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Eutrophication in Bal'llegat Bay. Year III EXEf3UTI"IE SUMMARY

we conducted more extensive experiments with benthic 3.Igae 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 incubated 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 reIe3.se from Barnegat Bay sediments
were investigated in the current studies, induding permanent burial of P in the
sediments, release of P to the water column following resuspension of bottom
sechments, 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 ill the sediments.

Permanent burial ofphosphate 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-elay site was estimated to be approximately 16 to 21 mmol
P m-2 yr-! or 50-70 ~lmol m-2 dol, which is small compared to the "missing" P of 195

/lmol m-2 dol. The rate of P burial in the sandy sediments was estimated to be even
less thari 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 shO\'1ed
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 J;lmol Pm 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 rares 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 sha110w coastal sediments contrast with data from deeper
estuanes such as Narragansett Bay where the release of P from the sediments can be
predicted based on the rate of organic matter decomposition.

The Aeademy of Natural Seienees iii
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Eutrophication in Barnegat Bay: Year III EXECUTIVE SUMMARY

The studies conducted here, in combination with our previous studies in Barnegat Bay
(seitzinger and Pi11ing ]989 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 followmg decompoSItion of orgamc matter) m most deeper estUanes, often
supplying 25 %to 50% ofphytoplankton N and P requirements. 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 greatly reduced due to
assimilation by benthic algae. In addition, P is removed more efficiently than N which
also contrasts with patterns in deeper estuaries where N is generally removed more
efficiently (via denitIificatiml) than P.

The decreased release ofboth Nand 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 exteI nal inputs 3.Ie being removed by Ole sediments. These findings
have important implications for management decisions regarding future control of
n,,"trient 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 ofways, to Barnegat Bay and likely to other shallow back bay
estuaries. We currently are working with the US Army Corp ofEngineers, Waterways
EXperiment Station, to mOdify the 3-D Coupled hYdrodynamki '.vater 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.

Based on the data presented in this and preVious reports, it appears that water quality
management plans developed for Barnegat Bay should consider ways to control water
column turbidity so as to minimiZe nutrient release frOm benthiC sediments. ldeaily,
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 Aeademy of Natural Seienees iv
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Eutrophication in Barnegat Bay. Year HI INTRODUCTION

--------------------------
Euaophication1 is a potential tlneat to the ecological health of Barnegat Bay and other
shallOW bays behind barrier isIailds (back baYs or coastal lagoons) that line me New
Jersey coast. Nutrients (nitrogen, N and phosphorus, P) contributing to eutrophication
enter these sbalJow bays from a variety of non-point and point sources (e g , rivers,
storm driiins, 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 grO'llth 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 abont nntrient dynamics (including the
relatiOnship between nutnent inputs and eutrophication) in Barnegat Bay or any of
these shallow, highly productive bays. Previous studies ofeutrophication and nutrient
dynamics in eswaries have focussed on relatively deep estuaries such as Delaware
Bay, Narragansett Bay and Chesapeake Bay (D'Elia et aI. 1986; Boynton et aI. 1982;
Nixon 1981). The extent to which results from sbldies ofdeeper estuaries can be used
to predict me effeCts of nutrient inputs to shaIlm'l 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 ofeutmphication
in me 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 eswaries, it was hypothesized
that the se<fiments were a major site for nutrient recycling and/or nutrierit remO"/al,
either of which could markedly affect the amount of nutrients available for algal
(phytoplanktOn) production. Sediment water nutrierit (N and P) exchanges, therefOie,

1 Eutrophication resu1ts from high rates of nutrient eN and P) inputs to aquatic systems and can lead to
a variety of conditions including increased phytnplanktnri (algal) production and biornaM, algal
blooms, increased water column blrbidity, changes in species composition, and evenbJilly to a
depletion of oxygen in the water

The Academy of Natural Sciences 1
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Eutrophication in Barnegat Bay: Year III INTRODUCTION

were a major focus of the study. In addition, measurements were made ofwater column
nutrient concentrations, phytoplankton production rates, benthic algal plus seagrass
primary production rates, organic mattel 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 Nand P) and are considered
to be relatively eutrophiC. ChlOrophyll concentrations (indicative of iilgiil biomass)
are high compared to UlOse in relatively eutmphic estuaries. Water column turbidity
is high, resulting in 10\'l light levels at the sediment surtaee, partiCularly in mid- to
late summer.

A second conclusion of those studies was that there is considerable benthic algal
production (oenthic microalgae such as benthic diatoms) in Barnegat Bay in addition
to seagrass production. This contrasts with larger, deeper estuaries such as Narra
gansett Bay, Delaware Bay and the deeper portions ofChesapeake 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
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 Nand P available for phytoplankton production None of the P and only
some Ofthe N reIeased during the deCOmpositiOn oforganic matter in the Bay sediments
is recycled to the water column by diffusive flux (Table 1). This suggests that nutrient
processing in Barnegat Bay differs quite dramatically from nutrient processing in
deeper estuaries where 25 % to 50% or more of the N and P requirements of
phytoplankton are often supplied by benthic recycling processes (Nixon 1981; Kemp
et al. 1982; Boynton and Kemp 1985). Our studies in Barnegat Bay indicate that very
little N and no P is released from the sediments to the water column by diffusive flux
and thus the contribution C,lf nutrients to the phytoplankton from the sediments is much
reduced. Some insight into the mechanisms responsible for this efficient nutrient trap
for N and P in the Bay sediments was obtained from the 1988-1989 studies. In
particular, there was a relatively good relationship between benthic algal photosyn­
thesis and ammonia release from the sediments: when benthic algal production was
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 ofphosphate 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

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



Eutrophication in Barnegat Bay: "lear III INTRODUCTION

The current studies were undertaken to proVide additional insight into the mechanisms'
responsible for the efficient removal ofP in the Bay sediments Mechanisms that were
investigated included:

a) assimilation ofP by benthic algae not detected in the previous year's experiments

b) release of P to the water following resuspension of bottom sediments from wave
action or boating activity

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

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

e) decomposition of organic matter in the sediments depleted in P relative to N and
c

The above mechanisms were tonsidered to be most likely to account for the apparent
efficient sink/trap for P in the sediments. The removal ofP in the sediments is reducing
the amount of P for phytoplankton production and thus reducing the degree of
eutrophication in the Bay. Information from the above studies is necessary to predict
if the P removal mechanisms are likely to continue to operate ifexternal nutrient inputs
to the Bay increase.

G t-e. · t-N. e~ ·-------1J-.-i1!!1e~nW!!el-Pr~aISCUSSIOn outrlentyc....~ ... L.~s'l"ltuf+a~r"le~s------

,Nutrients enter estuanes from a vanety of external sources mcIudmg nver mputs,
direct discharges, storm drains, runoff, atmospheric deposition, broken sewer pipes,
marinas and boating activity, groundwater and septic systems. Once in dIe estuary
the N and P are used by the algae for growlh; bo\vever, the external inputs of nutrients
to estuaries generally are not sufficient to supply the needs of algae. Recycling of
nutrients within the water column and between the benthic sediments and water is a
major source orN and P supporting algal production in estuaries (Boynton et aI. 1982;
Nixon 1981).

Recycling is the release of inorganic nutrients (ammonia, nitrate and phosphate)
following the decomposition (i e. metabolism, respiration) of organic matter.. The
organIC matter IS decomposed (metaboliZed) by nucrobes, zooplankton, fish,benthic

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

temporarily or permanently from the estuary, thus decreasing the supply of nutrients
for phytoplankton production and affecting the degree ofeutrophication reSUlting from
a given rate of external nutrient input to the estuary

The AQdemy of Natural Sciences 3
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Eutrophication hi Barnegat Bay: Year m INTRODUCTION

Gross Decomposition Rate + Gross (TotaI) Benflllc:Photosynfllesis -
light 02 pfOductiOfl or consumption rate

Gross Benthic Photosynthesis - light <h flux + dark <h consumption rate

Net Benthic Photosynthesis - light 02 production rate .
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Eutrophication in Barnegat Bay: Year ill METIlODS

-------lWITItOO~S-------

---_S~t~udyAreas

Studies to examine factors responsible for the apparent efficient phosphate traplsink
in Barnegat Bay sediments 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 highly developed region of the Bay (Rogers et aI. 1990): one fme
grained silt-clay sediment area C2 m water depth) and one sandy sediment area (with
benthic algae, -1.2 m water depth) (Fig. 1). Both of these sites were included in the
previous years ' studies (Seitzinger and Pilling 1990, 1992).

Sediment cores (17 em diameter; approx. 15 cm deep) for this study were eoJ1ected
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 la6oratory. The oxygen in the '.vater
over the cores was maintained at near saturated concentrations with the use ofporiable
aerators. Once in the laboratOry, the sediment cores were maintained at ambient bay
water temperature in a temperature-eontroIJ.ed 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=Mi-I"!efltafSSHUHre"!-llm~e'I-ln~tss-----------------

of phosphate during sediment resuspension, and c) biotic vs. abiotic controls on
The importance of a) assimilation of phosphate by benthic algae, b) uptake or release

sediment-water phosphate exchanges were examined as follows:

Assimilation of Phosphate by Benthic Algae

Cores were collected in July, August and September 1990. The.importance ofbenthic
algae was examined by measuring sediment-water phosphate fluxes after holding cores
in the dark &9 days to decrease any assimilation ofphosphate by benthic algae. Benthic
algal biomass was not measured, however, benthic photosynthesis at bOth Sites was
measurable during the summer and fall in the previous two years of study. The water

The Academy of Natural Sciences (;
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Eutrophication in Barnegat Bay: Year ill MEmODSo
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Eutrophication in Barnegat Bay: Year Dr METHODS

from the sandy site were used: two were incubated without resuspending bottom
sediments, two had -0.1 mg (dry '.'It.) sediment resuspended perm! ofoverlying water,
two had -1.7 mg sediment per ml of water, and two had -1.7 mg sediment per lid of
water which was spiked to 5 gM P04. Control water (both spiked and unspiked) was
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 control water prior toresuspension, approximately 15 min, 30 min, 60 min, 90
min and 5 h after resuspet!siOn began. Sample) were filtered and the water analyzed
immediately for P04 cQncentration; samples Were also collected to determine the dry
weight of resuspended sediment in the overlying water. In August and September
1990 additional experiments were conducted with cores from both the sandy and
silt·day 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, wid) resuspended sediments, and wid) and widloUt resuspended sediments .
in which the overlying water was spiked to 5 J,.tM P04.

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/Land as high as 160 mglL; F. Moser, pers. comm.),
and the total amount of suspended sediment in the water column overlying a m2 of
sediment in the Bay (28-224 g/m2 based onrange of measuled concentrations and
assuming average water depth of 1.4 m). While the higher concentrations ofsuspended
sediments in our experiments" (1700 mg/L) are not likely realistic fOr Barnegat Bay,
the lower concentrations (100 mglL) were likely similar to suspended sediment
concentrations near the bottom where suspended sediments first contact the overlying
~ter. .~

Biological and/or Chemical Control of Sediment-Water
Phosphate Exchange

This topic was investigated in September 1990. Surface sediments were resuspended
into the water overlying cores from the sandy (120 mg dry sediment per liter) and
silt-elay (340 mg dry sediment per liter) sites. Approximately 500 Iril of the overlymg
water (with resuspended sediments) was removed and incubated in bottles with
Bamegat Bay wate! spiked to 5 pM POt, wid) and without addition of buffered
formalin (fmal concentration 2 %). The bottles were shaken continuously to keep the
sediments in suspension. Time series samples were Collected during the next 24 h,
filtered, and analyzed for dissolved P04 concentration. The suspended sediment
concentration was measured at the end of the experiment by filtering a known volume
ofwater through pre-weighed Millipore membrane filters, and then weighing the filter
after drying at 60°C for at least 48 h.
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Eutrophication in Barnegat Bay: Year ill DISCUSSION

While benthic algal production, in general, can account for the low rates of sediment-
water ammonia fluxes in Barnegat Bay, the data do.not indicate that phosphate fluxes

along with N which can explain the lack of p. release when benthic photosynthesis
are controlled solely by benthic algae. Obviously, benthic algae are assimilating P

rates were high (and no ammonia was released). However, even when there was no
benthic photosynthesis there was no measutable lelease of P fcom the sediments at
either the sandy or silt-clay site (Seitzinger and Pilling 1990, 1992; Table 1)_ The
inability of benthic algal prOduction to explain the lack of release of P from Barnegat
Bay sediments was further confirmed in the current study by. four additional experi-
ments. Phosphate fluxes remained undetectable even after sediments were pre-incu-
bated in the dark for 6 9 days which would deplete the ability of algae to take up
nutrients in the dark: (Syrett 1981) (Table 2) Another demonstration that benthic algae
'.'Jere 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
was spiked to 5 f.lM P04(fable 2).

Other mechanisms to account for the lack of P release from Barnegat Bay sediments
were investigated, including permanent burial of P in the sediments, release of P to
the water column fo])owing resllspension 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 interpret the results of those experiments, the average daily P tlux that
was unaccounted for (the "missing" P) was calculated from the June through October
1989 data (Table 1) as follows: the predicted release of P over a 24-h period was
calculated from the oxygen flux in the light and dark incubated cores, stoichiometry
for P release or assimilation associated with the measured oxygen flux according to
Eqs. 1 and 2 and the measured N:P ratio of organic matter in the surface sediments
at the two study sites, and assuming a 12-h light/12-h dark period. Since there ','las 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 the predicted rate of P flux from the sediments at both study sites (Seitzinier
and Pilling 1992) (Table 1) was calculated assuming that the organic matter decom-
posed in the sediments had a C:N:P ratio of 106: 16: 1 (atoms) (Redfield 1964), which
. . '1 th ., . . h 11' Wh'lIS SImI ar toe ratIO ID orgamc matter ID many, ~ut not ~, marIne ecosystems.. Le
the organic C content of the sediments was not measured, we did measure the orgailic
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 by a factor of 2 relative to the theoretical ratio. The flux of
ammonia out of the sedimei'tts (at both sandy and silt-elay sites) when benthic algal
prOduction was negligible was similar to the prechcted rate of ammoma flux based on
the oXYien consumption rates, indicating that the C:N ratio was not markedly different
from tbe Redfield ratio. Based on tbe above, tbe predicted average daily P release
rate for June through October at the ~andy site was 195 )llllol m-2 d-1, theptedicted P
release rate at the silt-elay site was 98 y,mol m-2 d-1(Table 3).
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Eutrophication in Barnegat Bay: Year III DISCUSSION

The fOllOwing discussion addresses the magnitUde of P release from Barnegat Bay
sediment~ attributable to these mechanisms. Phosphate released during the decompo-­
silion oforganic matter can be sorbed to metal oXides (e.g., iron and aluminum oxides)
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.

Phosphate sorption to metal oxides is an important mechanism ofphosphate retention
in freshwater sediments (Wetzel 1985). While burial of mineral phosphate does not
appear to be an important process in sandy sediments in Barnegat Bay, it may account
fm as much as 70% of the "missing" P at the silt""Clay site. The calculated rate of net
P burial at the silt-clay site was estimated to be approximately 16 to 21 mmol P m-2

yr- l or 50-70 ~LInol m-2 d-l (Table 3), which is spproximately 70% of the "missmg"
P at that site (98 ·~mol m-2 d-l using an N:P ratio of 29: 1). The burial rate was
calculated based on a total P content of the sediment below 1 cm of 0.3 to 0.4 m& Pl&
dry sediment (gds), a measured sediment density of 1.5 gds/cm3 , and a net sediment
accumulatiOn rate of0.11 cm/yr at the silt clay site (R. Bopp, pus. comm.) (Seitzinger
and Pilling 1992). Net sediment burial rates were not measured at the sandy site
becal:lse the isotope signal is too low in sandy sediments to obtain reliable data fur
dating (R. Bopp, pers. comm.). The rate ofP buIial in the sandy sediments, however,
is likely less than half that at the silt-clay site because the total P content of the sandy
Site sediment (approx. 0.15 mg Plgds, Seitzinger and Pilling 1992) is half that at the
silt-elay site and net sediment accumulation rates in sandy sediments are generally
considerably less than in finer grained sediments.

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 JiM P04, Seitzinger and Pilling 1992). However, experiments ofP 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
sediments were resuspended at low, medium or even very high rates of resuspension
crable 2). In fact, resuspension of bottom sediments may decrease water column P
concentrations when there is a pulse input ofP to the Bay such as during a storm event.
This was iridicilteq in the resuspended suI'fiiCe sediment experiments in which a rapid
decrease in the P concentration occurred after the overlying water was spiked to 5 ~M
P04. In sandy sediments, the rate of P04 decrease was approximately proportional
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 die main mechanismofphosphate retention, as silt-day sediments would .
be expected to sorb more phosphate than sandy sediments (Stumm and Morgan 1981).
The rate ofP04 decrease was approximately ten times greater with resuspended sandy
sediments relative to silt-elay sediments (September experiment) even though the
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Eutl"ophieation in Barnegat Bay: Year HI DISCUSSION

suspended sechment concentration was higher in the silt-clay sediment cotes: Rates
ofphosphate uptake from siltooclay sediment cores that were not resuspended were also
lOwer by a faCtor. of three or more compared to sandy sediments (Table 2).

Addition of formalin to resuspended sediments also indicates that Pretention/uptake

part, to biological processes Phosphate uptake in resuspended sediments treated with
formalin was lower relative to sediments without formalin (fable 2).

Phosphate sorbed to surtace secllrnents could be transported out· of the Bay on
suspended sediments. Estimated expol t of P flom Ule Bay due to suspended sediment
transport Was calculated to be 22 Jlrnol P m-2 d-I, which is only 10% of the "missing"
P at the sandy site and approximately 20% of the "missing" P at the silt-elay site
(Table 3). This calcUlation was based on complete exchange of the Bay water every
96 tidal cycles (Chizmadia et al. 1984), a 12.7 h tidal cycle, a Bay volume of 238 X .
106 m3 (Chizmadia et al. 1984), a P concentration of resuspended sediment based on
the total P concentration in the top 1.5 cm of sediment at the silt-clay site of 0.013
mmol P/gds (Seitzinger and Pilling 1992; sandy sediments had a lower total P
concentration of 0.006 mmoVgds), and a relatively high total suspended sediment
concentration of 60 mg/L (p. Moser, pers. comm.; range generally 20-60 mg/L).

While essentially all of the P removal mechanisms that are generally consideled to
occur in estuarine sediments were examiiled 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 silt-clay site, burial of P in the sediments combined with removal
of P through resuspension of bottom sediments which are transported out of the Bay
.may account for most of the mineralized P (if the organic matter mineralized in the
sedIments IS depleted m P relative to N). However, at the sandy SIte, less P is estimated
to be buried in the sediments or transported outof 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
Barnegat Bay (Nowicki and. Nixon 1985a; Ullman and Sandstrom 1987). However,
the mechanisms responsible for the low Prelease rates were not identified in those
studies The data from Barnegat Bay and other shaUow coastal sediments contrast
with data from deeper estuaries such as Narragansett Bay where the release ofP from
the sediments can be predicted based on rate oforganic matter decomposition (Nixon
et at. 1980).

TIle studies conducted hele, in combination with 001 plevious studies in Barnegat Bay
(SeItzmger and PIllmg 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 recycling.
Internal recycling of nutrients in the water column and in benthic sediments is a major
source of nutrients for phytoplankton production. Considerable amounts of ammonia ..
and phosphate are recycled from sediments in most deeper estuaries, often supplying
25 % to 50% of phytoplankton Nand P requirements (Nixon 1981; Kemp et at. 1982,
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Table 1. Sediment-water fluxes (J!lTlol m-2h-') of oxygen, ammonia, nitrite + nitrate and phosphate m~asured at a sandy
vegetated site and a silt-clay site in Barnegat Bry, NJ, as a function of light intensity (~E m- s-,) and mid-day

I. _I n - -1, "'L Dn II. L. n. II. t'l

- ..

I
IYI • UV ,.. VI UVUVII ,,~. tL ,altv.., ·va.",lvl VDLD"'" v. a ••v UI S·results see Seitzinger and Pilling 1992.) c".

Q

'< Mid_d..v l:rftl:c :I..

[ Sand,{ Vegetated Site
11 6675 ~6/21 9 2S '"!i(. LI ISO 380 n.s. -7 n.s. -29 -2 ;._.

- ---
01 0 -6380 n.s. n.s. n.s. 482 30 I!;
02 0 -6460 n.s. n.s. n.s. 488 30

==8122/89 25 10 0 ...
---

01 :1850 itS n.s. n.s. i40 '.I-' 0 n.s. n.s. 9<:> 02 0 -2090 ISO 158 10
tnlA/RQ tR .. I?

n.s. n.s.
11lQ(}

- -- -
D~ 0 :~iso

n.s. n.s. n.s. i62 I()n.s. n.s. n.s.

Silt·day Site

--
MI 10 -1820 85 n.s. n.s. 137 9
M2 10 -1350 40 n.s. n.s. 102 6

~~ ~ :~~~~ :~
n.s. n.s. 169 gn.g. n.s. 195

- -
Ml .LU -l"OU 'SO II.'. II•••

i07 7I 10 -1420 n.s. n.s. ~

~; I~ :~~~~ !~~ 2 n.s.. 128 8 ~
ft. ft • 123 8 tid

-
-
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sediments. and (C) resuscendeded sediments with and without formalin added to .- .. .. ..
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rn rnA waTer' are a neT nux rr run rne waTer Tt: ne All
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Date Site P04 Flux Treatment Concentration (mglL)

(A) CORES PREINCUBATED (6-9 DAYS) IN THE DARK

"a..rI" I'
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0

8/6/90 !t••• 0

""nt1v _"(I " 1M IJ'(

-40 5 i.&M P04
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_I(' .. ,I\A lK'l.

(B) SEDIMENTS RESUSPENDED ABOVE CORES

7/15190 sandy 0 100
'" ."""V £'1'1
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-J
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", .. , 0 410
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~ unaccounte or >
... after accounting for benthic algal assimilation during photosynthesis and using measured N:P ratio of. . . .
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