CSO events can deliver pollutamts waters high in
nitrogen (nitrate, nitrite, ammonia, and organic nitrogen) to therwaif Jamaica Bay
(Benotti et al., 2007; Benotti and Brownawell, 2007).

In 1972, Jamaica Bay became a Gateway National Recreatiom udrder
management of the National Park Service. In spite of this piwteaf the bay, wetland
loss from 1975-1999 was extensive (Hartig et al., 2002). Speculatitinths causes
affecting wetland losses in Jamaica Bay are: failuré@®itarshes to keep pace with sea
level rise (Hartig et al., 2002), possibly due to a lack of sedimgmply (Gordon and
Houghton, 2004; Hartig et al., 2002), pollution impacts (Kolker, 2005), and physical
alterations (Swanson and Wilson, 2008). The primary purpose of tkis thdo use a
suite of naturally occurring radionuclides to examine sedimeatalymaterial exchange
processes that potentially impact the marshes of Jamaica Bay.

Naturally occurring particle reactive radionuclides (€3Th, 'Be, ?*°Pb) are
useful tracers in coastal systems (Feng et al., 1999an Gifii Corbett, 2003). Their
well-characterized sources permit construction of mass balasedstheir strong
association with particles permits them to be used to evaluate fluxes oésethiamsport
and redistribution. The short-lived radionuclid&¥Th (half-life = 24.1 days) andBe
(half-life = 53.3 days) are particularly useful in studying processesoiheriate over

seasonal time scales’*Pb (half-life = 22.3 years), in contrast, is useful for studying
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processes on longer time-scales (<100 years; Sharma et al., 198aydition, the
sources of these radionuclides diffé#Th has an oceanic source, whige and**%b
have an atmospheric source (Baskaran and Swarzenski, 2006; Fend®%; Vogler
et al., 1996).

23%Th is produced through the decay of its parent isofdfi¢, a primordial
radionuclide that is released from rocks to solution during chemiealhering. Under
oxic conditions,?®®U is present in the 6+ valence state and forms a soluble uranyl
carbonate complexes, UY@Os),? and UQ(COs)s* (Chabaux, et al., 2008; Ku et al.,
1977). Under special conditions, such as high phosphate concentrations andrariganic
water, additional U-complexes may be present (Chabaux et al., 20K3xeM2008).
Under anoxic conditions>®U can be reduced to the 4+ valence state and can then be
scavenged onto particle surfaces. Due to its long half-lifel@mdparticle reactivity
under oxic conditions % is well-mixed in the oceans making it, in general,
conservative with salinity (Baskaran and Swarzenski, 2006; Fend.,etl299b).
Conservative behavior 6f°U can be evaluated by comparing its activity with respect to
salinity (Boyle et al., 1974), and this behavior has been observatugries in the U.S.
(Feng et al., 1999a), India (Ray et al., 1995) and the U.K. (Toolk, €1987). The
general relationship betweéffU and salinity in the open ocean f8%U (dpm L% =
0.0704 x Salinity (Rutgers van der Loeff et al., 2006). In the Hudswargsthe
relationship between salinity adtfU is similar to that for the open ocean4&U (dpm
LY = 0.0707 x salinity + 0.0276 (Feng et al., 1999a). However, it is worthgnibiat
non-conservative behavior 8fU has been demonstrated in some estuaries including the

Forth estuary (Toole et al., 1987), the Amazon River (Mckee et al., 188V)the
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Ogeechee and Savannah Rivers (Maeda and Windom, 1982). The non-cosmservati
behavior of uranium observed in the Amazon River may have resulted tirem
desorption of uranium in high-alkalinity pore waters due to suboxgedesis following
sediment deposition or the release of uranium of ferric hydroxidengs on sediments
(McKee et al., 1987).

Thorium-234, unlike its parent isotope, is present as the Th 4+ ion (ar as
Th(OH) complex), as such it is particle-reactive under most conditindsisareadily
scavenged on to available particle surfaces %KL — 50 x 18), and may be removed
from the water column (Baskaran and Santschi, 1993; Feng et al., 1988a)creates
disequilibrium betweerf**Th and #U, leaving the water column depleted HTh.
Since production of**Th is dependent on dissolvétfU, and dissolved®U activity
varies as a function of salinit§>*Th production in the water column is lower in fresher
reaches of an estuary and increases with increasing saliftigy residence time 6#'Th
in the water column within estuarine waters was first quantifising>*Th/2%U by Aller
and Cochran (1976). They found that the residence tiffiéTaf was short1.4 days) as
the ***Th was rapidly scavenged on to particles that then settled to tlenbsgtiments.
Similar residence times &f*Th in the water column were found in Narragansett Bay (1-
20 d; Santschi et al., 1979), the Yangtze River estuary, China;(Makee et al., 1984),
the Amazon estuarine system (4-5 de; McKee et al., 1986), and HudsoreRuary (2-

12 d; Feng et al., 1999a). However, depending on the systin,that is scavenged
onto particles?**Th may remain suspended in the water column until it decays obenay
advected and deposited (Fig. 1-4; Aller and Cochran, 1976; Feng et al.; E889aet

al., 1999b).



23%Th has also been used to quantify sediment deposition, mixing and transport
estuaries. In addition to estimating residence tim@*®h in the water column in Long
Island Sound, Aller and Cochran (1976) found exé&8$ (***Thys) in sediments down
to 4 cm which indicated rapid mixing by deposit-feed organisms. ohik wonducted by
Aller et al. (1980) the meaft*Th,s inventory in the subtidal sediments of Long Island
Sound was approximately in balance with the expected for the aweedgedepth, but
surpluses and deficits were observed, depending on location. Adler(£080) ascribed
this observation to lateral redistribution of particles in the SouNdork done by
DeMaster et al (1985) and McKee et al. (1983) used the distributiGfi'Taf in the
sediments to estimate sediment deposition in the estuarine zdreeYdingtze River and
found that deposition varied seasonally with high deposition near thenmwath that
was subsequently redistributed down the estuarine system as a result oftomes.

Feng et al. used®*Th, 'Be and?*®Pb as tracers to study short- and long-term
variation in the transport of sediment and associated contaminathts kudson River
Estuary (Feng et al., 1999b). They found fi&th and’Be activities on particles ranged
from 0 to 71 dpm g and 0 to 57 dpm Y respectively. The highest particle activities
were consistently measured at the highest salinity stasimmgled (Feng et al., 1999a).
The results from this study suggests that during low-flow ro@nditions there is a
transport of particles labeled wiffi*Th and’Be from higher salinity areas to lower
salinities due to estuarine circulation (Feng et al., 1999b).

In contrast to®**Th, ‘Be is produced in the lower stratosphere and upper
troposphere of the atmosphere through cosmic-ray spallation reaottohsng nitrogen

and oxygen (Feng et al., 1999a; loannidou and Papastefanou, 2006; Kast20£2al.,
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"Be production in the atmosphere varies by latitude, altitude, and actiaity, with
production increasing poleward. As well, highest production occuvgebat12 and 20
km altitude and varies with the 11-year solar cycle. Mixing betwthe stratosphere and
troposphere can occur, generally during the spring, but possibly alsoy dotense
thunderstorms. This mixing may increase e concentration in the upper troposphere
and its flux to the Earth’s surface becalBe in the troposphere adsorbs electrostatically
to aerosols that can be delivered through wet and dry prei@pitatthe Earth’s surface
(Baskaran and Santchi, 1993; Feng, et al., 1999a; Giffen and C@@e3t Kaste et al.,
2002).

Despite the variations in production within the troposphere and stratesgher
major control on théBe flux appears to be delivery through wet precipitation (Canuel et
al., 1990, Dibb, 1989; Olsen et al., 1985; Turekian et al., 1983; Zhu and Olsen, 2008).
"Be delivered through wet precipitation is in the 2+ valence §atste et al., 2002) and
can be scavenged onto particles in terrestrial soils or ag(fe¢shwater or marine)
environments.’Be has an affinity for fine-grained particles and in estuajys¢éems has
a Ky of 1-10x1d (Kaste et al., 2002), somewhat less than that@h. Olsen et al.
(1986) observed thdBe activities on suspended particles were highest in high-energy
environments where particle residence times in the water colere long and lowest in
low-energy environments where sedimentation rates were high.

As with ?**Th, scavenge@®e can be transport with particles through an estuarine
system (Fig. 1-4). IndeedBe has been used in a variety of ways to study estuarine
systems. For example Olsen et al. (1989) used the ratiBeoto ?!Pb to quantify

sediment resuspension in the Savannah Estuary. Feng et al. (19689e and®**Th
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as coupled tracers in the water column of the Hudson River Estndrio characterize
transport through the system’Be was used as tracer of sediment accumulation in
sediments not affected by bioturbation’Be can be used to determine sediment
accumulation rates. Accumulation rates derived ffBe were found to be comparable
to longer-term accumulation rates derived usitf§b by both Canuel et al. (1990) and
Dibb and Rice (1989)."Be can be used to tracer recent pulse of river borne sediment.
For example, Canuel et al. (1990) usBe to quantify the impacts of storm events by
identifying “new” pulses of sediment and Sommerfield et al. (1988} it as a tracer of
fine-grained sediment delivered to the northern California continemaagin from the

Eel River. Sommerfield et al. (1999) found that after periods temely high river
discharge, terrestrial derivéBe was present in shelf and slope deposits.

2%, like 2**Th, is a member of th&%U decay series.?*®U decays through a
series of radionuclides t3°Ra (half-life= 1600 years). The decay product’dRa is
22Rn (half-life = 3.83 days), a noble gas, that can escape fromasmilsocks into the
atmosphere. However, not &4ffRn escapes and some remains in the solid phase and
decays (Matisoff et al., 2005). TK&RnN that escapes to the atmosphere then decays
eventually into?*®Pb. #%b in the atmosphere becomes associated with aerosols and
removed from the atmosphere through wet and dry deposition. As a result, the dbwnwar
supply of ?°Pb to nearby coastal systems is via direct atmospheric teppshe
production of**Pb from dissolved?®Ra being small (Fig. 1-4; Appleby and Oldfield,
1992; Le Cloarec et al., 2007; Matisoff et al., 2005).

Appleby and Oldfield (1992) observed that the atmospheric flX%Bb varies

with the amount of precipitation over short-term scales, sinildBé. However, over
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longer time scales (several year§Pb flux at a given location does appear to be
somewhat steady (x10%), although its input from the atmospheegiaally variable
(Baskaran, 1995; Graustein and Turekian, 1996; Turekian et al., 1977). Atmcepher
deposited®'%Pb is scavenged on to particle surfaces ¥KL0'-1¢F) and**Pb has been
used extensively to derive sediment accumulation rates in raatslestuarine systems
(Appleby and Oldfield, 1992; Church et al., 2006; Cochran et al., 1998a; Gozthah,
1998b; Corbett et al., 2006; Corbett et al., 2007).

This dissertation focuses on using these naturally occurring radioracitd,
"Be and®*%Pb to better understand particle dynamics in an urban coastal lggooaica
Bay, NY). To this end, it is necessary to characterize thssnbalances of these
radionuclides and their distributions in the subtidal sediments of JamaicAl'Bayhus,

the main objectives are:

1) To quantify the inventories of short-lived radionuclid&, >**Th and®*®Pb in

the subtidal sediment in Jamaica Bay over spatial and temporal scales.

2) To measure longer-term accumulation rates (~100 years)gtioouJamaica
Bay using”%Pb, and compare these long-term rates to the short-term tesng**Th

and’Be.

3) To determine spatial and temporal patternéBgf and?**Th inventories in
surface sediments on select healthy and degrading manstisisiéthin Jamaica Bay and

compare these patterns with those the subtidal sediments.
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The chapters of this dissertation are presented in the form of angmsis Each
chapter focuses on a specific topic and addresses specific pratdahmg with sediment
dynamics within the Bay. Chapter 2 focuses on the distributié#‘Bi,s inventories in
Jamaica Bay sediments over four spatially detailed cruises ciaadin 2004-2006 and
characterizes the mass balance?8Th, in the bay. Chapter 3 focuses on the mass
balance of*%b in the Bay and the long-term sediment accumulation rates ceanpar
with the short-term mass accumulation rates estimated frofii*fifebalance. Chapter 4
focuses on the spatial and temporal distributiorfB#f inventories throughout the bay
during the four sampling cruises. The atmospheric fliBefto the area is characterized
through an atmospheric collector deployed from April-2008 to Decef0f9- to
examine the relationship between precipitation and the atmospherioffBe. Finally
Chapter 5 focuses on the distribution8Th,s and’Be on the marsh islands of Jamaica
Bay and relates these radionuclides to short-term storage andetomgieposition of

sediment on the marsh islands, as well as in the subtidal bay.
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Figure 1-1. Location map of wastewater treatment plants and combined-
sewage overflow outfall (adapted from Benaotti et al., 2007) Dark areas in
the marshes indicate the location of dredge spoil.
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Figure 1-2 Bathymetry of Jamaica Bay (data provided by R.E. Wilson).
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certain rainfall events the amount of wastewater exceeds the capacity of the
treatment plant and the regulator allows the overflow to directly enter the waterways
(adapted from Ascher, 2005 and Duhigg, 2009).
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CHAPTER 2

Excess >*Th Inventoriesin the Subtidal Sediments of an Urban Coastal
L agoon (Jamaica Bay, NY): A Tracer of Sediment Input and
Redistribution

1. Abstract

234Th (half-life = 24.1 days) is a naturally occurring, particlectiea radionuclide
produced in seawater through the decay of its parent isét8pewhich is generally
conservative with salinity. The inventory fThys was measured in the surficial bottom
sediments in Jamaica Bay, NY during four cruises in Septenflier-2May-2005,
November-2005 and July-2006. Although ti&h,s inventories in the sediments varied
spatially throughout the bay, the mean inventory for the four cruéseged from 3.4 to
5.6 dpm crif. 2**Th, inventories in the upper 5 cm of the sediments were 2-5 times in
surplus relative to th&*Th production in the water column suggesting an impoft‘®h
from the ocean either in the dissolved form or associated withclparti Specific
activities of>**Th on inorganic particles in the water column ranged from ~ (0.1 - 0.5
dpm L* or 5.2 — 40.7 dpmY) with the highest activities found at the inlet and just within
the bay. Totaf**Th activity in the water column ranged from 0.1 to 0.7 dphwiith the
highest totaf**Th activity measured at the inlet. “Dissolvéd*Th activity (Total***Th
— 2¥Th activity on particles) was 0.2 dpni‘lat the inlet site. The presence of dissolved
23%Th and the high specific activity on particles at the inlet esggthat the surplus of
23Th measured within the sediments is supplied by an import of bothdig$**Th and
234Th,s particulates imported from the ocean. Using a mass bai€¥Th in the

sediments in surplus to that produced within the bay, import of sedinterihe bay was
22



estimated to be 4.3 to 35.8 x'1@ y*. A previous attempt at a sediment budget based on
sediment deposition in the subtidal bay and on the marshes#%$thggeochronologies
suggested that 1.5 to 2.9 x'1§ y* of sediment needed to be imported into Jamaica Bay
to keep the sediment budget in balance. The differences impuoet estimate between
this and previous studies may be a result of limited samplirfgeanlet during this study
and the occurrence of events such as storms that could temperdrdynce sediment

import.

2. Introduction

Previous studies have uséd'Th in a range of environments in order to
understand mixing in the water column, sediment transport, deposition,sasgeasion
(Aller and Cochran, 1976; Aller et al., 1980; DeMaster et al., 1985;d3tM et al.,
1986; Feng et al., 1999a; Feng et al., 1999b; Giffen and Corbett, 2003; Mtlate
1983). Naturally occurring radionuclides, sucH4sh (half-life = 24.1 days) have been
useful in studies within coastal areas due to high particle végcia well-established
decay rate, and a well-constrained sourced (Feng, et al., 1999a). t-li&ubr
radionuclides are particularly useful in studying processesoffexite on seasonal time
scales.

23%Th is produced in an estuary through the decay of its parent isotbpea
primordial radionuclide that is typically conservative withrggh Under oxic condtions
3% is part of a soluble uranyl tricarbonate complex and has lavicleareactivity.
Thorium-234, unlike its parent isotope, is present as the Th 4+ ioaytisl@-reactive
under most conditions, is readily scavenged on to available pastidiaces (K = 1-
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50x10), and may settle through the water column (Baskaran and Sarl8@8j Feng et
al., 1999a). Removal ¢f*Th from the water column creates disequilibrium between
234Th and®*®U, leaving the water column depleted{fTh.

In coastal systems where suspended sediment concentrations higly,ltee?**Th
produced in the water column is effectively scavenged onto pastidiaces leaving little
in the dissolved form. Once scavenged onto partiti&&h may remain suspended in the
water column until it decays or it may be advected or depo§iber and Cochran,
1976; Feng et al., 1999a; Feng et al., 1999b).

Coastal lagoons are typically geologically ephemeral, shallowseparated from
the ocean by a barrier island. These systems are often thougghsinks for organic and
inorganic sediments and can be highly impacted by anthropogeniespesc(Kjerfve,
1994). Sediment is carried into coastal lagoons by rivers, byctidagnts from an ocean
source, and by winds. Additional material deposited within lagoonsmolayle material
of organic origin, such as shells and peat. Increased sedyme&htto lagoon may be
caused by the reduction of vegetative cover and the onset of saibreros the
surrounding river catchment. Although lagoons serve primarily disnsat sinks, the
sediment is often extensively modified, recycled, and reworkedi,(B®94). In this
study we used the patterns BfTh in an urban coastal lagoon and the seasonal and
spatial variation of**Thy in surficial, subtidal sediments to evaluate sediment transport

and deposition.
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3. Methods
3.1 Study Site

Jamaica Bay (see Chapter 1, Fig. 1-1) is a small coagi@bh (53 krfi Benotti,
et al., 2007) located along the southern coast of western Long ISd8teé and
Brosnan, 2000). The bay is shallow (mean depth ~5 m), has no sighifierine input,
and contains numerous salt marsh islands. Ocean water enters the bay throaglajRock
Inlet, which serves as a pathway for particle and water egehlagtween the Bay and the
New York Bight. The dominant supply of freshwater is wastewlaben four sewage
treatment facilities in New York City. Due to its locatialamaica Bay has been
subjected to many of the impacts that come with heavy urbamzatich as extensive
dredging, marsh ditching, marsh filling, bulkheading, and landfill caogon (Black,

1981, Botton et al., 2006).

3.2 Field Methods

Subtidal sediment samples were collected in Jamaica Baygdarimses in
September-2004, May-2005, November-2005, and July-2006. The timing of the
sampling cruises was structured to compare changes in spungnes and fall
conditions due to changes in seasonal wind patterns, precipitation amehitgepf storm
events. The sample sites were distributed throughout the bay wgtiiasis on regions
of interest after the initial sampling. Surficial sedimeamples used fof**Thy
inventories were collected using an Ekman bottom grab. Each grables was

examined to insure the sediment surface was preserved and thep hem of the grab
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sample were sub-sampled with a plastic cylindrical coneratdned to the lab for
radiometric analysis. This sampling strategy was designetitain the entire sediment
inventory of?**Th in a single sample at each site and thus maximize the naibi¢es
sampled at any given time. Generally, 60-70 sites wenpled during each cruise and
initial gamma counting was completed within ~3 weeks.

Additional subtidal sediment samples were taken in August-2008. Grates w
taken in areas dominated by fine sediments at 5 locations tomitetethe ***Thys
inventory in the upper 2 mm compared with the total inventory in the uppard these
sites (Fig. 2-1). Samples were taken in sand-dominated tredstermine the total
23%Th,s inventory at these sites and the inventory"¥fh,s associated with sand-sized
sediments (Fig. 2-1).

In August-2008 the activities 61*Th associated with particles in the water column
entering the bay and within the bay were measured by fitdarge volumes (>100
liters) of bay water through ship-powered in-situ pumps equippddanvgolypropylene
filter cartridge (CUNO Micro-Wynd [I® D-CCPY, nominaldm ) at select sites (Fig. 2-
2). Additional water samples were also taken at these tsitégtermine totaf**Th
(particulate + dissolved), salinity, and dissol7&) in the water column. An additional
30 L water sample was taken in June-2009 at the inlet and filténedigh a

polypropylene filter cartridge to determine particle bofiftih activity.
3.3 Laboratory Methods

The surficial sediment samples were returned to the lab, homedenand
weighed. Samples were analyzed fTh (63 keV) by counting the wet samples on a
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Canberra 3800 mfrgermanium gamma detector for ~ 24 hours. To determine counting
efficiencies and to correct for the self-absorption that occulkewvb200 keV, liquid
standards of varying densities were spiked Witt) and counted several times on each
detector. Sediment samples were recounted after 4 months tonidetehe *Th
supported by thé**U within the samples; this value was used in calculation ofssxce
234Th (3*Th,y) activities.

To compare the totd&f*Th,s inventory in a grab sample with that contributed by
the sand-sized fraction of sediments alone, grab samples akee at 3 sites and a
subsample was analyzed fo¥Th. A larger subsample was taken, dried, and then
soaked in a 0.5% sodium hexametaphosphate saltwater solution,dagitadethen wet
sieved through a 63 pm sieve. The sand fraction was then dried and analyZ8dhfor

Cartridges from the high-volume water sampling were ashed in ackirat
450°C for 24 hours. The remaining ash (comprised of inorganic partieéesscounted
on Canberra 3800 nfrgermanium gamma detectors for 24 hours to determine activities
of 2%*Th on inorganic, filterable particles. Samples were recounted fafe months to
determine the supportéd*Th on filterable particles. Total suspended solids (TSS) for
the water column stations were determined by normalizing thevaght to the liters
filtered through the cartridge.

Total **Th at the water column stations was determined using the hasit s
volume (2 — 20 L) procedure described by Rutgers van der Loeff and Nik&98) as
refined for use in smaller volume samples by Buesseler(208l) and Benitez-Nelson
(2001). In this methotf*Th is co-precipitated with Mnby increasing the pH of the 2-

L sample to~9 by adding NaOH, adding 250 pl of KMp@nd then adding 100 ul of
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MnCl,. After 8 hours the sample was filtered through a 1 um, 25 mmetkam
microquartz filter. The filter was dried, mounted and then counted dRIS@

muticounter, low-level betacounterMounted samples were counted 6 times over a 3

month period to differentiaté®*Th activity in the sample from other, longer-lived
radionuclides (e.d*Pb). 23U activity in the water column was determined by aging 2-L
of water for 5 months, allowing time for in-growth ©fTh and equilibrium between
23%Th and®*®U. The®**Th activity (assumed to be in equilibrium witffU) was then

measured by the procedure previously outlined.
4. Results
4.1 Exces$*'Th in Subtidal Sediments
Inventories of**Th,s in sediments were calculated using the equation:
Ith = Ath X pi X 5 cm (2-1)

where , is the?®**Thysinventory (dpm crif), A is the?**Thys activity (dpm @), pi is the
dry bulk density of the sample (g &nand 5 cm is the depth of each sample. As noted
above, the sampling scheme was designed to obtain the entirs €Xtesnventory in a
single sample. This assumption was tested and found to be readonatdasuring the
"Be activity (half-life = 53.3 days) in the upper 6 cm of gravityes taken separately
(see Chapter 3)'Be activity was confined to the upper 2 cm, except in core lexNBer
was measured to 4 cm (see Chapter 3, Fig. 3-13).

Sediment samples were collected in August-2008 with the purpose phdom

the inventory of exces$'Th in the upper 2 mm of bottom sediments with the inventory
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in the upper 5 cm of the same sediments. At the sample ditetedethe activity of**Th
in the upper 2 mm dominated the samples (80 -100%; Fig 2-1; Table 2-1).

There were spatial and seasonal variations in the inventori&8Tofs within
Jamaica Bay during the sampling cruises (Fig. 2-3). The mahigeentories of>*Thys
measured during four sampling cruises in 2004-2006 and the bay-wide mkans

activities and inventories are given in Table 2-2.
4.2 General Patterns of Radionuclides in the Subtidal Sediments

The spatial and seasonal variation®8fh,s in the bottom sediments during the
sampling cruises are shown in Fig. 2-3. In September-2004 the highonesnof
234Th,s were measured near the marsh islands in the western pag bay and in the
southern channel adjacent to the Rockaway waste-water treataert and the
combined-sewer overflow outfall (Fig. 2-3A). High inventories also wererobdén the
southeastern part of the bay (Fig. 2-3A). Inventoried‘@h,sfrom the May-2005 cruise
were also high near the marsh islands in the western portithre dfay, however there
were also high inventories near the inlet (Fig. 2-3B). In Nde¥r2005 instances of
high inventories were found in all areas of the bay, with the kigfi&h,sinventories in
the eastern part, particularly near the marsh islands, and sotitieeastern deep channel
(Fig. 2-3C). During the July-2006 sampling cruise, ff@h,s inventory pattern was
similar to November-2005 with highe$¥Th, in the bottom sediment near the eastern
marshes and in the southeastern channel (Fig. 2-3D).

To better visualize the general spatial trend$>fiih,s inventories, Jamaica Bay

was divided into a western and eastern areas, divided by broad Icisland (see
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Chapter 1, Fig. 1-1). The meaf'Th,s inventories of sites sampled in western and
eastern part of the bay were 5.2 + 0.9 and 3.7 + 0.9 dpfy @spectively (Fig. 2-4A).
Mean inventory of sites measured during the May-2005 sampling cruese
significantly lower in the eastern half of the bay (2.4 + 0.6 dpM)diman in the western
half of the bay (6.0 £0.8; Fig. 2-4B). During the November-2085@ing cruise the
mean inventory of the western and eastern half of the bay vmeitarsf4.2 + 0.7 and 5.2

+ 0.6 dpm cnf, respectively; Fig. 2-4C). During the July-2006 cruise the mean
inventory in the western bay (2.5 + 0.5 dpm3mwas significantly lower than in the

eastern part of the bay (5.2 + 0.6 dpmi<iiig. 2-4D).
4.3 Inventories of*Thin Sand Dominated Sediments

A summary of the total inventory 6f*Th,s in the subtidal sediments, compared
with the inventory of3*Th,scontributed by the sand fraction, is given in Table 2-3. The
3 sites sampled were dominated by sand (> 95%Jh,s inventory was low at sites JB8-
08-27 and JB-08-28, with no measurabférh,s present in the sand fraction of the
sediment (Table 2-3, Fig. 2-1). In contrast, site JB8-08-26 had a tghk,s inventory
in the upper 5 cm than the other two sites, and the sand fraction heabarablé>*Thys

inventory (Table 2-3, Fig. 2-1).
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4.4 Activity of**Th in the Water Column

A summary of total”*Th,s and the activity of**Th,s on suspended mineral
particles in the water column are given in Table 2-4. Tdtah,s and***Th,s associated
with particles was highest at the station closest to the amdtin the deep water just
within the bay (Fig. 2-2). Lowest tot&l*Th,s and activity were measured on inorganic
filterable particles in the interior of the bay near theghaslands in the east. Salinity
measured at the water column station varied only slightly from&8glte inlet station to
26.6 in Grassy Bay (Table 2-4; Fig. 2-2). The activityBt) in the water column at

these sites also showed little variation, ranging from 1.9 to 2.0 dpffdble 2-4).
5. Discussion

5.1 Variations in Spatial Distribution 6f*Th,s and Storm Events

The differences in spatial distribution and magnitud&*8t,s inventories in the
surficial bottom sediments as measured during September-2004, MayhN®@Ember-
2006 and July-2006 cruises (Figs. 2-3, 2-4) may, in part, reflectribdigon of surficial
sediment within the bay. Indeed, the results of the subtidal samples takerust-2008
show that >75% of th&*Th,s inventory was within the upper 2 mm (Table 2-1). These
results suggest that while me&firh,s inventories did not vary greatly between sampling
cruises (Table 2-2), changes in spatial distribution within thebbaiyeen cruises may be
a result of the resuspension, transport and re-deposition of aetéevof sediments at

the sediment-water interface.
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The spatial distribution and magnitude dfThys inventories in the surficial
bottom sediments as measured during the May-2005 and November-20@5 ¢Rigs.
2-3B, C) may also, in part, reflect changes in the import ofdgnatned particles from the
ocean (see section 5.2). In general there is a seasonal patstonnofactivity off the
coast of Long Island, with more frequent storms occurring during winteraatydsgring,
resulting in higher significant wave heights (Fig. 2-5). Stoctividy and the increase in
significant wave heights off the coast may also be observédhviite bay. While ocean
waves would not impact the bay directly, storm winds, especially the southwest,
would produce wind-driven waves in the bay and resuspend bottom sedimeliad, Ti
estuarine and wind-driven currents would then redistribute suspended sediment
allowing them to deposit in deeper waters of the bay, and, possiblysalhtmarshes
(see Chapter 5). There are two tidal gauges in JamaicaooBawt Inwood Park and the
other at Rockaway Inlet (Fig. 2-6). The rate of change of tiierelnce in mean daily
tidal height between these two stations indicates flow of weeveen the eastern and
western bay. If the mean daily tidal height at the eastatron (Inwood) is increasing
with respect to that at Rockaway, water is being pushed into th&dm the ocean by
wind and waves.

Mean#**Th,s inventories of in the surficial bottom sediments of the westedh a
eastern parts of the Bay during the September-2004 and November-200HGante
did not vary significantly. However, the May-2005 cruise themi&'Th,s inventory in
the western part of the bay was significantly higher than iretlstern bay (Fig. 2-4).
Prior to the sampling cruise in May-2005, winds recorded at JKpoAiwere from the

south (Fig. 2-7). These dominant winds may have prevented tran§gediment and
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associated**Th to the eastern part of the bay, particularly Grassy Bay,naay have
even resulted in transport 5fTh produced by the decay BfU in the eastern part of the
bay to the western bay.

234Th,s inventories in subtidal sediments in November-2005 were high near the
western marshes, but were also high in Grassy Bay (Fig).2-BCJuly-2006 the mean
234Th,s inventories were significantly higher in the eastern part gftban the western
(Fig. 2-4). In contrast to May-2005, there was a large storm event prior to thenbeve
2005 sampling cruise. This storm event resulted in higher sigmifiwave heights
offshore at the ALSN6 buoy station (Fig. 2-5). Offshore wave® \&éso consistently
higher than normal prior to the July-2006 cruise. Strong local windsobuhe
southwest, along the long axis of the bay and oriented with the twaonelsaof
exchanges between the western and eastern bay, prior to botlovemidér-2005 and
July-2006 sampling cruises, would have likely resulted in increased aetion in the
bay (Figs. 1-1, 2-7). These conditions may have contributed to aagsecin the import
of ocean-derived sediment and associatéth into the bay, as well as increased the
234Th and sediment transport to the eastern part of the bay. Overall, the spesinbt
23%Th,s inventories in bottom sediments of Jamaica Bay suggest follopénigds of
storm activity and winds out of the southwest, the transferadictes and associated

23%Th to the eastern, deeper parts of the bay can occur.
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5.2 Mass Balance 6f*Ths
5.2.1 In Situ Production

23%Th is produced within Jamaica Bay by the decay of its paretups,**?U,
which has generally been found to be conservative with salinityen@alumn sampling
was conducted in Jamaica Bay in August-2008 at four sitesZHEy. Salinity at these
sites ranged from 26.6 to 28.5 and the activity’dJ at these sites ranged from 1.9 to 2.0
dpm L (Table 2-4). These results agree with to the relationshipdf between salinity
and®®U (% (dpm LY = 0.0707 x salinity + 0.0276% = 0.955) by Feng et al. (1999a)
in the Hudson River estuary. The relationship betw&8n and salinity allows for

production of**Th in the water column to be estimated from salinity:
Expected>*Th,s inventory = Asgx H (2-2)

where A is the dissolved®U activity (dpm cn?) estimated from the salinity and H is

the water depth in cm. The observed salinity of Jamaica Balpd®asreported to vary

23 up to 28.5 (mean depti26; R.E. Wilson Pers. Comm.), and the subtidal depth ranges
from 2 to 10 meters (mean depttb m; Benotti et al., 2007). The estimated production

of 2**Th within the bay from the decay of dissolV& ranges from ~0.3 — 2.0 dpm &m
based on the variation of salinity and depth observed in the bay, thkilaverage
production of**Th based on a mean bay depth of 5 m over the observed salinities ranges
from ~0.8 — 1.0 dpm cfi  Thus complete scavenging BfTh produced within the bay
should result in sediment inventories?Thys of ~0.3 - 2.0 dpm cifi(mean ~ 0.9 dpm

cm?). However, the meaft*Th,s inventories in the bottom sediments of Jamaica Bay
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during all sampling cruises range from 3.4 — 5.6 dprif ¢fable 2-2). The sampling
intensity is sufficient to indicate that this phenomenon of “surplugéntory relative to
that expected fror®®U decay within the bay occurs bay-wide. Such surplus inventories
can be produced in only two ways: import of particles with associdteh,s into the bay
and/or tidal exchange of water with dissolv&dTh that is transported into the bay,

scavenged onto particles and deposited.

5.2.2 Import of**Th from the Ocean

To assess the possible import of dissol¢&d@h and **Th, in association with
particles, totaf>*Th activity in the water column arfd*Th activities on particles filtered
from the water column were measured at 4 stations in Septembedi2®§ a flooding
tide (Fig. 2-2; Table 2-4). Totdl*Th activity in the water column (dissolved +
particulate) was highest at the inlet station (0.5 + 0.1 dpth L***Thy activity on
particles was also highest at the inlet station (0.3 + 0.02 dpwr 20 + 1.4 dpm §, ~
65% of the total activity) and just within the bay in the deepemé.11 + 0.01 dpm Lt
or 7.8 +0.8 dpmy; ~ 58% of the totaf**Th). The high activity on the suspended
particles at near the bay inlet suggests that exX¢&ds is imported into the bay from the
ocean associated with particles. However, the presence sbkdig” **Th near the
inlet suggests that dissolvédTh can also be imported in solution into the bay, where it
can be scavenged. At all the water column stations sampledither@ready substantial
scavenging of**Th, as the ratio d£*Th/”*®U ranged fron0.07 to 0.24

If we assume that sediment inventorie$*6th,s that are greater than production
in the overlying water column represent the import and depositionseblded?**Th
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entering the inlet that can be scavenged onto particles hasfefTh,s associated with
particulate material that enters the system, we can dasttima contribution of dissolved

234Th (entering through the inlet) to the surplus inventory in the subtidal sediments from:

Dissolved®*Th Import = (W, % tg x Thp) / (Atn % Subtidal Bay Area) (2-3)

where \{, is the tidal prism (difference in the volume of water in atuay between
mean high and low tide)of Jamaica Bay (6.06 ¥11.0Beck et al., 2007) 4tis the tidal
cycles per day (1.91), Flis the dissolved**Th measured in the water column at the inlet
station in August-2008 (0.17 + 0.1 dprit;LTable 2-4) A is the decay constant ©fTh
(0.029 day}), and the area of the subtidal bay~is39 knf (3.9 x 16! cnf). The
assumption in this calculation is that the dissol%@h activity measured at the inlet
station represents the typical dissol¢&th activity at Rockaway Inlet. This calculation
yields a dissolved®*Th input into the bay of 2.1 dpm &mvhich represents 30 - 50% of
the observed inventories 6f*Ths in the subtidal sediments. The remaining surplus
inventory is likely imported into the bay as particuf&Efeh,e.

The import of particulaté®Th through the inlet can be calculated from:
Particulate”>*Th Import = (M, x tg x The) / (Atn % Subtidal Bay Area) (2-4)

where V, is the tidal prism of Jamaica Bay (6.06 %0 Beck et al., 2007),4ts the
tidal cycles per day (1.91), Flis the mean particulate®*Th measured in the water
column at the inlet station in August-2008 (0.31 + 0.02 dpmTable 2-4) A is the
decay constant Gf*Th (0.029 day), and the area of the subtidal bay 89 knf (3.9 x

10" cnf). The assumption in this calculation is that the particutiteh activity
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measured at the inlet station represents the typical paréétifeih activity at Rockaway
Inlet. This calculation yields a particulate input into the B&$.8 dpm crif. Thus, the
import of particulaté**Th alone accounts for 57 — 94% of tHé&Th,s inventory in the
subtidal sediments.

The input terms of**Th in to Jamaica Bay (in situ production + dissolved and
particulate®**Th import through the inlet) would result in"dTh inventory of 5.9 dpm
cm? This is 0.3 to 2.5 dpm c¢fin surplus to thé**Th,s inventory measured in the
subtidal sediments and suggests there is not complete retentiam thélsubtidal Bay of
all imported #*Th.  Surficial samples were taken on select salt marsmdslan
September-2004 and May-2005%*Ths inventories for September-2004 and May-2005
were 5.4 + 0.9 and 2.7 + 1.0 dpm €mespectively, suggesting that deposition on the salt
marshes is one pathway of loss?3fTh from the subtidal Bay. However, sampling
density on the marsh islands was insufficient to quantify thistéwes (see Chapter 5 for

details). Another possible pathway of I688h from Jamaica Bay is exportation through

the inlet.
5.2.3 Loss of**Th from the Bay

Jamaica Bay is a flood dominated coastal lagoon with barodliivien estuarine
flow (Swanson and Wilson, 2008; Wilson pers comm.), making it likely tisel@ss of
234Th from Jamaica Bay in the outflow of fresher, surface wateoss of?**Th from the
Bay can be calculated if we assume that the activify*®h, just within the bay (Station
JB-WS-2-Shallow and Deep, Table 2-4) characterizes the water lost fr@ayhe

Export of*Th = [(Tho,p) X Vout Xtg] = (A X subtidal bay area) (2-5)
37



where Thp is the mean activity of particulafd*Th (0.10 dpm [*) or dissolved™*Th
just within the bay (0.14 dpm™), just within the bay (JB-WS-2-Shallow; Table 2-4),
subtidal bay area is 3.9 x 1@nt, Vo is the tidal prism of Jamaica Bay (6.06 X°10;
Beck et al., 2007) plus the average daily water dischargetirerwastewater treatment
plants in the bay (7.5 x 1@ d*; Beck et al., 2007)4ts the tidal cycles per day (1.91)
and (1) is the radiometric mean-life 6f*Th (0.029 ). This calculation yields a
particulate 2**Th and dissolved**Th loss from the Bay of 1.0 and 1.4 dpm Tm
respectively. Like the previous calculations, this calculationrass that dissolved and
particulate?**Th activities in the upper water column August-2008 are representst
typical conditions in the bay. In addition, the average daily flow ftbenwastewater
treatment plants includes the Coney Island plant located near thb ofabe bay (Fig.
1-1). Much of the wastewater discharge from this plant may net #m bay, thus the
23%Th loss through the inlet is most likely an overestimation.

The terms for the mass balancé¥Th are compiled in Table 2-5. The predicted
inventory of?**Thysin the subtidal sediments that would result from this mass leianc
3.5 dpm crif. This is 63 — 100% of the inventories measured during allatmling
cruises and 97 - 100% of the inventories measured in May-2005 and July-200&. Wa
column sampling used in the mass balance was in August-2008 anc:rgayell reflect
the ?**Th balance during the spring/summer. Additional measurements iwater
column would be needed to determine the averaged import and expdtttofnto the
Bay. Also note thaf*'Thys inventories were measured on marsh islands in September-
2004 and May-2005 the sampling coverage was not sufficient to extrapbtse

inventories over the entire marsh surface area and include them in the miass.bala
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5.2.4 Mass Estimate of Sediment from the Ocean

Using the mass balance3fTh,s an estimate of annual net sediment import

(g y") can be made using the equation:
Sediment import = 4f{' + (The+ TSS)] xAr x subtidal bay area (2-6)

where §y,' is the mead®*Th,s inventory in the bottom sediments in surplus relative to that
produced within the bay (maximuml.0 dpm crif) and the”**Th imported as dissolved
23%Th using the averaged dissolved activity at the inlet stationd{@ cn?; see eqn. 2-

3) for the four sampling cruises (0.3 — 2.5 dpmi?nThe is the mean activity of*Thys

on filterable particles at the inlet station @.38 dpm L; Table 2-4), TSS is the mean
concentration of total suspended solids at the inlet station (0.0133 &k is the decay
constant of*Th (10.5 y), and the area of the subtidal bay is 3% k&9 x 16" cnf).
Using the mean inventory during each of the sampling cruises,a¢ssinof particle
import from the ocean to the subtidal bay range from 4.3 — 35.8°g 40.

We can compare these estimates of sediment import to JaBsgidaased on the
mass balance 6f*Th,s with other estimates. An earlier attempt at a sediment bfimige
inorganic silt and clay in Jamaica Bay (Bokuniewicz and Elldwdi®86) required an
input of 1.5 — 2.9 x 1§ g y* (15 — 29 thousand MTY to bring the Bay's sediment
budget into balance. This sediment budget included an estimsgeliafent sources due
to in situ production (0.1 x 1 g y*), and sewage treatment plants (0.5 X°IDy").
Significantly, the importation of fine-grained sediment through Rockawiat seemed
to be the dominant sediment source. Sediment sinks included depositiordgeddre

channels (0.1 x ¥®g y') subtidal areas (0.6 — 1.5 x'2@ y') and marshes (1.5 — 2.0 x
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10'° g yb. Evidence for the importation of sediment has been documented in other
estuaries in the region, such as Long Island Sound (Bokuniewicz #9#b), Newark

Bay (Suszkowski, 1978), the Hudson River estuary (Ellsworth, 1986), andatitarR
River estuary (Renwick and Ashley, 1984).

Direct evidence of sediment import into Jamaica Bay was basetnultaneous
measurements of water velocity by ADCP and suspended sedimeahtrations across
Rockaway Inlet over one tidal cycle on 30 September/1 October, 198%a and
Bokuniewicz, unpublished data); a single tide can import 3.6°>y B sediment into the
Bay under the right conditions, resulting in an estimated yeapgit of 2.6 x 18g y™.

The difference in the estimated annual import of sediment fromtdimeasurement and
the 2**Th,s mass balance and the sediment budget, may suggest enhancedoimport
suspended sediments from the ocean during spring tides, favorable wintloognaind
storm events (see section 5.1, this chapter). As well, becausaamuddry, some tides
will carry in less material and some will export sedimigotm the bay to the ocean.
However, all estimates strongly indicate that sediment is iteganto Jamaica Bay from
the ocean. 2**Th-based estimates that are at the high end of the values testifor
sediment import are greater than other estimates and thig fédcts the fact that a
limited sampling of totaf**Th in the water column arfd*Th associated with suspended
particles was carried out. As weif'Th integrates over relatively short time intervals (a
few months) and extrapolating to annual time scales on the basisfedf seasonal

samplings may exaggerate sediment importation.
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5.3 Spatial Patterns in the Deposition of Imported Sediment

The spatial pattern of deposition rates of sediment imported froroctsmn into

Jamaica Bay may be estimated by modifying equation 2-6 to:
Sediment deposition rate =pfl+ (The+ TSS)] x A (2-7)

where 'is the?®**Thys inventory in surplus of local production within the bay (maximum
~ 1.0 dpm crif) and the averaged import of dissolV&@rh through the inlet (2.1 dpm
cm’? see eqn. 2-3), His the mean activity df*Th on suspended particles at Rockaway
Inlet (0.38 dpm L[}), TSS is the averaged particle concentration at the inlet (O®L3}B

and At is the decay constant 61*Th (10.5 y). This calculation assumes that each site
will have a minimum?**Th,s inventory equal to the production in the overlying water
column, and that this inventory is maintained by resuspension, scaveRagitge-
deposition rates by the net input of sediment. The surplus invaatasgumed to result
from deposition of new sediment to the site. The resulting depositeach sample site

is then given in g cih y*. Using this method, the mean mass deposition rates of
sediment imported from the ocean varied by a factor of 8x an@.@y0.1, 0.5, and 0.2 g
cm? y* for the September-2004, May-2005, November-2005, and July-2006 cruises,
respectively. The mass accumulation rates derived froni'#e geochronologies of
gravity cores taken in the bay varied similarly from 0.1 togdc®i? y* (see Chapter 3).
These results suggest that althodiffth,s may be best used as a tracer for shorter-term
processes due to its half-life, these short-term processedenagnsistent and heavily

influence the long-term accumulation with the bay.
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Deposition rates of imported sediment (g%yit) naturally reflect the distribution
of ?**Thy inventories for the sampling cruises. High deposition rates ofnsedli
imported from outside the bay occurred near the western marshag @@ptember-
2004, May-2005, and November-2006 (Figs. 2-8A, B, C). High deposition occdarred
the eastern part of the bay during November-2005 and July-2006 difiges2-8C, D).
As noted in section 5.1, prior to both of these cruises high significarg heights were
observed at the ALSN6 buoy (Fig. 2-5). These results suggessttrat events are
likely important in transporting sediments from the oceans to theafstern part of the

bay, particularly Grassy Bay.

6. Conclusions

Multiple seasonal samplings of inventories*8fThysin the subtidal sediments of
Jamaica Bay showed significant spatial and temporal variatitkkedy las a result of
resuspension and redistribution of bottom sediments, partly in respongad® and
storm events. Despite these seasonal variations of the mearoigveit>*Thys in the
sediments there was a consistent surplt§*dhs relative to production o**Th within
the bay from the decay 61U in the overlying water column suggesting that there is an
additional source of*Th in to Jamaica Bay. An estimation of sediment import from the
ocean into the bay was made assuming that the surplG¥Tefs inventory in the
sediments relative to in situ production resulted from the imporisfolved®**Th
through the inlet and the activity 6%Th on particles measured at the inlet. Apparently
38 to 62% of the surplus could be explained by the import of disstit&ud through the
inlet, followed by its scavenging onto particles in the Bafie femaining surplus would

be imported as particulaf&*Th, resulting an annual sediment import of 4.3 — 35.8'% 10
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g y'. Previous attempts to derive a sediment budget for Jamaicaudbay “*%b

geochronologies included an import of 1.5 — 2.9 ¥ $0/* to bring the bay into balance.
The short-lived radionuclide based estimates are roughly an afraleagnitude greater
than previous estimates from suspended sediment concentrations andeleaity of a
single tidal cycle, but the difference between the twaredés may reflect the fact that
the radionuclides integrate over longer time scales and would intiadgfects of storm
events. Indeed, the patterns’SfTh,s inventories in the subtidal sediment of the bay are
consistent with transport 6*Th—labeled particles to the northeast Bay (e.g. Grassy Bay)

following storm events when winds were out of the southwest.
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Table 2-1. Inventory of ?**Th,s in the upper 2 mm and upper 5 cm taken in August-2008

Specific Specific
Activity of Activity
excess of excess
234Th 234Th Excess Excess
Mud (dpmg™)  (dpmag™) 234Th 234Th % of
Sample Latitude Longitude  Fraction in in0-5cm (dpmcm ?)  (dpmcm )  Inventory in
ID (N) (W) (%) 0-2mm iN0-2mm in0-5cm  upper 2 mm
77
JB8-08-1  40.6120 73.8108 1.1+03 0.04+0.1 0.8+0.2 0+04 ~100
JB8-08-4  40.6021 73.7950 73 41+0.4 0.6+0.1 22+0.7 1.8+04 ~100
JB8-08-8  40.6152 73.7778 66 123+25 1.1+0.1 44+1.1 41+04 ~100
JB8-08-20  40.6313 73.8348 72 0.3£0.05 0.1+0.1 0.5+0.1 0.6+0.1 83
JB8-08-23  40.6293 73.8742 57 3.1+05 0.7+0.4 2.7+0.9 3.4+04 79




Table 2-2. Summary table of excess ***Th data from September-2004, May-
2005, November-2005, and July-2006 sampling cruises.

Mean Range of Mean “Surplus”
234Th ‘s 234Th ‘s 234Th ‘s Mean 234Th ‘s 234Th ‘s
Activity Inventories Inventory Inventory Inventory

(dpmg™  (dpmcm?)  (dpmcm ?)  /Production*  (dpm cm )

September-04 1.4+0.2 0-20.2 5.6 +£0.8 6.2 45
May-05 15+0.6 0-17.9 34+0.7 3.8 2.3
November -05 1.8+0.2 0-13.2 45+04 5.0 3.4
July -06 1.8+0.2 0-13.0 3.6+04 4.0 2.5

* %*Th production in the water column of 0.9 dpm cm™ based on a salinity of 32 and a water
depth of 5 meters.
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Table 2-3. Excess **Th Inventory in the sand fraction of 0 — 5 cm sediments.
Specific Specific Specific Specific
Activity of Activity of Activity of Activity of
2 Thys Sand #Thys in Mud Be in the
(dpm cm ) 2T hy Fraction the Mud Fraction Mud
Sample Latitude Longitude in Sand (dpm cm '2) % % (dpm g 'l) Fraction (dpm g 'l) Fraction
ID (N) (W) fraction Total Sand Mud (dpm g 'l) (dpm g 'l)
JB8-08-26  40.6008 73.879 1.9+0.2 78+1.2 96.2 3.8 0.2 225 16.3 8.2
JB8-08-27  40.5881 73.8446 0+0.3 0.8+0.2 97.6 24 0 10.1 4.2 10.1
JB8-08-28  40.5757 73.8699 0+0.2 0.7+0.2 97.5 25 0 6.9 35 6.7




Table 2-4. #*Th activities of filterable (> 1 um) particles in the water column

Sample  Descripton  Depth  Salinity TSS 8y Total 24 Th/?®®y  Particulate  Particulate
ID (m) (mgL™? (dpmL7™ 2Th Z*Thys Z*Thys

(dpm L) (@dpmL™")  (dpmg™)

JB-WS-1 Inlet Station 3.0 28.5 15.5 2.0+£0.06 0.48=+0.1 0.24 0.31 £0.02 20014
JB-WS-1* Inlet Station 1.0 28.3 11.1 _ 0.69+0.2 _ 0.45+0.1 40.7+£7.3
JB-WS-2- Bay Interior 1.0 28.3 13.1 2.0+ 0.05 0.24+0.1 0.12 0.10+£0.01 7.8+0.9

Shallow
JB-WS-2- Bay Interior 5.0 28.5 16.5 20+£0.05 0.19%0.1 0.10 0.11 £0.01 7.8+0.8
Deep

JB-WS-3 Grassy Bay 5.0 26.6 15.0 1.9+006 0.15+0.1 0.08 0.13 £0.02 75%+1.3
JB-WS-4  Near eastern 2.0 27.5 15.2 2.0+0.06 0.13+x0.1 0.07 0.08 £+0.02 52+1.3

marshes

* Additional sample (28 L) was taken at inlet in June-2009



Table 2-5 Mass Balance of 2*Thy

Total 2*Th ?Th
(dpm, x10%) (dpm cm™)
Inputs
Production in the Water 39 1.0
Column
Import from the Ocean
Aqueous phase 66 1.7
On suspended patrticles 125 3.2
Total Import 191 4.9
Export
Loss via Inlet
Aqueous phase 55 1.4
On suspended patrticles 39 1.0
Total Export 94 24
Predicted #*Th Inventory from 136 35
Mass Balance
234Th Inventory Measured in 133 - 218 3.4-56

Subtidal Sediments
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August-2008 Sample Sites

@ Sand Inventory Sites
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Figure 2-1. Location sites of August-2008 samples
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Figure 2-2. Gravity core and water column filtering location site map
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Figure 2-3. #**Th,s Inventory of surficial bottom sediments (0-5 cm)
during A) September-2004, B) May-2005, C) November-2005 and D)
July-2006 cruises.

54



%34Th,s Inventory

(dpm cm?)
O oo O 15-28 O 71-11.2
@ 01-07 O 29-42 © 11.3-140
Kilometers © 08-14 O 43-70 @ >140

234Thys Inventory
(dpm cm™)

O o0 O 15-28 O 71-112
@ 01-07 O 29-42 @ 113-140
© 08-14 O 43-70 @ >140

Kilometers

Figure 2-3. Continued.
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Figure 2-4. Mean #**Th,s inventory in western and eastern Jamaica Bay during A) September-
2004, B) May-2005, C) November-2005, and D) July-2006. * denotes mean #**Th,s inventories that
are significantly lower (p < 0.05) than the other half of the bay during that sampling cruise.
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Figure 2-5. Significant wave height at the NOAA ALSN6 Buoy

from January 2003 to August 2006.
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Figure 2-6. Mean daily tidal height difference between Inwood and Rockaway tidal
stations.
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Figure 2-7. Mean wind speed (kph) and wind direction for the 24
days preceding the sampling cruises in September-2004, May-
2005, November-2005, and July-2006.
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Figure 2-8. Estimation of deposition of sediment imported into the bay
using 2*Th,s inventories in surplus to production within the bay and
dissolved import (see section 5.3) during A) September-2004, B) May-
2005, C) November-2005 and D) July-2006.
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CHAPTER 3

Geochemistry of #°Pb in an urban coastal lagoon (Jamaica Bay, NY)

1. Abstract

Jamaica Bay is a highly impacted urban coastal lagoon thatduhsignificant
modifications to its hydrodynamics in the past century, which naag hasting effects on
the patterns of sediment accumulation in the subtidal bay. Thalspatiern of fine-
particle sediment accumulation has been evaluated through éX&dsgeochronologies
of gravity cores taken throughout the bay. Accumulation rates k@ry@.1 to 1.1 cm’y
! with the highest sediment accumulation rates in the northwestermfpthe bay in a
dredged channel. Mass accumulation rates vary from 0.1 to 0.9°gy¢nand are
comparable to thé*Th, derived mass accumulation rates given in Chapter 2. The
accumulation rates derived froAt%Phs agree well with those inferred frort’Cs,
suggesting that bioturbation does not significantly alter the ext@b profiles.
Inventories of excessPb in the sediment cores range from 168 + 20 to 351 + 39 dpm
cm?.  The direct atmospheric input adjusted for focusing with thes&wments is 80
dpm cn¥, and accounts for only 22 — 48% of the total inventory. Additional sources of
2% into Jamaica Bay are combined sewer overflow events (15 dpfj) i situ
production (0.2 dpm cif), groundwater (7 dpm cf) and import from the ocean. Using
the %b inventory in surplus of that expected from other sources (dimractspheric
input, CSO discharge, in situ production and groundwater discharge)irtatesthe
import of sediment via Rockaway Inlet gives 6.8 + 1.6 ¥ t0y'. A sediment budget

for Jamaica Bay also is constructed using the annual sedimannw@eation in the

62



subtidal bay (7.6 + 1.6 x 1bg y') and the annual mass accumulation on the marsh
islands (0.2 — 0.4 x 1bg y'). The sediment import needed to balance the sediment
sinks in the bay is 5.8 — 8.8 x®@ y*. This estimated import is comparable to that
derived from the “surplus®**‘Th,s inventory in the subtidal Bay (4.3 — 35.8 x4g y*;

see Chapter 2), the mass balancé'¥fh, (6.8 + 1.6 x 18 g y*) and by Bokuniewicz

and Ellsworth (1986; 1.5 — 2.9 x P0g y'). These results suggest that sediment

importation is an important factor in balancing the bay’s sediment budget.

2. Introduction

2%} is a naturally occurring radionuclide that is produced in*thé decay
series. It is preceded by its grandpareftéRn (half-life = 3.83 days), radon is a noble
gas, that can escape from soils and rocks into the atmosphexé*?Rinthat escapes to
the atmosphere decays eventually if®b, which becomes associated with aerosols and
is removed through wet and dry precipitatiod:®Pb also can be added to subtidal
sediments by scavenging following its production from dissofé8ia. Thus?*°Pb is
added to coastal sediments by scavenging of that produced in siad@ad from the
atmosphere (Appleby and Oldfield, 1992; Le Cloarec et al., 2007; Matisoff et al., 2005).

Appleby and Oldfield (1992) observed that the atmospRERb flux varies with
the amount of precipitation over short-term scales. However, overrldnge scales
(several years), thé'Pb flux at a given location appears to be relatively constant
(x10%), although its input from the atmosphere is regionally bigriéBaskaran, 1995;

Turekian et al., 1977). Atmospherically deposifé®b is scavenged on to particle
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surfaces (K= 10-10°). These particles can then remain suspended in the water column,
settle, be deposited, eroded, or advected (see Chapter 1, Fig. 1-4).

2%h has been frequently used as a chronometer for estimating sedime
accumulation and mixing rates in the marine environment (ApplebyOdaifckld, 1992;
Sharma et al., 1987). Profiles of excés¥®b €'°Phs measured*Pb —?*Ra) in
sediments can reflect both sediment accumulation and bioturbation,ealadkéin process
must be considered in reporting sediment accumulation rates (DerMssal., 1985).
Here we use the distribution of excéS¥b in the sediments of an urban coastal lagoon
to evaluate the spatial variability of sediment accumulation aptdirbation, as well as

the mass balance of sediment in the system.
3. Methods
3.1 Study Site

Jamaica Bay (see Chapter 1, Fig. 1-1) is a highly urbaniaastal lagoon (53
km?; Benotti, et al., 2007) located along the southern coast of westem Iszmd
(O’'Shea and Brosnan, 2000). Extensive modifications have been made toythe ba
throughout the 20 century, including dredging of the channel in the northwestayn b
infilling of marshes on the bay periphery, shoreline armoring anaticreof a large
borrow pit in Grassy Bay to build John F. Kennedy Airport (formkrlgwn as Idlewild
Airport; Black, 1981). These changes to the bay have increased the meanate@hdr
5 meters. While the depth of the bay has increased, the arka bay has remained
approximately the same resulting in tidal amplification, paidylin the eastern part of

the bay (Swanson and Wilson, 2008). In addition, Jamaica Bay has changed from
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slightly ebb-dominated to a flood-dominated estuary. These modifisato the bay
may have severe repercussions for sediment delivery, depositiongaadcamulation
with the bay (Swanson and Wilson, 2008). There is no significantnmev@rput directly
in to the bay which may limit the upland source of sediment to the hastead, the
dominant supply of freshwater is from the four wastewaternreat plants (Benotti et
al., 2007). The sewer system of New York City is such asleav dbr bypassing of
wastewater treatment facilities during times of high rdlinfAt such times, storm water
(and associate@'®Pb and’Be) and wastewater enter the estuary simultaneously. The
combined sewer overflow outlets are located throughout the BayiHiy Combined
sewer overflow (CSOs) events that occur after heavy rainfals be an important input
of freshwater, as well as nutrients, into the bay (Botton et al., ZI@#ea and Brosnan,

2000).

3.2 Field Methods

Sediment samples were taken in Jamaica Bay in September-2004L00&Gy
November-2005 and July-2006. Surficial sediment samples (0 — 5 cm)caléreted
using an Ekman bottom grab at 60-70 sites during each cruise. Thsityntef
sampling, plus the fact that all sediment provinces were sdmopleach cruise, makes it
possible to make meaningful temporal comparisons of bay-wide diginbof fine
sediments.

Down-core distribution of'®Pb were obtained in 8 gravity cores (> 30 cm) taken
in Jamaica Bay in August, 2008 (see Chapter 2, Fig. 2-2). Coresheerecturned to the

lab for radiometric analysis.
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The activities of*%Pb associated with particles in the water column entering the
bay and within the bay were measured by filtering large volume0Q liters) of bay
water through ship-powered in-situ pumps equipped with a polypropylesrecartridge
(CUNO Micro-Wynd II® D-CCPY, nominal 1im ) at selected sites (see Chapter 2, Fig.

2-2).
3.3 Laboratory Methods

An aliquot of each surficial sediment sample was taken to determvater
content and then combusted in a furnace at 450°C for > 6 hours to detdoss-on-
ignition (LOI). The remainder of the dried sample was soakea 0.5% sodium
hexametaphosphate solution, sonicated for 10 minutes, and then wet-Brevegh ta 63
micron sieve to determine the percentages of the mud and sand.

The gravity cores were returned to the lab and immediateleriroz_ater the
cores were extruded and sectioned. The upper 20 cm of each caectiased into 2-
cm intervals, from 20 cm to 48 cm the cores were sectioned iono idtervals, and the
remainder of the core was sectioned into 8-cm intervals. Béaival was counted wet
on a Canberra 3800 nfrgermanium gamma detector for ~ 24 hours to deterMfRé,
2pp, and™'Cs activities, as described above. An aliquot of each sangsleembusted
in a furnace at 450° for > 6 hours to determine LOI.

Cartridges from the high-volume water column sampling were ashed in a furnace
at 450°C for 16 hours. The ash was analyzedfeb (46-keV) and the granddaughter

of ?Ra, ?**Pb (353-keV) on Canberra 3800 mgermanium gamma detectors for 24
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hours to determine activities 6f%hs on inorganic, filterable particles. Counting

efficiencies for the detectors were determined using the method outlinedysigyvi
4. Results
4.1 Sediment Organic Content and Grain Size

A compilation of wet sieve results and LOI results for the subtidattom
samples from the four sampling cruises was used to creatoib@ur maps shown in
Figs. 3-1, 3-2. The mud content of the sediments varied from 0 to 9§¥3{E). Fine-
grained sediments (mud content > 50%) dominated the eastern pdr¢ @y, in
particular Grassy Bay, but coarser sediments were found indsenn bay adjacent to
the marsh islands. Fine-grained sediments also dominated in the estgimchannel of
the bay near the combined sewage overall outfalls. Organic caftehe sampled
sediments ranged from 0 to 25%. Organic content (determined frobn shOws a
similar distribution to mud content, with high organic content (LOI > LDPthe eastern
part of the bay and low in LOI the western bay near the marsh islands-@ig. 3

Water content, LOI and bulk density were measured for eadireajravity core
intervals. The highest water content was generally measurée top of the core and
values decreased with depth (Fig. 3-3). However, in cores 4 andafeflon Grassy
Bay) water content was high and less variable with depth (F8). 3LOI was also
generally highest near the sediment-water interface of each corecaadsdel with depth
(Fig 3-3). Core 6 was an exception, with the lowest LOI medsatréhe sediment-water

interface (Fig. 3-3) and overall low LOI throughout this core.
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4.2 Activities of*%Pb on Suspended Particles

Activities of “%Pb on suspended particles measured in August-2008 ranged from
0.6 +0.3t0 9.3 + 1.0 dpmi’g0.01 + 0.01 to 0.1 + 0.03 dpm'LTable 3-1). The highest
excess'%Pb particulate activities were measured at the stationstlaséhe inlet and in
deep water just within the inlet (Table 3-1). At the intesi@mtions, away from the inlet,
the?*°Pb activity on particles decreased.
4.3 Down Coré'%Pb Distributions: Inventories and Decadal-Scale Sediment

Accumulation Rates
Plots of exces§'%Pb activity versus depth in each of the gravity cores are shown

in Fig. 3-4. Inventories df%h were calculated for all cores using the equation:

lpb =2 (Ai piXi) (3-1)

where pyis the inventory of excess’Pb within the core (dpm cf), A is the excess
210pp activity (dpm @) of the I" interval of the corey; is the bulk density of that interval,
and x is the thickness of the interval. TH&Ph inventories of the cores collected in the
bay ranged from 167 to 351 dpm é(fTable 3-2).

Sediment accumulation rates were calculated using a “constéiat agtivity”
model which assumes that initfdPPh,s activity in the sediments has been constant with
time and that bioturbation is negligible. The chang& %, activity with depth is then

described by the following equation

A = Ap exp(: xIS) (3-2)
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where A is thé'®Ph activity at depth, Ais the initial activity (at x = O) is the decay
constant of!%Pb, x is depth in the core (cm), and S is the sedimentatiorfcratgr™).
The accumulation rate is determined by a best-fit line throygbtaf In A vs. x (Fig. 3-
5). This model can be affected by the compositional changeckizatge the initial
activity and thus provides only an average accumulation rate. Iticedioturbation
can alter thé*°Pb gradient with depth in a core, such that the sediment accumukgson r
obtained from eqgn (3-2) is a maximum.

One approach to evaluate the importance of bioturbation”'¥tb-derived
sediment accumulation rates is to compare the results with detsenined front*’Cs.
In five of the cores, a cleaf’Cs peak was detected (Fig. 3-6). The value of S may be
estimated by assuming that this peak corresponds to the 1968uman global™*'Cs
fallout (Ritchie and McHenry, 1990). The accumulation rates egtinby?*°Ph, and
137Cs for the cores taken within the bay are summarized in T&8le In general the
agreement is good. However, in core 6 the core length was too siheactothe 1963
137Cs peak if the accumulation rate was 1.1 cih ws the peak would then be located at
50 cm deep and the core was only 36 cm long. In core 2 the 1963 peak wo@8d bm
deep, and while there appears to be hf§Bs around this depth, it is at the bottom of the
core at cannot be unambiguously discerned. In core 3, giverf*#B<derived
accumulation rate, the 1963'CS peak should be 5 cm in depth, but given the slow
accumulation rate that appears to occur at this site, the stibrgel intervals are too
coarse to for it to be clear.

Accumulation rates ranged from 1.1 to 0.1 crif,ywith high values in the

western part of the bay, near a CSO outfall (cores 6 and 7; Table 8-@yadsy Bay, the
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northeastern part of Jamaica Bay, accumulation rates at two siee®werto 1.04 cm yr
! (cores 4 and 5; Table 3-2). The lowest accumulation rate mdastmore 3 site,
located in the northeastern part of the bay in the Thurston Basin (Table 3-2).

Mass accumulation rates were determined fronf'fiRks profiles using:

Sv =S xp (3-3)

where Ss the sediment accumulation rate (ci) gstimated from the exce$SPb of the
gravity core using the “constant initial activity” model gmas the mean bulk density (g
cm®) of the sediment in each core. The mass accumulation valugsdrénom 0.01 to

0.89 g cnf y* (Table 3-2).
5. Discussion

5.1 Mud Content and LOI Contour Maps

Contour maps of the percent mud and organic content were constructethérom
results of the 220 sites sampled in Jamaica Bay over the couhse study (Figs. 3-1, 3-
2). The contour maps show a general trend of sediment dominated hyrdinee
particles and high LOI in the eastern part of the bay, whitbeé western part of the bay
sediments had a higher proportion of sand-size particles and lower LOI.

The validity of the contour maps created from the mud content anddatl
using ArcMap Raster interpolation were compared to previous measote of mud
content in Jamaica Bay by the EPA in 1993-1994 (Adams et al., 1998) QA& M
1995 (locco et al., 2000). The mud content distribution predicted by the contour map was

similar to that found by those previous studies (Fig. 3-7). Deviton the predicted
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mud content distribution was rare, but was observed in Grassy Bay wie mud
content was typically > 50%. However, a site in Grassy Blagrevthe measured mud
content was 20-30% was also the site where a clam bed was fotivel 1895 NOAA
study (locco et al.,, 2000; Fig. 3-7). The good agreement betwee distribution
predicted by the mud content contour map and the sites previousbfeshy the EPA
(Adams et al., 1998) and NOAA (locco et al.,, 2000) suggests teatdhtour map
prepared in the present study is a reasonable representation @ihehsediment
distribution within Jamaica Bay.

The contour map created from the distribution of organic contentumeebm this
study was compared to the organic content of sites measured B #hen 1993-1994
and NOAA in 1995 (Fig. 3-8). The distribution of organic content mappdukei present
study is generally similar to the previous measurements, althoagioygps measurements
of organic content are often greater than those measured byhismay be due to the
relatively small size (3%) of each interval. Nevertheléee general correlation of
organic content with mud content suggests that the present mageisomable pattern of

organic content in the Bay’s sediments.

5.2 Sediment Accumulation Rates and Bioturbation

Bioturbation of sediments by the burrowing and feeding of benthicrafauna
can disturb the record of sediment accumulation by redistributingrati@nuclide
activities with depth. For example deposit feeders consume freaniety of sediment
depths and may excrete “older” (i.e. lo#%®hs) sediment at the sediment-water

interface. Other organisms, such as large crustaceans ede de=p burrows, which

71



subsequently can be filled with surficial (“young”) sediment. drRta} mixing processes,
such as bottom currents, waves and tides, as well as episodic suehtgs storms and
floods, can also disturb the continuity of the sediment record by caonsias deposition
or erosion (Carroll and Lerche, 2003). In estuaries, particle mixasgbeen found to
extend to depths of one meter or more into the sediment column (Benninger et al., 1979).

In the mid-19th century the oyster and clam fisheries of tamaay became
major industries and provided significant employment, with the peakesktfisheries
occurring in the early ZDcentury. After this time, production steadily decreased:;
however the end of the shellfish industry in Jamaica Bay was edioda disappearance
of oysters and clams, but rather increased contamination of by waad shellfish
(Black, 1981). Benthic surveys using sediment profile images egréucted by locco
et al. (1995) in June-1995 and October-1995; no oyster beds were found withaythe
but isolated clam and mussel beds were recorded. During both sumaggsof the tube-
dwelling amphipodAmpeliscawere the dominant benthic organism in the western and in
the far eastern parts of the bay (Fig. 3-9). Macrofauna mareecorded in Grassy Bay.
Indeed, during the June-1995 survey Grassy Bay sediments werelgefusls with
gas voids, and bacterial mats were observed there in October-1886ugh the benthic
communities of Jamaica Bay were not surveyed as a part oprédsent study, the
distributions of mud and organic content of sediments measured by us are sirhibseto t
of locco et al. (1995; Figs. 3-7 and 3-8), and thus we assume thabetithic
communities have not changed drastically since 1995.

The distribution of short-lived particle reactive radionuclides camuds as an

indicator of bioturbation ratesBe (half-life = 53.3 d) is a useful tracer for characterizing
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particle mixing in the sediments. This radionuclide is producetdaratmosphere and
enters the bay through direct atmospheric input (Baskaran anthiSa8&3; Feng, et al.,
1999; Giffen and Corbett, 2003; Kaste et al., 2002). As shown in Chapieredmay be
an additional input ofBe into Jamaica Bay through combined-sewer overflow events
(CSOs) which transporBe deposited on impervious surfaces (e.g. roads) in the Bay's
drainage area (“sewershed”; see Chapter 4 for details). |e€Brafi ‘Be in cores are
compared witff*Pb in Fig. 3-10. Sediment cores taken in the nearby Pecosiicarf
by Cochran et al. (2000) hdBe inventories in the upper 5 cm ranging from 0.23 to 7.05
dpm cm? and measurabl&Be was typically found down to 5 cm in depth. More recent
work in the Peconics has measuf& down to 10 cm (R.C. Aller, pers. comm.). In
contrast, in Jamaica Bay thBe activities are confined to the top interval (0-2 cm) in all
the cores, with the exception of core 1 where it is detectablecin. With the 53-day
half-life of ‘Be, the ‘Be distribution reflects short-term mixing processes. Thiy m
reflect the average particle mixing in Jamaica Bay; dutirigsummer higher benthic
activity would be expected when water temperatures increaseid #mel winter mixing
would be expected to be reduced as water temperatures decreased (Cochr200€0) al

In cores 1, 2 and 8 the%Ph,s profiles have a subsurface maximum (Fig. 3-4).
These cores were taken in areas wiherpeliscamats were the dominant benthic habitat
during the 1995 benthic survey (Fig. 3-9; locco, et al., 200@peliscaare tube-
building, filter feeding amphipods that appear to thrive in areaodl gvater quality and
high organic input (Strickney and Stringer, 1957). They have been found to have

sensitivity to pollutants (Wolfe et al., 1996). A study in Boston Ha(th®93-2006), a
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highly impacted, urban estuary, found an increase in the depth oédb& potential
discontinuity down to 5 cm with the presenceéafipeliscamats (Diaz et al., 2008).
Bioturbation does not appear to affect the mean accumulation ratereds
determined froni*%hy profile in cores 1, 7 and 8 in Jamaica Bay. At these core sites the
1963 *'Cs peak was reached (Fig. 3-6) and similar accumulation cataparable to
those from™%Ph (Table 3-2). The 196%'Cs was not identifiable in the core 2 profile
(Fig. 3-8). The accumulation rate determined for core 2 fromi'thé,s profile was 0.5
cm y* which would result in the 1963'Cs peak being found in the 20-24 interval. The
activity of **'Cs is slightly higher near this depth interval but a pronounced peakena
obscured by the coarse interval taken this depth (4 cm) couplecheitvérall low™*'Cs

activity found in this core (Fig. 3-6).
5.3 Long-Term Sediment Accumulation Rates

Upper limits on sediment accumulation rates can be determined “f&ins
profiles, assuming no bioturbation; values range from 0.1 + 0.01 to 1.1 + Oyt'cm
Mass accumulation rates have been calculated from multipliggn@gccumulation rate at
each site by the mean dry bulk density at that site (TaB)e JIhe highest accumulation
rates were measured in cores 6 and 7 in the western pag béayh and these two sites
also had the deepest water depth (13.0 m) of all stations samglblk (3-2). This
suggests that once sediment settles into these deep sitemtitikely to be resuspended
and transported to other locations within the bay. The high accumutates at these

locations are consistent with higiBe inventories during all sampling cruises (see
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Chapter 4) and high**Thys inventories during the May-2005 and July-2006 sampling
cruises (see Chapter 2).

High accumulation rates are also observed in the eastern paetlody at stations
1, 4 and 5 (Table 3-2). The accumulation rate measured in core 4 is (19, suhigh is
consistent with a previous accumulation rate (0.9 ¢measured nearby by Ferguson et
al. (2003). The eastern part of the bay, particularly GrassytBayimited connection to
the western bay, and in turn, the ocean. However, high accumulatisnmigtten and
near Grassy Bay suggest that sediment is, at least peripdicahsported to the eastern
bay. Inventories of the short-lived radionuclfd&hwere low in Grassy Bay during the
September-2004 and May-2005 cruises, but high in November-2005 and July-2006 (see
Chapter 2). Significant wave height outside the bay at buoy stAti®N6 increased
prior to both of these sampling cruises (see Chapter 2, Fig. ZHgse results suggest
that storm events may play an important role in moving sedimehetedstern part of
the bay. Once deposited in this deep area of the bay it is urthklgediment would be
resuspended and transported elsewhere in the bay.

The lowest accumulation measured was at site 3 in Thurston Badime far
eastern part of the bay (Fig. 3-11). At this site there s¢erbg a distinct change in
deposition rate with depth in the core, as seen in the change infieeo$ the?*Phs vs.
depth plot at ~7 cm (Fig. 3-4). In the upper 7 cm, the accumulaienvas low (0.1 £
0.01 cm V), while deeper in the core (9 — 30 cm) the accumulation ratdighsr (0.80
+ 0.02 cm ¥Y). A significant change in the organic content of the core@tisars in the
upper 7 cm: LOI is high (> 20%) in this zone, but below this depth, tienar content is

consistently < 10% (Fig. 3-3). These results suggest thadrage in sediment delivered

75



to this site occurred ~50 years ago. This change maytréeilgeased development (e.g.
paving) in the upland region surrounding this site, limiting the inorgaatiment
transported to the bay from runoff. The change in accumulation rate ancksetipe at
this location is perhaps more noticeable due to the site’s isofationmuch of the rest
of the bay.

The mass accumulation rates derived from exc@$b profiles may be compared
with the accumulation rates derived from surgftf$h,s inventories (0.1 — 0.9 g chy™).
For example, in Grassy Bay thi8Pb-derived mass accumulation rate is ~0.3 — 0.4 cm
y!. Rates derived from medfi'Th,s inventories are in close agreement in this region
ranging from 0.1 to 1.0 g cmy™’. The average mass accumulation rate in the bay
determined from thé'°Pb data (mean +cl= 0.47 + 0.27 g cifiy?) yields an annual
sediment input of 18.3 x ibg y* when extrapolated over the entire bay subtidal area
(39 knf). This is in agreement with the annual sediment import estidexived from
the »*Th balance (4.3 x 18 35.8 x 18° g yr’; see Chapter 2, section 5.2). This
calculation assumes that the sediment is distributed uniformlytlewesubtidal portion of
the bay (39 kif). While the two estimates are in reasonable agreement gee
assumptions of the methods, it is likely that fi&h estimates are high because they
represent short-term patterns of deposition which cannot be exteaptdat full year.
This is consistent with the pattern evident in the sedifi&fi,s inventories of seasonal
transport of sediment into Grassy Bay and other eastern portioamafck Bay.*%Pb
profiles in the sediments, with a sampling resolution of ~2-8 yeé#estively integrate

over these seasonal sediment transport events.
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Annual deposition (g9) in the subtidal Bay dominated by fine sediments can be

derived from the mass accumulation measured in the gravity cores using the equation:

Sediment Deposition = ySx (Subtidal Bay Area x I (3-4)

where $ is the mean mass accumulation of the gravity cores (0.5 § @i* yrY),
subtidal bay area is 3.9 x t@m? and M- is the fraction of bay area dominated by fine-
grained sediments (~ 0.40; Fig. 3-1). Using the mass accumulation rated ffemnvehe
gravity cores taken in Jamaica Bay, the sediment deposition Bathevas™ 7.6 £ 1.4 x
107 g y".

A sediment budget was constructed for Jamaica Bay by Bokunieavidz
Ellsworth (1986). This sediment budget included an estimate agheatlsources due to
in situ production (0.1 x 18 g y*) and sewage treatment plants (0.5 X10y%). They
estimated a sediment deposition of 0.6 — 1.5 ¥ g0y* in the subtidal bay from the
21%p geochronologies of 2 cores. They also estimated an annuaitidepos the
marshes of 1.5 — 2.0 x 0g y* based on thé*®Pb geochronologies of 2 cores with
accumulation rates of 0.7 to 0.9 crit wnd a marsh area of 17 km A sediment
importation through the inlet of 1.5 — 2.9 x'4@ y* would be needed to balance the
other sediment sources and sinks.

A contemporary sediment budget can be constructed for Jamaica iBgythes
previously estimated input due i situ production (0.1 x 1§ g y*) and waste water
(0.5 x 13° g y*) and an annual sediment deposition in the bay subtidal derivedgm t
geochronologies of 8 cores (7.6 +1.4 *%@y?). A revised estimate of annual sediment

deposition on the marshes can be calculated from:
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Deposition on the Marsh Islands i 8 marsh area

where marsh area is the area of vegetated marsh in the 893 (~ 3.5 kfy Update on

the Missing Marshes of Jamaica Bay, 2007) apdisSthe mass accumulation rate
measured on select marsh islands by Kolker (0.05 — 0.1 g \¢hn 2005). This
calculation yields an annual deposition on the marsh islands of ~ 0.2x-10!4 g y*.

The annual sediment import needed to bring the inpusitu production and waste-
water) and deposition terms (subtidal and marshes) into balance bet®d.8 — 8.8 x
10'°g y'. This import estimate is similar to that found from “surpf&Th,s inventories

(4.3 - 35.8 x 18 g y*, see Chapter 2). However, although sediment deposition has been
measured on marsh islands within the bay there has been 4ldssnof vegetated marsh
from 1974-1989 (0.07 kfoss y*) and 1.9 krfiloss from 1989-2003 (0.13 Krtoss v
Update from the disappearing salt marshes of Jamaica Bay2007). Some of this
vegetated marsh loss includes interior ponding, fragmentation, slumping and edge erosi
(Hartig et al., 2002), but to date there has been no work differentidtingegetated
marsh loss in Jamaica Bay between edge erosion and slumpinggatdtion loss due to
ponding. Sediment is deposited on the marsh islands and counted asenssifikin

this budget, but there may be an unaccounted for source of sedimentdsiom ®f the
marsh islands. Thus, the calculated import of sediment via Rogkimled needed to
balance this budget should still be regarded as a high end estirdateeacalculation of

marsh loss due to edge erosion can further refine the bay’'s sediment budget.
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5.4 Mass Balance 6t°Pb in Jamaica Bay
5.4.1 Atmospheric Deposition GfPb

A 21 month record of atmosphefi@Pb flux at Stony Brook, NY is shown in (see
Chapter 4, Fig. 4-2 for details). Annual deposition was 0.87 + 0.08dpmy™* which is
consistent with other measurements of direct atmospfiéeb flux in New Haven, CT
(Turekian et al., 1983; 0.86 — 1.04 dpm™ty), Norfolk, VA (Olsen et al., 1985; 0.90
dpm cn? y!) and Oak Ridge, TN (Olsen et al., 1985; 1.03 dprif gif). Soil profiles
from undisturbed sites have also been used to estimate annual aticoSPRbrflux.
Profiles from Connecticut (McCaffrey, 1977), Pennsylvania (Le®856) and Maryland
(Fisenne, 1968) yielded annual atmospheric fluxes of 0.83, 1.0, 1.2 dpmy¢m
respectively. Measurements of the exéé%$2b in a soil profile taken in Jamaica Bay, on
Broad Channel Island, yielded an annual flux of 1.1 dpr gl (Zeppie, 1977).

Based on a 1.0 dpm &ényr* atmospheric flux of*%Pb the expected steady state
inventory of>*®Ph in a core that reflects only atmospheric input should B&.0 dpm
cm? (annual'%b flux x mean life of*Pb). *%Pb inventories higher than 32 dpm€m
suggests additional sources or sediment focusing within Jameaaya Bindeed,
inventories of”*°Ph in the Jamaica Bay cores were much higher than expected from
direct atmospheric deposition (168 -351 dpmi‘kmHowever, these cores were taken in
areas dominated by fine sediments (mud fraction > 50%) which ontprise~ 40% of

the subtidal Bay (Fig. 3-1).
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Since atmospherically derivéPb is likely focused into these fine-grained
sediment areas, the inventory expected from direct input can be adjusted using the

equation:

Atmospheric Contribution =

Ao, x Subtidal Bay Area) + (Subtidal Bay Area x 0.40) (3-5)

where "y is the inventory of'®h in the sediments from an annual atmospHefieb

flux of 1.0 dpm crif yr (~ 32 dpm crif), Subtidal Bay Area is 3.9 x ¥@m? and 0.4 is
the fraction of the subtidal bay that is dominated by mud (Fig. 37his adjustment
increases the expect&dPh inventory in the sediment cores due to direct input from the
atmosphere from 32 to 80 dpm émEven with this modification inventories 9fPh, in

the sediment cores taken in Jamaica Bay are far in surpluse tadjusted expected
inventory with the atmospheric source BfPhs accounting for only 23- 48% of the
observed'%Ph, inventory. This suggests that there are sourcés¥®h into Jamaica

Bay in addition to direct atmospheric input.
5.4.2 Freshwater Supply 8fPb

Previous studies of unsupporfé®b in Chesapeake Bay (Helz et al., 1985) and Long
Island Sound (Benninger, 1978) showed that while the direct atmospiy@uicwas the
dominant source df*%Pb, riverine input of*%Pb also an important source. Jamaica Bay
is a “sewershed” with the dominant freshwater source (90%)ngpprimarily from four
wastewater treatment plants — Coney Island, Jamaica, 26thaiaidockaway (Beck et

al., 2007; Bennoti et al., 2007). These wastewater treatment pl@antonnected to a
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combined sewer system which combines sewage with street water runofig Periods
of heavy rainfall or frequent rainfall the inflow of wasteara¢xceeds the treatment plant
capacity and untreated wastewater pours into the Bay.

The combined drainage area of these four wastewater plant.1sx 162 cnf
and the plants service a populatiorrdf.6 million people (Table 3-3). Due to the highly
urbanized setting, impervious surface cover dominates the draireege®re prevalence
of impervious surface may allow the drainage area of these flardst as a large
atmospheric collector dfPhs. During light to moderate rainfall events tH&h, can
be rinsed off the roads (as well as sediments) and into the condaned where it is
transported to the wastewater treatment plants. Due to tmityafif “*%Pb for fine-
particles (K = 10-1), the?*®Pb from minor rainfall events is likely be removed from
the wastewater during the primary treatment stage (seditrmnstage) and never enter
Jamaica Bay. In contrast, during heavy rainfall events wheméioed-sewer overflow
occurs,?*®Ph can enter Jamaica Bay directly with untreated sewage artewedsr.
Thus, CSO events may be an important sourceé®h;s into the subtidal sediments of
Jamaica Bay and contribute to the elev&t&b inventories measured in this study.

The concentration of*Pb in rainfall was measured from April-2008 to
December-2009 in Stony Brook, NY and ranged from 4.0 to 15.0 dpfsele Chapter 4
for details). These values are consistent with those measuieirHaven, CT (1.8 —
17.1 dpm L% Turekian et al., 1983) and Norfolk, VA (2.7 — 20.6 dpih Todd et al.,
1989). The contribution of CSO events to b inventory measured in Jamaica Bay

can be assessed using the equation:
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CSO Contribution = [(R % Fcso + (Subtidal Bay Area x 0.40)] x ¢/  (3-6)

where Ry is the mean concentration 9fPb measured in rainfall (mean = 7.9 dph L
see Chapter 4 for details)cdois the estimated average annual CSO flow into Jamaica
Bay (32.0 x 18 L y* Table 3-3; The Jamaica Plan: Final Environmental Impact
Statement, 2007), the Subtidal Bay Area is 3.9 % &7, 0.40 is the fraction of subtidal

of the Bay dominated by fine sediments (Fig. 3-1), ahd3 yr) is the radioactive mean
life of “%Pb. This calculation yields a CSO contribution to the tofflb inventory in
Jamaica Bay of 52 dpm ém This is a high estimate 6f%b input from CSO event
because it assumes that all of the annual CSO flow into Jamaicas surface water
runoff from the streets. The CSO contributiorf 8Pb to the Bay accounts for 14 — 29%
of the inventory measured in the sediment cores. This suggests that CSO eydrgsama

significant, but not the dominant source8Pb to Jamaica Bay.
5.4.3 In Situ Production 6f%b

1% is produced in the water column by the in situ decay of dissti%a, but
this source is likely trivial to th&"Pb budget of the Bay. The mean activitySRa in
the water column was measured by Beck et al. (2007) in four seyrgliises in 2004-
2006 and found to be 0.15 dpm [*. Production of*®Pb from the decay of*Ra,
assuming no loss 6f“Rn, would result in an annual in situ production of 4.7 X dpm
Lt y'. The inventory that can then be attributed to production in the waltemn can

be calculated from:

In Situ Production = @ x (1A) x Bay Volume) + (Subtidal Bay x NI (3-7)
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where Ay, is the annual activity of'%b in the water column produced by the decay of
*%Ra (4.7 x 16 dpm L* y* or 4.7 x 1¢ cn® yY), 1 is the mean half-life of'%Pb (32

y), the bay volume, assuming a mean depth of 500 cm, is 220 erit) the subtidal bay
area is 3.9 x 0 cm? and M is the fraction of the subtidal bay dominated by muddy
sediments (0.40). In situ production @fPb in the water column assuming a complete
scavenging and then deposition to the Bay bottom sediments wouldamdynt for an
inventory of ~ 0.20 dpm ci less 1% of thé'%Ph,s inventory measured in the sediment

cores.

5.4.4 Groundwater Supply 8fPb

Groundwater may potentially be a source®®Pb into Jamaica Bay, the%®b
supplied by groundwater can be scavenged on to particles and depositedsubtidal
bay sediments. Few studies have examined the behaviot’Rif in groundwater
(Porcelli, 2008). In contrast, the grandparent'db, ?*Ra, has been measured and
used, along with the other radium isotopé¥Ra, **Ra, **Ra), to characterize and
estimate submarine groundwater discharge in several coastabsiuarine systems
(Moore, 1996; Charette et al., 2001, Beck et al., 2007). The concentratitfRafin
Jamaica Bay’'s groundwater was measured by Beck et al. (2007)warditb be 0.83 +
0.39 dpm L.

If we use the ground-water input GfRa as a upper limit of the input of ground-
water derived®%b to Jamaica Bay, the inventories supplied from this source &an b

estimated from:

Groundwater Contribution = £6 x Jow % (1/\)) + (Subtidal Bay Area x i (3-8)
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where G is the concentration 6f®Ra in groundwater (0.83 dpm'|.Beck et al., 2007),
Jew is the discharge of ground-water to Jamaica Bag.{6 x 16° L y*; Misut and
Voss, 2004), N is the mean half-life of*°Pb (32 y), subtidal bay area is 3.9 x“1and

Mk is the fraction of the subtidal bay dominated by fine-grained ssds¢0.40). This
calculation, assuming complete scavenging and subsequent deposition in the lsafptidal
yields a®*%b inventory of 7.1 dpm cfmwhich would account for 2 — 4% of the total
2% inventory in the sediments. This is likely an overestimatioft%%h input from
groundwater as it does not account for scavengiffi®b onto aquifer surfaces or in the
subterranean estuary. In addition tf8Ra concentration measured in Jamaica Bay
reflects both the input of fresh ground-water to the bay and wéatien of saline water
through the sediments and thus, likely further contributes to an oveatistinof >*Pb
input from groundwater. However for the purposes of this mass balaniye sven this

a high end estimate 6f°Pb via ground-water input does not explain the HiJRb

inventories measured in the sediment cores.
5.4.5 Import of*Pb from the Ocean

Previous studies indicate that sediment is imported into JarBaigathrough
Rockaway Inlet (Bokuniewicz and Ellsworth, 1986; Swanson and Wilson, 2@@8; s
Chapter 2); the various estimates of sediment import into JarBaigare compiled in
Table 4-3. To assess the possible impor?®db from the ocean associated with
particles, the activities Gf°Pb on filterable particles were measured at 4 sites, in August
2008, during a flooding tide (Table 3-1). TH&h activity on particles was highest at

the inlet station (0.1 dpmiy and in the deep water just within the bay (2.8 + 0.6 dpm g
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). High #%h activities on filterable particles at the inlet suggest tf¥hbs may be
imported from the ocean into the bay associated with particles.

The concentration of dissolvéfPhs was not measured in this study. TStdPb
concentrations (particulate + dissolved) in the water column aasiern end of Long
Island Sound were found to be 0.04 dpm [* (Benninger, 1978) and totatPb
concentrations measured in the waters of the New York Bight weré5 dpm [* (Li,

Y-H et al., 1981).2*%Ph activity on filterable particles at the inlet station in Jamaica Bay
was 0.12 dpm E; higher than the total activity measured in the water coluntimeifNew
York Bight. Similar conditions were observed in Tampa Baywhlere within the Bay
the mean concentration of tofafPb was 0.14 dpm't (Baskaran and Swarzenski, 2007),
while total?*Pb concentration in the surface waters of the shelf and slope Gulf of
Mexico were~ 0.05 dpm [* (Basakaran and Satschi, 2006). In addition, the work
conducted in Tampa Bay found that at salinities greater than 27.0ssmved*%b
concentrations were below detection limits, leaving all measufaffte in the water
column associated with particles. Thus, for the purposes of thig steicassume that
1%} is predominantly imported into Jamaica Bay associated wititclparand that the
import of dissolved*°Pb through the inlet is negligible.

The inventory of"*®Pb supported by th&%b activity imported via Rockaway

Inlet can be calculated from:

Input of *%Pb from the Ocean =

[Pbe x Vin xtg X (Lpy)] + (Subtidal Bay Area x Y (3-9)
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where Pbis the activity of particulat&"®Pb at the inlet station (0.09 dprif;LTable 3-1),
Vin is the tidal prism of Jamaica Bay (6.06 ¥°%lI0; Beck et al., 2007)4is the tides per
day (1.91 d&; Beck et al., 2007), (14 is the radioactive mean half-life 6fPb (1.2 x
10" d), the subtidal bay area is 3.9 x*16nt and M is the fraction of the bay area
dominated by fine-grained sediments (~ 0.40; Fig. 3-1). The ctddfdPh, inventory
supported by import of"%Ph, associated with particles from the ocean is 801 dpifi cm
which is 100% of thé'%Ph,s inventory measured in the Jamaica Bay sediment cores
(Table 3-2). However, as suggested by the mass balaft@lfand’Be (see Chapters 2
and 4 for details) there may be los$'8Pb from the Bay.

If we assume that the activity 6f°Pb at station JB-WS-2-Shallow (Table 3-1)
characterizes the activity of the water lost from the Bhg t%b export can be

calculated from:
Export of*®Pb = [Pk x (Vout X tq + Fww)* (LAep)] + (Subtidal Bay Area x M) (3-10)

where Pb is the activity of particulaté*°Pb in the surface water within the Bay (0.06
dpm LY Table 3-1), . is the tidal prism of Jamaica Bay (6.06 x°1D; Beck et al.,
2007), § is the tides per day (1.91'dBeck et al., 2007), i is the mean daily
wastewater discharge (7.5 x®10d™; Beck et al., 2007), (14 is the radioactive mean
half-life of ?*%Pb (1.2 x 16 d), the subtidal bay area is 3.9 x*16n? and M is the
fraction of the bay area dominated by fine-grained sedimen®s40Q: Fig. 3-4). This
calculation yields an export 6tPb of 538 dpm cif and net import of*®Pb from the

ocean of 263 dpm cf This net import estimate &t%b is 76-100% of the inventory
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measured in the gravity cores. The mass balance terf8Hbrare compiled in Table 3-
4,

In the mass balances ©f'Th and’Be the predicted inventories were comparable
to those measured in the subtidal sediments over the sampling period. (see Chapiters 2 a
4 for details). In contrast, the mass balancE€¥®b predicts inventories 1 to 2.0x higher
than that measured in the cores. This may in part reflectsiveation in the inputs of
21%p to Jamaica Bay (e.g. CSO input and groundwater input). In addaiftbna half-
life of 22.2 years?'%b integrates over much longer periods of time, comparéiTio
and ‘Be, thus a single set of water column measurements appbaritsufficient for
balancing*°Pb in Jamaica Bay.

The sediment import required to bring th8Pb budget of Jamaica Bay into

balance can be calculated from:

Sediment Import =il | + (Pkp + TSS)] xApp X (Subtidal Bay Area x i) (3-

11)

where byl is the?*Phs inventory is surplus to that supplied through other sources (66 —
249 dpm crif; Table 3-2), Phis the activity of**°Pb on particles measured at the inlet
(0.1 dpm L*; Table 3-1), TSS is the particle concentration in the water column at the inle
station (0.0133 g 1), Asp is the decay constant 8fPb (0.0312 V), subtidal bay area is
(3.9 x 16" cm® and M is the fraction of the subtidal bay dominated by fine sediments
(0.40; Fig. 3-1). From this calculation the annual sediment importregfjto account
2%, inventory of the bay ranges from 4.2 — 15.8 ¥10y*. This import range agrees
with that determined frorfrPb-derived mass accumulation rates (5.8 — 8.8'%q.§™;
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see Section 5.3). The good agreement between the estimates ofrdeiput to
Jamaica Bay fof'%Pb (this study) and sediment mass balance (1.5 — 2.9%g1y0";
Bokuniewicz and Ellsworth, 1986) contrasts with the input estimatel € Th (4.3 —
35.8 x18° g y*; see Chapter 2). This suggests that seasonal differencesliment
import can affect thé**Th-derived estimates, dissolvétfTh import, scavenging and
production. Although there are differences in the estimates aheatiimportation into
Jamaica Bay from these various methods indicate that sediment imponifisasnd.

21%ph mass balances have been constructed for Long Island Sound by Benning
(1978) and for the Chesapeake Bay (Helz, 1985). In Long Island Sourdire¢loe
atmospheric input accounted for ~ 100% of the unsuppdtfeth measured in cores
taken within the Bay (Benninger, 1978). In the Chesapeake Bay, theatmexspheric
input of “1%b accounted for 91% and 97% of ti#%b inventory in the middle and lower
bay, respectively. In the upper Chesapeake, direct atmospheri@aagouinted for 48%
of the?*°Pb inventory and riverine input from the Susquehanna accounted for 46% (Helz
1985). In contrast, the direct atmospheric input‘#tb into Jamaica Bay only accounts
for ~ 22 — 30 % of thé*°Ph inventory measured in the cores (Table 3-4), while the
importation of**%Pb associated with particles via Rockaway Inlet accounts for/2%
of the ?!%b inventory measured. This suggests that importation and trapping of

sediments is an important consideration in the overall sediment budget of Janyaica Ba
6. Conclusions

Extensive modification have been made since the mid-1800s suchdagngrer
shipping channels and the creation of deep borrow pits within the bHyese
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modification have resulted in a change of the bay’s hydrodynaswatching it from a
slightly ebb dominated to flood dominated estuary. Sediment accumnulettes,
determined fronf*°Pb profile in 8 gravity cores taken in the bay in August-2008, were
highest in the dredged channel in the northwestern part of the bay taedoorrow pit in
the northeastern bay (Grassy Bay). Annual deposition in thedalbgy derived from
the gravity cores ranged from 7.6 + 1.4 X% y*. To balance the sediment budget of
the bay a sediment import of 5.8 - 8.8 X%@ y* was required. This may be a high end
estimate for sediment import as the sediment budget does rmtnador an input of
sediment in the subtidal bay from the erosion of marsh islandseirbay. Further
research is needed to differentiate vegetated marsh loss duerioriponding and edge
erosion to further refine this budget.

Inventories of b in the 8 gravity cores were in surplus to the direct
atmospheric input of'%b (32 dpm ci), even when adjusted for focusing of sediment
deposition into fine-particle dominated area (80 dpm?)gnsuggesting that there are
additional sources df%Pb in to Jamaica Bay. Additional input dfPb was from CSO
discharge (15 dpm cfj, in situ production (0.2 dpm c¢fand groundwater input (7 dpm
cm?). Using a mass balance BfPh in Jamaica Bay the import of sediment needed to
balance thé*°Pb budget was estimated (4.2 — 15.8 X 0y"). This import estimate
based on surplu§%Pb inventories is comparable to that suggested by Bokuniewiz and

Ellsworth to balance the Bay’'s sediment budget.
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Table 3-1. **°Pb activities of filterable (> 1 mm) particles in the water column

Sample Description Depth Salinity TSS Particulate Particulate
ID (m) (mgL™  *°Pb, #%pp,
(dpmL™)  (dpmg™)
JB-WS-1 Inlet Station 3.0 28.5 15.5 0.09 +0.01 9.3+1.0
JB-WS-1* Inlet Station 1.0 28.3 11.1 0.1+0.03 82126
JB-WS-2- Bay Interior 1.0 28.3 13.1 0.06 £0.01 2.8x+0.6
Shallow
JB-WS-2- Bay Interior 5.0 28.5 16.5 0.05+0.01 2705
Deep
JB-WS-3 Grassy Bay 5.0 26.6 15.0 0.01+0.01 0.6+0.3
JB-WS-4 Near 2.0 27.5 15.2 0.01+0.01 0.7£0.2
eastern
marshes
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Table 3-2. Inventory of ?!°Pb,s in gravity core and accumulation rates estimated from ?*°Pb,s and **'Cs

Core # Description Water #oppy Accumulation Accumulation Mean Bulk Mass
Depth (m) Inventory Rate (cmy ™) Rate (cmy ™) Density Accumulation
(dpmcm ?)  estimated from  estimated from (gcm™) Rate
ZlOPbXS 137CS (g cm -2 y-l)
1 Eastern 4.7 2455 +21.3 0.9+0.1 0.9 0.8 +0.07 0.7
Marshes
2 Southeastern 5.8 167.5+20.4 0.5+0.1 - 0.9 +0.06 0.5
Channel
3 Thurston 8.0 332.5+56.1 0.1+0.01 - 1.2 +£0.05 0.1
Basin
4 Grassy Bay 11.4 187.3+35.4 1.0+0.1 1.0° 0.3+0.05 03
5 Grassy Bay 9.3 193.1+25.1 08+0.1 07" 0.5+0.02 0.4
6 Floyd Bennett 13.0 269.6 + 25.8 1.1+0.1 - 0.8 £0.05 0.9
Field
7 Northwestern 12.7 350.9 £39.2 1.0+0.1 1.2 0.6 £0.04 0.6
Bay
8 Northern Bay 9.6 205.6 +23.1 0.5+0.1 0.4 0.7 £0.09 0.4

* estimated from 1963 **'Cs peak



Table 3-3. Characteristics of the waste-water treatment plants that discharge to Jamaica Bay, NY.

Waste- Drainage  Population Design Annual Annual Input Expected
water Basin Served* Flow CSO Flow  of #°Pb from pp
Treatment Area (10°LdY* (x10°L)*  CSO events Inventory

Plants (x 10™ (x 10" dpm)***  (dpm cm ?)
cm?) from CSO
events
Coney 6.1 602,100 409 2.4 1.9 3.5
Island
26" Ward 10.2 271240 316 8.1 6.4 11.9
Jamaica 2.4 632150 372 21.6 17.1 314
Rockaway 2.5 94,500 167 0 0 0
Total 21.2 1,599,990 1287 32.1 25.4 52.1

* data from Interstate Environmental Commission, 2008
** data from The Jamaica Plan: The Final Environmental Impact Statement, 2007.
= astimated using the mean atmospheric ?*°Pb flux of 7.9 dpm L™ (see Chapter 4 for details).



Table 3-4. Mass balance of ?°Pb,s in Jamaica Bay

Total #°Phys 219Pb,s
(x 10 dpm) (dpm cm™)
Inputs
Atmospheric Deposition 125 80
CSO Discharge 81 52
In Situ Production from 0.3 0.2
226Ra
Groundwater Discharge 11 7
Import from the Ocean 1250 801
Total 1466 940
Export Loss via Inlet 839 538
Predicted 627 402
219ph o Inventory
Measured “°Pb,s
418 — 563 168 — 351

Inventory of Subtidal
Sediment Cores
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Table 3-5. Estimates of sediment import into Jamaica Bay.

Estimated Sediment

Import Method of Estimate Reference
-1
9yr)
1.5-2.9x 10" Sediment Budget Balance Bokuniewicz and

Ellsworth, 1986

4.3 -35.8 x 10™ 234ThXS Mass Balance This Study
(see Chapter 2)

5.8 —8.8 x 10" Based on mass accumulation This Study
rates (**°Pb Geochronology) (see Chapter 3)
4.2 -15.8x 10" #1%pp Mass Balance This Study

(see Chapter 3)

* import estimate calculated from unaccounted for “°Pb inventory in the gravity
cores
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Figure 3-1. Contour map of mud content of the surficial, subtidal sediments
of Jamaica Bay. The black circles indicate sites sampled and measured for

mud content.
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circles indicate sites sampled and measured for organic content.
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Figure 3-3 Water content and Loss-on-Ignition (LOI) vs depth for the gravity cores

taken in Jamaica Bay
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Figure 3-4 Excess *°Pb activity with depth for the gravity cores taken in Jamaica Bay
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Figure 3-5 Ln #°Pb,s vs depth for the gravity cores taken in Jamaica Bay
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Figure 3-7 Contour map of mud content created from measurement made
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Figure 3-9 Benthic habitats of Jamaica Bay in A) June 1995 and
B) October 1995 (reproduced from locco et al., 2000).
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CHAPTER 4

The Mass Balance of ‘Bein Subtidal Sedimentsin an Urban Coastal Lagoon
(Jamaica Bay, NY)

1. Abstract

Beryllium-7 (half-life = 53.3 days) is a naturally occurrireglionuclide produced
in the lower stratosphere and upper troposphere through a cosmpahayien reaction.
The monthly atmospheric flux dBe, measured at Stony Brook, NY from April-2008 to
December-2009 ranged from 0.4 to 2.3 dpni’amith an annual flux of 16.4 dpm ém
The monthly atmospheric flux 6t°Pb ranged from 0.04 to 0.11 dpm €@and the annual
21%p flux was™~ 1.0 dpm crif. Monthly atmospheric fluxes of bofBe and**®Pb were
positively correlated with rainfall. The activity e and*%b in rainfall ranged from
80 to 273 and 4 to 15 dpm™L respectively. '‘Be flux was also correlated with
precipitation during four rainfall events that were sampled duhiergsummer of 2009,
but >*Pb was not. The relationship betwe®&® and precipitation was used to estimate
atmospheri¢Be flux for the sampling cruises conducted in September-2004, May-2005,
November-2005 and July-2006. During these crulss inventories in the subtidal
sediment varied spatially, with mean inventories ranging from 2.6 0 4.1 £ 0.7 dpm
cm?, which were 10 - 30% in excess to the estimated direct atmaspimrt of ‘Be into
the bay. The mass balance’BE in Jamaica Bay suggests that much of the inventory in
the subtidal sediments can be explained by direct atmospheric infBe ¢77 — 92%).
However, periodic combined sewer overflow events (CSOs) may els® ®s an

important source ofBe to the Bay. The additional CSO sourcéBé complicates its
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use in the Bay, but may reveal the fate of particles introducedhetBay during these

CSO events.
2. Introduction

Beryllium-7 is produced in the lower stratosphere and upper tropospineog!t
a cosmic-ray spallation reaction involving nitrogen and oxygen. Produti@e varies
with latitude, altitude and solar activity. Production is highestvéen 12 and 20 km
altitude and decreases exponentially nearer to the Earth'aceu(Lal et al., 1958;
Bhandari et al., 1970). Production is also higher near the poles ands#screarer to
the equator (Lal. et a., 1958). Solar activity, and consequéBdyproduction, varies
over an 11-year solar cycle with high solar activity incregsieflection of cosmic rays,
thus decreasintBe production.

While ‘Be concentrations in the stratosphere remain fairly constaetjn the
troposphere exhibits seasonal fluctuations (Feely et al., 1989). Sefhgci@tions in
the troposphere may be a result of increased mixing between #tesglrere and
troposophere that occurs during the spring at mid-latitudes. Inicagdintense
thunderstorms may also mix stratospheric air downward, incre&ingoncentrations in
the troposphere. This mixing may increase fBe concentration in the upper
troposphere. In the troposphefBe adsorbs electrostatically to aerosols and is delivered
through wet and dry precipitation to the Earth’s surface (Baskana Santchi, 1993;
Feng, et al., 1999; Giffen and Corbett, 2003; Kaste et al., 2002).

Despite the variations in production within the troposphere and stratosphere
major control on’Be flux to the Earth’s surface appears to be delivery through we

precipitation (+ dry deposition; Turekian et al., 1983%Be delivered through wet
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precipitation to the Earth’s surface is in the 2+ valence state (Kaaste 2002) and it can
be scavenged onto particles in terrestrial soils or aquétshwater or marine)
environments.’Be has an affinity for fine-grained particles and in estuajys¢éems has
a Ky of 1-10x10d (Kaste et al., 2002). Olsen et al. (1986) observed Beactivities on
suspended particles were highest in high-energy environments pdxticde residence
time in the water column was long and lowest in low-energyrennients where
sedimentation rates were high. On@e is scavenged on to particle surfaces, the
particles may remain suspended in the water column, be advectqubsitele (Fig. 1-4).
In this study, we use the geochemistry®¢ in an urban coastal lagoon and the seasonal
and spatial variation dBe in surfical, subtidal sediments to evaluate sediment transpor

and deposition.
3. Methods
3.1 Study Site

Jamaica Bay is a small coastal lagoon (53;Kenotti, et al., 2007) located along
the southern coast of western Long Island (O’'Shea and Brosnan, 20686)bay is
shallow (mean depth ~5 m), has no significant riverine input, andiosnmumerous salt
marsh islands. Ocean water enters the bay through Rockavwehywhich serves as a
pathway for particle and water exchange between the Bay and th& &tk Bight. The
dominant supply of freshwater is wastewater from three sewagement facilities in
New York City. The sewer system of New York City is such as to alblmwypassing of
wastewater treatment facilities during times of high rdlinfAt such times, storm water

and wastewater enter the estuary simultaneously. The combwmved ®ecrflow pipes
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are located throughout the bay (Fig. 1-2). Combined sewer overfls®@gCevents that
occur after heavy rainfalls are an important input of freshwatewell as nutrients, into
the bay (Botton et al., 2006; O’'Shea and Brosnan, 2000). Due to its locatioaicd
Bay has been subjected to many of the impacts that come witi bidzanization, such
as extensive dredging, marsh ditching, marsh filling, bulkheadary landfill

construction (Botton et al., 2006).
3.2 Field Methods

Subtidal sediment samples were collected in Jamaica Bawgdaruises in
September-2004, May-2005, November-2005, and July-2006. The sample sites were
distributed throughout the bay with emphasis on regions of interest théeinitial
sampling. Surficial sediment samples usedBe inventories (dpm cif) were collected
using an Ekman bottom grab. Each grab sample was examinesute the sediment
surface was preserved and then the top 5 cm of the grab samplsweesampled and
returned to the lab for radiometric analysis. This samplirgtegfy was designed to
obtain the entire sediment inventory @e in a single sample at each site and thus
maximize the number of sites sampled at any given time. &lBneB0-70 sites were
sampled during each cruise and initial gamma counting was completed witheek8.w

The activities of'Be associated with particles in the water column entering the
bay and within the bay were measured by filtering large volup#80 liters) of bay
water through ship-powered in-situ pumps equipped with a polypropylesrecartridge
(CUNO Micro-Wynd 1I® D-CCPY, nominal 11m) at select sites (see Chapter 2; Fig. 2-
2).
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3.3 Laboratory Methods

The surficial sediment samples were returned to the lab, homoderard
weighed. Samples were analyzed fBe (477 keV) by counting the wet samples on a
Canberra 3800 mfrgermanium gamma detector for ~ 24 hours. The counting efficiency
of each detector was determined fBe by counting well-analyzed sediment standards
(IAEA-300 and IAEA-375) and using a linear regression of caledla&tficiencies from
radioisotopes within the standard sample between 200 keV and 662 ke\al ‘Bt
counts were then corrected for detector efficiency and isotope thetagen collected
and counting.

Cartridges from the high-volume water sampling were ashed in ackirat
450°C for 24 hours and the ash was counted on Canberra 389gemmanium gamma

detectors for 24 hours to determine activitie$B¥ filterable particles.
3.4 Atmospheric Deposition Collector

An atmospheric deposition collector fdBe and?%Pb, consisting of a large
funnel (diameter = 53.3 cm) connected to a 20-L glass bottle, vpésydd from April,
2008 to December-2009 on the roof of a building at the School of Marine and
Atmospheric Sciences at Stony Brook University (40234N, 73°0706"W).
Atmospheric deposition was sampled monthly by rinsing the funnel thdsotigree
times (first with distilled water, then HCL, and then agaithwdistilled water). The
amount of precipitation was monitored by a rain gauge and comparedesjiective
measurements at Long Island’s McArthur Airport and John F. Kenhddynational

Airport.
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Atmospheric deposition dBe and*'%Pb also were measured during four rainfall
events - two steady rainfall events (6/20/2009 and 7/23/09) and two thonaeestents
(6/26/09 and 7/29/2009). Rainfall was collected in 1-L Nalgene beakstsbuted 0.5
meter above the ground. Rainfall samples were collected as @ativen time series.
During long rainfall events samples were collected hourlyHerduration of the rainfall
(6/20/2009 and 7/23/09). During the large thunderstorm event occurring26f0%/
samples were collected at 10, 15, 20, 25, 30, 40, 50 and 60 minutes, while dering th
7/29/09 thunderstorm samples were collected at 10 minute intervals.

In the laboratory 1 ml Fe (10% wt/vol solution of Fef@l dilute HCI) was stirred
into the sample which was then allowed to stand for at least 6. hdhes'Be and*%b
of the sample were concentrated by a co-precipitation withyFeising the pH to 9.5
with NaOH (Olsen et al., 1986). The precipitate was left ttbesktr several hours and
was then carefully decanted and dried. The dried precipitatecuased in a glass vial
on a Canberra 54 nfnrygermanium Well detector for 24 hours. Detector efficiency at
477-keV was calculated by counting a sediment standard (IAEA-375)sang a linear
interpolation between the 351-kéV/Pb and 661-ke\*'Cs photopeaks. Samples were

corrected for decay between sampling mid-point and counting date.
4. Results
4.1 Atmospheric Deposition Collector

Between April 2008 and December-2009, 21 monthly, atmospheric deposition
samples were collected. Rainfall during the sampling periagechfrom 2.0 to 19.7 cm

(Table 4-1; Fig. 4-1).’Be activities over the sampling period ranged from 0.4 + 0.01 to
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2.3 + 0.05 dpm cff (Table 4-2) with a mean monthly flux of 1.4 dpm&niThe highest
"Be flux was measured in June-2009 and the lowest was measurebrimrFe2009.
The monthly atmospheric flux dBe was positively correlated with precipitation (R =
0.81; p < 0.01; Fig. 4-3A). The activity @Be in precipitation ranged from 80 + 1.2 to
273 + 1.6 dpm [, but was not correlated with precipitation (Fig. 4-4A). Monthly
atmospheric?*°®Pb flux over the sampling period ranged from 0.04 + 0.002 to 0.11 #+
0.005 dpm crif and the activity of*®Pb in the sampled rainwater ranged from 4 + 0.2 to
15 + 0.3 dpm [} (Table 4-1). Annual atmospheric flux over the sampling period~was
0.9 dpm crif. Atmospheric*%®b flux was positively correlated with precipitation (R =
0.55; p < 0.05; Fig. 4-3B), but the activitydfPb in rainwater was negatively correlated
with precipitation (R = 0.75; p < 0.01; Fig. 4-4B).

Individual rainfall events were sampled as a cumulative tienes on 6/20/09,
6/26/09, 7/23/09 and 7/29/09. The rainfall event on 6/20/09 lasted for 18 hourgdesult
in 1.4 cm of rain and a flux éBe and™Pb of 0.7 + 0.04 and 0.0025 + 0.0006 dpni‘cm
respectively (Figs. 4-5A, 4-6A). A short, intense thunderstorm event d@axfew days
later, when 2.0 cm of rain fell in 1 hour; tHge and®%b flux were 0.7 + 0.3 and 0.002
+ 0.0005 dpm crf, respectively (Figs. 4-5B, 4-6B). Two rainfall events welso a
sampled in July. A long rainfall event was measured 7/23/09 and [B8thours. This
event resulted in 3.9 cm of precipitation, tof@e flux from the atmosphere was 0.2 +
0.02 dpm crif (Fig. 4-5C) and the totdf'®Pb flux from the atmosphere was 0.002 +
0.0004 dpm crfi (Fig. 4-6C). A short thunderstorm event was measured on 7/29/09
which resulted in 0.75 cm of rainfall, a total atmosph&Bie flux of 0.3 + 0.04 dpm cth

(Fig. 4-5D), and a total atmospheft&Pb flux of 0.002 + 0.0005 dpm ¢h(Fig. 4-6D).
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4.2 Activity of Be in the Water Column

The summary of the activity dBe measured on particles in the water column is
given in Table 4-2. There was little variation in the\atstion particles measured at the
inlet in August-2008 and just within the Bay. HigH8e was measured in the Bay’s
interior in the eastern Bay, near the eastern marshes andssy@ay. An additional
sample taken at the inlet in June-2009 had a slightly higher paatthty than the

previous sample.
4.3"Be in Subtidal Sediments
Inventories of Be in sediments were calculated using the equation:
Be F Age X pi X 5cCcm (4-1)

where ke is the’Beinventory (dpm crif), Age is the’Be activity (dpm &) of 'Be, p; is
the dry bulk density of the sample (g ®mnand 5 cm is the depth of each sample. This
sampling scheme was designed to obtain the entire eXBesiventory in a single
sample. This procedure was checked through sub-samplingaigy grores and found
to be valid (see Chapter 3 for details). Mean inventories inuthtedsal sediments ranged
from 2.6 + 0.3 to 4.1 + 0.7 dpm ¢n{Table 4-3).

Sediment samples were collected in August-2008 with the purpose padom
the inventory of Be in the upper 2 mm of bottom sediments with the inventory in the
upper 5 cm of the same sediments. At the sample sitesesethetactivity of Be in the

upper 2 mm accounted for 63 — 100% of the total inventory (Table 4-4).
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'Be inventories in the surficial bottom sediments are shown in &ig. In
September-2004 the highé&e inventories in the bottom sediments were measured in
the northwestern part of the bay, in the southern channel near cormsbined overflow
outfalls, and near the marsh islands in the eastern part of thé&igayl-7A). In May-
2005 mear(Be inventories in the bay sediments were lower than the previoysisam
cruise, with the highest inventories located in the eastern ptm dlay near JoCo marsh
and the western part of the bay near sites of combined-sewedpuwetitfall and the 28
Ward waste-water treatment plant (Figs. 4-7B). In Noveribeb, Be inventories were
highest in the northwestern part of the bay adjacent to combined-seardow outfall
(Figs. 4-7C), in the eastern portion of the bay near the masstdssland in Grassy Bay.

In July-2006 the highest inventories were found in the northwest nediireirsewer
overflow outfall and the 28Ward treatment plant and in the southeastern channel (Figs.

4-7D).
5. Discussion
5.1 AtmospheriéBe and*°Pb Fluxes

'Be is produced in the stratosphere and troposphere through a cosmic-ray
spallation reaction involving nitrogen and oxygen. It can then be sypageanto
particles in the atmosphere and can then be removed predominamtigtthprecipitation
(Turekian et al., 1983). Enhanced mixing between the stratospher@posptiere with
the mid-latitude folding during the spring has been shown to dserfBe in the
troposphere (Feely et al., 1989; Heikkiet al., 2008). Intense thunderstorms, typically

in the spring and summer, can also enhance mixing between réttesghere and
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troposphere, increasing the availability @e that can then be scavenged through
precipitation (Noyce et al., 1971). As a result, atmospheric flBefis often higher
during the spring and summer months (Doering and Akber, 2008; Feely £9&9;,
Gonzalez-Gomez et al., 2006; Zhu and Olsen, 2009) and this is indicatedresule
collected at Stony Brook, NY (40°547”N, 73°0706"W). Over the 22-month sampling
period, the mean atmospheric flux’8e during spring and summer (March-August) was
1.6 + 0.2dpm ci and the mean flux during the fall and winter (September-February)
was 1.2 + 0.2 dpm ch) but the mean precipitation did not vary (Table 4-1).

The mean atmospheric flux @e measured at Stony Brook, NY over the entire
sampling period was 1.4 + 0.1 dpm€mesulting in an annual flux of 16.8 dpm émpr™.

The annual flux at the Stony Brook site is within the range of 4.3 7Zdm cnf yr*
tabulated for the latitude range°1952 N by Turekian et al. (1983). In addition, the
mean monthly flux of 1.4 dpm chis consistent with measurements at geographically
comparable sites: Boston, MA (1.4 dpmgnZhu and Olsen, 2009), New Haven, CT
(1.9 dpm crif, CT, Turekian et al., 1983), Solomons, MD (1.1 dpm?ciibb, 1989),
Norfolk, VA (1.0 dpm crif; Todd et al., 1989) and Morehead City, NC (1.3 dpnf;cm
Canuel et al., 1990).

The relationship between atmosphéBe flux and rainfall along the east coast of
the U.S. has been explored by several researchers and found toitieasity correlated
(Turekian et al., 1983; Dibb, 1989; Todd et al., 1989; Canuel et al., 1990; Zhu &mg Ols
2009; Fig 4-8). A significant, positively correlated relationshig ¥eaind in this study at
Stony Brook, NY (Fig. 4-8C; R = 0.81). Although a significant datren between

precipitation and atmospheriBe flux has been found at several locations along the east
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coast of U.S. the flux ofBe with precipitation generally decreases with decreasing
latitude (Fig 4-8). This is consistent with increased productidBefin the troposphere
and stratosphere with increasing latitude (Bhandari et al., 1970; Lal et al., 1958)

The production ofBe varies over the 11-year solar cycle, with increasing solar
activity resulting in increased deflection of cosmic rays fribi@ solar system which
decreases cosmic-ray flux to the Earth (Lal and Peters, 198%.decrease in cosmic
rays to the Earth results in a decrease in the production dhilbmrand thus a decrease
in ‘Be that can be removed through rainfall (Beer et al., 1990, loannigdy 2005). In
general, atmospheric flux data collected by researchmrs42 - 34 N shows a decrease
in "Be flux from the atmosphere with decreasing latitude (Fig. 4H&)wever, the data
collected in New Haven, CT (Turekian et al., 1983) indicates a hiefiux than at the
Boston, MA site (Zhu and Olsen, 2009; Figs. 4-8A, 4-8B). This magctethe longer
collection time in the Zhu and Olsen study Boston, MA site, thieelnigunspot activity
during collection at that site (Figs. 4-9) and higher removaBeffrom the atmosphere
due to higher mean precipitation during Turekian’s et al., (1983) sampling in New Haven,
CT than Zhu and Olsen’s in Boston, MA (11.6 and 9.2 cm, respectively).e Taésglts
suggest that in addition to latitude, sunspot activity and precipitatfould be
considered when estimatidge flux from the atmosphere at a particular location, at a
specific time.

2% is produced in the atmosphere through the decay of its parepei$SRn
(half-life 3.82 d), an inert noble ga$?Rn is released to the atmosphere predominantly
from continental sources. Once forméWPb, like ‘Be, can be scavenged on to

submicron-sized aerosol particles and removed from the atmosphaurghtwet or dry
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deposition (loannidou et al., 2005; Todd et al., 1989). Monthly atmosgh¥Hxflux at
Stony Brook, NY over the 22-month sampling period ranged from 0.04 to 0.1 dfm cm
with a mean flux of 0.08 dpm ¢mand an annu&t’Pb flux of 01.0 dpm cihy>. This
annual flux is consistent with annifafPb fluxes measured at New Haven, CT (1.2 dpm
cm? y: Turekian et al., 1983) and Norfolk, VA (0.9 dpm tyi*; Todd et al., 1989).
Soil profiles from undisturbed sites have also been used to estanatial atmospheric
2%p flux. Profiles from Connecticut (McCaffrey, 1977), Pennsylvgh@wis, 1976)
and Maryland (Fisenne, 1968) yielded annual atmospheric fluxes of 0.83, 1dpmi.2
cm?y?, respectively. Measurements of the exéé¥% in a soil profile taken in Jamaica
Bay, on Broad Channel Island, yielded an annual flux of 1.1 dpfycniZeppie, 1977).
The mechanism for removin§®Pb from the atmosphere is “washout” from
rainfall and dry deposition (Appleby and Oldfield, 1992). The relatipnbetween
precipitation and atmospherit'®Pb flux at Stony Brook, NY was found to be
significantly and positively correlated (R = 0.62; p < 0.0; FigB3-3Precipitation was
also positively correlated t8°Pb flux in New Haven, CT (Turekian et al., 1983) and
Norfolk, VA (Todd et al., 1989). In contrast, the activity’d%Pb in precipitation was
negatively correlated with the amount of precipitation at Stony Biddkyarying from
4 to 15 dpm [} (mean~ 7.9 dpm L[ Fig. 4-4B). !%b activities were also negatively
correlated with precipitation in New Haven, CT (Turekian et al., 188d@)Norfolk, VA

(Todd et al., 1989) with*Pb activities ranging from 1.8 - 17.1 dprit (mean~ 9.6 dpm

L™ and 2.8 — 18.2 dpmt(mean~ 7.3 dpm L), respectively.
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5.2 ‘Be and®*®Pb Flux in Individual Rainfall Events

Individual rainfall events were sampled in the summer of 2009 to degerm
whether’Be and*'%b are washed out of the atmosphere during the initial fall mforai
over course of the entire event. Long rainfall events (> 8 hours) were saonpb20/09
and 7/23/09 and short, intense, thunderstorm events were sampled on 6/26/09 and
7/29/09. During all the sampled events the fluXBg from the atmosphere (dpm én
was correlated with precipitation (Fig. 4-10) suggesting {Batis removed from the
atmosphere throughout the rainfall event and not just in the initial rainfall.

Atmospheric flux of'Be during the rainfall events sampled in June-2009 had a
more gradual increase over the event gk flux in the first hour of the 6/23/09 event
and the first 10 minutes of the 6/26/09 rainfall event comprising 5% and 17%
respectively, of the totdBe flux from the atmosphere of the entire event (Figs. 4-10A, 4-
10B). In contrast, the events sampled in July-2009 the irfiBal flux from the
atmosphere in the first hour of the 7/23/09 event and the first 10 miofutes 7/29/09
event comprised 41% and 68% of the tdB flux from the atmosphere, respectively,
although the totalBe flux was much lower than the June-2009 events (Figs. 4-10C, 4-
10D). These results may be due to higher than normal precipitatiame-2009 and in
early July-2009 (19.6 and 16.4 cm, respectively) washing most ofBieut of the
troposphere throughout June and into early July. When the rainfall everdgsthen
sampled in second part of July-2009, liflBe may have been left in the troposphere, the
result of which was the totABe removed during the events sampled was lower than the

previous month.
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In contrast to théBe, the?*®Pb flux from the atmosphere was not significantly
correlated with precipitation during any of the sampled rairdaéints. Plots of the
atmospheric flux of*%b and precipitation during these events show little differemce i
the ?*Pb over time. In addition, the activity 8fPb in rainfall also had no correlation
with precipitation. However, the atmospheric flux’dPb, as well as the activities of
1% in rain-water were significantly correlated with raiiném monthly scales (Figs. 4-

3B, 4-4B).
5.3 Mass Balance dBe

The inventory of'Be in the subtidal sediments of Jamaica Bay for the four
sampling cruises ranged from 2.6 to 4.1 dpnicmith a subtidal bay area of 3.9 x10
cn’ (1.0 — 1.6 x1& dpm). However, théBe in the sediment does not represent the
entirety of ‘Be in the Bay, asBe would also be found in the water column dissolved or
associated with particles. The activity’8e on particles in the water column within the
Bay were measured in August-2008 and found to* 2097 dpm L. Assuming a
subtidal bay area of 3.9 x #@nf and a mean depth of 5 m2.0 x1d* L), an estimated
total activity of '‘Be associated with particles in the water column would be 2.0°% 10

dpm or 0.05 dpm cih

5.3.1 Direct Atmospheric Input

Typically, the dominant source @e into an estuarine system with little riverine
input, such as Jamaica Bay, is directly atmosphere during taéviaits (Olsen et al.,

1986; Dibb, 1989; Dibb and Rice, 1989). In an idealized estuary, whetataral
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transport of water or particles occurs, fBe inventory measured in the sediments will
likely reflect the atmospheric input, with the only factors caysiaviation between the
atmospheric input and the bottom sediments being the time required®d to be
scavenged on to suspended particle surfaces and then theskegéaotisettle to the
bottom. However, in many estuaries, lateral transport of water particles are
important and may result in focusing in localized areas wHeeinventories in the
bottom sediments exceed the inventory supported by the direct infali ébid Rice,
1989).

Atmospheric flux of'Be into Jamaica Bay prior to the sampling cruises was
estimated using the correlation between rainfall 4Bd observed at Stony Brook

University from April-2008 to December-2009:
Ige = 0.0983 x Rainfall (cm) + 0.3543 (4-3)

where cis the’Be inventory (dpm cff, or alternatively, théBe flux in atoms mitt cmi

%) that enters the bay directly from the atmosphere and raisféle precipitation in cm

that fell in the 53 days prior to sampling and decay correctedhel 53 days prior to the
September-2004, May-2005, November-2005 and July-2006 sampling cruises tieere we
34, 19, 39, and 22 cm of precipitation, resulting in an estimated 3.1, 2&an82%4 dpm

cm? of ‘Be entering the bay directly from the atmosphere, respectivblgan ‘Be
inventories in the bottom sediments during the September-2004, May-2005, Novembe
2005, and July-2006 cruises were in balance or slightly in excess3@%) of the
estimated'Be entering the bay directly from the atmosphere, prior to sagfliable 4-

3). Sampling density was sufficient to suggest that the inventorigsurplus” to the
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atmospheric input were not a result of focusing of fine sedimensead, these results

suggest that there is a sourcéBé in addition to direct atmospheric input.
5.3.2 CSO Input

Another possible source of “surplu¥e measured in the subtidal sediments of
Jamaica Bay is from runoff during CSO events. The dominant sotifceshwater into
Jamaica bay is from wastewater treatment pleBdgtidn et al., 2006; O’'Shea and Brosnan,
2000. There are four primary wastewater treatment plants ombakie- Coney Island,
26th Ward, Jamaica, and Rockaway. During dry conditions and lighélianents'Be
may be deposited on the impervious surfaces in the bay watershed.durimenheavy
rainfall events the previously deposité®k, as well as that supplied from the rain event
itself, can be rinsed off of the roads and into the combined sevirgng heavy or
frequent rainfall events, the waste water treatment plantsi®overloaded with water,
particularly from street runoff, causing the plants to be bypassddiumping untreated
wastewater and storm water, includifge, directly in to the bay.

The activity of'Be in precipitation was measured from April-2008 to December-
2009 in Stony Brook, NY and ranged from 80 to 273 dpMm(ihean~ 143 dpm L[
Table 4-1). These values are consistent with those reported for New, Idavéb - 339
dpm L% Turekian et al., 1983) and Norfolk, VA (29 — 191 dpi).L The contribution of

CSO events to th@e inventory of Jamaica Bay can be estimated from:

CSO Contribution = [R x Fcsox (1A)] + Subtidal Bay Area (4-4)
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where R is the mean activity dBe measured in rainfall (meanl43 dpm L}; Table 4-
1), Fesolis the estimated average annual CSO flow into Jamaica Bay X3PJLL yr;
Table 3-1; The Jamaica Plan: Final Environmental Impact Séesier2007), the subtidal
bay area is 3.9 x tbcn? and 1k (0.21 yr) is the mean life dBe. This calculation
yields a possible contribution of 2.5 dpm &ro the inventory of Be in the subtidal
sediments. This estimation of the contributioriBé from CSO events in Jamaica Bay is
a high end estimate, as it assumes that 100% of the wateingritee Bay was from

street-water runoff and not waste-water.

5.3.3 Import from the Ocean

Once possible source of addition4Be it to Jamaica Bay is import of
atmospherically derive@Be from the ocean either dissolved or associated with particles.
The "Be activity on filterable particles at the inlet wa8.091 dpm [* and an activity of
~ 0.090 dpm [} was measured just within the Bay (Table 4-2). The imporBef

associated with particles through the inlet can be estimated using th@eguati
Input of ParticulatéBe = [Be x Vi, % tx (1/\)] = subtidal bay area (4-5)

where Be is the activity of Be measured on particles at the inlet station (0.09 dpm L
Vin is the tidal prism of Jamaica Bay (6.06 x*L0 Beck et al., 2007),q4tis the tidal
cycles per day (1.91), (d)/is the mean half-life ofBe (77 d) and the area of the subtidal
bay is 39 km (3.9 x 16* cnf). This calculation yields an import @e associated with
particles of 2.1 dpm cf(7.8 x 16" dpm) which accounts for 49 — 78% of the tdié
inventory in the subtidal sediments.

131



5.3.4 Loss from the Bay

Prior to the 28 century, when the entrance of Jamaica Bay, Rockaway Irdst, w
shorter, the Bay was characterized as ebb dominated. Duri2g/tteentury hardening
of the Bay’s periphery, stabilization of the inlet and deepenirtgeoBay have modified
the hydrodynamics of the Bay, making it flood dominated (Swanson alsdn/y2008).
The mass balances &f*Th and ?*Pb indicate that import of these radionuclides
associated with particles is a significant input term inaleanBay (see Chapters 2 and
3). However, there does also appear to be loss of these radionfrdidethe bay as a
result of stratification and estuarine circulation (see Cha@end 3; R.E. Wilson Pers.
Comm.). If we assume tHBe activity in the water column characterizes that water los

from the bay the loss 6Be can be estimated from:
Be Export = [Bex (Vou X ty Fuw)* 1/A ] +Subtidal Bay Area (4-8)

where Be is the’Be activity in the surface waters near the inlet (0.1 dpin Yo is the
tidal prism of Jamaica Bay (6.06 xf; Beck et al., 2007)4is the tidal cycles per day
(1.91 dY), R is the wastewater discharge (7.5 ® L@l™), (1A) is the mean half-life of
'Be (77 d) and subtidal bay area is 3.9 *10. This calculation yields an export of
particulate’Be of 2.3 dpm cm.

The mass balance terms féBe are compiled in Table 4-5. The expected
inventory in the subtidal sediments ranges from 4.3 to 5.9 dpfnwhich is > 100% of
the ‘Be inventory measured in the subtidal sediments. The overestim&tiBe in the
subtidal sediments may reflect incomplete scavenging and depositi’Be-derived

from CSO events. The direct atmospheric fluX®é to Jamaica Bay can account for
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77 — 92% of théBe inventory measured in the subtidal sediments (Table 48&)mass
balances made for the James River Estuary by Olsen et al. (1986) and Chesapdnke B
Dibb and Rice (1989) indicated that the direct atmospheric fli'Befaccounted for >
90% of the’Be inventory in the subtidal sediments. In Jamaica Bay, wiilespheric
flux can account for most of the measufBe in to the Bay, periodic CSO events may

also make a sizeable contribution.
5.4 Accumulation Patterns and Inventories

Sediment accumulation patterns in Jamaica Bay are heterogemstbusong-
term sediment accumulation rates, as determin&¥p geochronology, ranging from
0.1 to 1.1 cm yt (see Chapter 3). The highest accumulation rates were meérstined
deeper northwestern channel and in northeastern part of the Bay, kadBnassy Bay
(see Chapter 3)'Be inventory was consistently high in the northwestern part dBéye
but were generally low in Grassy Bay (Fig 4-7). In November-20@bJuly-2006 mean
"Be inventories were significantly higher in the western patti@bay than in the eastern
(Fig. 4-11). In contrast, in November-2005 there was no difference imé¢ae®*Thys
inventory between the western and eastern parts of the Bay. [#2008ythe mean
23Th,s inventory was significantly higher in the eastern part of tlg Ban in the
western part of the bay, whereas in July-2808h,s inventory was significantly higher
in the eastern bay than the western (see Chapter 2 for details).

The difference in the patterns of higfTh and ‘Be inventories in subtidal
sediments may reflect the different sources of these radionsi¢bddamaica Bay. The

dominant source 6f*Th into the Bay is imported associated with particles via Rockaway
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Inlet. The difference in the spatial distribution BfTh,s inventories in the subtidal
sediments suggests that deposition is focused in the western baygluescent periods
and in the eastern bay following periods of storm activity (Gespter 2 for details). In
contrast, high'Be inventories in the subtidal sediments in the western part dake
(where CSO outfalls are concentrated; Fig. 1-1) were measugty the November-
2005 sampling cruise, which followed a storm event in mid-Octobepthdticed 27 cm
of precipitation over a 3-day period. High inventories in the wediayn particularly
near the CSO outfalls in the northwestern Bay indicates that €&0ts may be an
episodic source ofBe to the subtidal sediments in Jamaica Bay andBkeassociated
with particles from these events are predominantly deposited irdekp, dredged
channel in the northwestern Bay. During periods with lower precgntatvhere CSO
events are less likelyBe inventories appear to be more evenly distributed throughout the

Bay which likely reflects the direct atmospheric inpuf®é.

6. Conclusions

A significant correlation was found between precipitation andath@spheric
flux of ‘Be and?*Pb at Stony Brook, NY. The annual flux @e and**Pb were also
similar to previous studies in the region. Comparisons to previous stuigest that
differences in the atmospheric flux @e are most dependent on difference in latitude.
In addition, individual rainfall events measured showed Batwas removed from the
atmosphere throughout the rainfall, but the total atmospheric fliBefmay be quite
dependent on the standing stock in the atmospH&e.inventories in surficial, subtidal

sediments varied spatially and temporally over the course ostilnily. Highest mean
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inventories were measured following periods of higher rainfalpté®eber-2004 and
November-2005). However, during all sampling cruises, niBaninventories were in
excess to the estimated direct atmospheric input into the bayssinggthere was an
additional source ofBe into Jamaica Bay. An attempt at a mass balanBeofvithin
the Bay suggests that while the atmospheric fludBef would account for much of the
"Be reflected in the subtidal sediments, combined sewer overflemtsinduced by high
rainfall have the potential to contribute significantly to #8e budget of the Bay. During
periods of lower rainfall (May-2005Be inventories were evenly distributed throughout
the Bay, but following a period of high rainfall (November-2005), m@eminventories

in the western Bay, near the highest concentration of CSO eutfals significantly

higher.
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Table 4-1 Fluxes of precipitation, >*°Pb and ‘Be at the Marine
Science Research Center in Stony Brook, NY (4054 "17"N,

7307 '06"W).
Rainfall #°ph Flux 1% "Be Flux Be

Month (cm) (dpmecm?  (dpmL™)  (dpmcm?)  (dpmL™)
April-08 10.0 0.07 £0.003 1.1+£0.3 2.0+0.04 199+4.0
May-08 12.9 0.07 £0.002 56+0.2 2.0+£0.02 156 £1.7
June-08 7.1 0.07 £0.002 9.8+0.4 1.6 £0.02 219+2.4
July-08 10.1 0.09 +0.003 9.2+0.3 2.1+£0.02 207 £1.8
August-08 7.2 0.10 £0.003 13.2+0.2 0.5+0.01 273 +1.6
September-08 19.0 0.11 +0.005 58+0.3 2.1+£0.03 110+£1.9
October-08 7.6 0.04 £0.002 52+0.3 0.8 £0.02 102 £ 24
November-08 8.1 0.08 £0.002 9.9+0.3 0.7£0.01 152 +2.8
December-08 17.0 0.07 £0.002 4.2+0.1 1.7 +£0.02 98+1.1
January-09 8.1 0.06 +0.003 7.4+£0.3 0.7 £0.02 80+1.2
February-09 4.6 0.04 £0.003 88+0.7 0.4+£0.01 88+2.2
March-09 6.2 0.07+£0.004 11.3+0.7 0.8+£0.01 122 £3.2
April-09 12.3 0.10 £0.003 8.0x0.2 2.0+£0.02 164 +£1.3
May-09 14.9 0.06 £0.001 4.0+0.2 1.3+0.03 87+23
June-09 19.7 0.10 £0.005 5.1+0.3 2.3+0.05 118 +2.5
July-09 16.6 0.08 £ 0.004 8.2+0.4 1.7 +£0.02 134 +£2.2
August-09 9.0 0.07 £0.03 7.8+0.3 1.3+£0.03 148 £ 3.3
September-09 8.0 0.06 £0.003 751204 1.0£0.03 129+ 3.8
October-09 15.0 0.09 £ 0.005 57+0.3 1.9+£0.03 127+£2.0

November-09 3.6 0.05+0.001 15.0+£0.3 0.7+0.01 180.6 + 8.3

December-09 15.9 0.10 £ 0.005 6.0+0.3 1.8 +£0.03 110.1+1.9
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Table 4-2. "Be activities on filterable (> 1 um) particles in the water column

Sample Description Depth Salinity TSS Particulate Particulate

ID (m) (mg L™ Be Be
(dpm L™ (dpm g™
JB-WS-1 Inlet Station 3.0 28.5 15.5 0.09+0.01 58+0.6
JB-WS-1* Inlet Station 1.0 28.3 11.1 0.1+0.1 9.0+x24
JB-WS-2-Shallow Bay Interior 1.0 28.3 13.1 0.1+0.01 7.6+0.9
JB-WS-2-Deep Bay Interior 5.0 28.5 16.5 0.09+0.01 55+0.7
JB-WS-3 Grassy Bay 5.0 26.6 15.0 0.09 £0.02 6.7x1.1
JB-WS-4 Near eastern 2.0 27.5 15.2 0.1 £0.02 6.6x14

marshes

* Additional sample (28 L) was taken at inlet in June-2009



Table 4-3. "Be inventories in subtidal sediments and atmospheric inputs for September-2004, May-2005, November-

2005, and July-2006 sampling cruises.

Mean

Sediment Be

Be Direct ‘Be flux from "Be Inventory Direct 'Be flux from Inventory

Inventory atmosphere* /Atmospheric atmosphere*** /Atmospheric

(dpm cm ?) (dpm cm ?) Input* (dpm cm ?) Input*+*
September -04 3.8+0.6 3.1 1.2 3.3 1.2
May-05 26+05 2.0 1.3 2.0 1.3
November -05 41+0.7 3.6 1.1 3.8 11
July -06 2.6 £0.3 2.4 1.1 2.6 1.0

*Estimated using data collected at Stony Brook University
**Relative to direct atmospheric input of 'Be.
***Estimated using data from Zhu and Olsen, 2009.




Table 4-4. Inventory of ‘Be in the upper 2 mm and upper 5 cm taken in August-2008

Specific Specific Be Be % of
Activity of Activity of Inventory Inventory Inventory
Latitude Longitude  ‘Be (dpmg™) Be(dpmg™) (dpmcm@?  (dpmcm ?) inupper 2
Sample ID (N) (W) in0—2mm in0-5cm in0-2mm in0-5cm mm
JB8-08-1 40.6120 73.8108 40+04 1.3+0.2 42+04 4.3+05 98
JB8-08-4 40.6021 73.7950 9.1+0.8 1.1+0.1 3.7+0.3 3.3+04 ~100
JB8-08-8 40.6152 73.7778 19+0.2 1.1+0.3 1.0+0.1 1.6 £0.5 63
JB8-08-20 40.6313 73.8348 0.8+0.1 06+0.1 1.8+0.2 24+0.3 75
JB8-08-23 40.6293 73.8742 28+x04 0.7+0.1 3.0+04 3.3+0.3 91




Table 4-5. Mass Balance of 'Be in Jamaica Bay

Total 'Be "Be (dpm cm™)
(x10*° dpm)

Input
Atmospheric deposition 78 — 140 20-3.6
Import
Particulate Phase 78 2.1
Input from CSO events 98 2.5
Total 254 - 316 6.6 -8.2
Export of 'Be
Particulate Phase 90 2.3
Predicted ’Be Inventory in 164 - 226 4.3-5.9

Subtidal Sediments

Measured 'Be Inventory in 101 - 160 26-4.1
Subtidal Sediments
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Figure 4-1 Monthly precipitation at Stony Brook, NY from

April-2008 to December-2009
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Figure 4-2. Monthly atmospheric flux of A) ‘Be and B) ?*°Pb at

Stony Brook, NY from April-2008 to December-2009
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Figure 4-7. 'Be Inventories of surficial bottom sediments during
cruises in A) Sept-2004, B) May-2005, C) Nov-2005, D) July-
2006. Estimated ‘Be inputs from the atmosphere for
September-2004, May-2005, November-2005, and July-2006
cruises were 3.6, 2.3, 4.2, and 2.9 dpm cm™, respectively.
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Figure 4-8. Relationship between atmospheric ‘Be
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at A) Boston, MA (42°N; Zhu and Olsen, 2009), B)
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Figure 4-9. Sunspot activity over the last 34 years. Letters denote the

mid-point of monthly rainfall collection at A) New Haven, CT by
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CHAPTER 5

Short-Lived Radionuclides and Sediment Deposition in the Salt Mar sh I lands of
Jamaica Bay, NY

1. Abstract

The ability of a salt marsh to keep pace with sea-level asilyedependent of
sediment accretion on the marsh surface. The marshes otddbagi, a coastal lagoon
in New York, have undergone a rapid decrease in area oversthigblgears. Sediment
deposition and retention on the marsh surface was evaluated usinglivelbort-
radionuclides®®*Ths (half-life = 24.1 days) andBe (half-life = 53.3 days). Samples
collected on marsh islands during September-2004, May-2005, May-2007, R0Qdst-
and October-2007 had significant exc&$$h inventories, with highest values measured
in the salt marshes in the western half of the bay. Tiesséts indicate that sediment is
transported from the subtidal bay is, at least temporarily, dedasnd stored on these
marsh islands. Mass accumulation rates estimated fronf*ffib,s on the marsh
sediments ranged from 0 to 2.5 gtg’. These values are higher than those determined
using®%b chronologies (0.05 - 0.1 g émy'Y) from a previous study, suggesting that the
high deposition rates are not sustained over tifBe. inventories measured on the marsh
islands were, in general, highest at JoCo marsh (generallydeoedithe healthiest marsh
in Jamaica Bay). At this sitéBe inventories were higher than the expected from direct
atmospheric input ofBe, suggesting there was input and retention of subtidal sediments
to the marsh. In contrast, the salt marshes (in Septemberigd(64é)western part of the
bay were depleted ifBe relative to the direct atmospheric input which may refleet t
prevalence of non-vegetated areas in the western marshessetignent (andBe) was

not retained due to erosion.
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2. Introduction

Salt marshes are among some of the most productive ecosystehes world,
serving as important habitats for fish and birds, as well ass anggh primary
productivity. The coastal marshes of the Northeastern United States vweeel f@as post-
glacial sea-level rise slowed 4000 to 7000 years ago (Teal eakl 1969; Redfield,
1972). These marshes are typically built on marine sediments andbarnated by
Spartina alterniflora (Mitsch and Gosselink, 2000). Long-term marsh stability is
dependent on marsh accretion, which causes the marsh to increasel @usvaipward
and submergence of the marsh due to relative sea-level riseaasld surface subsidence
(Mitsch and Gosselink, 2000; Friedrichs and Perry, 2001).

These processes are, to an extent, self-regulating in a salt marstretibacates
are high, submergence of the marsh during a normal tidal dgedeeases, decreasing
sediment deposition on the marsh surface, and thus reducing one madarsbf
accretion (Mitsch and Gosselink, 2000; Friedrichs and Perry, 2001). Ilhoaddess
frequent flooding of the marsh surface oxidizes more peat, allokongfaster
degradation of the organic material (Mitsch and Gosselink, 2000).ontrast, if the
marsh accretion rate slows, the marsh surface is inundated nequeritly and for longer
periods of time, increasing the sediment deposition on the surfasesllass increased
storage of peat due to anoxic conditions (Mitsch and Gosselink, 200dri¢hse and
Perry, 2001). Regional conditions, such as sediment type and conoentnétie water
column and amplitude and frequency of tides can unbalance this feedbaekrbenarsh

accretion and submergence.
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The marsh islands of Jamaica Bay have decreased significanslize and total
acreage between 1951 and 2003 (An update on the disappearing salsroatkmaica
Bay, NY, 2007). The geomorphological changes in the marsh islartde By include
erosion of the marsh island perimeter, widening of tidal creekeapansion of internal
tidal pools (Hartig et al., 2002). The decreases in marsh ardaeahll are also marked
by pronounced die-offs of marsh vegetation (Hartig et al., 200keKoR005). It has
been suggested that this is a result of increases in organicugmeht loading to the
marsh causing enhanced rates of sulfate reduction within tm¢ pat zone, and
inducing sulfide toxicity in the marsh plants and their subsequent (lealtker, 2005).
However, sediment deposition, or rather the lack thereof, may alsgpbetant as either
a driver of the process of degradation or as a factor that malyseracerbate the
problem once it begins. If surficial sediment deposition combingil elow-ground
biomass production is not sufficient to maintain a steady maeshtmn relative to sea
level rise, the marsh will be inundated for longer periods of tiiiteés may increase the
delivery of nutrients and of organic material to the marsh surdac lead to the rapid
vegetation loss, as has been observed (Mitsch and Gosselink, 2000; rsiedddPerry,
2001).

Previous studies have used particle reactive radionuclides in a wnge
environments in order to understand mixing in the water column, sedina@sport,
deposition and resuspension. Naturally occurring radionuclides, suéfirasand’Be
have been useful in studies within coastal areas due to theipduititie reactivity, well-
established decay rates and well constrained sources (e.getr@&ingl999). The short-

lived radionuclides?*Th (half-life = 24.1 days) andBe (half-life = 53.3 days) are
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particularly useful in studying processes that operate owsosal time scales. In
addition, the sources of these radionuclides diffé#’Th has an oceanic source (via
production from its dissolved parent:™U), while ‘Be has an atmospheric source
(Baskaran and Swarenski, 2006; Feng et al., 1999; Vogler et al., 1996)

The particle affinities of botf**Th and ‘Be make these radionuclides useful
tracers for sediment transport and deposition. Our goal in tnily stas to use these
tracers to understand better the retention of sediment on the marsh islaatdsichBay

and the exchange of sediment between the subtidal salt marsh environments.
3. Methods
3.1 Study Site

Jamaica Bay is a back-barrier coastal lagoon locatedeosouthwestern coast of
Long Island surrounded by the New York City boroughs of Brooklyn ande@s.
Jamaica Bay provides an important habitat for a variety of featkr reptiles,
amphibians, and small mammals (Hartig et al., 2002). In 1972, damBay became a
Gateway National Recreation Area. However, despite this giimtean analysis of
wetland acreage between 1959 and 1999 indicated that 38-75% oftthedwarea has
been lost during this time (Hartig et al., 2002). Jamaica Bay and itsemanshimpacted
by point and non-point sources of pollution, including wastewater treatplants,
combined sewer outfalls, numerous large roadways, landfills, ardetiszly populated
communities of Brooklyn and Queens. During high rainfall events ewaser treatment
plants can become overloaded and bypassed, allowing for stormandtarastewater to

enter the bay simultaneously. These combined sewer overflow J@8&¢s may be an
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important input of freshwater and nutrients into the bay (Bottoh,e2Q06; O’Shea and
Brosnan, 2000). Previous studies in this region have suggested théitatiodi to the
bay’s hydrodynamics and nutrient input may be important contribuéiogprs to the

decreased health and area of the marsh islands.

3.2 Field Methods

Sediment samples were collected on selected marsh islandstem®er-2004, May-
2005, May-2007, August-2007 and October-2007 (Fig. 5-1). Samples vkere by
inserting a ~5 cm core tube into the marsh peat. In the labgrabta sample was
extruded, homogenized and counted by gamma spectrometry. In Sep28ddbel4
surficial sediment samples were taken on Duck Point, Ruffle Bile Egg, JoCo, and
East High marshes (Fig.5-1). In May-2005, 29 marsh samples akene on the marsh
islands of West Elders Point, Yellow Bar, Little Egg, Big E&n¢o, and East High (Fig.
5-1). In part, the sampling sites were selected to follow uprevious sampling at three
of the sites (Big Egg, East High and JoCo) by Kolker (2005). pBagin the marshes
was determined by accessibility and state of the tide. Thuasitnot possible to sample
the same sites in both Septermber-2004 and May-2005. However, JoEasirdigh
marshes were sampled during both these sampling periods. Marplesamere also
taken in May-2007, August-2007 and October-2007; 28 marsh samples weremaken
these marsh islands: Elders Point West, Elders Point Easb@ud(Big. 5-1). For the
2007 samplings the same stations were re-occupied along trainseath marsh. The
sampling in Elders Point West spanned the restoration effortssinmidnish, undertaken

by the Army Corps of Engineers and the National Park Service.
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Subtidal sediments were collected throughout the bay during Septg6kand
May-2005 using an Ekman bottom grab (see Chapter 2); 60-70 samplesollected.
Each grab sample was examined to insure the sediment surfaqeesarved and then
the top 5 cm of the grab sample were sub-sampled and returneddb theradiometric

analysis. Further details of the subtidal sampling are presented in Chapter
3.3 Laboratory Methods

The surficial marsh samples and subtidal sediment samplesretereed to the
lab, homogenized, and weighed. Samples were analyzed*for (63.3 keV) andBe
(477 keV) by counting the wet samples on a Canberra 3800 garmanium gamma
detector for ~ 24 hours. The counting efficiency of each detecdetarmined fofBe
by counting well-analyzed sediment standards (IAEA-300 and IAEA-ail using a
linear regression of calculated efficiencies from radioisopgh gamma emissions
between 200 keV and 662 keV in the standard. Irfiielcounts were then corrected for
detector efficiency and decay between collection and counting. @anaasurements of
Z3%Th require a correction for self-absorption. For this purpose, liqaiddatds of
varying densities were spiked with®b and ?®U (***Th in equilibrium) and counted
several times on each detector. Densities were “calibratadthe transmission of a
gamma source corrected through both standards and samples. Sesdimplas were
recounted after 4 months to determine’{€h supported by the decayGfU within the
samples; this value was used in calculation of ext&s& (3*Th,s = measured total

234Th — supported®*Th) activities.
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4. Reaults

4.1 Radionuclide Activities and Inventories in Salt Marshes
Inventories of**Th,s and’Be on the marsh islands were calculated from:
R=ArXpix5cm (5-1)

where k is the?**Th,sor ‘Be inventory (dpm cif), Ag is the®**Th,s activity (dpm @) or
"Be activity (dpm &), pi is the dry bulk density of the sample (g &mand 5 cm is the
depth of each sample.

Mean ***Th,s and ‘Be inventories on marsh islands sampled in September-2004
and May-2005 are summarized in Table 5-1. In September-2004 the F¥t€hg
inventories on the marsh sampled ranged from 3.7 + 2.2 to 6.9 + 4.8 dprfTabie 5-

2). In May-2005 the me&ti*Th,s inventories on the marsh islands sampled ranged from
0+ 0 to 9.8 + 4.3 dpm cf(Table 5-3). Mea**Th,s inventories in May, August and
October-2007 ranged from 0.4 £+ 0.3t0 1.0 +0.5,0.5+0.3t0 1.1 £+ 0.6 and 0.6 £ 0.3 to
1.5 + 0.7 dpm c, respectively (Fig. 5-4). The same marshes were not samiypiia)

the September-2004 and May-2005 samplings; however, there still agpebes a
general trend such that marshes in the western bay had Hi§figg inventories than the
eastern marshes (Table 5-1).

In September-2004 the me&Be inventories on the sampled marsh islands ranged
from 1.1 #0.3 to 3.2 + 1.0 dpm cHTable 5-2), while in May-2005 the medBe

inventories ranged from 0.7 +0.4 to 2.3 + 1.5 dpnifcrBuring the September-2004 and

164



May-2005 marsh samplings, in contrast to the trend&*ifh,s inventories, the'Be
inventories were generally higher in the eastern bay than the wekabita b-1).

In September-2004, Duck Point marsh had the highest AéEtm inventory,
while JoCo marsh had the lowest mean inventory (Table 5-2, Fig. 5t®).mearBe
inventory in the surficial marsh sediments had the reverse ofrémd, with the highest
activity in JoCo and the lowest at Little Egg marsh (Table. 583mple location sites for
May-2005 are shown in Fig. 5-3**Th,s inventories were highest at Yellow Bar marsh
and lowest at East High marsh in the east and Elders Pointvdest in the west, where
no **Th,s was measured (Table 5-3)Be inventories were highest in the eastern bay at
JoCo marsh and lowest in the west on Yellow Bar marsh. In 208y, Elders Point
West had the highe&t*Th,s inventory and the nearby Elders Point East had the lowest
(Table 5-4). MearBe inventories were highest inventories on JoCo marsh and the
lowest on Elders Point West (Table 5-4). In August-2007, Eldenst Faist had the
highest#**Th,s inventory and JoCo marsh had the lowest inventory. In contrast, in
October-2007 the highest meZfiTh, inventory was measured on Elders Point East, but
the lowest was measured on Elders Point West (Table B4)inventory was highest on
Elders Point East and lowest on Elders Point West in August-2007e(bady). In
October-2007, mearBe inventory was similar between the sampled marsh islands

(Table 5-4).
5. Discussion

The ability of salt marshes to keep pace with rapidlygisea level is partially

dependent on the rate of sediment supply to the marsh (Redfield, 1968)rat€ of
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sediment deposition on marshes is affected by sediment avajilabiéjuency with
which the marsh surface is inundated by water, length of the inundatidmroximity to
the source of material (Friedrichs and Perry, 2001). Kolker (26@&sured%Pb
profiles in East High, Big Egg and JoCo marshes and found recent (~12091)
accretion rates of 0.25, 0.41 and 0.35 cf gespectively. Marsh surface elevation
changes, tracked using sediment elevation tables (SETs) on JoBtaekdank marsh
islands are 0.4 and 0.5 cm’yrespectively (2003 — 2009; Cahoon and Lynch,
unpublished data). These accumulation rates and changes in maediorlsuggest
that, over the long-term, these three marsh sites are keemiagwith rising sea level
(~0.3 cm VY. The dry bulk densities of these marsh sediments are all ~ 6r2>g
yielding mass accretion rates of ~0.05 — 0.1 g?cyt. The use of short-lived
radionuclides ®*Th and ‘Be may provide a means to evaluate the exchange of
environment between salt marshes and the surrounding subtidal sedimesgasonal

scales and at higher resolution that has been possible in previous studies.
5.1%%Ths as a Tracer of Sediment Supply to Marsh Islands

The presence df*Thys in marsh sediments provides a tracer for the supply of
subtidal sediment to the marsh surface. This is beé&li$eis produced in the water of
the bay by the decay of it parent isotép®J, and the inventory o?*Th expected in the
sediments is thus a function of salinity and water depth. Althougle goaduction of
234Th may occur in water overlying a flooded marsh surface, thggHeof time the marsh
is flooded, and more importantly the depth of the water, would be mini8alinity in

Jamaica Bay has been reported to range from 23 to 28.5 affd.tlreeasured in the bay
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was~ 2.0 dpm L* (see Chapter 2, Table 2-47*Th production in the water overlying the

marshes can be calculated from:
Subtidal®*Th,s Production = Aggx H (5-2)

where Agssgis the dissolved®®U activity (0.002 dpm cif) and H is the depth of the water
overlying the salt marshes during inundation in cm. The tidal range of JaBwjds 1.4
m and even if we assume a 24-hour inundation of the marshes by 50veateqf the
production in the overlying water is ory0.1 dpm crif.

23%Th,s inventories in the marshes often were substantial, greatiyeding the
234Th produced during high water (Figs. 5-2 to 5-6). However, there isdmiboral and
spatial variation if>*Th,s inventories within a marsh site (Figs. 5-2 to 5-6). Stations on
the marsh edge often displayed highFh,s inventories (e.g. East High and Duck Point
in September-2004, Fig. 5-2; JoCo in May-2007, August-2007 and October-20Q7, Figs
5-4, 5-5, 5-6), while the interior of a marsh often displays low invesgde.g. Little Egg
and Duck Point in September-2004, Fig. 5-2; JoCo, Big Egg and EastrHiggny+2005,
Fig. 5-3; JoCo marsh in May-2007, August-2007 and October-2007, Fig. 5-4-®).5, 5
In addition, the meaf®Th,s inventory (as well as th8e inventory; see below) of all
sampling periods at sites that were unvegetated (dead zone amgpanehs, typically in
the marsh interior) was significantly lower (p < 0.01) than thairacterized by dense
vegetation (Fig. 5-7A). Meaft*Th,s inventory at the marsh edge and at vegetated sites
in the marsh interior were significantly higher than the mewentory at the non-

vegetated sites (Fig. 5-7).
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This spatial pattern of**Th,s inventories is consistent with patterns of
sedimentation observed in marshes by several researchers (ehchFand Spencer,
1993; Louisiana, Wang et al., 1993; Florida, Leonard et al., 1995; North Carolina,
Leonard, 1997; Virginia, Christiansen et al., 2000). Typically, Bgdimentation rates
are observed at the marsh edge and decrease into the intdrisrpaftern is a result of
proximity to the sediment source (the bay) and the interaction éetmarsh grasses and
the flooding water. The marsh grasses slow the flooding watecityebnd allows for
suspended material in the water column to settle out of the wmtiethe marsh surface.
The distance from the sediment source increases as the veates over the marsh and
the decrease in suspended sediment concentration results in deédeasstion within
the marsh interior (French and Spencer, 1993; Wang et al., 1993; Letredrd1995;
Leonard, 1997, Christiansen et al., 2000; Friedrichs and Perry, 2001)ptiBrsdo this
pattern include the supply of sediment via channels or ditches withiméarsh. They
can serve as conduits for bringing sediment to the interior oimdwesh. The link
between previously observed patterns of sedimentation on marshes afitfTthe
inventories measured in this study suggests a similar deliveslyanism and th&t*Thys
has the potential to be used as a proxy for short-term sediment transport intosthhe mar

In addition to spatial trends fi*Ths on the marsh island of Jamaica Bay, there
are also temporal differences, with great&fTh, inventories observed, on average,
during the September-2004 sampling (Table 5-1). These samplingtisdbmarshes in
the western bay have higher mean inventories than marshes intéra éay (Table 5-
1). Indeed?**Thysinventories in 2004 and 2005 subtidal sediments show similar general

trends, with higher inventories in the western part of the baytheanarsh islands and
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in the deep channel in the northern part of the bay (see Chaptey. 2-#). These
subtidal?**Thys inventories also are in surplus to the in situ productiof®@h in the
water column { 1.0 dpm crif), and in Chapter 2, it was argued that these surplus
inventories are produced by the import?8fTh,s associated with sediment brought into
the bay through Rockaway Inlet. Thus, while some of the material may have bsute r
of direct deposition of material transported into the bay from tlearowia Rockaway
Inlet, much of the elevatetf*Thys observed on the western marsh islands is likely the
result of transport of resuspended subtidal sediment onto the marsh surf&c8)Fig

The #**Th,s and ‘Be activities in the subtidal sediments near the sampledhma
islands are summarized in Tables 5-5 and 5-6. These actietiest a bulk sample of
the upper 5 cm of subtidal sediments. In August-2008, subtidal samplegaken to
compare thé**Th,s and’Be activity in the surficial 0 - 2 mm of the sediments to that
the 0 — 5 cm and found that the activity in the upper 2 mm wasle® and 25 — 88% of
the total activity (O — 5 cm), respectively (see Chapter 2;eTal). This highly activity
surficial layer of sediment is likely to be easily resusje®l and transported throughout
the subtidal bay (see Chapter 2), but it is also likely to claraetthe subtidal sediment
that is mobilized and deposited on the marsh surface. Additional sutdinples were
taken in August-2008 in sand dominated sediments to compare thecspetifity of
23%Th,s and '‘Be on the sand fraction to the mud fraction (see Chapter 2; Table 2-1)
Activity of ?**Thys on the sand fraction was low, ranging from 0.2 to 0.9 dprargl the
mud fraction was higher, ranging from 6.7 to 22.5 dpm Ghis is unsurprising, as both

234Th and’Be have an affinity for fine particles.
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The higher specific activities in the upper 2 mm sediments anitheinfine
sediments suggests that the activity?®Th,s (and ‘Be) measured in the 0 — 5 cm of
subtidal sediments underestimates the activity of the matieaialvould be resuspended,
transported and deposited on the marsh. To compensate for the “dihiftitne’ specific
activity in the subtidal samples with sand-sized particlel sample can be concentrated
in the upper 5 mm and normalized to the mud fraction. The mud fracisnmmeasured
for each subtidal sample taken (see Chapter 3). **ffils activity was concentrated in

the upper 5 mm and then normalized to the mud fraction from:
ArMF = (IR+ 0.5 cm) + p x Mp) (5-3)

where | is the total activity of the bulk sample (0 — 5 cm)is the bulk density of the
sample and Mis the fraction of mud for each sample. The mud fraction norndalize
specific >**Th,s and ‘Be activity of the subtidal sediments, near the marshes sammpled i
September-2004 and May-2005 are shown in Table 5-5.

In general, sediments with low mud content dominated the subtidal bayhee
marsh islands in the western bay and high mud content sediment$owedenear the
eastern marshes. Thus, the normalization of spetifith,s activity to mud content
resulted in greater specific activity 8Thes (in dpm ¢') in the western bay, while the
normalization resulted in little change in the eastern bay. bitegly, the meaf**Thys
inventories are greater in the western marshes in both Sept26dzkand May-2005,
consistent with the highéf*Th inventories in the fine-grained fraction of the subtidal

sediments in the western bay. If we assume that the sulgdiatents near the marsh
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islands is the source 61'Th,s to these marshes, then the short-term mass accretion rates

of mud (Ry) in marsh sites can be estimated using the equation:
Rrh = (/A7) X A (5-4)

where , is the ?*Thys inventory measured on the marsh islands"A is the mud
fraction normalized activity of**Th, in the upper 5 mm of subtidal sediments near the
marsh islands (Table 5-5)afgh is the decay constant 6%Th (10.5 y"). The resulting
deposition rate at each sample site is then given ingycin Mass accretion rates on the
marsh islands range from ~ 0 to 2.5 g<yit (mean~ 0.6 + 0.2 g crif y*; Figs 5-14, 5-
15). These mass accretion rates, extrapolated to a ydaghee than previous estimates
of ~0.05 — 0.1 g cih y*! made by Kolker (2005) froM’Pb profiles in cores. This
suggests that accretion estimates based*8in inventories are not representative of
long-term conditions or do not apply to large areas of the marsacsurfindeed, the
marsh samples, particularly those sampled in September-2004 and Maywa8@5,
biased toward the marsh edge where sedimentation is likely highereas the
deposition rates derived frof"Pb cores and SETSs reflect deposition in the interior, high

marsh.

5.2 Times-Series Sampling®tTh — JoCo and Elders Point

In 2006-2007 a major restoration project took place on Elders Point Ehst.
project placed 2.5 x 20m® of dredged material on the marsh, creating.1 knf of
marsh. In addition, native vegetation was planted throughout the restaesh (P.

Rafferty, National Park Service pers. comm.). Prior to thtoration project, what little
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marsh vegetation that remained on Elders Point East was confinegmmocks of

vegetation surrounded by mussels. Elders Point West at theofimampling was

characterized as a tidal flat with sparse vegetation, much afhwkas elevated and
surrounded by mussels. The marsh sampling in this study took pl28®7 after this
restoration project was complete. The marsh islands sampled ini2€l0de the

restored Elders Point East and the nearby unrestored Elders Point Westl{Fig. 5-

In May-2007, early in the marsh vegetation growing season, rMigah,s
inventory on the restored marsh (Elders Point East) was low (@.2 dpm crif), but in
August and October, later in the growing season ni&di,s inventories were higher
(1.1 + 0.6 and 1.5 + 0.7 dpm &nrespectively; Table 5-4). As was discussed in section
5.12%Th,s production in the overlying water column when the marsh surface is flooded is
negligible and significan®*Thys inventories on the marsh are likely the result of
resuspension and transport of material from the surrounding subtidab hhg marsh
island. Thus, the increase #'Th,s inventory as the growing season progresses may
indicate enhanced trapping of sediment (and assocfaf@tis) as the vegetation
increased in density. However, it should also be noted that during thes@@plings
fencing was in place on Elders Point East as part of theraohish and monitoring
project and that may also have enhanced sediment trapping. €kalfe indicate that
despite the increase in elevation due to the dredge fill placesesitnent was still
delivered to the marsh surface.

On the nearby unrestored marsh Elders Point West, &8s inventories
varied little between May, August and October (Table 5-4). Kdnpost-restoration

Elders Point East, Elders Point West has little vegetatioraireng and, instead, is in
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general, a tidal flat with patches of vegetation elevatelsarrounded by mussel beds.
Thus, the meaff*Th,s inventory on Elders Point West is not as heavily influenced by the
marsh vegetation growing season than might be expected on thedestders Point
East. Future plans for restoration of Elders Point West areae phat will likely alter
this pattern.

JoCo marsh in the eastern bay is generally considered théiégtalharsh in
Jamaica Bay and was used as the control marsh in the Eldergd¥bamation project.
Mean ?**Th,s inventories on JoCo were generally lower than on Elders Point &Mest
East which reflects th€*Th,s inventories measured in the subtidal sediments near these
marsh islands in September-2004, May-2005, November-2005 and July-2006 (see
Chapter 2, Fig. 2-2)2**Th,s inventories of sites sampled in May, August and October-
2007 on JoCo were consistently high at the edge (sites 9 and 10) arallgéme in the
marsh interior (Fig. 5-6). However*Th,s was also present at a few sites in the marsh
interior, suggesting that tidal creeks may also serve as corfolugediment and**Thys
to this marsh island.

JoCo marsh was also sampled in September-2004 and May-2685h,
inventories were higher in September-2004 and May-2005 (3.7 + 2.2 and 3.2 £ 2.9 dpm
cm?, respectively) than those measured in May-2007, August-2007 and October-2007
(0.7 £ 0.4, 0.5 + 0.3 and 0.6 + 0.3 dpm tmespectively). The higher inventories in
September-2004 and May-2005 may be, in part, due to sampling bias torteauge
during these sampling cruises. In addition, sites sampled in Sept@®04 and May-

2005 were on the western side of JoCo marsh while the 2007 site®nvére eastern

side of the marsh (Fig. 5-16). On the western side of JoCo nfestubtidal bay is
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shallow (< 0.5 m), but the subtidal bay on the eastern side of Ja@acls deeper~(9
m). #**Th,s inventories in the subtidal bay near JoCo marsh was typicailytisiihigher
on the eastern side of the marsh than the western side (seerChiapig. 2-3).
However, the sediment arfd*Th in the subtidal on the western side of JoCo may be
more easily mobilized and transported on to the marsh under noonditions in

contrast to the eastern side of the marsh.

5.3 'Be Source to Marshes

'Be serves as an independent tracer of short-term processas rimarshes. The
radionuclide is produced in the lower stratosphere and upper tropospherghtlarou
cosmic ray spallation reaction involving oxygen and nitrogen. Producfi@Be in the
atmosphere varies with latitude and sunspot activity. Cosmog@&gc becomes
associated with aerosols and can be removed from the atmospheseEarth’s surface
through wet and dry precipitation. Wet precipitation has been found smibdéicantly
correlated with atmospherfBe flux in New Haven, CT by Turekian et al., (1983) and in
Boston, MA by Zhu and Olsen (2009). The atmospheric fludBef was measured in
Stony Brook, NY from April-2008 to December-2009 was also found to Ingfisantly
correlated with rainfall (R = 0.81, see Chapter 4 for detailssingJthe relationship
between atmospheri@e flux and rainfall, theBe inventories produced by the direct
atmospheric input ofBe into Jamaica Bay prior to September-2004, May-2005, May-
2007, August-2007 and October-2007 sampling cruises were estimated to be, 3.6, 2.0

2.4 and 1.3 dpm ch) respectively.’Be inventories on the individual marsh islands were
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spatially variable (Fig. 5-9) arl@8e inventories in relation to the direct atmospheric input
varied between marsh islands (Tables 5-1 to 5-4).

In addition to direct atmospheric depositidBe also can be supplied to the marsh
via resuspension and transport of subtidal sediments (Fig. 5-8)e niean’Be
inventories at the marsh edge sites were in surplus to et dtmospheric input (by
40%), vegetated areas in the marsh interior showed lower surplugangs ¢ 10%
greater than the direct atmospheric input; Fig. 5-7). This padeconsistent with the
234Th,s inventories measured on the marsh islands (see section 5.1)

Although the’Be is supplied uniformly to the marsh surface from the atmospher
it may not be retained uniformly. Variation in inventory with arshamay be due to
variation in retention possibly caused by vegetative coveragegeieral, the’Be
inventory to each site within a marsh is nearly in balance with the atmospteric f

Work conducted by Hartig et al. (2002) analyzed aerial photographs and found
that since 1974 the mean vegetation loss in the low marsh 8&%. Loss of vegetation
from the marsh islands of Jamaica Bay can be caused bgreaisihe marsh along the
margins and tidal channels, expansion of non-vegetated tidal poolsnearehsed
fragmentation of marsh vegetation (Hartig et al., 2002). Indeednéaa’Be inventory
at marsh sites where no vegetation was present had markedly tltoaresites where
vegetation was present (Fig. 5-7). This suggests’Bmt(and associated particles) is
either not being retained in non-vegetated regions of the maishberng lost to tidal
creeks and the surrounding bay or is transported to vegetatedogireasd and water
during the flooding tide. At sites where vegetation was presentnot at the marsh

edge), the'Be inventory was* 10% greater than the direct atmospheric input. Marsh
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vegetation may enhance removal ‘Bt from the atmosphere or trapping of sediment
(and the associatedBe; Olsen et al., 1986; Leonard et al., 1995; Friedrichs and Perry,
2001; Neubauer et al., 2002).

Previous studies in marshes have also observed enh&Beeithventories in
vegetated areas in comparison with non-vegetated areas (Olenl886; Neubauer et
al., 2002). However, other studies have also found that plants mayepiténe direct
atmospheric fallout and reduce its delivery to the underlying sedsnm{useell et al.,
1981; Wallbrink and Murray, 1996). Frequent flooding of the marsh surfaceadidal
cycle may be mechanism of transferring tiBe from the plant to the underlying
sediment, but théBe inventories measured in the marsh vegetation in the present stud
should be considered minimufBe inventories. This suggests that the atmospheric flux
of 'Be to the sediment surface of the marshes may be reduced theirarly to mid
summer when the plant biomass and coverage is greatest (Neeballer2002). The
ratio betweeriBe inventory and atmospheric flux in 2007 was highest on JoCo marsh in
May-2007 (during the plant growing season) and lowest in August (Wioemass was

likely the greatest; Table 5-4).
6. Conclusions

The marshes of Jamaica Bay have experienced extensive lesgebative area
and a decline in marsh health over the last 25 years. Prevmushas suggested that
increased nutrient input to the marshes may induce sulfide toainityultimately lead to
plant die-offs and marsh loss. However, accretion of salt nsmanstey also be an

important indicator of marsh health and the ability to sustalatgation with rising sea-
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level. 2**Th is an effective tracer of short term deposition of subtiddinsents on the
marsh and retention or the loss of this matefi&iTh,sinventories were generally higher
in the western marshes than the eastern marshes during sam@eptember-2004and
May-2005. Estimates of deposition derived from inventorie$*@h,s on the marsh
islandsranged from ~0 — 2.5 g ¢fy™, which are higher than previous estimates on
Jamaica Bay marsh islands fréMPb-derived measurements of ~0.05 — 0.1 & grh

The difference between these two measurement methods nmest tefhporary storage
affect on marsh islands on seasonal time scales, as wsHngsling bias during the
September-2004 and May-2005 at the edge of the marshes. Ifitf€bgd, inventories

for all samplings are significantly higher at the marsgeethan in the marsh interior
suggesting transport and deposition of material from the subtigal Bhese results
suggest that th&*Th,s inventory is a useful as a tracer for short-term deposition on sal
marsh islands.’Be inventories on the marsh islands are dominated by the atmospheric
supply of this cosmogenic radionuclide to the marsh surface. How8e inventories
also were higher at the marsh edges suggesting some trainspothe subtidal bay to
the marsh surface. In addition, bétTh,s and’Be inventories were higher in vegetated
areas of the interior marshes than in unvegetated areas. uglssss either erosion in
areas where vegetation no longer exists or preferential trappwvegetated areas of the

marsh.
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Table 5-1. Mean ?**Th,s, 'Be inventories in Jamaica Bay marshes
during September-2004 and May-2005 samplings.

Mean “*Thyg Mean 'Be 'Be inventory
Invent ory Inventory /Input*
Sample Period (dpm cm ?) (dpm cm ?)

September-2004 Total 5.4+0.9 21+£0.3 0.7
West Marshes 6.0£1.3 1.8+0.3 0.6

East Marshes 41+1.2 2.7x0.7 0.9

May-2005 Total 27+1.0 1.7+05 0.9
West Marshes 34+13 1404 0.7

East Marshes 1817 21+11 11

* Relative to direct atmospheric input of 'Be estimated from the relationship between
rainfall and atmospheric 'Be flux measured at Stony Brook University (September-
2004 ~ 3.1 dpm cm™? and May-2005 ~ 2.0 dpm cm™ (see Chapter 4 for details).
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Table 5-2. Mean #**Th, inventory and 'Be inventory in the
surficial sediments on Jamaica Bay marsh islands in
September-2004.

Marsh Mean “*Th, Mean 'Be "Be inventory
Island Inventory Inventory /Input*
(dpm cm ) (dpm cm ?)

Duck Point 6.9+4.8 24+15 0.8
(n=3)

Ruffle Bar 6.1+1.3 2.6+05 0.8
(n=5)

Little Egg 56+1.9 1.1+0.3 0.4
(n=8)

East High 46+23 22+1.1 0.7
(n=4)
JoCo 3.7+22 3.2+1.0 1.0
(n=4)

*Relative to direct atmospheric input of ‘Be estimated from the
relationship between rainfall and atmospheric 'Be flux measured at
Stony Brook University (3.1 dpm cm™; see Chapter 4 for details).
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Table 5-3. Mean ?**Th,s inventory and 'Be inventory in the
surficial sediments on Jamaica Bay marsh islands in May-2005.

Marsh Island Mean “**Th, Mean 'Be 'Be inventory
Inventory Inventory /Input*
(dpm cm ) (dpm cm ?)
Elders Point West 0+0 18+x1.1 0.9
(n=4)
Big Egg 26+x11 19+10 1.0
(n=5)
Yellow Bar 9.8+4.3 0.7£04 0.4
(n=3)
Little Egg 21+21 0.8+0.2 0.4
(n=3)
East High 0£0 1.3+£0.7 0.7
(n=3)
JoCo 3.2+29 23+15 1.2
(n=7)

* Relative to direct atmospheric input of ‘Be estimated from the
relationship between rainfall and atmospheric 'Be flux measured at
Stony Brook University (2.0 dpm cm; see Chapter 4 for details).
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Table 5-4. Mean ?**Th,s inventory and ‘Be inventory in the
surficial sediments on Jamaica Bay marsh islands in May-2007,
August-2007 and October-2007.

Marsh Island Mean 2**Thye Mean "Be Be
Inventory Inventory inventory
(dpm cm ) (dpm cm ) /Input*
May-2007

Elders Point West 1.0+05 1.4+0.3 0.9
(n=8)

Elders Point East 0.4+0.3 1.4+0.6 0.9
(n=10)

JoCo 0.7+0.4 21+0.3 1.3
(n=10)

August -2007

Elders Point West 1.0x04 1.9x+0.3 0.8
(n=28)

Elders Point East 1.1+0.6 25204 1.0
(n=10)

JoCo 0.5+0.3 19+04 0.8
(n=10)

October -2007

Elders Point West 0.8+0.4 1.2+01 0.9
(n=8)

Elders Point East 1.5+£07 1.3+£0.2 1.0
(n=10)

JoCo 0.6+0.3 1.3+£0.2 1.0
(n=10)
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Table 5-5 Summary of mean ?**Th,s in the subtidal sediments near the marsh
islands sampled in September-2004 and May-2005.

Mean “**Th, Mean Mud Mean “**Th,s Activity

Activity (dpm Fraction (%) (dpm g 'l) normalized
g'l) to mud fraction
0-5mm

September-2004

Duck Point 33.6+14.7 5 385.8 + 186.2
(n=3)
Ruffle Bar 17.7 £8.9 4 170.7 +87.1
(n=3)
Little Egg 19.4 +6.3 3 147.8 +25.1
(n=2)
East High 1.1+0.2 76 19.7+7.7
(n=5)
JoCo 2.1+0.6 76 22.3+13.7
(n=3)
May-2005
Big Egg 152 5.2 43 159.2 £ 53.0
(n=4)
Elders Point West 18.8+ 115 35 172.7+98.5
(n=4)
Yellow Bar 14.7 £3.7 21 180.6 + 104.3
(n=3)
Little Egg 28+1.4 30 106.2 + 85.1
(n=3)
East High 1.2+0.7 53 14.4 +10.2
(n=3)
JoCo 1.1+0.3 58 60.1+1.2
(n=2)
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Table 5-6 Deposition rates derived from ?**Th,s inventories on Jamaica

Bay marsh islands.

Marsh Island

34Th,s Derived Deposition

(gcm?y™
September-2004
Duck Point (n = 3) 0.2+0.1
Ruffle Bar (n = 3) 0.4 £0.08
Little Egg (n = 2) 04+0.1
East High (n = 5) 25+1.2
JoCo (n=5) 1.7+£1.0
May-2005
Big Egg (n = 3) 0.2 £0.07
Elders Point West (n = 3) 0x0
Yellow Bar (n =5) 0.6+0.3
Little Egg (n = 2) 0.2+0.2
East High (n =5) 0x0
JoCo (n=3) 0.6 +0.5
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Figure 5-1. Marsh sampling sites in September-2004 and May-2005.
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Figure 5-2. %*'Th,s inventories (dpm cm™) in the surface sediments of select
Jamaica Bay marsh islands sampled in September-2004.
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Figure 5-3. **Th,s inventories (dpm cm™) in the surface
sediments of select Jamaica Bay marsh islands sampled in May-
2005.
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Figure 5-4. >*Th,s inventories (dpm cm™) in the surface sediments of Elders
Point West sampled in A) May-2007, B) August-2007 and C) October-2007.
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C) October-2007

234ThxS Inventory (dpm cm'2)
N

Site #

Figure 5-5. %*'Th,s inventories (dpm cm™) in the surface sediments of Elders
Point East sampled in A) May-2007, B) August-2007 and C) October-2007.
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C) October-2007
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Figure 5-6. 2**Th,s inventories (dpm cm™) in the surface sediments of JoCo
sampled in A) May-2007, B) August-2007 and C) October-2007.
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Figure 5-7 Mean inventories of A) #*Th,s and B) ‘Be on the
marsh sites sampled that were characterized as non-
vegetated, vegetated (not at the marsh edge) and the

marsh edge. * denotes the non-vegetated sites are
significantly lower (p < 0.05) than the vegetated and marsh

edge sites.
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Figure 5-8 Schematic of the pathways of delivery of ?**Th,s and "Be to the salt
marshes
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Figure 5-9 "Be inventories in the surface sediments of select
marsh islands from September-2004
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Figure 5-10 ‘Be inventories in the surface sediments of select
marsh islands from May-2005
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Figure 5-11. 'Be inventories (dpm cm™) in the surface sediments of Elders Point
West sampled in A) May-2007, B) August-2007 and C) October-2007.
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Figure 5-12. "Be inventories (dpm cm™) in the surface sediments of Elders Point
East sampled in A) May-2007, B) August-2007 and C) October-2007.
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Figure 5-14. Rate of sediment deposition derived from **Thys
inventories on select marsh sites in September-2004
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Figure 5-15. Rate of sediment deposition derived from **Thys
inventories on select marsh sites in May-2005
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CHAPTER 6: Summary - Per spectives on the Sediment and Radionuclide Budgets
of Jamaica Bay

Radionuclide Budgets

The purpose of this study was to use the spatial distribution andoalasses of
the naturally-occurring radionuclidé®*Th, ‘Be and®*Pb in Jamaica Bay sediments as
indicators of sediment transport and deposition within the bay. Theseseful tracers
for sediment transport due to their strong affinity for fineipkas and well-constrained
sources.

Jamaica Bay is an urban coastal lagoon, with little rivenpeati and surrounded
by impervious surface dominated uplands, limiting the direct inpuédifrent into the
bay. Since 1959 analysis of aerial photographs indicated there hak2Béeaduction in
the size of the marsh islands measured within the bay (Harig 2002). One potential
cause of marsh loss may be insufficient sediment accumulation onaifsé surface to
keep pace with sea-level rise, leading to increased inundation @sidre(Hartig et al.,
2002; Kolker, 2005; Swanson and Wilson, 2008). The mass balances of paatitiere
radionuclides >**Th, '‘Be and ?*°Pb elucidates the pathways of sediment (and
radionuclides) into Jamaica Bay and the contributions from each source.

Mass balances df“Th and?'%b indicate that the importation of sediment into
Jamaica Bay via Rockaway Inlet is significant to the budgetisese two radionuclides.
Estimates of sediment import from the mass balanc&*h,s and**Ph,s were 4.3 to
38.5 x 16° g y* for the?**Th,s budget and 4.2 to 15.8 x 2@ y* for the**%Ph, budget

(Table 6-1). A sediment budget was constructed U=fiRip-dervied mass accumulation
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rates from in the bay subtidal and on the marsh islands. To balensediment sinks
with the sediment inputs to Jamaica Bay a sediment import of 5.8 88 g y* was
calculated. A previous attempt at a sediment budget uSifRp-dervied mass
accumulation in the subtidal and on the marshes yielded a sediment ahfpdy - 2.9 x
10"°g y* (Bokuniewicz and Ellsworth, 1986). The estimates of sediment imporighr
the various methods were similar (Table 6-1). However, the satimport estimated
from the mass balance 6fThs is likely an upper limit and reflect seasonal importation
and episodic events that are not sustained over an annual basis. |Asnp@it of
sediment into Jamaica Bay may be more significant today thémeipast. Previous
studies have indicated that modifications to Jamaica Bay, sutiedging and armoring
of the shoreline periphery have altered the hydrodynamicaméida Bay changing it
from a slight ebb dominated estuary to a flood dominated estuaryn$8wand Wilson,
2008).

The results of this study suggest that sediment importatiasigisficant to
Jamaica Bay. The implication is that some of the imported sediment naaiteble for
deposition onto the surface of the salt marsh islands of the hdged, work conducted
by Kolker (2005) and Cahoon and Lynch (unpublished data) suggest that sediment
accumulation on the salt marsh islands measured appears to beergutGcallow the

accretion of the marsh surface to keep pace with current sea-levelinssest

Radionuclide Distributions in the Context of a Hydrodynamic Model of Jamaica
Bay

It is interesting to compare the implication of the radionuclidessraalances

found in this study with the sediment transport predicted from aodydamic model of
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the bay. The hydrodynamics of Jamaica Bay have been modifiedimeeby dredging
and deepening of channels within the bay and shore-line armorihg bRy periphery.
Recent work conducted by Swanson and Wilson (2008) found an increase manmgkl
across the Bay since the first half of the 20th century.aduition there has been an
increase in the tidal asymmetry 4, tidal components) indicating that Jamaica Bay
was weakly ebb dominated, but is now flood-dominated (R.E.Wilson, pers comm.).

Today Jamaica Bay is a weakly stratified and tidal ac@imeironment with
estuarine circulation (Gordon et al., 2005; R.E. Wilson, pers. comnhg. tidal range
(M) of Jamaica Bay is amplified from the western end to thedaheastern side of the
basin (Grassy Bay) by a factor 1.2. The resulting barotropicftoa is flood dominant
throughout the bay and contributes to maintain significant tidal fltoaugh the bay’s
main channels (North Channel, Beach Channel and Broad Channel; Fig. ThE)
barotropic tidal flow coupled with baroclinic estuarine circulatidel{ results in an
increase of the flood dominant shear stress along the bottom ofchmstels (R.E.
Wilson, pers. comm.).

A recent hydrodynamic model constructed for Jamaica Bay [y Wilson
(Stony Brook University) uses the bathymetry of the bay, salamtl tidal simulation to
assess changes in near bottom tidal residual velocity, st@a#itf in the water column
and maximum bottom stress over a 90 hour period. The model resulesststigat
baroclinic induced estuarine circulation contributes to maintainiduadsidal upstream
movement of near bottom currents within the major channels ofath@dland Channel,
North Channel, Beach Channel and Cross Channel; Fig. 6-1). Théeullingl salinity

gradient (higher in the west than the east) in the bay consikotevariations in
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stratification over a tidal period, with enhanced stratificatiothan North Channel and
Island Channel during ebb tide.

The hydrodynamic model also considers the distribution of 5 sizesesaof
sediment in the subtidal bay (clay, silt, fine sand, medium sand andeceand,
interpolated over the model grid) and uses tidal simulations tadatacsediment
transport patterns associated with tidal and estuarine circulattmaica Bay over a 90
hour period (Fig. 6-2). The model does not include importation of setlingethe inlet,
only the mobilization of the sediment already present in thedsuilitay. The results of
the model show that the estuarine circulation of the bay, inducdatiebiongitudinal
salinity difference due to the input of wastewater and groundwatbeibay, produces a
near-bottom current moving upstream within most channels. The rpoelditts tidal
variations in clay and silt transport that show evidence of seditnem$port due to
variations in the near bottom currents during the flood and ebb Tile.results of the
model show near-bottom concentrations of clay that are highest iwdbtern bay
(amidst the marsh islands) at high tide, (Fig. 6-3A) and at low tide, bigteatrations of
clay are again found in the western bay and in the eastern baya@amarsh (Fig. 6-
3B). The model also predicts that silt concentrations in the botii@r are high in the
southern channel, extending into the eastern bay at both high and tew(ixig. 6-4;
R.E. Wilson, Pers. Comm.).

Spatial variations in the predicted near-bottom concentrationsagfanid silt
during both high and low water were compared with inventorie$*@h,s and ‘Be
measured in the subtidal sediments in September-2004, May-2005, November-2005 and

July-2006, but no significant relationship was found. This is unsurprisitigeasput of
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234Th,s and ‘Be in Jamaica is complicated by import from the ocean via Rankémiet
and CSO events, respectively (see Chapters 2 and 4 for detalsjnit the influence of
the additional inputs of these radionuclides, the bay was divided temwemnd eastern
sections (separated by Broad Channel Island). The inletastlgirconnected to the
western half of the bay and 3 of the 4 wastewater treatmentsftaund around the bay,
as well as many of the CSO outfalls, are located in the western bay.

A significant correlation was found betweéBe inventories in the subtidal
sediments in the eastern bay and bottom concentration of silt andtdawv water (n =
17; p < 0.01 and 0.02, respectively). However, there was no signifiekationship
during the other sampling cruises. Rainfall in the 53 days priohéoMay-2005
sampling cruise was 19 cm, the lowest precipitation of the 4 cruises, and as such, CSO
events may have been less likely prior to the cruise and therefreflected in théBe
distribution in subtidal sediments. Thus, fBe input to Jamaica Bay prior to May-2005
was likely dominated by the direct atmospheric flux, an@B&énventories in May-2005
are more reflective of the processes represented in tlikodynamic model.
Nevertheless, even under conditions similar to the model, additionalsimiuBe
implied by the mass balances of this radionuclide complicatet dicgaparison of the
distribution of inventories with those of fine sediments predicted by the model.

The hydrodynamic model was also used to predict patterns ofegdiieposition
and erosion that resulted from tidal and estuarine circulation §F5gh). The model
results indicate that Grassy Bay, in the northeastern bay tlathas the major sink of
sediment in the bay with erosion (or no net deposition) occurring thnowgh of the

rest of the bay (R.E. Wilson, Pers. Comm). Sediment accumulaties derived from
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2%, geochronologies indicate that fine sediment deposition is sigmifiza the
channels (Island Channel, 1.1 ci; Worth Channel, 1.0 cm™y Broad Channel 0.9 cm
y! and in Grassy Bay, 0.8 - 1.0 cil)y

23%Th,s inventories were also used to derive rates of sediment deposition
material imported through the inlet (see Chapter 2; section SP2terns of**Th,e
derived deposition varied between sampling cruises, likely due to chamgdwe
dominant wind patterns and storm events (see Chapter 2; Fig. Tb8pitigate some of
the effects of changing winds and tides a compilation ofifih.s-derived sediment
deposition rates for the 4 sampling cruises was used to creatgaur map of erosion
and deposition (Fig. 6-5B). This contour map indicates that whilens@t deposition
does indeed occur in Grassy Bay and erosion is occurring in Broad Clmativeeeastern
bay, deposition of sediment is more widespread in the western thmy the
hydrodynamic model predicts. Deposition in the North Channel and ISSaadnel
derived from?**Th,s inventories is consistent with the long-term sediment deposition
derived from ?*®Phgeochronologies, as previously discussed. ¥H€h,cderived
pattern indicates that Pumpkin Patch Channel is also a site ofitd@posHowever,
Pumpkin Patch Channel may only be a site of temporary storage agfib&al sediment
in this area is dominated by sand-size particles (Fig.&d)the”>*Th,s measured in this
area is likely confined to a thin, highly-active layer (seeafiér 2; section 5-1).
Overtime, this thin layer may be transported and deposited iny@ags North Channel
or Island Channel.

The mass balances OfTh,s and**®Ph, as well as a sediment budget constructed

for the bay, indicate that importation of particles (and radionugliasRockaway Inlet
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is an important source of sediment into the bay. In contrastyttredynamic model of
Jamaica Bay assumes that sediment in the bay is at sttzde\and the differences in the
patterns of sediment deposition predicted by model and that ameedthfsom the
radionuclide distributions may reflect this. In order to meaningfaltynpare and
combine the hydrodynamic model with the radionuclides in the bayjntpert of
sediment needs be accounted for in the model, as well as additaunaes of

radionuclides to the bay (e.g. CSO events).

CSO Sources of ‘Be and *°Pb to Jamaica Bay

A major source ofBe and*'%b into Jamaica Bay is direct atmospheric input.
Mass balances dB8e and®%b that were derived for Chesapeake Bay (Helz et al., 1985;
Olsen et al., 1986; Dibb and River, 1989) and Long Island Sound (Benninger, 1978)
found that direct atmospheric input was the dominant source of thesauddies to
these systems. However, in the Chesapeake Bay riverine inpuhaaght to account
for ~ 10% of the measured®b inventory in the subtidal sediments in the upper bay.
Jamaica Bay has little riverine input and the dominant sourtessfwater into the bay is
from the wastewater treatment plants (Botton et al., 2006; O'&med@rosnan, 2000).
During heavy or frequent rainfall events these waste-wetatment plants can become
overloaded, bypassed, allowing untreated wastewater, as welbamest,'Be and*%Pb
to enter the bay directly.

The direct atmospheric source’dtPb and’Be to Jamaica Bay can account for 23
- 48% and 49 - 100% of the inventories in the bay sediments, respectikdhgs

balances of*°Pb and’Be indicate that combined sewer overflow events also may be a
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significant source of these radionuclides into Jamaica Bgyutifrom CSO events
accounts for 15 — 31% and 0 - 51%"8Ph,s and’Be inventory, respectively. The input
of these radionuclides from CSO events (particularly’Be) complicates their use as
tracers of sediment transport in Jamaica Bay. However, high inventbfes and**Pb
in the deep channel near the CSO outfalls, following periods of heawfall suggest

deposition of material introduced during CSO events into these areas.

Sediment Inputsto Salt Marshes

The salt marsh islands of Jamaica Bay have decreased in extent and health over
the last 30 years. Analysis of aerial photographs by Hartig et al. (2002gonmsarsh
islands showed an averaged decrease38% since 1974. In addition to loss-of-area,
there have been increased ponding within the marshes, widening of tidal creeks and
sediment slumping along the marsh perimeter (Hartig et al., 2002). The causesgropos
for the wetland loss in Jamaica Bay are sea-level rise (Hartig et al), a@dased
sediment input (Hartig et al., 2002), increased input of nutrients and organic materia
(Kolker, 2005) and modification to the bay leading to alteration to the bay’s
hydrodynamics.

Previous work shows that salt marshes within the bay are accumulatingrsedime
at recent rates of ~0.25 — 0.41 cih(y0.05 — 0.08 g cihy™; Kolker, 2005). The recent
accretion rates derived froff’Pb are in agreement with the limited sediment elevation
table (SET) data from Jamaica Bay, which show accretion rates of ~0yf#iordoCo
marsh, a relatively stable marsh island and 0.48 tin Black Bank marsh, a

deteriorating marsh island (2003 — 2009, Cahoon and Lynch, unpublished data reported
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by P. Rafferty, National Parks Service). The presence of signifitaiis on the marsh
islands in September-2004, May-2005, May-2007, August-2007 and October-2007
indicates sediment can be transferred to the salt marshes from the subtidBh&agean
mass accumulation rate derived from #f{@h,s inventories on the measured marsh
islands in September-2004 and May-2005 ranged from 0.0 to 2.5 g'tm

However, these deposition rates are skewed to the high end due to the preferential
sampling of the marsh edge during the September-2004 and May-2005 marsh sampling.
These mass accumulation rates are higher than the annual rates meaiiol&drb
(2005) for this site (~ 0.08 g ¢fry™) and likely reflect episodic events or short-term
deposition that is not fully retained on the marsh over longer period of time. The
averaged>*Th,s inventory on the marshes sampled, combined with previous work
measuring long-term sediment accumulation and marsh accretion supgestsspite
alterations to the sediment budget and hydrodynamics of the bay, sediment can be
deposited on to the marsh islands. Indeed, the long-term sediment accumulation and
accretion rates are sufficient for the salt marshes to keep pacéevithrtent sea-level
rise (0.3 cm ¥). This suggests that other factors, such as edge erosion and the build-up
of phytotoxins in marsh peat pore water as a result of enhanced organic loading and

decomposition, may be responsible for marsh loss.
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Table 6-1. Summary of sediment import estimates into Jamaica Bay.

Estimated Sediment

Import Method of Estimate Reference
-1
9y
1.5-2.9x 10" Sediment Budget Balance Bokuniewicz and

Ellsworth, 1986

4.3-35.8x 10" 234ThXS Mass Balance This Study
(see Chapter 2)

58-8.8x 10" g y'l Based on mass accumulation This Study
rates (**°Pb Geochronology) (see Chapter 3)
4.2 —15.8 x 10*° % Mass Balance This Study

(see Chapter 3)

* import estimate calculated from unaccounted for “°Pb inventory in the gravity
cores
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Figure 6-1 Maximum bottom stress during A) flood and B) ebb
from the hydrodynamic model (provided by R.E. Wilson).
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Figure 6-2 Initial distribution of A) clay, B) silt and C)
fine sand interpolated from station data (provided by
R.E. Wilson).
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Figure 6-3. Bottom water concentrations of clay at A) High

and B) Low Water predicted by the Jamaica Bay
hydrodynamic model (provided by R.E. Wilson).
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Figure 6-4. Bottom water concentrations of silt at A) High and
B) Low Water predicted by the Jamaica Bay hydrodynamic

model (provided by R.E. Wilson).
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Figure 6-5. Spatial patterns of A) hydrodynamic model
produced accumulation rates (provided by R.E. Wilson).and
B) compilation of #**Th,s-derived accumulation rates for the 4
sampling cruises. Black represents areas of deposition, red
are areas of erosion.
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Appendix 1: Gamma Spectrometry Analysis of Jamaica Bay Sediments

21%p,2%4Th, 2MPh and'Be activities were measured using non-destructive gamma
spectrometry by counting the wet samples on a Canberra 386@enmanium detector
for at least 24 hours. Three gamma detectors were used in this study and efékisel
to as 3KA, 3KB and 3KC. The%Pb,?*Th, ***Pb and'Be are determined from gamma
emissions at 46.5, 63.3, 352.0 and 477.6-keV, respectively (Fig. A1-1). The efficiency of
each detector was used to convert counts per minute (cpm) for each radionuclide to

disintegrations per minute (A; dpm) from:
A= (cpm — bkg) + Bx (Al-1)

where bkg is the background count rate (cpm) at 46.5, 63.3, 352.0 and 477.6-keV for
each detector andg is the efficiency of each detector at that energy (including the
branching ratio).

The efficiency of each detector f3fPb,?**Th, >Pb and'Be was measured
using liquid standards and a well-analyzed sediment standard. At energy léwmels be
200-keV, some gamma emissions may be absorbed by the sediment (sample self-
absorption), and this fraction is a function of sample density. To account for changes in
self-absorption due to differences in sediment densities, the detectorsalilenated for
21%h and?®*Th using liquid standards with varying densities. Density differences
between the standards were achieved by dissolving Pbitedistilled water in 125 mi
and 30 ml Nalgene wide-mouth jars (125 ml jar used for subtidal samples; see Chapters 2
and 4; 30 ml jar used for gravity cores subsamples; see Chapter 3) and then spiking ea

jar with ?%b (125 ml: 11125.7 dpm; 30 ml: 432.3 dpm) &ff@ih (125 ml: 2278.4 dpm;
228



30 ml: 795.5 dpm). Each standard was then each analyzed on the 3 Canberra gamma
detectors and the cpm 8Pb and**Th was determined for each of these standards.

To calibrate for the self-absorption in each standar&*am (59.5-keV) source
was placed on top of the standard and counted for 10 seconds to measure the transmission
through each standard (T). TH&m source was then counted in the same manner
through an empty jar ¢J to determine the transmission of the source with no self-
absorption. The ratio of T toyTvas then plotted versus the ratio of cpmi'@b and
23%Th in the standard and the known activity8Pb and?®*Th of the standard. The
linear relationship between Ty&nd cpm/dpm demonstrates the self-absorption that
occurs at the lower energies (< 200-keV) where increased density nesultsver T/
and a lower cpm/dpm ratio (Figs. A1-2 to A1-5).

A similar measured of Tglwas made for each sediment sample and the activity
of 2%b and™*Th (in dpm) was then calculated for the sample by using the appropriate
county efficiency at that TgI' Using detector 3KA as an example (Fig. A1-3A), the

equation to convert from cpm to dpm f3fTh (125 ml jar) is then:
A = (cpm — background) + [0.001709 x ()T 0.001401] (Al1-2)

where cpm is the counts per minute measured in each subtidal sample, T is the
transmission of th&"Am source through the sample, counted over 10 secondsasd T
the transmission of thHé'Am source through an empty jar. Using this method, the self-
absorption of gammas at low energies and with varying densities can takecotota

for each sample. The plots of the standard data using the 125 ml jars (used in the subtidal
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surficial sediment and marsh sampling; see Chapters 2, 4 and 5) and the 30 midars (use
for counting the gravity cores; see Chapter 3) are shown in Figs. A1-2 to A1-5.

The detector efficiencies for the higher energy gamma enfitfeis and'Be,
were calculated using the well-analyzed sediment standard, IAEA-3@IAEA-300
sediment was counted in the 30 ml Nalgene jar (used for the gravity core$iaggerG)
and the 125 ml Nalgene jar (used for subtidal samples; see Chapters 2 and 4) for ~ 24
hours on each detector. The detector efficiency &t'the (352-keV) peak was
determined directly from the sediment standard by comparing the cpm frometactod
to the know activity (I = cpm/dpm; Table Al1-1). The efficiency of each detector for
"Be (477-keV) was determined using the equation of a power regression between the
?2°Ra (186.0-keV)?**Pb (352-keV) and®'Cs (661.6-keV) and the cpm/(dpm x
branching ratio) for each radionuclide (Table Al-1; Figs. Al1-5, A1-6). Tiaexf€y of
the?*Pb and'Be for the 30 ml and 125 ml wide-mouth Nalgene jars for each of the
detectors is compiled in Table Al1-2.

Excess'%Pb and*Th as used in this study, were determined by subtracting out

the parent activities{Ra and™®U, respectively).
210Pb(s = 2:Lol:)hotal - 2:LOF)Qupported (A1-3)

where®%Ph is the excess%Pb activity in dpm @, *%Phga is the totaf*%Pb activity
measured in the sample in dpih and®* Phyupporeds the**Pb activity supported by the
decay of its parent isoto&Ra, as determined from thEPb activity in each sample in
dpm g*. The supporte&®Pb #?°Ra) in the Jamaica Bay gravity cores ranged from 0.5 to

2.0 dpm @ (mean ~ 1.6 dpm™). In the cores taken in Jamaica Bay exé&8b activity
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(dpm g%), generally, approaches 0 (+ 0.5 dpt) gt depths greater than 44 cm (see

Tables A2-17 to A2-24).
Excess>*Th was calculated from:
Excesgsﬁhsampling: [Total 234-|-|’]counting—ZLM-l-I’]supporteJI X expQrh X At) (A1-4)

where Exces$*ThsampiingiS the exces&'Th activity at the time of sampling (dprit)g
Total ***Theouningis the activity of**Th during the initial counting (dpni’y, ***Thsupported
is the activity of**Th (dpm @') measured by recounting the sediment sampling 4-5
months after the samplinks, is the decay constant 8¥Th (0.02886 d) andAt is the
time of decay (in days) between sample collection and counting. The suppared
activity in the subtidal sediments ranged from 0.1 — 2.5 dpgmgan ~ 1.7 dpm'y
Tables A2-3, A2-7, A2-11 and A2-15). Excé3¥h activity in the subtidal sediments
during the four sampling cruises ranged from -0.3 to 14.7dhnEgcess>*Th activities
that were + 0.3 dpm were assumed to be equivalent 0 when calculating*thi,s

inventories (Tables A2-4, A2-8, A2-12 and A2-16).
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Table A1-1 Activity of *°Ra, *Pb and **’Cs in the sediment standard IAEA-300.

Count Date:
Reference Date for Standard: 1/1/1993 9/1/2010
Energy  Activity Branching dpm x  cpm** cpm/dpm
(keV) of Ratio (BR) of BR
Standard the
(dpm) Radionuclide
226Ra | 186.0 46.7 0.033
25y 2.3 0.53
28y 53.5 0.02
Total 3.8 0.4 0.1
214ppy | 352.0 46.7 0.37 17.3 0.7 0.04
1¥7cs | 661.6 623.3* 0.85 530.0 10.8 0.02

* 137Cs activity was corrected for decay between reference date and count date.
**Counts from 3KA for the 30 ml Nalgene Jar, see Fig. A1-6A for plotted data
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Table A1-2 Detector efficiency for >**Pb and ‘Be determined using sediment
standard IAEA-300 for the 3K Canberra Gamma detectors

Geometry Detector cpm/dpm cpm/dpm
?1“pp x BR 'Be x BR

(352.0 keV) (477 keV)

30 ml 3KA 0.014178 0.002987
3KB 0.013846 0.002973

3KC 0.017056 0.003191

125 ml 3KA 0.010852 0.002297
3KB 0.010295 0.002166

3KC 0.010410 0.002238
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Figure A1-2 Linear relationship between cpm/dpm andg Tising a 125 ml

Nalgene jar. This relationship is used to calculate the detector effeseatcihe

1% (46.5 keV) peak, where cpm is counts per minute, dpm is the known activity
of the standards, T is the transmission of*4m source through the sediment
sample and Jis the transmission of tf&'Am source through an empty jar.
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23%Th (63.3 keV) peak, where cpm is counts per minute, dpm is the known activity
is the transmission of‘&Am source through the sediment
sample and TO is the transmission of #f&m source through an empty jar.
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keV) peak, where cpm is counts per minute, dpm is the known activity of the
standards, T is the transmission of&Am source through the sediment sample
and TO is the transmission of tHféAm source through an empty jar.
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standards, T is the transmission of&Am source through the sediment sample
and TO is the transmission of tHféAm source through an empty jar.
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APPENDIX 2

Table A2-1. September-2004 sample site coordinates, dry bulk density and

sediment description.

Sample Dry Bulk Sediment
Date Sample ID Latitude Longitude Density Description

9/16/04 JB9-04-2 40 37.5498 | 73 49.9669 1.4 sandy
9/16/04 JB9-04-3 40 37.4332 | 7350.0831 1.8 silty sand
9/16/04 JB9-04-4 40 36.5666 | 73 50.2336 1.8 sand
9/16/04 JB9-04-5 40 35.2334 | 73 50.3666 0.6 anoxic mud
9/16/04 JB9-04-6 40 36.1498 | 7351.0337 1.7 sandy hermit crabs

fine sand, grey,
9/16/04 JB9-04-7 40 36.3502 | 7349.8331 1.9 hermit
9/16/04 JB9-04-8 40 36.0330 | 7349.8500 1.4 black silty, mud
9/16/04 | JB9-04-9 | 4034.8999 | 7350.2001 0.4 grey mud
9/16/04 | JB9-04-10 | 4034.8999 | 7350.2001 1.0 grey mud
9/16/04 | JB9-04-11 | 40 35.0167 | 7351.0169 1.8 grey, silt, fine sand
9/16/04 | JB9-04-12 | 4035.1831 | 7351.2835 1.9 fine sand, oxic layer
9/16/04 | JB9-04-13 | 4034.9001 | 7352.3503 2.1 fine/medium sand
9/16/04 | JB9-04-14 | 4035.3333 | 7352.3168 15 fine sand, black
9/16/04 | JB9-04-15 | 40 36.0497 | 73 51.5665 2.2 fine sand, shell hash

fine sand, worm
9/16/04 | JB9-04-16 | 40 36.3497 | 7351.2997 1.2 tube
9/16/04 | JB9-04-17 | 40 37.3497 | 7351.4664 1.7 fine sand
9/16/04 | JB9-04-18B | 40 37.1999 | 7351.1831 1.8 fine sand
9/16/04 | JB9-04-19 | 40 37.2000 | 7351.2001 1.3 fine sand
9/16/04 | JB9-04-20A | 40 36.1668 | 73 53.1502 0.2 fine mud
9/16/04 | JB9-04-20B | 40 36.1668 | 73 53.1502 0.2 fine mud

fine organic gray
9/16/04 | JB9-04-21 | 40 37.3498 | 7353.1334 0.5 mud
9/16/04 | JB9-04-22 | 40 37.3500 | 7352.9334 0.6 anoxic mud
9/16/04 | JB9-04-22B | 40 37.3500 | 73 52.9334 0.3 anoxic mud
9/16/04 | JB-04-23 | 4037.6834 | 7352.7001 2.1 fine sand
9/16/04 | JB9-04-25 | 40 37.9002 | 7351.4336 1.6 fine sand
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Table A2-1. Continued.

9/16/04 | JB9-04-26 | 40 38.2665 | 7351.1499 1.5 fine sand
9/16/04 | JB-04-27A | 4038.1333 | 7350.1497 1.9 anoxic mud
JB9-04-
9/16/04 27C 40 38.1333 | 7350.1497 0.5 anoxic mud
JB9-04-
9/16/04 29C 40 38.1501 | 7349.4165 0.5 anoxic mud
9/16/04 | JB9-04-30 | 40 38.0830 | 73 48.3002 0.5 anoxic mud
9/16/04 | JB9-04-31 | 4037.6831 | 7347.2169 0.2 anoxic mud
9/16/04 | JB9-04-32 | 40 37.4833 | 73 46.9836 0.3 anoxic mud
9/16/04 | JB9-04-33 | 40 37.4999 | 7347.1663 0.3 anoxic mud
9/16/04 | JB9-04-33B | 40 37.4999 | 7347.1663 1.0 anoxic mud
9/16/04 | JB9-04-34 | 40 37.2997 | 73 46.5833 0.4 mud
9/16/04 | JB9-04-35 | 40 36.9665 | 73 46.4667 1.9 sand
9/17/04 | JB9-04-36 | 40 36.5500 | 73 46.4332 2.0 sand
9/17/04 | JB9-04-38 | 40 25.7330 | 7346.9837 2.1 medium sand
9/17/04 | JB9-04-39 | 40 36.0163 | 7347.1832 0.7 anoxic mud
sandy, oxidized
9/17/04 | JB9-04-40 | 40 35.8664 | 73 47.3668 1.3 layer
9/17/04 | JB9-04-41 | 40 35.8664 | 73 47.3668 0.7 mud
9/17/04 | JB9-04-44 | 40 35.3666 | 73 49.2667 1.8 sand
9/17/04 | JB9-04-45 | 40 36.8834 | 7352.3666 1.9 fine snad
9/17/04 | JB9-04-46 | 40 37.7665 | 73 51.6331 1.5 very fine sand
9/17/04 | JB9-04-47 | 4037.6832 | 7351.2500 1.4 fine sand
9/17/04 | JB9-04-48 | 40 37.6911 | 73 50.3099 1.2 anoxic silty mud
9/17/04 | JB9-04-50 | 40 37.8830 | 7348.9834 1.7 fine sand
9/17/04 | JB9-04-51 | 40 37.6833 | 7348.5833 1.9 large live clam, mud
9/17/04 | JB9-04-52 | 40 37.3831 | 73 48.5666 0.5 anoxic mud
9/17/04 | JB9-04-53 | 40 37.1664 | 73 48.5166 0.2 mud
9/17/04 | JB9-04-54 | 40 36.9664 | 73 48.4669 0.3 mud
muddy with some
9/17/04 | JB9-04-55 | 40 36.8333 | 7348.4501 0.2 shells
9/17/04 | JB9-04-56 | 40 36.8997 | 7348.4501 0.6 silty mud
9/17/04 | JB9-04-57 | 40 36.2498 | 73 48.3165 0.5 mud
9/17/04 | JB9-04-58 | 40 36.4831 | 73 48.6670 1.0 mud
9/17/04 | JB9-04-59 | 40 38.2167 | 73 49.3167 1.6 fine sand
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Table A2-1. Continued.

9/17/04

JB9-04-61

40 36.5333

73 48.3498

0.5

mud

9/17/04

JB9-04-62

40 37.6333

73 45.7834

0.4

mud
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Table A2-2. September-2004 #°Pb,s activity in subtidal surficial (0-5 cm)

samples.
Total Supported Excess

Pb-210 Error Pb-210 Error Pb-210 Error

SAMPLEID | (dpmg™ (* (dpmg™ (= (dpmg™ (=
JB9-04-2 3.1 0.1 0.2 0.0 2.8 0.1
JB9-04-3 3.2 0.1 2.1 0.0 1.1 0.1
JB9-04-4 2.5 0.1 1.6 0.0 0.9 0.1
JB9-04-5 8.4 0.3 2.3 0.1 6.1 0.3
JB9-04-6 2.1 0.1 13 0.0 0.9 0.1
JB9-04-7 2.4 0.1 15 0.0 0.9 0.1
JB9-04-8 4.1 0.1 1.9 0.0 2.2 0.1
JB9-04-9 7.9 0.4 1.9 0.1 6.1 0.4
JB9-04-10 6.5 0.2 2.3 0.0 4.2 0.2
JB9-04-11 1.8 0.1 0.7 0.0 1.0 0.1
JB9-04-12 3.1 0.1 2.2 0.0 0.9 0.1
JB9-04-13 0.5 0.1 0.4 0.0 0.1 0.1
JB9-04-14 4.0 0.1 1.5 0.0 2.5 0.1
JB9-04-15B 2.0 0.1 0.9 0.0 1.1 0.1
JB9-04-16 4.9 0.1 34 0.1 1.5 0.2
JB9-04-17 2.7 0.1 1.9 0.0 0.8 0.1
JB9-04-18B 3.3 0.1 2.2 0.0 1.2 0.1
JB9-04-19 2.0 0.1 1.0 0.0 0.9 0.1
JB9-04-20A 15.9 0.6 1.6 0.1 14.3 0.6
JB9-04-20B 10.0 0.3 1.8 0.1 8.2 0.4
JB9-04-21 12.0 0.3 1.8 0.1 10.2 0.3
JB9-04-22 8.8 0.2 1.9 0.1 6.9 0.2
JB9-04-22B 16.2 0.6 2.5 0.1 13.8 0.6
JB-04-23 1.5 0.1 1.0 0.0 0.4 0.1
JB9-04-25 4.1 0.1 2.6 0.0 1.5 0.2
JB9-04-26 4.2 0.2 2.2 0.0 2.1 0.2
JB-04-27A 2.9 0.1 1.9 0.0 1.0 0.1
JB9-04-27C 8.0 0.2 2.0 0.1 6.0 0.2
JB9-04-29C 7.8 0.2 1.8 0.1 6.0 0.3
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Table A2-2. Continued.

JB9-04-30 9.5 0.3 13 0.1 8.1 0.3
JB9-04-31 13.2 0.5 1.6 0.1 11.6 0.5
JB9-04-32 9.9 0.4 1.7 0.1 8.2 0.4
JB9-04-33 125 0.4 4.7 0.1 7.8 0.4
JB9-04-33B 2.2 0.1 0.7 0.0 15 0.1
JB9-04-34 12.3 0.4 0.2 0.0 12.1 0.4
JB9-04-35 3.4 0.1 2.1 0.0 12 0.1
JB9-04-36 0.7 0.1 0.4 0.0 0.2 0.1
JB9-04-38 3.1 0.1 2.1 0.0 1.0 0.1
JB9-04-39 7.4 0.2 1.7 0.1 5.7 0.2
JB9-04-40 2.4 0.1 14 0.0 1.0 0.1
JB9-04-41 7.3 0.2 1.6 0.1 5.7 0.3
JB9-04-44 4.2 0.1 1.0 0.0 3.3 0.1
JB9-04-45 2.7 0.1 1.6 0.0 1.2 0.1
JB9-04-46 4.4 0.1 2.8 0.0 1.6 0.1
JB9-04-47 3.9 0.1 2.8 0.0 11 0.1
JB9-04-48 4.0 0.1 1.8 0.0 2.2 0.1
JB9-04-50 3.0 0.1 2.1 0.0 0.9 0.1
JB9-04-51 2.7 0.1 2.3 0.0 0.4 0.1
JB9-04-52 3.2 0.3 14 0.1 1.8 0.3
JB9-04-53 3.4 0.5 1.6 0.1 1.8 0.5
JB9-04-54 2.7 0.3 1.8 0.1 0.9 04
JB9-04-55 3.4 04 1.8 0.1 15 04
JB9-04-56 3.9 0.2 2.6 0.1 12 0.2
JB9-04-57 4.1 0.3 2.0 0.1 2.0 0.3
JB9-04-58 4.0 0.2 1.9 0.0 2.0 0.2
JB9-04-59 2.1 0.1 1.2 0.0 0.9 0.1
JB9-04-61 7.5 0.3 1.8 0.1 5.7 0.3
JB9-04-62 11.6 0.3 1.7 0.1 9.9 0.3

245




Table A2-3. September-2004 #**Th activities in subtidal samples.

Total Supported
Th-234 Th-234 Excess  Th-

Activity Error Activity Error 234 Activity Error

SAMPLEID | (dpmg™) (£ (dpm g™ (& (dpm g™ (&
JB9-04-2 3.4 0.2 2.1 0.2 1.2 0.3
JB9-04-3 25 0.2 1.8 0.1 0.6 0.2
JB9-04-4 1.5 0.1 1.5 0.1 0.0 0.1
JB9-04-5 4.5 0.7 1.6 0.4 2.9 0.8
JB9-04-6 1.3 0.1 1.3 0.1 0.0 0.2
JB9-04-7 2.2 0.1 1.5 0.1 0.7 0.1
JB9-04-8 25 0.2 1.8 0.2 0.7 0.3
JB9-04-9 2.5 0.4 2.0 0.3 0.5 0.5
JB9-04-10 3.7 0.4 2.1 0.2 1.6 0.5
JB9-04-11 1.8 0.1 1.3 0.1 0.5 0.1
JB9-04-12 3.3 0.3 2.4 0.2 0.9 0.3
JB9-04-13 0.3 0.1 0.3 0.1 0.0 0.1
JB9-04-14 1.9 0.1 1.6 0.1 0.4 0.2
JB9-04-15B 2.2 0.2 1.0 0.1 1.1 0.2
JB9-04-16 3.1 0.3 2.0 0.2 1.1 0.4
JB9-04-17 1.8 0.1 1.7 0.1 0.2 0.1
JB9-04-18B 3.1 0.3 1.3 0.1 1.8 0.3
JB9-04-19 2.9 0.3 1.0 0.1 1.9 0.3
JB9-04-20A 2.7 1.0 1.2 04 1.5 1.1
JB9-04-20B 4.0 0.0 2.4 0.0 1.6 0.0
JB9-04-21 3.1 0.4 1.4 0.3 1.7 0.5
JB9-04-22 3.4 0.3 1.9 0.1 1.5 0.4
JB9-04-22B 9.0 0.5 1.9 0.1 7.1 0.5
JB-04-23 15 0.1 1.0 0.1 0.5 0.2
JB9-04-25 2.5 0.2 2.2 0.2 0.3 0.2
JB9-04-26 13 0.1 1.6 0.2 -0.3 0.2
JB-04-27A 3.3 0.8 1.3 0.2 2.0 0.8
JB9-04-27C 4.9 0.6 1.9 0.2 3.0 0.6
JB9-04-29C 2.3 0.3 1.3 0.2 1.0 0.4
JB9-04-30 25 0.3 1.2 0.2 13 0.4
JB9-04-31 25 0.8 1.2 0.6 13 1.0
JB9-04-32 3.5 0.7 1.7 0.3 1.8 0.7
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Table A2-3. Continued.

JB9-04-33 2.8 0.8 15 0.3 13 0.9
JB9-04-33B 1.2 0.1 12 0.1 0.0 0.1
JB9-04-34 2.3 0.2 1.8 0.2 0.5 0.2
JB9-04-35 3.6 0.4 1.8 0.2 1.8 0.4
JB9-04-36 0.8 0.1 0.6 0.1 0.2 0.1
JB9-04-38 3.5 0.2 2.3 0.1 1.2 0.2
JB9-04-39 3.0 0.3 1.7 0.2 1.3 0.4
JB9-04-40 2.1 0.3 12 0.2 0.9 0.4
JB9-04-41 3.0 0.6 2.0 0.3 1.0 0.6
JB9-04-44 0.8 0.1 0.6 0.1 0.1 0.1
JB9-04-45 2.3 0.2 15 0.1 0.8 0.2
JB9-04-46 2.0 0.2 1.7 0.2 0.3 0.3
JB9-04-47 2.4 0.2 2.2 0.2 0.1 0.3
JB9-04-48 3.0 0.2 1.9 0.2 1.1 0.3
JB9-04-50 2.4 0.2 19 0.2 04 0.3
JB9-04-51 1.8 0.1 19 0.1 -0.1 0.1
JB9-04-52 14 0.3 1.2 0.2 0.2 0.3
JB9-04-53 3.3 0.7 1.6 0.4 1.7 0.8
JB9-04-54 1.9 0.5 12 0.4 0.7 0.6
JB9-04-55 3.5 0.6 1.6 0.3 1.9 0.7
JB9-04-56 2.0 0.2 1.8 0.2 0.2 0.3
JB9-04-57 13 0.3 11 0.3 0.2 0.4
JB9-04-58 1.8 0.2 15 0.1 0.3 0.2
JB9-04-59 3.7 0.2 14 0.1 2.3 0.2
JB9-04-61 14 0.3 1.0 0.2 04 0.4
JB9-04-62 2.8 0.2 1.8 0.1 1.0 0.2
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Table A2-4. September-2004 ?*Th,s and ‘Be inventories in subtidal

samples (0-5 cm).

Excess
Th-234
Inventory Be-7 Inventory

SAMPLE ID (dpm cm ) Error (+) (dpm cm ) Error ()

JB9-04-2 8.4 0.8 2.5 0.5

JB9-04-3 5.8 0.5 1.8 0.6

JB9-04-4 0.1 0.0 51 0.5

JB9-04-5 8.0 1.4 7.1 0.8

JB9-04-6 0.2 0.0 3.2 0.5

JB9-04-7 6.7 0.5 4.3 0.6

JB9-04-8 5.0 0.6 3.1 0.5

JB9-04-9 1.0 0.2 4.5 0.3
JB9-04-10 8.0 1.3 15.7 0.8
JB9-04-11 4.5 0.4 1.0 0.5
JB9-04-12 8.4 0.6 2.1 0.7
JB9-04-13 0.3 0.0 0.4 0.3
JB9-04-14 2.8 0.0 0.0 0.0
JB9-04-15B 12.8 1.5 0.4 0.5
JB9-04-16 6.4 0.5 7.1 0.8
JB9-04-17 1.4 0.1 2.0 0.7
JB9-04-18B 16.0 1.7 3.4 0.6
JB9-04-19 12.3 2.9 0.0 0.0
JB9-04-20A 1.3 0.6 9.9 0.5
JB9-04-20B 1.8 0.2 7.1 0.6
JB9-04-21 4.2 0.5 25.8 0.9
JB9-04-22 4.3 0.9 5.8 0.6
JB9-04-22B 11.5 0.8 19.2 1.5

JB-04-23 5.2 0.5 1.8 0.8
JB9-04-25 2.6 0.3 2.0 0.5
JB9-04-26 -2.4 0.0 4.7 0.5
JB-04-27A 194 2.6 0.6 1.0
JB9-04-27C 7.8 1.1 8.7 0.6
JB9-04-29C 2.2 0.2 0.9 0.3
JB9-04-30 3.1 0.3 0.3 0.3
JB9-04-31 1.2 0.3 0.0 0.0
JB9-04-32 2.4 0.7 0.0 0.0
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Table A2-4. Continued.

JB9-04-33 2.1 0.8 0.1 0.3
JB9-04-33B 0 0.1 0.5 0.3
JB9-04-34 0.9 0.1 3.9 0.4
JB9-04-35 16.7 2.1 2.7 12
JB9-04-36 2.5 0.0 0.1 0.4
JB9-04-38 12.0 0.7 0.5 0.6
JB9-04-39 4.1 0.4 0.7 0.6
JB9-04-40 6.3 1.3 1.0 0.4
JB9-04-41 3.3 1.2 6.3 0.6
JB9-04-44 13 0.2 0.0 0.0
JB9-04-45 7.5 0.8 5.6 0.7
JB9-04-46 2.6 0.2 2.7 0.6
JB9-04-47 0.9 0.1 2.8 0.5
JB9-04-48 6.5 0.7 0.3 0.5
JB9-04-50 3.6 0.4 0.5 0.5
JB9-04-51 0.0 0.0 6.0 0.6
JB9-04-52 04 0.0 0.4 0.0
JB9-04-53 2.0 0.5 6.4 0.6
JB9-04-54 1.1 0.2 7.4 0.5
JB9-04-55 2.3 1.2 6.8 0.5
JB9-04-56 0.5 0.1 4.2 0.4
JB9-04-57 0.5 0.1 54 0.4
JB9-04-58 15 0.1 0.1 0.3
JB9-04-59 17.9 1.8 0.9 0.4
JB9-04-61 1.0 0.1 7.9 0.5
JB9-04-62 2.2 0.2 0.2 0.3
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Table A2-5. May-2005 sample site coordinates, dry bulk density and sediment

description
Sample Dry Bulk Sediment
Date Sample ID Latitude Longitude Density Description

5/19/2005 JB5-05-1 40 37.3483 | 7350.3513 0.2 organic mud
5/19/2005 | JB5-05-2 40 38.3644 | 7350.2365 15 muddy sand
5/19/2005 JB5-05-3 40 38.9117 | 7351.2404 0.6 very fluffy mud
5/19/2005 JB5-05-4 40 38.6673 7351.2814 1.1 silty mud
5/19/2005 | JB5-05-5 40 38.4809 | 7351.2967 0.3 mud
5/19/2005 JB5-05-6 40 38.3083 73 51.8786 0.8 fluffy mud
5/19/2005 JB5-05-7 40 37.7140 73 52.6740 1.1 muddy sand
5/19/2005 JB5-05-8 40 37.4104 73 53.2537 1.1 mud
5/19/2005 JB5-05-9 40 38.6097 73 49.2168 0.3 anoxic mud
5/19/2005 | JB5-05-10 | 40 38.3003 73 49.3485 1.5 fine silty sand
5/19/2005 | JB5-05-11 | 40 38.3071 73 49.0086 0.2 fluffy mud
5/19/2005 | JB5-05-12 | 4038.2900 | 7348.2454 0.2 mud
5/19/2005 | JB5-05-13 | 4037.8299 | 7347.9720 0.2 anoxic mud
5/19/2005 | JB5-05-14 | 40 37.8165 73 47.5217 0.4 mud
5/19/2005 | JB5-05-16 | 40 37.7419 73 48.5077 0.6 mud
5/19/2005 | JB5-05-17 | 4037.8363 | 7349.0126 15 Sand
5/19/2005 | JB5-05-18 | 40 37.4987 73 48.4511 0.4 fluffy mud
5/19/2005 | JB5-05-19 | 4037.1128 73 48.5104 0.3 fluffy mud
5/19/2005 | JB5-05-20 | 40 36.7342 73 48.4349 0.3 mud
5/19/2005 | JB5-05-21 | 40 36.3352 73 47.6966 1.5 mud
5/19/2005 | JB5-05-22 | 40 36.8498 73 48.0661 0.5 mud
5/19/2005 | JB5-05-23 | 40 35.6860 73 48.6790 1.6 mud
5/19/2005 | JB5-05-24 | 40 36.2800 7347.5912 0.6 mud
5/19/2005 | JB5-05-25 | 4036.6912 | 73 46.8058 0.7 fluffy mud
5/19/2005 | JB5-05-26 | 4037.2802 | 73 46.5837 0.5 fluffy mud
5/19/2005 | JB5-05-27 | 4036.8982 | 73 46.4488 0.7 fluffy mud
5/19/2005 | JB5-05-28 | 40 37.4745 73 45.8991 1.0 sandy mud
5/19/2005 | JB5-05-29 | 4037.8571 73 45.2855 0.5 mud
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Table A2-5. Continued.

5/20/2005 | JB5-05-30 | 4036.8182 | 7353.2146 0.6 mud
5/20/2005 | JB5-05-31 | 4036.3891 | 7353.3983 0.3 organic mud
5/20/2005 | JB5-05-32 | 4036.4461 | 7352.6889 0.6 mud
5/20/2005 | JB5-05-33 | 40 36.5973 73 52.5700 1.5 silty sand
5/20/2005 | JB5-05-34 | 40 36.0185 73 52.6329 0.8 anoxic mud
5/20/2005 | JB5-05-35 | 40 35.5523 73 52.3237 0.7 silty mud
5/20/2005 | JB5-05-36 | 40 36.2166 73 52.0502 1.6 mud
5/20/2005 | JB5-05-37 | 40 36.8265 73 51.7441 1.4 sand
5/20/2005 | JB5-05-38 | 40 37.0221 73 51.3564 1.5 sand
5/20/2005 | JB5-05-39 | 4035.2055 | 7352.2963 1.6 sand
5/20/2005 | JB5-05-40 | 4034.7055 | 7352.3422 1.8 sand
5/20/2005 | JB5-05-41 | 4034.7716 | 7351.8080 0.7 organic mud
5/20/2005 | JB5-05-43 | 40 35.4141 7351.6277 0.4 sand
5/23/2005 | JB5-05-47 | 4035.7995 | 7350.9730 0.4 mud
5/23/2005 | JB5-05-48 | 4036.1986 | 7351.1612 1.6 silty sand
5/23/2005 | JB5-05-50 | 40 36.6144 73 50.8484 1.6 silty sand
5/23/2005 | JB5-05-51 | 40 36.4685 73 50.2637 0.7 sandy mud
5/23/2005 | JB5-05-52 | 40 36.2653 73 50.2076 0.8 silty sand
5/23/2005 | JB5-05-53 | 40 36.1027 73 49.8445 1.4 silty sand
5/23/2005 | JB5-05-54 | 40 36.0090 73 49.4483 0.3 mud
5/23/2005 | JB5-05-55 | 40 36.6105 73 49.4931 0.4 mud
5/23/2005 | JB5-05-56 | 4036.1221 | 7350.5370 1.6 sand
5/23/2005 | JB5-05-57 | 4036.0091 | 73 47.2649 0.2 mud
5/23/2005 | JB5-05-58 | 40 35.7718 73 47.4210 0.3 mud
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Table A2-6. May-2005 %*°Pb activities in subtidal samples.

Total Supported Excess
Sample Pb-210 Error Pb-210 Error Pb-210 Error
ID (dpm g ) (= (dpmg™) | (dpm g ) (=

JB5-05-1 6.6 0.4 3.0 0.1 3.6 0.3
JB5-05-2 1.4 0.1 1.4 0.0 0.0 0.1
JB5-05-3 4.9 0.2 2.1 0.0 2.8 0.1
JB5-05-4 4.8 0.3 0.0 0.0 4.8 0.3
JB5-05-5 10.0 0.4 2.1 0.1 7.9 0.5
JB5-05-6 3.0 0.1 0.8 0.0 2.1 0.1
JB5-05-7 2.3 0.1 13 0.0 0.9 0.1
JB5-05-8 6.8 0.2 1.8 0.0 5.0 0.2
JB5-05-9 8.2 0.3 1.9 0.1 6.3 0.4
JB5-05-10 1.2 0.1 0.8 0.0 0.4 0.1
JB5-05-11 8.4 0.4 1.5 0.1 6.9 0.6
JB5-05-12 9.1 0.3 1.5 0.1 7.6 0.6
JB5-05-13 8.8 0.3 1.6 0.1 7.2 0.5
JB5-05-14 5.0 0.2 1.1 0.1 3.9 0.3
JB5-05-16 7.3 0.4 1.5 0.1 5.8 0.5
JB5-05-17 3.2 0.1 3.5 0.0 -0.3 0.1
JB5-05-18 6.6 0.3 1.5 0.1 51 0.3
JB5-05-19 6.7 0.3 2.3 0.1 4.3 0.2
JB5-05-20 0.0 0.0 0.0 0.0 0.0 0.0
JB5-05-21 8.0 0.3 2.1 0.1 5.9 0.4
JB5-05-22 3.7 0.2 3.9 0.1 -0.2 0.0
JB5-05-23 0.4 0.1 0.4 0.0 0.0 0.1
JB5-05-24 8.1 0.4 1.9 0.1 6.2 0.4
JB5-05-25 9.1 0.3 2.2 0.1 6.9 0.3
JB5-05-26 10.1 0.3 1.4 0.1 8.7 0.5
JB5-05-27 4.4 0.2 1.6 0.0 2.8 0.1
JB5-05-28 3.6 0.2 0.7 0.0 2.9 0.2
JB5-05-29 5.7 0.2 11 0.0 4.6 0.3
JB5-05-30 7.1 0.2 1.7 0.0 54 0.2
JB5-05-31 10.5 0.4 1.9 0.1 8.6 0.6
JB5-05-32 5.5 0.2 1.9 0.1 3.6 0.2
JB5-05-33 1.7 0.1 1.7 0.0 0.0 0.1
JB5-05-34 8.7 0.3 2.1 0.1 6.6 0.3
JB5-05-35 4.5 0.2 1.9 0.0 2.6 0.1
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Table A2-6. Continued.

JB5-05-36 2.2 0.1 2.7 0.0 0.4 0.1
JB5-05-37 23 0.1 2.9 0.1 0.6 0.1
JB5-05-38 13 0.1 15 0.0 0.2 0.1
JB5-05-39 0.6 0.1 0.8 0.0 0.2 0.1
JB5-05-40 3.4 0.1 1.0 0.0 2.4 0.1
JB5-05-41 12.2 0.5 10.6 0.1 16 0.1
JB5-05-43 1.9 0.2 2.2 0.1 0.3 0.1
JB5-05-47 5.5 0.2 2.2 0.1 3.4 0.2
JB5-05-48 3.4 0.1 0.7 0.0 2.7 0.1
JB5-05-50 1.4 0.1 13 0.0 0.1 0.1
JB5-05-51 3.7 0.2 2.2 0.0 15 0.1
JB5-05-52 12 0.1 12 0.0 0.0 0.1
JB5-05-53 3.4 0.2 3.3 0.0 0.1 0.1
JB5-05-54 75 0.3 2.0 0.1 55 0.3
JB5-05-55 7.8 0.3 2.1 0.1 5.7 0.3
JB5-05-56 3.1 0.2 2.4 0.0 0.7 0.1
JB5-05-57 10.8 0.4 18 0.1 9.0 0.6
JB5-05-58 8.7 0.4 15 0.1 7.2 0.6
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Table A2-7. May-2005 ***Th activities in subtidal sediments.

Total Supported Excess

Th-234 Error Th-234 Error Th-234 Error

SAMPLE ID | (dpmg™) (+ (dpm g™ (= (dpm g™ (+
JB5-05-1 2.5 0.3 2.4 0.4 0.1 0.5
JB5-05-2 1.2 0.1 1.1 0.1 0.1 0.1
JB5-05-3 4.0 0.2 2.2 0.2 1.8 0.2
JB5-05-4 4.0 0.4 2.4 0.2 1.6 0.4
JB5-05-5 3.6 0.4 2.1 0.2 1.6 0.4
JB5-05-6 2.0 0.2 1.7 0.2 0.3 0.3
JB5-05-7 1.8 0.2 0.7 0.1 1.2 0.2
JB5-05-8 3.5 0.3 2.3 0.2 1.2 0.4
JB5-05-9 2.5 0.3 2.0 0.1 0.5 0.3
JB5-05-10 0.9 0.1 0.8 0.1 0.1 0.1
JB5-05-11 1.8 0.7 2.1 0.1 -0.3 0.7
JB5-05-12 2.5 0.4 2.5 0.4 -0.1 0.5
JB5-05-13 2.3 0.2 2.3 0.2 0.0 0.3
JB5-05-14 34 0.7 2.8 0.2 0.6 0.7
JB5-05-16 3.6 0.3 2.2 0.2 14 0.4
JB5-05-17 3.6 0.4 2.2 0.1 1.4 0.4
JB5-05-18 3.9 0.6 3.0 0.3 0.9 0.7
JB5-05-19 5.0 0.4 2.4 0.2 2.6 0.5
JB5-05-20 3.5 0.2 2.4 0.1 1.1 0.2
JB5-05-21 1.9 0.3 1.8 0.2 0.1 0.3
JB5-05-22 2.4 0.0 1.8 0.2 0.6 0.2
JB5-05-23 0.3 0.3 0.3 0.1 0.0 0.3
JB5-05-24 3.9 0.2 2.4 0.2 1.5 0.3
JB5-05-25 2.0 0.3 2.3 0.2 -0.3 04
JB5-05-26 3.0 0.3 2.2 0.1 0.8 0.4
JB5-05-27 3.5 0.3 2.0 0.1 1.4 0.3
JB5-05-28 3.7 0.3 2.3 0.1 1.4 0.3
JB5-05-29 2.9 0.2 25 0.2 0.4 0.2
JB5-05-30 3.0 0.6 2.4 0.2 0.6 0.6
JB5-05-31 4.4 0.6 2.5 0.3 2.0 0.6
JB5-05-32 3.6 0.2 2.0 0.1 1.6 0.3
JB5-05-33 2.6 0.6 2.1 0.1 0.5 0.6
JB5-05-34 5.9 0.4 2.3 0.2 3.6 0.4
JB5-05-35 3.8 0.2 1.6 0.1 2.2 0.2
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Table A2-7. Continued.

JB5-05-36 2.3 0.5 1.9 0.1 0.5 0.5
JB5-05-37 5.4 0.2 2.8 0.3 2.6 0.3
JB5-05-38 2.0 0.1 1.0 0.1 1.0 0.1
JB5-05-39 11 0.4 05 0.1 0.6 0.4
JB5-05-40 2.0 0.4 0.4 0.1 16 0.4
JB5-05-41 3.3 0.6 2.3 0.1 0.9 0.6
JB5-05-43 2.4 0.4 25 0.2 0.1 0.4
JB5-05-47 5.0 0.2 2.4 0.1 2.6 0.2
JB5-05-48 2.0 0.3 0.6 0.0 13 0.3
JB5-05-50 2.2 0.4 11 0.1 11 0.4
JB5-05-51 4.7 0.3 25 0.2 2.2 0.3
JB5-05-52 3.4 0.4 17 0.2 17 0.4
JB5-05-53 3.8 0.3 25 0.1 13 0.3
JB5-05-54 4.5 0.7 2.6 0.2 1.9 0.8
JB5-05-55 5.9 0.4 3.4 0.2 25 0.5
JB5-05-56 15 0.7 0.6 0.1 0.9 0.7
JB5-05-57 13.1 3.4 2.8 0.3 10.3 3.4
JB5-05-58 17.1 2.4 2.4 0.3 14.7 2.4
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Table A2-8. May-2005 ***Th,s and 'Be inventories in subtidal

samples.
Excess
Th-234 Be-7
Inventory Inventory

SAMPLE ID (dpm cm-2) Error () (dpm cm '2) Error (1)

JB5-05-1 0.1 0.0 3.7 0.3

JB5-05-2 1.0 0.1 4.0 0.9

JB5-05-3 4.2 0.4 2.2 0.2

JB5-05-4 5.2 0.5 15 0.4

JB5-05-5 2.1 0.3 9.5 0.5

JB5-05-6 1.3 0.2 2.4 0.3

JB5-05-7 4.2 0.0 2.8 0.4

JB5-05-8 4.6 0.3 4.8 0.6

JB5-05-9 0.7 0.1 2.5 0.3
JB5-05-10 0.6 0.1 14 0.3
JB5-05-11 0.0 0.1 0.9 0.2
JB5-05-12 0.0 0.0 0.2 0.4
JB5-05-13 0.0 0.0 0.2 0.2
JB5-05-14 1.0 0.2 0.6 0.4
JB5-05-16 3.9 0.5 2.6 0.8
JB5-05-17 7.6 0.4 15 0.9
JB5-05-18 1.6 0.3 15 0.3
JB5-05-19 4.0 0.6 4.6 0.5
JB5-05-20 1.7 0.2 0.0 0.0
JB5-05-21 1.0 0.1 12.0 2.0
JB5-05-22 14 0.2 1.9 0.4
JB5-05-23 0.0 0.0 4.9 0.7
JB5-05-24 4.4 0.6 9.7 1.0
JB5-05-25 0.0 0.1 1.7 0.2
JB5-05-26 2.1 0.3 12 0.5
JB5-05-27 5.2 0.5 4.9 0.4
JB5-05-28 5.9 0.3 5.2 0.6
JB5-05-29 11 0.1 0.9 0.3
JB5-05-30 1.8 0.3 2.9 0.4
JB5-05-31 2.8 0.2 3.2 0.4
JB5-05-32 5.0 0.3 2.4 0.3
JB5-05-33 4.0 0.2 12 0.3
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Table A2-8. Continued.

JB5-05-34 6.8 0.8 4.8 0.9
JB5-05-35 5.8 0.7 1.8 0.3
JB5-05-36 3.8 0.4 3.0 0.7
JB5-05-37 6.9 15 3.1 0.9
JB5-05-38 5.3 0.7 0.5 0.2
JB5-05-39 5.2 0.6 0.3 0.3
JB5-05-40 5.0 0.6 11 0.6
JB5-05-41 3.2 0.3 1.0 0.3
JB5-05-43 0.0 0.0 15 0.3
JB5-05-47 5.2 0.6 4.0 0.5
JB5-05-48 5.5 0.6 5.2 0.5
JB5-05-50 5.9 0.5 1.0 0.3
JB5-05-51 4.6 0.8 1.7 0.4
JB5-05-52 4.2 0.6 1.8 0.3
JB5-05-53 5.9 0.4 14 0.3
JB5-05-54 3.2 0.5 3.2 0.3
JB5-05-55 4.9 0.3 0.9 04
JB5-05-56 7.0 0.6 0.8 0.4
JB5-05-57 9.0 1.2 0.6 0.5
JB5-05-58 7.0 1.9 0.3 0.7
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Table A2-9. November-2005 sample site coordinates, dry bulk density and
sediment description.

Sample Dry Bulk Sediment
Date Sample ID Latitude Longitude Density Description

11/8/2005 | JB11-05-1 40 36.8712 | 73 53.1669 0.77 organic mud
11/8/2005 | JB11-05-5 40 37.2278 | 73 53.3766 0.72 organic mud
11/8/2005 | JB11-05-6 40 37.4276 | 73 53.3766 0.59 organic mud
11/8/2005 | JB11-05-7 | 4037.7139 | 7352.6726 0.99 fluffy mud
11/8/2005 | JB11-05-8 | 4038.0093 | 7352.3661 0.70 fluffy mud
11/8/2005 | JB11-05-9 | 4038.0263 | 7352.0523 1.20 sandy mud
11/8/2005 | JB11-05-10 | 40 38.2885 73 51.8399 0.74 fluffy mud
11/8/2005 | JB11-05-11 | 40 38.6218 73 51.2794 0.58 fluffy mud
11/8/2005 | JB11-05-12 | 40 38.4659 73 51.0358 0.73 organic mud
11/8/2005 | JB11-05-14 | 40 38.4130 73 50.7181 0.61 fluffy mud
11/8/2005 | JB11-05-15 | 40 38.4847 73 50.6949 0.49 fluffy mud
11/8/2005 | JB11-05-16 | 40 38.5169 73 50.7305 1.71 sand
11/8/2005 | JB11-05-17 | 4038.3601 | 7350.2387 1.24 fluffy mud
11/8/2005 | JB11-05-18 | 4038.0747 | 7350.0201 0.59 fluffy mud
11/8/2005 | JB11-05-19 | 40 37.3485 73 50.3130 1.76 silty sand
11/8/2005 | JB11-05-20 | 40 37.3594 73 50.3241 1.77 sand
11/8/2005 | JB11-05-21 | 40 37.0655 73 51.4805 1.75 sand
11/8/2005 | JB11-05-22 | 40 36.8345 7351.7291 1.71 sand
11/8/2005 | JB11-05-23 | 40 35.7213 73 52.1472 0.54 organic mud
11/8/2005 | JB11-05-24 | 40 35.4259 73 51.6211 0.82 organic mud
11/8/2005 | JB11-05-25 | 40 35.4299 73 51.0418 1.96 sand
11/8/2005 | JB11-05-26 | 40 35.8875 73 50.9112 1.66 sand
11/8/2005 | JB11-05-27 | 40 36.1787 73 50.5772 0.73 fluffy mud
11/8/2005 | JB11-05-28 | 40 36.4350 73 50.2082 1.67 sand
11/8/2005 | JB11-05-29 | 4035.9988 | 7349.9931 0.75 fluffy mud
11/8/2005 | JB11-05-30 | 40 36.0695 | 73 49.5537 0.64 organic mud
11/8/2005 | JB11-05-31 | 4036.3313 | 7349.4157 0.52 organic mud
11/8/2005 | JB11-05-32 | 4035.1396 | 7350.9319 1.30 muddy silt
11/8/2005 | JB11-05-33 | 4035.1212 | 7349.8524 1.63 sand with shell hash
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Table A2-9. Continued.

11/8/2005 JB11-05-34 40 35.29’ 73 49.5368 1.78 sand with shell hash
JB11-05-
11/8/2005 35A 40 38.9199 | 73 49.7989 0.63 organic mud
JB11-05-
11/8/2005 35B 40 38.9199 | 73 49.7989 0.65 organic mud
JB11-05-
11/8/2005 35C 40 38.9199 | 7349.7989 0.64 organic mud
11/8/2005 | JB11-05-38 | 4038.6572 | 7349.2131 0.54 organic mud
11/8/2005 | JB11-05-39 | 4038.3276 | 7349.2700 0.45 fluffy mud
11/8/2005 | JB11-05-40 | 4038.0134 | 7340.0421 0.49 fluffy mud
11/8/2005 | JB11-05-41 | 4038.3213 | 7348.8139 0.56 fluffy mud
11/19/2005 | JB11-05-42 | 4038.3162 | 73 48.7416 0.64 fluffy mud
11/19/2005 | JB11-05-43 | 4038.3175 | 73 48.6557 0.53 fluffy mud
11/19/2005 | JB11-05-44 | 4038.2309 | 73 48.6473 0.53 fluffy mud
11/19/2005 | JB11-05-45 | 4038.2117 | 73 48.4064 0.52 fluffy mud
11/19/2005 | JB11-05-46 | 4038.0389 | 73 48.5259 0.52 fluffy mud
11/19/2005 | JB11-05-47 | 4037.8123 | 73 47.5310 0.18 fluffy mud
11/19/2005 | JB11-05-48 | 4037.3163 | 73 47.5995 0.20 fluffy mud
11/19/2005 | JB11-05-49 | 4037.8077 | 73 47.9660 0.20 fluffy mud
11/19/2005 | JB11-05-50 | 40 37.7847 | 73 48.6702 0.57 silty mud
11/8/2005 | JB11-05-51 | 4037.4872 | 73 48.5953 0.25 fluffy mud
11/8/2005 | JB11-05-52 | 4037.1289 | 73 48.5009 0.20 fluffy mud
11/8/2005 | JB11-05-53 | 4036.8644 | 7348.1141 0.40 fluffy mud
JB11-05-
11/8/2005 54A 40 36.7865 | 73 48.4226 0.25 fluffy mud
JB11-05-
11/8/2005 54B 40 36.7865 | 7348.4226 0.26 fluffy mud
JB11-05-
11/8/2005 54C 40 36.7865 | 7348.4226 0.25 fluffy mud
11/19/2005 | JB11-05-55 | 40 36.0077 | 73 49.0073 0.70 fine sand
11/8/2005 | JB11-05-56 | 40 35.6663 | 73 48.7098 0.66 organic mud
11/8/2005 | JB11-05-57 | 4036.0971 | 73 48.2916 0.36 organic mud
11/19/2005 | JB11-05-58 | 40 36.2908 | 73 47.5875 0.28 organic mud
11/19/2005 | JB11-05-59 | 4036.0209 | 73 47.2605 0.21 organic mud
11/19/2005 | JB11-05-60 | 4036.6973 | 73 46.8184 0.25 organic mud
11/19/2005 | JB11-05-61 | 4037.1732 | 73 46.8403 0.20 organic mud
11/19/2005 | JB11-05-62 | 4037.2764 | 73 46.5788 0.25 organic mud
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Table A2-9. Continued.

11/19/2005 | JB11-05-63 | 4036.9074 | 73 46.4500 0.81 organic mud
11/19/2005 | JB11-05-64 | 40 37.4729 73 45.9020 0.80 sand with shell hash
11/19/2005 | JB11-05-65 | 4037.8447 | 73 45.2914 0.25 organic mud
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Table A2-10. November-2005 *°Pb activity in subtidal samples.

Total Supported Excess

Pb-210 Error Pb-210 Error Pb-210 Error

SAMPLEID | (dpmg™) (= (dpm g™ (+ (dpm g™ (+
JB11-05-1 6.5 0.2 2.1 0.1 4.3 0.2
JB11-05-5 5.6 0.4 1.8 0.1 3.8 0.4
JB11-05-6 5.7 0.3 2.0 0.1 3.7 0.3
JB11-05-7 3.9 0.2 14 0.0 2.5 0.2
JB11-05-8 5.2 0.3 1.7 0.1 3.5 0.3
JB11-05-9 3.0 0.2 2.0 0.0 1.0 0.2
JB11-05-10 6.1 0.3 1.9 0.1 4.2 0.3
JB11-05-11 6.7 0.2 2.0 0.0 4.7 0.2
JB11-05-12 6.2 0.1 2.2 0.0 4.0 0.1
JB11-05-14 5.2 0.3 1.2 0.1 4.0 0.3
JB11-05-15 6.6 0.4 2.1 0.1 4.5 0.5
JB11-05-16 0.8 0.1 0.7 0.0 0.1 0.1
JB11-05-17 2.3 0.2 2.5 0.1 -0.3 0.2
JB11-05-18 6.3 0.3 2.1 0.1 4.2 0.3
JB11-05-19 1.6 0.1 1.5 0.0 0.1 0.1
JB11-05-20 1.6 0.1 1.2 0.0 0.4 0.1
JB11-05-21 1.1 0.1 1.4 0.0 -0.3 0.1
JB11-05-22 1.9 0.1 1.8 0.0 0.2 0.1
JB11-05-23 6.8 0.5 2.1 0.1 4.7 0.5
JB11-05-24 5.9 0.3 2.3 0.1 3.6 0.3
JB11-05-25 1.8 0.1 1.7 0.0 0.1 0.1
JB11-05-26 0.9 0.1 0.6 0.0 0.3 0.1
JB11-05-27 7.2 0.3 2.0 0.1 5.2 0.3
JB11-05-28 1.8 0.1 1.7 0.0 0.1 0.1
JB11-05-29 7.0 0.2 1.9 0.0 5.1 0.2
JB11-05-30 7.4 0.2 2.0 0.0 5.3 0.2
JB11-05-31 7.2 0.4 1.7 0.1 55 0.4
JB11-05-32 3.1 0.2 14 0.0 1.6 0.2
JB11-05-33 6.6 0.3 1.9 0.1 4.7 0.3
JB11-05-34 0.8 0.1 1.1 0.0 -0.3 0.1
JB11-05-35A 6.8 0.4 2.5 0.1 4.3 0.4
JB11-05-35B 5.6 0.3 1.9 0.1 3.7 0.3
JB11-05-35C 6.5 0.3 1.9 0.1 4.6 0.3
JB11-05-38 6.7 0.4 1.6 0.1 5.1 0.4
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Table A2-10. Continued.

JB11-05-39

6.3 0.4 14 0.1 4.9 0.4
JB11-05-40 6.6 0.4 1.0 0.1 5.6 0.4
JB11-05-41 6.1 0.3 2.0 0.1 4.1 0.4
JB11-05-42 6.1 0.3 1.8 0.1 4.3 0.3
JB11-05-43 6.3 0.5 1.9 0.1 4.4 0.5
JB11-05-44 5.0 04 14 0.1 3.6 0.4
JB11-05-45 5.5 04 1.6 0.1 3.9 04
JB11-05-46 6.1 0.3 1.6 0.1 4.5 0.3
JB11-05-47 6.0 0.4 14 0.1 4.6 0.5
JB11-05-48 5.3 0.3 1.6 0.1 3.7 0.3
JB11-05-49 5.7 0.4 1.6 0.1 4.1 0.4
JB11-05-50 4.0 0.2 2.2 0.1 1.8 0.2
JB11-05-51 6.1 04 14 0.1 4.7 0.4
JB11-05-52 6.0 0.5 1.8 0.1 4.2 0.5
JB11-05-53 2.4 0.2 2.2 0.1 0.2 0.2
JB11-05-54A 6.4 0.2 1.8 0.1 4.6 0.2
JB11-05-54B 5.6 0.2 1.6 0.0 4.0 0.2
JB11-05-54C 5.8 0.2 1.8 0.1 4.0 0.2
JB11-05-55 5.6 0.2 2.2 0.0 3.4 0.2
JB11-05-56 0.3 0.1 0.6 0.1 -0.3 0.1
JB11-05-57 54 0.3 1.8 0.1 3.6 0.3
JB11-05-58 5.8 0.4 1.8 0.1 4.0 0.4
JB11-05-59 7.3 04 1.8 0.1 5.5 0.4
JB11-05-60 6.7 0.3 2.0 0.1 4.7 0.3
JB11-05-61 6.2 0.5 1.6 0.1 4.6 0.5
JB11-05-62 6.5 0.4 15 0.1 5.0 0.4
JB11-05-63 1.6 0.2 1.1 0.0 0.5 0.2
JB11-05-64 3.2 0.2 1.8 0.0 14 0.2
JB11-05-65 6.5 0.3 15 0.0 5.0 0.3
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Table A2-11. November-2005 ***Th activities in subtidal samples.

Total Supported Excess

Th-234 Error Th-234 Error Th-234 Error

SampleD | (dpmg™) | (x (dpmg ™) E (dpmg ™) E
JB11-05-1 2.6 0.2 1.8 0.1 0.7 0.2
JB11-05-5 2.7 0.3 2.2 0.1 0.5 0.4
JB11-05-6 2.3 0.2 2.0 0.1 0.3 0.3
JB11-05-7 2.1 0.2 2.1 0.2 0.0 0.2
JB11-05-8 2.2 0.3 2.0 0.2 0.2 0.3
JB11-05-9 2.4 0.1 1.6 0.1 0.7 0.2
JB11-05-10 4.2 0.4 2.1 0.2 2.1 0.4
JB11-05-11 2.9 0.2 2.0 0.2 0.9 0.3
JB11-05-12 2.7 0.1 2.1 0.2 0.6 0.2
JB11-05-14 2.9 0.3 2.1 0.2 0.8 0.4
JB11-05-15 25 0.6 1.8 0.4 0.7 0.7
JB11-05-16 1.2 0.1 0.6 0.1 0.6 0.1
JB11-05-17 2.4 0.2 2.1 0.2 0.3 0.3
JB11-05-18 3.4 0.3 1.7 0.3 1.7 0.4
JB11-05-19 1.7 0.1 1.2 0.0 0.5 0.1
JB11-05-20 2.6 0.2 1.3 0.1 1.3 0.2
JB11-05-21 15 0.2 1.2 0.1 0.3 0.2
JB11-05-22 2.3 0.2 15 0.1 0.8 0.2
JB11-05-23 5.0 0.6 2.1 0.3 2.9 0.7
JB11-05-24 2.0 0.3 15 0.2 0.5 0.4
JB11-05-25 1.3 0.2 1.3 0.2 0.0 0.3
JB11-05-26 0.6 0.1 0.4 0.1 0.1 0.1
JB11-05-27 3.0 0.4 1.2 0.2 1.8 0.5
JB11-05-28 2.3 0.2 1.2 0.1 1.0 0.3
JB11-05-29 4.3 0.3 1.8 0.2 25 0.3
JB11-05-30 3.9 0.3 1.6 0.2 2.3 0.4
JB11-05-31 2.0 0.4 1.3 0.3 0.7 0.5
JB11-05-32 3.3 0.2 15 0.1 1.8 0.2
JB11-05-33 0.4 0.1 0.4 0.1 0.0 0.1
JB11-05-34 0.9 0.1 0.6 0.1 0.3 0.2
JB11-05-35A 2.6 0.5 2.0 0.2 0.6 0.5
JB11-05-35B 2.9 0.4 1.8 0.2 1.1 0.4
JB11-05-35C 3.1 0.3 15 0.3 1.6 0.4
JB11-05-38 4.0 0.4 2.1 0.3 1.9 0.5

263




Table A2-11. Continued.

JB11-05-39 15 0.5 1.3 0.4 0.2 0.7
JB11-05-40 3.3 0.4 2.0 0.3 13 05
JB11-05-41 4.5 05 15 0.2 3.0 05
JB11-05-42 4.7 05 2.0 0.3 2.7 0.6
JB11-05-43 23 0.3 2.2 0.2 0.1 0.4
JB11-05-44 3.4 0.6 15 0.3 1.9 0.7
JB11-05-45 4.2 05 2.3 0.3 1.9 0.6
JB11-05-46 3.0 0.3 1.9 0.2 12 0.3
JB11-05-47 5.1 0.7 16 0.3 35 0.7
JB11-05-48 4.4 0.4 16 0.3 2.8 0.6
JB11-05-49 4.1 05 18 0.2 2.3 05
JB11-05-50 4.3 0.8 2.2 0.6 2.1 1.0
JB11-05-51 25 0.2 0.1 0.1 2.4 0.2
JB11-05-52 4.8 0.7 13 0.3 35 0.7
JB11-05-53 4.2 05 16 0.2 2.6 05
JB11-05-54A 6.7 03 17 0.2 5.1 0.4
JB11-05-54B 6.4 0.3 18 0.3 4.6 0.4
JB11-05-54C 7.3 0.4 2.2 0.2 5.1 05
JB11-05-55 4.1 0.3 25 0.2 16 0.3
JB11-05-56 0.9 0.3 0.7 0.1 0.1 0.3
JB11-05-57 6.8 0.6 2.2 0.2 4.6 0.6
JB11-05-58 4.8 05 1.4 0.2 3.4 0.6
JB11-05-59 7.6 0.7 2.0 0.3 5.7 0.7
JB11-05-60 5.4 05 2.1 0.2 3.3 05
JB11-05-61 3.1 05 2.1 0.4 1.0 0.6
JB11-05-62 5.8 05 17 0.3 4.1 0.6
JB11-05-63 3.8 0.4 0.9 0.1 3.0 0.4
JB11-05-64 4.2 0.4 2.0 0.1 2.2 0.4
JB11-05-65 7.2 0.4 2.4 0.2 4.8 0.4
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Table A2-12. November-2005 #**Th,s and 'Be Inventories in Subtidal

Samples.
Excess
Th-234 Be-7
Inventory Inventory

SAMPLE ID (dpm cm '2) Error (¥) | (dpm cm '2) Error (1)

JB11-05-1 2.8 0.2 22.9 0.7

JB11-05-5 2.0 0.2 28.8 11

JB11-05-6 0.9 0.1 9.1 0.5

JB11-05-7 0.0 0.0 20.5 0.7

JB11-05-8 0.7 0.1 4.1 0.5

JB11-05-9 4.5 0.4 2.6 04
JB11-05-10 7.7 1.0 5.8 0.6
JB11-05-11 2.7 0.3 27.6 0.5
JB11-05-12 2.3 0.2 5.0 0.2
JB11-05-14 25 0.3 4.6 0.5
JB11-05-15 1.7 0.2 14.6 1.0
JB11-05-16 5.2 0.8 15 0.2
JB11-05-17 2.1 0.3 2.8 0.7
JB11-05-18 4.9 0.6 5.8 0.5
JB11-05-19 4.3 0.3 24 0.2
JB11-05-20 11.3 1.2 2.2 0.5
JB11-05-21 25 0.4 0.0 0.0
JB11-05-22 6.5 0.7 3.2 0.5
JB11-05-23 7.9 14 11.6 0.9
JB11-05-24 2.2 0.3 0.2 0.0
JB11-05-25 0.0 0.0 0.0 0.0
JB11-05-26 1.0 0.2 0.0 0.0
JB11-05-27 6.7 0.7 9.7 0.7
JB11-05-28 8.6 1.1 2.0 0.5
JB11-05-29 9.2 0.8 7.1 0.5
JB11-05-30 7.3 0.7 2.8 0.3
JB11-05-31 1.9 0.2 4.3 0.6
JB11-05-32 11.7 1.3 5.6 0.5
JB11-05-33 0.0 0.0 0.1 0.0
JB11-05-34 3.0 0.6 0.0 0.0
JB11-05-35A 2.1 0.2 0.5 0.1
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Table A2-12. Continued.

JB11-05-35B 3.5 0.3 2.9 0.5
JB11-05-35C 5.0 0.5 1.8 0.4
JB11-05-38 5.0 0.6 2.6 0.7
JB11-05-39 0.6 0.1 4.4 0.6
JB11-05-40 3.3 0.5 1.0 0.4
JB11-05-41 8.4 0.8 2.9 0.5
JB11-05-42 8.6 0.9 0.0 0.0
JB11-05-43 0.3 0.0 3.8 0.7
JB11-05-44 4.9 0.7 0.2 0.7
JB11-05-45 4.9 0.5 1.9 0.5
JB11-05-46 3.1 0.4 0.9 0.4
JB11-05-47 3.2 0.4 0.0 0.0
JB11-05-48 2.9 0.3 0.0 0.0
JB11-05-49 2.3 0.3 0.0 0.2
JB11-05-50 6.1 0.7 1.8 0.2
JB11-05-51 3.1 2.3 1.7 0.2
JB11-05-52 3.6 0.5 3.1 0.3
JB11-05-53 5.3 0.6 2.7 0.3
JB11-05-54A 6.3 0.9 3.5 0.2
JB11-05-54B 6.0 0.7 2.8 0.2
JB11-05-54C 6.4 0.8 2.0 0.2
JB11-05-55 5.4 0.5 1.7 0.3
JB11-05-56 0.4 0.2 0.5 0.6
JB11-05-57 8.3 0.9 55 04
JB11-05-58 4.8 0.5 3.0 0.3
JB11-05-59 5.8 0.9 0.7 0.3
JB11-05-60 4.0 0.4 2.3 0.2
JB11-05-61 1.0 0.2 1.0 0.3
JB11-05-62 5.1 0.5 1.3 0.2
JB11-05-63 12.1 2.2 3.1 0.6
JB11-05-64 8.8 0.9 0.0 0.0
JB11-05-65 6.1 0.4 0.9 0.2
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Table A2-13. July-2006 sample site coordinates dry bulk density and sediment

description.
Sample Dry Bulk

Date Sample ID Latitude Longitude Density | Sediment Description
7/12/2006 | JB7-06-1 | 40 35.49604 | 73 51.0066 1.42 sand
7/12/2006 | JB7-06-2 40 35.9043 | 7350.9159 1.60 silty sand
7/12/2006 JB7-06-3 40 36.1808 | 73 50.5616 0.51 organic mud
7/12/2006 JB7-06-4 40 36.2603 | 7350.1935 1.25 silt mud with algae
7/12/2006 JB7-05-5 40 35.9982 | 73 49.9825 0.44 organic mud and ulva
7/12/2006 JB7-06-6 40 36.0781 | 7349.5478 0.23 organic mud
7/12/2006 JB7-06-7 40 36.3394 | 7349.4128 0.35 organic mud
7/12/2006 JB7-06-8 40 36.2235 | 7351.9263 1.55 sand with shell hash
7/12/2006 JB7-06-9 40 36.8437 | 7351.7318 1.55 sandy silt
7/12/2006 | JB7-06-10 | 4037.0719 | 7351.4704 1.32 sand with shell hash
7/12/2006 | JB7-06-11 | 40 37.2186 | 7350.7884 1.50 silty sand
7/12/2006 | JB7-06-12 | 40 37.3664 | 7350.3247 1.33 sandy silt
7/12/2006 | JB7-06-13 | 4038.0725 | 7350.0173 0.45 organic mud
7/12/2006 | JB7-06-14 | 4038.3585 | 73 50.2401 1.29 sand
7/12/2006 | JB7-06-15 | 4038.4142 | 73 50.7259 0.37 organic mud
7/12/2006 | JB7-06-16 | 40 38.4907 | 7350.7019 0.40 organic mud
7/12/2006 | JB7-06-17 | 4038.5153 | 7350.7348 1.61 coarse sand
7/12/2006 | JB7-06-18 | 4038.4714 | 7351.0485 0.51 organic mud
7/12/2006 | JB7-06-19 | 40 38.6246 | 7351.2843 0.65 organic mud
7/12/2006 | JB7-06-20 | 40 38.2928 | 73 51.8406 0.47 organic mud with clams
7/12/2006 | JB7-06-21 | 40 38.0252 | 7352.0579 1.23 silty mud
7/12/2006 | JB7-06-22 | 4038.0131 | 7352.3654 1.24 coarse sand
7/12/2006 | JB7-06-23 | 40 38.2626 | 73 52.6783 0.62 mud
7/12/2006 | JB7-06-24 | 4037.5771 | 7352.9948 0.64 clam shells
7/12/2006 | JB7-06-25 | 4037.4189 | 7353.2394 0.62 organic mud

mud with clams and

7/12/2006 | JB7-06-26 | 40 37.2256 | 73 53.3767 0.64 worms
7/12/2006 | JB7-06-27 | 40 36.8679 | 7353.1648 0.58 organic mud
7/12/2006 | JB7-06-28 | 4036.5434 | 73 52.9759 0.77 organic mud
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Table A2-13. Continued.

7/12/2006 | JB7-06-29 | 4036.5428 | 7352.4114 1.44 sand
7/12/2006 | JB7-06-30 | 4036.2706 | 7352.7152 0.89 sandy mud
7/12/2006 | JB7-06-31 | 4035.9303 | 7352.5663 0.67 organic mud
7/12/2006 | JB7-06-32 | 4035.7111 | 7352.1488 0.52 fluffy mud
7/12/2006 | JB7-06-33 | 4035.4280 | 7351.6161 0.69 fluffy mud
7/12/2006 | JB7-06-35 | 4035.2840 | 73 49.5454 1.63 sand
7/12/2006 | JB7-06-36 | 4035.9980 | 73 49.0060 0.55 organic mud
7/12/2006 | JB7-06-37 | 4035.6626 | 73 48.7205 1.59 sand
7/12/2006 | JB7-06-38 | 40 36.0967 | 73 48.3029 0.65 organic mud
7/12/2006 | JB7-06-39 | 4036.8590 | 7348.1128 0.73 organic mud
7/12/2006 | JB7-06-40 | 4036.7817 | 73 48.4255 0.36 fluffy mud
7/12/2006 | JB7-06-41 | 4037.1289 | 7348.5023 0.34 fluffy mud
7/12/2006 | JB7-06-42 | 4037.4930 | 7348.5888 0.30 fluffy mud
7/12/2006 | JB7-06-43 | 4037.7885 | 73 48.6687 0.57 fluffy mud
7/12/2006 | JB7-06-44 | 4038.0259 | 7349.0483 0.32 fluffy mud
7/12/2006 | JB7-06-45 | 4038.3281 | 7349.2693 0.25 fluffy mud
7/12/2006 | JB7-06-46 | 4038.6595 | 7349.2230 041 fluffy mud
7/12/2006 | JB7-06-47 | 40 38.3223 | 73 48.8068 041 fluffy mud
7/12/2006 | JB7-06-48 | 4038.3221 | 7348.7380 0.35 fluffy mud
7/12/2006 | JB7-06-49 | 4038.3126 | 73 48.6530 0.32 fluffy mud
7/12/2006 | JB7-06-50 | 40 38.2298 | 73 48.6459 0.27 fluffy mud
7/12/2006 | JB7-06-51 | 4038.2084 | 73 48.4008 0.31 fluffy mud
7/12/2006 | JB7-06-52 | 4038.0384 | 7348.5316 0.26 fluffy mud
7/12/2006 | JB7-06-53 | 4037.8088 | 7347.9702 0.35 fluffy mud
7/12/2006 | JB7-06-54 | 4037.5570 | 7347.6193 0.22 fluffy mud
7/12/2006 | JB7-06-55 | 4037.7134 | 7347.3795 0.23 fluffy mud
7/12/2006 | JB7-06-57 | 4036.2936 | 73 47.5938 0.32 fluffy mud
7/12/2006 | JB7-06-58 | 40 36.0247 | 73 47.2568 0.22 fluffy mud
7/12/2006 | JB7-06-59 | 4036.2670 | 7347.1241 0.33 fluffy mud
7/12/2006 | JB7-06-60 | 4036.4731 | 7347.1360 0.37 fluffy mud
7/12/2006 | JB7-06-61 | 40 36.7007 | 73 46.8325 0.35 fluffy mud
7/12/2006 | JB7-06-62 | 4037.1743 | 73 46.8466 0.23 fluffy mud
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Table A2-13. Continued.

7/12/2006 | JB7-06-63 | 4037.2752 | 73 46.5717 0.34 fluffy mud
7/12/2006 | JB7-06-64 | 4036.9070 | 73 46.4543 0.99 mud with clams
7/12/2006 | JB7-06-65 40 37.4773 | 73 45.9054 0.64 mud with clams
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Table A2-14. July-2006 **°Pb activities in subtidal samples.

Total Supported Excess

Pb-210 Error Pb-210 Error Pb-210 Error

SAMPLEID | (dpmg™ (& (dpm g™ (£ (dpm g™ (£
JB7-06-1 1.76 0.14 1.61 0.04 0.15 0.15
JB7-06-2 1.12 0.12 0.76 0.02 0.36 0.12
JB7-06-3 6.23 0.28 2.22 0.07 4.01 0.29
JB7-06-4 2.64 0.13 2.10 0.04 0.54 0.13
JB7-05-5 6.13 0.23 1.83 0.05 4.29 0.24
JB7-06-6 6.62 0.63 1.64 0.18 4.98 0.66
JB7-06-7 8.58 0.30 141 0.06 7.7 0.30
JB7-06-8 1.63 0.18 1.44 0.05 0.19 0.19
JB7-06-9 1.45 0.12 1.66 0.04 -0.21 0.12
JB7-06-10 2.47 0.16 1.49 0.04 0.98 0.17
JB7-06-11 2.02 0.14 2.02 0.05 0.00 0.15
JB7-06-12 1.80 0.21 1.48 0.07 0.32 0.22
JB7-06-13 6.53 0.25 2.20 0.07 4.34 0.26
JB7-06-13B 6.59 0.26 1.66 0.05 4.93 0.27
JB7-06-14 1.69 0.12 1.30 0.03 0.39 0.13
JB7-06-15 6.39 0.27 231 0.07 4.08 0.28
JB7-06-16 8.21 0.30 1.77 0.06 6.43 0.30
JB7-06-17 0.46 0.08 0.47 0.02 -0.01 0.08
JB7-06-18 6.93 0.18 1.58 0.04 5.35 0.19
JB7-06-19 5.30 0.15 2.00 0.03 3.30 0.15
JB7-06-20 12.77 0.43 1.84 0.05 10.93 0.43
JB7-06-21 3.60 0.20 1.39 0.03 2.21 0.20
JB7-06-22 1.34 0.11 0.80 0.02 0.54 0.11
JB7-06-23 5.83 0.25 1.48 0.05 4.35 0.25
JB7-06-24 6.46 0.23 1.93 0.05 4.53 0.24
JB7-06-25 6.78 0.23 1.66 0.05 5.12 0.24
JB7-06-26 5.86 0.24 1.68 0.05 4.18 0.25
JB7-06-27 8.10 0.25 1.69 0.04 6.41 0.25
JB7-06-28 5.56 0.19 1.66 0.04 3.90 0.19
JB7-06-29 2.65 0.13 2.94 0.04 -0.29 0.13
JB7-06-30 2.89 0.18 1.58 0.05 1.30 0.18
JB7-06-31 6.00 0.22 2.04 0.05 3.96 0.23
JB7-06-32 8.81 0.30 1.86 0.07 6.95 0.31
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Table A2-14. Continued.

JB7-06-33 6.54 0.22 2.06 0.05 4.48 0.23
JB7-06-34A 2.79 0.12 1.73 0.03 1.06 0.12
JB7-06-35 0.78 0.08 0.85 0.02 -0.06 0.08
JB7-06-36 6.77 0.25 2.52 0.06 4.24 0.26
JB7-06-37 0.42 0.07 0.37 0.01 0.04 0.07
JB7-06-38 4.68 0.19 1.64 0.04 3.04 0.19
JB7-06-39 3.11 0.16 1.89 0.04 1.21 0.17
JB7-06-40 7.95 0.33 1.60 0.06 6.35 0.33
JB7-06-41 8.50 0.33 1.59 0.07 6.91 0.33
JB7-06-42 9.39 0.41 1.60 0.07 7.80 0.41
JB7-06-43 5.92 0.26 1.86 0.06 4.06 0.27
JB7-06-44 8.00 0.35 1.76 0.09 6.24 0.36
JB7-06-45 8.87 0.39 1.34 0.07 7.53 0.40
JB7-06-46 8.32 0.29 1.86 0.06 6.47 0.30
JB7-06-47 10.10 0.32 1.96 0.07 8.14 0.33
JB7-06-48 10.50 0.35 155 0.06 8.95 0.35
JB7-06-49 11.20 0.39 1.76 0.08 9.44 0.40
JB7-06-50 9.27 0.41 156 0.09 7.71 0.42
JB7-06-51 12,56 0.44 1.74 0.07 10.82 0.45
JB7-06-52 9.80 0.35 1.38 0.07 8.42 0.36
JB7-06-53 7.99 0.29 1.59 0.06 6.40 0.30
JB7-06-54 8.03 0.47 1.84 0.12 6.19 0.49
JB7-06-55 8.05 0.43 1.65 0.09 6.40 0.44
JB7-06-57 8.45 0.33 1.60 0.06 6.85 0.34
JB7-06-58 1151 0.58 1.69 0.15 9.83 0.60
JB7-06-59 10.44 0.37 1.83 0.07 8.61 0.37
JB7-06-60 9.25 0.27 1.72 0.06 7.53 0.28
JB7-06-61 9.74 0.31 1.67 0.06 8.08 0.31
JB7-06-62 9.59 0.48 157 0.11 8.02 0.49
JB7-06-63 10.57 0.31 1.80 0.07 8.77 0.32
JB7-06-64 2.76 0.14 151 0.04 1.25 0.14
JB7-06-65 4.07 0.37 2.22 0.09 1.84 0.38
JB7-06-66 11.43 0.35 1.64 0.08 9.80 0.36
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Table A2-15. July-2006 #**Th activities in subtidal samples.

Total Supported Excess

Th-234 Error Th-234 Error Th-234 Error
SamplelD | (dpmg’) | (dpmg ™) (= (dpm g ) (*
JB7-06-1 1.3 0.1 1.2 0.1 0.1 0.2
JB7-06-2 0.8 0.1 0.6 0.1 0.2 0.1
JB7-06-3 3.7 0.3 1.7 0.3 2.0 0.5
JB7-06-4 2.4 0.1 2.0 0.2 0.4 0.2
JB7-05-5 2.8 0.2 1.3 0.1 1.5 0.2
JB7-06-6 1.6 0.4 1.8 0.3 -0.2 0.5
JB7-06-7 1.7 0.3 1.6 0.2 0.1 0.4
JB7-06-8 13 0.1 1.4 0.1 -0.2 0.1
JB7-06-9 13 0.1 1.5 0.1 -0.2 0.1
JB7-06-10 1.8 0.2 1.6 0.1 0.1 0.2
JB7-06-11 1.9 0.2 1.8 0.1 0.0 0.2
JB7-06-12 14 0.2 1.3 0.1 0.1 0.2
JB7-06-13 2.3 0.3 1.7 0.1 0.6 0.3
JB7-06-14 1.4 0.1 1.2 0.1 0.3 0.2
JB7-06-15 2.8 0.3 2.0 0.2 0.8 0.3
JB7-06-16 2.4 0.3 2.0 0.2 0.5 0.4
JB7-06-17 0.4 0.1 0.3 0.1 0.1 0.1
JB7-06-18 2.0 0.2 1.2 0.2 0.9 0.3
JB7-06-19 1.8 0.2 1.5 0.2 0.2 0.2
JB7-06-20 1.9 0.2 1.2 0.2 0.7 0.3
JB7-06-21 2.2 0.2 1.2 0.1 1.0 0.2
JB7-06-22 1.2 0.1 0.9 0.1 0.3 0.1
JB7-06-23 2.9 0.2 1.4 0.2 14 0.3
JB7-06-24 4.8 0.3 2.3 0.2 2.5 0.4
JB7-06-25 2.8 0.2 2.3 0.1 0.6 0.3
JB7-06-26 3.2 0.3 1.8 0.1 1.4 0.3
JB7-06-27 2.1 0.2 2.0 0.2 0.2 0.3
JB7-06-28 2.5 0.2 1.8 0.2 0.7 0.2
JB7-06-29 22.7 0.2 2.1 0.2 0.6 0.3
JB7-06-30 1.2 0.1 1.3 0.2 -0.1 0.2
JB7-06-31 3.5 0.3 2.0 0.2 1.5 0.3
JB7-06-32 3.9 0.4 2.1 0.3 1.7 0.5
JB7-06-33 3.3 0.3 2.3 0.2 1.1 0.3
JB7-06-34 2.9 0.2 1.0 0.1 2.0 0.2
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Table A2-15. Continued

JB7-06-35 0.7 0.1 0.8 0.1 -0.1 0.1
JB7-06-36 3.6 0.4 1.1 0.2 2.5 0.4
JB7-06-37 0.5 0.1 0.2 0.0 0.3 0.1
JB7-06-38 3.5 0.2 19 0.1 1.6 0.3
JB7-06-39 5.2 0.4 2.0 0.2 3.2 0.4
JB7-06-40 2.0 0.4 1.2 0.3 0.7 0.5
JB7-06-41 3.4 0.4 14 0.2 2.0 0.5
JB7-06-42 4.5 0.3 2.1 0.3 2.4 0.4
JB7-06-43 4.9 0.4 2.2 0.2 2.7 0.4
JB7-06-44 4.3 0.3 2.1 0.3 2.2 0.4
JB7-06-45 4.2 0.2 12 0.3 3.1 0.4
JB7-06-46 5.3 0.3 2.1 0.2 3.2 0.4
JB7-06-47 3.9 0.2 1.9 0.2 2.0 0.3
JB7-06-48 54 0.4 13 0.2 4.1 0.4
JB7-06-49 4.8 0.3 1.6 0.2 3.2 0.4
JB7-06-50 4.1 0.3 1.7 0.2 2.4 0.4
JB7-06-51 5.7 0.3 19 0.3 3.8 0.5
JB7-06-52 4.0 0.3 1.6 0.2 2.4 0.4
JB7-06-53 4.1 0.3 13 0.2 2.8 0.4
JB7-06-54 3.8 0.4 1.0 0.2 2.8 0.4
JB7-06-55 4.4 0.4 2.0 0.2 2.4 0.5
JB7-06-57 4.0 0.3 14 0.3 2.6 0.4
JB7-06-58 6.2 0.5 1.8 0.4 4.3 0.7
JB7-06-59 4.3 0.3 12 0.2 3.1 0.4
JB7-06-60 51 0.4 1.8 0.2 3.4 0.5
JB7-06-61 4.3 0.3 1.1 0.1 3.2 0.3
JB7-06-62 54 0.4 15 0.4 3.9 0.6
JB7-06-63 6.8 0.3 2.0 0.3 4.8 0.4
JB7-06-64 4.4 0.3 1.8 0.1 2.6 0.3
JB7-06-65 3.9 0.3 2.0 0.2 1.9 0.4
JB7-06-66 9.0 0.3 1.8 0.3 7.2 0.4
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Table A2-16. July-2006 %**Th,s and "Be inventories in

subtidal samples.
Excess
Th-234 Be-7

Inventory Error Inventory Error

SAMPLE ID (dpm cm '2) (£ (dpm cm '2) (x
JB7-06-1 0.8 0.1 3.6 04
JB7-06-2 1.5 0.3 0.9 0.3
JB7-06-3 0.0 0.0 2.7 0.4
JB7-06-4 24 0.2 6.6 0.5
JB7-05-5 3.4 0.4 1.6 0.2
JB7-06-6 0.0 0.0 0.0 0.0
JB7-06-7 0.0 0.0 6.6 04
JB7-06-8 0.0 0.0 0.0 0.0
JB7-06-9 0.0 0.0 1.6 0.4
JB7-06-10 0.9 0.1 6.1 0.6
JB7-06-11 0.3 0.0 2.2 0.5
JB7-06-12 0.5 0.1 0.0 0.0
JB7-06-13 1.3 0.1 3.6 0.3
JB7-06-14 1.8 0.2 2.0 04
JB7-06-15 14 0.1 5.9 0.3
JB7-06-16 1.0 0.1 2.6 0.3
JB7-06-17 0.8 0.2 0.1 0.3
JB7-06-18 2.2 0.2 24 0.2
JB7-06-19 0.8 0.1 2.3 0.2
JB7-06-20 1.7 0.2 5.5 0.3
JB7-06-21 6.2 0.9 5.7 04
JB7-06-22 2.1 0.3 5.1 04
JB7-06-23 4.5 0.7 2.3 0.4
JB7-06-24 8.0 0.9 4.0 04
JB7-06-25 1.7 0.2 4.3 04
JB7-06-26 4.4 0.5 4.6 0.4
JB7-06-27 0.5 0.1 2.1 0.3
JB7-06-28 2.8 0.3 15 0.3
JB7-06-29 4.6 0.4 24 0.4
JB7-06-30 0.0 0.0 14.9 0.7
JB7-06-31 5.0 0.5 3.0 0.3
JB7-06-32 4.6 0.7 3.0 0.5
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Table A2-16. Continued.

JB7-06-33 3.7 0.4 1.2 0.3
JB7-06-34 14.0 1.8 3.7 0.5
JB7-06-35 0.0 0.0 2.0 0.3
JB7-06-36 6.9 0.6 4.5 0.4
JB7-06-37 2.1 0.5 2.1 0.3
JB7-06-38 5.2 0.5 2.9 04
JB7-06-39 115 13 55 0.4
JB7-06-40 13 0.2 0.9 0.3
JB7-06-41 3.3 0.4 2.2 0.3
JB7-06-42 3.7 0.5 1.1 0.3
JB7-06-43 7.6 1.0 0.9 0.4
JB7-06-44 3.5 0.5 0.7 0.3
JB7-06-45 3.8 0.5 0.0 0.0
JB7-06-46 6.7 0.6 2.4 04
JB7-06-47 4.2 0.4 0.6 0.2
JB7-06-48 7.2 0.7 1.1 0.3
JB7-06-49 5.1 0.5 0.5 0.3
JB7-06-50 3.1 0.4 0.1 0.2
JB7-06-51 6.0 0.7 0.0 0.0
JB7-06-52 3.2 0.4 0.0 0.0
JB7-06-53 5.0 0.5 1.0 0.3
JB7-06-54 3.0 0.4 0.0 0.0
JB7-06-55 2.8 0.5 0.0 0.0
JB7-06-57 4.2 0.5 3.7 0.4
JB7-06-58 4.8 1.0 0.0 0.0
JB7-06-59 5.3 0.6 3.6 0.4
JB7-06-60 6.2 0.6 3.6 0.3
JB7-06-61 5.7 0.5 2.8 0.3
JB7-06-62 4.5 0.9 0.4 0.4
JB7-06-63 8.2 0.8 0.3 0.2
JB7-06-64 12.9 1.2 10.3 0.6
JB7-06-65 6.1 0.9 7.0 0.6
JB7-06-66 12.0 1.2 0.0 0.0
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Table A2-17 #°Pb activity, *’Cs activity, dry bulk density and loss-on-ignition of
gravity core 1.

Core 1 Latitude: 40°36.7218 Longitude: 73°48.6471
Depth Total Supported  Excess 1¥7cs Dry Buk  Loss-On-
#0pp “0pp 20pp Activity Density Ignition
Activity Activity Activity  (dpmg™)  (dpm cm?) (%)
(dpmg”) (dpmg?") (dpmg™)
0-2 13.4+£0.9 1.9+0.1 11.5+£1.0 0.02%+0.01 0.4 34
2-4 166+1.1 1.5+0.1 15.1+1.1 0.03%0.02 0.4 21
4-6 9.3+0.7 1.5+£0.08 7.8+0.7 0.04 +£0.02 0.5 31
6-8 9.7+0.8 1.4+0.1 8.3+0.8 0.03+0.02 0.6 29
8-10 9.3+0.8 1.2+0.1 8.1+0.8 0.05 £ 0.02 0.5 7
10-12 9.8+1.0 14+£01 84+1.0 0.06 £ 0.02 0.6 3
12-14 88+1.0 1.3+£0.1 75+1.0 0.06 £0.03 0.6 6
14 -16 7.0+0.6 1.0£0.1 6.0+0.6 0.06 £0.03 0.6 5
16 - 18 7.4+0.9 16+£0.1 57+0.9 0.07£0.01 0.7 9
18 -20 6.8+0.8 1.1+0.1 57+0.8 0.06 +£0.02 0.7 11
20-24 50+04 1.5+0.1 35+04 0.08 +£0.02 0.8 9
24 — 28 59+0.6 1.8+0.1 41+0.6 0.2+0.04 0.9 9
28 - 32 49+1.0 15+0.1 34+1.0 0.08 +£0.02 1.0 8
32 - 36 22+0.1 1.4+0.1 0.8+0.1 0.3+£0.04 1.1 17
36-40 24+0.4 16+£0.1 0.8+0.4 0.5+0.04 1.1 8
40 - 44 2.6+0.9 1.2+£0.1 1.4+£0.9 0.3+0.03 1.2 8
44 — 48 14+0.1 14+0.1 0+0.1 0.2+0.04 1.3 6
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Table A2-18 ?*°Pb activity, **'Cs activity, dry bulk density and loss-on-ignition of gravity

core 2
Core 2 Latitude: 40°36.1260 Longitude: 73°47.6989
Depth Total Supported  Excess ¥cs Dry Bulk  Loss-On-
21%pp “pp #1%pp Activity Density Ignition
Activity Activity Activity  (dpmg™?)  (dpm cm?®) (%)
(dpmg") (dpmg?)  (dpmg™)
0-2 10.7+£1.1 1.7+0.1 9.0+1.1 0.02 £0.01 0.5 7
2-4 178+1.3 1.3+0.1 166 +1.3 0.03+£0.02 0.5 6
4-6 12.5+0.9 1.4+£0.1 11.1+£1.0 0.05+£0.02 0.6 4
6-8 9.3+0.7 1.4+£0.1 7.9+0.7 0.03+0.01 0.8 14
8-10 7.4 +£0.7 1.6+0.1 59+0.7 0.04 £0.01 1.0 6
10-12 6.6 £0.7 1.2+0.1 54+0.7 0.03+0.01 1.0 5
12-14 7.8+0.6 1.4+£0.1 6.4+0.6 0.04 £0.01 1.0 5
14 -16 7.3+£0.7 1.1+0.1 6.2+0.7 0.06 £ 0.01 1.0 4
16 -18 6.7+£0.7 1.0£0.1 57+0.7 0.08 £0.03 0.9 5
18-20 6.3+£0.5 1.0£0.1 53+0.5 0.1 +£0.03 1.1 6
20-24 6.0+£0.6 1.3+0.1 47+£0.6 0.1 +0.04 1.0 5
24 - 28 3.6+0.6 0.7 £0.06 29+0.6 0.2 £0.07 1.2 5
28 — 32 3.3x0.5 1.2+0.1 2.1+0.6 0.1+£0.03 1.2 6
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Table A2-19 ?*°Pb activity, **'Cs activity, dry bulk density and loss-on-ignition of gravity

core 3.
Core 3 Latitude: 40°35.3230 Longitude: 73°45.6211
Depth Total Supported  Excess 13Cs Dry Bulk  Loss-On-
20pp “pp #0pp Activity Density Ignition
Activity Activity Activity  (dpmg™)  (dpm cm?) (%)
(dpmg”) (dpmg?’) (dpmg™)
0-2 19.3+1.1 1.4+£0.1 17,9+1.1 0.1+0.04 0.9 48
2-4 16.8+1.2 1.7+£0.1 151+£1.2 0.3+0.09 0.9 31
4-6 10.4£0.8 1.4+£0.1 9.0+£0.8 0.1+0.04 1.2 21
6-8 6.0+£0.5 1.3+0.1 47+0.5 0.1+£0.02 1.9 45
8-10 6.3+0.6 1.8+0.1 4.5+0.06 0.2 +£0.03 15 7
10-12 57+0.6 1.7+0.1 4.0 £0.6 0.1 +£0.03 1.6 6
12-14 3.1+£0.7 19+0.1 1.2+0.7 0.1 +£0.03 14 8
14 - 16 47+0.6 1.5+0.1 3.2+0.6 0.2 +£0.03 1.3 7
16 -18 48+0.7 1.4+0.1 3.20.6 0.2 +0.03 14 5
18 -20 4.2+0.7 1.6+£0.1 2.6+0.7 0.1+0.03 1.0 8
20-24 4.0+0.7 1.7+£0.1 2.4+0.8 0.06 £ 0.03 1.2 8
24 — 28 25+£0.7 1.6+£0.1 0.9+0.7 0.08 £ 0.03 1.1 6
28 - 32 2.8+0.7 1.5+£01 1.3+0.7 0.1+£0.05 1.1 8
32 - 36 3.0+1.1 1.7+£0.1 1.3+x1.1 0.09+0.04 1.0 6
36 -40 3.1+0.6 1.5+0.1 1.6+0.6 0.04 £0.02 1.1 5
40 - 44 24+1.0 1.6+0.1 0.8+1.0 0.05+£0.03 1.1 6
44 — 48 2.8+0.7 1.7+0.1 1.1+0.7 0.07 £0.05 1.1 5
48 - 56 1.6+£0.3 1.4+0.1 0.2+0.3 0.0 +£0.03 1.3 4
56 — 64 1.3+£0.2 1.2+0.1 0.1 0.2 0.0 £0.02 1.3 5
64 —-72 1.3+0.1 1.1+£01 0.2+£0.1 0.0+0.04 1.2 7
72 - 80 25+£0.7 2.1+£0.2 0.4+£0.7 0.0 £0.02 14 3
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Table A2-20 ?*°Pb activity, **'Cs activity, dry bulk density and loss-on-ignition of gravity

core 4.
Core 4 Latitude: 40°37.9199 Longitude: 73°48.2059
Depth Total Supported  Excess 13Cs Dry Buk  Loss-On-
210pp “0pp #0pp Activity Density Ignition
Activity Activity Activity  (dpmg™)  (dpm cm?) (%)
(dpmg”) (dpmg?) (dpmg?)
0-2 19.2+1.8 2.4+0.3 16.8+1.8 0.02+0.01 0.2 39
2-4 174 +£1.7 2.0+£0.3 154+1.7 0.03+0.02 0.2 47
4-6 185+1.4 1.510.2 16.9+1.5 0.03+0.01 0.2 49
6-8 129+1.2 1.8+0.2 11.1+1.2 0.05+0.02 0.2 43
8-10 12.7+1.4 1.5+0.2 11.2+1.4 0.06 £0.01 0.2 12
10-12 13.3+1.3 1.8+0.2 11.5+14 0.06+£0.01 0.2 11
12-14 10.3+1.6 0.7+0.2 9.6+1.6 0.1 £0.06 0.2 14
14 -16 8.0x1.4 2.0+£0.3 6.0+£1.4 0.1+£0.04 0.2 12
16 -18 86+1.2 1.5+£0.2 71+1.2 0.1+£0.07 0.2 21
18 -20 8.9+15 0.5+£0.2 84+15 0.2 +0.06 0.2 20
20-24 8.3%+1.3 2.4+£0.2 59+1.3 0.2 +£0.06 0.3 14
24 — 28 46+1.0 1.5+£0.2 3.1+10 0.2+40.1 0.2 20
28 - 32 42+0.8 1.7 £0.2 25+0.8 0.2 +0.09 0.2 11
32-36 3.4+0.8 1.4 0.2 2.0+0.8 05+0.1 0.2 15
36 -40 3.0+£04 1.910.2 1.1+04 0.3+0.1 0.2 14
40 - 44 2905 1.2+0.2 1.7+0.5 0.2+0.2 0.2 13
44 — 48 1.8+£0.5 1.7+0.2 0.1+0.5 09+0.1 0.3 9
48 - 56 1.7+0.3 1.5+£01 0.2+04 0.2 +£0.06 0.5 9
56 — 64 2.0+0.3 1.8+0.1 0.2+0.4 0.1+0.04 0.5 10
64 —-72 25+£0.3 22+0.1 0.2+£0.3 0.03 +0.02 1.3 1
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Table A2-21 ?*°Pb activity, **'Cs activity, dry bulk density and loss-on-ignition of gravity

core 5.
Core 5 Latitude: 40°38.4668 Longitude: 73°48.9809
Depth Total Supported  Excess 13Cs Dry Buk  Loss-On-
210pp “0pp 20pp Activity Density Ignition
Activity Activity Activity  (dpmg™)  (dpm cm?) (%)
(dpmg?) (dpmg?h) (dpmg™)
0-2 20.0+1.5 2.0+£0.2 18.0+1.6 0.1+£0.05 0.4 31
2-4 13.1+1.0 0.8+£0.1 12.3£1.0 0.1+0.03 0.5 25
4-6 105+1.0 1.2+0.1 9.3+1.0 0.1 +£0.03 0.5 21
6-8 13.2+£1.0 09+0.1 12.3+1.0 0.1 +£0.07 0.4 24
8-10 12.2+1.0 1.1+0.1 11.1+1.0 0.1+0.04 04 11
10-12 10.6 £ 0.8 09+0.1 9.7+0.8 0.1 +£0.03 0.4 12
12-14 10.4+0.9 1.6+0.1 8.9+0.9 0.1+0.04 0.5 10
14 -16 7.0+£1.0 1.3+0.1 57+1.0 0.1+0.03 0.5 8
16 -18 6.7+0.6 1.4+£0.1 54+0.6 0.2 +£0.06 0.5 14
18 -20 7.3+£0.9 1.7+£0.1 57+£0.9 0.1+0.04 0.5 10
20-24 6.1+£0.8 1.5+£01 46+0.8 0.2+0.08 0.5 8
24 — 28 41+0.5 1.5+£01 2.7+05 0.2 +£0.09 0.5 7
28 - 32 3.7+£0.5 1.3+0.1 24+05 0.5+0.09 0.5 8
32-36 3.7+£0.5 1.3£0.1 25+0.5 0.4 £0.06 0.5 10
36 —40 22104 1.6+0.1 0.6+0.4 0.2 £0.05 0.6 11
40-44 24+0.2 1.6+0.1 0.8+0.3 0.2 +0.03 0.7 5
44 — 48 1.7+£0.2 1.6+0.1 0.1+0.2 0.09 £0.03 0.7 5
48 - 56 1.9+0.2 1.3+0.1 0.6+0.2 0.04 +0.02 0.7 9
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Table A2-22 ?°Pb activity, **'Cs activity, dry bulk density and loss-on-ignition of gravity

core 1.
Core 6 Latitude: 40°35.9408 Longitude: 73°52.6980
Depth Total Supported  Excess ¥cs Dry Buk  Loss-On-
#0pp “0pp #0pp Activity Density Ignition
Activity Activity Activity  (dpmg™?)  (dpm cm?) (%)
(dpmg?’) (dpmg?) (dpmg™)
0-2 235117 19+0.2 21617 0.1 £0.05 0.3 0
2-4 189+14 19+0.1 169+1.4 0.1 £0.05 0.6 0
4-6 175+1.2 1.6 £0.1 159+1.2 0.08 £0.03 0.6 5
6-8 9.1+£05 1.0+£0.05 8.0+£0.5 0.04 +£0.02 0.9 15
8-10 7.1+04 0.9+0.04 6.1+£04 0.05+0.02 1.1 1
10-12 7.0+05 1.3+0.1 57+0.5 0.03 +£0.02 0.8 3
12-14 6.5+0.9 1.8+0.1 4.7+0.9 0.1+£0.03 0.7 10
14 -16 6.4+£0.7 16+0.1 48+0.7 0.05+0.03 0.9 5
16 - 18 56+£0.7 15+0.1 4.1+£0.7 0.09 £0.03 0.8 8
18-20 47+0.8 20+0.1 2.7+0.8 0.09 £0.04 0.8 10
20-24 3.7£0.5 1.5+0.1 2205 0.09 £0.03 0.8 6
24 - 28 2.7+04 16+0.1 1.1+04 0.1 +0.04 0.9 4
28-32 20+£05 14+0.1 0.6 £0.5 0.07 £0.03 0.8 8
32 - 36 2.3+0.3 1.8+0.1 0.5%+0.3 0.1+£0.03 1.1 11

281



Table A2-23 ?°Pb activity, **'Cs activity, dry bulk density and loss-on-ignition of gravity

core 7.
Core 7 Latitude: 40°37.2068 Longitude: 73°53.4947
Depth Total Supported  Excess ¥cs Dry Buk  Loss-On-
#0pp “0pp 210pp Activity Density Ignition
Activity Activity Activity  (dpmg™?)  (dpm cm?) (%)
(dpmg?’) (dpmg?) (dpmg?)
0-2 229116 21+£0.2 20.8+1.6 0.02x0.01 0.4 34
2-4 24615 16+0.1 22.9+1.5 0.03+£0.01 0.5 48
4-6 189+1.1 14+£01 175+1.1 0.03+£0.01 0.5 23
6-8 169+14 14+£01 155+1.4 0.05+ 0.02 0.5 7
8-10 19.2+1.2 1.2+0.1 17.9+1.2 0.03+£0.01 0.5 17
10-12 11.5+£0.9 1.8+0.1 9.7+0.9 0.1 +0.05 0.5 26
12-14 172+1.1 20+0.1 152+1.1 0.09 £0.03 0.5 13
14 -16 14.4+£0.9 1.5+0.1 129+0.8 0.07+£0.04 0.5 6
16 -18 16.2+1.2 19+0.1 14.3+1.2 0.08 £0.05 0.5 9
18 -20 12.7+1.1 1.7+0.1 11.0+£1.1 0.08 £0.04 0.5 13
20-24 11.8+1.2 16+0.1 10.3+1.2 0.06 £0.03 0.5 21
24 - 28 10.2+£0.9 23+0.1 7.9+0.9 0.2+0.04 0.6 6
28-32 10.1+£1.1 19+0.1 82+1.1 0.2 £0.05 0.6 12
32-36 9.3+£0.7 16+0.1 7.7+0.7 0.3+0.04 0.6 13
36-40 6.3+£0.6 24+0.1 3.9+0.6 0.1+0.04 1.1 4
40 - 44 55+0.6 19+0.1 3.6+ 0.6 0.1£0.04 1.0 3
44 — 48 4.7 +0.6 19+0.1 2.8+0.6 0.3+£0.05 0.7 8
48 - 56 35+£0.6 21+£0.1 1.4+0.6 0.4 £0.04 0.9 26
56 — 64 29+04 19+0.1 1.0+04 0.2+0.04 0.8 18
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Table A2-24 ?*°Pb activity, **'Cs activity, dry bulk density and loss-on-ignition of gravity

core 8.
Core 8 Latitude: 40°38.5649 Longitude: 73°50.8787
Depth Total Supported  Excess 13Cs Dry Buk  Loss-On-
20pp “pp #0pp Activity Density Ignition
Activity Activity Activity  (dpmg™)  (dpm cm?) (%)
(dpmg”) (dpmg?) (dpmg?)
0-2 12.1+£1.1 1.8+0.2 10.2+£1.1 0.05+0.03 0.4 32
2-4 18.7+1.4 1.5+£01 172+15 0.08 £0.02 0.5 21
4-6 12.3+0.8 1.0+£0.1 16.2+14 0.08+£0.03 0.5 20
6-8 122+1.4 1.0+£0.1 11.2+14 0.06 £0.03 0.5 8
8-10 8.4+0.6 0.9+£0.1 75+0.6 0.07 £0.02 0.5 8
10-12 10.2+1.2 1.8+0.1 84+1.2 0.05 +£0.02 0.5 7
12-14 13.4+0.9 1.2+0.1 12.2+0.9 0.06 +0.05 0.6 13
14 -16 11.1+0.7 1.3£0.1 9.8+0.7 0.2+0.04 0.6 10
16 -18 10.7+1.0 1.6+0.1 9.1+1.0 0.3+0.07 0.6 16
18 - 20 58+0.7 1.2+0.1 46+0.7 0.2 £0.06 0.6 9
20-24 57+0.7 1.3+0.1 4.4+0.7 0.2 £0.04 0.7 16
24 — 28 4.7+0.5 1.1+£01 3.6+05 0.08 +0.02 1.0 11
28 — 32 20+0.2 1.0+£0.1 1.0+£0.2 0.07 £ 0.02 14 5
32-34 1.7+0.3 1.4+£0.1 0.3+£0.3 0.09 £ 0.02 15 6
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A2-25. September-2004 marsh sample site coordinates, dry bulk density and location description.

Dry Bulk
_ _ Densit_g _ o
Sample Date | Sample ID Latitude Longitude (gem™) Marsh Island Location Description

9/22/2004 JB9-04-64 | 4035.7877 | 7351.4717 0.6 Ruffle Bar Dead Area
9/22/2004 JB9-04-65 | 40 35.8767 | 7351.2908 15 Ruffle Bar Tidal Creek Bed
9/22/2004 JB9-04-66 | 4035.9842 | 7351.1230 0.4 Ruffle Bar High marsh, sparse vegetation, mussels
9/22/2004 JB9-04-67 | 4035.9857 | 7351.1081 1.2 Ruffle Bar High marsh thick vegetation mat
9/22/2004 JB9-04-68 | 4036.0183 | 7351.1288 0.6 Ruffle Bar Slumping margin, dense vegetation, mussels
9/22/2004 JB9-04-69 | 4035.5960 | 7350.6227 1.7 Little Egg Marsh edge
9/22/2004 JB9-04-70 | 4035.6164 | 7350.6074 1.6 Little Egg Area between marsh edge and tidal creek
9/22/2004 JB9-04-71 | 4035.6077 | 73 50.6062 1.7 Little Egg High marsh, In Alterniflora
9/22/2004 JB9-04-72 | 4035.6341 | 7350.5930 0.8 Little Egg High marsh, In Alterniflora
9/22/2004 JB9-04-74 | 4035.6192 | 7350.5698 1.0 Little Egg Dead area admist vegetative islands
9/22/2004 JB9-04-75 | 4035.6361 | 7350.5249 1.7 Little Egg High standing, sandy marsh
9/22/2004 JB9-04-76 | 40 35.6426 | 73 49.9404 2.6 Little Egg Edge of dredge spoil
9/22/2004 JB9-04-77 | 4035.6076 | 73 50.4303 1.7 Little Egg High, inner marsh
9/22/2004 JB9-04-78 | 4037.2088 | 7351.1595 0.4 Duck Point Marsh edge
9/22/2004 JB9-04-79 | 4037.2088 | 7351.1588 0.6 Duck Point Dead area
9/22/2004 JB9-04-82 | 4037.2326 | 7351.1556 0.4 Duck Point Marsh edge
9/22/2004 JB9-04-83 | 40 37.4687 | 73 48.0153 0.3 East High Marsh edge
9/22/2004 JB9-04-84 | 4037.4709 | 7348.0131 0.2 East High Dead area, lots of Ulva,
9/22/2004 JB9-04-85 | 4037.4838 | 73 48.0044 0.3 East High Dead area, lots of Ulva,
9/22/2004 JB9-04-86 | 40 37.5100 | 73 48.0288 0.2 East High Dead area
9/22/2004 JB9-04-87 | 4037.2985 | 7347.7112 0.3 JoCo Edge of marsh
9/22/2004 JB9-04-88 | 4037.2994 | 73 47.6864 0.2 JoCo Just interior from edge




A2-25 Continued

9/22/2004

JB9-04-89

40 37.3063

73 47.6799

0.9

JoCo

Edge of creek

9/22/2004

JB9-04-90

40 37.2933

73 47.6787

0.1

JoCo

Mid-marsh




A2-26. September-2004 ?*°Pb activities in surficial (0-5 cm) marsh
samples.

Total Supported Excess

Pb-210 Error Pb-210 Error Pb-210 Error
SampleID | (dpmg™) | ¢ (dpm g ™) (& (dpmg™h | &
JB9-04-64 7.5 0.3 0.5 0.02 7.0 0.3
JB9-04-65 2.0 0.1 0.5 0.01 15 0.1
JB9-04-66 9.7 0.4 0.5 0.03 9.2 0.4
JB9-04-67 1.7 0.1 0.7 0.02 1.1 0.1
JB9-04-68 4.9 0.3 0.6 0.03 4.3 0.3
JB9-04-69 1.6 0.1 0.6 0.01 1.1 0.1
JB9-04-70 14 0.1 0.7 0.01 0.7 0.1
JB9-04-71 1.9 0.1 0.5 0.01 1.3 0.1
JB9-04-72 3.3 0.2 1.0 0.02 2.3 0.2
JB9-04-74 2.8 0.1 0.7 0.02 2.2 0.1
JB9-04-75 1.0 0.1 0.2 0.01 0.7 0.1
JB9-04-76 1.0 0.1 0.3 0.01 0.7 0.1
JB9-04-77 1.1 0.1 0.3 0.01 0.8 0.1
JB9-04-78 3.2 0.2 0.5 0.02 2.7 0.2
JB9-04-79 2.8 0.1 0.6 0.02 2.2 0.1
JB9-04-82 3.3 0.2 0.6 0.01 2.7 0.2
JB9-04-83 2.3 0.3 0.5 0.03 1.8 0.3
JB9-04-84 4.5 0.4 0.4 0.03 4.1 0.4
JB9-04-85 2.9 0.3 0.3 0.02 2.6 0.3
JB9-04-86 7.3 0.4 0.3 0.03 7.0 0.4
JB9-04-87 6.9 0.5 11 0.06 5.9 0.5
JB9-04-88 18.8 0.8 0.5 0.06 13.3 0.8
JB9-04-89 4.2 0.2 0.1 0.01 4.1 0.2
JB9-04-90 21.3 1.0 0.3 0.06 13.2 1.0
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A2-27. September-2004 ?**Th activities in surficial (0-5 cm) marsh samples.

Total Supported Excess

Th-234 Th-234 Th-234

Activity Error Activity Error Activity Error
SAMPLE ID | (dpmg™) (& (dpm g™ (& (dpm g™ (£
JB9-04-64 2.5 0.3 1.6 0.2 0.9 0.4
JB9-04-65 2.9 0.2 1.8 0.1 1.2 0.3
JB9-04-66 3.7 0.6 2.2 0.4 1.5 0.7
JB9-04-67 2.6 0.2 1.5 0.1 1.1 0.2
JB9-04-68 4.7 0.3 1.8 0.2 2.9 0.4
JB9-04-69 2.4 0.2 1.3 0.1 1.1 0.2
JB9-04-70 5.4 0.2 1.8 0.1 3.6 0.2
JB9-04-71 3.5 0.2 1.6 0.1 2.0 0.3
JB9-04-72 2.3 0.3 1.8 0.3 0.5 0.4
JB9-04-74 2.6 0.3 1.7 0.2 0.9 0.4
JB9-04-75 1.1 0.1 0.8 0.1 0.3 0.2
JB9-04-76 0.7 0.1 0.9 0.1 -0.1 0.1
JB9-04-77 1.0 0.0 0.9 0.0 0.1 0.1
JB9-04-78 9.3 0.7 1.6 0.3 7.7 0.7
JB9-04-79 2.9 0.4 1.4 0.3 1.5 0.5
JB9-04-82 1.3 0.3 1.4 0.3 -0.1 0.4
JB9-04-83 7.3 0.8 1.1 0.4 6.1 0.9
JB9-04-84 3.7 0.5 0.1 0.0 3.6 0.5
JB9-04-85 3.6 0.5 1.0 0.3 2.5 0.6
JB9-04-86 2.5 0.6 1.5 0.5 1.0 0.8
JB9-04-87 8.3 2.2 1.9 0.9 6.3 2.4
JB9-04-88 9.5 0.7 1.8 0.3 7.7 0.7
JB9-04-89 1.8 0.1 1.7 0.1 0.2 0.2
JB9-04-90 4.0 0.7 2.0 0.5 2.0 0.9
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A2-28. September-2004 ?**Th,s and 'Be inventories in

marsh samples (0-5 cm).

Excess
Th-234

Inventory Error Be-7 Inventory Error
SAMPLE ID | (dpm cm-2) (+ (dpm cm ) (+
JB9-04-64 2.8 04 2.1 0.2
JB9-04-65 9.1 1.0 2.0 0.1
JB9-04-66 3.0 0.3 3.1 0.3
JB9-04-67 7.0 0.4 2.0 0.1
JB9-04-68 8.4 0.6 4.1 0.3
JB9-04-69 9.4 1.0 1.1 0.1
JB9-04-70 12.8 1.9 0.4 0.1
JB9-04-71 12.5 17 0.6 0.1
JB9-04-72 1.8 0.2 0.6 0.1
JB9-04-74 4.9 0.3 1.6 0.1
JB9-04-75 2.5 0.3 1.7 0.1
JB9-04-76 0.0 0.0 1.8 0.0
JB9-04-77 0.8 0.1 0.3 0.0
JB9-04-78 16.1 0.9 2.0 0.3
JB9-04-79 4.7 0.3 3.9 0.1
JB9-04-82 0.0 0.0 0.0 0.1
JB9-04-83 9.8 1.0 1.3 0.4
JB9-04-84 3.6 11 1.2 0.3
JB9-04-85 3.8 0.3 14 0.1
JB9-04-86 1.0 0.2 4.1 0.4
JB9-04-87 6.3 0.9 4.1 0.6
JB9-04-88 6.1 0.5 4.2 0.8
JB9-04-89 0.8 0.0 1.2 0.1
JB9-04-90 14 0.1 4.3 0.9
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A2-29 May-2005 marsh sample site coordinates, dry bulk density and location

Dry Bulk
Sample Sample Density Marsh Location
Date ID Latitude Longitude (g cm ) Island Description
5/24/2005 | JB5-05-59 | 40 35.7845 | 73 49.5387 0.2 Big Egg Next to dead area
5/24/2005 | JB5-05-60 | 40 35.7905 | 73 49.5486 0.3 Big Egg Dead area
Vegetated area near
5/24/2005 | JB5-05-61 | 40 35.7868 | 73 49.5543 0.3 Big Egg restoration site
5/24/2005 | JB5-05-62 | 40.35.8005 | 73 49.6271 0.8 Big Egg Creek bank
5/24/2005 | JB5-05-63 | 40 35.8054 | 73 49.6256 0.4 Big Egg High, dead area
Intertidal area, lots of
5/24/2005 | JB5-05-64 | 40 38.0241 | 7351.1782 1.0 Elders Point ulva
Intertidal area, lots of
5/24/2005 | JB5-05-65 | 40 37.9967 | 73 51.1957 1.1 Elders Point ulva
5/24/2005 | JB5-05-66 | 40 37.8700 | 73 51.1723 14 Elders Point | Vegetated, low area
5/24/2005 | JB5-05-68 | 40 37.8880 | 73 51.2755 1.7 Elders Point Sandy area
5/24/2005 | JB5-05-69 | 40 37.1031 | 73 47.8268 1.6 JoCo Intertidal area
Intertidal area
adjacent to
5/24/2005 | JB5-05-70 | 40 37.0935 | 73 47.8001 0.3 JoCo vegetation
5/24/2005 | JB5-05-71 | 40 37.0724 | 73 47.7501 0.3 JoCo Dense vegetation
5/24/2005 | JB5-05-72 | 40 37.0622 | 73 47.6991 0.3 JoCo Dense vegetation
salt flat with
5/24/2005 | JB5-05-73 | 40 37.0322 | 73 47.6685 0.2 JoCo Salicornia
Vegetation next to
5/24/2005 | JB5-05-74 | 40 36.9988 | 73 47.6889 0.2 JoCo ditch
5/24/2005 | JB5-05-75 | 40 36.9757 | 73 47.7979 0.2 JoCo Tidal Creek Bed
5/24/2005 | JB5-05-76 | 40 36.9782 | 73 47.7283 0.3 JoCo Vegetated area
5/24/2005 | JB5-05-77 | 40 37.3933 | 73 48.0904 0.4 East High Spartina area
5/24/2005 | JB5-05-78 | 40 37.4022 | 73 48.1130 0.2 East High Near tidal channel
5/24/2005 | JB5-05-79 | 40 37.4314 | 73 48.1628 0.4 East High Intertidal
5/24/2005 | JB5-05-81 | 40 36.3421 | 73 50.4810 0.2 Yellow Bar Intertidal area
5/24/2005 | JB5-05-82 | 40 36.3402 | 73 50.5141 0.3 Yellow Bar | Edge of ponding area
5/24/2005 | JB5-05-83 | 40 36.3232 | 73 50.5410 0.5 Yellow Bar In ponded area
5/24/2005 | JB5-05-85 | 40 35.3252 | 73 50.1438 1.7 Little Egg Vegetated area
Between vegetated
area and dredge
5/24/2005 | JB5-05-86 | 40 35.3371 | 7350.1471 1.7 Little Egg spoil
5/24/2005 | JB5-05-87 | 40 35.3674 | 73 50.1444 1.6 Little Egg Vegetated area
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Table A2-30. May-2005 ?*°Pb activities in surficial (0-5 cm) marsh samples.

Total Supported Excess

Pb-210 Error Pb-210 Error Pb-210 Error
Sample!D | (dpmg™) | (dpmg™) | @ (dpmg ™) (*
JB5-05-59 9.4 0.4 1.1 0.1 8.4 0.4
JB5-05-60 8.8 0.4 1.0 0.1 7.7 0.4
JB5-05-61 194 0.6 2.7 0.1 16.7 0.6
JB5-05-62 4.0 0.2 15 0.0 25 0.2
JB5-05-63 6.8 0.3 1.1 0.1 5.6 0.3
JB5-05-64 1.8 0.1 2.0 0.0 -0.2 0.1
JB5-05-65 2.7 0.1 2.2 0.0 0.6 0.2
JB5-05-66 1.1 0.1 1.4 0.0 -0.2 0.1
JB5-05-68 0.6 0.1 0.6 0.0 0.0 0.1
JB5-05-69 17.3 1.2 15.3 0.3 2.0 1.2
JB5-05-70 1.8 0.1 1.9 0.0 -0.1 0.1
JB5-05-71 2.8 0.3 1.1 0.1 1.7 0.3
JB5-05-72 8.8 0.5 0.6 0.1 8.2 0.5
JB5-05-73 3.3 0.3 0.8 0.1 2.5 0.3
JB5-05-74 8.0 04 1.0 0.1 7.1 04
JB5-05-75 4.2 0.3 13 0.1 2.9 0.3
JB5-05-76 7.6 0.3 1.0 0.1 6.6 0.3
JB5-05-77 10.2 0.5 2.6 0.1 7.7 0.5
JB5-05-78 0.0 0.1 0.0 0.1 0.0 0.1
JB5-05-79 2.4 0.3 15 0.0 0.9 0.3
JB5-05-81 0.0 0.1 0.0 0.1 0.0 0.1
JB5-05-82 5.1 0.3 2.0 0.1 3.1 0.3
JB5-05-83 1.8 0.2 14 0.1 0.4 0.3
JB5-05-85 0.0 0.0 0.1 0.1 -0.1 0.1
JB5-05-86 0.0 0.0 0.1 0.1 -0.1 0.1
JB5-05-87 0.7 0.0 0.7 0.0 0.0 0.0
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Table A2-31. May-2005 2**Th activities in surficial (0-5 cm) marsh samples.

Total Supported Excess

Th-234 Th-234 Th-234

Activity Error Activity Error Activity Error
SAMPLE ID (dpm g™ (+ (dpm g™ (+ (dpmg™ (+
JB5-05-59 4.4 0.6 4.2 0.4 0.2 0.7
JB5-05-60 3.7 0.5 4.0 0.4 -0.3 0.7
JB5-05-61 12.7 0.8 9.3 0.3 3.4 0.9
JB5-05-62 2.4 0.2 15 0.1 0.9 0.3
JB5-05-63 5.0 0.4 2.7 0.2 2.3 0.5
JB5-05-64 2.6 0.3 2.6 0.1 0.0 0.3
JB5-05-65 2.1 0.2 2.3 0.1 -0.2 0.2
JB5-05-66 0.3 0.1 0.4 0.2 -0.2 0.2
JB5-05-68 0.2 13 0.5 0.1 -0.2 1.3
JB5-05-69 1.6 0.1 15 0.1 0.1 0.2
JB5-05-70 14.3 0.7 1.2 0.1 13.1 0.7
JB5-05-71 8.0 0.4 8.3 0.3 -0.3 0.5
JB5-05-72 2.5 0.2 2.3 0.1 0.1 0.2
JB5-05-73 6.0 1.0 5.4 0.5 0.6 1.1
JB5-05-74 8.4 0.5 8.7 0.5 -0.3 0.7
JB5-05-75 5.6 0.4 5.8 0.5 -0.2 0.6
JB5-05-76 4.9 0.5 5.2 0.3 -0.2 0.6
JB5-05-77 5.6 0.3 5.9 0.3 -0.3 0.4
JB5-05-78 4.7 0.2 4.7 0.2 -0.1 0.3
JB5-05-79 4.3 0.2 4.4 0.3 -0.1 0.4
JB5-05-81 24.9 13 14.6 0.6 10.2 14
JB5-05-82 11.9 0.8 8.2 0.6 3.8 1.0
JB5-05-83 11.0 0.7 4.1 0.1 6.9 0.7
JB5-05-85 0.8 0.2 0.9 0.2 -0.1 0.3
JB5-05-86 0.8 0.1 11 0.3 -0.2 0.3
JB5-05-87 14 0.1 0.6 0.1 0.8 0.1
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Table A2-32. May-2005 #**Th,s and ‘Be inventories in
marsh samples (0-5 cm).

Excess
Th-234 Be-7

Inventory Error Inventory Error
SAMPLE ID | (dpm cm-2) (+ (dpm cm ) (+
JB5-05-59 0.0 0.2 1.1 0.3
JB5-05-60 0.0 0.5 0.4 0.4
JB5-05-61 4.2 0.3 0.5 0.3
JB5-05-62 3.8 0.5 2.1 0.3
JB5-05-63 4.8 0.6 5.6 0.4
JB5-05-64 0.0 0.5 1.1 0.3
JB5-05-65 0.0 0.2 0.1 0.4
JB5-05-66 0.0 0.3 1.1 0.5
JB5-05-68 0.0 0.4 4.9 2.5
JB5-05-69 0.0 0.1 0.0 0.1
JB5-05-70 19.7 14 0.5 0.2
JB5-05-71 0.0 0.1 0.6 0.2
JB5-05-72 0.0 0.2 13.0 2.4
JB5-05-73 0.6 0.1 1.5 0.3
JB5-05-74 0.0 0.1 1.2 0.2
JB5-05-75 0.0 0.3 0.6 0.2
JB5-05-76 0.0 0.2 2.4 0.4
JB5-05-77 0.0 0.1 2.2 0.3
JB5-05-78 0.0 0.1 1.3 0.1
JB5-05-79 0.0 0.1 0.4 0.1
JB5-05-81 10.2 0.7 0.0 0.0
JB5-05-82 5.6 0.5 1.9 0.4
JB5-05-83 15.9 1.6 0.5 0.6
JB5-05-85 0.0 0.2 0.5 0.1
JB5-05-86 0.0 0.3 1.0 0.2
JB5-05-87 6.3 0.9 0.6 0.2
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Table A2-33 2007 marsh sample site coordinates and dry bulk density

Dry Bulk
Sample ID Latitude Longitude Density Marsh Island
JoCo0-2007-1 40 36.7647 73 47.2129 0.2 JoCo
JoCo0-2007-2 40 36.7636 73 47.2137 0.3 JoCo
JoCo0-2007-3 40 36.7559 73 47.2018 0.1 JoCo
JoCo0-2007-4 40 36.7381 73 47.2021 0.2 JoCo
JoCo0-2007-5 40 36.7350 73 47.1660 0.2 JoCo
JoCo0-2007-6 40 36.7168 73 47.1840 0.2 JoCo
JoCo0-2007-7 40 36.7170 73 47.1493 0.2 JoCo
JoCo02-2007-8 40 36.7018 7347.1418 0.2 JoCo
JoCo0-2007-9 40 36.6984 73 47.1262 0.3 JoCo
JoCo0-2007-10 40 36.6875 7347.1214 0.2 JoCo
EElders-2007-1 40 38.0585 73 50.8917 2.1 Elders East
EElders-2007-2 40 38.0699 73 50.8901 0.8 Elders East
EElders-2007-3 40 38.0811 73 50.8807 0.9 Elders East
EElders-2007-4 40 38.1103 73 50.8780 2 Elders East
EElders-2007-5 40 38.1153 73 50.8816 2 Elders East
EElders-2007-6 40 38.1259 73 50.8728 2.1 Elders East
EElders-2007-7 40 38.1469 73 50.8639 2 Elders East
EElders-2007-8 40 38.1736 73 50.8855 1.9 Elders East
WElIders-2007-1 40 37.8257 73 51.3895 2 Elders West
WElIders-2007-2 40 37.8038 73 51.3678 1.8 Elders West
WElIders-2007-3 40 37.8456 73 51.3260 1.8 Elders West
WElIders-2007-4 40 37.7964 7351.2722 2.1 Elders West
WElIders-2007-5 40 37.8449 73 51.2550 2 Elders West
WElIders-2007-6 40 37.8763 73 51.2034 0.9 Elders West
WElIders-2007-7 40 37.8678 7351.1646 1.9 Elders West
WElIders-2007-8 40 37.9267 7351.2210 1.7 Elders West
WElIders-2007-9 40 37.9438 73 51.2562 15 Elders West
WEIders-2007-10 40 37.9393 73 51.2903 1.6 Elders West
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Table A2-34 2007 ***Th,s and 'Be inventories in marsh samples (0 - 5 cm)

May-2007 August-2007 October-2007
Excess Be Excess Excess
2%4Th Inventory 24Th Be 2%4Th Be

Inventory (dpm cm’ Inventory Inventory Inventory Inventory

Sample ID (dpm cm™) %) (dpmcm®)  (dpmcm?)  (dpmcm®)  (dpm cm™)
JoCo0-2007-1 0+0.2 25%0.3 0+0.1 1.1+£0.3 0.6 £0.2 3.2+x04
JoCo0-2007-2 0+0.1 0.7+£0.2 0+0.2 1.7+£0.2 0+0.1 1.3+£0.3
JoCo0-2007-3 0+0.2 0.8+0.3 1.5+0.3 31+04 0.2+0.1 1.1+0.2
JoCo0-2007-4 0.2+0.1 304 0+0.1 04+0.1 0.7 £0.1 1.6+£0.3
JoCo-2007-5 0+0.1 1.3+0.2 0+0.1 04+0.1 0+0.1 1.0 £0.2
JoCo0-2007-6 0+0.1 21+04 0+0.1 1.8+£0.3 0+0.1 1.1+0.2
JoCo-2007-7 0.3+0.2 1.8+0.3 0+0.1 29+03 0+0.1 15+03
JoC02-2007-8 0+0.1 21+04 0+0.1 0.9+0.2 0+0.1 1.3+0.3
JoCo0-2007-9 1.8+£0.3 2.3%0.3 1.4+0.3 29+0.3 19+04 1.0 £0.2
JoC0-2007-10 43+0.3 4.1+03 21+0.3 3.8+0.4 24+04 1.2+0.2
EElders-2007-1 0+0.1 22+04 0+0.1 0.9+0.2 0+0.1 0.8+0.2
EElders-2007-2 0+0.1 1.4+0.3 0+0.1 23+04 0+0.1 1.0+0.2
EElders-2007-3 0+0.1 0.2+0.1 0+0.1 2.2+0.3 3.5+0.4 1.8+£0.3
EElders-2007-4 0+0.1 0.3%£0.1 2904 51+0.4 35+04 1.8+04
EElders-2007-5 0+0.1 55+04 0+0.1 2.9+0.3 0+0.2 0.9+0.2
EElders-2007-6 0+0.1 0.2+0.1 45+0.5 2.7%x0.3 4.8+0.5 1.7+£0.3
EElders-2007-7 2.2+03 04+0.2 1.3+0.3 14+0.2 0+0.2 1.1+0.2
EElders-2007-8 1.1+£0.2 0.6 +0.2 0+0.1 25+0.3 0+0.2 1.6+£0.3
WElIders-2007-1 0+0.2 0.5+0.2 0.7+0.2 14+0.2 1.7+0.3 2.0+03
WElIders-2007-2 21+04 1.2+0.3 24+03 3.1+03 3.7+04 1.7+0.3
WElIders-2007-3 0+0.2 0.9+0.2 2304 1.6+0.3 04+0.1 1.3+£0.2
WElIders-2007-4 0+0.1 1.1+0.3 0+0.1 14+0.3 0+0.1 14+03
WElIders-2007-5 4.2+04 29+0.3 3.1+05 4.4+ 04 1.3+£0.3 0.9+0.2
WElIders-2007-6 2+0.3 3+04 0+0.1 14+0.2 0+0.1 1.1+0.2
WElIders-2007-7 0+0.1 0.6 0.2 0+0.1 1.3+£0.2 0+0.1 1.3+£0.3
WElIders-2007-8 2+0.3 1.9+0.2 1.5+£0.3 1.6+0.3 0+0.1 1.0+£0.2
WElIders-2007-9 0+0.2 1.6+0.3 0+0.1 1.6+0.2 0.5+0.2 0.8+0.2
WEIlders-2007-10 0+0.1 0.7+£0.2 0+0.1 1.4+£0.3 0+0.1 0.5+0.2
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