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PREFACE
This report is submitted in accordance with the Schedule of Deliverables set out in
Contract 447-C-MDE 92 between the Maryland Department of the Environment
MDE), Chesapeake Bay and Special Projects Program and the University of Maryland
ystem, Center for Environmental and Estuarine Studies (CEES).

&

This report outlines sampling and data management procedures used by the Ecos stems
Processes Component (EPC) of the Maryland Chesapeake Bay Water Buality
Monitoring Program to collect and analyze data. The remainder of the text describes
the temporal and spatial behavior of all the variables measured. The results of a series
of statistical analyses completed on five SONE flux variables is presented in Section 8.
SONE and VFX data for all previous years, August 1984 through December 1991, were
submitted as a four volume reference data set with the Level 1, Interpretive Reports.
Data volumes I and I1 containin data for Au ust 1984 throu h December 1989 were
submitted with the Level 1, No. f ~ n t e r ~ r e t i lieport
ve
[UMCE SICBL Ref. No. 90-062
Boynton et al., 1990). One set of changes pa es has been inserted into Volumes I and I1
Boynton, Rohland and Matteson, 1992). olume I11 contains SONE data tables for
Volume IV contains VFX data for 1990 through 1992 (Appendix
was terminated on 3rd June, 1992 when the sediment traps were
data set is now com lete. These two volumes were part of
Level One, Report No. 9 [UMCEESICBL Ref. o. 92-042 (Boynton et al., 1992b).

k

4

8

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 Chesa eake Bay Program called CHESSEE are listed in Appendix A, Table
A-1, Level 1 No. P~nterpretiveReport Part 11: Data Tables (Boynton el. al., 1990), and
in the EPC Data Dictionary Boynton and Rohland, 1990). Entries are arranged
alphabetically using the MDEIE C table names.

b

Appendix D contains copies of programs developed by Dr Larry Douglass, Research
Statistician at the University of Maryland System, College Park. Dr Douglass provided
valuable assistance as a consultant with regard to the rigorous statistical testing of SONE
sediment-water flux data presented in section 8.
A copy of the Ecosystem Processes Component Data Dictionary is available on request
from Dr. R. Eskin (Maryland De artment of the Environment) or from Dr. F.M.
Rohland (Chesapeake Biological Laboratory).
Any specific uestions concernin
chan es in file or variable names should be directed to: Dr.
Tel. (4107
326- 215.

7

kohland: and:

LIST OF FIGURES
Page No.
3-1.

Location of current and previous SONE and VFX Monitoring Stations
in the Maryland portion of Chesapeake Bay. ...................... 8

3-3.1. SONE and VFX sampling schedule for 1984-1986 .................. 15
3-3.2. SONE and VFX sampling schedule for 1987-1989. ................. 16
3-3.3. SONE and VFX sampling schedule for 1990-1992. ................. 17
4-1.

Schematic diagram of the Incubation Chamber. ....................26

4-2.

Schematic diagram of the Sediment Trap used in VFX monitoring ... .28

6-1.1. Bar graphs of average annual river flow from the Susquehanna,
Potomac, Patuxent and Choptank Rivers for the period 1978
through 1992 (James et al., 1990; J. Horlein, pers.comm. ) ........... .36
6-1.2. Bar graphs of average monthly river flow from the Susquehanna,
Potomac, Patuxent and Choptank Rivers
for 1992.. .................................................... 38
6-2.la. Mean monthl sediment oxy en consumption (SOC) rates (April
to ~ o v e m b e r rat eight SO E stations located in the Maryland
portion of
Chesapeake Bay ..............................................4 1

It

6-2.lb. Mean monthly ammonium (NH4+) flux rates (April to
November) at eight SONE stations located in the Maryland
portion of
Chesapeake Bay. ............................................ .43

+

6-2.1~. Mean monthl nitrate plus nitrite ( N a ' NOs') flux rates (April
to ~ovemberyat eight SONE stations located in the Maryland
portion of
Chesapeake Bay. ............................................ .45
6-2.ld. Mean monthly phosphorus (P04' or DIP) flux rates (April to
November) at eight SONE stations located in the Maryland
portion of
Chesapeake Bay. .............................................47
6-2.le. Mean monthly silicate (Si) flux rates (April to November) at eight
SONE stations located in the Maryland portion of
Chesapeake Bay. .............................................49

LIST OF FIGURES (Continued)
Page No.
6-3.1. Monthly bottom water dissolved oxygen concentrations (April to
November) at eight SONE stations located in the Maryland
portion of Chesapeake Bay.. ................................... .54
6-3.2. Monthly sediment total chlorophyll-a concentrations (April to
November) at eight SONE stations located in the Maryland
portion of Chesapeake Bay. .....................................55
6-3.3. Monthly surficial (sediment-water interface, sediment depth = 0
cm) sediment Eh values (April to November) at eight stations
located in the Maryland portion of
ChesapeakeBay............................................... 56
6-4.

Scatter lots of surficial sediment total chlorophyll-a mass versus
N&+, IJ
0 4'- and Si fluxes at three locations along the
longitudinal axis of Chesapeake Bay. ..............................59

7-1.

Plots of surface and mid-depth concentrations of particulate
organic carbon and total chlorophyll-a
from station R-64 collected during 1992. .......................... 62

7-2.

Plots of surface and mid-depth deposition rates of particulate
organic carbon and total chlorophyll-a
from station R-64 collected during 1992. .......................... .63

7-3.1. Bar graphs showing estimated particulate organic carbon
deposition rates for the period 1985 - 1992 based on the 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. ...........................................67
7-3.2. Bar graphs showing estimated total chlorophyll-a deposition rates
for the period 1985 - 1992 based on the data collected from surface
water collecting cu s (5 meter depth) and mid-depth collecting
cups 9 meter depthy at station R-61 in the
mid hesapeake Bay. ...........................................68

d

7-3.3. Bar graphs showing calculated particulate carbon deposition rates
for the period 1985 - 1992 based on the data collected from surface
water collecting cu s (5 meter depth) and mid-depth collecting
cups 9 meter depthy at station R-64 in the
mid hesapeake Bay. ...........................................69

d

LIST OF FIGURES (Continued)
7-4.

Page No.

Scatter plot or river flow (x-variable) from the Susquehanna River
average flows from the December - February period) versus
eposition rates of total chlorophyll-a during the spring bloom

6

g%
: om
7-5.

-

1985 1992 are included in the analysis. ................ . 7 3

A scatter plot of dissolved oxygen time rate of chan e ( d w d t ; mg
1-1 day') versus total chlorophyll-a deposition rates $m m-2 dayl)

8

at mid depth in the water column. Data were collecte at station
R-64 in the mesohaline region of the mainstem Chesapeake Bay
during spring periods between 1985 and 1992 ......................77

8-1.

) the year 1991, 1992,1994,
Power curves for ammonium ( N H ~ +for
1996 and 2000. ................................................ 90

LIST OF TABLES
Page No.
3-1.1. Station Name, ID and Sampling Order ............................ 9
3-1.2. Station Code, Grid Location and Nearest MDE Station ............. 10
3-1.3. Station Code and Description
3-2.

................................... 11

Station Salinity. ................................................12

3-4.1. SONE Cruise Identifier ......................................... 18
3-4.2. VFX Cruise Dates 23rd July 1984 to 30th August 1984) for Station
Thomas Point (TM T) ..........................................20

6

3-4.3. VFX Cruise Dates (17th September 1984 to 27th June 1985) for
Station R-78. .................................................20
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) ...... 21
5-1.

Analysis Problem Codes. ....................................... .33

7-1

Estimates of total chlorophyll-a de osition (mg m-2) to mid-depth
cups during spring bloom periods 6ays 50 - 150) in 1985 - 1992 ...... .70

7-2

Monthly avera e river flow from the Susquehanna River measured at
Conowingo, M from October 1984 through June 1992. ............71

8-1

Number of observations (1985 1991) included in the
statistical analyses ............................................. .81

8.2

Table of mean square values for flux rates from Stage 3:
Analysis of Variance ............................................85

8.3

Table of Least Square Means by River for Change in F l m e a r
for five SONE variables .........................................86

8.4

Least Square Mean values for change in flux per year for
six stations and five SONE variabes
from Stage 3: Analysis of Variance ................................ 88

8-5

A summary of the detection limits (p > 0.95) changes in
sediment-water fluxes estimated from the

%

-

power analyses .................................................91

LIST OF TABLES (Continued)
Page No.
APPENDIX A.
SEDIMENT DATA DICTIONARY:
A-1. SONE and VFX variable parameter list . . . . . . . . . . . . . . . . . . . . .A-1

APPENDIX B:

(Volume 111: Boynton et al., 1992: [UMCEES]CBL Ref. No. 92-042)

1992:

SEDIMENT OXYGEN AND NUTRIENT EXCHANGES (SONE)
DATA SET:
DATA FILES FOR SONE PROGRAM: CRUISES 35 - 40
(January - December 1992)
B-1.

WATER COLUMN PROFILES:
Vertical profiles of temperature, salinity, dissolved oxygen
and other characteristics at SONE stations . . . . . . . . . . . . B1-1
FILENAME: H20PRFxx
1992
May 1992.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . B1-1
June 1992 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . B1-3
July 1992 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . B1-5
August 1992 . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .B1-7
September 1992 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . B1-9
October 1992 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . B1-11

B-1.35.
B-1.36.
B-1.37.
B-1.38.
B-1.39.
B-1.40.
B-2.

WATER COLUMN NUTRIENTS:
Dissolved and particulate nutrient concentrations
in surface and bottom water at SONE stations . . . . . . . . B2-1
FILENAME: H20NUTxx

B-2.35.
B-2.36.
B-2.37.
B-2.38.
B-2.39.
B-2.40.

1992
May 1992 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . B2-1
June 1992.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . B2-2
July 1992.. . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . B2-3
August 1992 . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .B2-4
September 1992.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . B2-5
October 1992 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . B2-6

.

LIST OF TABLES (Continued)
Page No.

APPENDIX B: (Continued)

(Volume 111:Boynton et al., 1992: [UMCEESICBL Ref. No. 92-042)

1992:
SEDIMENT OXYGEN AND NUTRIENT EXCHANGES (SONE)
DATA SET: (Continued)
DATA FILES FOR SONE PROGRAM: CRUISES 35 - 40
(January - December 1992)

B-3.

SEDIMENT PROFILES:
Vertical sediment rofiles of Eh and surficial sediment
characteristics at ONE stations ..................... B3-1
FILENAME: SEDPRFxx

8

B-3.35.
B-3.36.
B-3.37.
B-3.38.
B-3.39.
B-3.40.
B-4.

1992
May 1992 ......................................... B3-1
June 1992.. ...................................... B3-5
July 1992.. ...................................... B3-9
August 1992 .......................................B3-13
September 1992 ................................... B3-17
October 1992.. ................................... B3-21

CORE PROFILES:
Vertical profiles of percenta e H20 particulates
and pore water nutrients at ONE stations
FILENAME: CORPRFxx

d

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

B-5. CORE DATA:
Dissolved nutrient and oxygen concentrations in
SONE sediment-water flux chambers ................. B5-1
FILENAME: C O R D A k

B-5.35.
B-5.36.
B-5.37.
B-5.38.
B-5.39.
B-5.40.

1992
May 1992 ........................................ B5-1
June 1992 ........................................ B5-9
July 1992 ........................................ B5-17
August 1992 ...................................... .B5-25
September 1992.. ................................. B5-33
October 1992.. ................................... B5-41

LIST OF TABLES (Continued)
APPENDIX B: (Continued)

Page No.

(Volume 111: Boynton et al., 1992: [UMCEES]CBL Ref. No. 92-1042)

1992:
SEDIMENT OXYGEN AND NUTRIENT EXCHANGES (SONE)
DATA SET: (Continued)

DATA FILES FOR SONE PROGRAM: CRUISES 35 - 40
(January - December 1992)
B-6.

SEDIMENT-WATER FLUX:
Net sediment-water exchyge rates of
dissolved oxygen 0 m *day)] and nutrients
[pM N, P, Si and /(m hr)] .........................B6- 1
FILENAME: SWnUXxx

B-6.35.
B-6.36.
B-6.37.
B-6.38.
B-6.39.
B-6.40.

1992
May 1992.. ...................................... B6-1
June1992 ........................................ B6-6
July 1992 ........................................ B6-11
August 1992 .......................................B6- 16
September 1992. .................................. B6-21
October 1992 ..................................... B6-26

APPENDIX C:

VERTICAL FLUX 0DATA SET:
(Volume IV:Boynton et d.,1992: [UMCEES]CBL Ref. No. 92-042)

DATA FILES FOR VFX PROGRAM:
(January - June 1992)
C-1.

WATER COLUMN PROFILES:
Vertical profiles of temperature, salinity,
dissolved oxygen and particulates
at VFX stations. .................................. C1-1
FILENAME: VFXPssxx

C-2.

SURFICIAL SEDIMENT PARTICULATES:
Concentration of particulate carbon, nitrogen,
phosphorus and chlorophyll-a total and active)
in the surface sediments at VFf( stations. ............ C2-1
FILENAME: VFXSssxx

LIST OF TABLES (Continued)
Page No.

APPENDIX C:

VERTICAL FLUX (WX)DATA SET: (Continued)
(Volume IV: Boynton et al., 1992: [UMCEESICBL Ref. No. 92-042)

DATA FILES FOR VFX PROGRAM:
(January - June 1992)
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 VFX stations. ..............................
FILENAME: V F X D s s x x

APPENDIX D:
STATISTICAL ANALYSIS SYSTEM (SAS) PROGRAMS:

Stage 1: Influence Dia ostics
Programs: RGh 4 . s a s . . .............................. ~ 1 - 1
REG.sas ......................................D 1-8
Stage 2: Weighted Least Square Analysis
Program: NH4-FLUX.sas ................................ D2- 1
Stage 3: Analysis of Variance
Program: NH4-A0V.sas

................................. D3-1

Stage 4: Power Anal sis
Program: R
0WER.sas ...............................D4-1

&

ABSTRACT
The objectives of the Ecosystem Processes Component (EPC) of the Maryland Chesapeake
Bay Water Quality Monitoring Program are to: (1) charactenze 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, 1992 at a total of eight mainstem bay and
tributary river stations. Deposition rates were monitored almost continuously during late
January throu h May 1992 at one mainstem bay location. This program was initiated in July
1984, and the asic data collection scheme has been followed through December 1992, with
the exception of deposition rate measurements which were discontinued in May of 1992.
This report includes data collected during the entire monitoring program but specifically
evaluates data collected during the 1992 monitoring period.

%

Sediment trap data collected during 1992 indicate a poorly developed spring deposition
period beginning in early March and ending in late May. There was one very high
deposition measurement collected at mid-cup depth in late January (23 mg total
chlorophyll-a m-2 day-l) but it is not possible to determine if this was the last portion of an
especially early deposition event or just an unusual brief period of deposition. Aside from
this single observation, the highest rate of total chlorophyll-a deposition in 1992 was 7.0 mg
day-l. In contrast total chlorophyll-a deposition rate reached 36.6 mg m-2 day'' during
spring 1990. Deposition rates of total chlorophyll-a
bloom were highest in
m-2) and intermediate
1985, 1988 and 1990 (1003 - 1075 mg m-2), lowest
(625 - 861 mg m-2)in the remaining years, including
Sediment-water fluxes of oxygen (SOC) tended to be larger than those observed in previous
years, particularly in the Patuxent River. It appears that slightly elevated dissolved oxygen
concentrations in deep waters were responsible for these higher rates. Ammonium (NH4+)
fluxes during 1992 tended to be lower than the long term avera e at most SONE stations but
this pattern was particular1 distinct in the lower Potomac iver and at stations in the
mainstem bay (R-64 and P PT). Nitrate plus nitrite (NO2' + N a ' ) fluxes from sediments
to water (indicative of oxygenated sediments ca able of supporting nitrification) were
progressively rarer over the years (1985 - 1991). sowever, during 1992 nitrate plus nitrite
fluxes tended to be either less negative or positive at all stations except the lower Potomac.
During 1992, inorganic phosphate (DIP) fluxes were also reduced at most sites, similar to
ammonium fluxes. Silicate fluxes (Si) were comparable to previous years, except in the
upper Patuxent and lower Potomac Rivers where fluxes were slightly higher than the long
term average.

k

d

r

Efforts to detect relationships between major EPC Pro am variables (e.g., sediment-water
oxygen and nutrient fluxes and deposition rates) and se ected environmental variables were
continued using 1992 data and the following patterns were indicated:

(1) Summer season (June through August sediment fluxes were very
strongly correlated with winter-spring surficia sediment concentrations of
total chloropyhll-a. Strong correlations were also found between sediment
fluxes and sediment particulate nitrogen (PN) concentrations but were less

?
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strongly correlated with sediment particulate carbon (PC) concentrations and
not at all with sediment particulate phosphorus (PP) concentrations.
Sediment releases of ammonium and phosphorus tended to be
(2)
reduced in 1992 compared to other years. These reductions occurred in a
year with lower than normal runoff (reduced diffuse source nutrient loading
rates). Deep water dissolved oxygen concentrations tended to be higher in
summer 1992 than in previous years at most stations (particularly in the
Patuxent River) and sediment Eh values were also more positive, both being
indicative of improved water and sediment quality conditions. These
observations are all consistent with reduced sediment nutrient releases.
Spring deposition rates measured at one location in the mainstem bay,
(3)
were correlated with an index of nutrient loading rates.
Rates of oxygen decline in deep waters of the mainstem bay were also
(4)
well correlated with spring deposition rates but not with particulate material
concentrations in the water column, temperature or the degree of vertical
water column stratification
A series of statistical analyses were performed using the SONE flux
(5)
data set to examine long term trends, to develop estimates of the levels of
detection as well as the power of the current sampling procedure. The data
set contained data for eight stations in three estuaries and the Chesapeake
mainstem, and 5 flux variables for which data was available for more than
three months and more than three years. Analysis of variance was used to test
the significance of Ion term trends. Two models were used, year and flow
year. The input variab es (x) were mean annual flux rates of change with units
pPVIX m-2 hr-1 yr-1. Consistent trends were detected for most flux variables in
the Potomac River. These trends were decreasing and were consistent with
conditions under which nutrient loading decreases. Few trends were
identified at other SONE stations where nutrient loading rates both increased
and decreased during the monitoring period. Attempts to normalize fluxes
for differing inter-annual nutrient loading rates (using river flow as a
substitute variable for nutrient loading rates) did not improve the analysis.
Power analysis indicated that small differences ( 10% of average fluxes)
could be detected. The levels of detection will improve as additional years of
sampling are added.

f
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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 oxy en consumption (Kemp and Boynton, 1984). For example,
during summer periods in the hoptank 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.

8

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

Chesapeake Bay
Nutrients and or anic matter enter the bay from a variety of sources, including sewage
treatment lant e uents, fluvial inputs, local non-point drainage and direct rainfall on bay
waters. &ese 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 anoxlc 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 sustain continued phytoplankton
growth. Continued growth supports deposition of organics to deep waters, creating anoxic
conditions typically associated with eutrophication of estuarine systems.

6
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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 ma itude of the processes monitored in this program will serve as a guide in
determining the e ectiveness of strategies aimed at improving bay water quality and habitat
conditions.

fT

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:
Characterize the present state of the bay (including spatial and
1)
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 roblems. In order to achieve these goals, the monitorin rogram desi
C portion, t e
was composed o the three phases mentioned above. In addition to 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).

F

8%

8"

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 sedimentwater 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
lay an important role in determining water quality and habitat conditions. The results of
~ P monitoring
c
have been summarized in a series of interpretive re orts (Boynton et ol.,
1985a, 1986, 1987, 1988, 1989, 1990 and 1991). The results of the c aracterization effort
have largely confirmed the importance of deposition and sediment processes in determining
water quality and habitat conditions.

R

The second phase of the monitoring effort, completed during 1988-1990, identified
interrelationshi s and trends in key rocesses monitored during the initial phase of the
program. The ~ P was
c able to identig 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 1992 are presented
in this report and a statistical analysis conducted to determine the magnitude and
significance of trends in sediment-water exchanges.
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3. PROJECT DESCRIPTION
Measurements of sediment-water oxygen and nutrient exchanges were made six times
during 1992 at ei ht locations in the mainstem bay and in each of three major tributary
rivers (Patuxent, 8hoptank, and Potomac). Deposition measurements at one station were
made almost continuously during the spnng, 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 1992.
Figure 3-1. shows both current and reviously monitored sampling locations of sediment
~ the vertical flux monitoring (VFX) programs. A
oxygen and nutrient exchange S O N E and
comprehensive listing of all S NE, 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 1992, two of the eight 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 atuxent River estuary and one each in the lower mesohaline regions of the
Choptank and Potomac Rivers. The VFX station is located in the mainstem of the bay in
the central anoxic region (Figure 3-1.). The salinity characteristics of each station and the
four salinity codes are listed in Table 3-2. (also in EPC Data Dictionary, Table B-7.; Boynton
and Rohland, 1990).

6
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3.1 Justification of Station Locations
3.1.I 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 B5.3.) were selected based on prior knowledge of the general patterns of sediment-water
nutrient and oxy en exchanges in Chesapeake Bay. Several earlier studies (Boynton et al.,
1980,1985a and oynton and Kemp, 1985) reported the following:

%

Along the mainstem of the Maryland portion of the bay, fluxes were
1)
moderate in the upper bay, large in the mid-bay and minimal in the lower bay.
Fluxes in the transition zone of tributaries were larger than those
2)
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
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 ertuarine zone
being monitored.
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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 Chesa eake Bay Water
I
e prime
reason
Quality Monitoring Program stations, although they are close (< 10 km). %
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 krn)
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, four of the ten stations sampled were located along the salinity adient in the
mainstem bay between Point No Point (north of the mouth of the Potomac iver) and Still
were located in
Pond Neck (20 km south of the Susquehanna River
Leonard Creek
each of three tributary rivers (Patuxent River: Buena
Potomac River:
[STLC], Choptank River: Wind Hill [WDHL] and
Maryland Point [MDPT] and Lagged 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 sam lin at the two upper
mainstem stations was discontinued and two stations (Marsh Point [ R ] 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.

18
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3.1.2 Vertical Flux (VFX) Stations

The use of sediment trap methodology to determine the net vertical flux of particulate
material is restricted to the deeper portions 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 region experiencing seasonal anoxia (Figure 3-I.), monitors the vertical flux of
articulate organics reaching deeper waters. This location is close to MDE station 4.3.C.
gince 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.
The VFX program was discontinued in June 1992 due to budgetary constraints. The last
trap was retrieved on June 3,1992.
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VFX and SONE

102030

Previously Monitored

Flgure 3-1. Locatlon of current and prevlous SONE and VFX Monltorlng Stations
In the Maryland Portlon of Chesapeake Bay
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Table 3-1.l.Station Name, ID and Sampling Order

REGION

STATION NAME

St. Leonard Creek
Broomes Island
Marsh Point
Buena Vista
Choptank RIver
Horn Point
Windv Hill
Potomac River
R w e d Point
Marvland Point
Chesapeake Mainstream Point No Point
Buoy ~ - 6 4 '
Dares Beach
Thomas Point
Buov R-782
1still Pond
Patuxent River

STATION
CODE NAME
STLC
BRIS

SAMPLING ORDER^
A B
1

MRPT
BWA
HNPT
WDHL
RGPT
MDPT
PNPT
R64
DRBH
pl"MPT
1~-78
1SLPD

2
3

1
2

3
4
5

4

5
6
7
8
x

6

7
8

*

1

9

10

NOTES:
A a Stations sampled in SONE 1 20, August 1984 -June 1989. Numerical rankingindicates the order in which
they appear in the data tables.
B = Stations sampled beginning with SONE 21 and fuhm samples Numerical ranking indicates the order in
which t h y appear in the data tables
= Thomas Point was sampled July August 1984. Thomas Point was replaced by station R-78.
x = D a m Beach was a VFX station sampled from 11July 1985 to 14 Novcmber 1986.
1 = This is the only current VFX station
2 = This was a h a VFX station which was s a m p l e d f r
1985.
3 = Prior to July 1,1989, meanucments at SONE stations wue made four times per year (April or May, June,
August and October or November). After this date, meanucments wcn made five times per year (May,
June, July, August and October).

-

-

MDEJEPCLEVEL 1 REPORT NO. 10 (Interpretive)

Table 3-1.2. Station Code, Grid Location and Nearest MDE Station

-
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Table 3-1.3. Station Code and Description

NOTES:

* Marked buoy numbers correspond to numbering system prior to USCG rrnumbuing.
River kilometers (R km) are m e d hom the mouth of the river or Chesapeake Bay.
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Table 3-2. Station Salinity

The Salinity Zone layer codes are as follows:
DESCRlPllON
Freshwater
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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 exchan es observed in previous studies conducted in the
Chesa eake Ba region (Kemp and oynton, 1980; Kemp and Boynton, 1981; Boynton et
a)., 19 2b; and oynton and Kemp, 1985). These studies indicated several distinct periods
over an annual cycle including:

i!

8

B

A period characterized by the presence of a large macrofaunal
1)
community, high concentrations of nitrite in surface waters and the
development and deposition of the spring phytoplankton bloom (April June). Characteristics of sediment water nutrient and oxygen exchanges
typically include the following: relatively high sediment oxygen consumption
(SOC) rates, nitrate uptake by sediments and low exchange rates of other
nutrients.
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). Characteristics of sediment water
nutrient and oxygen exchanges typically include the following: low sediment
oxygen consumption (SOC) and nitrate flux rates, very high releases of
ammonium (N&+), phosphate (PO4-)and silicate (Si(OH)4).
A period in the fall when anoxia is not present and macrofaunal
3)
community abundance is low but re-establishing (October - November).
Characteristics of sediment water nutrient and oxygen exchanges
include the following: increased sediment oxy en consumption (SOY )1 flux
l y
rates, intermediate release rates of ammonium ( &+), phosphate (Pod-) and
silicate (Si(OH)4) and occasional nitrate release.

R

A winter period when fluxes are very low due primarily to low
4)
temperature. 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, 1992. 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 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 tributzry of the bay (Patuxent River) followed a similar pattern (Boynton et
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
MDEIEPC LEVEL 1 REPORT NO. 10 (Interpretive)
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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 de osition rates
to deep waters of the bay, sampling is almost continuous from spring to all (March November) and only occasional during the winter (December - February). Direct
measurements of or anic deposition to bay sediments were monitored 19 to 31 times er
year (11 times in 1982). To coordinate vertical deposition rate measurements with SO E
measurements, sediment-water exchanges are monitored at the end of each intensive VFX
deployment period. VFX measurements also coincide with other monitoring program
samplin activities. The sampling schedule for this com onent of the monitorin pro am
1984-19 is shown in Figure 3-3.1., for 1987-1989 in I! igure 3-3.2. and for 1980-1s 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., B2.2., B-2.3. and B-2.4.; Boynton and Rohland, 1990) provide detailed cruise information
including date, cruise number and research vessel.

P

k

t

The VFX study was terminated on June 3, 1992 when the sediment traps were finally
retrieved. This program was discontinued due to budget cut backs.

-
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1

sediment trap deployment
sediment trap retrieval and deployment of new traps (Vn<)
sediment trap retrieval (VRO

:::::
.. duration of sediment-water flux monitoring (SONE)

Figure 3-3.1. SONE and VFX Sampling Schedule for 1984-1986
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sedirnenttrapdepbyment~
sediment trap retrieval and deployment of new traps (VFX)
sediment trap retrieval (VFX)
duration of sediment-water flux monitoring (SONE)

-

Figure 3-3.2. SONE and VFX Sampling Schedule for 1987 1989
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sediment trap deployment (VFX)
sediment trap retrieval and deployment of new traps (VFX)
sediment trap retrieval (VFX)
..............

,

duration of sediment-water flux monitoring {SONE)

-

Figure 3-3.3. SONE and VFX Sampling Schedule for 1990 1992
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Table 3-4.1. SONE Cruise Identifier

VOTES:

Data was also corrected for the Pooles Island Dredge Sumy (PIDS) Program at GCNI:
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Table 3-4.1. SONE Cruise Identifier (Continued)

CRUISE

DATE

BEGIN
DATE

END

DATE

RESEARCH
VESSEL

SONE 35

MAY 1992

18 MAY

21 MAY

Aquarius

SONE 36

JUN 1992

15 JUN

18 JUN

Aquarius

SONE 37

JUL 1992

13 JUL

17 JUL

Orion

SONE 38

AUG 1992

10 AUG

14 AUG

Aquarius

SONE 39

SEP 1992

08 SEP

10 SEP

Aquarius

SONE 40

OCT 1992

05 OCT

0s OCT

Aquarius

1
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Table 3-4.2. VFX Crulse Dates (23rd July 1984 to 30th August 1984) for Statlon Thomas Point

CmnPl-1

DATE
23 JUL 1984
30 JUL 1984
07 AUG 1984
14 AUG 1984
22 AUG 1984
30 AUG 1984

CRUISE NO.

1042
1046

Note 1
Note 1
Note 1
766

RESEARCH VESSEL

Orion
Orion
Osprev
Osprey
Osprey
Aquarius

NOTE 1: Divers Serviced Traps.

Table 34.3. VFX Crulse Dates (17th September 1984 to 27th June 1985) for Statlon R-78

-
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Table 84.4. VFX Cruise Dates (23rd July 1984 to 23rd October 1991) fyr Station R-64 and
Dares Beach (1lth July 1985 to 14th November 1986).
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Table 3-4.4. VFX Crulse Dates (23rd July 1984 to 3rd June 1992) for Statlon R-64 and Dares Beach
(11th July 1985 to 14th November 1986).l Continued

-
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Table 34.4. VFX Crulse Dates (23rd July 1984 to 3rd June 1992) for Station R-64 and Dares Beach
(1l t h July 1985 to 14th November 1986).l Continued

-

I

21 AUG 1991

1

1269.

Aquarius
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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 obtainin intact sediment cores for
incubation. The turbidity of surface waters is measured using a ecchi 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
dissolved nutrients and particulate materials: ammonium (NH4+),
nitrate (NO2- + NO< , dissolved inorganic phosphorus corrected
silicious acid Si(OH]4), particulate carbon (PC), particulate
phosphorus (P ), total and active chlorophyll-a concentrations and seston content.

6

Measurements of total dissolved nitrogen (TDN: N&+ + NOz' + NOs- + 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. h i s
was 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
MDEIEPC LEVEL 1 REPORT NO. 10 (Interpretive)
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disturbance. A satisfactory core is placed in a darkened incubator maintained at ambient
temperature 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 0 2 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 5 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. Overlyin water samples are filtered and
immediately frozen for later analysis for ammonium
nitrite NO2-), nitrite plus
nitrate (N02- + NO3-), dissolved inorganic phosphorous (DIP or P06J and silicious acid
(Si(0H)s) concentrations. Oxygen and nutrient fluxes are estimated by calculating the
mean rate of chan e in concentration over the incubation period and converting the
volumetric rate to a ux using the vo1ume:area ratio of each core.

(A+),

fi

It should be noted that at low oxygen concentrations (C 2 mg 1'') sediment oxygen
consumption (SOC) rate measurements underestimate actual sediment metabolism because
much of the decomposition of organic matter is supported through anaerobic pathways
(primarily sulphate reduction). Additionally sediment oxygen consumption (SOC) rates
made under low dissolved oxygen (DO) conditions do not capture the eventual oxygen
demand that is exerted by the reoxidation of reduced compounds (primarily H2S) formed
during anaerobic periods. Prior to 1989, between five and seven of the SONE stations rarely
if ever experienced low bottom water dissolved oxygen (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 sediment oxygen consumption (SOC) rates. This represents a methodological
limitation which is more serious given the current configuration of stations in the study. A
method for measuring total sediment metabolism (dissolved inorganic carbon flux) is being
developed (but is at present not yet ready for use in the monitoring program) which is
independent of oxygen conditions. Durjng 1990, 1991 and 1992, a series of preliminary
measurements of sulfate reduction (S04-) were made. It appears that this method may be
useful for measuring anaerobic metabolism (the majority of which is carried out via sulfate
reduction [SOq'] reduction) which is amenable 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
chromatography as a detection method. Results from 1992 are not yet available. An
evaluation will be conducted when analyses are completed. If this approach proves
successful, a complete description of the method will be ~ncludedin the reports and will be
inserted into the data dictionary (Boynton and Rohland, 1990).
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Figure 4-1. Schematic Diagram of the lncubation Chamber
MDUEPC LEVEL 1 REPORT NO. 10 (Interpretive)

-26-

4.1.2 Vertical Flux

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 tra . Water samples are analyzed for particulate materials
including particulate carbon (P ), 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.

8

4.1.2.1 Sediment Sampling

6

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 t e Bouma box corer.
During this re orting period the Bouma corer was used exclusively because it obtains a
better surficia 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.

f'

4.1.2.2 Vertical Flux (VFX) Sampling

The sampling device used to develop estimates of the vertical flux of articulate materials
has a surface buoy connected to a lead or concrete anchor-weight (2&
kg)
I by a series of
stainless steel cables (0.8 cm diameter, Figure 4-2.). The arra is maintained in a vertical
position through the water column by two sub-surface buoys (4 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 19 7 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.).

S

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
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Figure 4-2. Schematic Diagram of the Sediment Trap used In VFX Monltorlng
Measurements are only made using surface and mid cups.
Bottom array has not been deployed or retrieved slnce July 8,1987.
Sediment traps were finally retrieved on June 3, 1992.
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monitoring program are provided in Boynton et al. (1985b), Garber et al. (1987) and
Boynton and Rohland (1990).
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. This program was terminated with the final retrieval of the sediment
traps on June 3,1992.
4.1.3 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 (N&+), nitrite
Na'), nitrite plus nitrate (NO1 + NO3'), and dissolved inorganic phosphorus DIP or
04-) are measured using the automated method of EPA (1979); silicious acid (Si( H)4) is
determined using the Technicon Industrial System (1977) method; particulate carbon PC)
and particulate nitrogen (PN samples are analyzed using a model 240B Perkin-E mer
Elemental Analyzer; particu ate khosphorus (PP) concentration is obtained by acid
digestion of muffled-dry samples ( pila 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 E A (1979).

6

6

1'

I

6

4.2. Analytical methods Quality Assurance/Quality Control (QAJQC)

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 QNQC program, NASL participates in cross calibration exercises with
other institutions and agencies whenever possible. Some examples include:

-

Particulate carbon and nitro en cross calibration with Woods Hole
Oceanographic Institution and Horn oint Environmental Laboratory.

%

-

International Council for the Exploration of the Sea (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 Vir inia Institute of Marine Science
(VIMS) and Old Dominion University ( DU). The most recent intercomparison (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.

-

8

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

EPA audits of known nutrients were analyzed using samples in
different salinity water while looking for possible matrix effects.
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 Pro ram, the laboratory analyzes
approximately ten percent of the total sample load for Q QC checks. These samples
include laboratory duplicates and spike analyses.

A

Specific EPC procedures include inorganic nutrients (ammonium [N&+ nitrite [NO2'],
nitrite plus nitrate NOt' + NO<], dissolved inorganic phosphorus [DI or P o d ] and
silicious acid [Si(O )4]) for which a standard curve usually comprising five concentrations
encompassing the expected range for that articular sample set, are analyzed at the
beginning of each new run. A standard whic 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 sup ort for the EPC effort. Precision and
limits of detection for the variables measured by the PC program are provided in the EPC
Data Dictionary (Boynton and Rohland, 1990).

4

b

F,

E
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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 1991, were submitted in four volumes.
Volumes I and I1 were appended to Level 1, No 7 Interpretive Report Part 11: Data Tables
[UMCEESICBL Ref. No. 90-062 (Boynton et al., 1990 and Volumes I11 and IV were
a pended to Level 1, No 9 Interpretive Report Part 11: Iiata Tables [LTMCEESICBL Ref.
92-042 (Boynton et aL, 1992b).

&.

Appendices B and C of this report contain data table listing for variables measured between
January and December 1992 for SONE and between January and June 3, 1992 for VFX
respectively. 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 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: H20NU&, 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 ercentage
water, particulates and pore water nutrient measurements at SO E stations.
Data are available only for SONE Cruise Numbers 2,6 and 10.

J

CORE DATA (Filename: CORDATrar, Table B-5) lists dissolved oxygen and
nutrient measurements in SONE sediment-water flux chambers.
SEDIMENT-WATER FLUX (Filename: mYnUXxx, Table B-6) is a
summary table providing oxygen and nutrient flux data.
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5.2 Vertical Flux WFX) Study

Vertical Flux (VFX) data collected, during January through June 1992 at
which time the study was terminated, 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 C2 lists particulate material concentration data includin articulate carbon
(hc), particulate nitrogen (PN), particulate phosphorus ( ), total and active
chlorophyll-a concentrations.

5%

VERTICAL FLUX OF PARTICULATES (Filename: WXDssxx, 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.
5.3 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 arameter values. Valid
entries from the Sediment Data Management Plan (EPA, 198 ) are used and where
necessary additional codes which are related to the SONE and VFX studies have been
added.

f

5.4 Data Tables Quality Assurance/Quality Control (QAJQC)

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.
5.5 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 Anal sis System (SAS) format and
submitted with labels and file structures supplied b the &PA Chesapeake Bay Liaison
Office (EPAJCBLO) and be readable on the VA?' 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 H20PRF (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
--
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Table 5-1. Analysis Problem Codes
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comprises about 90% of the available data. The two remaining data sets will be loaded by
mid-year 1993. 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 mid-year
1993.

A statistical study of sediment-water fluxes was initiated to determine if significant tem oral
and spatial trends could be detected. In addition, this analysis also includecf the
determination of the statistical power inherent in this study (i.e. the estimation of the
magnitude of change in flux values needed for statistical sipinlficance). This study was
conducted in consultation with Professor Larry Douglass, esearch Statistician at the
University of Maryland, College Park. The results are presented in Chapter 8.
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6. SEDIMENT OXYGEN AND NUTRIENT EXCHANGES (SONE)
RESULTS AND DISCUSSION
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 sources) 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 Ba . Since loading rates will be
referred to throughout this report, a summary of these 6 s indicated by river flow) are
provided here. Actual nutrient loading rates for the period 1978 through 1988 have been
reported in a previous EPC re ort (Boynton et 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
full period of time (1984 - 1992 evaluated in this report.

f

6.1.2 Average Annual River Flows
Annual average river flows for the period 1978 through 1992 are shown in Figure 6-1.1. The
fifteen year average (1978 - 1991) flows to each system during this period are indicated by
horizontal lines on this figure (James et al., 1990, J. Hornlein, pen. comm.). The fifteen
year avera e in the Maryland mainstem bay was 37,736 cubic feet per second (cfs), in the
Potomac !l stuary 11,652 cubic feet per second, in the Patuxent Estuary 354 cubic feet per
second and in the Choptank Estuary 129 cubic feet per second. 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 the fifteen year average in 1978 and 1979, below this
average from 1980 to 1982, higher than this average during 1983 and 1984, generally lower
than the fifteen ear average from 1985 through 1988 and above this average in 1989
(except in the otomac River in 1989). Flows during 1990, 1991 and 1992 were
progressively lower than the fifteen year average in all systems except the Susquehanna
which was characterized by values above the fifteen year average in 1990 (48,556 cfs) and
lower than this avera e in 1991 29,750 cfs and 1992. Flows from the Potomac River during
1985 through 1992, tfie period 01 which PC Program data are available, were below the
fifteen year average as they were in the Susquehanna except in 1989 and 1990 when flows
were comparable to the fifteen year average and above this average, respectively. Flows in
the Choptank and Patuxent Rivers were well below the fifteen year average except in 1989
when flows were above this value. In 1990,1991 and 1992 flows in both of these rivers were
again below the fifteen year average. In general, river flows have either been near the
fifteen year average or below this average value during the EPC monitoring period with a
few exceptions. As a result of this, water column stratification might be e ected to be less
intense than usual and diffuse swrce nutrient loads to be lower than norma
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Figure 6-1 .l. Bar graphs of average annual river flow from the Susquehanna, Potornac, Patuxent and Choptank Rivers for
the period 1978 through 1992 (James et aL, 1990; J. Horleln, per& comm.). Flows w e measured at Conowingo, MD;
Washlnglon, D.C.; Bowlo, MD and Groonsboro, MD tor the four systorn~,respecilvely.
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6.1.3 Average Monthly Rlver 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 aryland tributary rivers are
shown as a series of bar graphs (Fi re 6-1.2.). In this figure the vertical bars represent
average monthly flows for 1992 wf;"ile the bold dots represent average monthly flows
calculated over longer time periods (1978-1992). The data available for 1992 are
incom lete. Not all months are available from the United States Geological Survey
(u.s.~s.) office. In 1992 flows in the Susquehanna and Potomac Rivers were near or
below the fifteen year monthly avera e flow value. The Patuxent and Choptank Rivers
exhibited large departures from the fi teen year mean conditions with especially low flows
during the winter and spring of 1992.

h

f

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 lon er periods of time (months to years) consideration of interannual data will be necessary. is becomin apparent that both time scales are important
in governing relationships between nutrient oading rates and sediment-water nutrient and
oxygen exchange rates in Chesapeake Bay.

fi

f

6.2 Characteristics of Sediment-Water Oxygen and Nutrient Exchanges
6.2.1. Overview

In this section monthly average sediment-water fluxes are summarized in the form of bar
graphs for five variables: sediment oxygen consumption (SOC), ammonium (N&+), nitrite
plus nitrate (NO-2- N03-), phosphate (POL), and silicate (Si(OH)4). Data collected over
a eriod of seven calendar ears, 1985 through 1991, were used in the series of five figures
(Zgures 6-2.la to 6-2.le). gach bar represents the mean flux value for a particular month
of this seven year period, while the error bar indicates the standard deviation from this
mean. Positive values indicate fluxes from sediments to water while negative values indicate
fluxes from water to sediment. In those cases where the standard error of a monthly mean is
large, this almost always indicated that there was considerable inter-annual difference in
monthly fluxes rather than that the variability amon replicates from any particular
measurement was high. Data collected during 1992 (S NE cruises 35 through 40; mean
flux value of three replicates) are shown as bold dots superimposed on the bar. The order
of the eight stations in these figures reflects their spatial position in the Chesapeake Bay.
The four stations on the left side
are located in the Patuxent River from the
lower estua (St. Leonard Creek
the middle regions of the estuary (Broomes
Island [BRI ] and Marsh Point
the turbidity maximum zone (Buena Vista
BUVA The right half of the fi re shows one station in the lower Choptank River (Horn
boint
one in the lower otomac River Ra ed Point RGPT]) and two stations in
rror bars are not indicated
the mainstem bay (Point No Point [PNPT] and -6 [R:64])
for those months for which only one year of data are available. In this section of the report,
seasonal and inter-annual patterns of flux are described and in section 6.3 the factors
responsible for these patterns are discussed.
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Figure 6-1 9. Bar graphs of average monthly rhrer now from the Susquehanna, Potomac, Patuxent and Choptank Rivers for
1992. The bold dots indicate long term average monthly flows calculated for the period 1978 through 1992. Flom were
measured at Conowingo, MD; Washington, D.C.; Bowk, MD and Grwnsboro, MD for the four rivors, roswtlvdy.
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6.2.2 Sediment Oxygen Consumption (SOC)

Mean monthly sediment oxygen consumption (SOC) fluxes ranged from zero (0.0) at Point
No Point (PNPT) to -2.6 g O2 m-2 day-1 at Buena Vista (BUVA), and were generally higher
in the Patuxent and Choptank Rivers than at other sites (Figure 6-2.la). Note that: larger
negative sediment oxygen consumption (SOC)flux values indicate larger rates of SOC. In all
cases a seasonal pattern was evident with peaks or increased rates of sediment oxygen
consumption (SOC) in the springtime (May and June), depressed values in the summer
(August) and increased rates in the fall (October). The largest fluxes were recorded in May
and June, with a secondary peak recorded in October.
The 1992 data followed the same general pattern as previous years. Fluxes at hypoxic
stations (Figure 6-3.1) were not nearly as depressed in Jul 1992 as was the case in all
previous years. This appears to be the d~rectresult o hi her than normal oxygen
concentrations in deep waters at these sites during July of 1992. n effect, aerobic sediment
metabolism (i.e., sediment oxygen consumption [SOC ) persisted longer in 1992 than in
previous years because of hi her dissolved oxygen (DO concentrations in these waters. In
terms of the goals of the onitoring Program, these results (particularly in the Patuxent
River) may indicate a sediment response to nutrient management. In 1992, river flow to the
Patuxent estuary was quite low (Figure 6-1.2) and as a result diffuse source nutrient loads
were probably lower than normal. In addition, nitrogen removal was instituted at a major
sewage treatment plant (Western Branch; river mile 35 which is upstream of all SONE
stations) during fall of 1991. Quantitative estimates of nutrient loads or load reductions are
not available for 1992, but it seems clear that loads were reduced compared to other years in
the recent past. The conceptual model which has guided EPC Program work indicates that
when nutrient loads are reduced the production and deposition of organic matter to
sediments also decreases. This in turn leads to lower nutrient release rates and better
oxygen conditions in deep water. Results observed in 1992 are consistent with predictions of
this conceptual model.

f

1

2

Spring and fall sediment oxygen consumption (SOC) rates at most SONE stations are of
sufficient magnitude to constitute a substantial direct dissolved oxygen loss (Kemp and
Boynton, 1992). Sediment oxygen consumption (SOC) is not an adequate measure of
sediment metabolism during periods of low oxygen conditions which often occur at some
SONE stations durin summer (August 1992 data at R-64; Figure 6-2.la). The sediment
oxygen consumption ~SOC)rates reported here during periods of low oxygen concentrations
grossly underestimate sediment metabolism and eventual oxygen demand exerted by
reduced sulphur compounds (Roden, 1990). The EPC program is attempting to add a
routine measure of anaerobic sediment metabolism to better estimate total sediment oxygen
demand (Section 4.1.1.4).
6.2.3 Ammonium Fluxes

Avera e monthly ammonium fluxes ranged from about 5 pMN m-2 hr-1 at St Leonard Creek
( S T L ~to 500 pMN m-2 h r l in the middle Patuxent River (Marsh Point [MRPT]). The high
value at Marsh Point (MRPT) is based on one set of measurements taken in September,
1991 and

which serves as
at six
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FACING PAGE 41:

Figure 6-2.la Mean monthly sediment ox en consumption (SOC) rates (Aprll to
November) at eight SONE stations locate n the Maryland portion of Chesapeake
Bay.

Jr

H

Monthly means and standard deviations were calculated using all flux
data available for a specific month at each station.

H

Station locations are shown in Figure 3-1.

H

In general there was one set of triplicate flux values available for each
month for 1985 through 1991. Outlier values were on1 identified later
during the statistical testing of SONE data (Chpater 8r and were NOT
excluded in the calculation of average fluxes and standard deviations.

H

Monthly values at Broomes Island (BRIS) and Marsh Point (MRPT)
are based on data from 1989 through 1991.

H

September values for all stations only include data from 1991.

H

The bold dots indicate average monthly fluxes recorded in 1992.

H

Negative values indicate fluxes from water to sediment.
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Figure 6-2.la Mean monthly sediment oxygen consumption (SOC) rates (Aprll to November) at
eight SONE stations located In the Maryland portion of Chesapeake Bay.
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FACING PAGE 43:

Figure 6-2.lb Mean monthly ammonium (NH4+) flux rates (April to November) at
eight SONE stations located in the Maryland portion of Chesapeake Bay.
w

Monthly means and standard deviations were calculated using all flux
data available for a specific month at each station.

w

Station locations are shown in Figure 3-1.

w

In general there was one set of triplicate flux values available for each
month for 1985 through 1991. Outlier values were only identified later
during the statistical testing of SONE data (Chpater 8) and were NOT
excluded in the calculation of average fluxes and standard deviations.

w

Monthly values at Broomes Island (BRIS) and Marsh Point (MRPT)
are based on data from 1989 through 1991.
September values for all stations only include data from 1991.
The bold dots indicate average monthly fluxes recorded in 1992.

w

Positive values indicate fluxes from sediment to water.
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FACING PAGE 45:

Figure ti-2.lc Mean monthly nitrite plus nitrate (NO5 + NO$) flux rates (April to
November) at eight SONE stations located in the Maryland portion of Chesapeake
Bay.

w

Monthly means and standard deviations were calculated using all flux
data available for a specific month at each station.

w

Station locations are shown in Figure 3-1.

w

In general there was one set of triplicate flux values available for each
month for 1985 through 1991. Outlier values were on1 identified later
during the statistical testing of SONE data (Chpater 87 and were NOT
excluded in the calculation of average fluxes and standard deviations.
Monthly values at Broomes Island (BRIS) and Marsh Point (MRPT)
are based on data from 1989 through 1991.

w

September values for all stations only include data from 1991.

w

The bold dots indicate average monthly flwes recorded in 1992.

a

Positive values indicate flwes from sediments to water while negative
values indicate fluxes from water to sediment.
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eight SONE statlons located In the Maryland portlon of Chesapeake Bay.
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FACING PAGE 47:

Figure 6-2.ld Mean monthly phosphorus (P01- or DIP) flux rates (April to
November) at eight SONE stations located in the Maryland portion of Chesapeake
Bay.
H

Monthly means and standard deviations were calculated using all flwr
data available for a specific month at each station.

H

Station locations are shown in Figure 3-1.

H

In general there was one set of triplicate flux values available for each
month for 1985 through 1991. Outlier values were on1 identified later
during the statistical testing of SONE data (Chpater 87 and were NOT
excluded in the calculation of average fluxes and standard deviations.

H

Monthly values at Broomes Island (BRIS) and Marsh Point (MRPT)
are based on data from 1989 through 1991.

H

September values for all stations only include data from 1991.

H

The bold dots indicate average monthly fluxes recorded in 1992.

H

Positive values indicate fluxes from sediments to water while negative
values indicate fluxes from water to sediment.
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Figure 6-2.ld Mean monthly phosphorus (PO4- or DIP) flux rates (April to November) at eight
SONE stations located in the Maryland portion of Chesapeake Bay.
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FACING PAGE 49:

r

Figure 6-2.18 Mean month1 silicate (Si(OH),) flux rates (April to November) at
eight SONE stations located n the Maryland portion of Chesapeake Bay.

w

Monthly means and standard deviations were calculated using all flux
data available for a specific month at each station.

w

Station locations are shown in Figure 3-1.

w

In general there was one set of triplicate flux values available for each
month for 1985 through 1991. Outlier values were on1 identified later
during the statistical testing of SONE data (Chpater 87 and were NOT
excluded in the calculation of average fluxes and standard deviations.

w

Monthly values at Broomes Island (BRIS) and Marsh Point (MRPT)
are based on data from 1989 through 1991.
September values for all stations only include data from 1991.

w

The bold dots indicate average monthly fluxes recorded in 1992.

w

Negative values indicate fluxes from water to sediment.
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deposition maximum in the area of Buena Vista (BUVA) (Boynton et al., 1982b). Similarly,
the exceptionally high rates of NH4+ release from sediment at R-64 (mainstem bay) are
double those recorded at a site farther down stream at Point No Point (PNPT) in an area
where primary production, chlorophyll-a stocks and presumably deposition rates were
considerably lower.
The values recorded in 1992 generally followe'd temporal trends exhibited in previous years.
However at most stations, the magnitude of ammonium (N&+) fluxes were below mean
values for several summer months of 1992. The avera e ammonium (N&+) flux at R-64 in
the mainstem bay for 1992 was 118.64 pMN m-2 hr-1 , !I% of the long term average 232.25
pMN m-2 h r l ). Similar but less dramatic reductions were evident at most stations. Levera1
factors may have been responsible for these changes in ammonium (N&+) flux rates during
1992. As indicated earlier, river flows (and diffuse source nutrient loads) were low during
1992 and point source nitrogen loads were reduced in the Patuxent River. This may have
had the effect of reducing the amount of organic matter produced (due to nutrient
limitation) in the water column and deposited on the sediment surface. Reduced amounts
of labile organic matter delivered to sediments would limit the amount of nitrogen
potentially available for remineralization. Other factors may have been involved as well. It
seems possible that the degree of vertical water column stratification was also reduced
during 1992 due to lower river flow. As a result, vertical mixing of oxygen rich surface
waters with deeper waters may have occurred to a greater extent than normal. Data from
the SONE program indicate this may have been the case at several stations where summer
dissolved oxygen (DO) concentrations were higher than normal. With higher than normal
oxygen concentrations at the sediment surface, nitrification of ammonium (NH4+) could
take place, effectively reducing even more that amount of nitrogen available as ammonium
(N&+) for transport across the sediment-water interface. If this was the case, this is a signal
of improving water and sediment quality conditions.
Recently, a series of laboratory experiments was completed in which intact sediment cores
(identical to SONE cores) were treated with fresh organic matter (cultured diatoms) at rates
equivalent to about one half of the deposition associated with an average spring bloom in
the Maryland mainstem bay. Identical cores, which served as controls, were also incubated
in this experiment but not treated with fresh organic matter (Jasinski et al., pen. comm.).
These experimental systems were maintained under well oxygenated conditions for a period
of 30 days during which oxygen and nutrient exchanges across the sediment-water interface
were monitored. The clearest signals observed were that in treated cores (versus control
cores) sediment oxygen consumption (SOC) rates were elevated, nitrate uptake by
sediments was large and fluxes of ammonium and phosphate were low, despite significant
organic matter loading. These results indicate that nitrification (coupled to denitrification)
was occurring in sediments and that phosphate was being sequestered, probably as oxyhydroxides associated with iron. It appears that relatively small and persistent increases in
oxygen concentrations at the sediment-water interface can have important influences on the
magnitude and characteristics of sediment fluxes (Kemp and Boynton, 1992).
6.2.4 Nitrite

+ Nitrate (NOp' + NO$)

Fluxes

Avera e nitrite plus nitrate fluxes ranged between 42.25 pMN m-2 hr-1 at Horn Point
HNP ) and -151.34 pMN m-2 h r l at R-64 (Figure 6-2.1~). Positive values indicate fluxes
rom sediments to water while negative values indicate fluxes from water to sediment. In
general the range of nitrite plus nitrate fluxes (either into or out of sediments) found at the
two mainstem bay stations was narrower ranging betweell 5 and -75 pMN m-2 hrl, while a
wider flux range was found at tributary sites, va 'n between 48 and -125 pMN m-2 hr-I.
With a few exceptions (e.g., Broomes Island [ R S] in May and June, 1991; R-64 in

r

f

%f
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September, 1991), N&- + NO3- fluxes in either direction (into or out of sediments) were
small compared to N&+ fluxes. At man stations nitrite plus nitrate fluxes recorded during
1992 departed Erom previous trends. $or example, two stations in the Patuxent River
Marsh Point (MRPT) and Buena Vista (BUVA), had nitrate plus nitrite ( N W + ~ 0 3 fluxes which were generally more positive in some months than in previous years. It is
suspected that reduced nutrient loading rates in 1992 (due to point source nutrient load
reductions and lower than normal diffuse source nutrient load) and subsequent reduced
deposition of organic matter to the sediment surface was the cause. Under conditions of
reduced diffuse source loading, nitrate plus nitrite (NO2' + NO3') fluxes from water to
sediments would be reduced because nitrate plus nitrite (NOz' + NO3') concentrations in
bottom waters would be reduced. It has been shown that nitrate plus nitrite N02' + NO3'
fluxes from water to sediments were proportional to nitrate plus nitrite N02' + Nos'
concentrations in overlying waters (Boynton et al., 1990). In addition, when organic matter
deposition rates are sufficiently reduced so that hypoxic conditions do not occur in deep
waters, nitrification of ammonium can occur and at times nitrate plus nitrite (NOY + NO<)
escapes from sediments and is recorded as a flux from sediments to overlying waters. While
nitrate plus nitrite NO2' + NO<) was not released from sediments at all stations (e.g.,
Ragged Point [RGP I), there were more instances of this occurring in 1992 than in the past
several years and this is an indication of improved water and sediment quality conditions.

f

r,

6.2.5 Dissolved Inorganic Phosphorus (POs' or DIP) Fluxes

The overwhelming trend indicated a net flux of dissolved inorganic phosphorus (PO4') from
sediments to the overlying waters (Figure 6-2.ld). During the course of the EPC Program
monitoring, avera e monthly values ranged from -3.53 pMP m-2 hr-I at Point No Point
[PNPT] to 90.52 p P m-2 hr-1 at Buena Vista (BUVA). With the exception of the station in
the upper Patuxent River (Buena Vista, BUVA), all large PO4- fluxes were associated with
hypoxic or anoxic conditions in overlying waters. It has been suggested that the high P o i
fluxes observed at Buena Vista (BUVA) were caused, at least in part, by the burrowing and
irrigation activities of the lar e benthic macrofaunal community present at this location
rather than iron-sulphur (Fe- ) reactions which are probably responsible for high fluxes
elsewhere under low dissolved oxygen conditions (Krom and Berner, 1980).

kl

!

Data collected during 1992 generally followed well established temporal trends with highest
fluxes occurring during summer months June-September). However, at most stations there
was a marked reduction in the magnitu e of POs' fluxes. Fluxes at R-64 during 1992 were
only about 40% of the seven year (1985-1991) mean. Similar reductions were observed at
all other stations except in the lower Patuxent River (St Leonard Creek [STLC]) upstream
of other stations. The slightly enhanced oxygen conditions (Figure 6-3.1) and more positive
sediment Eh values (Figure 6-3.3.) generally existing during summer of 1992 were probably
responsible for these reduced fluxes. Under oxidized conditions PO4- can form insoluble
iron-manganese phosphate complexes or sorb to oxy-hydroxides (Krom and Berner, 1980).
Both of these processes would effectively reduce sediment-water exchanges. In any case,
PO; fluxes were lower in 1992 than in the preceding several years. The rapid decrease in
fluxes during 1992 further suggests that sediment-water exchanges are responsive to changes
in water quality conditions on seasonal-annual time scales rather than to longer time scales
(Boynton et al., 1991).

6

6.2.6 Dissolved Silicate Fluxes

Monthly average silicate fluxes ran ed between 102.28 pMSi m-2 hr-1 at R-64 and 883.57
pMSi rn-2 hr-1 at Buena Vista (Bf J VA)(Figure 6-2.le) during the course of the EPC
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Program monitoring. 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 at most stations. For example, while such flux variables as NH4+ and POT
exhibited higher values during the summer, this was not consistently true for silicate even
though at times values for the months of June or July were slightly higher than in adjacent
months, May and August.
The 1992 data were similar to the long-term seven year (1985-1991) average at some
stations (Broomes Island [BRIS] and R-64 R-641 ), generally lower than this average at St
Leonard Creek (STLC), Point No Point PNPT), and Horn Point HNPT), but higher
during some months at two stations, Buena Vista [BUVA] and Ragged oint[RGPT].

t

6

6.3 Sediment-water Fluxes and in situ Environmental Conditions
6.3.1 Overview and Approach

In this section the observed magnitude of sediment-water exchanges is examined for
relationships to in situ environmental conditions as a step towards building better
understanding of factors regulating these fluxes. In earlier reports (Boynton et al., 1987)
results of extensive correlation analyses were reported. While a number of significant
correlations were found between specific sediment-water fluxes (e.g., P o d fluxes) and
environmental variables (e.g., bottom water dissolved oxygen levels, or sediment
characteristics), the r2 values were generally low indicating non significant relationships and
a lack of predictive power. These earlier evaluations were primarily used to establish which
of the suspected relationships or trends were worth continued investigation.
There were some interesting changes in the magnitude of sediment-water exchanges
observed during 1992 (Section 6.2). In order to explore the possible reasons for these
changes environmental data collected in the EPC Program between 1985 and 1991 were
organized and compared with data collected during 1992.
6.3.2 Bottom Water and Sediment Conditions

During 1992 river flows to all of the portions of the Maryland bay which are monitored in
the Chesapeake Bay Program were lower than the long term fifteen year average (Figure 61.1). River flow, as an index of above fall line nutrient loading rates (Summers, 1989),
indicates that loading during 1992 was also lower than normal. In addition in the Patuxent
River point source nitrogen loads were further reduced because of sewage treatment
operations at Western Branch Sewage Treatment Plant, river mile 35, upstream of all
SONE stations. The conceptual model used to guide the EPC Program indicates that
nutrient loading stimulates phytoplankton production which leads to deposition of organic
matter to deep waters and sediments. As this material decomposes, oxygen is consumed
and nutrients are released from sediments, stimulating further phytoplanktonic production
of organic matter and continued low dissolved oxygen conditions. In this scenario, all of
these events are ultimately tied to nutrient loading rates and hence reduction in loading
rates is of key importance in improving water and sediment quality conditions.
This scenario is the basis for testing the hypothesis that during 1992 dissolved oxygen
concentrations in deep waters should be somewhat elevated, chlorophyll-a mass in surficial

sediments reduced and sediment Eh values more positive. The seven year average (1985MDEIEPC LEVEL 1 REPORT NO. 10 (Interpretive)
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1991) monthly bottom water dissolved oxygen concentrations at each SONE station are
shown as a series of bar graphs in Figure 6-3.1 and data from 1992 are superimposed as bold
dots. In two of the tributary rivers, Patuxent and Choptank Rivers, dissolved oxygen
concentrations were slightly higher than this average value in 1992. Of particular
importance was the slightly elevated concentrations during the summer months, June
through August. The elevation in dissolved oxygen concentrations were not as evident in the
mainstem bay and lower Potomac River, but even at these sites concentrations were higher
than normal during May and June and hypoxic conditions were not as severe later in
summer as in most years. These conditions are consistent with the lower sediment nutrient
releases observed during 1992 at SONE stations. The mechanisms responsible most
probably involved conversion of ammonium to nitrate (nitrification) and the trapping of
phosphate in insoluble forms in more oxidized sediments.
Both the Potomac and Patuxent River flows for January through March 1992 were about
60% of the average, but the Patuxent River exhibited a greater elevation of summer
dissolved oxygen (DO) relative to the average than did the Potomac River. The difference
in summer dissolved oxygen (DO) values (relative to average values) could be attributed to
the change in nitrogen point source loading in the Patuxent River due to im rovements at
Western Branch Sewage Treatment Plant, river mile 35, upstream of all SONI! stations.
Surficial sediment total chlorophyll-a mass is shown for all SONE stations in Figure 6-3.2.
The expected reduction due to lower levels of algal biomass accumulation and deposition at
reduced nutrient loading rates, was less consistent than that observed for dissolved oxygen
but there were still some changes observed during 1992. In the Patuxent River (Figure 63.2a-d) there was a marked reduction in sediment chlorophyll-a values at several stations
during summer and fall. A similar pattern was observed in the Lower Choptank and
Potomac Rivers. For some unknown reason there were some very high values observed in
the mainstem bay during late summer and fall of 1992 (Figure 6-3.2h) although this index of
labile sediment organic matter did not lead to high rates of sediment nutrient releases
during fall 1992 (Figure 6-2.la and b).
Sediment Eh values measured at the sediment-water interface at all SONE stations are
shown as a series of bar graphs in Figure 6-3.3. There is considerable scatter among 1992
values, but there are instances in which Eh was more positive (or less negative) in 1992 than
the long term seven year (1985-1991) avera e. In the Patuxent River values were elevated
(or less negative) at most stations during Ju y and August. The single negative value (-212
mV) at Marsh Point (MRPT) in Se tember remains without a simple explanation.
Likewise, Eh values in the mainstem ( -64 and PNPT) were elevated during spring and
early summer and again in fall. These more positive Eh values result from the aerobic
nature of sediments and the consequent reduction in the amount of chemically reduced
compounds (e.g., solid phase sulfur) accumulating in sediments. Under these conditions,
nitrification (probably coupled to denitrification in deeper anaerobic sediments) and
sequestering of
horus in insoluble phases are probably active and responsible for the
reduced fluxes
and PO4' seen at many SONE sites during 1992.

P

f

+

6.3.3. Inter-annual Regulation of Sediment-Water Nutrient Exchanges
Seasonal variation in the magnitude of sediment-water nutrient and oxygen fluxes is
modified by such factors as temperature, benthic infaunal activity, and
nitrification/denitrification rates, but is ultimately controlled by the ma nitude of labile
organic matter deposition to the sediment surface (Kelly and Nixon 19 4; Jensen et al.,
1990). It is also thought that differences in the amount and quality of labile organic
deposition between sites determines the spatial variability observed in fluxes.
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Figure 6-3.1 Monthly bottom water dissolved oxygen concentrations (April to November) at eight SONE stations located i n
the Maryland porllon of Chesapeake Bay.
Monthly means and standard deviations were calculated using all data available for a specific month at each station. In general
there was one value available for each month for 1985 through 1991. Monthly values at Broomes Island (BRIS) and Marsh Point
(MRPI) are based on data from 1989 through 1991. 'The bold dots indicate average monthly values for 1992. Station locations are
shown in Figure 3-1.
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7

GE

c. Marsh Point (MRPT)

g. Pdnt No Polnt (PNPT)
I

350 1

MONTH

MONTH

Figure 6-3.2 Monthly sediment total chlorophyll-a concentrations (April to November) at eight SONE stations located In
Maryland portion of Chesapeake Bay.
Monthlv means and landard deviations were calculated usina all data available for a s~ecificmonth at each station. In aen
there was one value available for each month for 1985 throug6 1991. Monthly values ai Broomes Island (BRIS) and ~arsi; P
(MRPT) are based on data from 1989 through 1991. The bold dots indicate average monthly values for 1992. Station locations
shown in Figure 3-1.
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(MRPT) are based on data from 1989 through 1991. The bold dots indicate average monthly values for 1992. Station locations are
shown in Figure 3-1.

MDEIEPC LEVEL 1 REPORT NO. 10 (Interpretive)

The differences in rates of organic matter deposition that determine spatial and seasonal
variability in any one year also The differences in rates of organic matter deposition that
determine spatial and seasonal variability in any one year also determine the inter-annual
variabili in the magnitude of sediment nutrient and oxygen (SONE) fluxes. During the
course o the Chesapeake Bay monitoring program large inter-annual differences in nutrient
loading rates Summers, 1989) and algal biomass accumulation have been noted (Magnien
et aL, 1990). (Large differences in organic matter deposition rates to sediments have also
been observed at one location, station R-64, in the mainstem bay.

7'

The spring bloom event generally supplies the largest amount of organic material to the
sediment surface during any one year (Boynton et aL, 1990). The bloom occurs when
temperatures are low and water column microbial activity and zooplankton populations are
reduced, so relatively little phytoplanktonic material is recycled within the water column. In
addition, the spring bloom population is largely composed of diatoms that sink quickly once
dead, while summer blooms are largely composed of dinoflagellates that sink slowly and so
have a greater chance of being consumed in the water column before reaching the
sediments (Smith, 1992). Finally, the summer pycnocline may be strong enough to prevent
sinking of lighter particulates to deep waters and sediments.
There may be an opportunity to investigate inter-annual variation in sediment-water
nutrient exchanges by comparing annual nutrient fluxes in different areas of the bay with
some index of organic matter supply to sediments. The EPC Program routinely monitors
total chlorophyll-a in surficial sediments during SONE cruises. In addition, another
roeram the Land Margin Ecos stem Research Program funded in Chesapeake Bay by the
KIational cience Foundation (Id'SF) also measured sediment chlorophyll-a concentrations
and nutrient fluxes at several locations in the bay with special emphasis during the spring
bloom period of the year. These data bases have been combined and a search for
relationships between organic matter supply and sediment-water nutrient exchanges was
initiated.

k

Initially, direct correlations between a specific nutrient flux and sediment chlorophyll-a
measurement at a station or group of stations for a season or series of years was completed.
While a few significant correlations emerged, most either lacked predictive power or were
statistically non-significant. Accordingly, sediment chlorophyll-a data were averaged at each
site for which data were available over the spring-early summer period (days 80 - 220).
Nutrient fluxes were averaged for each site and year for a shorter period of the year that
encompassed the period when large nutrient fluxes occurred (days 120 - 220). Altogether,
there were three sites and four different years for which adequate data were available.
Results of regression analyses where sediment chloroph 11-a mass was used to predict
sediment-water nutrient fluxes is shown in Figure 6-4.
e key to the success of these
analyses was the lag of one month when averaging the chlorophyll-a and flux data. This
temporal lag accounts for slower microbial degradation of the deposited spring bloom
material in the colder months during and immediately following the spring bloom. These
analyses indicate that it is the spring bloom deposition which supports nutrient fluxes later in
the year. Similar analyses using particulate carbon (PC) or particulate nitrogen (PN) as the
independent variables produced similar results although not as statistically si nificant.
Results were not statistically significant using sediment particulate phosphorus (P ) as the
independent variable.

b

The lack of significant particulate phosphorus (PP) relationships does rlot necessarily
indicate that phosphorus is unimportant in regulating spring phytoplankton blooms in the
bay. The particulate phosphorus (PP) measurements available in the monitoring program
include both particulate inorganic as well as particulate organic phosphorus compounds.

Recent analysis of sediment particulate phosphorus (PP) indicate that most of the sediment
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particulate phosphorus (PP) is inorganic and possibly not related in any direct way to
phytoplankton dynamics and organic matter deposition (C.W. Keefe, pen. comm.). It is
conceivable that flux versus sediment particulate phosphorus (PP)concentrations would be
significant if organic particulate phosphorus (PP)data were available.
These results suggest a strong case for organic matter deposition as the "master" variable
regulating sediment-water nutrient exchanges along the mainstem of the bay on an annual
basis. The possibility of making routine early s ring measurements of sediment chlorophylla at all or some SONE stations is worth care ul consideration. These data could then be
compared to sediment-water nutrient and oxygen fluxes during the warmer periods of the
year at SONE stations. If similar relationships emerge, a more uantitative assessment of
organic matter loading-sediment nutrient release rates at all ONE stations could be
determined. Ultimately, measurements of surficial sediment total chlorophyll-a might be
used as a simple and inexpensive monitoring tool which could also be used to provide far
better spatial coverage than direct measurements of nutrient fluxes.
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Surficial sediment chlorophyll-a data at each station were averaged between day 80-220 for each year of measurement. Sediment
nutrientflues measured at each station were averaged between days 120-220 for each year of measurement Station designations
and locations are as follow: NB = North Bay (located at the earlier SONE site at Still Pond [SLPD]); MB = Mid Bay (located at
SONE station R-64); SB = South Bay (located adjacent to York Spit near the mouth of the York River, VA).
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7. VERTICAL FLUX (VFX) RESULTS AND DISCUSSION:
Tern oral Patterns of Organic Matter Distribution and
Beposition in the Ma~nsternBay (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. The first is that the upper
bounds of algal biomass levels 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 and that these processes have
quantitative impacts on the water column.
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 occurs 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 is one of the key mechanisms linking processes
of production and decomposition.
From a management viewpoint, information related to deposition rate 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.
This indicates 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,
Level One, Number 9 (Boynton et al., 1991), data for six complete calendar years (19851990) 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 tota chlorophyll-a concentration and deposition rates for the spring period of
1992 at station R-64 in the mainstem bay follows. Deposition patterns for the entire period
of monitoring (1985-1992) are also presented, as are the results of regression analyses
relating organic matter deposition rates to nutrient loading rates. Routine monitoring of
organic matter deposition at R-64 was discontinued after June 3, 1992 due to budgetary
limitations. However, a modified de osition monitoring program is scheduled for the spring
of 1993 supported by Maryland Sea rant Funds.

\

8

7.2 Particulate Carbon and Total Chlorophyll-a Concentrations at R-64, 1992

Particulate organic carbon and total chlorophyll-a concentrations were measured in surface
and mid-depth waters at station R-64 during the first six months of 1992 (Figure 7-1.).
Particulate carbon concentrations ranged from 0.55 to 1.25 mg 1-1 in surface waters and from
0.38 to 1.42 mg 1-1 in mid-depth waters. Except for the last three sampling periods there was
good correspondence in temporal concentration patterns between surface and mid-depth
samples. Some large differences in the magnitude of concentrations and the degree to
-
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which these changed over time were also recorded. Both surface and mid-depth samples
showed a spike in concentration on day 75 but the magnitude of the spike was much greater
in mid-depth than surface samples, while on day 140 the larger spike occurred in surface
samples. These spikes and the lack of correspondence between surface and mid-depth
samples probably resulted from sampling of various phases of the spring algal bloom.
Total chlorophyll-a concentrations ranged from 4 to 15 yg 1-1 and 2 to 13 pg 1-1 in surface and
mid-depth samples, respectively (Figure 7-1.). From day 30 through 70, there was a
noticeable correspondence in concentration patterns at surface and mid-depth samples.
After this time, correspondence was not as pronounced with both surface and mid-depth
concentrations alternating being higher than the other. In general chlorophyll-a
concentrations were much lower ( 2x) than in other years (Boynton et al., 1990).
7.3 Particulate Carbon and Total Chlorophyll-a Deposition Rates, 1992

Particulate carbon and total chlorophyll-a deposition rates measured during the spring of
1992 from surface and mid-depth collecting cups (deployed at depths of 5 and 9 meters from
the surface) are shown in Figure 7-2. These deposition rates have not been corrected for
resuspension effects. However, total chlorophyll-a is not particularly prone to interference
from resuspension because of the naturally rapid decay of this compound.
Particulate carbon deposition rates ranged from 500 to 1700 and from 750 to 3800 mg C m-2
day1 in surface and mid-depth collections, respectively. There were two unusual features of
particulate carbon deposition rates during spring of 1992. First, there was one very large
deposition event at the beginning of February, 3754 mg C m-2 day-l. In fact, this was the
highest winter rate observed to date and the single highest rate observed in surface and midwater collections since 1985. Deposition rates in surface waters were lower than during
most years for the rest of the s ring and there was little indication of deposition of the spring
bloom typical of this season ( igure 7-3.1.). Mid-water collections were somewhat higher
than surface water collections as expected because of the larger water column above these
cups. There was another burst in deposition around day 90 in the mid-depth cups which was
almost as intense as the early eak in February. The event did not occur in the surface cups
and there was no indication o a similar peak in the chlorophyll-a collections which suggests
that the day 90 peak was the result of a local resuspension-deposition event.

!

P

Total chlorophyll-a deposition rates exhibited the same peak in mid-de th cup values, 22.85
mg m-2 day-l, as did particulate carbon collections in February. Fpollowing this event,
deposition rates at both surface and mid-depths were low (relative to most other years) and
fairly constant for the rest of the spring period (Figure 7-3.2.).
7.4 Particulate Carbon and Total Chlorophyll-a Deposition Rates, 1985-1992

The complete data set of deposition rate measurements for particulate carbon, total
chlorophyll-a and "calculated" particulate carbon for the period March, 1985 through June,
1992 are presented as a series of bar graphs (Figure 7-3.1 - 7-3.3). In these figures 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 de loyed for
longer periods than during summer months because during summer and early all fouling
organism (epiphytic plants and animals) fell into collecting cups and grew on the surface of
cups, maslung the collection rate of newly depositing particles. Zero (0.0) values (or the

P
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Figure 7-1. Plots of surface and mlddepth concentrations of particulate organic carbon and total
chlorophyll-a from station R-64 collected during 1992.
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absence of bars) indicate periods when traps were not deployed rather than periods of time
characterized by non-detectable deposition rates.
Particulate carbon deposition rates estimated from surface collections made in during these
years varied between 350 and 1005 mg m-2 d-1in 1985 (Figure 7-3.1); 280 and 1200 mg m-2 dl in 1986; 220 and 1205 mg m-2 d-l in 1987; 205 and 1075 m m-2 d-l in 1988; 300 and 1200 mg
m-2 d-I in 1989, 220 and 1005 mg m-2 d-1 in 1990 and 2 0 and 1050 mg m-2 d-I in 1991.
Deposition rate measurements were made only until May, 1992 and the range in collecting
rates during this interval was 500-1700 mg m-2 d-1 . In most years, 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 day-l) were recorded during
the summer, between the end of June and the middle of August (circa day 181 - 227).
Finally, in 1985, 1987, 1989, 1990 and 1991 deposition rates increased sharply for a brief
period in the fall, presumably in response to the deposition of the fall diatom bloom.

1

The seasonal pattern of particulate carbon deposition rates to a depth of 9 meters (middepth collecting cups), was much stronger than in surface collections, and values were
generally greater than in surface collections, often by a factor of two or more (Figure 7-3.1.).
In part these differences were due to the fact that mid-depth cups were closer to the
sediment surface and more prone to collect resuspended material than were surface cups.
The tops of the mid-depth collecting cups were always above or in the pycnocline and
because of this the effects of collecting locally resuspended material were probably small. It
is possible that the mid-depth cup collections were larger due to exposure to a longer water
column from which new material may be collected. Additionally, a 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 1180 mg m-2 d-1 in 1985, 450 to
1690 mg m-2 d-1 in 1986, 380 to 1500 mg m-2 d-1 in 1987,405 to 1600 m m-2 d-1 in 1988,420
to 2417 mg m-2d-1in 1989,320 to 1510 mg m-2 d-1in 1990 and 300 to 16 0 mg m-2d-I in 1991.
Deposition rate measurements were made on1 until May, 1992 and the range in collecting
rates during this interval was 750-3800 mg m-I
d-1, the highest rates on record during the
monitoring period. The spring bloom, circa day 50 - 150, was clearly seen in all years, but
varied widely (> 2x) in magnitude (Figure 7-4.1; Table 7-1.). During four years (1987, 1989,
1990 and 1991) there was also a strong peak in deposition rates during the fall period, circa
day 275 - 325. Values obtained during the summer months did not show any striking trends
but there were brief periods when rates were substantial.

4

Data collected during the monitoring period to estimate total chlorophyll-a deposition rates
to surface and mid-de th collecting cups (deployed at a depth of 5 and 9 meters from the
surface) are shown in igure 7-3.2. Total chlorophyll-a values have not been corrected for
resuspension effects. A correction factor if applied would be small because chlorophyll-a is
labile and 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
deposition rate while the width of each bar re resents the period from the time of
deployment to the time of retrieval. The length oi! 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.

g

Total chlorophyll-a deposition rates present a clearer picture of deposition rates of "new

material" than uncorrected estimates based on particulate organic carbon, nitrogen or
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hosphorus because in the case of chlorophyll-a resuspension effects are probably minimal.
h e magnitude of total chloro hyll-a deposition rates in the surface layer varied from 1.5 to
25.5 mg ma d-1 (Figure 7-3.2r during the monitoring eriod. If chloro hyll-a deposition
rates are converted to carbon [using a carbon : chlorop yll-a ratio of 50, Day et al., 1989)],
rates of 0.1-1.3 gC m-2 d-1 are obtained and are probably close to bein unbiased by
resuspension effects. These rates represent a substantial percentage (4048%) of annual
phytoplanktonic production in surface waters and indicate the strength of benthic-pelagic
coupling in the central bay region.

P

E

In most years there was a readily interpretable seasonal pattern of total chlorophyll-a
deposition. Rates were high for a period in the spring until circa day 100, Figure 7-3.2),
variable but generally lower during summer (days 150-27 ) 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.

$

Estimates of total chlorophyll-a deposition based on mid-depth cup collections ranged from
2.4 to 26.0 m m-2 d-1 during the monitoring period (Figure 7-3.2) and typical rates were in
the range of -15 mg m-2 d-1. In carbon equivalents these rates range from 0.1 to 0.8 gC m-2
d-1with maximum rates reaching 1.8 gC m-2 d-l. In general, mid-depth collection rates were
only slighter larger than surface collection rates. As was indicated 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 at mid-depth was very similar to that observed in surface waters but was more
distinct. Additionally, inter-annual differences were more apparent at mid-depths. There
was an indication of a slight spring bloom in 1989, as noted in other portions of the
monitoring program (Magnien et al., 1990, Sellner, 1989), but in most other years the bloom
signals are well developed. A strong and repeatable pattern of deposition has been detected
which appears to be related to inter-annual variations in nutrient loading and plankton
dynamics.

4

In an earlier Ecosystem Processes Component (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 alternate deposition rates were calculated as the
difference between water column production and water column consumption rates (referred
to as net community production). The logic of this approach is that only that material which
is not consumed in the upper portion of the water column is available for deposition to deep
waters and the sediment surface. During late winter and spring, phytoplankton production
rates are modest but water column respiration rates are small (possibly because of cool
temperatures) and deposition rates in spring have often been large. Water column
production rates are greatest in the summer but so too are respiration rates and much of the
material produced in the water column is consumed before being deposited. Deposition
rates are therefore generally lower in summer than in spring. In fact the occasional large,
but brief, deposition events that do occur during summer may be the result of a small
temporal mis-match between water column production and consumption rates (Smith,
1992).
While there seems to be a reasonable case for using total chlorophyll-a as an indicator of
"new deposition", chlorophyll-a based depcsition measurements themselves are not useful as
measures of organic matter deposition. Organic matter or particulate organic carbon
measurements are a better representation of the total amount of material available for
MDEIEPC LEVEL 1 REPORT NO. 10 (Interpretive)
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oxidation. Chloro hyll-a represents only a small fraction of the total weight of water column
organic stocks. &is problem can be partly corrected by convertin total chlorophyll-a
n this approach a
deposition rates to estimates of particulate carbon deposition.
chlorophyll-a deposition rate measurement is multiplied by the average particulate carbon :
total chlorophyll-a ratio found in the water column at the same depth as the collection cup.
This ratio is calculated using water column data collected at the beginning and end of a
deployment period and an average value derived which is used in converting total
chlorophyll-a deposition to particulate carbon deposition. The correction factor is applied
to the entire monitoring data set. The results are shown in Figure 7-3.3.

f

In general, the calculated particulate carbon deposition rates exhibit the same temporal
patterns as the direct measurements of particulate carbon de osition. Calculated rates on
average are slightly lower than direct measurements (Figure f3.3.) but calculated rates do
show occasional large peaks which are not present in the direct measurement data set. The
exact reason for this apparent amplification of some values is not clear. However, if a
particulate carbon : total chlorophyll-a ratio is high (due to a local resuspension event, for
example), then the calculated particulate carbon rate will also be high. While this
conversion makes chlorophyll-a deposition rate measurements more useful, it does not
completely remove the possibility for effects of resuspension events from entering the
measurement.
7.5 Relationships between Nutrient Loading and Deposition Rates in the
Mainstem Bay
7.5.1 Overview and Approach

The conceptual model used as a guide in the Ecosystem Processes Component (EPC)
Program indicates that nutrients from all sources promote the growth of phytoplankton. A
portion of the phytoplankton sinks from the surface mixed layer to deeper waters and some
smaller portion of this material reaches the sediment surface where it continues to
decompose. The purpose of this section is to examine EPC Program data for interrelationships or causal linkages suggested by the conceptual model. Specifically, interannual differences in spring phytoplankton bloom deposition rates are described and then
related to nutrient loading rates. Nutrient loading rates to the mainstem bay are not
available for all years, especially recent years, so in this analysis river flow from the
Susquehanna (which is correlated with nutrient loading rates) is used as a substitute
variable.
7.5.2 Spring Bloom Characteristics, 1985-1992

Estimates of the magnitude of deposition resulting from the spring phytoplankton bloom for
1985 through 1992 are shown in Table 7-1. These data were developed using total
chlorophyll-a collections from mid-water collecting cups. Within each year, individual
observations of deposition rates were time wei hted for the period of the spring bloom
deposition event which typically lasts from rnid- ebruary through most of May (days 50 150). Total deposition of total chloro hyll-a from mid-depth collection cups between days
50 - 150 ranged from about 541 mg m- in 1989 to 1190 mg ma in 1990. Estimates of spring
bloom depositions reported here follow qualitative trends detected by EPC and other
portions of the monitoring program (Magnien et al., 1990). For example, 1989 and 1991
deposition rates were low which is consistent with 05servations of the diatom blooms in
those years. Deposition rates in 1988 and 1990 were large, again consistent with spring
bloom characteristics for those years. Natural variability has produced inter-annual spring

&.
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Table 7-1. Ed1m.tof total chlorophyll-a deposttlon (mg mZ) to mlddepth cups durlng sprlng
bloom periods (days 50 150) In 1985 1992.

-

-

YEAR

TOTAL CHLOROPHYLL-a
DEPT&Tf$j

1985

832

1986

795

1987

999

1988

1155

1989

541

1990

1190

1991

625

1992

645
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Table 7-2. Monthly average river flow from the Susquehanna River measured at Conowingo, MD from October,
1984 through June 1992.

5

p

The flows shown as bold numbers were used in developing regressions relating river flow to spring deposition. Units of flow are cubic feet per
second (cfs). Flow data are from the United States Geological Survey (U.S.G.S.) 1984 through 1992. The data for 1992 are incomplete at this
time.
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deposition rates which differ by about a factor of two.
7.5.3 Spring Deposition Responses to Nutrient Loading Rates (as indexed by river
flow)

One of the main goals of the Chesapeake Bay nutrient control program is to reduce nutrient
loads to a point where oxygen depletion of deep waters does not occur or is substantially
lessened in intensity. The loss of an adequate oxygen supply to deep waters is, in part, a
result of density stratification of the water column through much of the year, which retards
mixing and reaeration of these waters (Boicourt, 1992). Another feature which promotes
chronic hypoxic/anoxic conditions is the decomposition of organic matter in deep water
which is the ultimate source of deep-water oxygen demand. Thus, it is deposition of organic
matter which links phytoplankton-nutrient processes in the surface layer with the oxygenconsuming decomposition process in deep waters (Kemp and Boynton, 1992). Given this
conceptual relationship, it would be useful to be able to quantitatively link nutrient loading
rates to deposition rates and to further establish a connection between deposition rates and
oxygen conditions in deep waters. This section presents progress made to date on the
former of these linkages.
Estimates of the magnitude of spring bloom deposition for the years 1985 through 1992
were presented in the preceding section and they are used as the dependent variable in the
following analyses. Susquehanna River flows were used as an index of nutrient loading rates
for the periods 1985 through 1992. These flows were used as the independent variable in
these analyses. Preliminary analyses examining possible relationships between river flow
and spring deposition data indicated that spring deposition was not well correlated with
average annual or water year (October 1through September 30) river flows (Boynton et al.,
1990). In this analysis, a number of river flow averages were developed for different time
periods preceding the spring bloom period (March through May) to determine if any
articular temporal pattern and magnitude of flow influences spring bloom size.
ecifically, river flows were calculated for the following time intervals; October-June,
dvember-~a~
December-April,
,
December-March, December-February, January-May,
January-April, January-March, February-May, February-April and February-March.
Monthly average river flows measured at Conowingo, MD are given in Table 7-2. and the
months immediately preceding the spring bloom period are shown in bold type.
Simple linear regression analyses were conducted to establish whether or not a consistent
relationship existed between river flow in a given time period (independent variable) and
spring deposition rates (dependent variable). A total of 14 regression analyses were
performed. Some of these results were statistically significant (positive relationship) while
others only suggested a positive relationship (i.e., increased deposition with increased flow)
but were not statistically significant. A single strong departure from a general trend was
sufficient to render these regressions non-significant. This is related, in part, to the small
number of observations n = 8) available for use. The strongest relationship develo ed to
date is shown in Figure (f-4 which uses mean river flow for the December through Larch
period of each year as the independent variable.
Several preliminary conclusions can be drawn from these analyses:
(1) It appears that river flows (i.e., nutrient loads) averaged for substantial
periods of time (e.g., October through May) prior to a spring bloom are not
correlated with the magnitude of a spring bloom. Large flows prior to
December, which occasionally occur during fall months, also seemed to have
no noticeable effects on the size of spring deposition. Maximum monthly
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RIVER FLOW
cfs x 1000

Figure 7-4. Scatter plot of rhrer flow (x-variable) from the Squehanna Rhrer (average flows from
the December February perlod) versus deposltlon rates of total chlorophyll-a during the spring
bloom period. Data from 1985-1892 are Included In the analysis,

-
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flows were not enerally correlated with deposition rates. Spring bloom
deposition there ore, is not simply a response to extreme, relatively rare
events. It appears that river flows which occur closer in time to the spring
bloom have the most influence on the magnitude of the subsequent
deposition rates.

f

2) Low river flows (< 30,000 cfs) during the months of December through
f.1989
ebruary were always associated with small spring deposition events (e.g.,
and 1992; Tables 7-1. and 7-2.).

(3) Relatively small deposition events (e.g., 1991 and to a lesser extent 1986)
are associated with very high and sustained flows that begin in the fall and
continue throughout the winter. This does not mean that a large spring bloom
and subsequent deposition event did not occur but rather that it did not occur
in the area of the bay where the sediment trap was deployed. In these years
the bloom may have occurred further down the bay. Examination of water
column data from the Chesapeake Bay Water Quality Monitoring Program
might provide some clarification.
(4) The largest deposition events (e.g., 1987, 1988 and 1990) were all
associated with river flow patterns which featured a dktinct pulse in flow
during one or two months during December through February. The flows which
are associated with the magnitude of spring deposition events are shown in
bold print in Table 7-2.

It appears that considerable work has yet to be done in order to understand the relationship
between loading and deposition. These analyses show some strong correlations between
these variables. The departures of expected patterns in load-deposition relationships in
some years may be due to numerous other factors that operate to either produce or
consume organic matter in the water column and sediments. The complex transport
patterns which are operational in the bay probably serve to further complicate the picture.
The challenge is to continue to examine these and other data, looking for inter-annual
differences in loads and other in situ environmental conditions which would provide new
clues as to the nature of this relationship.
7.6 Spring Deposition and Hypoxia in the Mainstem Bay

In a previous Interpretive Report, Level One #8, (Boynton et al., 1991) water column and
deposition rate data for the spring period (January - May) of 1985 though 1991 were
examined for indications of biological influences on initiation of hypoxic conditions in the
mainstem region of the bay. This analysis is extended to include data collected during the
spring period of 1992.
One of the main water quality problems prevalent in the bay is the yearly development of
zones of hypoxic or anoxic water in deep areas during summer months, June through
September. 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 how much nutrient loads need to be reduced to
alleviate low oxygen conditions.
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Establishing 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 (Boicourt, 1992; Kemp and Boynton, 1992).
Ecosystem Processes Component (EPC) data are not adequate to entirely resolve this
problem but it is possible to determine relationships between deep water oxygen
characteristics and organic matter deposition rates for one region of the mainstem bay
where seasonal oxygen problems are chronic. Data collected by the EPC program, and
other components of the monitoring program (Magnien et aL, 1990), exhibited deep water
oxygen characteristics in the mainstem bay which indicated that deposition-oxygen status
relationships might exist:
(1) 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 observed dunng this period
produced enough phytoplankton biomass to "organic matter saturate" the
system and produce low oxygen concentrations. There is more organic matter
being produced in the system than oxygen available to oxidize this material
during summer periods.

(2) In 1989 the sprin freshet (and associated nutrient load) did not enter the
e spring phytoplankton bloom did not develop to any
bay until mid-May.
significant extent and deep water oxygen depletion was delayed for about a
month.

Lh,

(3) In 1992 the spring freshet was very small throughout the winter-spring
period. Spring chlorophyll-a concentrations (< 20 pg 1-1) and deposition rates
(<25 mg m-2 day-l) were among the lowest on record and dissolved oxygen
concentrations at R-64 remained relatively high (> 4.0 ml I-'), at least through
the beginning of June. During 1992 dissolved oxygen concentrations in deep
water at this station (R-64) were still about 1mg 1-1 in midJuly.
These results suggest that deep water oxygen conditions during the first half of 1992 were
regulated, at least in part, by the amount of organic matter deposited during spring.
Vertical mixing of oxygen from the surface to deep waters, which is influenced by the degree
of water column stratification, is also involved. Resolving the effects of biological and
physical processes is one of the most difficult aspects of this problem. Finally, since it
appears that the system usually receives enough organic matter to produce hypoxic or
anoxic conditions, the inter-annual pattern of oxygen decline may largely be determined by
the magnitude of early spring deposition. Deposition later in spring and earl summer may
have little to do with creating poor oxygen conditions but may be responsible or maintaining
them.

r

Bottom water oxygen concentrations were routinely measured, on a biweekly or weekly
basis, at the VFX site located adjacent to R-64 in the mainstem bay. Water depth at this site
is about 17 meters and vertical stratification characteristics are typical for this region of the
bay. The daily rate of change of oxygen concentration (d02/dt) was calculated using data
measured during the spring (April through June), for 1985 through 1992. The time period
over which rates of change were calculated varied slightly among years but in most cases
included the period from the beginning of March through the middle of May. The criterion

used to determine the starting point was that the first observation should not be followed by
-
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any oxygen measurements of higher concentrations. Typically, during late winter and early
spring, deep water oxygen concentrations exhibit both small increases and decreases over
time but are usually close to saturation (i.e., within 10% of saturated conditions). 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 1992 calculated from these data were linear (r2 values
associated with linear regressions of time versus dilssolved oxygen (DO) concentration
>0.92) and differed appreciably among years (0.082 mg 1-1 d-1 to 0.169 mg 1-1 d-1).
The "organic matter saturation" concept described above suggested that dissolved oxygen
declines were probably caused by early deposition events rather than events that occurred in
late spring or summer. Accordingly, average spring deposition rates of total chlorophyll-a
(mid-depth collecting cups) were calculated for each ear using deposition data collected
between early February and the beginning of May. hlorophyll-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 suspension. In
addition, chlorophyll-a more closely approximates labile organic matter stocks than does a
measure of total particulate carbon. Chlorophyll-a deposition rates (x-variable) were
regressed against the rate of dissolved oxygen ( -variable) decline derived from regressions
of time vs dissolved oxygen concentration ( d oI
/dt). The results are shown in Figure 7-5.
Less significant relationships were also found between measures of dissolved oxygen decline
and maximum deposition rates during the same time period. Average deposition rates
which included June data were not well correlated with dissolved oxygen rates of decline.
Neither surface nor bottom water total chlorophyll-a concentrations were cunbistently
related to measures of dissolved oxygen decline although trends were similar to those
observed for deposition rates.

8

These results point to a strong influence of sediment and water column respiration
biological processes on oxygen decline and relate such declines to nutrient processes 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 regime. Oxygen decline would be more rapid in warm years than
in cold years simply because of the influence of temperature on respiration rates. In this
scenario, organic matter needed to support respiration is not 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 (Boynton er a1.,1992b).
Additionally, for the most part warm and cool springs were not correlated with high and low
rates of oxygen decline. The second hypothesis is 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 occurs and rates of oxygen
decline are greater. Stratification certainly plays a major role in determining deep water
oxygen characteristics. However, the case for stratification being a dominant factor in
causing inter-annual differences in oxygen decline rates is weak because the years of high
and low stratification do not correspond to years of high and low rates of oxygen decline, as
would be true if stratification were a prime factor causing these differences. Although the
existing data are not sufficient to resolve all of the factors involved, the data do support the
relationships between nutrient load and the duration and extent of hypoxia/anoxia in the
deeper areas of the Bay.
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Figure 7-5. A scatter plot of diesohred oxygen tlme rate of change (dOpldt; mg I-' day -I) versus
total chlorophyll-a deposltlon rates (mg m a darl) at mld-depth In the water column. Data were
collected at station R-64 In the mctsohallne region of the mainstem Chesapeake Bay durlng spring

periods between 1985 and 1992.
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8. STATISTICAL EXAMINATION OF SEDIMENT-WATER FLUXES FOR
LONG TERM TRENDS
8.1 Introduction

Developing management actions to implement the 40% nutrient load reduction strategy is
the major thrust of the Chesapeake Bay Water Quality Monitorin Program during its third
phase beginning in 1991. Prior to this, the Chesapeake Bay 8 a t e r Quality Monitoring
Program developed a data base containing data related to the water quality conditions
throughout the bay system. These data were used to describe conditions in the bay s stem
and identify areas of poor water quality. The Ecosystem Processes Component &c)
Program has been a part of this effort since 1984 and has now accumulated 8 complete years
of monitoring data. This data set was determined to be sufficient for statistical analyses
designed to detect tem oral trends in sediment-water flux data (Sediment Oxygen and
Nutrient Eppyxchanges /kONEI) which may have resulted from either natural processes or
management induced nutrient load reduction or some combination of both. Specifically,
regression coefficients for five sediment oxygen and nutrient exchanges (SONE) variables
regressed on year were analyzed by analysis of variance to test for temporal and spatial
trends present in the data. Additionally, power analysis was used to determine the
sensitivity of flux measurements (i.e., smallest change that could be detected) within the
limits of the present program design.
8.2 Selection of data for use in Statistical Analyses
8.2.1 Rivers

The four rivers sampled
each assigned an alphabetic code;
three letters each in the case of
four letters in the case of the
the Potomac River
and the Susquehanna River
(Chesapeake Mainstem [SUS]). This variable was used in stage 3, the analysis of variance.
8.2.2 Stations

Location (Figure 3-1) of the SONE stations in each of the four rivers were selected to have
depth and sediment characteristics representative of the estuarine zone being monitored
(Section 3.1.1 . A preliminary analysis of the data indicated that in order for a station to be
included in t e analysis it should meet the criterion of having been sampled at least 3
months per year for at least 3 years. Six stations had 8 months of data per year and 2
stations, Marsh Point (MRPT) and Broomes Island (BRIS , had 6 months of data per year.
Five stations (Ma land Point MDPT], Thomas Point ( PT), Buoy R-78 (R-78), Still
Pond [SLPD] and %indy Hill [ A H L ] ) at which data were collected for a shorter period of
time and for which limited data were available, were excluded from the analysis.

b

h

The 8 stations used in the analyses are as follows:
Patuxent River
4 stations: Buena Vista (BUVA , Marsh Point (MRPT), St Leonard Creek
(STLC) and Broomes Island (BR S)

f

Choptank River:

1station: Horn Point (HNPT)
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Potomac River:
1station: Ragged Point (RGPT)
Susquehanna River (Chesapeake Mainstem):
2 stations: Point No Point (PNPT) and R-64
8.2.3 Months

r

Data for 7 months, April, May, June, Jul ,August, October and November, were used in the
analyses. The years included are 198 through 1991. Data collected during 1984 were
excluded from the anal ses due to the limited reliability of some data collected during the
early stages of the EP Program when sampling techniques were being developed. The
criterion of inclusion for a station was at least three months of measurements per year for
three years. This criterion was used to minimize potential problems associated with the
inclusion of stations with very limited amounts of data. Changing the criterion for station
inclusion to require more monthly measurements per year would result in a greater amount
of data loss.

E

8.2.4 Flux Variables

Five flux variables were used in the analyses:
1. sediment oxygen consumption (SOC),
2. ammonium (N&+),
3. nitrite plus nitrate (NG' + NO<),
4. dissolved inor anic hosphorus (DIP or P04') and
5. silicious acid fsicoR)4) fluxes.
Nitrite (NO2') is included in nitrite plus nitrate (NO2' + NO<) fluxes because (NO27 fluxes
were so small.
8.3. Statistical Approach

The raw flux data set (Appendix B, Tables B-6.1 through B-6.28, Boynton et al.? 1990 and
Boynton et al., 1992b) was used in stage 1when outliers were determined. Variables used
are: number of observations, sone number, river, station abbreviation, core number, month,
year and flux value. A second (corrected) data set in which outliers and missing values are
eliminated was used in stage 2 when weighted regression coefficients for the model flu =
year were calculated for each monthJstation combination. The third data set used in the
analysis of variance was created at the end of stage 2 and included number of observations,
river, station abbreviation, month, number of observations per month and a weighted
estimate of the rate of change in flu per year.
A copy of each of the Statistical Analysis System (SAS) programs used in the various stages
of this analysis is provided in Appendix D. Detailed explanations of the use of the various
SAS procedures together with useful statistical information may be found in the SAS User's
Guide: Statistics (1985) and SAS System for Regression (Freund and Littell, 1985). The
three stages comprising the analysis are as follows:
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8.3.1. Stage 1: Influence Diagnostics Determination of Outliers

Outlier analysis is a valuable tool providin the researcher with indications of the need for
reinvestigating data points for accuracy ( yers, 1990). Suspect data points in error at the
data entry level can be corrected and remaining highly influential data points can be
examined and considered for elimination from the analysis. At times the outliers may point
to serious model deficiencies making the resulting analysis less useful.

hf

Influence statistics are calculated to determine the potential of a particular observation to
influence the regression line due to leverage (Myers, 1990). These statistics were computed
by examining the changes in various regression statistics when each observation is omitted
from the analysis (one at a time) as compared to the analysis with all observations present.
The model used for the stage 1analysis was flux re ressed on year at each river, station and
month combination using ordinary least squares ( LS). This should not be confused with
stage 2 which used weighted least square (WLS) to generate the rate of change in flux across
years. Once a high leverage value has been identified a decision has to be made with regard
to the inclusion or exclusion of the associated data point.

8

The procedure REG with /INFLUENCE selected provides the following set of influence
statistics associated with the generation of the regression coefficients across time. They are
defined and their use is discussed in Freund and Littell (1986):
1. studentized residuals
2. Hat Diag H
3. covariance ratio statistic
4. Dffits and
5. Dfbetas.
In this stage of the analysis data for each variable at each station for each month for which
there were 4 or more years and 4 or more months data were included. In those cases where
significance was indicated in three of the five tests described above, the original data sheets
were consulted and a decision made as to whether or not to delete the observation from the
data set used in subsequent analyses. The outliers detected in this study were single data
points which had a large impact on the slope of the subsequent regression analysis. In most
cases where data were discarded the sample was associated with either (1) the presence of a
large organism in one of the triplicate sediment cores or (2) abnormally high concentrations
of a dissolved compound in overlying waters in one of the tri licate set of sediment cores.
The former was primarily associated with ammonium fluxes fe., one core of the triplicate
sediment core set having a very high flux value) and the latter with phosphate fluxes (i.e.,
one core of a set of triplicate sediment core set having a very low [or negative] value).
The number of observations available for inclusion in the analyses ranged from 555 for
dissolved organic phosphorus (DIP) to 597 for nitrite + nitrate NOz- + NO3-)(Table 8-1).
The percentage of outliers discarded was low in the order of 1 0 , however for phosphate,
where small negative values were eliminated due to overlying water anamolies, the value
was as high as 2.5% (Table 8-1).

6/

8.3.2 Stage 2: Iteritively Reweighted Least Squares Estimation of Yearly Rates of Change in
Sediment-water Fluxes

Linear regression techniques (SAS, REG procedure) were used to estimate the rates of
change in flux/year for each river, station and month combination. The model was a simple
linear regression of flux on years. The regression procedure used was iteratively reweighted
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T a m 8-1. Numbor of obuw.tlonr (1985-1991) Included In the statktlcal malyses.

VARIABLE

ABBREVIATION

Sediment Oxygen
Consumption

% OUTLIERS

NUMBER
OBSERVATIONS
USED

SOC
--

Ammonium

Dissolved Inorganic
Phosphorus

I
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-

583

1.7

N a - + NOg-

597

0.0

DIP

555

2.5

~

Nitrite + Nitrate

p~

4

DSI

+

I

598

I

0.7

least squares. Ordinary least squares was used to fit the initial model. Weights were
computed for each observation based on the influence statistic dffits. The weights were
computed such that observations with large influence (large dffits) were assigned a weight
less than one depending on the magnitude of the dffits statistic (minimum weight was 0.01).
While observations with small influence (small dffits) were assigned the maximum weight of
one these weights are used with the same model to solve a weighted regression. From this
analysis new weights were computed from the new dffits and the weighted regression model
was fitted again. This procedure was repeated until the estimated regression coefficients
(yearly rate of chan e in flux) stabilized. This procedure results in more robust estimate of
the regression coef icients than would ordinary least squares when outliers are a potential
problem.

B

8.3.3 Stage 3: Analysis of Variance - Test of hypotheses

Estimates of the rates of change in flux/year for each river, station, and month from stage 2
were analyzed by analysis of variance (ANOVA) techniques (SAS, GLM procedure). Since
the estimates from stage 2 were computed from varying amounts of data, the ANOVA was
weighted for the number of observations used to compute the rate of chan e in fldyear.
The ANOVA model included the sources of variation for river (4), station ( ) within river,
month (7) and the river by month interaction. In addition to the four ANOVA hypotheses,
pairwise contrast (t test using the MSE) were used to test for differences between rivers,
stations with rivers (Patuxent [PTX] and Susquehanna [SUS] Rivers only), between rivers
within month (or between months within river). Tests were also done to determine if the
change in f l d y e a r was significantly different from zero overall or for any level of
aggregation of river, station and month (t test using MSE).

8

8.3.4 Stage 4: Power Analysis

Power analysis is used (1) either a priori when the sampling procedure is being designed or
(2) a posteriori during the interpretation of the results. Power curves were constructed to
examine the relationship between power and changebear in flux associated with the
increase in data through continued sampling to year 2000 (Gerrodette, 1987). Power
analysis is as an important tool for the decision maker in management situations where
detecting trends in resource parameters is important (Peterman, 1990a, 1990b).
The standard formulas for calculating ower and detectable-effect size are discussed in
Dhon and Massey (1969), Pearson and I!artley
(1976) and Cohen (1988).
A comprehensive analysis of the Chesapeake Bay Program Monitoring design for detecting
water quality and living resource trends has been completed by Alden, Siebel and Jones
(1990). The study was designed to assess the ability of the Chesapeake Bay monitoring
program to detect true trends ('power' assessment) and the robustness of the analytical
approach.
For each flu rate, information derived from the analysis of variance analysis for each
variable was used to construct power curves. These include the desired level of type I error,
(in this case 0.05), the standard error of the change per year (seb) computed by the analysis
of variance in stage 3, the error degrees of freedom (dfe) from the analysis of variance in
stage 3 and the sample size (determined by the final year of sampling [yr]). Power testing
indicates whether or not the number of samples used is sensitive enough to detect a given
yearly rate of change in flux values.
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8.4. Results
8.4.1 Results from the Analysis of Variance

The results from stage 3: Analysis of Variance are presented as a series of tables (Tables 8-2,
8-3 and 8-4).
Table 8-2 contains the mean square values for change in fluxJyear with significance indicated
for the sources of variation. In only one case, (nitrate plus nitrite; NO2' + NO3' flux), was a
significant interaction found for river by month indicating that rivers are responding
differently with respect to this variable.
Table 8-3 summarizes the means for the months April throu h November (with the
exception of September) for each of the rivers and for each SON flux variable. The last
column contains the least mean square values for rivers summed over all months. This value
represents the average change in flux within a river averaged for all months (April through
November). The values have letters indicating the significant differences among the mean
values.

!&

i. Sediment Oxygen Consumption (SOC) fluxes
Table 8.3 indicated that there were no si nificant trends for sediment o gen consumption
SOC) flux for an month in the PotomacfXiver and Maryland Mainstemlfgay (Susquehanna
Liver). In the hoptank River there was a definite sign of increasing sediment oxygen
consum tion (SOC) during June and a smaller statistically significant (p = 0.10) decrease
during uly. The only other trend was a decrease in sediment oxygen consumption (SOC) in
the Patuxent River during November. The statistically significant changes are of ecological
im ortance i.e. a change of this magnitude would impact dissolved oxygen (DO) conditions.
d e n data for all months was analyzed, the Patuxent River was not seen to be different
from the Choptank River but the trend was not the same as the Potomac and Susquehanna
Rivers. The Potomac River showed a significant increasing trend (p = 0.05) for sediment
oxygen consumption (SOC).

E

9

B

ii. Ammonium N&+)
Two ecologically signi cant trends were evident for ammonium (N&+) in the Potomac
River. A highly significant ( = 0.001) decreasing trend in ammonium was detected during
July and a less significant
= 0.05) decrease during August. Again, decreases of this
magnitude are of ecolo 'cal importance. The Potomac River showed a significant
decreasing trend (p = 0. 1) for ammonium (NH4+)when all the data for all months is
included and was significantly different from the others.

I$

&

iii. Nitrite and Nitrate ( N a - + NOs-)
No significant trends for nitrite and nitrate (NO2- + NO3-) were detected in the Maryland
Mainstem Bay (Susquehanna River Two hi hly significant = 0.001 trends were found,
one in the Choptank River during une and t e other in the atuxent iver during August.
Three less significant trends were also detected; two for the month of April in the Potomac
River (p = 0.01) and Patuxent River (p = 0.05), and the other for the month of June in the
Patuxent River (p = 0.05). The Patuxent River showed a decreasing trend (p = 0.05) for
nitrite and nitrate (NO2- + NO3-) when data for all months is used, and was different than
the other three rivers.

'B

I'.

2

iv. Dissolved Inorganic Phosphorus (PO4-or DIP)
Two significant decreasing trends of ecological importance were indicated for dissolved
inorganic phosphorus (PO4-),one in the Potomac River (p = 0.01) for the month of July and
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for the month of June in the Susquehanna River ( = 0.05). No difference was found
between rivers for dissolved inorganic phosphorus (P 4-) when data for all months is used.

8

v. Silicate (Si)
Only one value showed an increasing trend (p = 0.05) for the Patuxent River during July.
No significant difference was found between rivers for silicate (Si) when data for all months
is used.
In general these results indicated that there is greater similarity among mean values than
significant differences for the different months, suggesting that seasonality does not appear
to have a marked influence on the flwr trends, with the exception of the month of June and
August.
The Patuxent and Susquehanna Rivers seem to respond similarily across months (Table 83), while the Choptank and Potomac Rivers respond differently from each other and from
the Patuxent and the Susquehanna Rivers. Significant values were found for sediment
oxygen consumption (SOC) and ammonium for rivers (Table 8-3) indicating a difference
between the four rivers in the study. Increases in sediment oxygen consumption (SOC) flux
was observed for the Potomac and Susquehanna Rivers while there was a decrease for the
Patuxent River. The Potomac River exhibited a significant decrease in ammonium (N-+)
flux corn ared to the other rivers. Significant values for ammonium (N&+) and nitrate plus
nitrite ( 02- N a - ) were found for stations within rivers.

rS +

Table 8-4 has the least mean square values for each of the five SONE variables at six of the
eight stations. There were more similarities among the stations than there were differences.
Two stations in the Patuxent River had significant differences; Buena Vista (BUVA) had
significant values for nitrate plus nitrite ( N a - + NOs-) and silicate (Si(OH)4) while Marsh
Point (MRPT) had significant differences for ammonium (NH4+) and nitrate plus nitrite
( N G - + NO;).
In the mainstem bay, R-64 had a significant mean square value for
dissolved inorganic phosphorus (DIP).
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TABLE 8-2. Table of mean square values for flux rates from Stage 3: Analysis of Variance.
Dependent: Change in fluxlyear (CtM mq2hr2 yrl; go2 m-2day1 yrl for SOC)
...................................................
MEAN SQUARE......................................................
df
SOC
NH4+
NO2- N03df
DIP
df
SI
River
3
0.784*
97310**
770
3
325
3
45419
Stationtriver
4
0.087
29414+
3274 *
4
752
4
72077
Month
6
0.532+
5501
3772 *
6
%9
6
42131
River x Month
18
0.288
16430
1999
18
369
18
17947

+

Error

16

0.243

14762

993

15

706

16

50176

I

o

2

Table 8-3. Table of Least Square Means by River for Change in FluxNear for five SONE variables.
RIVER
CHOP
POT

PTX

sus

Month

CHOP
POT
PTX

...............................................

*

LEAST SQUARE MEANS (pM m-2 hr-1 yr-1)......................................................
i. Sediment Oxygen Consumption (g 0 2 m-2day-' yr-l)
April
May
August
October
November
River1
0.226
-0.100
0.025
-0.039
-0.015
0.02@
0.091
0.210
0.182
0.063
0.161
0.013
0.102
0.117*a
0.180
-0.112
0.009
-0.124
-0.052
-0.039
-O.07gb
0.056
0.018
0.074
0.089
0.134
0.066
0.093
0.07@
0.138+
0.004
0.159*
-0.068
0.067*
O.OOOt
-0.058
0.035

&

ii. Ammonium
April
May
-3
7
-40
-37

June
-23
-44

July
54

aT3

<om9

August
7

October
-29
-29

November
1
-35

River1
2'
-62** *b

August
-3.2
-7.4
-8.6*

October
-0.7
-2.0
4.1
0.5
1.8

November
-3.6
-6.9
-5.0
-6.8
-2.6

River1
-4.5'
-6.90
-6.7*"
-1.7'
-5.0**

August
0.8
0.9
6.4+
2.1
2.5

October
-4.1
0.1
-0.4
-0.5
-1.2

November
-0.7
-1.2
2.7
2.7
0.2

River1
-2.P
-4.2'
-1.P
-1.V
-1.8

a

sus

Month

+ Nitrate

CHOP
POT
PTX
SUS
Month

iii. Nitrite
April
5.5
-34.1* *
-16.8*
0.2
-11.3

CHOP
POT
PTX
SUS
Month

iv. Dissolved Inorganic Phosphorus
April
May
June
-0.8
-0.6
0.2
1.1
-2.1
-2.5
-2.1
-0.3
-0.2
0.4
-0.5
-0.5
-3.8

May
- 14.0
-5.9
-1.4
2.6
-4.7

June

cG*3
0.0
-17.3*
-3.5
-15.2***

&

July
6.4
1.2
14.3
2.4
5.8

July

&
1.6
-5.4
-9.6*

&

Table 8-3. Table of Least Square Means by River for Change in FluxNear for five SONE variables
(Continued).
RIVER

-----------------------------------------------LEAST SQUARE MEANS (pM m-2 b l yr-l)....................................
v. Silicate
April

CHOP
POT
F'TX
SUS
Month

+
*

-17

40
-75

May
-23
-58

------------------

June

July

August

October

November

~iverl

-24
-19
38

-87

25
20
56
6
27

-8
-25
0
-4 1
-18

-39
28
10
- 10

-22"
-180
200
-1 9
10

-36

-1
-16

-64

-42

-24

-17

p = 0.10
I
I Test of no significant change
p = 0.05
**
p = 0.01
1 in flux across years
***
p=O.Ool
I
Any means with an identical letter are not significantly
abc
different from each other at the 10% level
1
t-tests were used to detect differences among rivers across
all months.
NOTE: Circled values are ecologically important

&
27
17

- 18

-

-

Table 8-4. Least Square Mean values for change in flux per year for six stations
and five SONE variables from Stage 3: Analysis of Variance.

..........................
Station

River

Sediment
Oxygen
Consumption
(SOC)'

Least Sqaure Means (pM m-2 hrl y - 1 ) .................................
Ammonium
Nitrite
Dissolved
Silicate
+ Nitrate
Inorganic
Phosphorus
(NH4+)
(NOf + NO^) (PO1-)
(si)

-0.1363
-0.1032+
-0.0305
-0.0443

-12.47
11.66
60.25'
-3.61

PATUXENT RIVER:
BRIS
BUVA

MRPT
STLC

PTX
PTX
PTX
PTX

3.48
-8.15'
-22.35***
0.09

MARYLAND MAINSTEM BAY (SUSQUEHANNARIVER):
PNPT
R-64

+
**
***
1

-

SUS
SUS
p = 0.10
p = 0.05

12.01
-12.87

0.0907+
0.0604

-1.29
-2.16

I
I

Test of no significant change
p=O.Ol
( in flux between stations in two rivers
p=O.ool
I
Sediment Oxygen Consumption (SOC) units = g @ m-2day-' yr-I
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-3.32
1.87
3.49
-0.16

57.92
56.78'
-24.88
-8.45

8.4.2 Results from the Power Analysis

Table 8-5 summarizes the magnitude of the change in fluxes which can be detected. Values
are derived from power curves using current levels of detection based on actual data
covering the period 1985 through 1991 and additional levels of detection which are
redicted values based on projections using additional sampling for the years 1994, 1996 and
!000. Power curves for one variable, ammonium (N&+), are presented in Figure 8-2. It
should be noted that as increasing numbers of samples are added (in future years), the tail
of the curve becomes noticeably flatter.
By way of example, the 1991 curve in Figure 8-1. indicates that there is a 60% probability of
detecting a 12 unit change (i.e., 12 pMN m-2 hrl yr-1) in ammonium flux based on the
present data set (1985 through 1991 . Similarly, there is a 95% probability of detecting a
change of approximately 25 pMN m- hr-1 yr-1 using the same data. As the graphs in Figure
8-2 indicate, the probabilities of detecting smaller rates of changes increase as the sampling
period progresses.

2

-

MDEIEPC LEVEL 1 REPORT NO. 10 (Interpretive)

-89-

1991

1996
1.20

1.20

.

1.00

1.00

0.80

0.80

0.60

0.60

0.40

0.40

0.20

0.20

.
u
v
~
r
0.00
- 3 0 - 2 5 - 2 0 - 1 5 - 1 0 -5 0

u

n

5

u

u

m

1992

1.20

**

.

0.80

a

***.

.
.
..

0.00
, , , , ,
-30 -25 -20 -15 -10 -5

u

10 15 20 25 30

1.20
1.00

****

.

1.00

,

,

0

5

,

,

,

2000

.
.

*.***

****.

0.80

0.60

,

10 15 20 25 30

0.60

.

0.40
0.20

0.20

***
0.00
~
~
~
- 3 0 - 2 5 - 2 0 - 1 5 - 1 0 -5

.

0.40

l

0

u

5

~

s

u

n

10 15 20 25 30

0.00n
,. , , , ,
-30 -25 -20 -15 -10 -5

,
0

.

,

5

,

,

,

10 15 20 25 30

Change Y u r
1.20
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0.80
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0.40
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The power values for 1991 are based on the data set available for 1985 through 1991 while all of the
other graphs reflect predicted values which would be associated with increased sample size from
continued sampling.
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Table 8-5. A summary of the detection llmits (p > 0.95) of changes in sediment-water fluxes
estimated from the power analyses.
Years indicated the year up to which flux data are included (i.e., 1991 included flux data from 1985
through 1991). Later years (i.e., 1992through 2000) are projections of results based on the inclusion of
additional years of data having the same characteristics as the data set collected between 1985 and
1991. Units for data in the table are pM m-2 hrl yrl except for sediment oxygen consumption (SOC)
where the units are g 0 2 m2day-' yr -I.

FLUX VARIABLE

YEAR
1991

1992

1994

1996

2000

Sediment Oxygen
Consumption (SOC)

0.08

0.08

0.08

0.07

0.06

Ammonium
(NH~+)

23.8

20.5

17.0

16.0

14.9

Nitrate Nitrite
( N a - + NOj)

6.0

5.5

4.8

4.0

3.5

Dissolved Inorganic
Phosphate (DIP)

5.1

4.6

4.0

3.5

2.8

40.0

36.3

30.0

27.5

22.5

+

Silicate
(Si(OH)4)

-
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8.5. Discussion of Results
8.5.1 Trend Analyses

Relatively few significant trends were detected in the Ecosystem Processes Component
(EPC) Program sediment-water flux data. It might be concluded that there were no trends
in these data that emerged based on a linear model (i.e., either increasing or decreasing
trends that could be best fitted with a straight line). In this case, there may have been
"trends" in the data but these were other than linear. Alternatively, it could be argued that
trends were imbedded in the data set but that the variability associated with the data was
sufficiently large so that the trends could not be detected. In other words, the level of
detection was not sufficiently sensitive to detect these trends.
At this point it seems far more likely that the lack of temporal trend was related to the
former as opposed to the latter explanations given above. In earlier reports (Boynton et al.,
1990) it was shown that there were substantial inter-annual differences in the magnitude of
specific fluxes at various stations. However, these inter-annual differences generally did not
proceed in either an increasing or decreasing pattern. Rather, it appeared that fluxes were
related to the magnitude of nutrient loading rates which at most sites has not simply
increased or decreased during the monitoring period, except in the Potomac River where a
general (although not completely consistent) declining flow was evident (Figure 6.1.1).
Additionally, very strong statistical and experimental relationships have been observed
between the magnitude of sediment-water fluxes and the amount of labile organic matter on
the sediment surface resulting from the deposition of the spring bloom. Spring bloom
deposition, in turn, has been related to nutrient loading rates (Figure 7.5.1). Thus, it
appears that the natural inter-annual variability in nutrient loading rates (due to wet and dry
years) is providing a larger signal than the nutrient reductions achieved by the management
program to date. In this regard, future measurements in the Patuxent River will be of
particular interest because substantial phosphorus reductions have been achieved and
nitrogen reductions began during the fall of 1991.
If these reductions are large enough to dominate the natural variations due to inter-annual
weather changes temporal trends in sediment-water fluxes should become evident. In fact a
few are evident already. The station in the lower Potomac River (RGPT) exhibited
significant increases in sediment oxy en consumption (SOC) rates and significant decreases
in ammonia N&+), phosphorus ($0);
and nitrate plus nitrite (N02' + NO<) fluxes
(Table 8-4). $3ese changes in flux are consistent with redictions associated with lower
nutrient loading conditions which has been the case in the otomac River (Figure 6-1.1). Its
important to note that in all the other river systems there has been at least one cycle in highlow river flow during the monitoring period, except in the Potomac River where flows have
been generally below the fifteen year average and steadily decreasing during the last four
years. As the relationships between flow (i.e., nutrient loading rates) and ecosystem
responses (e.g., sediment-water exchanges) becomes clearer it may be possible to better
account for inter-annual variations in flux attributable to natural as opposed to
anthropogenic causes. This in turn would further improve the ability to detect trends in
these data sets.

5
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8.5.2 Power Analyses

In the preceding section it was suggested that the lack of trend detection was due to the lack
of linear increase or decrease in flux rate rather than an inability to detect trends. The
power analysis conducted indicates this is the case because the differences in fluxes which
can be detected with the present sampling scheme are quite small and in all cases are also
small in terms of general ecological impact.
Limits of detection for the changes in flux rates provided in Table 8-2 are all small relative
to the average fluxes observed at SONE stations and are very small relative to average
f l u e s observed during summer periods when fluxes are ically highest (Figures 6-2.la - 62.le). Sediment oxygen consumption (SOC) fluxes at SO E stations range between 0.5 and
2.5 g O2 m-2 day-' during spring and early summer. An annual change of about 0.08 g 0 2 m-2
day1 represents an ability to detect a change of between 3 and 16 percent per year. Similar
results emerge for other fluxes as well, suggesting that the current sampling regime is
adequate.

'P

Another way to evaluate the effectiveness of sampling is to compare the level of change in
flux which can be detected with some change in another environmental variable of
management interest. In this case ammonium fluxes provide a good example. During
summer periods it a pears that nitrogen limits primary production in the mesohaline
uring this period of the year sediments are an important source of
regions of the bay.
nitrogen (as well as Si and PO4') which supports primary production rates. Summer
sediment release rates of ammonium are in the range of 250-300 pMN m-2 hr-1 which is an
amount capable of supportin primary production rates of about 0.6 g C m-2 day-l. Total
production rates are about 1- g C m-2 day-1 so it is clear that sediment nutrient su lies are
im ortant. It ap ears that we can detect ammonium flux changes of about 24 pM m-2hr-I
y r . This level o detection is equivalent to an 8% change in primary production rate, a very
small change. Similar results are obtained when other nutrient fluxes are considered in this
same context. It would seem that the level of detection, which will continue to improve
gradually over the next few years, is adequate for the variables measured in the SONE
portion of the EPC Program.
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APPENDIX A ECOSYSTEM PROCESSES COMPONENT
SONE AND VFX PARAMETER LIST

INTRODUCTION
Appendix A contains Table A-1 part of the Ecosystem Processes Component Data
Dictionary. The data dictionary is an extensive reference document providing a listing
and description of all variables used by the Maryland Department of the Environment,
Ecosystem Processes Component (MDEEPC) of the Maryland Chesapeake Bay Water
Quality Monitoring Program.
Table A-1 lists all variables used in both the sediment oxygen and nutrient exchanges
(SONE) and vertical flux (VFX) programs. The variables are sorted in alphabetical
order using the MDEIEPC table name (Table A-1). This is followed by the one to eight
character CHESSEE variable name as a cross reference since the data from this
com onent is to be incorporated into the Chesapeake Bay Pro am CBP) data base
( C H ~ S E E ) . Table A-1 contains a parameter description, t e M EEPC unit of
measure and the unit abbreviation used in all MDEEPC data tables.

f

6

Table A-1. SONE and VFX Variable and Parameter List

COND

CHESSEE
PARAMETER DESCRIlTION
VARIABLE NAME
SAMPLEID
Basic identification number for water samples.
Name of basin: Chesapeake Bay.
BASIN
BS-DIP
Time rate of change of phosphorus concentration in SONE
blank chamber.
BS-DO
Time rate of change of dissolved oxygen concentration in
SONE blank chamber.
BS-H2S
Time rate of change of hyrodgen sulfide concentration in
SONE blank chamber.
Time rate of change of ammonium concentration in SONE
BS-NH4
blank chamber.
BS-NO23
Time rate of change of nitrite plus nitrate concentration in
SONE blank chamber.
BS-DSI
Time rate of change of siliceous acid concentration in SONE
blank chamber.
BIO-SI
Particulate biogenic silica (amorphous opal) concentration
in water sample.
CHL-A
The total chlorophyll-a of a water sample is acidifled aud
measured fluorometrically. Active chlorophyll-a is then
determined by subtracting the value obtained following
acidification from the total chlorophyll-a value.
CHL-T
The total chlorophyll-a concentration of a water sample
determinedby extraction in 90% acetone and measured
fluorometrically. This value includes active chlorophyll-a
and some undefined chlorophyll-a &sedation products.
Conductivity of water.
COND

CORE DEPTH

CORE-Z

CORE H20
DEPTH
CORE Hz0 VOL

COREWATZ

MDEmPC
TABLE NAME
AA VIAL NO
BASIN
BLANKSLOPE
DIP
BLANKSLOPE
DO
BLANK SLOPE
H2S
BLANKSLOPE
NH4
BLANK SLOPE
NO23
BLANK SLOPE
Si(OH14
B Si
CHLa ACTIVE

CHLa TOTAL

CORE-WAT

MDEmPC
UNIT
Number
Alpha
Micromoles per
liter per minute
Milligrams per liter
per minute
Nanomoles per liter
per minute
Micromoles per
liter per minute
Micromoles per
liter per minute
Micromoles per
liter per minute
Miaograms per
liter
Micrograms per
liter

Miaogramsper
liter

Millimhos per
centimeter
Depth either above or beneath (negative values) the sediment Centimeters
water interface at which measurement was taken; a core depth
- r
water interface.
of zero
Height of water above the sediment surface in SONE
Meters
chamber.
Total volume of water overlying SONE sediment core in a
Milliliters
SONE chamber.

UNIT
ABBR

pW(1 min)
mgI(1 min)
nMJ(1 min)

pMl(1 min)
pW(1 min)
pW(l min)
~gfl
~gfl

pg/l

mmholcm
cm

m
ml

Table A-1. SONE and VFX Variable and Parameter List - CONT
MDEIEPC
TABLE NAME
CORE NO

CHESSEE
PARAMETER DESCRIPTION
VARIABLE NAME
CORE-NO
SONE chamber replicate identifier.

MDEIEPC
UNIT
Alpha or numeric

CORR DIP

DIP-CORR

Micromolar

PM

CRUISE

CRUISE

CUP DEPTH

CUPDPTH

See Appendix B
Table B-2
Meters

m

DATE
DATE DEP

DATE
DATRDEP

Day, Month, Year
Day, Month, Year

DDMMMW
DDMMMW

DATE RET

DATE-RET

Day, Month, Year

DDMMMYY

Liters

1

Micromolar

PM

Micromolar
phosphorus per
square meter per
hour
Micromolar
phosphorus per
square meter per
hour
Micromolar
phosphorus per
liter per minute
..
m a m s per liter
Grams oxygen per
square meter per
day

p ~ ~ l ( rhr)
n ~

DILU VOL

.

DILU-VOL

DIP

DIP-MOL

DIP FLUX

DIP-FLUX

Dissolved inorganic phosphorus concentration of a filtered
water sample which has been corrected for salinity effects.
SONE cruise identifier.
Depth of water &omwater surface to the top of the sediment
trap cup.
Date of sample collection or measurement, alphanumeric
Date on which VFX sediment trap was set out, alphanumeric.
Date on which VFX sediment trap was retreived, alphanumeric.
Total volume, in liters, in which VFX sediment trap contents
are suspended for sub-samplinp;.
Dissolved inorganic phosphorus concentration of a filtered
water sam~le.
Net flux of dissolved inorganic phosphorus across sediment
water interface.

DIP FLUX MEAN DIP-MFLX

Average of triplicate dissolved inorganic phosphorus flux
determinations at a SONE station.

DIP SLOPE

DIP-SLP

Time rate of change of dissolved inorganic phosphorus
concentration in overlying waters of a SONE chamber.

DISOXY
DO-FLUX

Dissolved oxygen concentration.
Net flux of dissolved oxygen across sediment-water interface.
DO flux is synonomous with sediment oxygen consumption
(SOC).

,.DO
DO FLUX

UNIT
ABBR

-

p ~ / ( m 2 hr)

pMPl(1 min)

mg/l
g@/(m2 day)

I

I

I

i

I

I

I

I

I
I
I

Table A-1. SONE and VFX Variable and Parameter List - CONT
PARAMETER DESCRIPTION
MDWPC
CHESSEE
MDWPC
UNIT
TABLE NAME VARLABLE NAME
Average of triplicate dissolved oxygen flux determinations at a Grams oxygen per
DO FLUX MEAN DO-MFLX
square meter per
SONE station.

UNIT
ABBR
g02/(m2 day)

day
Measured oxygen concentration relative to oxygen saturation
concentration at sample temperature and salinity.
Time rate of change of dissolved oxygen concentration in overlying waters of a SONE chamber.
Eh corrected = Eh measured + 244mV. This gives Eh
relative to the hydrogen electrode.
A measure of the chemical environment (oxidizing or
reducing) at a specific depth in the sediment column
measured relative to a calomel electrode.
The calculated flux of biogenic silica to the depth of the
opening of the VFX sediment trap cup.

DO SAT

DOSAT

DO SLOPE

DO-SLP

Eh CORR

EH-CORR

Eh MEAS

ORP

FLUX BSi

BSI-VFX

FLUX CHLa

CHLA-VFX

The calculated flux of active chlorophyll-a to the depth of the
opening of the VFX sediment trap cup.

CHLT-VFX

The calculated flux of total chlorophyll-a to the depth of the
opening of the VFX sediment trap cup.

PC-WX

The calculated flux of particulate organic carbon to the depth
of the opening of the VFX sediment trap cup.

Percentage

%

Milligrams Oz per
liter per minute
Millivolts

mg/(l min)

Millivolts

mV

Milligrams per
square meter per

mg/(m2 day)

mV

day
ACIlVE

Milligrams per
square meter per

mg/(m2 day)

day

FLUX CHLa
TOTAL

FLUX PC

Milligrams per
square meter per

day
Milligrams per

mg/(m2 day)
mgl(m2 day)

square meter per

day
FLUX PN

FLUX PP

PN-VFX
PP-VFX

The calculated flux of particulate organic nitrogen to the depth Milligrams per
square meter per
of the opening of the VFX sediment trap cup.
The calculated flux of particulate phosphorus to the depth of
the opening of the VFX sediment trap cup.

day
Milligrams per
square meter per

mg/(m2 day)
mg/(m2 day)

day

FLUX SESTON

SEST-VFX

The calculated flux of total particulates to the depth of the
opening of the VFX sediment trap cup.

Grams per square
meter per day

g,,(m2 day)

-

Table A-1. SONE and W X Variable and Parameter List CONT
MDE/EPC
TABLE NAME

CHESSEE
VARIABLE

PARAMETER DESCRIPTION

UNIT
ABBR

MDE/EPC

UNIT

NAME
GEAR CODE

GEAR

H20 %

H20-SED

H2S

H2S-MOL

H2S FLUX

H2S-FLUX

Net flux of dissolved hydrogen sulfide across sediment water
interface.

H2S FLUX

H2S-MFIX

Average of triplicate hydrogen sulfide flux determinations at a
SONE station.

H2S SLOPE

H2S-SLP

Time rate of change of hydrogen sulfide concentration in
overlying waters of a SONE chamber.

LAT

LAT

Latitude.

LONG

LONG

Longitude.

NH4

NHCMOL

Ammonium concentration of a filtered water sample.

NH4FLUX

NH4-FLUX

NH4 FLUX
MEAN

NH4MFL.X

Net flux of dissolved ammonium across sediment water interface. Micromolar
,uh4hI/(m2 hr)
nitrogen per square
meter per hour
Average of triplicate ammonium flux determinations at a SONE Micromolar
p h4bJ/(m2*hr)
station
nitrogen per square
meter per hour

MEAN

Sampling Gear Code.

See Appendix B
Table B-8
The percentage (by weight) of water loss by drying for a specified Grams of water
section of the sediment column.
per 100 grams of
wet sediment
Hydrogen sulfide concentration of a filtered water sample.
Micromolar
Miaomolar
sulfur per square
meter per hour
Miaomolar
sulfur per square
meter per hour
Micromolar
sulfur per liter per
minute
Decimal degrees
and minutes
Decimal degrees
and minutes
Micromolar

%

PM
p ~ s / ( r n hr)
~
p ~ s / ( r n hr)
~
pMS/(l min)

PM

-

Table A-1. SONE and VFX Variable and Parameter List CONT

NH4 SLOPE

CHESSEE
VARIABLE
NAME
NH4_SLP

NH4 SLOPE

NH4_SLP

NO2

MDWEPC
TABLE NAME

PARAMETER DESCRIPTION

UNIT

MDWEPC
UNIT

pMN/(l min)

N02-MOL

Miaomolar per
minute
T i e rate of change of ammonium concentration in overlying wa- Miaomoles
ters of a SONE chamber.
nitrogen per liter
per minute
Nitrite concentration of a filtered water sample.
Miaomolar

NO2 FLUX

NO2-FTUX

Net flux of dissolved nitrite across sediment water interface.

,uMN/(m2 hr)

N02FLUX

NO2-MFLx

MEAN
N02SLOPE

N02-SLP

NO2 +NO3

N02XMOL

Time rate of change of ammonium

ABBR

Miaomolar
nitrogen per square
meter per hour
Miaomolar
Average of triplicate nitrite flux determinationsat a SONE
nitrogen per square
station.
meter per hour
Time rate of change of nitrite concentration in overlying waters of Miaomolar
nitrogen per liter
a SONE chamber.
per minute
Miaomolar
Nitrite + nitrate concentration of a filtered water sample.

NO2 +NO3 FLUX N023FLUX

Net flux of dissolved nitrite
interface.

+ nitrate aaoss sediment water

NO2 + NO3 FLUX N023MFL.X
MEAN

Average of triplicate nitrite
SONE station.

+ nitrate flux determinationsat a

NO2 + NO3
SLOPE

Time rate of change of nitrite + nitrate concetration in
overlying waters of a SONE chamber.

NO2LSLP

,uM/min

PM

,uMN/(m2 hr)

pMN/(l hr)

PM

Micromolar
,uMN/(m2 hr)
nitrogen per square
meter per hour
Miaomolar
,uMN/(m2 hr)
nitrogen per square
meter per hour
Miaomolar
,uMN/(l min)
nitrogen per liter
per minute
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Table A-1. SONE and VFX Variable and Parameter List - CONT

i
MDEJEPC
TABLE NAME
SEGMENT

CHESSEE
PARAMETER DESCRIPTION
VARIABLE NAME
SEGMENT
Chesapeake Bay Program segment designation.

SESTON

SES-MG

Concentration as dry weight of total particulates in a water
sample (seston).
Net flux of dissolved silicate across sediment water interface.

MDEPPC
See Appendix B
Table B-3
mlllgrams per liter mgfl

Si(OH)4

DSI-MOL

Micromolar
silicate per square
meter per hour
Average of triplicate silicate flux determinations at a SONE sta- Micromolar
tion.
silicate per square
meter per hour
Time rate of change of silicate concentration in overlying
Micromolar
silicate per liter per
waters of a SONE chamber.
minute
micromolar
Silicious acid concentration of a filtered water sample.

SOURCE

SOURCE

Data collecting agency.

STANAME

STANAME

Nearest Maryland station.

STATION

STATION

Sampling station identifier.

TDN

TDN-MOL

TDP

TDP

TEMP
TIME

WTEMP
TIME

Total dissolved nitrogen concentration of a filtered water
sample.
Total dissolved phosphorus concentration of a filtered water
sample.
Temperature of water at sample depth.
Time of day that sample was collected using 24-hour clock

TIMEDELTA

TIME-DEL

T i e differencebetween samples.

SILICATE FLUX DSI-FLUX
SILICATE FLUX DSIMFLUX
MEAN
SILICATE SLOPE DSISLOPE

UNIT
ABBR

UNIT

,uh&ji/(rn2 hr)
,uMsi/(m2 hr)

pMSi/(l min)

,uM

See Appendix B
Table B-4
See Appendix B
Table B-5.2
See Appendix B
Table B-5.1
Micromolar
,uMN/I
nitrogen per liter
Micromolar
,uMPfl
phosphorus per liter
Degrees Centigrade C
Hours, minutes in HHMM
%hour time
Minutes
MM

!

I

1

Table A-1. SONE and VFX Variable and Parameter List - CONT
PARAMETER DESCRIFTION

CHESSEE

MDEIEPC
TABLE NAME
TIME DEP

VARIABLE NAME

MDWEPC
UNIT
Hours, minutes in
24-hour time
Hours

UNIT
ABBR
HHMM

TIME OF
SAMPLE hr
TIME OF
SAMPLEmin
TIME RET

TIME-H

Time of day at which VFX sediment trap was deployed using
%hour clock
Hour portion of time variable.

TIME-M

IMinute portion of time variable.

Minutes

MM

TIME-RET
TIME-SUM

Hours, minutes in
24-hour time
Minutes

HHMM

TIME SUM
TIME TOTAL

TIME-TOT

Time of day at which VFX sediment trap was retrieved, using
%hour clock.
Summation of the time elapsed from beginning of incubation of
a SONE chamber.
Total number of deployment days of VFX sediment trap.

Decimal days

Days

TIME-DEP

p+

I

IREF.NO.

I

TOTAL

ITDEPTH

DEPTH AVG

TDEP-AVG

1 DOC-ID

I

I

I ~ o t adepth
l
of water column at station.
Average of water depth measured when VFX sediment trap
was deployed and water depth measured when VFX sediment
trap was retrieved.
Documentation identification.

I~ e t e r s

HH

MM

I

m

Meters

I

DATE: NOVEMBER 199

APPENDIX D

STATISTICAL ANALYSIS SYSTEM (SAS) PROGRAMS
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STAGE 1: INFLUENCE DIAGNOSTICS
PROGRAMS: RGPTNH4.sas
REG.sas

***
***
***

STAGE 1: PLOTS AND SLOPE CALCULATIONS OF n
ux DATA
Programmer: Frances Rohland
Date: June 1991

***

Program Name: RGPTNH4.SAS ;

OPTIONS PS=52 Is= 80 PAGENO= 1;
LIBNAME SONE 'E:\riverf\' ;
data ALL;
set SONE.SWFLUX,
if station in ('RGPT' .
FLUX = NH4-FL x ;
run;

3

title 1'STATION IS RAGGED POINT, POTOMAC RIVER' ;
data FLUX ;
SET ALL ;
if station in ('RGPT') ;
month = month(date) ;
year = year(date) ;
keep sone station core-no month year flux;
run;
TITLE2 'VARIABLE IS AMMONIUM (NH4) ' ;
PROC SORT DATA=FLUX;
BY FLUX ;
QUIT;
PROC PRINT DATA=FLUX :
VAR STATION SONE CORE-NO MONTH YEAR FLUX.,
QUIT;
DATA FLUX,
SET FLUX ;
IF FLUX=.THEN DELETE ;
KEEP SONE STATION CORE-NO MONTH YEAR FLUX ;

RUN'

***

APRIL ;
DATA BAPR;
SET FLUX ;
IF MONTH NOT = 4 THEN DELETE :
KEEP SONE STATION CORE-NO MONTHYEAR FLUX ;
RUN,

proc sort data-BAPR ;

by YEAR;
quit;
DATA BAPR;
SET BAPR;
TITLE3 ' MONTH IS APRIL (4) ' ;
proc print data=BAPR ;
var station sone core-no month year flux ;
PROC MEANS PRINT DATA=BAPR ;
BY MONTH;
VAR FLUX;
QUIT,
PROC MEANS PRINT DATA=BAPR ;
BY YEAR ;
VAR FLUX;

* ** FIND THE LINEAR REGRESSION EQUATIONS ;
PROC REG DATA=BAPR;
MODEL FLUX = YEAR ;
OUTPUT OUT=BNH P=PRED;
TITLE2 ' FLUX LINEAR REGRESSION BY YEAR' ;
PROC PLOT DATA = BNH;
PLOT FLUX*YEAR = '*' PRED*YEAR = '@'/OVERLAY BOX;
LABEL FLUX = 'NH4 FLUX';
TITLE2 'PLOT OF FLUX FOR RGPT, MONTH = APRIL (4) ' ;
RUN ;

***

MAY;

DATA BMAY,
SET FLUX ;
IF MONTH NOT = 5 THEN DELETE ;
KEEP SONE STATION CORE-NO MONTH YEAR FLUX ;
RUN;
proc sort data=BMAY ;
by year;
quit;
DATA BMAY,
SET BMAY,
TITLE3 ' MONTH IS MAY ( 5 ) ' ;
proc print data=BMAY ;
var station sone core-no month year flux ;

PROC MEANS PRINT DATA=BMAY ;
BY MONTH;
VAR FLUX'
QUIT;
PROC MEANS PRINT DATA=BMAY ;
BY YEAR ;
VAR FLUX,
QUIT;

* FIND THE LINEAR REGRESSION EQUATIONS ;
PROC REG DATA=BMAY,
MODEL FLUX = YEAR ;
OUTPUT OUT=BNH P=PRED;
TITLE2 ' FLUX LINEAR REGRESSION BY YEAR' ;
PROC PLOT DATA = BNH;
PLOT FLUX*YEAR = '*' PRED*YEAR = '@'/OVERLAY BOX,
LABEL FLUX = 'NH4 FLUX';
TITLE2 'PLOT OF FLUX FOR RGPT, MONTH = MAY (5) ' ;
RUN ;

***

JUNE ;
DATA BJUN;
SET FLUX ;
IF MONTH NOT = 6 THEN DELETE ;
KEEP SONE STATION CORE-NO MONTH YEAR FLUX ;
RUN;
proc sort data=BJUN ;
by year;
quit;
DATA BJUN ;
SET BJUN;
TITLE3 ' MONTH IS JUNE (6) ' ;
proc print data=BJUN ;
var station sone core-no month year flux ;
PROC MEANS PRINT DATA=BJUN ;
BY MONTH,
VAR FLUX,
QUIT,
PROC MEANS PRINT DATA=BJUN ;
BY YEAR ;
VAR FLUX,

QUIT;

--

164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180

* FIND THE LINEAR REGRESSION EQUATIONS ;
PROC REG DATA=BJUN;
MODEL FLUX = YEAR ;
OUTPUT OUT=BNH P=PRED;
TITLE2 ' FLUX LINEAR REGRESSION BY YEAR' ;
PROC PLOT DATA = BNH;
PLOT FLUX*YEAR = '*' PRED*YEAR = '@'/OVERLAY BOX,
LABEL FLUX.= 'NH4 FLUX';
TITLE2 'PLOT OF FLUX FOR RGPT, MONTH = JUNE (6) ' ;
RUN ;

***

JULY ;

DATA BJUL;
SET FLUX ;
IF MONTH NOT = 7 THEN DELETE ;
KEEP SONE STATION CORE-NO MONTH YEAR FLUX ;
RUN;
proc sort data=BJUL ;
by year;
quit;
DATA BJUL ;
SET BJUL,
TITLE3 ' MONTH IS JULY (7) ' ;
proc print data=BJUL ;
var station sone core-no month year flux ;
PROC MEANS PRINT DATA=BJUL ;
BY MONTH;
VAR FLUX,
QUIT;
PROC MEANS PRINT DATA=BJUL ;
BY YEAR ;
VAR FLUX,
QUIT;

*** FIND THE LINEAR REGRESSION EQUATIONS ;
PROC REG DATA=BJUL;
MODEL FLUX = YEAR ;
OUTPUT OUT=BNH P =PRED;
TITLE2 ' FLUX LINEAR REGRESSION BY YEAR' ;

PROC PLOT DATA = BNH;

PLOT FLUX*YEAR = '*' PRED*YEAR = '@'/OVERLAY BOX,
LABEL FLUX = 'NH4 FLUX';
TITLE2 'PLOT OF FLUX FOR RGPT, MONTH = JULY (7) ' ;
RUN ;

***

AUGUST ;

DATA BAUG;
SET FLUX ;
IF MONTH NOT = 8 THEN DELETE ;
KEEP SONE STATION CORE-NO MONTH YEAR FLUX ;
RUN;
proc sort data=BAUG ;
by year;
qu1t;
DATA BAUG ;
SET BAUG;
TITLE3 ' MONTH IS AUGUST (8) ' ;
proc print data=BAUG ;
var station sone core-no month year flux ;
PROC MEANS PRINT DATA = BAUG ;
BY MONTH;
VAR FLUX;
QUIT,
PROC MEANS PRINT DATA=BAUG ;
BY YEAR ;
VAR FLUX,
QUIT;

* * * FIND THE LINEAR REGRESSION EQUATIONS ;
PROC REG DATA=BAUG;
MODEL FLUX = YEAR ;
OUTPUT OUT=BNH P=PRED,
TITLE2 ' FLUX LINEAR REGRESSION BY YEAR' ;
PROC PLOT DATA = BNH;
PLOT FLUX*YEAR = '*' PRED*YEAR = '@'/OVERLAY BOX;
LABEL FLUX = 'NH4 FLUX';
TITLE2 'PLOT OF FLUX FOR RGPT, MONTH = AUGUST (8) ' ;
RUN ;

***

OCTOBER ;

DATA BOCT:
SET FLUX ; '
IF MONTH NOT = 10 THEN DELETE ;

KEEP SONE STATION CORE-NO MONTH YEAR FLUX ;

RUN;
proc sort data=BOCT ;
by Year;
quit;
DATA BOCT ;
SET BOCT;
TITLE3 ' MONTH IS OCTOBER (10) ' ;
proc print data=BOCT ;
var station sone core-no month year flux ;
PROC MEANS PRINT DATA=BOCT ;
BY MONTH:
VAR FLUX'
QUIT;
PROC MEANS PRINT DATA=BOCT ;
BY YEAR ;
VAR FLUX,
QUIT;

* FIND THE LINEAR REGRESSION EQUATIONS ;
PROC REG DATA=BOCT;
MODEL FLUX = YEAR ;
OUTPUT OUT=BNH P=PRED;
TITLE2 ' FLUX LINEAR REGRESSION BY YEAR' ;
PROC PLOT DATA = BNH,
PLOT FLUX*YEAR = '*' PRED*YEAR = '@'/OVERLAY BOX,
LABEL FLUX = 'NH4 FLUX';
TITLE2 'PLOT OF FLUX FOR RGPT,MONTH = OCTOBER (10) ' ;
RUN ;

***

NOVEMBER ;

DATA BNOV,
SET FLUX ;
IF MONTH NOT = 11THEN DELETE ;
KEEP SONE STATION CORE-NO MONTH YEAR FLUX ;
RUN;
proc sort data=BNOV ;
by year;
quit;
DATA BNOV ;
SET BNOV,
TITLE3 ' MONTH IS NOVEMBER (11) ' ;

proc print data=BNOV ;

var station sone core-no month year flux ;

PROC MEANS PRINT DATA=BNOV ;
BY MONTH,
VAR FLUX,
QUIT,
PROC MEANS PRINT DATA=BNOV ;
BY YEAR ;
VAR FLUX,
QUIT,

* FIND THE LINEAR REGRESSION EQUATIONS ;
PROC REG DATA=BNOV;
MODEL FLUX = YEAR ;
OUTPUT OUT=BNH P=PRED;
TITLE2 ' FLUX LINEAR REGRESSION BY YEAR' ;
PROC PLOT DATA = BNH,
PLOT FLUX*YEAR = '*' PRED*YEAR = '@'/OVERLAY BOX,
LABEL FLUX = 'NH4 FLUX'.,
TITLE2 'PLOT OF FLUX FOR RGPT, MONTH = NOVEMBER (11)' ;
RUN ;

***
*+*
***

STAGE 1: INFLUENCE DIAGNOSTICS
Statistician: Lany Douglass
Date: June 1991

***

FILENAME : REG.SSD ;

OPTIONS PAGESIZE = 70 1s = 78 PAGENO= 1 ;
LIBNAME SONE 'E:LDSSD\' ;
data ALL ;
set SONE.SWFLUX ;
if station in
('BRIS','BUVA','MRPT','STLC,'R-64','PW9);
FLUX = NH4-FLUX ;
run;
title1 ' Dependent Variable is NH4 FLUX' ;
*** Deletes lines where FLUX is missing *** ;
data FLUX;
SET ALL;
if station in('BUVA','STLC','R-W,'PNPT','HNPT','RGP);
if FLUX=. then delete ;
month = month(date) ;

CORE-NO MONTH YEAR FLUX;
run ;
proc sort data = FLUX,
by station month year ;
quit ;

***
***

The following two PROCS count the number ***;
of available years in the data set ***;

proc means noprint data = FLUX,
by station month year ;
var flux ;
output out = n o j mean = flux ;
quit ;

proc means noprint data = NO-YR ;
by station month ;
var FLUX ;
output out = NO-YR n=no> ;
quit ;
title 2 'Anal sis using 4 or more years and 4 or more months' ;
*** adds 0-YR to the flux data set, ;
*** sets the minimum no of years required for analysis, ;
*** and computes a centered year linear and quadratic terms ;
*** for regression ;

k

data FLUX,
merge FLUX NO-YR ;
by station month ;
if first.station then stat-no+ 1 ;
if n o j ge 4;
yr lin = year -1985 ;
y q u a d = yr-lin* *2 ;
drip -type- -freq_;
run ;
title3 'Print of data used for determining regression coefficients' ;
proc print uniform data = FLUX ;
quit ;
title3 'Analysis of the quadratic regression coefficient' ;
*** creates data set of regression coefficients ;
*** for combinations of station and months ;
proc reg data = FLUX outest = BETAS ;
by station month ;
model flux = yr lin quad/INFLUENCE ;
output out = R B I r=r-flux p=p-flux ;
quit ;

t;-

title3 'Residual plots' ;
proc plot data = RESID;
plot r flux * p-flux
r-flux3stat-no
r flux*monthhref=0 ;
quit;
title3 'Descriptive statistics and outliers for regression analysis' ;
proc univariate normal plot data = RESID ;
var r-flux ;
quit ;

* * * The following PROC counts the ;
* ** number of available months ;
proc means data = BETAS ;
by station ;
var yr-quad

output out = NO-MO n=no -mo ;
quit ;
data NO MO ;
set NO &lo;
drop -type- - f r e e ;

*** Adds the number of months to the BETAS data set *** ;
*** and sets the minimum number of months
*** .
***
.
*** re uired for analysis
'
9

9

data BE AS ;
merge BETAS NO-MO ;
b- station ;
i no m o g e 4 ;
mo-En = -.5858500*(month=5 -.3254720*(month=6)
+.1952824* month=8)+. 160390*(month=lO);
mo-quad = +.49 9593*(month=5) -.2806090*(month=6)
-.6786810*(month=8) +.1503764*(month= 10);
drop _type- ;
run ;

1

\

4

title3 'Print of data used for analysis of variance' ;
proc print data = BETAS ;
quit ;
title3 'Full model' ;
proc glm data = BETAS ;
class station ;
model yr-quad =
station
mo lin
mo-lin*station
moquad
moquad*station
/ss4:

quit ;

title 'Final Model' ;
proc glm data = BETAS ;
class station ;
model yr_quad =
station
month
/ss4 ;
estimate 'mean quad' intercept 6 station 1 1 1 1 Z 1
month 43.5
/divisor = 6 ;

lsmean station/stderr pdiff e ;
output out= RESID r = r y ~ q u a dp = p y ~ q u a d;
quit ;
title4 'Examination of Assumptions ';
data RESID;
set RESID;
ayr-quad = abs(ryr_quad) ;
run ;
proc plot data = RESID;
plot ryr-quad*pyr-quadhef =0;
quit ;
pooc corr spearman data = RESID ;
var ayr quad ;
with p*-quad ;
quit ;
proc univariate normal plot data = RESID ;
var r y ~ q u a d;
quit ;

STAGE 2: WEIGHTED LEAST MEAN SQUARE ANALYSIS
PROGRAM: NH4-FLUX.sas

1
2

-

-

-

-

--

-

-

-

-

*+*
***
***

STAGE 2: WEIGHTED LEAST SQUARE ANALYSIS

Statistician: Lany Douglass
Date: June 1991

3
4
5
title1 'BOYNTON and ROHLAND - SEDIMENT FLUX DATA';
6
7
***
Program Name: NH4-FLUX.SAS * **;
8
9
options Is= 125 ps=45 pageno= 1;
10
11
12
*** libname syntax for 6.06 ***;
13
14
libname ssd v604 'a:\';
15
* * * libname syntax for 6.04 * * *;
16
17
*libname ssd a:\';
18
*** reading in river flow data * * *;
19
20
data FLOW;
21
set SSD.RIVERFLW,
22
run;
23
24
proc sort data=FLOW,
25
by river year month;
26
quit;
27
28
*** libname syntax for 6.06 ***;
29
30
libname ssv v604 'a:\';
31
*** libname s p a x for 6.04 ***;
32
33
*libname ssv a:\';
34
*** reading in sediment flux data ****
35
36
title2 'Dependent variable is NH4 FL'bX';
37
data ALL;
38
set SSV.SWFLUX,
39
if station in('BRIS','BUVA','MRPT','STLC','R-64','PWT,'~PT','RGPT);
40
flux = nh4 flux;
keep sone Ttation core-no date flux;
41
42
run;
43
44
*** creatin a river identification variable and extractin*5 *.* * *
45
46
* * * a mont and year code from the date
title3 'Analysis usin 3 or more years and 3 or more months';
47
** * Deletes lines w ere FLUX FLUX is missing ** ***;
48
data FLUX;
49
set ALL;
50
if station in
then river='PTX ';
51
if station in
52
if station in

!

!

53

if station in

if flux=. then delete;
month = month(date);
year = year(date);
keep sone river station core-no month year flux;
run;
proc sort data=FLUX;
by river year month;
quit;

*** deleting data lines when flux is missing ***;
data FLUX;
merge FLUX FLOW,
b river year month;
Jflux=.
then delete;
run;
proc sort data=FLUX,
by station year month core-no;
quit;

*** The following data step counts the number of months ***;
data NO MOS;
set FLUX;
b station year month core no;
i first.year then no-mos=Q
if first.month then no mos+ 1;
if 1ast.year then outpi?;
keep station year no-mos;
run;

r

*** Adds NO MOS to the FLUX data set, sets the minimum number * * *
***.
*** of monthrrequired for anlaysis.
data FLUX;
9

merge FLUX NO-MOS;
by station year;
if no-mos ge 3;
run;

roc sort data=FLUX;
Eyquit;
river station month year core-no;

*** The following data step counts the number ***
*** of observations and the number of years ***;
data NO YRS;
set FLUX;
by river station month year core-no;
if first.month then do;
n o j s =0;

no-obs=O;

end;
no obs+l;
if Erst.year then n o j s + 1;
if 1ast.month then output;
keep river station month noyrs no-obs;
run;

*** Adds NO-YRS to the FLUX data set, sets the minimum number ***
* * * of years required for anlaysis, and defines yr=O as 1985
***;***

*** and computes log10 of yr for regression analysis.
data FLUX,
merge FLUX NO-YRS;
by river station month;
if first.station then stat-no+ 1;
if n o j s ge 3;
yr = year - 1985;
log-flow =loglO(fl0w);
run;

title4 'Print of data used for determining regression coefficients';
proc print uniform data=FLUX,
quit;
title4 'Parameter esimates for the linear regression coefficient';
title5 'Ordinary least s uares';
*** Creates data set o regression coefficients ***
*** for combinations of river, station and month ***;
proc reg noprint data=FLUX outest=BET&
by river station month;
model flux =
output out =
r=res dffits=dffits;
quit;

9

&

title6 'Model includes yr';
proc print uniform data=BET&
var river station month -rmse- yr;
quit;

*** com utes weights first weighted model ***:
data
set WTS;
=2;
?** where p = # of regression parameters ***;
k= 1.5*(p* .5)*(((p-l)/no_obs)**.5);
*** where 1.5 provides a bound for wts< 1 ***;
kwl = k / abs(dffits);
if kwl > 1then wt = 1;
else wt =kwl;
if wt=. then wt=.Ol;

d;

162
163
164
165

resO=res;
drop res dffits;
run;

%MACRO ITER;
*** generates dffitsused to weight each iteration ***;
roc reg noprint data=WTS outest =BETA;
river station month;
weight wt;
model flux = yr;
output out=wts r=res dffits=dffits;
quit;

Ey

*** com utes weights for each iteration

data

d;

if kwl > 1 then wt= fi
else wt =kwl;
if wt=. then wt=.Ol;
resO=res;
drop res dffits;
run;

%MEND ITER;

** * each line (%ITER) produces one iteration
***.and the ***
*** weights for the next iteration
?

%ITER
%ITER
%ITER
%rIER
%ITER
%rnR
%rnR
%ITER
%ITER
%ITER
%ITER
%ITER
%ITER
%rIER
%ITER
%ITER
%ITER
%ITER
%ITER
%ITER

%ITER

***** rints the data set used for the next to the last iteration *****;

p

title5 '4ei ted least squares iteration #39';
title6 'Mo el includes yr';
proc print uniform data=BETA;
var river station month -rmse- yr;
quit;

*** Performs the last iteration and creates a data set with****
** * the change@ estimates for the analysis of variance **;

title5 'Weighted least s uares iteration #40';
proc reg noprint data=
outest=BETA:
by river station month;
weight wt;
model flux = yr;
quit;

*** prints the changelyear estimates to be used in the anova ***;
title6 'Model includes yr';
proc print uniform data=BETA;
var river station month -rmse- yr;
quit;
rints the weights used for the last iteration *****;
title
***?t 'Print of weights for last iteration';
proc print uniform data =WTS;
var sone river station core-no flux month year flow log-flow
no-mos n o y s no-obs stat-no yr wt;
quit;

data NO-OBS;

set FLUX,
by river station month;
if last-month then output;
keep river station month no-obs;
run;

*** Adds the number of observations to the BETA data set ***
*** and the coefficients for month linear and month quadratic ***;
data YR;
merge BETA NO-OBS;
by river station month;
model ='YEAR
';
covar ='NONE
mo-lin = -.5232&*(month=4) -.3640130*(month=5) -.204757*(month=6)
-.0455020*$month=7) +.1137539*(month=8) +.432265*(month= 10)
+.5915205 (month= 11);
rno-quad = +.5585835*(month=4 .0693893* month=5) -.2602100*(month=6)
-.4302130*(month=7) -.4406 2O*(month= ) +.0173473*(month= 10)
+.4857248 (month= 11);
keep river station month model covar yr mo-lin mo-quad no-obs;
run;
'a

1+

Q

title4 'Parameter esimates for the linear regression coefficient';
title5 'Ordinary least s uares';
*** Creates data set o regression coefficients ***
*** for combinations of river, station and month ***;
roc reg noprint data=FLUX outest=BET&
river station month;
model flux = flow yr;
output out=WTS r=res dffits=dffits;
quit;

9

gy

title6 'Model includes flow yr';
proc print uniform data=BET&
var river station month -rmse- flow yr;
quit;
data WTS;
set WTS;
=3;
*! * where p = # of regression parameters * * *;
k=1.5*(p* .5)*(((p-l)/no_obs)**.5);
* ** where 1.5 provides a bound for wts< 1* **;
kwl = k / abs(dffits);
if kwl > 1then wt= 1;
else wt =kwl;
if wt=. then wt=.Ol;
resO=res;
drop res dffits;

run;

%MACRO ITER;
roc reg noprint data==
outest=BETA;
river station montb;
weight wt;
model flux = flow yr;
output out=wts r=res dffits=dffits;
quit;

&r

data WTS;
set WTS;
if kwl > 1 then wt = 1;
else wt =kwl;
if wt =. then wt =.Ol;
resO=res;
drop res dffits;
run;

%MENDITER,

title5 'Weighted least squares iteration #39';
title6 'Model includes flow yr';
proc print uniform data =BETA;
var river station month -rmse- flow yr;
quit;
title5 'Weighted least s uares iteration #40';
proc reg noprint data = S outest =BETA;
by river station month;
weight wt;
model flux = flow yr;
quit;

Rrl.

title6 'Model includes flow yr';
proc print uniform data=BETA,
var river station month -rmse- flow yr;
quit;
title6 'Print of weights for last iteration';
proc print uniform data= WTS;
var sone river station core-no flux month year flow log-flow
no-mos n o y r s no-obs stat-no yr wt;
quit;
data NO OBS;
set FLUX;
b river station month;
i 1ast.month then output;
keep river station month no-obs;
run;

r

*** Adds the number of observations to the BETA data set ***;
data FL YR;
merge BXTA NO OBS;
by river station month;
model ='FLOW YEAR ';

covar ='FLOW '.
mo-lin = -.5232&*(month=4) -.3640130*(month=5) -.204757*(month=6)
-.045502O*tmonth=7) +.1137539*(month=8) +.432265*(month= 10)
+.5915205 (month= 11);
mo-quad = +.5585835*(month=4 +.0693893* month=5) -.2602100*(month=6)
-.4302130*$month=7) -.4406 2O*(month= ) +.Ol73473*(month= 10)
+.4857248 (month= 11);
keep river station month model covar yr mo-lin mo-quad no-obs;
run;

1

Q

title4 'Parameter esimates for the linear regression coefficient';
title5 'Ordinary least s uares';
*** Creates data set o regression coefficients ***
*** for combinations of river, station and month ***;
proc reg noprint data=FLUX outest=BETA;
by river station month;
model flux = lo flow yr;
output out =W k r =res dHits=dffits;
quit;

9

title6 'Model includes log flow ';
proc print uniform d a t a = ~ ~ ~ R
var river station month -rmse- log-flow yr;
quit;
data WTS;
set WTS;
=3;
?** where p = # of regression parameters ***;
k= 1.5* (p* '5) *(((p- l)/no-obs)* *.5);
*** where 1.5 rovides a bound for wts< 1 ***;
kwl = k / abs( ffits);
if kwl > 1then wt = 1;
else wt =kwl;
if wt=. then wt= -01;
reso= res;
drop res dffits;
run;

1

%MACRO ITER;
proc reg noprint data= WTS outest =BETA;
by river station month;
weight wt;
model flux = log-flow yr;
output out =wts r =res dffits=dffits;
quit;
data WTS;

set WTS;

if wt =. then wt=.Ol;
resO=res;
drop res dffits;
run;

548
549
550
551
552
553

title5 'Wei ted least squares iteration #39';
title6 'M el includes log flow ';
proc print uniform d a t a = ~ ~ ~ x
var river station month -rmse- log-flow yr;
quit;

2

title5 'Weighted least s uares iteration #40';
proc reg noprint data=%TS outest=BETA;
by river station month;
weight wt;
model flux = log-flow yr;
quit;
title6 'Model includes log flow *;
proc print uniform d a t a = ~ ~ ~ x
var river station month -rmse- log-flow yr;
quit;
title6 'Print of weights for last iteration';
proc print uniform data= WTS;
var sone river station core-no flux month year flow log-flow
no-mos n o j s no-obs stat-no yr wt;
quit;
data NO OBS;
set FLUX;
by river station month;
if 1ast.month then output;
keep river station month no-obs;
run;

*** Adds the number of observations to the BETAS data set ***;
data LF YR;
merge BETA NO-OBS;
by river station month;
model ='LOG FLOW YEAR';
covar ='LOG FLOW';
mo-lin = -.523268O*(month=4) -.3640130*(month=5) -.204757*(month=6)
-.0455020*<month=7) +.1137539*(month=8) +.432265*(month= 10)
+.5915205 (month= 11);
mo-quad = +.5585835*(month=4 +.0693893* month= 5) -.2602100*(month= 6)
-.4302130*<month=7) -.4406 ZO*(month= ) +.Ol73473*(month=lO)
+.4857248 (month= 11);
keep river station month model covar yr mo-lin mo-quad no-obs;
run;

1

** * libname syntax for 6.06 * * *;
libname ssd v604 'a:\';

Q

*** libname syntax for 6.04 ***;
*libname ssd a:\';
data SSD.NH4 FLUX?
set YR FL YRU-YR.,
depvar=?m4';
run;
title6 'Print of parameter estimates for analysis of variance';
proc print uniform data=SSD.NH4-FLUX.,
quit;

STAGE 3: ANALYSIS OF VARIANCE
PROGRAM: NH4-AOV.sas

***
***
***

STAGE 3: ANALYSIS OF VARIANCE
Statistician: Dr Larry Douglass
Date: JulyIAugust 1991

title1 'BOYNTON and ROHLAND

- SEDIMENT FLUX DATA';

title2 'Dependent variable is NH4 F L U X
title3 'Analysis using 3 or more years and 3 or more months';
Program Name: NH4-A0V.SAS *****;
options 1s=96 ps =52 pageno = 1;

* * * libname syntax for 6.04 * * * * *;
libname ssd 'b:Y;
*** Data set contains flow and flux data for the ei ht sites, ***

b

If

BRIS, BUVA, MRPT, STLC, R-64, PNPT, NPT and RGPT).
data
*** ETA;
set SSD.NH4FLUX7
run;
title4 'Print of linear parameter estimates for analysis of variance';
proc print uniform data=BETA,
where covar ='FLOW';
var river station month no-obs depvar covar yr;
quit;
proc sort data=beta;
by depvar covar model;
quit;

*** yr is changehear ***;
title4 'Anova where the dependent variable is changehear';
proc glm data=BETA;
by depvar covar model;
where covar ='FLOW';
weight no-obs;
class river station month;
model yr =
river
station(river)
month
month*river
/ss4;
estimate 'erand lsmean' intercept 112 river 28 28 28 28
month 1 6 16'16 16 16 16 16
river*month 4 4 4 4 4 4 4 4 4 4 4 4 4 4
4444444 4444444
/divisor = 112;
lsmeans river station(river) month month*river/stderr pdiff;

output out=resid r=ryr p=pyr;

* * *;

quit;
title5 'Examination of residuals';
data resid;
set resid;
wryr=ryr*no_obs**.5;
wayr =abs(wryr);
run;
proc plot data=resid;
by depvar covar model;
plot ryr*pyr
wryr*pyr/vref=0;
quit;
proc corr spearman nosimple data =resid;
by depvar covar model;
var wayr;
with pyr;
quit;
univariate normal plot data =resid;
1varyrocdepvar
covar model;
wryr;
quit;

STAGE 4: POWER ANALYSIS
PROGRAM: FLXPOWER.sas

***
***
***

STAGE 4: POWER ANALYSIS
Statistician: Dr Lany Douglass
JulylAugust 1991

OPTIONS LS=96 PS=52 PAGENO= 1;

***
***

***
***
***
***
***
***
***
** *

***
minchgyr, maxchgyr and interval are the min and max for ***
changebear and the increment for computing and for ***
***
the x-axis for the power curve.
***
alpha is the desired level of type I error.
***
seb is the standard error of the changehear.
***
dfe is the error degrees of freedom for the anova.
**
*
yr is the final year of sampling, this is what controls
***.
sample size.
Program Name: FLXPOWER.SAS

***

9

%macro ower(minchgyr, maxchgyr, interval, alpha, seb, dfe, yr);
data PO&R:
do chgyr = &minchgyr to &maxchgyr by &interval;
*** computes the total number of years to be sampled ***;
= &yr-84;

::computes
the number of years to be added to the data set ***;
addyrs = &yr-91;
*** delta is the total change ***;
delta = c h g j * n o y r s ;
*** rseb is relative standard error of the changebear
***.7 based on ***
*** the current years seb.
rseb = &seb / ((4.5 +addyrs)/4.5)**.5;
*** stddelta is the standardized delta, changebear***.
divided by ***
*** the relative standard error.
stddelta= c h g j / rseb;
*** computes the critical t value for alpha and error df. ***;
crit =tinv(1-&alpha/2,&dfe);
***;
*** computes power using the non-central t distribution
ower= 1-probt(crit,&dfe,stddelta)+probt(-crit,&dfe,stddelta);
:** the non-central generates an error message and a missing ***
*** value for type I1 error, therefore power has been set to 1 ***;
if power =. then power = 1;
output;
end;
run;
9

*** plots the power curve ***;
proc plot data=power;
plot power*chgyr='+'/vaxis=O to 1by .1 vref =.05 href=O;
quit;
*** prints the data for power curve ***;
proc print;
quit;

%mend power;

***
*** this is the syntax for the mower macro
*** power(minchgyr, maxchgyr, interval, alpha, seb, dfe, yr) ***.,
title 'Power of the test for NH4 - a1 ha=.05 and data thru 91';
%power (-25, +25,2.5, .05,6.1806 115,16,91);

P

title 'Power of the test for NH4 - a1 ha=.05 and data thru 92';
%power (-25, +25,2.5, .05,6.1806 115,16,92);

7

title 'Power of the test for NH4 - a1 ha=.05 and data thru 94';
%power (-25, +25,2.5, .05,6.1806 115, 16,94);

P

title 'Power of the test for NH4 - alpha=.05 and data thru 96';
%power (-25, +25,2.5, .05,6.18067115,16,96);
title 'Power of the test for NH4 - a1 ha=.05 and data thru 2000';
%power (-25, +25,2.5, .05,6.1806 115,16,100);

7

title 'Power of the test for DO - alpha=.05 and data thru 91';
%power (-.25, +.25, .025, .05, .02444803,16,91);
title 'Power of the test for DO - alpha=.05 and data thru 92';
%power (-.25, +.25, .025, .05, .02444803, 16,92);
title 'Power of the test for DO - a1 ha=.O5 and data thru 94';
%power (-.25, +.25, ,025, .05, .02 44803,16,94);

4'

title 'Power of the test for DO - a1 ha=.05 and data thru 96';
%power (-.25, +.25, ,025, .05, .02 44803, 16,%);

a

title 'Power of the test for DO - a1 ha=.05 and data thru 2000';
%power (-.25, +.25, ,025, .05, .02&14803,16, 100);
title 'Power of the test for NO23 - alpha=.05 and data thru 91';
%power (-10, +lo, 1, .05,1.55827033,16,91);
title 'Power of the test for NO23 - alpha=.05 and data thru 92';
%power (-10, +lo, 1, .05,1.55827033,16,92);
title 'Power of the test for NO23 - alpha=.05 and data thru 94';
%power (-10, 10,1, .05,1.55827033,16,94);

+

-

title 'Power of the test for NO23 alpha=.05 and data thru 91';
%power (-10, +lo, 1,.05,1.55827033, 16,96);
title 'Power of the test for NO23 - alpha=.05 and data thru 2000';
%power (-10, +lo, 1, .05, 1.55827033, 16, 100);

title 'Power of the test for DSI - alpha=.05 and data thru 91';
%power (-45, +45,2.5, .05, 11.1385596, 16,91);
title 'Power of the test for DSI - a1 ha=.05 and data thru 92';
%power (-45, +45,2.5, .05, 11.13 5596, 16,92);

P

title 'Power of the test for DSI - alpha=.05 and data thru 94';
%power (-45, +45,2.5, .05,11.1385596, 16,94);
title 'Power of the test for DSI - a1 ha=.05 and data thru 96';
%power (-45, +45,2.5, .05,11.13 5596,16,96);

P
title 'Power of the test for DSI - a1 ha=.05 and data thru 2000';
%power (-45, +45,2.5, .05, 11.13f5596, 16, 100);
title 'Power of the test for DIP - alpha=.05 and data thru 91';
%power (-5.5, +5.5, ,25, .05,1.39085273, 16,91);
title 'Power of the test for DIP - alpha=.05 and data thru 92';
%power (-5.5, +5.5, .25, -05, 1.39085273, 16,92);
title 'Power of the test for DIP - alpha=.05 and data thru 94';
%power (-5.5, +5.5,.25, .05,1.39085273, 16,94);
title 'Power of the test for DIP - alpha=.05 and data thru 96';
%power (-5.5, +5.5, .25, .05, 1.39085273, 16,96);
title 'Power of the test for DIP - alpha=.05 and data thru 2000';
%power (-5.5, +5.5, .25, .05, 1.39085273,16, 100);
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25.4

15.3
15.7

25.9

5.86
5.22
3.24
2.35

81.0
71.9

44.0
31.5

TABLE 8-1.37.

MARYLAND CHESAPEAKE BAY WATER QUALITY MONITORING PROGRAM
ECOSYSTEM PROCESSES COMPONENT
SEDIMENT OXYGEN AND NUTRIENT EXCHANGES (SONE)
Vertical profiles of temperature, salinity, dissolved oxygen
WATER COLUMN PROFILES:
and other characteristics a t SONE stations

SONE CRUISE:
FILENAME
:
REVISED
:

37
HZOPRF37
110CT94

STATION DATE

TIME

TOTAL
DEPTH

(m)

SECCHI GEAR SAMPLE
DEPTHCODE DEPTH

(m)

TEMP

(MI

(C)

0.5
2.0
4.0
6.0
7.0

28.2
28.3
28.3
28.3
28.3

COND

SALIN

(mnho/m)

(ppt)

<mg/l)

(%)

14.2
14.1
14.2
14.2
14.2

7.19
7.19
7.20
7.12
7.03

99.9
99.9
100.0
99.0
97.7

DO

.....................................................................................................
HNPT

15JUL92

RGPT

16JUL92

PNPT

16JUL92

1830

7.5

YYWP05

23.7
23.6
23.7
23.7
23.7

DO SAT

