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cy Problem

bus studies have shown that excess loadingtiénts is a major cause of impairment of wataly and ecobgical condiion in estuaries andstal

ents. To address this issue, USEPA's Offisiater has begun developing nutrient owever, current of egtuar

bes to nutrients is inadequate for regulgtorposes. Nutrient Effects Research at AED is gt nutrients research program for marine syswmisthe Great

Jrat s being conducted under the AquatiesStirs Framework by several NHEERL divisions. Reseeonducted at AED, the Gulf Ecology Division ahe
Ecology Division s intended primarily wport the Office of Water in setting nutrient eria in estuaries and other coastal embaymentsn8aopclients

es, tribes, and other local and regiomaiphg and regulatory enties.

jt Effects Research at AED is focused oreffiects of nutrient loading on reductions of diseal oxygen in the water column, abundance of sugeabaguatic
on (SAV), and abundance of phytoplanktanigalcator for estuarine food webs). Researchissolled oxygen and SAV is described in two companio
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Temporal Variability in the Response of Chlorophyllato Total Nitrogen in Long Island "
Sound: comecriur

Between-season and year-to-year variations indépanse of chiorophydlto nutrients were examined in Long
Island Sound. Data were from all stations showigure 4 except Station A2. Data were collectedtigy
Connecticut Department of Environmental Protection.

The average (1995-2001) response of chloroghilTN by season is shown in Figure 5. Each seasan i
three-month period (winter = December—Februaryingpr March-May, summer = June-August, fall =
Eo Nt

| The research described here distribution and to nutrient distr
ries by response to nutrients, and the ngdechniques used to support nutrient research.

arch Goals

! of our research s to inform nutrientariit development. Ecological and water qualit iotsaf nutrient inputs vary among estuaries, artd position
single estuary. Factors governing estuargstuary diferences in response, and spatieriision of response, are not well understood, amthe focus
bsearch. This poster describes y , and computer simulations of global dotal residence
estuaries. The research addresses toeing questions.

How are cmoropnyua and nutrient concentrations dstrmmed in estistrie

What is in estuaries?

What 'actovs influence spatial andte mporal g chlumphylb and nutrients in estuaries and their relationships?
Does of estuaries ai response to nutrients?

What factors influence the ecological and wataliguresponses of an estuary to nutrients?

What factors influence overall nutrient conceritras in estuaries?

What nutrients are important in determining chfsirgll a concentrations in estuaries?

How should estuaries be segmented in developirgentcrieria?

ods/Approach:

ination of Nutrient-Chlorophyll and Estuary Cl
regression to determine of total nitrogen

otal phosphorus (TP) i surface waterestiiaries. The main focus has been to develop

hips for summer (June, July, August). Reiships are developed for individual summers, fand

ar averages. Concentrations of chioropaihd TN or TP are averaged over each summer for each
h an estuary; for long-term response yetises for single summers are averaged over seyeass.

. our analysis includes data for ten essaBoston Harbor/Massachusetts Bay, Long Isiand

he Peconic Estuary, Delaware Bay, Chesapiéakand four tributaries (the Patuxent, Potomac,
annock, and James Rivers), and Tampa Bay.

froach to exploring methods for estuary dlaation is to compare among estuaries the respons
s for chlorophyt to nutrients, to determine similarities and diffares in these responses, and to
factors that affect these responses. Figure 1: Locations of the study systems
g of Water Quality, Hydrodynamic Transport, and Water Residence Time

late the annual spatially-averaged conasiarr of total nirogen in an estuary using the eua

ir
TN =[ =L +[N,]
[TN] \ a4 ]] 1+ar
[TN] is the average concentration of TN in theuesy, .« INJiste inthe to input across
L s the loading rate of TN (mass tire the seaward boundary, and
<is the flushing time of the estuary, + s the first-order rate coefficient for nmmgemmnnm the estuary to

Vs the estuary volume, processes such as denitrification and burial i

/e ofs is 0.3 mo' (Dettmann, 2001). The value of jltan be estimated from the mean salinity in thecey and the saliniy and concentration of total
atthe seaward boundary of the estuarso(en, 20

wo-dimensional models (RMA2 and RMA4) tsiate global and local water residence times
ies. Residence times are simulated bybérgj the model run with initial concentrationseoéonservative tracer in each estuary, and caloglatfolding
tracer concentrations in the estuary aéale or in estuary segments. This modeling i in support of other of auridint
Research, .. development of models afrasa and benthic response to nutrient badingartiie e-Estuary Program. These components areitied in
mpanion posters.

Distribution of Nutrients and Chiorophyll ain Estuaries

b and 3 show mutti-year average of nitrogen and surface waters at individual stations in Longutsi Sound and the
hinnock River. These concentrations are glatie function of distance along the longitudine from a point i the inner estuary. In eacrecasints at the
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d side of the graph are near the The gradients shown of spatial trends seen in all ussystems.
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Figure 2. Average summer TN and chiorophylla
concentrations for 1995-2001 vs. distance along
the longitudinal axis of Long Island Sound.
Concentrations are highest near New York City.

Figure 3. Average summer TN and chlorophylk
concentrations for 1999-2004 along the length of
the Rappahannock River. Concentrations are
highest in the upper river reaches.

are for a powetidn ((Chla] = a [TNF), where square brackets
indicate concentrations, and ‘a” and “b" are regmssoefficients. There are substantal difererioes
chlorophylla response to TN among seasons, with summer resptsgest and winter response weakest.

Figure 4. Long Island Sound, with sampling
stations. The East River enters the Sound at
Station A2

Year-to-year differences in summer response ofroploylla to TN are shown in Figure 6. The regression parenfeat is the concentration of chiorophypliat a TN
concentration of 1 mgt, *b is the skope of the regression on a log-logtpThe response relationships differ among yaatae value of therr intercept wih the
[TN] = 1 mg L* axis (‘a"), but ANCOVA analysis strongly indicatdst there is no statistical difference among side all years except (marginally) 1996.
Examination of environmental variables that comllience nutrient inputs and phytoplankion responeeates that 1996 had the highest river flowst hat 1997,
1998, and 1999, the years with the lowest valuéa’ofwere preceded by winters having the highestantemperatures.

cn a] (ugL)

Average Chl a (pgiL)

o 02 04 05 08 01 . 10
) (L)
Average TN (mg/L)

Figure 6. Average concentrations of chiorophyla
vs. TN for individual summers. This plot has
logarithmic axes.

Figure 5. Average seasonal response of chlorophgito
total nitrogen in Long Island Sound. Concentrationsof
chiorophyll a and TN for each season are averaged for
1995-2001

Ct ility Among

The other estuaries in our study showed year-to-yagbilty in the response of chiorophgito TN comparable to that in Long Island Sound. Ehere, only muti-
year averages of summer data were used to perfamparisons among Systems.

Figure 7 shows chlorophydlvs. TN concentrations for all ten estuaries instudy. This plot indicates
that there are striking similarities in the respoos chlorophylla to TN in most of these estuaries,
although there is considerable Scatter about theeseion.
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Figure 10. Data and regression line for all data iniver-
dominated estuaries: Delaware Bay (DEL), Chesapealisay
Mainstem (CBM), Potomac River (POT), Rappahannock
River (RAP), James River (JAM). The Patuxent Rivers not
included. Regression line for Tampa Bay (TMP) is idluded
for comparison.

Figure 11. Data and regression lines for segments o
river-dominated estuaries having narrow ranges of BS,
PTX designates the Patuxent River. Regression lirler
Tampa Bay is included for comparison.

Modeling
Nitrogen Box Model

Annual and spatial average concentrations of ttmgen have been calculated for Narragansett Béy Boston Harbor (MA) before and after diversiafn
the outfallof the Boston sewage treatment plamd, @reat Bay (NH) using the Estuary Nitrogen Madieteloped at AED (Dettmann, 2001). These
applications used loading rates calculated by t868 SPARROW model or monitoring data. Calculatatiairserved values are compared in Figure 12. This
mode! is being used to calculate the sensitivitgugat Bay to nitrogen loading rates in supportiefiew Hampshire Department of Environme tal Sesiic
efforts to develop nitrogen standards for Great Bay

Simulation Models

Hydrodynamics and related transport processesdasipmine nutrient and biotic distributions in esies. At a less detailed level of anabsis, flugttime
determines the sensitivity of nutrient concentraién an estuary to loading from the watersheddetérmines export rates of plankton and nutriemtsifthe
estuary (Dettmann, 2001). We use the hydrodynaaricstransport models RMA2 and RMAA to simulate awrgatterns, hydrodynamic transport, and flushing
time at the global (system-wide) and local scakesstuaries. This work supports other componen&sEd's Nutrient Effects Program. Simulation of kieesidence
times s also expected to aid in estuary segmentéti management purposes, and supports AED'suaBsProgram.
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Data for the four estuarine embayments (Boston bfationg Isiand Sound, the Peconic Estuary, and
Tampa Bay) are plotted separately in Figure 8. fPdae regressions for individual systems are strong —~ so
ANCOVA analysis shows that the values of paramtefor these four systems are not signiicantly
different. However, each system has a charactevafise of the intercept parameter ‘a”.

Water clarity, as measured by total suspendedsTI8S), varied within narrow margins for eachof | &
these systems, except at isolated stations, bt there differences in mean TSS concentrations gmor) .
systems (Dettmann and Kurtz, 2006). Regressioabbft mean TSS for these systems yielded a strofig
regression, shown as the dashed line in FigurdheTore, all four mode! fines in Figure 8 can be
approximated using a single equation

[Chla]=(- 619[TSY+115)[TN]?**
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Figure 7. Chlorophyllvs. TN concentrations for all10 estuaries
where the quantity in for estuarine

2.28 is the mean of the four values for “b" in Figd:
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Figure 8. Mean long-term summer concentrations Figure 9. Relationships between average TSS and
of TN vs. chlorophyll a at individual stations in interce pt parameter “a” for estuarine

estuarine embayments: Long Island Sound (LIS),
Boston Harbor-Massachusetss Bay (BH-MB), the
Peconic Estuary (PEC), and Tampa Bay (TMP).

‘embayments (dashed line) and segments of river-
dominated estuaries having namow TSS ranges
(solid line). Symbols for estuaries are defined in
Figs. 8, 10, and 11.

The behavior of river-d d estuaries is than that for Data and ssiga equations for river-dominated estuaries hows in
Figure 10. The Patuxent River is not included beeaw significant regression was obtained for werail estuary. Regression models vary greatly feystem to system.
Concentrations of TSS within these systems areilgtterogeneous, with regions of high and low eakand regions with strong gradients within maysyems.
Regressions for regions within these. Tss igure 11. Slopes of these regression mmuess \mmme
than those shown in Figure 10. The mean slope mexrth” is somewhat smaller than that for the asteanbayments (see relationship for Tampa Bayuied

comparison). Values of the intercept parameter 6a’all these regressions (except the Potomac)tevegdy correlated with TSS (solid line in Figurk She regvesslun
equation for “a” vs. TSS in river-dominated systéas a much smaller slope than that for estuaririsgments.

Figure 12. Predicted vs. measured average Figure 13. Global and local residence times are
concentrations of TN in Narragansett Bay (NB),  estimated as the simulated e-folding time of the
Boston Harbor (BH) before and after diversion of concentration of a conse vative tracer.

alarge sewage outfall, and in Great Bay (GB).

Figure 14. Simulated local residence times (hours;
for Greenwich Bay, Rhode Island.

Conclusions:

The results of analysis of have several for gemment of the ecological impacts of nitrogen Ingdb estuaries.
- Estuary response to nitrogen input is not unifdirere are spatial gradients of nitrogen and cplytia concentrations.
« Regression analysis of of response

Substantial year-to-year diferences in respoeéationships indicate the need for data from mustysars.

Year-to-year variability around average responsetrbe considered in assessing potential extremes.

Grouping of estuaries into classes s informatiesponses for the 10 systems differed betweesesasvithin a class they showed strong similarities

Water clarity is an important key to understandiagabilty in responses. Water flow and temperxplain some of the year-to-year varibilty.

« Simulation techniques allow analysis of global douhlized water residence times, and factorsitifhence them.

Impact and Outcomes:

Technical approaches and models we are developiygnst the Office of Water in its efforts to develbutrient crieria for estuaries, and may be hel i states in
developing nutrient standards for these systemshaVe provided additional support to USEPA by papéition in the National Estuaries Experts Workgrou
convened by the Office of Water, and have suppattecNew Hampshire Department of Envionmental Besvin development of nutrient standards for thes@
Bay Estuary. Nutrient criteria will help ensurettbstuarine water qualty and are peatdcom as a resut of inputs.

Future directions:

Future research efforts will be dictated by thediizpextend and refine approaches currently emplayi by the needs of the evolving Water QualtyMY Further
development of this research will require contiguinteraction across NHEERL and ORD, and involvenisnEPA’s Program and Regional Offices to ensuag dur
research drrections and approaches are compatititheir needs. Examples of further required resfeare:

- Complete analysis of chiorophyllTP relationships,
+  Examine factors causing
+ Extend analysis of chiorophinutrient relationships to addtional estuary types, lagoons and fiords,
«  Explore factors other than TSS that influence wigiayllanutrient relationships,

~ Explore application of local residence time andeatfactors to estuary segmentation.
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