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PREFACE

This report is submitted in accordance with the Schedule of Deliverables set out in
Contract 20-C-MDE91 between the Maryland Department of the Environment
(MDE), Chesapeake Bay and Special Projects Program and the University of
Maryland System, Center for Environmental and Estuarine Studies (CEES).

Part I of this report outlines samplinEand data management grocedures used by the
Ecosystems Processes Component (EPC) of the Maryland Chesapeake Bay Water
Quality Monitoring Program to collect and analyze data. The remainder of the text
describes the temporal and spatial behavior of all the variables measured.

SONE and VFX data for all previous years, August 1984 through December 1989,
were submitted in two volumes with the Level 1, No. 7 Interpretive Report Part II:
Data Tables [UMCEES|CBL Ref. No. 90-062 (Boynton et al., 1990). Change pages,
with correction bars in the right margin indicating corrected data values, will be ssued
with future reports for insertion into data volumes as errors are encountered.

Two additional volumes, Part II: Data Tables Volume III and IV, accompany this
report. Part II: Volume III - Appendix B (Continued) contains hard copy listings of
SONE data (cruises 24 - 36) collected by the EPC during 1990 (February throu%h
October), 1991 (February through Octobeg and 1992 (May and June). Part IL
Volume IV contains VFX data [Appendix C (Continued)] for the years 1990, 1991
and 1992. The VFX program was terminated on 3rd June, 1992 when the sediment
traps were finally retrieved. The VFX data set is now complete. Two additional
sections Appendices D and E have been included at the end of Part II: Volume IIL
Appendix D, contains data collected in association with a larger investigation of
physical, chemical and biological characteristics of the deep channel region (deep
trough) of the bay immediately south of the Bay Bridge at Annapolis, while
Appendix E, contains data collected at an additional monitoring station in the upper
bay near Pooles Island, in order to develop sediment-water flux characteristics prior
to dredging activities in this area.

Variable names, used in data tables, together with a description of the units presently
used in these programs, and the matching variable used in the public information
data base of the Chesapeake Bay Program called CHESSEE are listed in Appendix
A, Table A-1, Level 1 No. 7 Interpretive Report Part II: Data Tables (Boynton et. al.,
1990), and in the EPC Data Dictionary (Boynton and Rohland, 1990). Entries are
arranged alphabetically using the MDE/EPC table names. A copy of the Ecosystem
Processes Component Data Dictionary is available on request from Dr. R. Eskin
gMaryland Department of the Environment) or from Dr. F.M. Rohland
Chesapeake Biological Laboratory). Any specific questions concerning changes in
tile or variable names should be directed to: Dr. F.M. Rohland: Tel. (410) 326-7215.

-viii-




3-1.

3-3.1.
3-3.2.
3-3.3.

4-1.
4-2.

6-1.1.

6-1.2.

6-1.3.

6-2.1a.

6-2.1b.

6-2.2a.

LIST OF FIGURES
Page No.

Location of current and previous SONE and VFX Monitoring Stations
and PIDS Station in the Maryland portion of Chesapeake Bay........ 9

Location of Monitoring Stations at which Sediment-Water Oxygen
and Nutrient Exchange Measurements have been made in

upper Chesapeake Bay...........ccooviiiiiiiiiiiiii i, 14
SONE and VFX sampling schedule for 1984-1986.................. 18
SONE and VFX sampling schedule for 1987-1989.................. 19
SONE and VFX sampling schedule for 1990-1991 . . e 20
Schematic diagram of the incubation chamber..................... 28
Schematic diagram of the sediment trap used in VFX monitoring..... 30

Bar graphs of average annual river flow from the Susquehanna,
Potomac, Patuxent and Choptank Rivers for the period 1978
through 1991 (James et al., 1990; J. Horlein, pers.comm.)............ 38

Bar graphs of average monthly river flow from the
Susquehanna, Potomac, Patuxent and Choptank Rivers
fOr 1990, . ..ot e e e e 40

Bar graphs. of average monthly river flow from the
Susquehanna, Potomac, Patuxent and Choptank Rivers
for 1990, oo e 41

Monthly SOC rates (mean and standard deviation of triplicate
measurements) at SONE stations located in the Patuxent
River for the period May, 1985 - October 1991.................... 43

Monthly SOC rates (mean and standard deviation of triplicate
measurements) at SONE stations located in the lower
Choptank (Horn Point [HNPT]) and Potomac (Ragged Point
[RGPT]) Rivers and at two sites in the Maryland mainstem

bay (Point No Point [PNPT] and R-64) for the period

May, 1985 -October 1991. . ...t it 44

Monthly ammonium fluxes (NH4*) (mean and standard
deviation of triplicate measurements) at SONE stations

located in the Patuxent River for the period

May, 1985-October 1991..........cciiiiiiiiiiiii i 45



6-2.2b.

6-2.3a.

6-2.3b.

6-2.4a.

6-2.4b.

6-2.5a.

6-2.5a.

LIST OF FIGURES (Continued)
Page No.

Monthly ammonium (NH4*) fluxes (mean and standard
deviation of triplicate measurements) at SONE stations

located in the lower Choptank (Horn Point [HNPT]) and
Potomac (Ragged Point [RGPT]) Rivers and at two sites in

the Maryland mainstem bay (Point No Point [PNPT] and R-

64) for the period May, 1985 - October 1991. . ................o.t. 46

Monthly nitrate plus nitrite (NO2™ + NOs”) fluxes

(mean and standard deviation of triplicate measurements)

at SONE stations located in the Patuxent River

for the period May, 1985 - October 1991...............c.cvninnn 48

Monthly nitrate plus nitrite (NO;” + NO3") fluxes (mean and
standard deviation of triplicate measurements) at SONE

stations located in the lower Choptank (Horn Point {HNPT})

and Potomac (Ragged Point [RGPT]) Rivers and at two sites

in the Maryland mainstem bay (Point No Point [PNPT]} and

R-64) for the period May, 1985 - October 1991.................... 49

Monthly phosphorus (PO;,” or DIP) fluxes (mean and
standard deviation of triplicate measurements) at SONE

stations located in the Patuxent River

for the period May, 1985 -October 1991. ...........coc et 51

Monthly phosphorus (POs~ or DIP) fluxes (mean and
standard deviation of triplicate measurements) at SONE

stations located in the lower Choptank (Horn Point [HNPT])

and Potomac (Ragged Point [RGPT]) Rivers and at two sites

in the Maryland mainstem bay (Point No Point [PNPT]

and R-64) for the period May, 1985 - October 1991................ 52

Monthly silicate (Si) fluxes (mean and standard deviation of
triplicate measurements) at SONE stations located in the
Patuxent River

for the period May, 1985 - October 1991...............coiineet, 53

Monthly silicate (Si) flux rates (mean and standard deviation

of triplicate measurements) at SONE stations located in the

lower Ch(()?tank &Iilom Point [HNPT]) and Potomac (Ragged

Point [RGPT]) Rivers and at two sites in the Maryland
mainstem bay (Point No Point [PNPT] and R-64)

for the period May, 1985 - October 1991. ...ttt 54



LIST OF FIGURES (Continued)
Page No.

6-3.1. Bar graphs summarizing bottom water temperature in upper
bay areas based on measurements obtained during three
research programs: Sediment Oxygen and Nutrient
Exchanges (SONE) Program, Land Margin Ecosystem
Research (LMER) Program and Pooles Island Dredge
Survey (PIDS) Program.........coiiiiiiiiiiiinnnneenns 58

6-3.2. Bar graphs summarizing bottom water salinity and dissolved
oxygen concentrations in upper bay areas based on
measurements obtained during three research programs:
Sediment Oxygen and Nutrient Exchanges iONEg
Program, Land Margin Ecosystem Research (LMER
Program and Pooles Island Dredge Survey (PIDS)
Program........ccoiiiiiiiiiiiiiiiiiiiii PR 59

6-3.3. Bar graphs summarizing surficial sediment characteristics
(PC, particulate carbon; PN, particulate nitrogen; and PP,
particulate phosphorus) at an upper bay area based on
measurements obtained at one location (Still Pond [SLPD],
SONE Study). .« ovviiiitiiiiii i i eenins cnnnns 61

6-3.4. Bar graphs summarizing surficial sediment ratios (C:N, C:P
and N:P) at an upper bay area based on measurements
obtained at one location (Still Pond [SLPD],
SONEstudy).......cooiiiiiiiiiiiiiiiiiiiiiiiiianenenn, 62

6-3.5. Bar graphs summarizing sediment oxygen consumption
(SOC) rates (mean and standard deviation of triplicate
measurements) obtained during three research prosgrams:

Sediment Oxygen and Nutrient Exchanges iONE
Program, Land Margin Ecosystem Research (LMER
Program and Pooles Island Dredge Survey (PIDS)
Program..........cooiii i 64

6-3.6. Bar graphs summarizing ammonium (NH4*) fluxes (mean
and standard deviation of triplicate measurements) obtained
during three research srograms: Sediment Oxygen and
Nutrient Exchanges (SONE) Program, Land Margin
Ecosystem Research (LMER) Program and Pooles Island
Dredge Survey (PIDS) Program.............ccovvvinnnn.... 66

6-3.7. Bar graphs summarizing nitrate (NO;3") fluxes(means and
standard deviation of triplicate measurements) obtained
during three research §)ro rams: Sediment Oxygen and
Nutrient Exchanges (SONE) Program, Land Margin
Ecosystem Research (LMER) Program and Pooles Island
Dredge Survey (PIDS) Program...........cooviiinnnn... 67



6-3.8.

7-1.1.

7-1.2.

7-2.1.

7-2.2.

7-3.

LIST OF FIGURES (Continued)

Page No.

Bar graphs summarizing phosphate (PO4) fluxes (mean and

standard deviation of triplicate measurements) three research
rograms: Sediment Oxygen and Nutrient Exchanges (SONE)

Brogram, Land Margin Ecosystem Research (LMER) Program

and Pooles Island Dredge Survey (PIDS) Program.................. 68

Plots of surface and mid-depth concentrations of particulate
organic carbon from station R-64 collected during 1991............. 72

Plots of surface and mid-depth concentrations of total chlorophyll-a
from station R-64 collected during 1991..... ........ ... ... oial 73

Bar graphs showing estimated particulate organic carbon deposition
rates for 1991 based on data collected from surface water collecting
cups (5 meter depth) and mid-depth collecting cups (9 meter depth)
at station R-64 in the mid ChesapeakeBay......................... 76

Bar graphs showing estimated total chlorophyll-a deposition rates

for 1991 based on data collected from surface water collecting cups

(5 meter depth) and mid-depth collecting cups (9 meter depth)

at station R-64 in the mid Chesapeake Bay......................... 77

Bar graphs of average bottom water temperature and salinity gradient
(bottom minus surface salinities) during spring periods of 1985-1991
at station R-64 in the mainstembay................. ..ot 81

Xii-




3-1.1.
3-1.2.
3-1.3.
3-2.

3-4.1.
3-4.2.

3-4.3.

3-4.4.

LIST OF TABLES

Page No
Station Name, ID and SamplingOrder...............cooiina... 10
Station Code, Grid Location and Nearest MDE Station............. 11
Station Code and Description .. .....ccovvvviiiiiiiiiiiiinnnn... 12
Station Salinity . ....covviiiiii i 13
Station Names, Sampling Order and Associated Programs
in upper Chesapeake Bay..........coooieiiiiiiiiiiiiiiinnnnan, 15
SONE Cruise Identifier...........cooviiiiiiiiiiiiiiiiiiiiinn. 21
VFX Cruise Dates (23rd July 1984 to 30th August 1984) for Station
Thomas Point (TMPT) ... 22
VFX Cruise Dates (17th September 1984 to 27th June 1985) for |
Station R-78 . .. e 22
VFX Cruise Dates (23rd July 1984 to 23rd October 1991) for Station
R-64 and Dares Beach (11th July 1985 to 14th November 1986) ...... 23
Analysis Problem Codes. ..........c.cviiiiiiiiiiiiiiniiiianneenn. 35

PART II: DATA TABLES, Volume Il

SEDIMENT OXYGEN AND NUTRIENT EXCHANGES (SONE)
DATA SET:

B-1.

DATA FILES FOR SONE PROGRAM: CRUISES 29 - 34
(January - December 1991)

WATER COLUMN PROFILES:
Vertical profiles of temperature, salinity, dissolved oxygen

and other characteristics at SONE stations............ B1-11

FILENAME: H20PRFxx

1991
B-1.29. May 1991 ... e i B1-11
B-1.30. JUne 1991 ... it et e i B1-13
B-1.31. July 1991 . oo e e B1-15
B-1.32. August 1991 .. .. e e B1-17
B-1.33. September 1991 . .......ooiiiiiiiii B1-19
B-1.34. October 1991 ... viii ittt it et te et B1-21

-xiii-




Page No.
PART li: DATA TABLES, Volume llI
B-2. WATER COLUMN NUTRIENTS:
Dissolved and particulate nutrient concentrations
in surface and bottom water at SONE stations........ B2-6
FILENAME: H2ONUTxx
1991
B-2.29. May 1991 ... e e B2-6
B-2.30. June 1991 ... ot e B2-
B-2.31. July 1991 ..o e B2-8
B-2.32. August 1991 ... ... e B2-9
B-2.33. September 1991 ...t B2-10
B-2.34. October 1991 ...t i i B2-11
B-3. SEDIMENT PROFILES:
Vertical sediment profiles of Eh and surficial sediment
characteristics at SONE stations . .................... B3-21
FILENAME: SEDPRFxx
1991
B-3.29. May 1991 ... e e e B3-21
B-3.30. June 1991 ... e e B3-25
B-3.31. July 1991 .o e e e B3-29
B-3.32. August 1991 ... ... B3-33
B-3.33. September 1991 ...... ..ot B3-37
B-3.34. October 1991 . ... it ittt B3-41
B-4. CORE PROFILES:

LIST OF TABLES (Continued)

Vertical profiles of percentage H,O particulates
and pore water nutrients at SONE stations
FILENAME: CORPRFxx

Complete data set, 1984 to 1986, is found in Volume I
No additional data has subsequently been collected.

Xiv-




B-5.

B-6.

C-1.

LIST OF TABLES (Continued)

Page No.
PART li: DATA TABLES, Volume il
CORE DATA:
Dissolved nutrient and oxygen concentrations in
SONE sediment-water flux chambers................. BS-41
FILENAME: CORDATxx
1991
B-5.29. May 1991 ... it e i B5-41
B-5.30. June 1991 ... e B5-49
B-5.31. July 1991 .o e B5-57
B-5.32. August 1991 ... B5-65
B-5.33. September 1991 ... ..o B5-73
B-5.34. October 1991 ... B5-81
SEDIMENT-WATER FLUX:
Net sedlment-water exch age rates of
dissolved oxygen zé( *day)] and nutrients
[uM N, P, S1 and /( 1 9 ) I B6-26
FILENAME: SWFLUXxx
1991 :
B-6.29. May 1991 .. e e e B6-26
B-6.30. June 1991 ... .o i B6-31
B-6.31. July 1991 .o e B6-36
B-6.32. August 1991 ... e B6-41
B-6.33. September 1991 .......coiiiiiiiiii i B6-46
B-6.34. October 1991 ... . ittt B6-51
PART Il: DATA TABLES, Volume IV
VERTICAL FLUX (VFX) DATA SET:
DATA FILES FOR VFX PROGRAM:
(January - December 1991)
WATER COLUMN PROFILES:
Vertical profiles of temperature, salinity,
dissolved oxygen and particulates
at VEX Stations .. ..ooveiiiiiiiiiiiinniienannns C1-13
FILENAME: VFXPssxx
C-13. R-64
C-1.3.7 1991 oo e e C1-13




LIST OF TABLES (Continued)
Page No.

PART Il: DATA TABLES, Volume IV
C-2. SURFICIAL SEDIMENT PARTICULATES:

C-23.
C-2.3.7.

Concentration of particulate carbon, nitrogen,

hosphorus and chlorophyll-a (total and active)
in the surface sediments at VEX stations ............. C2-3
FILENAME: VFXSssxx

R-64
PP C2-3

C-3. VERTICAL FLUX OF PARTICULATES:

Rates of deposition of seston, PC, PN, PP,
chlorophyll-a (total and active) and biogenic silica
determined with sediment traps

At VEX Stations. . oo vi i eiiiiiiineernenennnnnnnnns C3-10
FILENAME: VFXDssxx

R-64

199] ottt e ettt i i, C3-10

—~ PART II: DATA TABLES, Volume IV
POOLES ISLAND DREDGE SURVEY (PIDS) PROGRAM

DATA SET:

(July - August 1991)

E-1. WATER COLUMN PROFILES:

E-1.1.

Vertical profiles of temperature, salinity, dissolved oxygen

and other characteristics at SONE stations............ E1l-1
FILENAME: HPPIDSxx

1991

Julyand August 1991 ..ot El-1

E-2. 'WATER COLUMN NUTRIENTS:

E-2.1.

Dissolved and particulate nutrient concentrations

in surface and bottom water at SONE stations ........ E2-1
FILENAME: NTPIDSxx

1991

Julyand August 1991 ...t E2-1




PART Ii:
E-3.

E-4.

LIST OF TABLES (Continued)
Page No.

DATA TABLES, Volume IV

SEDIMENT PROFILES:

E-3.1.

Vertical sediment profiles of Eh and surficial sediment
characteristics at SONE stations.................... E3-1
FILENAME: SPPIDSxx

1991
Julyand August 1991 .. ..o E3-1

CORE DATA:

E-4.1.

Dissolved nutrient and oxygen concentrations in
SONE sediment-water flux chambers ................. E4-1
FILENAME: CDPIDSxx

1991
Julyand August 1991 . ... ..o E4-1

SEDIMENT-WATER FLUX:

E-5.1.

Net sediment-water exchange rates of

dissolved oxygen g Oz/(mz*day)] and nutrients

[UMN, P, Siand S/(m?*hr)]........... ...l ES-1
FILENAME: FLPIDSxx

1991
Julyand August 1991 ...... ... . il E5-1

-Xvii-



ABSTRACT

The objectives of the Ecosystem Processes Component (EPC) of the Maryland Chesapeake
Bay Water Quality Monitoring Program are to: (1) characterize the present state of the bay
relative to sediment-water nutrient and oxygen exchanges and the deposition rate of
particulate materials to deep waters, (2) determine the long-term trends that develop in
sediment-water exchanges and deposition rates in response to pollution control programs,
and (3) integrate the information collected in this program with other elements of the
monitoring program. Measurements of sediment-water nutrient and oxygen exchanges were
made six times between May and October, 1991 at a total of nine mainstem bay and
tributary river stations. Deposition rates were monitored almost continuously during spring,
summer and fall periods at one mainstem bay location. This program was 1nitiated in July
1984, and the basic data collection scheme has been followed through December 1991. This
report includes data collected during the entire monitoring program but specifically
evaluates data collected during the 1991 monitoring period.

Sediment trap data collected during 1991 indicate a well developed spring deposition period
beginning in early March, reaching a peak in late April and early May and then declining
very sharply. The highest rate of total chlorophyll-a deposition in 1991 was 12 mg m™ d"L.
In contrast, total chlorophyll-a deposition rates reached 36.6 mg m™ d! during spring 1990.
Summer deposition rates were erratic during 1991, ranging from 2.0 mg m™ d! immediately
following the termination of the spring bloom to 18 mg m™ d™! following an algal bloom in
surface waters in late June. There was also a clear indication of a fall deposition event in
early October (14-23 mg m™ d’!) which represented the largest deposition event of 1991.
The seasonal pattern of deposition was similar to other years, except 1989, when the spring
deposition period was very limited. Average deposition rates of total chlorophyll-a during
the spring bloom were highest in 1990, lowest 1989 (6.5 mg m™ d™) and intermediate (9-12
mg m™2 d’!) in the remaining years, including 1991.

Sediment-water fluxes of oxygen were similar to those observed in previous years except in
the Patuxent and Choptank Rivers where fluxes were larger. Ammonium (NHs*) fluxes in
the upper Patuxent River remained slightly elevated (as in 1990) and fluxes were distinctly
lower in the mid-mainstem bay (R-64) and in the lower Potomac River (Ragged Point
[RGPT]). Nitrate plus nitrite (NO;™ + NOj3") fluxes from sediments to water have become:
progressively rarer over the years and this trend continued during 1991. Nitrate plus nitrite
fluxes were more negative in the upper Patuxent and lower Choptank Rivers and in the mid-
bay region (R-64). During 1991, inorganic phosphate (DIP) fluxes were similar to
ammonium fluxes. Silicate fluxes (Si) were often higher than in previous years, particularly
in the upper Patuxent River. Fluxes of ammonium and dissolved inorganic phosphorus
measured in the vicinity of Pooles Island were low compared to rates measured in other
enriched areas of the bay (e.g. R-64, and Ragged Point [RGPT]), but higher than rates
observed at more northerly locations in the upper bay.

Efforts to detect relationships between nutrient loading rates and selected environmental
variables were continued using 1991 data and the following preliminary conclusions
emerged:

(1) All sediment fluxes except Si were found to be correlated with
nitrogen (N) loading but not with phosphorus (P) loading rates. Fluxes of Si
did not vary appreciably among stations. The mechanism relating N but not P
loading rates to N and P sediment fluxes appears to operate as follows:
organic matter production is regulated primarily by N supply rates, in turn
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hypoxic and anoxic conditions strongly increase P sediment fluxes while the
enhancement of N sediment fluxes is smaller.

(2)  Summer season (June through August) sediment fluxes were very
strongly correlated with winter-spring surficial sediment concentrations of
total chloropyhll-a. Strong correlations were also found between sediment
fluxes and sediment particulate nitrogen (PN) concentrations but were less
strongly correlated with sediment particulate carbon (PC) concentrations and
not at all with sediment particulate phosphorus (PP) concentrations.

(3)  Spring deposition rates measured at one location in the mainstem bay,
particularly an estimate that was corrected for resuspension effects, were
correlated with nutrient loading rates. Other indices of deposition also

indicated positive trends relative to nutrient loading rates but were not as
strong.

(4) Examination of several small data sets containing high frequency
measurements of sediment fluxes indicated a strong linkage between the
magnitude of fluxes and deposition. Furthermore, lag times between
deposition and sediment flux responses were small, ranging from days in
summer to several weeks in early spring.

(5) Rates of oxygen decline in deep waters of the mainstem bay were also

well correlated with spring deposition rates but not with measured particulate
material concentrations in the water column.
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2. INTRODUCTION

During the past decade much has been learned about the effects of both natural and
anthropogenic nutrient inputs (e.g., nitrogen, phosphorus, silica) on such important
estuarine features as phytoplankton production, algal biomass, seagrass abundance and
oxygen conditions in deep waters (Nixon, 1981, 1988; Kemp et al., 1983 ; D’Elia et al., 1983;
Malone, 1992; and Kemp and Boynton, 1992). While our understanding is not complete,
important pathways regulating these processes have been identified and related to water
quality issues. Of particular importance here, it has been determined that (1) algal primary
production and biomass levels in many estuaries (including Chesapeake Bay) are responsive
to nutrient loading rates, (2) high rates of algal production are sustained through summer
and fall periods by benthic recycling of essential nutrients and (3) deposition of organic
matter from surface to deep waters links these processes of production and consumption
(Boynton et al., 1982a ; Garber et al., 1989).

2.1 The Role of Sediments and Depositional Processes in Determining
Chesapeake Bay Water Quality Conditions

Research conducted in Chesapeake Bay and other estuaries indicates that estuarine
sediments can act as both important storages and sources of nutrients as well as sites of
intense organic matter and oxygen consumption (Kemp and Boynton, 1984). For example,
during summer periods in the Choptank and Patuxent estuaries, 40-70% of the total oxygen
utilization was associated with sediments and 25-70% of algal nitrogen demand was supplied
from estuarine sediments (Boynton et al, 1982b). Processes of this magnitude have a
pronounced effect on estuarine water quality and habitat conditions. Sediments in much of
Chesapeake Bay, especially the upper bay and tributary rivers, contain significant amounts
of carbon, nitrogen, phosphorus and other compounds (Boynton et al., 1992a). A large
percentage of this material appears to reach sediments following the termination of the
spring bloom and again after the fall bloom. A portion of this material is available to
regenerative processes and once transformed into inorganic nutrients becomes available for
algal utilization. Nutrients and other materials deposited or buried in sediments represent
the potential "water quality memory" of the bay.

2.2. Conceptual Model of Estuarine Nutrient and Water Quality Processes in
Chesapeake Bay

Nutrients and organic matter enter the bay from a variety of sources, including sewage
treatment plant effluents, fluvial inputs, local non-point drainage and direct rainfall on bay
waters. These dissolved nutrients are rapidly incorporated into particulate matter via
biological, chemical and physical mechanisms. Much of this particulate material then sinks
to the bottom and is potentially available for remineralization. Essential nutrients released
during the decomposition of organic matter may then again be utilized by algal
communities. A portion of this newly produced organic matter sinks to the bottom,
contributing to the development of anoxic conditions and loss of habitat for important
infaunal, shellfish and demersal fish communities. The regenerative capacities and the
potentially large nutrient storages in bottom sediments ensure a large return flux of
nutrients from sediments to the water column and thus sustains continued phytoplankton
growth. Continued growth supports deposition of organics to deep waters, creating anoxic
conditions typically associated with eutrophication of estuarine systems.
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To a considerable extent, it is the magnitude of these processes which determines nutrient
and oxygen water quality conditions in many zones of the bay. Ultimately, these processes
are driven by inputs of organic matter and nutrients from both natural and anthropogenic
sources. If water quality management programs are instituted and loadings decrease,
changes in the magnitude of the processes monitored in this program will serve as a guide in
determining the etfectiveness of strategies aimed at improving bay water quality and habitat
conditions.

Within the context of this model a monitoring study of deposition, sediment oxygen demand
and sediment nutrient regeneration has been initiated. The working hypothesis is that if
nutrient and organic matter loading to the bay decreases then the cycle of deposition to
sediments, sediment oxygen demand, release of nutrients and continued high algal
production will also decrease. Since benthic processes exert important influences on water
quality conditions, changes in these processes will serve as important indications of the
effectiveness of nutrient control actions.

2.3 Objectives of the Water Quality Monitoring Program

The objectives of the Ecosystem Processes Component (EPC) of the Maryland Chesapeake
Bay Water Quality Monitoring Program are to:

1) Characterize the present state of the bay (including spatial and
seasonal variation) relative to sediment-water nutrient exchanges and oxygen
consumption and the rate at which organic and inorganic particulate materials
reach deep waters and the sediment surface.

2) Determine the long-term trends that develop in sediment-water
exchanges and deposition rates in response to pollution control programs.

3) Integrate the information collected in this program with other
elements of the monitoring program to gain a better understanding of the
processes affecting Chesapeake Bay water quality and its impact on living
resources.

2.4 Status of the Ecosystem Processes Component of the Maryland Chesapeake
Bay Water Quality Monitoring Program

The Chesapeake Bay Water Quality Monitoring Program was initiated to provide guidelines
for restoration, protection and future use of the mainstem estuary and tributaries and to
provide evaluations of implemented management actions directed towards alleviating some
critical pollution problems. In order to achieve these goals, the monitoring program design
was composed of the three phases mentioned above. In addition to the EPC portion, the
monitoring program also has components which measure: (1) nutrient and pollutant input
rates, (2) chemical and physical properties of the water column, (3) toxicant levels in
sediments and organisms, (4) phytoplankton and zooplankton populations and (5) benthic

community characteristics. A complete description of the monitoring program is provided in
Magnien et al. (1987).

The first phase of the study was undertaken over a period of four years (1984 through 1987)
and had as its goal the characterization of the existing state of the bay, including spatial and
seasonal variation, and to better identify problem areas. The EPC determined sediment-
water oxygen and nutrient exchange rates and rates at which organic and inorganic
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particulate materials reached deep waters and the sediment surface. Sediment-water
exchanges and depositional processes are major features of estuarine nutrient cycles and
play an important role in determining water quality and habitat conditions. The results of
EPC monitoring have been summarized in a series of interpretive reports (Boynton et al.,
1985, 1986, 1987, 1988, 1990 and 1991). The results of the characterization effort have
largely confirmed the importance of deposition and sediment processes in determining
water quality and habitat conditions.

The second phase of the monitoring effort, completed during 1988-1990, identified
interrelationships and trends in key processes monitored during the initial phase of the
program. The EPC was able to identify trends in sediment-water exchanges and deposition
rates. Important factors regulating these processes have also been identified and related to
water quality conditions (Kemp and Boynton, 1992; Boynton et al., 1991).

In 1991 the program entered its third phase. During this phase the long-term 40% nutrient
reduction strategy for the bay was reevaluated. In this phase of the process, the monitoring
program will be used to assess the appropriateness of targeted nutrient load reductions as
well as provide indications of water quality patterns which will likely result from such
management actions. )

The preliminary reevaluation report (Progress Report of the Baywide Nutrient Reduction
Reevaluation, 1992) included the following conclusions: nonpoint sources of nutrients
contributed approximately 77% of the nitrogen and 66% of the phosphorus entering the
bay; agricultural sources are dominant followed by forest and urban sources; the
“controllable" fraction of nutrient loads is about 47% for nitrogen and 70% for phosphorus;
point source reductions are ahead of schedule and diffuse source reductions are close to
projected reductions; further efforts are needed to reduce diffuse sources; significant
reductions in phosphorus concentrations and slight increases in nitrogen concentrations
have been observed in some areas of the bay; areas of low dissolved oxygen have been
quantified and living resource water quality goals established; simulation model projections
indicate significant reductions in low dissolved oxygen conditions associated with a 40%
reduction of controllable nutrient loads.

Ecosystem Processes Component (EPC) program data collected during 1991 are presented
in this report and examined for trends in sediment-water exchanges and deposition rates in
response to inter-annual changes in nutrient loading rates and other environmental
conditions. In addition, a thorough review of sediment-water nutrient and oxygen exchange
measurements made in the upper bay is included.

MDE/EPC LEVEL 1 REPORT NO. 9 (Interpretive)



3. PROJECT DESCRIPTION

Measurements of sediment-water oxygen and nutrient exchanges were made six times
during 1991 at nine locations in the mainstem bay and in each of three major tributary rivers
(Patuxent, Choptank, and Potomac). One additional station was monitored in the upper
bay near Pooles Island in order to develop sediment-water flux characteristics prior to and
following dredging activities in this area. Deposition measurements are made almost
continuously during the spring, summer and fall periods, but less frequently during the
winter. Activities in this program have been coordinated with other components of the
Maryland Chesapeake Bay Water Quality Monitoring Program in terms of station locations,
sampling frequency, methodologies, data storage and transmission, reporting schedules and
data synthesis. This program was initiated in July 1984 and the basic data collection scheme
has been followed through December 1991.

Figure 3-1. shows both current and previously monitored sampling locations of sediment
oxygen and nutrient exchange (SONE) and the vertical flux monitoring (VFX) programs,
also the recently added Pooles Island Dredge Survey (PIDS) station. comprehensive
listing of all SONE, Pooles Island and VFX stations, providing the station code names,
associated latitude and longitude, basin and station location description and references to
the nearest MDE station are outlined in Tables 3-1.1., 3-1.2. and 3-1.3. and in the Ecosystem
Processes Component (EPC) Data Dictionary (Tables B-5.1., B-5.2. and B-5.3.; Boynton
and Rohland, 1990). In 1991, two of the nine stations sampled as part of the SONE study
are located in the mainstem bay adjacent to Point No Point (north of the mouth of the
Potomac River) and Buoy R-64 (south of the Choptank River mouth). Four stations are
located in the Patuxent River estuary and one each in the lower mesohaline regions of the
Choptank and Potomac Rivers. The G-Central (GCNT) station is located in oligo-
mesohaline, shallow water in the vicinity of Pooles Island (Figure 3-2.). The VFX station is
located in the mainstem of the bay in the central anoxic region (Figure 3-1.). The salini%
characteristics of each station and the four salinity codes are listed in Table 3-2. (also in EP
Data Dictionary, Table B-7.; Boynton and Rohland, 1990).

3.1 Justification of Station Locations
3.1.1 Sediment Oxygen and Nutrient Exchanges (SONE) Stations

Locations of Sediment Nutrient and Oxygen Exchanges (SONE) stations (Figure 3-1. and
Tables 3-1.1., 3-1.2. and 3-1.3.; EPC Data Dictionary Figure B-6. and Tables B-5.2. and B-
5.3.) were selected based on prior knowledge of the general patterns of sediment-water
nutrient and oxygen exchanges in Chesapeake Bay. Several earlier studies (Boynton et al.,
1980, 1985 and Boynton and Kemp, 1985) reported the following:

1) Along the mainstem of the Maryland portion of the bay, fluxes were
moderate in the upper bay, large in the mid-bay and minimal in the lower bay.

2) Fluxes in the transition zone of tributaries were larger than those
observed in the downstream higher salinity portions of tributaries.

Hence, a series of stations were located along the mainstem from Still Pond Neck in the

upper bay to Point No Point near the mouth of the Potomac River. A pair of stations were
established in each of the three tributaries (Potomac, Patuxent, and Choptank Rivers), one
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in the transition zone and one in the lower estuary. In all cases, station locations were
selected to have depths and sediment characteristics representative of the estuarine zone
being monitored.

In a few instances (Patuxent stations and Choptank station at Horn Point [HNPT]) SONE
stations are not located exactly at the same site as other Maryland Chesapeake Bay Water
Quality Monitoring Program stations, although they are close (< 10 km). The prime reason
for including these stations was the considerable amount of benthic flux data available from
the SONE sites selected in the Patuxent and Choptank Rivers that could be used by the
monitoring program. In all cases our stations and the MDE stations are in the same
estuarine zone. Benthic fluxes are reasonably similar over small spatial scales (10-20 km)
within estuarine zones of similar salinity, sediment type and depth; therefore, this program

retains a high degree of comparability with other program components (Boynton et al.,
1982b).

Beginning July 1989 the number and location of SONE sampling stations was revised. Prior
to July 1989, tour of the ten stations sampled were located along the salinity gradient in the
mainstem bay between Point No Point (north of the mouth of the Potomac River) and Still
Pond Neck (20 km south of the Susquehanna River mouth). Two stations were located in
each of three tributary rivers (Patuxent River: Buena Vista [BUVA] and St. Leonard Creek
[STLC], Choptank River: Windy Hill [WDHL] and Horn Point [HNPT] and Potomac River:
Maryland Point [MDPT] and Ragged Point [RGPT]), one in the turbidity maximum or
salinity transition zone and one in the lower mesohaline region. After July 1, 1989 sampling
at all of the upper tributaries (except in the Patuxent River) and sampling at the two upper
mainstem stations was discontinued and two stations (Marsh Point [MRPT] and Broomes
Island [BRIS]) were added in the Patuxent River (Figure 3-1.). These modifications were
made in response to budget constraints, but also to improve spatial resolution in the
Patuxent River which is a focal point of management activities.

3.1.2 Pooles Island Dredge Survey (PIDS) Stations

Data collected between 1980 and 1991 from five different programs conducted in the upper
bay are reviewed in this report. Figure 3-2. shows the location of five upper bay stations
monitored during these programs. Station names, station abbreviations, associated latitude
and longitude, sampling dates and sponsor information is given in Table 3-3. The earliest of-
these programs (Boynton and Kemp, 1985) included two stations in this region at Worton
Creek (WNCK) and Hart-Miller Island (HMIS). Measurements of sediment-water nutrient
and oxygen exchanges were made at Still Pond (SLPD) the only station monitored in the
upper bay during the SONE program. Data from this station included in this review covers
a five year period, beginning in May, 1985 and ending in June, 1989. During April, August
and November 1988 and February, 1989, sediment-water exchanges were measured at Still
Pond (SLPD) and Pooles Island (GCNT) as part of a shorter program, Benthic Exchanges
and Sediment Transformations Program (BEST)(Garber et al, 1989). The same
measurements were taken at Still Pond (SLPD) from April, 1989 through November, 1991
as part of the Land Margin Ecosystem Research Program (LMER)(Boynton W.R., Watts
J.L. and D.A. Jasinski, pers. observations).

Since July 1991 sediment-water nutrient exchanges are measured at G-Central (GCNT) in
the vicinity of Pooles Island (Figures 3-1. and 3-2.).
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3.1.3 Vertical Flux (VFX) Stations

The use of sediment trap methodology to determine the net vertical flux of particulate
material is restricted to the deeper f?ortions of the bay. In shallower areas local
resuspension of bottom sediments is sufficiently large to mask the downward flux of "new"
material. Hence, sediment traps are not useful tools in either the upper reaches of the
mainstem bay or in many tributary areas. The sediment trap array, positioned near the
center of the Tegion experiencing seasonal anoxia (Figure 3-1.), monitors the vertical flux of
garticulate organics reaching deeper waters. This location is close to MDE station 4.3.C.

ince sediment traps are moored pieces of gear and therefore exposed to damage or loss by
commercial boat traffic, the location was selected to be out of main traffic lanes, but still
close to the MDE station.
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Figure 3-1. Location of current and previous SONE and VFX Monitoring Stations
- and PIDS Station in the Maryland Portion of Chesapeake Bay
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Table 3-1.1. Station Name, ID and Sampling Order

REGION STATION NAME STATION SAMPLING ORDER?®
CODE NAME A B
Patuxent River St. Leonard Creek STLC 1 1
Broomes Island BRIS 2
Marsh Point MRPT 3
Buena Vista BUVA 2 4
Choptank River Horn Point HNPT 3 5
Windy Hill WDHL 4
Potomac River Ragged Point RGPT 5 6
Maryland Point MDPT 6
Chesapeake Mainstream [Point No Point PNPT 7 17
Buoy R-64! R-64 8 8
Dares Beach DRBH X
Thomas Point TMPT *
Buoy R-78° R-78 9
G-Central* GCNT 9
Still Pond SLPD 10

NOTES:

A = Station sampled in SONE 1 - 21, August 1984 - June 1989. Numerical ranking indicates the order in which
they appear in the data tables.

B = Station sampled beginning with SONE 22 and future samples. Numerical ranking indicates the order in

which they appear in the data tables.

Thomas Point was sampled July - August 1984. Thomas Point was replaced by Station R-78.

Dares Beach was a VFX station sampled from 11 July 1985 to 14 November 1986.

This is the only current VFX station.

This was also a VFX station which was sampled from 17 September 1984 to 27 June 1985.

Prior to July 1, 1989, measurements at SONE stations were made four times per year (April or May, June

August and October or November). After this date, measurements were made five times per year (May,

June, July, August and October)

4 = An additional Pooles Island station was added in 1991.

nononwnoa

W e X »
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Table 3-1.2. Station Code, Grid Location and Nearest MDE Station

STATION LATITUDE LONGITUDE STATION MDE BAY
CODE NAME| DEG MIN DEG_MIN __DEPTH STATION SEGMENT
Patuxent River
STLC 38° 22.88 76° 30.06’ 7.0 XDE2792 LE1
BRIS 38° 23.64° 76° 33.17 15.0 XDE2792 LE1
MRPT 38° 26.81° 76° 30.06’ 5.2 XDES5339 LE1
BUVA 38° 31.12 76° 39.82’ 58 XDE9%401 RET1
Choptank
River
HNPT 38° 3718 76°_08.09° 8.2 METS5.2 ET5
WDHL 38° 41.45 77° 11.49° 3.8 NONE ET5
Potomac River
RGPT 38° 09.86’ 76° 1513 16.5 XBES541 LE2
MDPT 38° 21.37 76° 26.63’ 10.2 XDA1177 LE2
Chesapeake
Mainstream
PNPT 38° 07.99’ 76° 1513 142 MCBS5.2 CB5
R-64 38° 33.59° 76° 26.63’ 16.8 MCB4.3C CB4
DRBH 38° 33.50° 76° 29.30° 10.7 MCB4.3C CB4
TMPT 38° 54.08 76° 24.46’ 52.0 MCB4.1W CB4
R-78 38° 57.81 76° 23.62° 15.8 MCB3.3C CB4
GCNT 39° 16.53’ 76° 15.62° 6.0 NE* CB3
SLPD 39° 20.87 76° 10.87’ 10.4 MCB2.2 CB2
NOTES:

* = No equivalent MDE station because of dredging activity in this region of the Bay.
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Table 3-1.3. Station Code and Description

STATION DESCRIPTION
CODE NAME
Patuxent River
STLC 7.5 nautical miles upstream of Patuxent River mouth. (R km = 12.1)
BRIS 10 nautical miles upstream of Patuxent River mouth. (R km = 16.1)
MRPT 14.5 nautical miles upstream of Patuxent River mouth. (R km = 23.4)
BUVA 0.75 nautical miles north of Route 231 Bridge at Benedict, MD. (R km = 31.5)
Choptank River
HNPT 4.0 nautical miles downstream of Route 50 Bridge at Cambridge, MD.
(R km = 18.6)
WDHL 10.0 nautical miles upstream from Route 50 Bridge at Cambridge, MD.

(R km = 39.5)

Potomac River

RGPT 1.5 nautical miles WNW of Buoy 51-B. (R km = 29.8)

MDPT 1250 yards SE of Buoy R-18. (R km = 71.0)

Chesapeake

Mainstream

PNPT 3.2 nautical miles East of Point No Point. (R km = 129.0)

R-64 300 yards North East of channel Buoy R-64.* (R km = 177.4)

DRBH West of channel Buoy R-64.* (R km = 177.4)

TMPT 4.03 nautical miles south of channel Buoy R-78.* (R km = 219.3)

R-78 200 yards NNW of channel Buoy R-78.* (R km = 225.8)

GCNT (Rkm! = 261.8)

SLPD 700 yards West of channel marker 41.* (R km = 258.1)
NOTE:

* Marked buoy numbers correspond to numbering system prior to USCG renumbering.
River kilometers (R km) are measured from the mouth of the river or Chesapeake Bay.
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Table 3-2. Station Salinity

STATION CODE SALINITY CODE
Patuxent River

STLC

BRIS

MRPT

CIRKIR

BUVA

Choptank River

HNPT

o

WDHL

Potomac River

RGPT

oK

MDPT

Chesapeake Mainstream

PNPT

R-64

TMPT

SRR

R-78

2

GCNT

o

SLPD

The Salinity Zone layer codes are as follows:

SALINITY CODE DESCRIPTION _
F Freshwater
0) Oligohaline 0.5-5.0 ppt
M Mesohaline 5.0 - 18.0 ppt
P Polyhaline 18.0 - 32.0 ppt

MDE/EPC LEVEL 1 REPORT NO. 9 (Interpretive)
-13-




16 6ny - 16 Inp
16 AON - 68 ey
88 AON - 88 1dy
68 g2 - 88 93Q
68 unr - g8 Aepy
18 ke - 08 Bny
18 Aey - 08 Bny

sajeq

29°SL9L
L8'8L9L
2V LLOL
L8'81L9L
2881 9L
0229
LH9L
spnybuc

£59LH6E (INDY) lenuadd
L8'02HE (ad1s) uamn
82°916€ (snd) 1s39
80266 (ads) 1s3g
L8'02H€ (ad1s) aNos

ozeipe (29

spryen] suonelg

pueis| soN-MeH |
S8IBE (19) o210 uoyom |

Figure 3-2. Location of Monitoring Stations at which Sediment-water Oxygen and Nutrient

Exchange Measurements have been made in upper Chesapeake Bay
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Table 3-3. Station Names, Sampling Order and Associated Programs in upper

hesapeake Bay

Station Name

Statlon
Abbrev.

Latitude

Longitude

Data Sampled

Sponsor of Program

EPA PROGRAM 1 STATIONS

Worton Creek

WNCK

39° 18.50

76° 11.70°

August 1980
May 1981

Chesapeake Bay Program

Hart-Miller island

HTMR

39° 12.00'

76° 22.00°

August 1980
May 1981

Chesapeake Bay Program

SONE Station

Still Pond

SLPD

39° 16.35'

76° 18.87

1984 - SONE 1,2

1985 - SONE 3,4,5,6
1986 - SONE 7,8,9,10
1987 - SONE 11,12,13,14
1988 - SONE 15,16,17,18
1989 - SONE 19,20

Maryland Department of
the Environment

BEST STATION

Still Pond

SLPD

39° 20.87

76° 10.87

April 1988
August 1988
November 1988
February 1989

US Environmental
Protection Agency

Pooles Island

PLIS

39° 16.28'

76° 17.42'

February 1989

US Environmental
Protection Agency

LMER STATION

Still Pond

SLPD

39° 20.87

76° 18.87

April 1989

May 1989

June 1989

July 1989
August 1989
September 1989
November 1989
April 1990

June 1990

July 1980
November 1990
May 1991

June 1991

July 1991
September 1991
November 1991

National Science
Foundation

POOLES ISLAND STATION

G-Central

GCNT

39° 16.53’

76° 15.62'

July 1991 - SONE 31
August 1991 - SONE 32

Maryland Department of
the Environment
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3.2 Sampling Frequency
3.2.1 Sediment Oxygen and Nutrient Exchanges (SONE) Stations

The sampling frequency for the SONE portion of this program is based on the seasonal
patterns of sediment water exchanges observed in previous studies conducted in the
Chesapeake Bay region (Kemp and Boynton, 1980; Kemp and Boynton, 1981; Boynton ez
al., 1982b; and Boynton and Kemp, 1985). These studies indicated several distinct periods
over an annual cycle including:

1) A period characterized by the presence of a large macrofaunal
community, high concentrations of nitrite in surface waters and the
development and deposition of the spring phytoplankton bloom (April -
June).

2) A period during which macrofaunal biomass is low but water
temperature and water column metabolic activity high with anoxia prevalent
in deeper waters (July - September). ‘

3) A period in the fall when anoxia is not present and macrofaunal
community abundance is low but re-establishing (October - November).

4) A winter period when fluxes are very low and vary only slightly, during
which the data collected would not add appreciably to our understanding of
water quality conditions. No samples are collected during this period
(December - March).

Previous studies also indicate that short-term temporal (day-month) variation in these
exchanges is small; however, considerable differences in the magnitude and characteristics
of fluxes appear among distinctively different estuarine zones (i.e. tidal fresh vs. mesohaline
regions). In light of these results, the monitoring design adopted for the SONE study
involves six monthly measurements made between May and October, 1991. A complete
listing giving the sampling dates of all SONE cruises together with alpha-numeric cruise
identification codes can be found in Table 3-3.1.

3.2.2 Pooles Island Dredge Survey (PIDS) Station

One station, G-Central (GCNT), was sampled during July and August, 1991. This station
will be monitored in June, 1992.

3.2.2 Vertical Flux (VFX) Stations

The selection of sampling frequency for the VFX (organic deposition) monitoring program,
although compatible with SONE sampling frequencies, is governed by different constraints.
Net deposition rates appear largest during the warm seasons of the year (April - October)
and are lower during winter periods (November - March). Deposition of sediments and
organics in one tributary of the bay (Patuxent River) followed a similar pattern (Boynton er
al., 1982b; Kemp and Boynton, 1984). However, some variability occurs in warm season
deposition rates, probably due to algal blooms of short duration (days - week), variation in
zooplankton grazing rates (week - month) and other less well described features of the bay.
Given the importance of obtaining inter-annual estimates of organic matter deposition rates
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to deep waters of the bay, sampling is almost continuous from spring to fall (March -
November) and only occasional during the winter (December - February). Direct
measurements of organic deposition to bay sediments were monitored 19 to 31 times Rler
year (30 times in 1991). To coordinate vertical deposition rate measurements with SONE
measurements, sediment-water exchanges are monitored at the end of each intensive VFX
deployment period. VFX measurements also coincide with other monitoring program
sampling activities. The sampling schedule for this component of the monitoriggoprggram
1984-1986 is shown in Figure 3-3.1., for 1987-1989 in Figure 3-3.2. and for 1990-1991 in
Figure 3-3.3.(also EPC Data Dictionary Figures B-3., B-4. and B-5.; Boynton and Rohland,
1990). Tables 3-4.1., 3-4.2,, 3-4.3. and 3-4.4. (also EPC Data Dictionary Tables B-2.1., B-
2.2.,, B-2.3. and B-2.4.; Boynton and Rohland, 1990) provide detailed cruise information
including date, cruise number and research vessel.
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Table 3-4.1. SONE Cruise |Identifier

CRUISE DATE BEGIN END RESEARCH
DATE DATE VESSEL
SONE 01 AUG 1984 27 AUG 30 AUG Agquarius
SONE 02 OCT 1984 15 0OCT 18 OCT Aquarius
SONE 03 MAY 1985 06 MAY 09 MAY Aquarius
SONE 04 JUN 1985 24 JUN 27 JUN Aquarius
SONE 05 AUG 1985 19 AUG 22 AUG Aquarius
SONE 06 OCT 1985 14 QCT 17 OCT Aquarius
SONE 07 MAY 1986 03 MAY 08 MAY Aquarius
SONE 08 JUN 1986 23 JUN 26 JUN Aquarius
SONE 09 AUG 1986 18 AUG 22 AUG Orion
SONE 10 NOV 1986 10 NOV 13 NOV Aquarius
SONE 11 APR 1987 20 APR 23 APR Aquarius
SONE 12 JUN 1987 10 JUN 15 JUN Aquarius
SONE 13 AUG 1987 17 AUG 20 AUG Aquarius
SONE 14 NOV 1987 09 NOV 16 NOV Aquarius
SONE 15 APR 1988 17 APR 22 APR Aquarius
SONE 16 JUN 1988 01 JUN 07 JUN Aquarius
SONE 17 AUG 198& 15 AUG 21 AUG Aquarius
SONE 18 NOV 1988 01 NOV 09 NOV Aquarius
SONE 19 APR 1989 04 APR 10 APR Aquarius
SCNE 20 JUN 1989 12 JUN 16 JUN Aquarius
SONE 21 JUL 1989 12 JUL 14 JUL Aquarius
SONE 22 AUG 1989 14 AUG 16 AUG Aquarius
SONE 23 OCT 1989 16 OCT 18 OCT Aquarius
SONE 24 MAY 1990 1 MAY 3MAY Orion
8§ MAY 8§ MAY Aquarius
SONE 25 JUN 1990 11 JUN 14 JUN Aquarius
SONE 26 JUL 1990 16 JUL 19 JUL Agquarius
SONE 27 AUG 1990 17 AUG 22 AUG Aquarius
SONE 28 OCT 1990 150CT 18 OCT Aquarius
SONE 29 MAY 1991 6 MAY OMAY Aquarius
SONE 30 JUN 1991 10 JUN 13 JUN Aquarius
SONE 31 JUL 1991 22 JUL* 25 JUN Aquarius
SONE 32 AUG 1991 15 AUG 15 AUG Aquarius
19 AUG* 2 AUG
SONE 33 SEP 1991 16 SEP 18 SEP Aquarius
SONE 34 OCT 1991 14 OCT 18 OCT Aquarius
(14, 15, 18 OCT)
NOTES:

* Data was also corrected for the Pooles Island Dredge Survey (PIDS) Program at GCNT.
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Table 3-4.2. VFX Cruise Dates (23rd July 1984 to 30th August 1984) for Station Thomas Point

(TMPT)
DATE CRUISE NO. RESEARCH VESSEL

23 JUL 1984 1042 QOrion

30 JUL 1984 1046 Orion

07 AUG 1984 Note 1 Osprey

14 AUG 1984 Note 1 Osprey

22 AUG 1984 Note 1 Osprey

30 AUG 1984 766 Aquarius

NOTE 1: Divers Serviced Traps.

Table 3-4.3. VFX Cruise Dates (17th September 1984 to 27th June 1985) for Station R-78

DATE CRUISE NO. RIESEARCH VESSEL
17 SEP 1984 774 Aquarius
24 SEP 1984 771 Aquarius
04 OCT 1984 784 Aquarius
16 OCT 1984 790 Aquarius
30 NOV 1984 802 Aquarius
17 DEC 1984 1082 Orion
19 'EB 1985 809 Aquarius
05 MAR 1985 1090 Orion
01 APR 1985 815 Aquarius
15 APR 1985 1097 Orion
27 MAY 1985 1109 Orion
05 JUN 1985 829 Aquarius
18 JUN 1985 1113 Orion
27 JUN 1985 833 Aquarius
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Table 3-4.4. VFX Cruise Dates (23rd July 1984 to 23rd October 1991) for Station R-64 and
Dares Beach (11th July 1985 to 14th November 1986).}

DATE CRUISE NO. | RESEARCH DATE CRUISE NO. | RESEARCH
VESSEL VESSEL
23 JUL 1984 1042 Orion 28 MAY 1986 1197 Orion
30 JUN 1984 1046 QOrion 03 JUN 1986 1198 Orion
07 AUG 1984 Note 2 Osprey 12 JUN 1986 1201 Orion
14 AUG 1984 Note 2 Osprey 16 JUN 1986 906 Aquarius
22 AUG 1984 Note 2 Osprey 24 JUN 1986 910 Aquarius
30 AUG 1984 766 Aquarius 01 JUL 1986 912 Aquarius
17 SEP 1984 774 Aquarius 11 JUL 1986 915 Aquarius
24 SEP 1984 777 Aquarius 23 JUL 1986 1208 Orion
04 OCT 1984 784 Aquarius 30 JUL 1986 1212 QOrion
16 OCT 1984 790 Aquarius 07 AUG 1986 1215 QOrion
30 NOV 1984 802 Aquarius 14 AUG 1986 921 Aquarius
17 DEC 1984 1082 QOrion 22 AUG 1986 1220 Orion
19 FEB 1985 809 Aquarius 14 OCT 1986 1231 Orion
05 MAR 1935 1090 Orion 23 OCT 1986 936 Aquarius
01 APR 1985 815 Aquarius 30 OCT 1986 1235 Orion
15 APR 1985 1097 Qrion 06 NOV 1986 1237 QOrion
30 APR 1985 1101 QOrion 14 NOV 1986 941 Aquarius
08 MAY 1985 825 Aquarius 26 FEB 1987 1247 Orion
27 MAY 1985 1109 Orion 11 MAR 1987 1251 QOrion
05 JUN 1985 829 Aquarius 25 MAR 1987 951 Aquarius
18 JUN 1985 1113 Orion 08 APR 1987 1256 Orion
25 JUN 1985 833 Aquarius 21 APR 1987 956 Aquarius
11 JUL 1985 1119 QOrion 07 MAY 1987 959 Aquarius
24 JUL 1985 1123 Orion 12 MAY 1987 1272 QOrion
30 JUL 1985 1125 QOrion 19 MAY 1987 1276 QOrion
05 AUG 1985 1128 QOrion 26 MAY 1987 1279 Orion
13 AUG 1985 1130 Orion 02 JUN 1987 1283 QOrion
21 AUG 1985 844 Aquarius 12 JUN 1987 968 Aquarius
17 SEP 1985 1141 Orion 17 JUN 1987 969 Aguarius
25 SEP 1985 851 Aquarius 23 JUN 1987 1288 QOrion
01 OCT 1985 1146 Orion 01 JUL 1987 1292 Orion
16 OCT 1985 858 Aquarius 08 JUL 1987 1294 QOrion
06 JAN 1986 1165 QOrion 15 JUL 1987 1297 QOrion
17 JAN 1986 872 Aquarius 23 JUL 1987 976 Aquarius
27 FEB 1986 384 Aquarius 28 JUL 1987 1301 Qrion
12 MAR 1986 1170 QOrion 05 AUG 1987 1304 QOrion
28 MAR 1686 888 Aquarius 11 AUG 1987 1306 Orion
14 APR 1986 1178 Qrion 18 AUG 1987 983 Aquarius
29 APR 1986 1185 Orion 14 OCT 1987 1323 QOrion
05 MAY 1986 898 Aquarius 22 OCT 1987 998 Aquarius
14 MAY 1986 899 Aquarius 30 OCT 1987 1000 Aquarius
19 MAY 1986 1194 Orion 04 NOV 1987 1329 Orion
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Table 3-4.4. VFX Cruise Dates (23rd July 1984 to 23rd October 1991) for Station R-64 and
Dares Beach (11th July 1985 to 14th November 1986).1 - Continued

DATE CRUISE NO. | RESEARCH DATE CRUISE NO. | RESEARCH
VESSEL VESSEL

16 NOV 1987 1003 Aquarius 20 APR 1989 1093 Aquarius
01 DEC 1987 1005 Aquarius 02 MAY 1989 1426 Orion

18 DEC 1987 1335 QOrion 09 MAY 1989 1098 Aquarius
09 FEB 1988 1341 Qrion 16 MAY 1989 1429 Orion

25 FEB 1988 1346 Qrion 23 MAY 1989 1104 Aquarius
10 MAR 1988 1352 Orion 31 MAY 1989 1432 Orion

23 MAR 1988 1355 Orion 07 JUN 1989 1435 QOrion

06 APR 198% 1015 Aquarius 12 JUN 1989 1110 Aquarius
22 APR 1988 1017 Aquarius 21 JUN 1989 1441 Orion

02 MAY 1988 1366 QOrion 27 JUN 1989 1112 Aquarius
09 MAY 1988 1368 QOrion 05 JUL 1989 1114 Aquarius
16 MAY 1988 1370 QOrion 12 JUL 1989 1118 Aquarius
23 MAY 1988 1372 QOrion 19 JUL 1989 1120 Aquarius
01 JUN 1988 1027* Aquarius 26 JUL 1989 1122 Aquarius
08 JUN 1988 1027* Aquarius 02 AUG 1989 1450 Orion

17 JUN 1988 1376 Qrion 09 AUG 1989 1128 Aquarius
22 JUN 1988 1378 Orion 14 AUG 1989 1129 Aquarius
28 JUN 1988 1034 Aquarius 24 AUG 1989 1131 Aquarius
05 JUL 1988 1380 Orion 06 SEP 1989 1455 Orion

13 JUL 1988 1038 Aquarius 14 SEP 1989 1457 Orion

19 JUL 1988 1039 Aquarius 20 SEP 1989 1458 QOrion

27 JUL 1988 1385 Orion 03 OCT 1989 1141 Aquarius
04 AUG 1988 1043 Aquarius 12 OCT 1989 1464 Orion

11 AUG 1988 1389 Orion 17 OCT 1989 1146 Aquarius
17 AUG 1988 1047 Agquarius 02 NOV 1989 1469 Orion

06 SEP 1988 1392 Orion 08 NOV 1989 1470 QOrion

13 SEP 1988 1050 Aquarius 15 NOV 1989 1155 Aquarius
19 SEP 1988 1395 QOrion 30 NOV 1989 1156 Aquarius
12 OCT 1988 1401 Orion 16 JUL 1990 1195 Aquarius
17 OCT 1988 1404 Orion 26 JUL 1990 1515 Orion

24 OCT 1988 1066 Aquarius 01 AUG 1990 1198 Aquarius
01 NOV 1983 1067* Aquarius 08 AUG 1990 1522 Orion

(9 NOV 1983 1067* Aquarius 17 AUG 1990 1203 Aquarius
17 NOV 1988 1070 Aquarius 21 AUG 1990 1203 Aquarius
23 NOV 1988 1408 QOrion 05 SEP 1990 1525 Orion

08 FEB 1989 1082 Aquarius 06 SEP 1990 1526 Orion#
27 FEB 1989 1084 Aquarius 13 SEP 1990 1208 Aquarius
10 MAR 1989 1087 Aquarius 19 SEP 1990 1529 Qrion

22 MAR 1989 1089 Aquarius 03 OCT 1990 1213 Aquarius
05 APR 1989 1091 Aquarius 10 OCT 1990 1536 Orion
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Table 3-4.4. VFX Cruise Dates (23rd July 1984 to 23rd October 1991) for Station R-64 and
Dares Beach (11th July 1985 to 14th November 1986).1 - Continued

DATE CRUISE NO. | RESEARCH DATE CRUISE NO. | RESEARCH
VESSEL VESSEL

17 OCT 1990 1216 Aquarius 03 JUL 1991 1573 Qrion
07 FEB 1991 1546 Orion 10 JUL 1991 1574 QOrion
20 FEB 1991 1548 Orion 17 JUL 1991 1575 Orion
04 MAR 1991 1549 Orion 22 JUL 1991 1265 Aquarius
21 MAR 1991 1551 Qrion 02 AUG 1991 1581 QOrion
03 APR 1991 1553 Orion 07 AUG 1991 1267 Aquarius
17 APR 1991 1556 QOrion 15 AUG 1991 1269* Aquarius
01 MAY 1991 1558 Orion 21 AUG 1991 1269* Aquarius
06 MAY 1991 1243 Aquarius 04 SEP 1991 1584 QOrion
15 MAY 1991 1563 Orion 11 SEP 1991 1586 Orion
24 MAY 1991 1247 Aquarius 16 SEP 1991 1273 Aquarius
29 MAY 1991 1564 Orion 02 OCT 1991 1276 Aquarius
05 JUN 1991 1566 Orion 10 OCT 1991 1279 Aquarius
10 JUN 1991 1252 Aquarius 14 OCT 1991 1282 Aquarius
20 JUN 1991 1569 Orion 23 OCT 1991 1285 Aquarius
26 JUN 1991 1257 Aquarius

NOTE 1: Dares Beach was sampled on the same VFX cruises as R-64 from 11 July 1985 to 14 November 1986.
NOTE 2: Divers Serviced Traps.
*  Traps serviced at beginning and end of same SONE cruise.
x  Traps gone.
#  Trapsreset. .
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4. DATA COLLECTION

4.1 Field Methods

Details concerning methodologies are described in the Ecosystem Processes Component
EPC) Study Plan (Garber et al., 1987) and fully documented in the EPC Data Dictionary
Boynton and Rohland, 1990). The following section provides an overview of field activities.

4.1.1 Sediment Oxygen and Nutrient Exchanges (SONE) Study
4.1.1.1 Water Column Profiles

At each of the ten SONE stations (eight stations since July 1989), vertical water column
profiles of temperature, salinity and dissolved oxygen are measured at 2 meter intervals
from the surface to the bottom immediately after obtaining intact sediment cores for
incubation. The turbidity of surface waters is measured using a Secchi disc.

4.1.1.2 Water Column Nutrients

Near-surface (approximately 0.5 meters) and near-bottom (approximately 1 meter) water
samples are also collected using a high volume submersible pump system. Samples are
filtered, where appropriate, using 0.7 pm GF/F filter pads, and immediately frozen.
Samples are analyzed by Nutrient Analytical Services Laboratory (NASL) for the following
dissolved nutrients and particulate materials: ammonium (NHa4*), nitrite (NO,"), nitrite plus
nitrate (NOz™ + NOy"), dissolved inorganic phosphorus corrected for salinity (DIP or P(§4'),
silicious acid (Si(OH)4), particulate carbon (PC), particulate nitrogen (PN), particulate
phosphorus (PP), total and active chlorophyll-a concentrations and seston content.

Measurements of total dissolved nitrogen (TDN: NH4* + NO;” + NO3™ + DON), and total
dissolved phosphorus (TDP: DIP + DOP) were discontinued at the end of the 1987
calendar year due to reduction in finances related to the grant supplied by the funding
agency. Near-surface samples were discontinued in November 1991 (SONE cruise 31) as
these measurements are not of particular importance in the interpretation of flux data. This
wads also necessary due to further budget reductions.

4.1.1.3 Sediment Profiles

At each SONE station an intact sediment core is used to measure Eh of sediments at 1 cm
intervals to about 10 cm. Additionally, surficial sediments are sampled to a depth of 1 cm
(2 mm since 9 August 1989) for particulate carbon (PC), particulate nitrogen (PN),
particulate phosphorus (PP), and total and active chlorophyll-a concentrations.

4.1.1.4 Sediment Cores

Intact sediment cores are obtained at each SONE station using a modified Bouma box
corer. After deployment and retrieval of the box corer, the metal box is removed to reveal
the Plexiglass liner containing the sediment core. The core is visually inspected for
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disturbance. A satisfactory core is placed in a darkened, water-filled holding incubator prior
to further processing.

Three intact cores are used to estimate net exchanges of oxygen and dissolved nutrients
between sediments and overlying waters (Figure 4-1.).  Prior to beginning flux
measurements, the overlying water in the core 1s replaced by fresh bottom water to ensure
that water quality conditions in the core closely approximate in-situ conditions. Gentle
circulation of water, with no induction of sediment resuspension, is maintained in the cores
during the measurement period via the stirring devices attached to the O, probes. The
cores are placed in a darkened water bath to maintain ambient temperature. Oxygen
concentrations are recorded and overlying water samples (35 ml) are extracted from each
core every 30 to 60 minutes (depending on the rate of oxygen uptake) over a 2 to § hour
incubation period. During the incubation period, five overlying water samples are extracted
from each core. As a nutrient sample is extracted from a core, an equal amount of ambient
bottom water is added. An opaque Plexiglass liner filled with bottom water, incubated and
sampled as described above serves as a blank. Overlying water samples are filtered and
immediately frozen for later analysis for ammonium (NH4*), nitrite (NO;"), nitrite plus
nitrate (NOz™ + NOj"), dissolved inorganic phosphorous (DIP or PO47) and silicious acid
(Si(OH)s) concentrations. Oxygen and nutrient fluxes are estimated by calculating the
mean rate of change in concentration over the incubation period and converting the
volumetric rate to a flux using the volume:area ratio of each core.

It should be noted that at low oxygen concentrations (< 2 mg I'}) SOC rates become
proportional to oxygen concentrations as we noted in a previous report (Boynton et al.,
1991). Prior to 1989, between five and seven of the SONE stations rarely if ever
experienced low bottom water DO concentrations. Since 1989, SONE stations have been
modified and only three of eight stations rarely experience low oxygen concentrations.
Hypoxic conditions are common at the remaining stations and influence SOC rates. This
represents a methodological limitation which is more serious given our current configuration
of stations. We are trying to develop a method for measuring total sediment metabolism
(dissolved inorganic carbon flux) which is independent of oxygen conditions. During 1990
and 1991 a series of preliminary measurments of sulfate reduction (SO4~ ) were made. It
now appears that a method is available for measuring anaerobic metabolism (the majority
of which is carried out via SO4~ reduction) which is ameniable to the constraints of the
monitoring program. In brief the method involves incubation of intact sediments under
anaerobic conditions with sulfate concentration measured during the incubation period
using ion chromotography as a detection method. Routine use of this technique is expected
to begin in June 1992. A complete description of the method will be included in our next

interpretive report and will be inserted into the data dictionary (Boynton and Rohland,
1990).

4.1.2 Pooles Island Dredge Survey (PIDS) Program

Sampling at G-Central (GCNT) station followed the same overall procedure as that
initiated at SONE stations and included the general characterization of both water column
(see Section 4.1.1.1) and sediment profile (see Section 4.1.1.3), measurement of dissolved
water column nutrients and particulates (see Section 4.1.1.2) and sediment-water exchanges
of oxygen (DO) and dissolved nutrients (see Section 4.1.1.4): ammonium (NH4*), nitrite
(NO;7'), nitrite plus nitrate (NO;™ + NO3"), dissolved inorganic phosphorus (PO~ or DIP)
and silicious acid (Si(OH)4) concentrations.
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Figure 4-1. Schematic Diagram of the Incubation Chamber
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4.1.3 Vertical Flux (VFX) Study

At the Vertical Flux (VFX) station, a water column profile of temperature, salinity and
dissolved oxygen is obtained at 2 meter intervals from 0.5 meters to 1 meter off of the
bottom to characterize the general physical features of the water column. Turbidity of
surface waters is measured using a Secchi disc.

Water samples are also collected at three depths using a submersible pump system.
Routinely, a sample is taken from near-bottom and near-surface waters and just above the
top of the middle sediment trap. Water samples are analyzed for particulate materials
including particulate carbon (PC), particulate nitrogen (PN), particulate phosphorus (PP),
total and active chlorophyll-a concentrations, biogenic silica and seston content. These data
provide descriptions of the particulate matter in the field at the time of sampling and are
useful in evaluating results obtained from sediment trap collections.

4.1.3.1 Sediment Sampling

During previous VFX monitoring cruises a surficial sediment sample (surface 1 cm; 2 mm
since 9 August, 1989) was obtained using either a Van Veen grab or the Bouma box corer.
During this reporting period the Bouma corer was used exclusively because it obtains a
better surficial sediment sample. Sediment samples are later analyzed to determine
particulate carbon (PC), particulate nitrogen (PN) and particulate phosphorous (PP), total
and active chlorophyll-a concentrations.

4.1.3.2 Vertical Flux (VFX) Sampling

The sampling device used to develop estimates of the vertical flux of particulate materials
has a surface buoy connected to a lead or concrete anchor-weight (200 kg) by a series of
stainless steel cables (0.8 cm diameter, Figure 4-2.). The array is maintained in a vertical
position through the water column by two sub-surface buoys (45 cm diameter, 40 kg positive
buoyancy and 33 cm diameter, 16 kg positive buoyancy). Collecting frames with cups are
attached at about 5 meters and 9 meters beneath the water surface to obtain estimates of
vertical flux of particulates from the surface euphotic zone to the pycnocline and flux across
the pycnocline to deep waters.

The sediment trap string is routinely deployed and retrieved using CEES research vessels
with normal sampling periods lasting one to two weeks depending upon fouling rates. At
the end of a sampling period, collecting cups are retrieved by hoisting the entire array to
shipboard. Cups are not capped prior to retrieval. After fouling organisms are removed
from the frames, new cups are attached and the array lowered back into the water.

The contents of a collecting cup are removed and aliquots taken for determination of
particulate carbon (PC), particulate nitrogen (PN), particulate phosphorus (PP), total and
active chlorophyll-a concentrations and seston content. Until the end of the 1987 calendar
year, an additional 10 ml sample was preserved using a modified Lugol’s solution and later
examined to determine characteristics of collected particulate material (e.g., algal
speciation, zooplankton fecal pellets, etc.).

The VFX program was not supported by the Maryland Department of the Environment
during July through October 1991 but was supported financially by other University of
Maryland Programs. Particulate phosphorus (PP) samples were not collected or analyzed
during this period.
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Figure 4-2. Schematic Diagram of the Sediment Trap used in VFX Monitoring
* Measurements are only made using surface and mid cups.
Bottom array has not been deployed or retrieved since July 8, 1987.
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Particulate material concentrations in the sampling cups are converted to units of vertical
flux, at the depth of the collecting cup, using the cross-sectional area of the collecting cup,
deployment time, sample and subsample volumes. Further details concerning this
monitoring program are provided in Boynton et al. (1985), Garber et al. (1987) and Boynton
and Rohland (1990).

4.1.4 Chemical Analyses

Detailed reference material pertaining to all chemical analyses used is to be found in the
EPC Data Dictionary (Boynton and Rohland, 1990). In brief, methods for the
determinations of dissolved and particulate nutrients are: ammonium (NH4*), nitrite
(NO;"), nitrite plus nitrate (NO;” + NO3"), and dissolved inorganic phosphorus (DIP or
PO,") are measured using the automated method of EPA (1979); silicious acid (Si(OH)s) is
determined using the Technicon Industrial System (1977) method; particulate carbon (PC)
and particulate nitrogen (PN) samples are analyzed using a model 240B Perkin-Elmer
Elemental Analyzer; particulate phosphorus (PP) concentration is obtained by acid
digestion of muffled-dry samples (Aspila et al., 1976); methods of Strickland and Parsons
(1972) and Shoaf and Lium (1976) are followed for chlorophyll-a analysis; biogenic silica is
measured using the method of Paasche (1973); total suspended solids (seston) are
determined by the gravimetric technique of EPA (1979).

4.2. Analytical methods Quality Assurance/Quality Control (QA/QC)

The Nutrient Analytical Services Laboratory (NASL) at the Chesapeake Biological
Laboratory provides nutrient analyses to university, State and federal agencies. As part of
the laboratory’s QA/QC program, NASL participates in cross calibration exercises with
other institutions and agencies whenever possible. Some examples include:

- Particulate carbon and nitrogen cross calibration with Woods Hole
Oceanographic Institution and Horn Point Environmental Laboratory.

- ICES inorganic nutrient round-robin communication. This will result
in an international inter-comparison report to be issued in the near future.

- Dissolved nutrients in comparison with Horn Point Environmental
Laboratory, Bigelow Laboratory, the University of Delaware and the
University of New Hampshire.

- Cross calibration exercises with Virginia Institute of Marine Science
(VIMS) and Old Dominion University (ODU). The most recent inter-
comparison (March 1990) confirmed all parameters routinely analyzed by
these laboratories as part of the Chesapeake Bay Monitoring Program.
Samples from various salinities and nutrient regimes were analyzed under this
exercise.

- Environmental Protection Agency (EPA) unknown audits for various
nutrients have been conducted.

- EPA audits of known nutrients were analyzed using samples in
different salinity water while looking for possible matrix effects.
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NASL has analyzed National Institute of Standards and Technology (NIST) and National
Research Board of Canada reference materials, primarily estuarine sediment, as a check for
their particulate and sediment carbon, nitrogen and phosphorus methods.

As part of the Chesapeake Bay Mainstem Monitoring Program, the laboratory analyzes
approximately ten percent of the total sample load for QA/QC checks. These samples
include laboratory duplicates and spike analyses.

Specific EPC procedures include inorganic nutrients (ammonium [NHa*], nitrite [NO27],
nitrite plus nitrate [NO;” + NOs7], dissolved inorganic phosphorus [DIP or PO47] and
silicious acid [Si(OH)4]) for which a standard curve usually comprising five concentrations
encompassing the expected range for that particular sample set, are analyzed at the
beginning of each new run. A standard which is treated as a sample, is analyzed at least
every 20 samples. Baseline corrections are determined either manually or automatically,
depending on the instrument providing the analysis. Data needed to calculate
concentrations are recorded along with the sample concentration in laboratory notebooks, a
carbon copy of which is provided to the EPC group. This procedure is also carried out for
other parameters performed by the laboratory in support for the EPC effort. Precision and
limits of detection for the variables measured by the EPC program are provided in the EPC
Data Dictionary (Boynton and Rohland, 1990).
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5. DATA MANAGEMENT

Hard copy data table listings of every variable measured during SONE and VFX monitoring
programs for August 1984 through December 1989, were submitted in two volumes with the
Level 1, No 7 Interpretive Report Part II: Data Tables [UMCEES|CBL Ref. No. 90-062
(Boynton et al.,, 1990). A third volume contains data for 1990 and data collected in future
years will be added to it. Part II: Data Tables of this interpretive report includes tabular
listings of SONE, VFX and Pooles Island Dredge Survey Program data for 1991. Data files
are given unique names which are a combination of an alpha code reflecting the type of data
set and a numeric descriptor which indicates the number of the SONE cruise or sampling
year in the case of Pooles Island and VFX files (EPC Data Dictionary; Boynton and
Rohland, 1990).

5.1 Sediment Oxygen and Nutrient Exchanges (SONE) Study

The data collected at each SONE station are organized into six data sets:

WATER COLUMN PROFILES (Filename: H20PRFxx, Table B-1) contain

temperature, salinity and dissolved oxygen data measured at two meter
intervals.

WATER COLUMN NUTRIENTS (Filename: HZONUTxx, Table B-2) report
surface and bottom water dissolved nutrient concentrations.

SEDIMENT PROFILES (Filename: SEDPRFxx, Table B-3) include redox
potential and selected sediment measurements of particulate carbon (PC),
particulate nitrogen (PN), particulate phosphorus (PP), total and active
chlorophyll-a concentrations.

CORE PROFILES (Filename: CORPRFxx, Table B-4) lists percentage
water, particulates and pore water nutrient measurements at SONE stations.
Data are available only for SONE Cruise Numbers 2, 6 and 10.

CORE DATA (Filename: CORDATxx, Table B-5) lists dissolved oxygen and
nutrient measurernents in SONE sediment-water flux chambers.

SEDIMENT-WATER FLUX (Filename: SWFLUXxx, Table B-6) is a
summary table providing oxygen and nutrient flux data.

5.2 Pooles Island Dredge Survey (PIDS) Program

Data was collected at one station, G-Central (GCNT) in July and August, 1991 and are
organized into five data sets:

WATER COLUMN PROFILES (Filename: HPPIDSxx, Table E-1) contain

temperature, salinity and dissolved oxygen data measured at two meter
intervals.
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WATER COLUMN NUTRIENTS (Filename: NTPIDSxx, Table E-2) report
surface and bottom water dissolved nutrient concentrations.

SEDIMENT PROFILES (Filename: SPPIDSxx, Table E-3) include redox
potential and selected sediment measurements of particulate carbon (PC),
particulate nitrogen (PN), particulate phosphorus (PP), total and active
chlorophyll-a concentrations.

CORE DATA (Filename: CDPIDSxx, Table E-4) lists dissolved oxygen and
nutrient measurements in SONE sediment-water flux chambers.

SEDIMENT-WATER FLUX (Filename: FLPIDSxx, Table E-5) is a summary
table providing oxygen and nutrient flux data.

5.3 Vertical Flux (VFX) Study

Vertical Flux (VFX) data, currently collected only at one station, R-64, are
organized into three data sets:

WATER COLUMN PROFILES (Filename: VFXPssxx, Table C-1) contain

temperature, salinity and dissolved oxygen data measured at two meter
intervals.

SURFICIAL SEDIMENT PARTICULATES (Filename: VFXSssxx, Table C-
2) lists particulate material concentration data including particulate carbon
(PC), particulate nitrogen (PN), particulate phosphorus (PP), total and active
chlorophyll-a concentrations.

VERTICAL FLUX OF PARTICULATES (Filename: VFXDssxx, Table C-3)
which includes rate of deposition of particulate materials to collection cup
depth for particulate carbon (PC), particulate nitrogen (PN), particulate
phosphorus (PP), active and total chlorophyll-a concentrations, and a
biogenic silica and seston measurement.

5.4 Incorporation of Error Codes in Data Tables

In order to eliminate blank spaces in the data tables a one or two letter alpha code (Table
5-1) is used to describe the problems associated with questionable parameter values. Valid
entries from the Sediment Data Management Plan (EPA, 1989) are used and where

necessary additional codes which are related to the SONE, VFX studies or PIDS program
have been added.
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Table 5-1. Analysis Problem Codes

ANALYSIS DESCRIPFTION
PROBLEM CODE

A Laboratory accident

B Interference

C Mechanical/materials failure

D Insufficient sample

N Sample lost

P Lost results

R Sample contaminated

S Sample container broken during analysis

\'% Sample results rejected due to QA/QC criteria

W Duplicate results for all parameters

X Sample not preserved properly

AA Sample thawed when received

BB Torn filter paper

CC Pad unfolded in foil pouch

EE Foil pouch very wet when received from field, therefore poor replication be-
tween pads, mean reported.

FF Poor replication between pads; mean reported

HH Sample not taken

JJ Amount filtered not recorded (calculation could not be done)

LL Mislabeled

NI Data for this variable are considered to be non-interpretable

NN Particulates found in filtered sample

PP Assumed sample volume (pouch volume differs from data sheet volume;
pouch volume used)

QQ Although value exceeds a theoretically equivalent or greater value (e.g.,
PO4F>TDP), the excess is within precision of analytical techniques and there-
fore not statistically significant

RR No sample received

SS Sample contaminated in field

TF Dissolved oxygen probe failure

TS Dissolved oxygen probe not stabilized

TT Instrument failure on board research vessel

Uy Analysis discontinued

wWw Station was not sampled due to bad weather conditions, research vessel
mechanical failure, VFX array lost or failure of state highway bridges to open
or close

XX Sampling for this variable was not included in the monitoring program at this
time or was not monitored during a specific cruise

YY Data riot recorded.
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5.5 Data Tables Quality Assurance/Quality Control (QA/QC)

Data recorded by instruments in the field are entered directly onto specially prepared data
sheets. Data from samples analyzed by Nutrient Analytical Services Laboratory (NASL) are
returned in written format. Data are keyed into Lotus using the standard format developed
during the continuing effort begun in August 1989 to standardize all EPC data files. Hard
copies of the files are manually checked for errors. Data files are corrected, a second
printout produced which is re-verified by a different staff member.

5.6 Statistical Analysis System (SAS) Files and Statistical Analyses

The schedule of deliverables (an attachment to the EPC contract) indicates that after
verification data are to be transferred into Statistical Analysis System (SAS) format and
submitted with labels and file structures supplied by the EPA Chesapeake Bay Liaison
Office (EPA/CBLO) and be readable on the VAX 8650. Lotus files, which are only
acceptable as an interim submission to EPA, are stripped of headings and converted into
ASCII files. Final editing is completed using a word processing program.

The first SAS data set, Water Column Profile HZOPRF (SONE), was successfully loaded
during January, 1992. During February, March and April, 1992 four additional SONE SAS
data sets and two VFX SAS data sets were created and loaded to the VAX 8650. This
comprises about 90% of the available data. The two remaining data sets will be loaded by
the end of December, 1992. SAS reference files are being compiled for each data set
containing detailed station and variable information as well as other important information
related to missing data.

The final step in this processes will involve rigorous data checking prior to requesting the
formal sign off of each data set. All data sets will be available in SAS format by the end of
December, 1992. :

Sediment-water fluxes are being examined for temporal and spatial trends with the
assistance of Professor Larry Douglass, Research Statistician at the University of Maryland,
College Park. These analyses are performed on the SAS sediment-water flux data set and

the results will be described in a special report to be completed by the end of February,
1993.
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6.1 Inter-annual Patterns of River Flow and Nutrient Loading
6.1.1 Overview

One of the continuing objectives of the Ecosystem Processes Component (EPC) Program is
to explore monitoring program data, as well as other data sources, for relationships between
nutrient loading (e.g. point, non-point and atmospheric data) and responses of sediment and
deposition processes. Particulate material deposition, sediment oxygen consumption and
sediment nutrient exchanges have been shown to have strong influences on water quality
conditions (Boynton et al., 1990) and are ultimately believed to be regulated by rates of
external nutrient supplies. River flow has been shown to be a good first approximation of
nutrient loading rates for many areas of Chesapeake Bay. Since loading rates will be
referred to throughout this report, a summary of these (as indicated by river flow) are
provided here. Actual nutrient loading rates for the period 1978 through 1988 have been
reported in a previous EPC report (Boynton er al., 1991) and a detailed treatment of these
variables is given in Summers (1989). River flow is used here because it is available for the
period of time evaluated in this report.

6.1.2 Average Annual River Flows

Annual average river flows for the period 1978 through 1991 are shown in Figure 6-1.1.
Additionally, average flows to each system during this period are indicated by horizontal
lines on this figure (James er al., 1990; J. Hornlein, pers. comm.). Despite the fact that these
basins are distinctly different, and in some cases separated in space by large distances, there
are strong similarities in inter-annual flows among systems. Flows in all systems were above
average in 1978 and 1979, below average from 1980 to 1982, higher during 1983 and 1984,
generally lower from 1985 through 1988 and above average in 1989 (except in the Potomac
River in 1989). Flows during 1990 and 1991 were progressively lower than during 1989 in all
systems except the Susquehanna which was characterized by above normal flow in 1990 and
very low flow in 1991. Flows from the Potomac River during 1985 through 1991, the period
for which EPC Program data are available, were below average as they were in the
Susquehanna except in 1989 and 1990 when flows were average and above average,
respectively. Flows in the Choptank and Patuxent Rivers were well below average except in
1989 when flows were above normal. In 1990 and 1991 flows in both of these rivers were
again below average. In general, river flows have been average to below average during the
EPC monitoring period with a few exceptions. As a result of this, water column
stratification might be expected to be less intense than usual and diffuse source nutrient
loads to be lower than normal.
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Figure 6-1.1. Bar graphs of average annual river flow from the Susquehanna, Potomac, Patuxent and Choptank Rivers for

the period 1978 through 1991 (James et al., 1990; J. Horlein, pers. comm.).
Flows were measured at Conowingo, MD; Washington, D.C.; Bowie, MD and Greensboro, MD for the four systems,

respectively.
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6.1.3 Average Monthly River Flows

One of the more obvious characteristics of estuarine systems is the time and space variability
associated with many variables as is the case for river flow (and diffuse source nutrient
loading). Monthly average river flows for all of the main Maryland tributary rivers are
shown as a series of bar graphs for 1990 (Figure 6-1.2.) and 1991 (Figure 6-1.3.). In these
figures the vertical bars represent average monthly flows while the bold dots represent
average monthly flows calculated over longer time periods (1977-1991 [14 yearg for the
Susquehanna, Potomac and Patuxent Rivers and 1948-1991 [43 years] for the Choptank
River). In 1990 (Figure 6-1.2.) only flows in the Patuxent River were reasonably close to the
long-term monthly average flows. The remaining systems exhibited large departures from
mean conditions for at least part of the year, e.g. the Susquehanna and Potomac River flows
were below average in spring and higher than normal in fall (Figure 6-1.2.). During 1991
flows were generally below normal in all of these systems except for portions of the winter
season (Figure 6-1.3.).

These data are presented to emphasize the need for careful consideration of temporal
relationships between variables such as river flow or nutrient loading and ecosystem
processes such as deposition and sediment-water nutrient and oxygen exchanges. In cases
where a rapid response is expected (weeks to months) examination of intra-annual data will
be necessary. In those cases where effects of inputs such as river flow or nutrient loading
are expected to appear over longer periods of time (months to years) consideration of inter-
annual data will be necessary. It is becoming apparent that both time scales are important
features governing relationships between nutrient loading rates and sediment-water nutrient
and oxygen exchange rates in Chesapeake Bay.

6.2 Inter-annual Characteristics of Sediment-Water Oxygen and
Nutrient Exchanges

6.2.1. Overview

In this section monthly sediment-water fluxes are summarized in the form of bar graphs for
five variables: sediment oxygen consumption (SOC), ammonium (NH4*), nitrite plus nitrate
(NO;” + NO3"), phosphate (PO4™), and silicate (Si(OH)s). In each of these graphs (Figures
6-2.1a. to 6-2.5b.) all data for each variable collected from May, 1985 through October, 1991
are displayed as a function of the time during which the variable is measured. Data
collected at each of the eight stations routinely monitored during SONE cruises are used to
draw these graphs. Each bar represents the mean flux value (based on triplicate
measurements) for a particular month and the vertical line shown on each bar indicates the
standard deviation from this mean. Data have only recently been collected at two stations in
the Patuxent River (Broomes Island [BRIS] and Marsh Point [MRPT]) and so the period of
record for these stations is very limited.

Sediment oxygen consumption (SOC), rates are plotted as positive values (following the
convention of the oceanographic literature) but indicate a tlux of oxygen from overlying
waters to sediments. In all remaining fluxes, a positive value indicates a tlux from sediments
to overlying waters while conversely a negative flux represents a flux from overlying waters
to sediments.
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Figure 6-1.2. Bar graphs of average monthly river flow from the Susquehanna, Potomac, Patuxent
and Choptank Rivers for 1990. The bold dots indicate long term average monthly flows calculated
for the period 1978 through 1991.

Flows were measured at Conowingo, MD; Washington, D.C.; Bowie, MD and Greensboro, MD for
the four systems, respectively.
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Figure 8-1.3. Bar graphs of average monthly river flow from the Susquehanna, Potomac, Patuxent and Choptank Rivers for
1991. The bold dots indicate long term average monthly flows calculated for the period 1978 through 1991. Flow data for
gauges in the Susquehanna, Potomac and Patuxent Rivers began in 1977 and in 1948 in the Coptank River.

Flows were measured at Conowingo, MD; Washington, D.C.; Bowie, MD and Greensboro, MD for the four systems,
respectively.
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6.2.2 Sediment Oxygen Consumption (SOC)

Mean monthly sediment oxygen consumption (SOC) fluxes measured at eight SONE
stations between May, 1985 and October, 1991 ranged from almost zero (0.0) to about 4.3 g
O, m™2d™! and were generally higher in the Patuxent and Choptank Rivers than at the other
sites (Figure 6-2.1a. and 6-2.1b.). In almost all cases a seasonal pattern was evident with
increased rates of SOC in the springtime (May through June), depressed values in the
summer (July through August) and increased rates in the fall (October through November).
The largest fluxes were generally recorded in May and June, with a secondary peak
recorded in October. High SOC fluxes in the Choptank and Patuxent Rivers may be caused
by the generally higher bottom water oxygen conditions experienced at these sites as
opposed to deep areas of the mainstem and the Potomac River.

The 1991 data followed the same pattern as previous years but provides a more detailed
picture of seasonal flux pattern because there are six sampling periods in 1991. During
1991, fluxes at the two long-term stations (St. Leonard Creek BTLC] and Buena Vista
[BUVAY)) in the Patuxent River were higher than during the 1987 and 1988 period and
similar to rates observed during 1985 and 1986. Sediment oxygen consumption rates at the
down river station (St. Leonard Creek [STLC]) exhibited this pattern more clearly than did
the up river station (Buena Vista [BUVA]). Fluxes at the mid-river stations (Broomes
Island [BRIS] and Marsh Point [MRPT]) were generally lower than at the upper and lower
river stations because of low bottom water dissolved concentrations during summer periods.
Fluxes at the Horn Point station (HNPT) in the lower Choptank River were slightly higher
than the seven year mean in 1991, but were lower than rates observed in 1990. To a large
extent SOC rates in the lower Choptank River followed a long-term pattern similar to that
observed in the Patuxent River where rates were highest in recent years and during the
1985-1986 period and lower during 1987-1989. Rates at the remaining three stations
ERagged Point [RGPT], Point No Point [PNPT] and R-64) were relatively low
approximately 0.0 - 1.0 g O; m2 day!).

Spring and fall SOC rates at most stations are of sufficient magnitude to constitute a
substantial direct dissolved oxygen loss (W.M. Kemp, pers. observation). However, as
indicated in an earlier report (Boynton ef al, 1990) SOC is not an adequate measure of
sediment metabolism during summer periods if low oxygen conditions occur. The SOC
rates reported here during periods of low oxygen concentrations grossly underestimate
sediment metabolism and oxygen demand exerted via oxidation of reduced sulphur
compounds (Roden, 1990). The EPC program is attempting to add a routine measurement
of anaerobic sediment metabolism to better estimate total sediment oxygen demand.

6.2.3 Ammonium Fluxes

Monthly ammonium fluxes (Figures 6-2.2a. and 6-2.2b.) during the entire monitoring period
EMay, 1985 through October, 1991) ranged from about 1 uMN m2 hr! at St. Leonard Creek

STLC) to 700 xMN m-2 hr-! in the mid-mainstem bay (Station R-64). In most cases highest
values were recorded in the summer months July or August. Several interesting spatial
patterns were also evident. For example, NH4* fluxes tended to increase from the mouth to
the turbidity maximum zone of the Batuxent River. This qualitative pattern reflects the
expected trend of deposition rates of organic matter to the sediment surface. In fact,
deposition rates measured at six sites along the longitudinal axis of the Patuxent River in the
late 1970’s indicated a deposition maximum in the area of Buena Vista (BUVA) (Boynton e¢
al., 1982b). Similarly, the exceptionally high rates of NH4* release from sediment at R-64
(mainstem bay) are double those recorded at Point No Point (PNPT) a site farther down the
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Figure 6-2.1a. Monthly SOC rates (mean and standard deviation of triplicate measurements) at
SONE statlons located in the Patuxent River for the period May, 1985 - October, 1991. Monthly
values at Broomes Island (BRIS) and Marsh Point (MRPT) are based on 1989 and 1991 data. The
horizontal line in each panel indicates the average fluxes for the entire monitoring period at that
station. Station locations are shown in Figure 3-1.
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Figure 6-2.1b. Monthly SOC rates (mean and standard deviation of triplicate measurements) at
SONE stations located in the lower Choptank (Horn Point, HNPT) and Potomac (Ragged Point,
RGPT) Rivers and at two sites In the Maryland mainstem bay (Point No Point, PNPT and R-64) for
the period May, 1985 - October, 1991. The horizontal line in each panel indicates the average flux
for the entire monitoring period at that station. Station locations are shown in Figure 3-1.
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Figure 6-2.2a.

Monthly ammonium (NH4*) fluxes (mean and standard deviation of triplicate
measurements) at SONE stations located in the Patuxent River for the period May, 1985 - October,
1991. Monthly values at Broomes island (BRIS) and Marsh Point (MRPT) are based on 1989 and
1991 data. The horizontal line in each panel indicates the average flux for the entire monitoring

period at that station. Station locations are shown in Figure 3-1.
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Figure 6-2.2b. Monthly ammonium (NHs*) fluxes (mean and standard deviation of triplicate

measurements) at SONE stations located in the lower Choptank (Horn Point, HNPT) and Potomac

(Ragged Point, RGPT) Rivers and at two sites in the Maryland mainstem bay (Point No Point, PNPT

and R-64) for the period May, 1985 - October, 1991. The horizontal line in each panel indicates

::I:e average flux for the entire monitoring perlod at that station. Station locations are shown In
gure 3-1.
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bay in an area where primary production, chlorophyll-a stocks and presumably deposition
rates were considerably lower.

In general, the highest ammonium flux rates recorded in 1991 were measured during July
and August. However, NH,* fluxes were above mean fluxes in 1991 at two stations in the
upper Patuxent River (Marsh Point [MRPT] and Buena Vista [BUVA]). Ammonium fluxes
in the lower Choptank River (Horn Point [HNPT]) and the lower Maryland mainstem bay
l(:Point No Point [PNPT]) during 1991 were similar to the long-term means at these stations.

luxes at stations in the lower Potomac River (Ragged Point [RGPT]) and the middle
Maryland mainstem bay (R-64) were lower than the long-term mean. Maximum summer
fluxes at these two sites were considerably lower than in previous years.

6.2.4 Nitrate + Nitrite (NO2™ + NOj3") Fluxes

Monthly nitrate plus nitrite fluxes gNOz' + NO;s")(Figures 6-2.2a. and 6-2.2b.) during the
entire monitoring period (May, 1985 through October, 1991) ranged from about -230 uMN
m hr'! at Broomes Island (BRIS) to 150 kMN m-2 hr'! in the lower Choptank River (Horn
Point [HNPT]). These fluxes are not an important indication of overall sediment-water
nitrogen exchanges during summer months (June through September) at most stations
because ammonium fluxes are so large. However, they do represent substantial exchanges
during spring and some fall periods, especially at tributary stations (e.g. Horn Point [HNPT],
St. Leonard Creek [STLC])).

The direction of nitrate plus nitrite (NO2™ + NO3") fluxes at the two long-term stations in
the Patuxent River (St. Leonard Creek [STLC] and Buena Vista [BUVA]) has gradually
shifted from a predominantly positive (sediment to water) to a negative flux (water to
sediment). Positive NO,” + NOjs™ fluxes are a clear indication that nitrification is taking
place in sediments which in turn indicates that sediments are at least partially oxidized.
Oxidized sediments (and associated positive NO;” + NOj3~ fluxes) are considered to be a
sign of "healthy" sediments (Boynton et al., 1991). Fluxes of NO;” + NOs™ from water to
sediments is thought to be driven by the concentration gradient of NO;” + NO3™ between
sediments and water and that the eventual fate of the NO;™ + NOj;™ taken up by sediments is
denitrification. It appears that the latter process is becoming dominant at stations in the
Patuxent River. At this point it is not clear why this apparent shift in direction of flux is
occurring.

Lower nitrite plus nitrate (NO2™ + NOj3") fluxes (in either direction) have routinely been
found at the two mainstem bay stations (Point No Point [PNPT] and R-64). In this region of
the bay NO;” + NOj3~ concentrations in bottom waters are seldom high, even in spring
(Magnien et al., 1990), and hence there is not the concentration gradient available to drive
fluxes of these compounds from water to sediments. During summer months bottom waters
and sediments are severely hypoxic or anoxic and hence nitrification is not possible. As a
result there is no production of NO;™ + NOj™ in sediments to support a flux from sediments
to overlying waters.

At most stations nitrite plus nitrate NO;” + NOj3™ fluxes recorded during 1991 were directed
from water to sediments (negative fluxes) and the magnitude of these fluxes were among the
largest yet recorded during the monitoring program.

It is probable that the NO,” + NOj™ entering the sediments is rapidly denitrified (Jenkins
and Kemp, 1984). This form of nitrogen is required for denitrification to occur. Substantial
rates of denitrification represent an important terminal nitrogen loss from the system.
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Figure 6-2.3a. Monthly nitrate plus nitrite (NO2" + NO3" ) fluxes (mean and standard deviation of
triplicate measurements) at SONE stations located in the Patuxent River for the period May, 1985 -
Monthly values at Broomes Island (BRIS) and Marsh Point (MRPT) are based on
1989 and 1991 data. The horizontal line in each panel indicates the average flux for the entire
monitoring period at that station. Station locations are shown in Figure 3-1.
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Figure 6-2.3b. Monthly nitrate plus nitrite (NO2™ + NO3" ) fluxes (mean and standard deviation of
triplicate measurements) at SONE stations located in the lower Choptank (Horn Point [HNPT]) and
Potomac (Ragged Point [RGPT]) Rivers and at two sites in the Maryland mainstem bay (Point No
Point [PNPT] and R-64) for the period May, 1985 - October, 1991. The horizontal line in each panel
indicates the average flux for the entire monitoring period at that station. Station locations are
shown in Figure 3-1.
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6.2.5 Dissolved inorganic Phosphorus (PO4" or DIP) Fluxes

The overwhelming trend of data collected by the monitoring program indicates a net flux of
dissolved inorganic phosphorus (PO4’) from the sediment to the overlying waters. Values
ranged from -8 in the lower Maryland mainstem bay (Point No Point [PNPT]) to 170 uMP
m2 hr'! in the upper Patuxent River (Figures 6-2.4a. and 6-2.4b.). Fluxes of dissolved
inorganic phosphorus typically reached maximum values during the summer (July or
August). With the exception of the station in the upper Patuxent River (Buena Vista
[BUVA]), all larg[gh PO, fluxes were associated with hypoxic or anoxic conditions in
overlying waters. The high PO, fluxes observed at Buena Vista gBUVA) may be caused, at
least in part, by the burrowing and irrigation activities of the large benthic macrofaunal
community present at this location (Holland et al., 1989). Iron sulphur (Fe-S) reactions are
probably responsible for high PO,4” fluxes elsewhere under low dissolved oxygen conditions.
Fluxes have been typically low (< 20 uMP m2 hr! ) at stations which do not experience
chronic hypoxic conditions in deep waters or sediments (e.g. St. Leonard Creek [STLC],
Horn Point [HNPT] and Point No Point [PNPT]).

Data collected during 1991 generally closely followed established trends; fluxes were highest
during summer and fluxes were highest at stations experiencing hypoxic or anoxic
conditions. However, there were several interesting modifications of this pattern evident.
First, fluxes at R-64 (middle portion of the Maryland mainstem bay) followed the usual
seasonal pattern but the magnitude of the flux was reduced compared to 1990 by a factor of
two. It is possible that lower than normal river flow (and nutrient loading rates) to the
mainstem bay in 1991 (Figure 6-1.3.) resulted in reduced deposition of organic matter to
sediments and a smaller than normal pool of phosphorus available for release during
summer months. Ammonium fluxes were also reduced at this station in 1991. It is
interesting to note that the largest phosphorus fluxes observed in the lower Choptank River
gHorn Point [HNPT]) were associated with the largest river flows observed in that system

1989) since the beginning of the monitoring program. Other relationships between
sediment-water fluxes and nutrient loading rates have been reported (Boynton et al., 1991).
Data collected during 1991 tend to support these relationships.

6.2.6 Dissolved Silicate Fluxes

Monthly silicate fluxes (Figures 6-2.5a. and 6-2.5b.) during the entire monitoring period
May, 1985 through October, 1991) ranged from about 30 uM Si m™ hr™! at Broomes Island
BRIS) to 1300 uM Si m2 hr! in the upper Patuxent River (Buena Vista [BUVA]). There

were no marked differences among sites for silicate fluxes as was the case for other nutrient

and oxygen fluxes. In fact, the most striking aspect of these monthly data is the similarity
among sites, especially in light of the very different TN and TP loading rates to which
different sites are exposed. In addition, seasonal patterns were not well developed. For
example, while such flux variables as NH4* and PO,  exhibited higher values during
summer, this was not consistently true for silicate even though at times values for the months
of June or July were marginally higher than in adjacent months, May and August. At Jeast in
part the similarity in average silicate fluxes may reflect the fact that the three tributary rivers
in which monitoring stations are located and the Maryland mainstem bay have similar

freshwater fill times despite large differences in areas and volumes (Boynton et al., 1992).

Since silicate is exclusively delivered to estuarine waters from diffuse source drainage, the

loading rates of silicate are similar among these different portions of the bay system. In

addition, silicate is generally depleted from the water column following the spring bloom,
although there are inter-annual and spatial difference in the degree of depletion. However,
depletion indicates that silicate available in the water column is taken up by diatoms which
sink to the sediments following the termination of the bloom. In effect, it seems reasonable
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Figure 6-2.4a. Monthly phosphorus (PO4" or DIP) fluxes (mean and standard deviation of triplicate
measurements) at SONE stations located In the Patuxent River for the period May, 1985 - October,
1991. Monthly values at Broomes Island (BRIS) and Marsh Point (MRPT) are based on 1989 and
1991 data. The horizontal line in each panel indicates the average flux for the entire monitoring

period at that station. Station locations are shown In Figure 3-1.
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Figure 6-2.4b. Monthly phosphorus (PO4" or DIP) fluxes (mean and standard deviation of triplicate
measurements) at SONE stations located in the lower Choptank (Horn Point [HNPT]) and Potomac
(Ragged Point [RGPT]) Rivers and at two sites In the Maryland mainstem bay (Point No Point
[PNPT] and R-64) for the period May, 1985 - October, 1991. The horizontal line in each panel
indicates the average flux for the entire monitoring period at that station. Station locations are
shown in Figure 3-1.
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Figure 6-2.5a. Monthly silicate (SI) fluxes (mean and standard deviation of triplicate
measurements) at SONE stations located in the Patuxent River for the period May, 1985 - October,
1991. Monthly values at Broomes Island (BRIS) and Marsh Point (MRPT) are based on 1989 and
1991 data. The horizontal line in each panel Indicates the average flux for the entire monitoring
period at that station. Station locations are shown in Figure 3-1.
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Figure 6-2.5b. Monthly silicate (Si) fluxes (mean and standard deviation of triplicate

measurements) at SONE stations located in the lower Choptank (Horn Point [HNPT]) and Potomac
(Ragged Point [RGPT]) Rivers and at two sites in the Maryland mainstem bay (Point No Point
[PNPT] and R-64) for the period May, 1985 - October, 1991. The horizontal line in each panel
indicates the average flux for the entire monitoring period at that station. Station locations are
shown In Figure 3-1.
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to conclude that the similarity in silicate fluxes results from similarity in silicate loading rates
to these different sites and similar silicate deposition rates to sediments.

The 1991 flux data were similar to the long-term average at most stations. However, fluxes
during both 1990 and 1991 appeared to be larger than usual at the most up-river station in
the Patuxent River (BUVA). As mentioned earlier, SOC rates also exhibited this pattern at
this station.

6.3 Upper Bay Sediment-Water Oxygen and Nutrient Exchanges:
A Review and Assessment

g.3.1 Overview of Upper Bay Sediment-Water Oxygen and Nutrient Exchange
tudies

Routine measurements of sediment-water oxygen and nutrient exchanges in the upper bay
were discontinued as a part of the EPC SOI{IYE program after June, 1989. As a result, the
status of these fluxes have not been discussed in an detail in the subsequent EPC Program
Interpretive Reports. However, measurements of sediment-water nutrient and oxygen
exchanges have continued in the uplger bay resion supported by other research and
monitoring programs (Land Margin Ecosystem Research Prcgram, NSF; Pooles Island
Dredge Survey Program, Maryland Environmental Services [MES]). Several years of data
have accumulated it is now appropriate to review these data and compare results with work
done in other portions of the bay. The following sections summarize available observations
of flux variables and associated water column and sediment characteristics for the upper
bay. A more complete version of this section is available in Boynton et al. (1992b).

Measurements of sediment-water exchanges of oxygen and nutrients were first made at two
locations, Worton Creek (WNCK) and Hart-Miller Island (HMIS), in the upper bay in
August, 1980 and again at these same two stations in May, 1981 (Figure 3-2. and Table 3-3.).
These measurements (EPA Program 1) were part of the comprehensive nutrient assessment
of the Chesapeake Bay supported by the U.S. Environmental Protection Agency’s first
Chesapeake Bay program. Sediment flux studies had been conducted in other regions of
the bay beginning in the 1970’s, however there is no record of any measurements prior to
these in the upper bay. The results of this study are described in Boynton and Kemp (1985).
These data have not been entered into any formal data management system.

Routine sediment-water flux measurements in the upper bay were initiated in August, 1984
as a part of the Maryland Chesapeake Bay Water Quality Monitoring Program. These
sediment-water oxygen and nutrient exchange (SONE) measurements were made on a
quarterly basis (April or May, June, August and October or November) at one station Still
Pond (SLPD) in the upper bay through June, 1989 when measurements were discontinued,
in part because of-budget limitations (Figure 3-2. and Table 3-3.). The first two sets of
measurements (August and October, 1984) are not included in the analysis of the data due
to the unreliable nature of these initial measurements associated with technical problems.
These )data are available from the Maryland Department of Environment (MDE-SAS
system).

Fortunately, when monitoring program activities in the upper bay were discontinued,
measurements were continued under the auspices of two additional pro%rams. The first was
the Benthic Exchanges and Sediment Transtormations Component (BEST) Program, also
supported by the U.S. Environmental Protection Agency. This program was devoted to
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obtaining information needed for the calibration and verification of the Chesapeake Bay
Water Quality Model.

Sediment-water flux measurements were made at several locations in the upper bay on an
occasional basis during 1988 and 1989 (Figure 3-2. and Figure 3-3.). These data will be
available from the MDE-SAS system in late 1992. The second program was supported by
the National Science Foundation’s Land Margin Ecosystem Research (LMER) Program. In
this study measurements were made at the same location as the SONE Program. During
1989 measurements were made on nine occasions representing the most intensive data set
available for the upper bay. Since 1989 measurements have been made on a quarterly basis
(April, May, July or August and November) and are expected to continue through 1993.
These data have been summarized in Boynton er al. (1992b).

The final set of measurements available for the upper bay are associated with the recent
dredge disposal monitoring program conducted in the vicinity of Pooles Island (PIDS
Program). In July 1991, the first set of measurements were taken at one location in the
upper bay area. A second set was taken in August, 1991 and these measurements will be
repeated in June, 1992 at the conclusion of the first phase of this program (see Appendix E).
In July and August, 1992 and June, 1993 these same measurements will be made at two
locations in the vicinity of Pooles Island.

At present there is a considerable record of sediment-water fluxes and associated water
column and sediment data available for one location in the upper bay (Still Pond [SLPD],
Figures 3-1. and 3-2.). However, this site is about 15 km north of the Pooles Island site.
Information relating both to spatial and temporal coverage at the Pooles Island station
remains limited but this situation will improve markedly as the Pooles Island Dredge Survey
program (PIDS) continues. At this point the flux data available suggest that the magnitude
of fluxes increases in a down-bay direction. Comparisons between fluxes measured at Still
Pond (SLPD) during the SONE and LMER Programs and those measured at Pooles Island
(GCNT) need to be made with caution. At this point it does not appear reasonable to
assume that fluxes are the same at both locations.

In the following sub-sections, 6.3.2 through 6.3.5, the results of three programs, SONE,
LMER and PIDS, are presented using a series of graphs to provide a general
characterization of sediment-water fluxes in the upper bay region. \’Bater column data,
sediment characterization data and sediment-water flux data from all five programs are
provided in Boynton et al., (1992b, Appendices A, B, C, D and E).

6.3.2 Selected Water Column Characteristics

In this section bottom water temperature, salinity and dissolved oxygen concentrations are
characterized based on data from the SONE, LMER and PIDS Programs. Bottom water
temperatures ranged from about 9 C in spring to 29 C in late summer (Figure 6-3.1.) and
appear to be in the range expected for this region of the bay. These data compare well with
the extensive data record available for the upper bay region for these two seasons compiled
by Magnien et al. (1990). For the most part, flux data and associated environmental data
have been collected between April and November. Very few flux measurements have been
made in this or other regions of the bay during the winter season and hence there are
nﬁinimal flux, temperature or other environmental data available for the coldest portions of
the year.

Bottom water salinity ranged from near zero to about 9 ppt (Figure 6-3.2.). Values were

generally low in winter-spring and increased through fall. However, this portion of the bay is
in close proximity to the mouth of the Susquehanna River and because of this, is especially
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sensitive to changes in river flow. As a result, salinity, and other environmental
characteristics, can change rapidly in this region. For example, during the fall period of 1990
and 1991 salinity was low in this region of the bay during a season generally characterized by
high salinity. Presumably, the depressed salinities recorded are the result of higher than
normal freshwater flows associated with fall storms. In general, however, salinities were
similar to those reported by Magnien et al. (1990) for this region of the bay.

Bottom water concentrations of dissolved oxygen ranged from about 5 to 13 mg I"! (Figure
6-3.2.) and in this range are indicative of good water quality conditions. At these study sites
concentrations were reasonably close to saturation, even during the summer (June through
August) when low oxygen conditions commonly occur in bottom waters of other portions of
the bay. It should be noted that lower oxygen conditions may occur in deeper, dredged
channel portions of the upper bay. The sites where sediment-water flux measurements were
made in all previous upper bay area programs were selected to be representative of average
depths, rather than extreme depths. These data were also in general agreement with those
of Magnien et al. (1990) for this region of the bay. The relatively high oxygen concentrations
observed in these waters have important implications for sediment nutrient processes
referred to in Section 6.3.4.2.

The Maryland Chesapeake Bay Water Quality Monitoring Program has compiled a
comprehensive record of water quality and habitat conditions in the upper bay. The
following data are available: water column nutrient concentrations (Magnien et al., 1990;,
algal speciation, algal chlorophyll-a concentrations and production rates (Sellner, 1989),
microzooplankton speciation and densities (Sellner, 1988), macrozooplankton speciation
and densities (Jacobs, 1989) and benthic animal speciation and abundance (Holland ez al.,
1989). These data provide background information which make possible more detailed
interpretation of sediment-water flux measurements. In general the upper bay area is
characterized by very high nitrate and relatively low phosphate concentrations, high water
column suspended sediment loads, low levels of light penetration, moderate algal standing
crops and low primary production rates. Benthic animal communities can be very dense at
some locations. These features influence sediment-water exchange rates and will be
referred to in section 6.3.4.

6.3.3 Surficial Sediment Nutrient Concentrations and Nutrient Ratios

In a number of earlier studies of sediment-water oxygen and nutrient exchanges it was found
that concentrations of essential metabolic materials (i.e., carbon, nitrogen) in sediments
were well correlated with the magnitude and other characteristic of fluxes (Boynton et al.,
1991; Jensen et al., 1990; Kelly and Nixon, 1984). In particular, concentrations of these
materials near the sediment-water interface were of particular importance in determining
the nature of exchanges. For this reason, surficial sediments (near surface sediments) were
routinely sampled for particulate carbon, nitrogen and phosphorus concentrations
throughout the SONE program but less frequently during other upper bay programs.

Concentrations of surficial sediment Barticulate carbon (PC), nitrogen (PN) and phosphorus
}(:PP) collected at the Still Pond (SLPD) location during the SONE Program are shown in

igure 6-3.3. Concentrations of PC ranged from about 2 to over 6% of sediment dry weight.
In most years concentrations were highest in spring and then declined through fall
suggesting that deposition of the spring phytoplankton bloom or deposition of terrestrial
detritus associated with the spring freshet were responsible for high spring concentrations.
Metabolism of deposited organics was presumably the main mechanism responsible for the
decline in concentrations through the year. The PC concentrations measured at this upper
bay site are similar to those in the upper reaches of some tributary rivers (e.g., Patuxent and

MDE/EPC LEVEL 1 REPORT NO. 9 (Interpretive)
-57-




UPPER BAY BOTTOM WATER TEMPERATURE

30 T T
SONE PROGRAM | |
ul | | | |
0_ 20 | | | | | J
[
|- | | | |
3"l | | | |
g o | | | |
ot | | | 11k
0 .moh.og:s 'm.h-0=== 'm.h'.s:g .m.h..s:g TS~
1985 1988 1987 1988 1989
30 T T
LMER PROGRAM
25 p | I -

Temperature, C
"

1989 1 1991
30
PIDS PROGRAM
25 | 8
O 20 1
g
2
g 185 1
S ot .
sk 4
° v L Il F L L 1 L
- ~ - - - ° ~ L o 2 = ﬁ
1991

Figure 6-3.1. Bar graphs summarizing bottom water temperatures in upper bay areas based on measurements obtained
during three research programs: Sediment Oxygen and Nutrient Exchanges (SONE) Program, Land Margin Ecosystem
Research (LMER) Program and Pooles Island Dredge Survey (PIDS) Program. Additional program information, including
study duration and station locations, is given in Table 3-3.

Each bar represents a single monitoring event; bar widths do not reflect more intensive sampling effort.
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Figure 6-3.2. Bar graphs summarizing bottom water salinity and dissolved oxygen concentrations in upper bay areas based
on measurements obtained during three research programs: Sediment Oxygen and Nutrient Exchanges (SONE) Program,
Land Margin Ecosystem Research (LMER) Program and Pooles Island Dredge Survey (PIDS). Additional program
information, including study duration and station locations, is given in Table 3-3.

Each bar represents a single monitoring event; bar widths do not reflect more intensive sampling effort.
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Potomac Rivers), are higher than those observed in the central portion of the bay but much
higher than those routinely measured near the mouth of the bay.

Concentrations of sediment PN were not particularly high ranging from 0.1% to about 0.3%
of sediment dry weight. Concentrations 1n the central portion of the bay and in the lower
Potomac River are generally higher, at times by a factor of two. The temporal data record is
not sufficiently intense to infer too much about seasonal patterns of PN concentrations.
However, in 3 of the 4 years for which annual data are available, there is a evidence of
higher PN concentrations in spring. The origin of this material may have been from the
deposition of the spring phytoplankton bloom, deposition of terrestrial detritus or a
combination of both.

Concentrations of sediment PP ranged from about 0.04% to almost 0.1% of sediment dry
weight. These concentrations are relatively high compared with those found in other
mainstem bay areas and comparable to those commonly observed in the upper reaches of
tributary rivers. It appears that concentrations generally decrease from spring through fall
although there is considerable variability in these data.

A number of investigators have pointed out that not only the amount of sediment organic
matter but the "nutritional quality" of the material influences the magnitude and other
characteristics of sediment-water exchanges (e.g., Hargrave, 1972). Some preliminarg
insight into this issue can be gained by examining the relative abundances of PC, PN and P
in sediments (Figure 6-3.5.). In general the material delivered to sediments in this region of
the bay can vary from very refractory terrestrial detritus to very labile phytoplankton cells.
The former are typified by having high ratios of C to N or P while the latter have much
lower ratios. As indicated in Figure 6-3.4. C:N ratios (weight based) varied from about 10 to
33, C:P ratios from 30 to 120 and N:P ratios from 2.5 to about 9. As expected, C:N ratios
were high relative to most other portions of the mainstem bay and lower portions of the
tributaries, reflecting deposition of terrestrial detritus in the upper bay which is typically
poor in nitrogen. In other portions of the bay C:N ratios are typically in the range of 5 to 10.
In contrast, C:P ratios were not uniformly high as might be expected in an area receiving
terrestrial detritus (which is characterized by high C:P ratios). It appears that considerable
phosphorus is simply adsorbed to sediment particles and is measured as PP. Some unknown
fraction of this material is associated with organic matter and preliminary measurements
indicate that this fraction is small (Keefe C.W., pers comm.). While there is a good deal of
PP in upper bay sediments, the relative availability of this material to biological processes is
not known but appears to be low. Finally, the N:P ratio of sediments is unusually low in the
upper bay ranging from about 2.5 to 9.0. In contrast, N:P ratios of healthy ghytoplankton
are in the range of 30 to 40 gweight basis; Redfield, 1934). . The very low N:P ratios of the
upper bay result from the relatively low PN and high PP content of sediments. Overall, the
organic matter in upper bay sediments appear to be a composite of terrestrial and
phytoplanktonic debris and does not appear to be as labile or metabolically reactive as
sediments having more planktonic material.

6.3.4 Sediment-Water Oxygen and Nutrient Exchanges

6.3.4.1 Overview of Flux Data

While a considerable number of sediment-water flux estimates have been made in the upper
bay, only two sets of measurements (SONE and LMER programs) have been taken during
more than one annual cycle. In this section, the results from these programs together with

the initial set of Pooles Island (GCNT) measurements are presented as a series of bar
graphs. Fluxes include sediment oxygen consumption (SOC), ammonium (NHs*), nitrate
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Figure 6-3.3. Bar graphs summarizing surficial sediment characteristics (PC, particulate carbon;
PN, particulate nitrogen; and PP, particulate phosphorus) at an upper bay area based on
measurements obtained at one location (Still Pond [SLPD], Sediment Oxygen and Nutrient
Exchanges (SONE) Program).

Study duration and station location are given in Table 3-3.
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Figure 6-3.4. Bar graphs summarizing surficial sediment ratios (C:N, C:P and N:P) at an upper bay
area based on measurements obtained at one location (Still Pond [SLPD], Sediment Oxygen and

Nutrient Exchanges (SONE) Program).
Duration of study and station location are given in Table 3-3.
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(NOs"), and phosphate (PO4"). It should be noted that the Still Pond (SLPD) station was
used in both the SONE and LMER programs and that the Pooles Island (GCNT) station is
located approximately 15 km down-bay. As a result, direct comparisons between GCNT
and the two Still Pond (SLPD) data sets should be made with caution.

6.3.4.2 Sediment Oxygen Consumption Rates (SOC)

Sediment oxygen consumption rates ranged from 0.2 to 2.4 g O, m™ d™ (Figure 6-3.5.).
These rates are moderate to large (Boynton et al., 1991) when compared with other regions
of the mainstem and tributary rivers and under some conditions could contribute to chronic
hypoxic conditions. Seasonal maximum rates occurred in spring or early summer during the
SONE and LMER programs. This pattern is similar to that observed in other portions of
the bay. There is not nearly enough data to speculate on seasonal SOC patterns at Pooles
Island (GCNT) but the rates observed in July and August, 1991 were large. If this site has a
seasonal pattern similar to that at Still Pond (SLPD) then spring rates could be expected to
be even higher. The mechanism responsible for this seasonal SOC pattern seems to be
related to the fact that in spring sediments are exposed to ample supplies of labile organic
matter (from the deposition of the spring bloom) and also have sufficient bottom water
oxygen concentrations (> 2.0 mg I™!) to support aerobic respiration. Rates later in the year
seem to be limited by both factors in many areas, but not by oxygen concentrations in the
upper bay. Perhaps the most striking aspect of the SOC data is the sharply declining rates
observed between 1985 and 1991. Rates as high as 3.0 g O, m™ d"! were observed during the
May and June, 1985 but declined by a factor of three by spring 1991. It may be that rates
are strongly influenced by river flow in this region of the bay and specifically by the organic
matter associated with river flow. During the period of record (1985 through 1991) river
flow from the Susquehanna River has been generally low. The two lowest flow years in the
past twenty years occurred in 1988 and 1991. However, river flow was particularly high in
1984. It is possible that SOC was stimulated by the organic matter delivered by the high flow
of 1984 and also, to a lesser extent, that of subsequent years. River flow was also high in the
early 1980’s and the limited SOC rates available for that period were also high. The 1991
rates at Pooles Island (GCNT) were high relative to those observed at Still Pond (SLPD) in
1991 suggesting a gradient of SOC rates within the upper bay region. Data from the early
1980’s exhibits the same pattern, but to a lesser degree. Some of these speculations will be

clarified as monitoring continues at the Pooles Island (GCNT) and Still Pond (SLPD)
stations.

6.3.4.3 Ammonium Fluxes

Ammonium fluxes ranged from -30 to 300 uMN m™2 hr! at the Still Pond ([SLPD] SONE,
LMER programs) and Pooles Island (GCNT) station (Figure 6-3.6.). As with SOC rates,
there was a substantial decline in NH4* fluxes between 1985 and 1991 at SONE and LMER
sites. During most of 1989 NH4* was consumed by sediments at the Still Pond ([SLPD],
LMER program) station, although uptake rates were low. Ammonium fluxes were
moderate to low at the Pooles Island (GCNT) station during the summer of 1991 and were
comparable to values observed during the first upper bay survey in 1980. It is probable that
rates of organic matter deposition coupled with well oxygenated sediments combined to
produce the observed long-term temporal decrease in NH,+ fluxes. We suspect that organic
matter loading rates to sediments were quite high in 1984 and then remained low through
1991 due to low discharge from the Susquehanna River. This situation would result in a
depleted supply of organic matter available for remineralization to NH4* and flux to
overlying waters. In well oxygenated sediments NH4* can be converted to nitrate via the
activity of nitrifging bacteria. Nitrate (NOs5") is frequently released from upper bay
sediments (see Section 6.3.4), providing clear evidence of the activities of this class of
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Figure 6-3.5. Bar graphs summarizing sediment oxygen consumption (SOC) rates (mean and standard deviation of
triplicate measurements) obtained during three research programs: Sediment Oxygen and Nutrient Exchanges (SONE)
Program, Land Margin Ecosystem Research (LMER) Program and Pooles Island Dredge Survey (PIDS) Program. Additional
program information, including study duration and station locations, is given in Table 3-3.

Negative values indicate fluxes from water to sediments.
Each bar represents a single monitoring event; bar widths do not reflect more intensive sampling effort.
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bacteria. Ammonium fluxes (NH4+t) were very low in 1989 and NH;* frequently moved
from overlying waters to sediments, further supporting this idea. In the spring of 1989 river
flow was particularly low and no spring diatom bloom developed. In this case organic
matter supplies at the sediment-water interface were probably very low, limiting NH4*
fluxes and at times allowing NH,4* to diffuse from the water to sediments. Compared with
the downstream areas of the mainstem bay and most tributaries, NHs* fluxes in the upper
bay were low (Boynton et al., 1991).

6.3.4.4 Nitrate Fluxes

Nitrate fluxes ranged from -125 to 50 uMN m™ hr™! at the Still Pond ([SLPD] SONE and
LMER program) and the Pooles Island (GCNT) stations (Figure 6-3.7.). The majority of
nitrate fluxes were directed from overlying waters to sediments. This type of flux pattern
results when water column concentrations of NO3™ are high and sediment uptake rates are,
in general, proportional to concentrations in overlying waters (Boynton and Kemp, 1985). It
appears that the nitrate diffusing into sediments is rapidly denitrified (i.e. converted to N;
gas). This is an important process because denitrification effectively removes nitrogen from
the system. Nitrate also occasionally escapes from sediments (i.e. positive fluxes) and this is
an indication that nitrifying bacteria are active in these sediments. It is of particular interest
to note that large nitrate uptake rates did not occur in early 1989, but in June when river
flow increased and delivered large amounts of nitrate to this region of the bay. Such
observations are consistent with the concept that sediments respond rapidly to changing
environmental conditions in predictable ways. Nitrate fluxes (both positive and negative) in
this region of the bay are large compared to other areas of the mainstem and lower portions
of tributary rivers. Fluxes are similar in magnitude to those observed in the upper reaches
of most tributaries where nitrate concentrations are also large (Boynton er al., 1991; and
Magnien et al., 1990)

6.3.4.5 Phosphate Fluxes

Fluxes of phosphate ranged from -17 to 12 uMP m™ hr! at the Still Pond ([SLPD] SONE
and LMER program) and Pooles Island (GCNT) stations (Figure 6-3.8.). For the most part
POy fluxes were directed from sediments to overlying waters. However, on a few occasions,
and in particular during the low river flow spring of 1989, fluxes were directed from water to
sediments. This unusual situation has previously been observed and is almost always
associated with sites located in low salinity environments (Boynton et al., 1991). The exact
mechanism involved is not clear but it seems probable that dissolved PO4” at these sites is
being ’scavenged’ from the water column by silt-clay particles which are in high
concentrations at these locations. Fluxes of PO, at upper bay sites were low compared with
other areas of the mainstem and tributary rivers and much lower than at sites which
experience hypoxic conditions during summer (June through August) periods. It is probable
that phosphorus is adsorbed to oxyhydroxides or combined into insoluble iron-manganese
phosphate complexes, both of which occur under oxic conditions (Klump and Martins,
1981). If dredging activities or some other modification of the environment promoted the
development of hypoxic or anoxic conditions, we would expect that large amounts of
phosphorus would rapidly be released from sediments and cause some degree of water
quality deterioration.
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Figure 6-3.6. Bar graphs summarizing ammonium (NHg*) fluxes (mean and standard deviation of triplicate measurements)
obtained during three research programs: Sediment Oxygen and Nutrient Exchanges (SONE) Program, Land Margin
Ecosystem Research (LMER) Program and Pooles Island Dredge Survey (PIDS) Program. Additional program information,
including study duration and station locations, is given in Table 3-3.
Positive values indicate fluxes from sediments to water while negative values indicate fluxes from water to sediment.
Each bar represents a single monitoring event; bar widths do not reflect more intensive sampling effort.
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Figure 6-3.7. Bar graphs summarizing nitrate (NO3" ) fluxes (mean and standard deviation of triplicate measurements)
obtained during three research programs: Sediment Oxygen and Nutrient Exchanges (SONE) Program, Land Margin
Ecosystem Research (LMER) Program and Pooles Isiand Dredge Survey (PIDS) Program. Additional program information,
including study duration and station locations, is given in Table 3-3.

Positive values indicate fluxes from sediments to water while negative values indicate fluxes from water to sediment.

Each bar represents a single monitoring event; bar widths do not reflect more intensive sampling effort.
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Figure 6-3.8. Bar graphs summarizing phosphate (PO4” ) fluxes (mean and standard deviation of triplicate measurements)
obtained during in three research programs including the current monitoring program at Pooles Island (PIDS). Program
designations, study duration and station locations are given in Table 6-3.1.

Positive values indicate fiuxes from sediments to water while negative values indicate fluxes from water to sediment.

Each bar represents a single monitoring event; bar widths do not reflect more intensive sampling effort.
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~ 6.3.5 Potential Impact of Sediment-Water Oxygen and Nutrient Exchanges

on Water Quality of the Upper Bay

The relative impact of sediment processes on overlying water quality can be viewed in terms
of the impact of these processes on water column oxygen and nutrient budgets. Specifically,
in this section the magnitude of sediment processes are compared to:

(1) oxygen stocks in the water column,
(2) the rate of nutrient supply from the Susquehanna River and
(3) phytoplankton demand for nitrogen and phosphorus.

Sediment oxygen consumption rates (SOC) were afpreciable in this area of the bay,
especially during 1985 and 1986 (see Section 6.3.4.2). If we use an SOC rate of 2.0 g O, m™
day™! (as an upper estimate of SOC rates) we can then compare this to the amount of
oxygen present in the water column and thus determine a potential turnover time. During
summer periods (June through August), we are able to calculate a turnover time of 12 days
based solely on SOC rates, using a mean depth of about 4 m for this section of the bay and
an average oxygen concentration of 6 mg I"l. Extensive measurements of water column
respiration rates are not available for this section of the bay but we suspect they would be at
least as large as SOC rates (Boynton and Kemp, 1985). The inclusion of water column
respiration rates would decrease oxygen turnover time to 6 days and probably less.
However, there are two additional sources of oxygen which would compensate for losses due
to biological respiration. First, phytoplankton produce oxygen during daylight hours as a
product of photosynthesis and it has often been observed that water column respiration is
tightly coupled to water column production. In essence then, oxygen losses due to water
column respiration may be largely compensated by water column production of oxygen.
This is probably not quite the case in the upper bay because the Susquehanna River
introduces considerable amounts of terrestrial detritus which would consume but not
produce any oxygen. Second, this area of the bay is vertically well-mixed due to wind and
tidal action. If oxygen concentrations in the water begin to decrease oxygen can diffuse
across the air-water interface and be rapidly mixed throughout the water column. In well-
mixed areas air-water diffusion of oxygen provides a very effective buffer against
development of low oxygen conditions. It would appear that despite the potential for high
rates of SOC, the development of low oxygen conditions in this area of the bay is unlikely. It
would appear that there would have to be some increase in stratification as well as

substantial increases in oxygen consumption rates for hypoxic or anoxic conditions to
develop.

A second approach to evaluating the impact of sediment-water nutrient exchanges on
overall water quality is to examine the magnitude of nutrient fluxes to or from sediments to
the magnitude of mutrient inputs from external sources. In the case of the upper bay
(defined here as the area of the bay from the mouth of the Susquehanna River to the bay
bridge at Annapolis) most of the nutrient load comes from the Susquehanna River. On an
annual basis nitrogen and phosphorus loads amount to about 97 g N m2yr’! and 3.4 gP m™
yr'! (Summers, 1989). These are very substantial loading rates when compared to other
portions of Chesapeake Bay and to most other estuarine areas (Nixon, 1981). If we assume
that ammonium fluxes in this portion of the bay average about 100 uMN m™ hr'! (Figure 6-
3.6. for 1985-1986 period, as an upper bound of observed NH4*+ fluxes), then this is
equivalent to a loading rate of about 12 g N m™ yr'! or only about 12% of the external
loading rate. In other areas of the bay, sediment releases of ammonium are as large or
several times larger than external inputs. In the upper bay sediment releases of ammonium
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are small relative to external sources of nitrogen. In actuality the impact of sediment
ammonium releases is even smaller than indicated above because sediments also remove
nitrate (another biologically reactive form of nitrogen) from overlying waters (Figure 6-3.7.).
Using an average nitrate uptake rate of about 50 uMN m™ hr! we find that sediments
remove this form of nitrogen at a rate of about 6 g N m™ yr™! or at about one half the rate
nitrogen is being added as ammonium. If the same sort of calculation is done for
ghosphorus, we find that sediment releases of phosphorus amount to about 1.4 g P m™ yr.

ediment releases of phosphorus represent about 40% of external loads which is more
substantial than the case for nitrogen but still small relative to the situation in most other
areas of the bay. While these calculations are crude, they suggest that nitrogen and
phosphorus releases from sediments are small compared to nutrient loads from point and
diffuse sources.

A final manner in which to place sediment nutrient releases in perspective is to examine the
amount of nitrogen and phosphorus supplied by sediments relative to the amount needed by
phytoplankton, the dominant autotrophic group in the upper bay region. Primary
production rates in the upper bay have been found to be on the order of 100 gC m™ yr’!
(Sellner, 1989). If this production rate is converted to nitrogen and phosphorus equivalents
using "Redfield composition ratios” (Redfield, 1934) we find phytoplankton nitrogen and
%hosphorus utilization rates of 150 uMN m™ hr! | and 10 uMP m™ hr™ , respectively.

sing the same average annual rates for sediment nitrogen and phosphorus releases we find
that sediments could provide about 50% and 50% of the nitrogen and phosphorus needs,
respectively. These percentages are substantial but it must be remembered that
phytoplankton production rates are low in the upper bay and it is the low rate of primary
production that makes sediment nutrient releases appear to be substantial.

At this point it appears that the overall role of sediments in determining water quality in this
region of the bay is relatively small, at least as far as oxygen, nitrogen and phosphorus
dynamics are concerned. However, the data base is extremely limited in the region of
Pooles Island and there appear to be some difficulties in extrapolating data collected at
lower salinity sites to this region. We have found that there are few, if any, substitutes for
carefully designed and consistent monitoring of various environmental variables as a means
of arriving at realistic and defensible evaluations of potential environmental modifications.
In view of this we would recommend that monitoring be continued at the Pooles Island site
for several years and that monitoring efforts be directed towards the warm seasons of the
year when sediment-water processes are at annual maxima.
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7. VERTICAL FLUX (VFX) RESULTS AND DISCUSSION:
Temporal Patterns of Organic Matter Distribution and
Deposition in the Mainstem Bay (Station R-64)

7.1 Overview

There are several ecological concepts that are central underpinnings of nutrient control
programs applied to estuarine systems such as Chesapeake Bay. One of these is that algal
biomass levels have upper bounds that are ultimately set by the degree of nutrient loading to
which the system is exposed and that biomass levels will respond to loading rate changes. A
second, and more recent concept, is that sediment processes in shallow systems play an
important role in processing nutrients and organic matter. Some of the success experienced
with the new Chesapeake Bay water quality model is apparently a result of explicit
incorporation of a sediment sub-model within the main modeling structure. In systems that
are moderately stratified, as are portions of the bay, primary production (and algal biomass
accumulation) and decomposition processes are separated in space, the former occurring
primarily in the upper mixed layer while a large percentage of the latter occurs beneath the
pycnocline and at the sediment-water interface. Deposition of particulate organic materials
1s one of the key mechanisms linking processes of production and decomposition.

From a management viewpoint, information related to deposition rates is important
because it is a measure of the amount of organic matter reaching deep waters serving to
support decomposition processes which, in some areas, causes oxygen depletion and habitat
loss. Our conceptual model suggests that as nutrient loads decrease in response to
management actions, so too will algal biomass levels, deposition rates and oxygen depletion
of deep waters.

Particle deposition rates have been measured at one station, R-64, in the mesohaline reach
of Chesapeake Bay since the summer of 1984. In the previous EPC Interpretive Report
(Boynton e al., 1991) data for six complete calendar years (1985-1990) were presented for
both particulate carbon and total chlorophyll-a deposition rates measured in the upper
mixed layer (surface collecting cups) and at depths in the vicinity of the pycnocline (mid-
depth collecting cups). A description of the patterns of particulate carbon and total
chlorophyll-a concentration and deposition rates for the 1991 period at station R-64 in the
mainstem bay follows.

7.2 Particulate Carbon and Total Chlorophyll-a Concentrations at R-64

Concentrations of particulate organic carbon from surface and mid-depth waters and total
chlorophyll-a from the same depth are shown in Figures 7-1.1. and 7-1.2. These data were
collected at station R-64 during 1991. Particulate carbon concentrations ranged from 400 to
2300 mg I"! in surface waters and from 400 to 2700 mg I"! in mid-depth waters. Except for
one observation (circa day 55) there was very good correspondence in temporal
concentration patterns between surface and mid-depth samples. However, there were some
large differences in the magnitude of concentrations and the degree to which concentrations
changed over time. For example, both surface and mid-depth samples showed a spike in
concentration on day 125 but the magnitude of the spike was much greater in mid-depth
than surface samples, while on day 240 the larger spike occurred in surface samples. Finally,
average concentrations during the summer period (days 150-270) were almost twice as high
in surface waters than in mid-depth waters.
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Figure 7-1.1. Plots of surface and mid-depth concentrations of particulate organic carbon from
station R-64 collected during 1991.
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Figure 7-1.2. Plots of surface and mid-depth concentrations of total chlorophyll-a from station R-64
collected during 1991.
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Total chlorophyll-a concentrations ranged from 2 to 63 ug 1! and 2 to 38 ug I"! in surface
and mid-depth samples, respectively. Once again, with an occasional exception, there was
good correspondence in temporal concentration patterns between surface and mid-depth
samples. In general chlorophyll-a concentrations were higher at mid-depth during spring
and higher in surface waters during summer.

The patterns of particulate carbon and total chlorophyll-a observed in 1991 were similar to
those observed in other years which had a spring bloom event. A noticeable exception to
this pattern was observed in 1989 when the spring bloom was severely attenuated, probably
in response to a delayed spring freshet.

7.3 Particulate Carbon Deposition Rates

Particulate carbon deposition rates based on data collected during 1991 from surface and
mid-depth collecting cups (deployed at depths of 5 and 9 meters from the surface) are
shown in Figure 7-2.1. These deposition rates have not been corrected for resuspension
effects. The height of each bar indicates the amount of deposition and the width of each bar
represents the period from the time of deployment to the time of retrieval. The average
length of deployment varied from four to fourteen days. During spring the traps were
deployed for longer periods than during summer months because during summer and early
fall fouling organisms (epiphytic plants and animals) fell into collecting cups and grew on the
surface of cups, masking the collection rate of newly depositing particulates. Zero (0.0)
values (or the absence of bars) indicate periods when traps were not deployed rather than
periods of time characterized by non-detectable deposition rates.

Deposition rates estimated from surface collections made in previous years varied between
350 and 1005 mg m™ d™! in 1985; 280 and 1900 mg m™2d™! in 1986; 220 and 1205 mg m™2d’!
in 1987; 200 and 1700 mg m™2d™! in 1988; 300 and 1200 mg m™2 d™ in 1989 and 220 and 1000
mgm™2dlin 1990. During 1991 deposition rates varied between 200 and 1050 mg m™2 d"L.
In most years, including 1991, there was an increase in deposition rates during mid spring
(circa day 100) which coincided with the spring phytoplankton bloom period. Additionally,
in four of the six years (1986, 1987, 1988 and 1989) high rates of particulate carbon
deposition (> 1000 mg C d!) were recorded during the summer, between the end of June
and the middie of August. Finally, in 1985, 1987, 1989 and 1990 deposition rates increased
sharply for a brief period in the fall, presumably in response to the deposition of the fall
diatom bloom. Deposition rates during summer of 1991 averaged about 850 mg m™ d™! and
there was not an indication of a fall bloom period of deposition.

The seasonal pattern for particulate carbon deposition rates to a depth of 9 meters (mid-
depth collecting cups), is much stronger than in surface collections, and values were
enerally greater than in surface collections, often by a factor of two or more (Figure 7-2.1.).
n part these differences were due to the fact that mid-depth cups were closer to the
sediment surface amd hence more prone to collect resuspended material than were surface
cups. However, the tops of the mid-depth collecting cups were always above or in the
pycnocline during 1991 and hence the effects of collecting locally resuspended material were
probably small. It seems more likely that mid-depth cup collections were larger because
they were exposed to a longer water column from which to collect new material.
Additionally, some portion of the spring bloom is concentrated in deeper waters and
deposition of this material is more available to mid-depth cups. The magnitude of rates
varied from 400 to 1800 mg m™2 d™! in 1985, 450 to 1690 mg m™ d™! in 1986, 380 to 1500 mg
m™d’lin 1987, 405 to 1600 mg m™ d™ in 1988, 420 to 2417 mg m™2 d! in 1989 and 310 to
1510 mg m™2 d™! in 1990. Collection rates varied from 300 to 1650 mg m™ d™! in 1991. The
spring bloom was clearly seen in all years, including 1991 (Figure 7-2.1.). During four years
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(1987, 1989, 1990 and 1991) there was also a strong peak in deposition rates during the fall
period. Values obtained during the summer months did not show any striking trends but
there were brief periods when rates were substantial.

In an earlier EPC Report (Boynton et al., 1991) several approaches were used to evaluate
the effectiveness of the sediment traps as devices for measuring deposition rates of
particulate organic matter. Deposition estimates derived from traps were found to be close
to those generated using alternative approaches for estimating net deposition rates. These
deposition rates corresponded to the difference between water column production and
consumption rates (referred to as net community production) rather than rates at which
organic matter is produced. In short, only that material which is not consumed in the upper
portion of the water column is available for deposition. For example, during spring
production rates are modest but water column respiration rates are small, possibly because
of cool temperatures. Deposition rates in spring have often been large. In summer water
column production rates are maximal but so also are respiration rates and hence much of
the material produced in the water column is consumed before being deposited and
deposition rates are generally lower in summer than in spring. In fact the occasional large,
but brief, deposition events that do occur during summer may well be the result of a small
mis-match between water column production and consumption rates.

7.4 Total Chiorophyll-a Deposition Rates

Data collected during 1991 to estimate total chlorophyll-a deposition rates to surface and
mid-depth collecting cups (deployed at a depth of 5 and 9 meters from the surface) are
shown in Figure 7-2.2. Total chlorophyll-a values have not been corrected for resuspension
effects, but we believe corrections would be small because chlorophyll-a is labile and hence
would not last long enough to be subjected to cycles of resuspension and redeposition
(Sections 6.9, Boynton et al., 1991). The height of each bar indicates the rate of deposition
while the width of each bar represents the period from the time of deployment to the time
of retrieval. The length of deployment period varied from four to fourteen days. During
spring the traps were deployed for longer periods than during summer months because
during summer (and early fall) fouling organisms (epiphytic plants and animals) were
abundant and their inclusion in samples would mask the rate of collection of newly
depositing particulates. Zero (0.0) values (or the absence of bars) indicate periods when
traps were not set rather than periods when deposition rates were below detection levels.

Total chlorophyll-a deposition rates may present a clearer picture of deposition rates of
"new material" than uncorrected estimates based on particulate organic carbon, nitrogen or
phosphorus because resuspension effects are probably minimal in the case of chlorophyli-a.
The magnitude of total chlorophyll-a deposition rates in the surface layer varied from 1.5 to
25.5 mg m™ d’! during the monitoring period. If chlorophyll-a deposition rates are
converted to carbon (using a carbon : chlorophyll-a ratio of 50), rates of 0.1-1.3 gC m™ d'!
are obtained and are probably close to being unbiased by resuspension effects. These rates
represent a substantial percentage (40-60%) of annual phytoplanktonic production in
surface waters and indicate the strength of benthic-pelagic coupling in the central bay
region. In most years there was a readily interpretable seasonal pattern of total chlorophyll-
a deposition. Rates were high for a period in the spring (circa day 100), variable but
generally lower during summer (days 150-275) and briefly elevated during early fall (circa
day 300). Spring deposition is in response to the settling of the spring diatom bloom. Spikes
in summer deposition rates are probably the result of settling of summer algal blooms. In
most years, but not all, there is a brief fall diatom bloom (Magnien et al., 1990) and the
settling of this bloom is reflected in increased deposition rates. Deposition rates during 1991
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Figure 7-2.1. Bar graphs showing estimated particulate organic carbon deposition rates for 1991
based on data collected from surface water collecting cups (5 meter depth) and mid-depth
collecting cups (9 meter depth) at station R-64 In the mid Chesapeake Bay. Values are
uncorrected for resuspension. The height of each bar indicates the estimated rate of deposition of
particulate organic carbon while bar widths represent the time Interval the collecting cups were
deployed.
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Figure 7-2.2. Bar graphs showing estimated total chlorophyll-a deposition rates for 1991 based on
data collected from surface water collecting cups (5 meters) and deep water collecting cups (9
meter depth) at station R-64 in the mid Chesapeake Bay. Values are uncorrected for resuspension.
The height of each bar Indicates the estimated rate of deposition of total chlorophyll-a while bar
widths represent the time interval the collecting cups were deployed.




were within the range of values reported in earlier years. In 1991 both spring and fall
deposition periods were evident.

Estimates of total chlorophyll-a deposition based on mid-depth cup collections ranged from
2.4 to 36.6 mg m™ d’! during the monitoring period. Rates varied from 2 to 23 mg m™ d’!
during 1991 and both spring and fall deposition periods were evident. More typical rates
were in the range of 5-15 mg m™ d”!. In carbon equivalents these rates range from 0.1 to 0.8
gC m™ d'! with maximum rates reaching 1.8 gC m™ dl. In general, mid-depth collection
rates were only somewhat greater than surface collections. As noted above, this was not the
case for particulate carbon deposition rates, where mid-depth collections were considerably
greater possibly because of resuspension effects. The seasonal pattern of chlorophyll-a
deposition was very similar to that observed in surface waters but was more distinct at
depth. Additionally, inter-annual differences were also more apparent from mid-depth
collections. For example, there was but a small indication of a spring bloom in 1989, as
noted in other portions of the monitoring program (Magnien et al., 1990; Sellner, 1989), but
well developed bloom signals in other years.

A strong and repeatable patterns of deposition been found, which appear to be related to
inter-annual variations in nutrient loading and plankton dynamics. Additionally, a

substantial fraction of primary production from overlying waters is deposited in deeper
waters.

7.5 Spring Deposition and Hypoxia in the Mainstem Bay

In the previous EPC Interpretive Report, water column and deposition rate data for the
spring (March - May) periods from 1985-1990 were examined for indications of biological
influences on initiation of hypoxic conditions in this region of the bay. This analysis has now
been extended to include data collected during 1991.

One of the main water quality problems in the bay is the yearly development of zones of
hypoxic or anoxic water in deep areas during summer periods. The conceptual model used
to guide the EPC program indicates that as nutrient loads to the bay decrease (in response
to management actions), algal biomass accumulation in the euphotic zone, deposition rates
of organic matter to deep waters and deep water and sediment oxygen consumption rates
should also decrease. The end result would be a diminution of low oxygen conditions. One
of the main goals of the 1991 reevaluation effort was to determine just how much nutrient
loads need to be reduced to alleviate low oxygen conditions.

Developing relationships between nutrient loading rates and oxygen conditions is not a
simple task. A state-of-the-art mathematical simulation model has been developed to
address this and other questions. One of the more difficult aspects of this problem is
separating the influence of stratification, which inhibits oxygen supplies to waters beneath
the pycnocline, from other sources of oxygen demand which are ultimately based on organic
matter availability. EPC data are not adequate to entirely resolve this problem but it does
appear possible to develop relationships between deep water oxygen characteristics and
organic matter deposition rates for an region of the mainstem bay where seasonal oxygen
problems are chronic.

Data collected by the EPC, and other components of the monitoring program (Magnien et
al., 1990), exhibited deep water oxygen characteristics in the mainstem bay which suggested
that deposition-oxygen status relationships might exist. First, severe hypoxic or anoxic
conditions have developed in deep waters for some period of time during each year since
the monitoring program began in 1984. Even the lowest nutrient loading conditions
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observed during this period produced enough phytoplankton biomass to "organic matter
saturate" the system and produce low oxygen concentrations. In other words, there is more
organic matter produced in the system than there is oxygen available to oxidize this material
during summer periods. Second, in 1989 the spring freshet (and associated nutrient load)
did not enter the bay until mid-May. The spring phytoplankton bloom did not develop to
any significant extent and deep water oxygen depletion was delayed for about a month.

These results suggested that deep water oxygen conditions were regulated, at least in part,
by the amount of organic material deposited during spring. Vertical mixing of oxygen trom
surface to deep waters, which is influenced by the degree of water column stratification, is
also involved. Separating the effects of biological and physical processes is one of the most
difficult aspects of this problem to resolve. Finally, since it appears that the system usually
receives enough organic matter to produce hypoxic/anoxic conditions, the inter-annual
pattern of oxygen decline may be largely determined by the magnitude of early spring
deposition. Deposition later in spring and early summer may have little to do with creating
poor oxygen conditions but more to do with maintaining such conditions.

Bottom water oxygen concentrations are routinely measured, on a biweekly or weekly basis,
at the VFX site located adjacent to station R-64 (Figure 3-1.) in the mainstem bay. Water
depth at this site is about 17 meters and vertical stratification characteristics are typical of
this region of the bay. The daily rate of change in oxygen concentration (dOZ2/dt) and
percent saturation (dO; sat/dt) were calculated using these data for spring periods for the
years 1985-1991. The time period over which rates of change were calculated varied slightly
among years but generally included the period from the beginning of March through the
middle ‘of May. The criteria used to determine the starting point was that the first
observation to be used was not followed by any oxygen measurements of higher
concentration.  Typically, during late winter and early spring deep water oxygen
concentrations exhibit both small increases and decreases over time but are generally close
to saturation. The final oxygen measurement used was the last value greater than 1 mg 1-1.
The rates of oxygen decline for the years 1985 through 1991 calculated from these data were
very linear (r2 values associated with linear regressions > 0.92) and differed appreciably
among years (0.092 mg 1"t d™1 to0 0.169 mg It d°1).

The "organic matter saturation" concept described above suggested that dissolved oxygen
declines were most strongly caused by early deposition events rather than events that
occurred later in spring or summer. Accordingly, average spring deposition rates of total
chlorophyll-a (mid-depth collecting cups) were calculated for each year using deposition
data collected between early February and the beginning of May. Chlorophyll-a rather than
particulate carbon was selected as the primary variable investigated because it appears to be
a better measure of new deposition relatively uncontaminated by local sediment
resuspension. Chlorophyll-a also more closely approximates labile organic matter stocks
than does a measure of total particulate carbon. In addition, maximum deposition rates
were also organized for this period as were surface and deep water total chlorophyli-a
concentrations. Significant relationships were found between the rate of oxygen decline
(dO/dt and dO; sat/dt) and average total chlorophyll-a deposition rates during early spring
periods (Figure 7-3.). Less significant relationships were also found between both measures
of dissolved oxygen decline and maximum deposition rates during the same time period.
Average deposition rates which included May or May and June data were not well
correlated with dissolved oxygen rates of decline. Neither surface nor bottom water total
chlorophyll-a concentrations were consistently related to measures of dissolved oxygen
decline although trends were similar to those observed for deposition rates.

These results are interesting because they indicate the general influence of biological
processes on oxygen declines and they relate oxygen declines to nutrient-related processes
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which are susceptible to management action. However, at least two alternative explanations
exist and these, if true, do not readily lend themselves to management actions. First, it can
be hypothesized that different spring rates of oxygen decline are caused by inter-annual
differences in temperature regimes. Oxygen declines would be more rapid in warm years
than in cool years simply because of the influence of temperature on respiration rates. In
this scenario, organic matter needed to support respiration has never been limiting, even
during the early spring period. This explanation seems unlikely to be the prime cause
because inter-annual temperature differences have been small over the period of record.
For the most part warm and cool springs were not correlated with high and low rates of
oxygen decline, although temperatures during 1991 were low, consistent with this alternative
explanation (Figure 7-3.). Second, it could be hypothesized that the cause is related to inter-
annual differences in the degree of water column stratification. In years when the water
column is highly stratified, less mixing of oxygen from surface to deep water would occur and
oxygen rates of decline would be greater. Stratification certainly plays a major role in
determining deep water oxygen characteristics but there appears to be less of a case to be
made for stratification being a dominant factor in causing inter-annual differences in oxygen
rates of decline. As shown in Figure 7-3. there are inter-annual differences in average spring
salinity gradients (bottom minus surface salinity). However, the years of high and low
stratification do not correspond to years of high and low rates of oxygen decline as they
should if stratification was a prime factor in causing these differences (Figure 7-3.). The
addition of data collected during 1991 strengthened the relationships shown in Figure 7-3.
but the changes were small.

MDE/EPC LEVEL 1 REPORT NO. 9 (Interpretive)



20

Sta R-64

(Spring)
>

Ave Bottom Temperature, C
Ave Deita Salinity, ppt
(Spring)

~ - ~ -
8§ § § % % § 3 i §# 3§ 3§ 8§ & 8
YEAR YEAR
2.0
J 1.6F J
[ ]
4 1.2 L) o
[ ]
§ .
®
J 0.8| J
L
\1901
J 0.4
y =3.42800-2 +0.18410-3x RA2 = 0.682 y = 0.19701 + 8.98070-2x R*2=0.712
0.00 L 1 1 1 0.0 L 1 i 1
' 4 [ 12 18 20 ° 4 s 12 16 20
Totat Chioro| - Total Chiorophyll-e
Deposition Rate ( ) Deposition Rate (mid-depth)
mg/m2/dey (mg/m2/day)

Figure 7-3. Bar graphs of average bottom water temperature and salinity gradient (bottom minus
surface salinities) during spring periods of 1985-1991 at station R-64 in the mainstem bay. Also
shown are scatter plots of rates of change of dissolved oxygen (dO2\dt) and dissolved oxygen
saturation (d O sat\dt) versus total chlorophyll-a deposition at mid-depth of the water column (Mid-
depth Deposition Rate, mg m™ d™). Deposition and dissolved oxygen data were also collected at
station R-64 during spring periods of 1985-1991.

MDE/EPC LEVEL 1 REPORT NO. 9 (Interpretive)
-81-



REFERENCES

Aspila, 1., H. Agemian, and A.S.Y. Chau. 1976. A semi-automated method for the
determination of inorganic, organic and total phosphate in sediments. Analyst
101:187-197.

Boynton, W.R. and W.M. Kemp. 1985. Nutrient regeneration and oxygen consumption by
sediments along an estuarine salinity gradient. Mar. Ecol. Prog. Ser. 23:45-55.

Boynton, W.R., W.M. Kemp and J.M. Barnes. 1985. Ecosystem Processes Component
Level I Data Report No. 2. Chesapeake Biological Laboratory (CBL), University of
Maryland System, Solomons, MD 20688 0038. % MCEES]CBL ef. No. 85-121.

Boynton, W.R., WM. Kemp and C.W. Keefe. 1982a. A comparative analysis of nutrients
and other factors influencing estuarine phytoplankton production, p. 69-90. In: V.S.
Kennedy, [Ed.], Estuarine Comparisons, Academic Press, NY.

Boynton, W.R., W.M. Kemp and C.G. Osborne. 1980. Nutrient fluxes across the sediment-
water interface in the turbid zone of a coastal plain estuary, p. 93-109. In: V.S.
Kennedy, [Ed.], Estuarine Perspectives, Academic Press, NY.

Boynton, W.R., W.M. Kemp, J.M. Barnes, L.L. Matteson, J.L. Watts, S. Stammerjohn, D.A.
Jasinski and F.M. Rohland. 1991. Ecosystem Processes Component Level 1
Interpretive Report No. 8. Chesapeake Biological Laboratory (CBL), University of
Maryland System, Solomons, MD 20688-0038. [UMCEES] CBL Ref. No. 91-110.

Boynton, W.R., WM. Kemp, J.M. Barnes, L.L. Matteson, J.L. Watts, S.E. Stammerjohn,
D.A. Jasinski, F.M. Rohland and J.H. Garber. 1992b. Special Report: Pooles Island
and Upper Chesapeake Bay, Data and Progress Report. Chesapeake Biological
Laboratmg &CBL University of Maryland System, Solomons, MD 20688-0038.
[UMCEES] CBL Ref. No. 92-022.

Boynton, W.R., WM. Kemp, J.H. Garber and J.M. Barnes. 1986. Ecosystem Processes
Component Level 1 Interpretive Report No. 3. Chesapeake Biological Laboratory

&CBL University of Maryland System, Solomons, MD 20688-0038. [UMCEES].
BL Ref. No. 86-56b.

Boynton, W.R.,, WM. Kemp, J.H. Garber, J.M. Barnes, L.L. Robertson and J.L. Watts.
1987. Ecosystern Processes Component Level 1 Interpretive Report No. 4.
Chesapeake Biological Laboratory (CBL), University of Maryland System,
Solomons, MD 20688-0038. [UMCEES] CBL Ref. No. 83-06.

Boynton, W.R.,, WM. Kemp, J.H. Garber, J.M. Barnes, L.L. Robertson and J.L. Watts.
1988. Ecosystem Processes Component Level 1 Interpretive Report No. 5.
Chesapeake Biological Laboratory (CBL), University of Maryland System,
Solomons, MD 20688-0038. [UMCEES] CBL Ref. No. 88-69.

Boynton, W.R., WM. Kemp, L. Lubbers, K.V. Wood and C.W. Keefe. 1985. Ecosystem
Processes Component. Pilot Study, June-July 1984. Chesapeake Biological
Laborato ECBL University of Maryland System, Solomons, MD 20688-0038.
[UMCEE ] CBL Ref. No. 85-3.

MDE/EPC LEVEL 1 REPORT NO. 9 (Interpretive)



Boynton, W.R., W.M. Kemp, C.G. Osborne, E. Spalding, C.W. Keefe and K.V. Wood. 1982b.
Estuarine community dynamics in relation to power plant operations. Chesapeake
Biological Laboratory (CBL), University of Maryland System, Solomons, MD 20688-
0038. [UMCEES] CBL Ref. No. 82-78.

Boynton, W.R., J.H. Garber, WM. Kemp, J.M. Barnes, L.L. Matteson, J.L. Watts, S.
Stammerjohn and F.M. Rohland. 1990. Ecosystem Processes Component Level 1
Interpretive Report No. 7. Chesapeake Biological Laboratory (CBL), University of
Maryland System, Solomons, MD 20688-0038. [UMCEES] CBL Ref. No. 90-062.

Boynton, W.R., J.H. Garber, W.M. Kemp, J.M. Barnes, J.L. Watts., S. Stammerjohn and
L.L. Matteson. 1989. Ecosystem Processes Component Level 1 Interpretive Report
No. 6. Chesapeake Biological Laboratory (CBL), University of Maryland System,
Solomons, MD 20688-0038. [UMCEES] CBL Ref. No. 89-080.

Boynton, W.R., J.H. Garber, WM. Kemp, and R. Summers. 1992a. Input, Storage,
Recycling and Fate of Nitrogen and Phosphorus in Chesapeake Bay and Selected
Tributaries. Draft Report to Maryland Department of the Environment, 2500
Broening Highway, Baltimore, MD 21224,

Boynton, W.R. and F.M. Rohland. 1990. Ecosystem Processes Component (EPC) Data
Dictionary. Chesapeake Biological Laboratory (CBL), University of Maryland
System, Solomons, MD 20688-0038. [UMCEES] CBL Ref. No. 90-029.

D’Elia, C.F., D.M. Nelson, and W.R. Boynton. 1983. Chesapeake Bay nutrient and

plankton dynamics: III. The annual cycle of dissolved silicon. Geochim. Cosmochim.
Acta 14:1945-1955.

Environmental Protection Agency (EPA). 1979. Methods for Chemical Analysis of Water
and Wastes. USEPA-6000/4-79-020. Environmental Monitoring and Support
Laboratory, Cincinnati, OH.

Environmental Protection Agency (EPA). 1989. Sediment data management plan.
Chesapeake Bay Program. CBP/TRS 29/89.

Garber, J.H., W.R. Boynton, and W.M. Kemp. 1987. Ecosystem processes component-
study plan and budget for FY88. Maryland Office of Environmental Programs.
Maryland Chesapeake Bay Water Quality Monitoring Program. Chesapeake
Biological Laboratory (CBL), University of Maryland System, Solomons, MD 20688-
0038. [UMCEES] CBL Ref. No. 87-50.

Garber, J.H., W.R. Boynton, J.M. Barnes., L.L. Matteson, L.L. Robertson, A.D. Ward and
J.L. Watts. 1989. Ecosystem Processes Component and Benthic Exchange and
Sediment Transformations. Final Data Report. Maryland Department of the
Environment. Maryland Chesapeake Bay Water Quality Monitoring Program.
Chesapeake Biological Laboratory (CBL), University of Maryland System,
Solomons, MD 20688-0038. [UMCEES] CBL Ref. No. 89-075.

Hargrave, B.T. 1972. Oxidation-reduction potentials, O)ggen concentrations and oxygen
uptake of profundal sediments in a eutrophic lake. Oikos. 23:166-177.

MDE/EPC LEVEL 1 REPORT NO. 9 (interpretive)



Holland, A.F., A.T. Shaughnessy, L.C. Scott, B.A. Dickens, J. Gerritsen and J.A.
Ranasinghe. 1989. Long term benthic monitoring and assessment program of the
Maryland portion of Chesapeake Bay: Interpretive Report (Prepared for the
Maryland Department of Natural Resources). RSAR Inc., 1900 Rumsay Road,
Columbia MD 21045. CBRM-LTB/EST 89-2. :

Jacobs, F. 1989. Macrozooplankton Component. Maryland Chesapeake Bay Water
Quality Monitoring Program. Interpretive Report. MAryland Department of the
Environment, Baltimore, MD.

James, RW., Jr., J.F. Horlein, B.F. Strain and M.J. Smigaj. 1990. Water Resources Data
Maryland and Delaware Water Year 1990. 1. Atlantic Slope Basins, Delaware River
through Patuxent River. U.S. Geological Survey Water-Data Report MD-DE-90-1.

Jenkins M.C. and W.M. Kemp. 1984. The coupling of nitrification and denitrification in
two estuarine sediments. Limnol. Oceonogr. 30: 111-122.

Jensen, M.H., E. Lomstein and J. Sorensen. 1990. Bethic NH4 and NO3 flux following
sedimentation of a spring phytoplankton bloom in Aarhus Bight, Denmark. Mar.
Ecol. Prog. Ser. 61:87-96.

Kelly, J.R. and S.W. Nixon. 1984. Experimental studies of the effect of organic deposition
on the metabolism of a coastal marine bottom community. Mar Ecol. Prog. Ser.
17:157-169.

Kemp, W.M. and W.R. Boynton. 1980. Influence of biological and physical factors on
dissolved oxygen dynamics in an estuarine system: implications for measurement of
community metabolism. Estuar. Coast. Mar. Sci. 11:407-431.

Kemp, W.M. and W.R. Boynton. 1981. External and internal factors regulating metabolic
rates of an estuarine benthic community. Oecologia 51:19-27.

Kemp, W.M. and W.R. Boynton. 1984. Spatial and temporal coupling of nutrient inputs to

estuarine primary production: the role of particulate transport and decomposition.
Bull. Mar. Sci. 35:522-535.

Kemp, W.M. and W.R. Boynton. 1992. Benthic-Pelagic Interactions: Nutrient and Oxygen
Dynamics. In: D.E. Smith, M. Leffler and G. Mackiernan [Eds.}, Oxygen Dynamics
in the Chesapeake Bay: A synthesis of Recent Research, Maryland Sea Grant Book,
College Park, MD, p. 149-221.

Kemp, WM., W.R. Boynton, J.C. Stevenson, R.W. Twilley and J.C. Means. 1983. The
decline of submerged vascular plants in Chesapeake Bay: summary of results
concerning possible causes. Mar. Tech. Soc. J. 17(2):78-89.

Klump, J.R. and C.S. Martens. 1981. Biogeochemical cycling in an organic rich coastal

marine basin. II.  Nutrient sediment-water exchange process. Geochim.
Cosmochim. Acta. 45:101-121.

Magnien R.E. et al. 1987. Monitoring for management actions. First Biennial Report. The
Maryland Office of Environmental Programs, Chesapeake Bay, Water Quality
Monitoring Program, Baltimore, MD.

MDE/EPC LEVEL 1 REPORT NO. 9 (Interpretive)



Magnien, R.E., D.K. Austin and B.D. Michael. 1990. Chemical/Physical Properties
Component: Level I Data report. Chesapeake Bay Projects Division, Chesapeake
Bay and Special Projects Program, Water Management Administration, 2500
Broening Highway, Baltimore, MD 21224.

Malone, T.C. 1992. Effects of Water Column Processes on Dissolved Oxygen Nutrients,
Phytoplankton and Zooplankton. In: D.E. Smith, M. Leffler and G. Mackiernan
[Eds.], Oxygen Dynamics in the Chesapeake Bay: A synthesis of Recent Research,
Maryland Sea Grant Book, College Park, MD, p. 149-221.

Nixon, S.W. 1981. Remineralization and nutrient cycling in coastal marine ecosystems, p.
111-138. In: B.J. Neilson and L.E. Cronin [Eds.}, Estuaries and Nutrients, Humana
Press, Clifton, NJ.

Nixon, S.W. 1988. Physical energy inputs and the comparative ecology of lake and marine
ecosystems. Lomnol. Oceanogr., 33 (4, part 2), 1005-1025.

Paasche, E. 1973. The influence of cell size on growth rate, silica content, and some other
properties of four marine diatom species. Norw. J. Bot. 20:197-204.

Progress Report of the Baywide Nutrient Reduction Reevaluation, Chesapeake Bay
Program. 1992. U.S. Environmental Protection Agency for the Chesapeake Bay
Program [CSC.LR18.12/91].

Redfield, A.C. 1934. On the proportions of organic derivatives in seawater and their
relation to the composition of glankton. In: James Johnstone Memorial Volume.
University Press, Liverpool, p. 176-192.

Roden, E.E. 1990. Sediment sulfur cycling and its relationship with carbon cycling and
oxygen balance in the Chesapeake Bay. Ph. D. Thesis. MEES Program, University
of Maryland. 256 p.

Sellner, K. 1989. Long term phytoplankton monitoring and assessment program. Maryland
Chesapeake Bay Water Quality Monitoring Program. Benedict Estuarine Research
Laboratory, Benedict, MD.

Shoaf, W.T. and B.W. Lium. 1976. Improved extraction of chlorophyll a and b from algae
using dimethyl sulfoxide. Limnol. Oceanogr. 21:926-928.

Strickland, J.D.H. and T.R. Parsons. 1972. A practical handbook of seawater analysis.
Fish. Res. Bd. Can. Bull. 167 (second edition).

Summers, R.M. 1989. Point and Non-point Source Nitrogen and Phosphorus loading to the
Northern Chesapeake Bay. Maryland Department of the Environment, Water
Management Administration, Chesapeake Bay and Special Projects Program.
Technical Report, Baltimore MD.

Technicon Industrial Systems. 1977. Silicates in water and seawater. Industrial Method
No. 186-72W/B. Technicon Industrial Systems, Terrytown, NY.

MDE/EPC LEVEL 1 REPORT NO. 8 (Interpretive)
-85-



	1992DNR_EPC_LEVEL_1_No.9_Interpretive_June1992.pdf
	1-41.pdf
	1-41.pdf

	42-85.pdf



