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The bottom sediments in Barnegat Bay remove considerable amounts of nutrients (both
nitrogen, N, and phosphorus, P) from the Bay, and thus are an important factor
reducing the amount of N and P available for phytoplankton production. Our previous

studies demonstrated that benthic algae on the sediment surface control the release of
N fLUlll tlhl\« awuu\-uta Uy aaaululamls a.uuuunua as ll. dlff‘uaca aCross I.hc BC(‘IUUCHI.‘WG.LCI

interface. The objective of the current study was to prowde additional insight into the

mechanisms reennne:hle for the efficient removal of P in the Bay sediments. Experi-
ments were conducted to investigate possible mechanisms Wthh might account for

the lack of P release from Barnegat Bay sediments during decomposition of organic
matter, including more extensive experiments with benthic algae, permanent burial of
P in the sediments, release of P to the water column following resuspension of bottom

anAdimranta and 4.....- P i L

sediments, and transport t of P out of the Bay on suspended sediments.

At the sﬂ[.clav studv site. nermanent burial of P in
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account for- apprommately 70% of the P removal in the sediments, and export of P
out of the Bay due to suspended sediment transport was estimated to account for and

additional 20% or less. At the sandy study site, burial or export on suspended sediments

were estimated to account for less than 10% each.

EUtrophication isa potential threat to tﬁe ecological health of Barnegat Bay and other
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Jersey coast. Nutrient inputs to Barnegat Bay are expected to increase in the future

due to continued ngnulangp_ grnwfh in the Rav waterched Hnmp\mr nrr-\rlmfma the
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effects of increased development depends on a clear understanding of nutnent
dynamics (including the relationship between nutrient inputs and eutrophication) in
Barnegat Bay or similar shallow, highly productive bays. Previous studies of
eutrophication and nutrient dynamics in estuaries have focussed on relatively deep
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to which results from studies of deeper estuaries can be used to predlct the effects of

nutrient mputs to shallow hnvs such as Rampgqf Rav was unknow
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Wlth funds from the NJDEPE DSR, studies in Barnegat Bay were initiated in the
summer of 1988 (Seitzinger and Pilling 1990, 1992). The objectlves of those studies
were to begin to (1) assess the current state of eutrophlcatmn in the Bay, and (2)
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stigate factors controlling nutrient availability in the Bay, and thus, factors which
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sedlments were a maJor site for nutrient recyclmg and/or nutnent removal exther of
which could markedly affect the amount of nutrients available for algal (phytoplankton)
production. Sediment-water nutrient [nitrogen (N) and phosphorus (P)] exchanges,

 therefore, were a major focus of the study. In addition, measurements were made of
water column nutrient concentrations, phytoplankton production rates, benthic algal
plus seagrass primary production rates, organic matter deposition rates and sediment
metabolism. Results from those studies considerably advanced our understanding of
the current conditions in Barnegat Bay.

A major conclusion of those studies was that Barnegat Bay is currently in a relatively

eutrophic state (Seitzinger and Pilling 1992). For example, phytoplankton production

rates, chlorophyll concentrations (indicative of algal biomass) and water column

turbidity are hlgh in Barnegat Bay relative to many East Coast estuaries that are
N

itriante (hath and D\ and ara
themselves receiving large inputs of anthropogenic nutrients (both N and P) and are

considered to be relatively eutrophic.

A second conclusion of those studies was that there is considerable benthlc algal
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gansett Bay, Delaware Bay and the deeper portions of Chesapeake Bay where the light
levels at the sediment surface are not sufficient to support benthic algal production.

A third conclusion of those studies was that the bottom sediments are removing

WAV OW  Dvlensiwsd vV eewiaa WALRLEIVILAWS Gl LWwARIU Y Alig

considerable amounts of nutrients (both N and P) from the Bay, and thus are an
important factor regulating the degree of eutrophication in the Bay by reducing the
amount of N and P available for phytoplankton production None of the P and only

Afn n tha adimante
some of the N released d'dﬂﬂg the dwump051uuu 01 0rganic matterintine ua.y seaiments

is recycled to the water column by diffusive flux. This contrasts with nutrient
processing in deeper estuaries where 25% to 50% or more of the N and P requirements
of phytoplankton often are supplied by benthic recycling processes. Our studies in
Barnegat Bay demonstrated that uptake of N (ammonia) by benthic aigae is a major
factor reducing the release of N from the sediments to the water column (Seitzinger
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and Pilling 1992). A comparison of data from Barnegat Bay- with data from three
other shallow coastal systems, the Delaware Inland Bays, a Rhode Island coastal
lagoon and a shallow estuary in North Carolina, indicate that benthic algae are

imnartant in nthar
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Mechanisms reducing P release from the sediments were not obvious from our
previous studies. The current experiments were undertaken to provide additional

LA th £ nt 1 ~fD tha D
insight into the mechanisms responsible for the efficient removal of P in the Bay

sediments.

water ammonia fluxes in Darnega; Bay, ﬁ‘e data indicate that phorhate fluxes are
controlled primarily by a mechanism other than benthic algae. In the current studies

The Academy of Natural Sciences ii
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we conducted more extensive experiments with benthic algae and further confirmed
that P fluxes from the Bay sediments are not controlled solely by benthic algal
production. Phosphate fluxes remained undetectable even after sediments were

pre—mcubated in the dark for 6-9 days which depletes the ability of algae to take up

nutrients in the dark.

Other mechanisms to account for the lack of P release from Barnegat Bay sediments

rawa 1nuactioatad 3 thn e b =m s zagnm s 2m o en

were investigatea in the current atuuxca, u_uuumg permaneént ouriai o1 r in the
sediments, release of P to the water column following resuspension of bottom

1ils L12aUay 1 UL

sediments, transport of P out of the Bay on suspended sediments, and a reconsideration
of the expected release of P from the sediments based on the P content of the organic

o A S S

maticr GC‘LOIIIPOSCU in the sedimenis.

Permanent burial of phosphate sorbed to metal oxides in the sediments is an important
mechanism of phosphate retention in freshwater systems. However, P burial in the
sediments is not a major P removal mechanism in Barnegat Bay The calculated rate

of net P burial at the silt-clay site was estim

nt, hﬂ ‘!ﬂﬂ!‘f\v‘l
A AGAL $AV LiiW J YV G 111G AL v

43 ayyx VAl

'-'3

less than at the silt-clay site.

Phosphate sorbed to metal oxides in the sediment is in chemical equilibrium with
phosphate dissolved in the pore waters. We hypothesized that when sediments are

resuspended into the water column by waves or heavy boating activity, some sorbed
P may be released to the overlying water as it equilibrates with the low P Bay water.
However, experiments of P exchange from resuspended bottom sediments showed
that release of P from resuspended bottom sediments is not a significant mechanism
for P transfer to the water. There was no measurable release of P to the water when
sediments were resuspended at low, medium or high rates. In fact, our experiments
indicate that resuspension of bottom sediments may decrease water column P concen-
trations when there is a pulse input of P to the Bay such as during a storm event. ‘

A third fate of P sorbed to surface sediments could be transport out of the Bay with
suspended sediments. Estimated export of P from the Bay due to suspended sediment

transport was calculated to be 22 pmol P m-2 d-1, and small relative to the *“missing”’
P from benthic fluxes.

While essentially all of the P removal mechanisms that are generally considered to
occur in estuarine sediments were examined in this study, none of those mechanisms
alone was found to be sufficient to explain the lack of P release from Barnegat Bay
sediments. Low rates of P release from shallow estuarine sediments have been

reported in the few other studies in systems similar to Barnegat Bay. The data from
Barnegat Bay and other shallow coastal sediments contrast with data from deeper

estuaries such as Narragansett Bay where the release of P from the sediments can be
predicted based on the rate of organic matter decomposition.
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(Seitzinger and Pilling 1989 and 1992), demonstrate that nutrient processes in Barnegat
Bay differ quite markedly from nutrient processing in deeper estuaries. Considerable
amounts of ammonia and phosphate are recycled from sediments (diffuse out of the
sediments following decomposition of organic matter) in most deeper estuaries, often
supplying 25 % to 50% of phytoplankton N and P requirements. However, in Barnegat
Bay the release of N and P from the sediments is much reduced. No P is released

fenm tha cadimante and tha N ralanca fand in nart D) i¢ orantly radnsad Ana ta
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assimilation by benthic algae. In addition, P is removed more efficiently than N which
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efficiently (via denitrification) than P.

for phytoplankton growth in the water column and thus, in effect decreases the
magnitude of eutrophication in the Bay for a given rate of external nutrient input, as
a portion of those external inputs are being removed by the sediments. These findings
have important implications for management decisions regarding future control of
nutrient inputs to Barnegat Bay as models of nutrient control based on the relationship
between nutrient inputs and eutrophication developed for deeper estuaries are not
applicable, in a number of ways, to Barnegat Bay and likely to other shallow back bay
estuaries. We currently are working with the US Army Corp of Engineers, Waterways
Experiment Station, to modify the 3-D Coupled hydrodynamic water quality model
developed for Chesapeake Bay so that it is applicable to the Delaware Inland Bays and
other shaliow coastal lagoons where sediment-water nutnent interactions differ
markedly from those in deeper estuaries.

Based on the data presented in this and previous reports it appears that water quality
maﬁaiel‘ﬂem ﬁlafls UC:VCIC)I‘)eU IOX' Dafﬁeﬁat nav should consmer wavs io COl’l[l'Ol waier
column turbldxty s0 as to minimize nutrient release from benthic sediments. Ideaily,
turbidity in mid-summer should be decreased to allow more light to reach the sediment
surface. At a minimum, turbidity should not be allowed to increase above current
levels.

The Academy of Natural Sciences iv
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With funds from the NJDEPE DSR, studies in Barnegat Bay were initiated in the
summer of 1988 to (1) assess the current state of eutrophication in the Bay, and (2)
invest gate factors cnnfmllmg nutrient av'-ilahihtv in the Rav and thus, eutmnhlcangn

Sedlment—water nutrient [nitrogen (N) and phosphorus (P)] exchanges were the
primary focus. The major conclusions were: (1) Barnegat Bay is relatively eutrophic;
(2) in contrast to larger, deeper estuaries, there is con51dera_ble benthic algal production

in Rarnegat Bav ir arld tion to seaorass nrrv‘luv (3 unlike deener pchmnpe where
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source of nutrients for phytoplankton, the bottom sediments in Barnegat Bay retain
considerable amounts of N and P produced in the sediments, making them an important
factor regulating the degree of eutrophication by reducing the amount of N and P

d.Vd.lldUlC IUI P[l)’LUpld.[lKlUll pIUUU&LlU[l

These studies demonstrated that while benthic algal production generally can account
for the low rates of release of ammonia from Barnegat Bay sediments, factors in
addition to benthic algae are controlling P fluxes. Experiments were conducted in the
current study to investigate possible mechanisms which might account for the lack of
P release from Barnegat Bay sediments during decomposition of organic matter,
including more extensive experiments with benthic algae, permanent burial of P in
the sediments, release of P to the water column following resuspension of bottom
sediments, and transport of P out of the Bay on suspended sediments.
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sﬂt—clay s1te The calculated rate of et P burial at the sﬂt-clay site was estlmated to
be approximately 16 to 21 mmol P m2 yr1 or 50-70 mol m2 d-1, which is
approximately 70% of the “missing” P at that site (98 mol m-2 d-1). The rate of P
burial in the bdnuy wulmcmb, HUWEVCI' is llKCly less than half that at the sul-cxay site
because the total P content of the sandy site sediment (approx. 0.15 mg P/gds,
Seitzinger and Pilling 1992) is half that at the silt-clay site and net sediment
accumulation rates in sandy sediments are generally considerably less than in finer
grained sediments.

Experiments of P exchange from resuspended bottom sediments showed that this is
not a significant mechanism for P transfer to the water. In fact, resuspension of bottom -

The Academy of Natural Sciences viii -
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sediments may decrease water column P concentrations when there is a pulse input of
P to the Bay

Estimated export of P from the Bay due to suspended sediment transport was calculated
to be 22 mol P m-2 d-1, which is estimated to account for approximately 20% of the
“missing” P from benthic fluxes at the silt-clay site and less than 10% at the sandy

aléa
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The studies conducted here, combined with previous studies, demonstrate that nutrient
processes in Barnegat Bay differ markedly from those in deeper estuaries. These
findings have important implications for management decisions regarding future

control of nutrient innute to Rarneoat Rav cince current maodele of ectiarine nutrient
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control are based on the relationship. between nutrient ‘inputs and eutrophication
developed for deeper estuaries, and are not applicable, i in a number of ways, to shallow
estuaries such as Barnegat Bay We currently are working with the US Army Corp
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namic water quality model developed for Chesapeake Bay so that it is applicable to

the Delaware Inland Bays and other shallow cpastal lagoons where sedlment-water
nutrient interactions differ markedly from those in .deeper estuaries.

Ragsed on the data nresented in this and nrevious renorts |f annears that water nnahfv
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management plans developed for Barnegat Bay should consider ways to control water
column turb1d1ty so as to minimize nutrient release from benthic. sediments, Ideally,
turbidity in rmd-summer should be decreased to-allow more light to reach the sediment
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levels.
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INTRODUCTION

Eutrophication! is a potential threat to the ecological health of Barnegat Bay and other
shallow bays behind barrier islands (back bays or coastal lagoons) that line the New
Jersey coast. Nutrients (nitrogen, N and phosphorus, P) contributing to eutrophication
enter these shallow bays from a variety of non-point and point sources (e.g., rivers,
storm drains, runoff, atmospheric deposition, broken sewer pipes, groundwater, septic
systems and direct discharge). Nutrient inputs to Barnegat Bay are expected to
increase in the future due to continued population growth in the Bay watershed, as
well as increased recreational day-use of the Bay.

Gauging the effects of increased development on eutrophication in Barnegat Bay is
difficult, however, because little is known about nutrient dynamics (including the
relatlonshlp between nutnent mputs and eutrophlcatlon) in Bamegat Bay or any of

dynam1cs in estuarxes have focussed on relatively deep estuaries such as Delaware
Bay, Narragansett Bay and Chesapeake Bay (D’Elia et al. 1986; Boynton et al. 1982;
Nixon 1981). The extent to which results from studies of deeper estuaries can be used
to predict the effects of nutrient inputs to shallow bays such as Barnegat Bay is
unknown. ,

Until recently there was essentially no information on the present state of eutrophica-
tion in Barnegat Bay. With funds from the NJDEPE DSR, studies in Barnegat Bay
were initiated in the summer of 1988 (Seitzinger and Pilling 1990, 1992). The
objectives of those studies were to begin to (1) assess the current state of eutrophication
in the Bay, and (2) investigate factors controlling nutrient availability in the Bay, and
thus, factors which determine the relative degree of eutrophication of the Bay at the
present nutrient loading rate. Based on research in other estuaries, it was hypothesized
that the sediments were a major site for nutrient recycling and/or nutrient removal,
either of which could markedly arfect the amount of nutrients available for algal
(phytoplankton) production. Sediment-water nutrient (N and P) exchanges, therefore,

1 Eutrophication results from high rates of nutrient (N and P) inputs to aquatic systems and can lead to
a variety of conditions including increased phytoplankton (algal) production and biomass, algal
blooms, increased water column turbidity, changes in species composition, and eventually to a
depletion of oxygen in the water.

The Academy of Natural Sciences 1
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were a major focus of the study. In addition, measurements were made of water column
nutrient concentrations, phytoplankton production rates, benthic algal plus seagrass
primary production rates, organic matter deposition rates and sediment metabolism.
Results from those studies considerably advanced our understanding of the current
conditions in Barnegat Bay.

A major conclusion of those studies was that Barnegat Bay is currently in a relatively
eutrophic state (Seitzinger and Pilling 1992). For example, phytoplankton production
rates in Barnegat Bay exceed those in many East Coast estuaries that are themselves
receiving large inputs of anthropogenic nutrients (both N and P) and are considered
to be relatively eutrophic. Chlorophyll concentrations (indicative of algal biomass)
are high compared to those in relatively eutrophic estuaries. Water column turbidity
is high, resulting in low light levels at the sediment surface, particularly in mid- to
late summer.

A second conclusion of those studies was that there is considerable benthic algal

Jdlid SUCIT d3 L] 41d S Bal o d Dd
This contrasts with larger, deeper estuaries such
oa it Bay, Delaware Bay and the deeper portions of Chesapeake

levels at the sedimet surface are not sfﬁet t sup bnthic algal producti.

A third conclusion of those studies was that the bottom sediments are removing
considerable amounts of nutrients (both N and P) from the Bay, and thus are an
important factor regulating the degree of eutrophication in the Bay by reducing the
amount of N and P available for phytoplankton production. None of the P and only
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high, no ammonia was released; when benthic algal production was low or negligible,
ammonia release rates were high. Thus, it was concluded that uptake of N (ammonia)
by benthic algae is important in reducing the release of N back to the water column
(Seitzinger and Pilling 1992). Denitrification may also be important in decreasing the
recycling of N from the sediments to the water; however, no measurements of
denitrification were made. Mechanisms reducing P release from the sediments were
not obvious. Uptake of P by benthic algae did not appear to be entirely responsible
as there was no measurable release of phosphate from the sediments at either the sandy
or silt-clay site regardless of whether benthic algal production rates were high or low
(Table 1; Seitzinger and Pilling 1992).

The Academy of Natural Sciences 2
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Eutrophication in Barnegat Bay: Year III . INTRODUCTION

The current studies were undertaken to provide additional insight into the mechamsms’
responsible for the efficient removal of P in the Bay sediments. Mechanisms that were
investigated included:

b) release of P to the ater following resuspension of bottom sediments from wave

action or boatin ng activi

c) transport of P out of the Bay sorbed to suspended sediment

d) buriai of P sorbed to metal oxides in the sediments -

e) decompositibn of organic matter in the sediments depleted in P relative to N and
C

The above mechanisms were considered to be most likely to account for the apparent

- efficient sink/ erp for P in the sediments. The removail of P in the sediments is ICGUClﬂg

the amount of P for phytoplankton production and. thus reducmg the degree of

antranhisntinn in tha Day  Tnfasrmatinn fenm tha ahava atisdiag 10 mansconser b smeadiae
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if the P removal mechanisms are likely to continue to operate if external nutrient inputs

to the Rav increace
"W vilw ou ALMAWA WRAIW e

General Discussion of Nutrient Cycling in Estuaries

Nutrients enter estuaries from a variety of external sources including river inputs,
direct discharges, storm drains, runoff, atmospheric deposition, broken sewer pipes,
marinas and boating activity, groundwater and septic systems. Once in the estuary
the N and P are used by the algae for growth; however, the external inputs of nutrients
to sstuaries generally are not sufficient to supply the needs of algae. Recychng of
nutnents within the water commn and between tne bentmc secuments and water is a

Recycling is t release of inorganic nutrients (ammonia, nitrate and phosphate)
following the decomposition (i.e. metabolism, respiration) of organic matter. The
oreanic matter is decomnposed fmnfnhn]vrnﬁl\ by microbes, zooplankton ﬂch benthic

Hiiiv Liativi 19 uwvllly vy lluv&vuva, LUVpLQIINIUiLy 4

invertebrates, etc., in the water column and sediments. The nutrients are released
directly to the water if the organic matter is consumed in the water, or through diffusive
flux from the sediments if the organic matter is consumed by benthic organisms. The
nutrients are used again by phytoplankton (algae) and seagrasses. It is during the
decomposition of organic matter in the sediments that N and P can be removed
temporarily or permanently from the estuary, thus decreasing the supply of nutrients
for phytoplankton productlon and affectmg the degree of eutrophication resulting from
a given rate of external nutrient input to the estuary.

The Academy of Natural Sciences 3
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Eutrophication in Barnegat Bay: Year-1H INTRODUCTION
Basic Theory of Sediment-Water Flux

In estuaries and other shallow marine systems, a considerable amount of the organic
matter produced by phytoplankton or by benthic photosynthesis is decomposed

AN O1TIM O, fa) &1 17O, "\ = nNttNnmMm canimanteo \¥] Or A Vel f\'ﬁﬂﬂ‘(‘m(‘ an 3 Y nﬂﬁ
{ Yol 1dizad) tha hntt A1 te hy hanthi 4 hant,
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During the oxidation m organic matter in the presence of free oxygen, oxygen is
consumed and carbon dioxide, ammonia or nitrate, and pnospnate are released.
According to Richards (1965), the decomposition of typical organic matter (carbohy-
drate) can be described stoichiometrically by the following equation:

(CH20)106(NH3)16H3P04 + 10602 = 106CO;2 + 16NH3 + H3POs +106H20 (Eq. 1)

According to this equation, 106 moles (212 atoms) of oxygen are consumed and 16
moles of nitrogen and 1 mole of phosphate are released for every mole of organic
matter consumed. This ratio of C:O:N:P of 106:212:16:1 is referred to as the Redfield
ratio for the decomposition of organic matter (Redfield 1934, 1958). The rate of
oxygen consumption by benthic sediments (measured as the net flux of oxygen into
benthic sediments from the overlying water) can be used to estimate organic carbon
decomposition, as well as the expected rate of release of ammonia and phosphate to
the water column from the sediments due to organic matter decomposition using Eq.
1 (Nixon 1981; Boynton and Kemp 1985; F{nnkmsnn and Wetzel 1982).

106CO2 + 16NH3 + H3PO4 +106H20 = (CH20)106(NH3)16H3PO4 + 10602  (Eq. 2)

e 3 :4 matte

s€agrasses Ix into organic matter d“ring pn ana 1
mole of phosphate are consumed and 106 moles (212 atoms) of oxygen are produced
This equation can be used to estimate the amount of ammonia and phosphate required
to support measured rates of photosynthesis (rates of oxygen production).

Decomposition of organic matter by benthic organisms and bacteria (Eq. 1) and
photosynthesis by benthic algae and seagrasses (Eq. 2) occur simultaneously during
the day. This results in either a net production of oxygen (flux out of the sediments)
if photosynthesis is greater than decomposition, or a net consumption of oxygen (flux
into the sediments) if decomposition exceeds photosynthesis. In the dark (e.g., at night
or at locations in the Bay where light levels are not high enough for photosynthesis to
occur) only dgggmnnsmnn occurs. Rates of organic matter decomposition and benthic

photosynthesm can be estimated based on the rates of Oz fluxin darkand light incubated
cores as follows.

Gross (Total) Organic Matter Decomposition Rate = dark O» consumption rate

The Academy of Natural Sciences 4
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Eutrophication in Barnegat Bay: Year ITI INTRODUCTICN

Gross Decomposition Rate + Gross (Total) Benthic Photosynthesis =
light O2 production or consumption rate

Gross Benthic Photosynthesis = light O flux + dark O2 consumption rate

Net Benthic Photosynthesis = light Oz production rate -

th



Eutrophication in\rm*g@,}(imygg@gﬂrnhived Copy from the New Jersey State LibrarypMETHODS

N[ETHODQ

far tha anna affis hata tran/cinls
1Vl Lllb a.yyal Ulll. Ulll\al\vlll PIIUDPIIGW ua._yi il

in Barnezat Bay sedlments were conducted during the summer and early fall of 1990
using sediments from two locations in the northern end of Barnegat Bay, which is
currently the most hlghly developed region of the Bay (Rogers et al. 1990): one fine

grained sm—uay sediment area ("2 m water depth) and one sandy sediment area (with
benthic algae, “1.2 m water depth) (F‘w 1). Both of these sites were included in the

previous years’ studles (Seltzmger and P1111ng 1990, 1992).

Sediment cores (17 cm diameter; approx. 15 cm deep) for this study were collected
by SCUBA-equipped divers using plastic coring tubes. Care was taken during coring
to avoid disturbance of the sediment surface. At the time of sediment collection, water
was collected from each location in carboys. The cores were maintained at ambient
bay water temperature during transport to the laboratory. The oxygen in the water
over the cores was maintained at near saturated concentrations with the use of portable
aerators. Once in the laboratory, the sediment cores were maintained at ambient bay
water temperature in a temperature-controlled environmental room. The water over
all cores was changed regularly with water from the site of sediment collection and
was aerated continuously and mixed by a gentle stream of air.

Experimental Measurements

The importance of a) assimilation of phosphate by benthic algae, b) uptake or release

of phosphate during sediment resuspension, and c) biotic vs. abiotic controls on
sediment-water phosphate exchanges were examined as follows:

Seneiiiiwiads YV A eera ARV Al Wil Vwaw wialsizil, S ANSRANS

Assimilation of Phosphate by Benthic Algae

Cores were collected in July, August and September 1990. The importance of benthic
algae was examined by measuring sediment-water phosphate fluxes after holding cores
in the dark 6-9 days to decrease any assimilation of phosphate by benthic aigae. Benthic

alaal hinmace wae nat maacnrad hnu:nvnr henthic nhotocsvnthecic at hoth citec was
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measurable during the summer and fall in the previous two years of study. The water
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over all cores was changed regularly during the 6-9 day dark pre-incubation period
with water from the site of sediment collection. The water over the cores was aerated
continuously and mixed by a gentle stream of air.

>
»
;-'

1in the dark, the sediment-water exchanee of phosphate

=alN, sy Qs SALQLPS Vi PSPt

and at times oxygen, was measured on replicate cores as previously described
itzinger and Pilling 1992). Beginning approximately 1, 3, 6 and occasionally 24 h
after the water over each core was changed with water from the site of sediment
collection, samples of the water overlying the sediment cores were collected for P
analysis (modified from Murphy and Riley 1962). In the September experiment,
phosphate fluxes were measured after spiking the overlying water to 5 uM POQa.

After 6-9 days pre-inc

Oxygen concentrations in the overlying water were measured using a YSI oxygen

nrohe The nrohe and matar warae calihrated nriar ta tha firct cariac af camnlac and
kllvv\n A LW H‘\'VV CALING Mliwivi VTwiw wvdlllvidAaltvu yll\ll W UiW 11100V Owvidivo Vi Dallly-l\rﬂ ailis

the calibration was verified with each sample interval. Oxygen levels were monitored

frequently, and when necessary, the water was reaerated to prevent oxyeen levels in

AVl y YYALVAL LULVVOOGAL Jy IV FTWALWWL WWAS 1VAVIARAG W AT LY VA guil AV eiao

the overlymg water from dropping below 4 mg Oz L-1.

In addition to sediment core incubations, beakers were filled with bay water from the
site of sediment collection and used as controls for assessing changes in phosphate and
oxygen concentrations in the water over the sediments due to water column processes.
These controls were sampled at the same time intervals, using the same methods, as
those used for sampling the water overlying the sediments.

aemmem-water Dnosonate and OXVQCH IIUXCS were CalCLlla[EG Dasea on me ume raie
of change in the concentration of phosphate or oxygen in water overlying the sediment
cores after correcting for concentration changes in control bottles, the volume of water

overlying the sediment cores, and the surface area of sediment as follows:
Flux (umol m2 h'l) = ((C-c) * V)/A (Eq. 3)

where C and c are the time rates of change in concentration in the water overlying the
sediments (C) or control (c) bottles calculated from linear regression analysis of the

data in units of pmol/L/h, V equals water volume over sediments in liters, A equals
cross-sectional area of sediment cores in m2.

Sediment Resuspension and Sediment-Water Phosphate

CKC"d"geb

The effect of sediment resusbension on sediment-water phosphate exchanges was

examined in experiments conducted in July, August and September 1990. Surface
sediments were resuspended into the overlymg water from selected cores by the

" continuous horizontal movement of stir paddies in the overlying water. The amount
of resuspensmn was controlled by the rate of paddle movement, as well as the vertical

242 ~ ee -~ = PP Y O A o cbale

pualuon Ul lﬂC deUle lll mc water. 1 ﬂC anUle wc€eIc 4u.4ulcu L0 dil au;u;wmc raie
shaker table suspended over the cores. In the July experiment, eight sediment cores

The Academy of Natural Sciences 7
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two had 1 7 mg sedlment per ml of water and two had "1.7 mg sedxment per ml of
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water which was auu&cu to 5 uM PO4. Control WQIL(DLMMM&}L&ZL}_BQ
incubated in bottles without any sediment contact. Time series samples for analysis
of dissolved phosphate were collected from the water overlying the cores and from
the controi water prior to'resuspension approximately 15 min, 30 min, 60 min, 90
min and 5 h after resuspension began. Samples were filtered and the water analyzed
immediately for PO4 concentration; samples were also collected to determine the dry
weight of resuspended sediment in the overlymg water. In August and September
1990 additional experiments were conducted with cores from both the sandy and
silt-clay sites. The dissolved phosphate concentration in the overlying water was

measured in time series samples collected up to 24 h in cores without resuspended
sediments, with resuspended sediments, and with and without resuspended sediments -

in which the overlying water was spiked to 5 uM POa.

The amount of sediment resuspended in our experiments ranged from 100 to 1700 mg
dry sediment per liter or 8.2 to 140 g/m2 of sediment. These rates were chosen as they
are intermediate between the concentration of total suspended solids in. the Bay
(generally 20-40 mg dry sediment/I and as high as 160 mg/L; F. Moser, pers. comm.),
and the fotal amount of suspended sedlment in the water column overlymg am? of
sediment in the Bay (28-224 g/m2 based on range of measured concentrations and

assuming averace water denth of 1.4 m). While the hicher concentrations of suspended -

Seiiiiiig RV WARHW TVALWE MW WE Ui 47T 2i)e VY ilAW AW lllbllv-l W ilwwiil RvAVEAS WA uuurv--uw

y,

oncentratlons (1 mg/L) were likely simil

93.
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the lower c suspended sediment
concentratiane near tha hottom whara suspended cnfh nents contant tha n\uarhnnn
concentrations near the bottom where suspended sediments i1 CoOnwact uiC OV g
water.
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Phosphate Exchange
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into the water overlying cores from the sandy (120 mg dry sediment per liter) and
sﬂt-clay (340 mg dry sediment per hter) sites. Approxxmately 500 ml of the overlymg

AAAAA

waier \Wllﬂ YCSUSPCHGCG seulmenm) was removed and incubaied in boitles with

Barnegat Bay water spiked to 5 uM PO4, with and without addition of buffered

formalin (final concentration 2%). The bottles were shaken continuouslv to keen the

WA AAIGALEE \AuiGa VVAIVWAIWM QUYL & /Y ALV UVLMWS Wwiw Sl VWML BUWSA ) W Sevwhs WA

sediments in suspension. Time series samples were collected during the next 24 h,
filtered, and analyzed for dissolved POs concentration. The suspended sediment

concentration was measured at the end of the mrppnrppnf hv ﬁlfprmg a known volume

of water through pre-weighed Millipore membrane filters, and then welghmg the filter
after drying at 60°C for at least 48 h.
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RESULTS

The net release of phosphate out of sediment cores to the overlying water or net flux
of phosphate into the sediments from the overlying water was calculated based on the
time rate of change of the concentration of dissolved phosphate in the water overlying
the sediments as described in the Methods section (Eq. 3).

There was no measurable phosphate release from sediment cores incubated in the dark
for 6-9 days (Table 2, Fig. 2). There was a net flux of phosphate into the sediments
when the water was spiked to 5 uM POy in both silt-clay and sandy sediments (Table
2, Fig. 3); the flux into the sediments was considerably greater with sandy sediments
relative to the silt-clay sediments (Table 2). ‘

There was no net release of POy at the sandy site when sediments were resuspended
at low, moderate and high rates, 0.1, 0.36 and 1.7 mg dry sediment per ml of water,
‘respectively (Table 2, Fig. 4). In two out of eight cores there was a small increase

in overlying water dissolved PO4 concentration (70.2 uM PO4) which decreased to
background concentrations within approximately 15 to 30 min. When the overlying

water was spiked to 5 uM PQs4 there was a rapid decrease in dissolved POs
concentration (Table 2, Fig_ 5).

Sediments suspended in Barnegat Bay water had greatly reduced ~phosphzite uptéke
when treated with 2% formalin compared to phosphate uptake without formalin (Table
2).

The Academy of Natural Sciences i .9
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The flux of inorganic nutrients from sediments following the decomposition of organic
matter is an important source of recycled nutrients for phytoplankton production in
many estuaries. Benthic mineralization processes often supply between 25% and 50%
or more of the nitrogen and phosphorus requirements of phytoplankton (Nixon 1981;
Kemp et al. 1982; Boynton and Kemp 1985). However, measurements of benthic
nutrient fluxes primarily have been in estuaries that have little light penetration to the
sediment surface due to water column turbidity and/or water depth. Few measurements
of benthic nutrient fluxes have been made in shallow coastal lagoons where there is
sufficient light penetration for substantial benthic algal production (Nowicki and Nixon

in the sediments may be assimilated at the sediment surface by benthic algae.

In Barnegat Bay sediments there are substantial rates of benthic algal and seagrass
production! during early summer-and fall when the water column is less turbid and
thus there is sufficient light at the sediment surface for benthic photosynthesis (Table
1). Benthic algal production is a major factor decreasing the release of ammonia from
the sediments in the Bay (Seitzinger and Pilling 1992)2. There was no measurable
flux of ammonia out of the sediments in the Bay when benthic (gross) photosynthesis
rates were approximately 900 pmol O m-2 h-1 or greater; when benthic photosynthesis
rates were low (approximately 450 umol O m-2 h-1 or less), the flux of ammonia out
of the sediments was similar to that predicted from Redfield stoichiometry (Fig. 6,
Table 1). A comparison of data from Barnegat Bay with data from three other shallow
coastal systems, the Delaware Inland Bays (Rehoboth and Indian River bays, Seitzin-

ger unpubl. data), Potter Pond (a RI coastal lagoon; Nowicki and Nixon 1985a,b),

for Barnegat Bay (Fig. 7).

1 The methods used to measure benthic photosynthesis did not differentiate between seagrass production

and algal meadiintion
anag aiga: proéucuin.

2 Seagrasses do not appear to be the major factor controlling sediment-water ammonia and phosphate
fluxes at the two study sites, as patterns of N and P release were similar regardless of the presence
for absence of seagrasses (Seitzinger and Pilling 1992).

The Academy of Natural Sciences 10
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While UCHUll(. dlgcu pIUUU(.uUﬂ, in genera.l can account IOl' the low rates OI semmem—
water ammonia fluxes in Barnegat Bay, the data do not indicate that phosphate fluxes
are controlled solely by benthic algae. Obviously, benthic algae are assimilating P
along with N which can explain the lack of P release when benthic photosynthesis
rates were high (and no ammonia was released). However, even when there was no
benthic photosynthesis there was no measurable release of P from the sediments at

either the sandy or silt-clay site (Seitzinger and Pilling 1990, 1992; Table 1). The
inahilitvy nf honﬂ“n alanl nrnﬂnr\ tn avnln:n tha lqnb Af ralanca AFf D feam Dumnnof
ifqolidy Of oChiulll aigai ylwuvuv n 0 CAPidiill uiC ialK O1 ICiCasSC O © IToim ua.l.u\-sal.

Bay sedxments was further conﬁrmed in the current study by f our addmonal expen—

bated in the dark for 6 9 days wh1ch would deplete the ablhty of algae to take up
nutrients in the dark (Syrett 1981) (Table 2). Another demonstration that benthic algae
were not solely responsible for P retention in the sediments was demonstrated by the
rapid uptake of P by sediments pre-incubated in the dark when the overlying water

wrne enilbad ¢t~
wad spPinAlu W

the water corumn rouowmg resuspension of bottom sediments, transport of P out of
the Bay on suspended sediments, and a reconsideration of the expected release of P
from the sediments based on the P content of the organic matter decomposed in the
sediments. To mtemret the results of those mmen ments, the average dmlv P flux that

was unaccounted for (the “missing”’ P) was calculated from the June through October

1989 data (flfable 1) as follows: me pregl ctgxl release Qf P over a 24 h nenod was
cal lat1eC ne - ] \

k “'IA TMIAnN O GAA MNvIrYaAn ﬁl f!hl\'l‘l'\ﬂ [ 72
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w
DqS 1 and 2 and the measured N:P ratio of orgamc matter in the surface sediments
at the two study sites, and assuming a 12-h light/12-h dark period. Since there was no
measurable P release from either the silt-clay or sandy site during any sampling period,
the “missing” P was set equal to the predicted P release rate.

Initially redi men t eitzinger
and Pilling 1992) (Table 1) was calculated assuming that the organic matter decom-
mnoad 1o olnA .uul.mn.-sn had A MNAN.D .-4.4:.‘ AFTNL1Le1 fataeno) mnll“nitl IOLA\ whinh
puacu 111 UiC DCALLILICIIWL 11ldu a U.AN. I 1aUU VUl 1VVU.1VU. 1 \awlua) \I\WII A3 17\1‘?}, Wlll\:ll

is similar to the ratio in organic matter in many, but not aii, marine ecosystems. While
the organic C content of the sediments was not measured, we did measure the organic
N and organic P content (Seitzinger and Pilling 1992). The organic N:P ratio in the
surface sediments at the sandy site (16.5:1) was very close to the theoretical (Redfield)
ratio (16:1); at the silt-clay site the ratio was 29:1 which indicates that the organic
matter is depleted in P bv a factor of 2 relative to the theoretical ratio The flux of

nrnrlnr\ﬁnn wac naoclioihla wae cim tn H-\A nrnr’h 1

ylwu\vuull wvao ll\lsllsluA\l Wad 9 J Liiw lel LA LG WL CLIBEEAEAVVELA ALS, A Jia
Sle o s nis mmom e ndl e e he o P LS. SL AR Y o P | (PSSR e, GRS | PR Y ' ey
uic v ygc 1 TIDUITIPUVIL 1ALC, 1IIUICdUIE Uldl UIC L. 1N 14U wab 11Ul 111 CUly Ui1ICICIil

from the Redfieid ratio. Based on the above, the predicted average daily P reiease
rate for June through October at the sandy site was 195 umol m-2 d-1; the predicted P
release rate at the silt-clay site was 98 umol m-2 d-1(Table 3).
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The following discussion addresses the magnitude of P release from Bam'egat Bay
sediment- attributable to these mechanisms. l‘ﬂ()ST)ndlC released auﬂl‘li the uecomDo-
sition of organic matter can be sorbed to metal ox1des (e.g., iron and alummum ox1des)
and not released by diffusive flux to the overlying water. The sorbed phosphate can
then be buried permanently in the sediments, released to the water following
resuspension of bottom sediments, or transported out of the Bay sorbed to the
resuspended sediments.

1
the “missing”
fﬂ

.
nurial
A ASAL AGA

P at that site (ORf - umol m-2 d-1 ugine an N: P ratio of '70.1\ The
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calculated based on a total P content of the sediment below 1 cm of 0.3 to 0.4 mg P/g

dry sediment (gds), a measured sediment density of 1.5 gds/cm3, and a net qprhmpnf
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accumulatlon rate of 0.11 cm/yr at the silt-clay sxte (R. Bopp, pers. comm.) (Seitzinger
and Pilling 1992). Net sediment burial rates were not measured at the sandy site
because the isotope signal is too low in sandy sediments to obtain reliable data for
dating (R. Bopp, pers. comm.). The rate of P burial in the sandy sediments, however,
is likely Iess than haif that at the silt-clay site because the total P content of the sandy
site sediment (approx 0.15 mg P/gds, Seitzinger and Pilling 1992) is half that at the

sm—cmv‘ site and net sediment accumuliation rates in sanuv semmems are generauv
con51derab1y less than in finer grained sediments.
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Phosphate sorbed to metal oxides in the sediment is in chemical equilibrium with
phosphate dissolved in the pore waters (Stumm and Morgan 1981). When sediments
are resuspended into the water column by waves or heavy boating activity, some sorbed
P may be released to the overlying water as it equilibrates with the low P Bay water

(<0.5 uM POsq, Seitzinger and Pilling 1992). However, experiments of P exchange
from resuspended bottom sediments showed that release of phosphate from resus-
pended bottom sediments is not a significant mechanism for phosphate transfer to the
water (Table 2). There was no measurable release of phosphate to the water when
SPﬂ]mPﬂfQ were resusnended at Inw medium or even VPI‘V high rates of resusnension
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(Table 2). In fact, resuspension of bottom sediments may decrease water column P
concentrations when there is a pulse mnut of P to the Bay such as during a storm event.

This was indicated in the resuspended surface sediment experiments in which a rapid

decrease in the P concentration occurred after the overlving water was spiked to 5 nM
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POs. In sandy sediments, the rate of PO4 decrease was approxxmately propomonal
to the suspended sediment concentration (Table 2). Phosphate uptake by sandy
sediments was more rapid than by silt-clay sediments, indicating that simple chemical

sorption is not the main mechanism of phosphate retention, as silt-clay sediments would
be expected to sorb more phosphate than sandy sediments (Stumm and Morgan 1981).

VV SAPVVIMS LU SVLU LMUVAY pPRAUVSEIGLT wadul SSUIe ) SVNeitiaild (i vieitiais Quite SNAVA et 25Ty

The rate of PO4 decrease was approximately ten times greater with resuspended sandy
sediments relative to silt-clay sediments (September experiment) even though the

of Natural Sciences 12



suspended sediment concentration was higher in the silt-clay sediment cores. Rates
of phosphate uptake from silt-clay sediment cores that were not resuspended were also

lower by a factor of three or more compared to sandy sediments (Table 2).

Addmon of tormalm to resuspended sedlments also 1nd1cates that P retentlon/uptake

Phosphate sorbed to surface sediments could be transported out of the Bay on
suspended sediments. Estimated export of P from the Bay due to suspended sediment
transport was calculated to be 22 umol P m-2 d-1, which is only 10% of the “missing”’
P at the sandy site and approximately 20% of the ‘“‘missing’ P at the silt-clay site

(Table 3). This calculation was based on complete exchange of the Bay water every
96 tidal cycles (Chlzmadla et al. 1984), a 12 7 h tldal cycle a Bay volume of 238 X

Tos: ol £
1

£ oo 32 cils o ciba -
1 bCUlHlClll. at Ulc siit-Ciay Sit€ o

992; sandy sediments had a lowe

aticralyy hish t~tnl cartamandad
atl. vcry llls“ wial SWw 11U

comm.: ran generallv 20-60

slan 6~bnal D nmcmnn— L gy
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—
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Q

While essentially all of the P removal mechanisms that are generally considered to
occur in estuarine sediments were examined in this study, none of those mechanisms
alone was found to be sufficient to explain the lack of P release from Barnegat Bay
sediments. At the siit-clay site, burial of P in the sediments combined with removai
of P through resuspension of bottom sediments which are transported out of the Bay

s At L o o DL PP P,

‘mdy account 10r most UI UlC mmerauzea P UI the orgam matier mmerduzcu lIl UIC
sediments is depleted in P relative to N). However. at the sandv site_ less P is estimated
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to be buried in the sediments or transported out of the Bay with resuspended sediments
and the P budget is still very unbalanced. Low rates of P release from shallow
estuarine sediments have been reported in the few other studies in systems similar to

PI_W_V="N

Barnegat Bay (Nowicki and Nixon 1985a; Ullman and Sandstrom 1987). However,
the mechanisms responsible for the low P release rates were not identified in those
studies. The data from Barnegat Bay and other shallow coastal sediments contrast
with data from deeper estuaries such as Narragansett Bay where the release of P from

Al o 3 e a A PRy P —n A= PR Sy v Ty PP Py T2 e mcn

uic wumlcms CdIl Uc prcmucu Ddbw OIl IdiC Ul OIgdlllC Mduct UGLUIHPU&IHUH \L‘MUII
t al

The studies conducted here, in combination with our previous studies in Barnegat Bay
(Seitzinger and Pilling 1990, 1992), demonstrate that nutrient processes in Barnegat
Bay differ quite markedly from nutrient processing in deeper estuaries. Sources of
nutrients supporting phytoplankton production and thus eutrophication in estuaries
include external inputs (e g., rivers, runoff, groundwater) and internal recyclmg

e PRy

mlcmal recycung OI numems m lne waier COlUmn anu lIl Ucnl[ﬂb 5émmcma lb a IIldJUI
cource of nutriente for nhvtanlankton nrnrhmhrm Conciderahle amounte of ammonia
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and phosphate are recycled from sediments in most deeper estuaries, often supplying
25% to SO% of phytoplankton N and P requirements (Nixon 1981; Kemp et al. 1982

== Rk TRATOTEIEEETTTE N S ETESy ST
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Boynton and Kemp 1985). However, in Barnegat Bay the release of N and P from
the sediments is much reduced. No P is released from the sediments-and the N release
(and in part P) is reduced greatly due to assimilation by benthic aigae. In addition, P

ie removed more efficientlv than N which aleo contracte with nattarne in deaner

A0 LVAUUVIAS VIV WALILALAWY  uides L8 Wi dloU VULIMASIS  Vraui pasividiio A Unped

estuaries where N generally is removed.more efficiently (via denitrification) than P
(Nixon 1981, 1983, Seitzinger 1988). Evidence is beginning to accumulate from other
shallow estuaries suggestmg that sediments in coastal lagoons are efficient nutrient

tonsvn walativia ta cndiasanéa Annwne agtiiamins Tha dascanond malacca Af ksl AT acd

uapy IClanC w BWIHACIIL) .lll UL Pt €3tuari€s. 1€ QGeCreasca reiease 01 ooul 1IN anda
P from the sediments decreases nutrients available for phytoplankton growth in the
water column, and thus in effect, decreases the magnitude of eutrophication in the Bay
for a given rate of external nutrient input, as a portion of those external inputs are
being removed by the sediments. These findings have important implications for
management decisions regarding future control nf nutrient mnnfc to Rarnpcaf 'Rav as

2RI H WAL BUAASAVAIS A paseiilis

models of nutrient control based on the relationship between nutrient mputs and
eutrophication developed for deeper estuaries are not applicable, in a number of ways,
to Barnegat Bay and likely toother shallow back bay estuaries. We currently are

working with the US Army Corp of Engineers, Waterways Experiment Station, to

modify the 3-D Coupled hydrodynamic water quality model developed for Chesapeake
Bay so that it is applicable to the Delaware Inland Bays and other shallow coastal
lagoons where sediment-water nutrient interactions differ markedly from those in
deeper estuaries.

What change in conditions in the Bay would lead to a decrease in the rate of N and P
removal and thus an increase in N and P input to the water column which could increase
phytopiankton production and the rate of eutrophication? While we do not know alii

of the mechanisms that are controlling N and P release from the sediments in the Bay,

it is clear that benthic algae are controlling much of the N release. Increases in water
column turbidity, such as already occur in mid-summer in the Bay result in large
increases in the rate of ammonia release from the sediments because benthic algal

mwrndiiatinm 1a radnaad Avia ta tha lacr lioht lavale att thn andimm anmt anrefa MThiqc nrmisaAnia

pluuuuu.uu 19 1wuuw UUC W LU JUW llslll lCV Cld al Ui C DW1IIICIIL aux ld\tc 4 111> allllnuviiia
is available for increased phytoplankton production in the water. Nutrient enrichment

experiments conducted durmg Year IV of this program were conduced using micro-
cosms of Barnegat Bay. Those data indicate that increases in ammonia inputs can
increase phytopiankion biomass and production in the Bay. Resuits of those experi-
ments will be renorted in the Year IV Final Renort

BAAWAELD VYL VW AW/ WA LA LA Uidw A A1AGE ANV Ve

Based on the data presented in this and previous reports (Seitzinger and Pilling 1990

and 1992), it appears that water quality management plans developed for Bamegat

Dav chanld rnmnaidar wave tn Annteral wntae Anln haiditr on a0 A minimira anteiant

Ddy SouiG CONsSIGer wayos W LVuLIlLvVL walvi UUlulllll |.u1 uxuu_y' SV ad WV UL, uuuxcut

release from benthic sediments. Ideally, turbidity in mid-summer should be decreased
to allow more light to reach the sediment surface. At a minimum, turbidity should not
be allowed to increase above current levels.

The Academy of Natural Sciences 14
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Figure 2. Phosphate concentration vs time in water overlying sediment core from siit-clay site in Barnegat Bay, v
) August 1990. Core was incubated in the dark for 6 days prior to flux measurement to minimize

benthic algal assimilation of phosphate.
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Bay from (a) siit-ciay site, and (b} sandy site, September 1990. Cores were incubated in the dark for
6 to 8 days prior to flux measurement to minimize benthic algal assimilation of phosphate; overlying
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Flgure 7. Sediment-water flux of ammonia vs net benthic photosynthesis in
Barnegat Bay (Seitzinger and Pilling 1992), Delaware Inland Bays
(Seitzinger unpubl. data), Potter Pond, Rl (Nowicki and Nixon

1985a,b), and the Neuse River Estuary, NC (Rizzo et al. 1992).
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Table 1. Sediment-water fluxes (pmol m 24 1) of oxygen, ammonia, nitrite + nitrate and phosphate mgasured at a sandy
vegetated site and a silt-clay site in Barnegat B D_glv. 1-‘».‘..', as a function of light intensity (WBEm “ s Yy and mid- day -
- (gross) benthic primary production (pumoi O m™ h™’). Predicted NH4 and POg4 fiuxes are based on 02 flux and 4
7 Redfield stoichiometry (Eqs. 1 and 2). (n.s.=flux not significantly greater than O at p=0.05; L=100% and g
E M=50% of ambient bottom light intensity, and D =dark; for complete details of methods and interpretation of =
g results see Seitzinger and Pilling 1992.) E.
= =
= Mid-day Gross =
e Temp. Salinity  Light Measured Benthic ;h:ima[y Predicted 3
Z Date Core - (°C) (%) Intensity 02-O NH4 NO2+NO3 PO4 Production NH4 PO4 E
g Sandy Vegetated Site __ . o 2
£ 6/21/89 25 il 6675 B
(g) Li is0 IR0 n.e -7 ne 209 2 et
8 12 150 130 n.s n.s n.s -10 -1 9
a M1 75 <2350 ns 9 ns 177 I
g M2 75 -1940 10 n.s n.s 146 9 E
D1 0 -6380 n.s. n.s. n.s 482 30 -4
D2 0 -6460 ns ns n.s. 48R 30 =
8i22/89 25 10 1] =
L1 15 -1810 125 n.s n.s. 137 9
L2 15 -1730 70 n.s. n.s. 131 8
M1 7 -2300 75 n.s n.s. 174 11
M2 7 -2420 140 n.s n.s. 183 11
@ DI 0 -1850 115 ns ns. 140 9
N D2 0 -2000 150 n.s. n.s. 158 0
10/4/89 18.5 12 3050
L1 60 1060 n.s. n.s. n.s -80 -5
L2 60 1510 20 n.s. n.s -114 -1
D1 0 -1460 n.s. n.s. n.s 110 7
D2 0 -2150 n.s. n.s n.s. 162 10
Siitclav Site
6/28/89 25 11 395
L1 20 -1980 95 n.s n.s. 149 9
L2 20 -2060 70 n.s n.s. 155 10
Ml 10 -1820 85 n.s. n.s. 137 9
M2 10 -1350 40 n.s. n.s. 102 6
Di 0 -2240 i73 n.s. n.s. 169 ii
D2z 0 -2590 i40 n.s. n.s. i95 i2
8/15/89 25 8 150
L1 20 -1420 85 -5 n.s. 107 7
L2 20 -1380 160 n.s. n.s. 104 1
Ml 10 -1420 80 n.s, n.s. 107 7 -]
M2 io -1690 i65 2 n.s. 128 8 :
Di 0 -1630 150 n.s n.s. i23 8 g
D2 0 -1470 120 n.s. n.s 111 7 m
10/4/89 18.5 12 1085
L1 15 -970 n.s n.s. n.s. 73 5
L2 15 -630 n.s n.s n.s. 48 3
D1 0 -1830 n.s n.s n.s. 138 9
D2 0 -1540 .S n.s i.s. 146 9
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Table 2. Sediment-water phosphate fluxes from Barnegat Bay sediment cores (A) pre-incu-

hatad far 2.0 An ir tha Aavl ¢4 minirmioa hamthia aleal cintalbla 1D th ran tmen
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sediments, and (C) resuspendeded sediments with and without formalin added to.
inhibit biological activity. Positive numbers represent a net fluxof P from sediments
to the water; nggative numbers are a net flux from the water to the sedi}meqts. All
cores incubated in the dark during filux measurements. Units: pumol Pm™“ h™’

Nerncaluslere Vi ndnia Crsnmncedad Q.
\JYTiiyll yval ouapﬂlucu ocuunclu
Date Site PO4 Flux Treatment Concentration {(mg/L)
(A) CORES PREINCUBATED (6-9 DAYS) IN THE DARK
7/25/90 sandy 8
8/6/90 silt-clay 0
9/17/90 sandy -30 uM PO4
-40 5 ;LM PO4
9/19/90 silt-clay -5 5 uM PO4
-10 5 uM PO4
(B) SEDIMENTS RESUSPENDED ABOVE CORES
7/25/90 sandy 0 100
0 100
8/2/90 sandy 0 360
0
7/26/90 sandy 0 1700
0
8/26/90 siltclay 0 410
7126/90 sandy -2% 2 uwM PO4 1700
-280 S uM PG4
8/2/90 sand; -50 5 uM PO4 360
Y -60 5 uM PO4 _
9/17/90 sandy -76 5 uM PO4 290
-50 5 uM PO4
9/19/90 silt-clay -5 5 uM PO4 450
-10 5uM _
(C) SEDIMENTS SUSPENDED IN 5 uM PO4 WATER WITH AND WITHOUT FORMALIN
(nmol P/L/h)
9/11/90 sandy -1.01 without formalin 120
-0.11 with formalin 120
-0.27 with formalin
9/13/90 silt-clay -1.4 without formalin 340
-1.5 _ without formalin
0 with formalin 340
-0.84 with formalin
The Academy of Naiural Sciences 31




Eutrophication in Barnegat Bay: Year Il TABLES

You are Viewing an Archived Copy from the New Jersey State Tibrary

§ 3 U ¢ Or O 0 aY: di ,
based on available data at the silt-clay and sandy study sites. See
text for explanation of each term.

Mechanism Silt-clay Sandy

p.molPr_n'2 a! |,|.mole'2 dal

SOURCES
Rate of PO4 production* 98 195
(net organic mineralization)
REMOVAL MECHANISMS
Burial in sediments 50-70 <25
Loss from resuspended sediments 0 or uptake 0 or uptake
T[ﬁﬂ ‘Spﬂli oui 0:. Ba,
with rocucnondod codimonte o] <))
Y wyere s UU"“‘IUI.“U“ SR IPw IV Lt s Tl e
Sum of P removai 72-92 <47
Estimated diffusive flux

£ DN, nest nf codisseante T4 ~ 14Q
VJ 4 UG v UJ QCWLIIICIND 1~ 4L\ ~ 120
Measured diffusive flux 0 0
PO4 unaccounted for 7-26 > 148

* after accounting for benthic algal assimilation during photosynthesis and using measured N:P ratio of
organic matter in surface sediments at each site.
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