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Chapter 1. Introduction and Project Description 

Objectives and Data Usage. Studies were undertaken at several stations in the 
southern Chesapeake Bay in support of the m n t  Dm M o m a  Plan for the Time 

sediment modelling workshop held on January 4, 1987, and subsequently modified based 
on discussions held on February 5, 1988 meeting at the Baltimore District, U.S. Army 
Corps of Engineers, and discussions with officials from the EPNChesapeake Bay 
Program, HydroQual, Inc. and other scientists involved in the Chesapeake Bay sediment 
data collection program. 

These studies in Southern Chesapeake Bay were undertaken in conjunction with 
parallel studies in the Northern Chesapeake Bay by W.R. Boyton, W.M. Kemp and co- 
workers at the University of Maryland, and studies of sediment accumulation rates at all 
sites by G. Brush (The Johns Hopkins University). Together these data sets will provide 
information on the sediments of the entire Chesapeake Bay, to be used in the development 
of the sediment component of the three-dimensional, time-variable model of Chesapeake 
Bay. 

. .  

ble Model. This work followed the consensus plan initially produced by the EPA 

Study Design and Rationale. The studies undertaken here are described in detail in 
Chapter Ill. Briefly, the measurements of sediment oxygen uptake, and nutrient fluxes 
across the sediment-water interface, will be used to verify fluxes estimated by the 
time-varying model. Particulate organic nutrient profiles will provide information on 
the long term burial of these materials in the sediments (on time scales of decades to 
centuries). Two types of sediment incubation studies will examine the kinetics of 
organic matter remineralization in these sediments, providing quantitative information 
on the rates of these processes and type(s) of organic matter being deposited (and 
undergoing remineralization) in Chesapeake Bay sediments. 

Study Sites. Five stations in southern Chesapeake Bay were studied. Using station 
numbers from the m e n t  D-a Plan for the Time V a f i  
January 1987) they are stations 17, 21, 23,25 and 26 (see Figure 1). Station 21, 
which is in the main stem of the Chesapeake Bay east of Mobjack Bay, is a station that 
was occupied by both O D U  and U M  workers. The results from studies at this station will 
be used to "intercalibrate" the two field programs. The location of station 21 was 
determined by the University of Maryland workers. Station 17 is located in the mouth of 
the Rappahannock River, station 23 is located in the upper James River, station 25 is 
near the mouth of the James River/Hampton Roads and station 26 is located in the 
southern Bay along the main stem of the Bay. Additional general information on these 
sites is presented in Chapter II. 

(4 
. .  

Monitoring Parameters and Frequency of Collection. Details of the 
experimental procedures and the analytical methods used in these studies are given in 
Chapter Ill. Listed below is a brief description of the sampling program and 
experimental procedures. 

At all stations during both sampling periods (see below), water column profiles of 
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temperature, salinity and dissolved oxygen were determined (2 meter intervals from 1 
meter below the surface to 1 meter above the bottom). Samples of water one meter 
below the surface and one meter above the bottom were also collected, filtered and frozen 
for later analysis of dissolved and particulate nutrients and chlorophyll a. 

The measurements of sediment oxygen uptake (sediment oxygen demand or SOD), and 
nutrient and sulfide fluxes across the sediment-water interface were undertaken at all 
five stations in late AprWearly May and in August (note that throughout this report this 
former time period is often referred to as 'NM'). Exact sampling times were chosen to 
be as close as possible to those of the University of Maryland workers, taking into 
account possible time constraints on the part of either group. 

Whole sediment incubation experiments were performed with sediments returned to 
the laboratory, in part to determine the potential diagenetic fluxes from these sediments 
under anoxic bottom water conditions. These experiments were performed with 
sediments collected at all five stations during both sampling trips. Sediments from the 
depths of 0-2, 5-7 and 12-14 cm were utilized in these studies. The determination of 
the diagenesis kinetics of organic matter remineralization in these sediments was 
undertaken once (August) with sediments collected at each station. These experiments 
were also undertaken with sediments from depths of 0-2 cm, 5-7 cm and 12-14 cm. 

recent, sediments (0-2 cm); sediments of "medium" age (5-7 cm) and "older" 
sediments (12-14 cm). The choice of these depth intervals was based on discussions 
with EPA officials, and Drs. Dominic DiTorro (HydroQual, Inc.), W.M. Kemp, W.R. 
Boyton, J. Cornwell and P. Sampou (all at University of Maryland). The experimental 
procedures used in both the sediment incubation and diagenesis kinetics experiments at 
O D U  are very similar to those that were used by the UM workers 

sediment cores collected at all five stations (1 cm intervals down to 10 cm, 2 cm 
intervals to 20 or 30 cm depending on the length of the cores). 

The depth intervals in both sets of experiments were chosen to represent surface, or 

Particulate organic nutrient profiles were also determined once (August) in 

Quality Assurance Objectives and Criteria. The QNQC program for this project 
was designed to insure that accurate and precise data were generated and transferred to 
the funding agency (accuracy being defined as the degree of agreement between measured 
values and the true value, and precision being defined as the agreement between 
measurements). A major goal here was to also ensure the comparability of the data from 
this project with that being collected by the University of Maryland workers. This was 
undertaken in several ways, including: 

(1) by jointly sampling station 21 (to 'intercalibrate' both field programs); 
(2) by performing all experiments (flux measurements, sediment incubation 
and diagenesis kinetics experiments) using procedures which had been worked 
out in advance, based on discussions with all interested parties, and which match 
those of the University of Maryland workers as closely as possible. 

A final concern of the QNQC program was to ensure the completeness of the data set 
being generated. The proposed objectives of the project are described generally in this 
chapter and in more detail in Chapter Ill. It was our intention to obtain as complete a 
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data set as possible within the constraints of 'out of control' situations (particularly 
those in the field) which might lead to certain data not being collected. In general it was 
fe!t that there was not one 'key' data set or analysis upon which the successful 
completion of the project hinged. Rather, it was the belief that the goal should be to 
obtain a data set which comes as close to matching that which was initially proposed. 
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The exact locations of the five sites of this study were determined using sediment 
maps prepared by the Maryland Geological Survey (J. Halka, pers. communication) and 
existing data on sediment characteristics and benthic fauna in the sediments of the lower 
Bay and tributaries (Moncure and Nichols,1968; Cutshall et al.,l981; Schaffner et 
a/.,l987; Dauer et a/.,1988). These sites are shown in Figure 11 and their coordinates 
(longitude and latitude) listed in Table 1. 

These sites represent a range of depositional and sedimentary regimes in the 
southern Bay. The Sediments at these sites range from fine sands (st. 25) to fine silts 
(st. 17), while the salinities in the waters at these site also range from oligohaline 
(0.5-5"/00; st. 23) to mesohaline (5-18"/00 ; st. 17) to polyhaline (18-25"/00 ; 
stations 21, 25 and 26). The location of three of the stations (stations 17, 25 and 26) 
are sites where Dr. Dan Dauer and his group at O.D.U. have been studying the benthic 
fauna of lower Chesapeake Bay sediments (Dauer et a/.,1988). 

The following is a brief description of the physical and geochemical characteristics of 
the sediments at these five sites. The information contained in this summary is based, in 
part, on results collected in this study. It is summarized here to aid in reading this 
report. 

The sediments at station 17 are fine silts, have a high water content (porosities, or 
0, of 0.85 - 0.92 in the upper 20 cm) and high organic content ( -3% organic carbon 
in the surface sediments). The sediments contain a greenish/grey surface layer of 
approx. 1 m m to 1 cm and are black below this depth. These sediments are highly 
reducing as evidenced by their sulfidic smell, high sulfur content (12- 13% total 
sulfur), and black color at depth > 1 cm (characteristic of iron sulfide, or FeS, 
minerals). Although interstitial water studies were not carried out during this project, 
results from the sediment incubation experiments (see Tables 13 and 14) and visual 
observations of cores collected at this station both suggested that complete sulfate 
reduction occurs within approx. 10 cm of the sediment-water interface, with 
methanogenesis occurring below. Sediment cores collected from this station generally 
formed bubbles at depths below 10 cm in the cores when they were brought up from the 
bottom of the river to the deck of the ship. Such a phenomena is characteristic of 
sediments that are saturated with methane (at in situ conditions) 'degassing' when the 
pressure on the core is relieved by it being brought up to the surface. 

= 0.5 to 0.65). These sediments contain a brown to greenish grey surface layer, with 
the deeper sediments being greylblack to black. The depth of this surface layer may 
vary seasonally, as it was observed to be 4-6 cm deep in April and 2-3 cm deep in 
August. Evidence br bioturbation Is seen in these sediments, with snails and tube 
worms generally found on the surfaces of sediment cores. These sediments contain 
relatively low levels of organic carbon (approx. OS%), as compared to that seen at the 
other stations of this study. 

The sediments at station 23 are silty, clays and have a relatively high water content 

The sediments at station 21 are a silty, clays with a relatively low water content (0 
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(0 = 0.7 - 0.8). Cores collected in April contained a 0-2 cm yellowishhrown surface 
layer and were greeniswgrey to black below. Cores collected in August showed a slightly 
different stratigraphy, containing a greenish/grey surface layer approx. 6 to 9 cm 
thick, black sediments below this section (to depths of 10-12 cm), and finally a deeper 
section that was dark grey. This color change with depth is suggestive of a change in the 
dominant sulfide minerals from iron monosulfides to pyrite. These sediments contain 
fairly high levels of organic carbon (1.5 - 2.5%). They also contain levels of total 
sulfur that are similar to those observed at stations 21 and 26, in spite of this being low 
salinity station (6 - 10 ppt at station 23 vs. 20 - 30 ppt at the two mainstem Bay 
stations). Gas bubbles were also observed in the deeper parts of several of the August 
cores. As in station 17 sediments, this could indicate the occurrence of methanogenesis 
with depth in the August cores from station 23. However unlike station 17 the sulfate 
data from the sediment incubation experiments is inconclusive on this possibility. In 
August, negligible sulfate reduction rates are measured at station 23 at a depth of 12-14 
cm (see Table 14), suggesting the possibility of methanogenesis. However, the amount 
of sulfate found at these depths (approx. 5 mM, see Tables 12 and 14) is sufficient to 
inhibit methanogenesis. 

12 cm, and also have a very low water content (0 = 0.35 - 0.5). They consist of an 
upper section ‘that is tanish, grey in color. The thickness of this section may vary 
seasonally, with it being approx. 3 cm thick in August and 5-6 cm thick in April. Below 
this upper layer there is a layer of similar sediment composition (sand/silt) although 
the color of this layer is greylgreen to black. With depth in this section the sediments 
contain less sand and more silts and clays. Shell fragments are found throughout these 
cores, with tubes worms and evidence of other types of macrofauna (small sediment 
mounds, faunal debris) seen on the sediment surface. These sediments contained the 
lowest amounts of organic carbon and sulfur (generally. less than 0.5 o/o TOC and 0.5 to 

The sediments at station 25 have a high sand content, particularly in the upper 10- 

1% TS). 
The sediments at station 26 are primarily silty, clays with some fine sand. Sediment 

porosities range from 0.5 to 0.6. The upper I - 3 cm of sediment are brown, grey 
while the deeper sediments are light grey to greyhlack. These sediments contain 0.5 - 
1% organic carbon and 1-4% sulfur. These sediments appear to be bioturbated, with 
tube worms, other organisms and small sediment mounds and depression (presumably 
formed by these organisms) seen on the surface of sediment cores from this site. 
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Field Sarnpllng. The sampling vessel was ODU's RN m o o d  H W  , a 65 foot 
oceanographic vessel. This vessel has been used extensively for oceanographic research 
in and around the Chesapeake Bay. 

At every station the following procedure was employed. Water column profiles of 
oxvgen, temperature and salinity were taken by lowering the probes from a YSI Model 
57 oxygen meter and an RS-5 Salinometer overboard. These measurements were made 
at 2 meter intervals, starting 1 meter below the surface to 1 meter above the bottom. 
Due to problems with the oxygen electrodes during the beginning of the April/May 
cruises, oxygen profiles were not obtained at stations 17 and 21. Oxygen concentrations 
were determined in ApriVMay, however, by standard Winkler titration (Parsons et 
a/.,l984) in surface and bottom water samples. 

below the surface and one meter above the bottom were then collected in 20 L Niskin 
bottles. Aliquots for the various analyses described below were withdrawn directly from 
the bottles via the petcock. Waters were filtered onboard ship for later analysis of total 
suspended matter (0.4 pm polycarbonate filters), particulate carbon, particulate 
nitrogen, particulate phosphorus and chlorophyll a (the latter collected on three 
different 0.3 pm glass fiber filters [pre-cleaned with methanol]- one filter used to; 
particulate C and N, one for particulate P and the final filter for chlorophyll a; see 
below). All filters were immediately frozen (-20°C) in the dark ( filters twice folded 
on themselves, wrapped in aluminum foil and then placed in a darkened freezer) and 
stored in this manner until analyzed. Water samples were filtered through a 0.4 pm 
polycarbonate filter and immediately frozen for later analysis of NH,+, N02-+N03-, 
dissolved inorganic phosphorus (P043-), and dissolved silicate. 

Upon completion of the water column sampling, intact sediment box cores were 
obtained for the various sediment studies. Cores were collected with a box corer 
consisting of a rectangular corer with a hinged cutting arm that seals the box sample in 
situ. A plexiglass core liner (8 x 17 x 34 cm) is placed inside the aluminum box 
before the corer is sent overboard. The box corer used here was loaned to this project 
by Dr. Dan Dauer (Department of Biology, O.D.U.) and is the same box corer used in his 
studies of the benthic fauna of the lower Chesapeake Bay (Dauer et a/.,l988). After 
deployment and retrieval of the box corer, the plexiglass liner containing the sediment 
sample was removed from the metal box and visually inspected for disturbance. If the 
core appeared satisfactory (Le., no visible disturbance of the sediments in the box, 
particularly the sediment-water interface) it was placed in darkened holding tank 
containing bottom water at near (+2OC) in situ temperatures (temperatures based on 
RS-5 readings [see above]). At each station, at least two such cores were taken for 
SOD/nutrient and sulfide flux studies (see below). Additional box cores were also 
collected and sub-cored on board ship, as described below, for particulate organic 
nutrient profiles, sediment incubation and diagenesis kinetics experiments (see below). 

When these water column profiles were completed, samples of water one meter 
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Sedlment Oxygen Uptake and Nutrlent and Sulfide Fluxes. The flux chambers 
used here are based on the design of those used in the S O N E  program by the University of 
Maryland workers (see Figure 2). Once a box core was collected as described above, the 
core was sealed on the top and bottom with plexiglass plates having a neoprene gasket to 
ensure a water tight seal on the core bottom and an air tight seal on the core top. The 
cover plate of these chambers is equipped with two ports, through which the water 
overlying the core was gently recirculated by use of a peristaltic pump (see Figure 2). 
The rate of circulation used here kept the water overlying the core well-mixed but did 
not induce sediment resuspension. The ratio of the sediment surface area to the volume 
of water overlying the cores was similar to that used in the S O N E  and other sediment- 
water exchange studies (see the discussion in Boyton et a/.,1981). 

Once collected and sealed in the flux chambers, the cores were placed in a darkened 
water bath and maintained at near (f2OC) in situ bottom water temperatures. The 
water overlying the cores was then flushed with about 5 - 10 liters of bottom water 
(collected one meter from the bottom using Niskin bottles). Upon completion of this 
flushing procedure, the system was sealed and the flux experiment begun. Every 45-60 
minutes (over a 4-6 hour incubation period) water temperature was recorded and 
water samples removed for nutrient and oxygen determinations. 

with the pump tubing (see Figure 2). As a nutrient sample was removed, an equal 
volume of ambient bottom water was added through a second in line three way stopcock. 
This recharge water was also collected one meter from the bottom and stored in the dark 
at near (9°C) in situ bottom water temperatures during the course of this 
experiment. Samples for nutrient determinations were filtered through a 0.45 pm 
polycarbonate filter, and immediately frozen (-20°C) for later analysis of NH,+, NO,- 
+NO3-, phosphate and silicate. At the end of each experiment, the amount of water 
overlying each core was determined volumetrically. A separate bottom water sample 
was also incubated in a closed vessel, serving as a water blank. In this experiment a one 
liter Erlenmeyer flask was used in place of the plexiglass flux chambers and sampled 
(and the water in it recirculated) as described above for the sediment flux chambers. 

W e  initially planned to determine oxygen concentrations by placing an oxygen 
microelectrode (Microelectrodes, Inc. [Londonderry, NH] model MI-730) directly ”in 
line” with the pump tubing used in the recirculation system (see Figure 2). However 
this was not possible, due to problems operating this system on-board ship. Rather, the 
following procedure was employed. Water samples for nutrient analyses were collected 
as described above in plastic syringes and closed with three way plastic stopcocks upon 
completion of sampling. A portion of this water was filtered through a 0.45 pm 
polycarbonate filter into the cleaned plastic vial used to (eventually) store the entire 
nutrient sample. The oxygen microelectrode was then immediately placed in the sample. 
In general we observed that the electrode reading initially began to drop, eventually 
leveled off and then began to rise. The lowest reading was taken as the measure of the 
oxygen concentration in the sample. The initial drop in the electrode reading was 
interpreted as being caused by oxygen concentrations in the sample being lower than 

Nutrient (and oxygen) samples were removed through three way stopcocks in line 
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those in the oxygen saturated, bottom waters in which the electrode was stored between 
time points. The subsequent rise in the readings was likely caused by oxygen diffusion 
into the flux chamber sample. Immediately upon completion of all oxygen 
determinations for a given time point (from both flux boxes and the control flask), the 
electrode was calibrated by placing it in a bottom water sample in an oxygen flask, 
determining its microelectrode oxygen concentration as described above, and then 
measuring the oxygen concentration of the same waters by standard Winkler titration. 
This allowed the calculation of the response factor for the electrode at each time point in 
these experiments. At the beginning and end of the flux experiment, the electrode was 
zeroed by passing water-saturated N2 gas over the electrode. No significant drift was 
encountered over the 4 - 6 hr. period of these experiments. 
Sediment Incubation Experlrnents. To determine potential diagenetic fluxes from 
the sediments under anoxic bottom water conditions, the following experiments were 
undertaken. 

then sealed at the top and bottom with white rubber stoppers. All cores were stored with 
water overlying the cores. The cores were returned to the lab and kept at 4°C until 
processed (no more than one week, depending on the scheduling of cruises). For each 
station, four sediment cores were sampled at the depths 0-2, 5-7 and 12-1 4 cm, and 
the sediments from a given depth were combined and packed into 50 cc plastic centrifuge 
tubes (the latter carried out in a N2-filled disposable glove bag). 

These tubes were incubated at near (k2OC)in situ temperatures in the dark in 
anaerobic jars (temperatures based on RS-5 readings made during cruises). At several 
day intervals over two to three weeks, one tube from each experiment was removed and 
centrifuged to extract the interstitial waters. After filtration (through a 0.45 pm 
polycarbonate filter under nitrogen inside of a Coy anaerobic chamber) the pH of the 
waters was determined. Samples for the analysis of NH,+, phosphate and silicate were 
acidified to pH e2 (1 drop concentrated HCI per 5 ml sample) and frozen for later 
analysis. Samples for XC02 and CI- analyses were stored in crimpseal vials with no 
head space and refrigerated (4OC) until analyzed. CI- analyses were performed only on 
the initial and final samples. Samples for sulfate determinations were acidified to pH c2 
(1 drop concentrated HCI per 5 ml sample) and stored refrigerated until analyzed. The 
residual sediments from the first time points were frozen (-20OC) and analyzed for 
total carbon, nitrogen and sulfur. 

Box cores were sub-cored on-board ship using 2.5 " I.D. plexiglass core tubes and 

Dlagenesls Klnetlcs Experiment. Subcores were taken from box cores on-board 
ship as described above, returned to the lab and kept at 4OC until processed (approx. 
four weeks). Previous studies indicated that sediment sub-cores stored at 4°C should 
not be compromised for experiments of this type if the holding time of the sediments is 
of this order (Burdige,l989). Sediments slurries (sedimentseawater ratios of approx 
1 3  by weight) were prepared by mixing sediments (depth intervals 0-2, 5-7 and 12- 
14 cm) with 0.2 pm filtered bottom water. For station 23, bottom waters were 
amended with sodium sulfate to a final concentration of approx. 20 m M  sulfate to avoid 
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sulfate depletion. Slurry aliqucjts (10-15 ml) were then be dispensed (under Ne) into 
20 m1 serum bottles, crimp sealed and then incubated at 25°C. These experiments were 
performed under anoxic conditionsisce bacterial sulfasuction is the dominant form 
of anoxic metabolism in Bay sediments. 

This experiment was conducted over an approx. 180 d time period (although a 
sample was collected at 240 d and analyzed for dissolved sulfate). Sampling was 
accomplished by transferring the slurry aliquot from a serum bottle to a screw cap 
centrifuge tube under nitrogen, and centrifuging the sample to separate the water from 
tile soiids. After filtration of the supernatant through a 0.45 pm polycarbonate filter, 
!he pH of the waters was determined. Samples for the analysis of NH4+ and phosphate 
were acificied and frozen (-20°C) for later analysis. Samples for ZC02 and CI- 
analyses were stored in crimp-seal vials with no head space and refrigerated (4OC) 
until analyzed, while samples for sulfate determinations were acidified and stored 
refrigerated until analyzed. A portion of the residual sediment from the slurries was 
collected at the beginning and end of the experiment and frozen for later analysis of 
particulate (solid phase) organic carbon and total nitrogen. However, only the initial 
samples were analyzed. 

Porosity and Particulate Organlc Nutrlent Profiles. Subcores were taken 
from box cores using 2.5” I.D. plexiglass core and sealed at the top and bottom with white 
rubber stoppers. These subcores were sectioned on-board ship at 1 cm intervals to 10 
cm, then 2 cm intervals to 20 or 30 cm (depending on the lengths of the cores). 
Sectioning was accomplished by extruding the core upwards out of the sub-core into a 
second, empty piece of core liner, measuring the thickness of the sediment section with a 
ruler, and then slicing the core section with a stainless steel spatula slid between the top 
of the sub-core tube and the bottom of the second piece of core liner. These sediment 
samples were immediately frozen (-20°C) for later analysis of the following 
parameters: total carbon, total organic carbon, total nitrogen, total phosphorus, total 
sulfur and biogenic silica. Percent water (or sediment porosity) was determined on 
core sections returned to the laboratory and stored at 4°C until analyzed (no longer than 
one week). Porosity determinations were undertaken in wres collected in ApriVMay 
and August while sediment nutrient profiles were determined only on cores collected in 
August. 

Analytical Procedures. Unless otherwise indicated, the reported detection limits 
are taken from the listed references, and were almost always significantly greater than 
the observed concentrations in this study. 

Dissolved Constituents 

ved Am-: Colorimetric, using the phenol hypochlorite method. Water 
column and sediment flux study samples were analyzed using an Alpchem automated rapid 
flow analyzer, while sediment incubation and diagenesis kinetics experiments were 
analyzed manually using a Hitachi Model 1 02 Digital Spectrophotometer. Detection 
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olvsd Nitrate +Nitr&: Colorimetric, using an automated cadmium reduction 
method and an Alpchem automated rapid flow analyzer. Detection limit-0.4 phl (US. 
E.P.A.,1983; ALPKEM Corp.,l986). 

olved l-nic PhosDbrus (P0,3-1: Colorimetric, using the molybdate method. 
Water column and sediment flux study samples were analyzed using an Alpchem 
automated rapid flow analyzer, while sediment incubation and diagenesis kinetics 
experiments were analyzed manually using a Hitachi Model 102 Digital 
Spectrophotometer. Detection limit-0.6 pM (U.S. E.P.A.,1983; ALPKEM Corp.,l986; 
Gieskes and Peretsman, 1986). 

Silicate: Colorimetric, using an automated molybdate/oxalate method and an Alpchem 
automated rapid flow analyzer. Detection limit-1 pM Si02 (U.S. E.P.A.,1983; ALPKEM 
Corp.,1986). 

F.CO2: Sample aliquots (10-100 PI) are injected through a septum into a closed, 
half filled vessel containing approx. 20 ml of 1 M HCI. This acidification converts all of 
the inorganic carbon in the sample to C02(g), which is stripped out of solution by 
continuously purging the vessel with helium gas. After leaving this stripping chamber 
the gas stream is first run through a U tube immersed in dry ice/isopropanol (serving 
as a water vapor trap) and then through a second U tube (containing glass wool) that is 
immersed in liquid N2. The C02 in the gas stream is frozen out in this second trap. 
After a two minute stripping time, the second trap is allowed to come up to room 
temperature. The C02 then flows into the infrared detector on an Oceanography 
Instruments Model 5248 Carbon Analyzer. Standards are prepared with N a C e  dried at 
1 1  0°C overnight. An 8-12 m M  standard is prepared in distilled deionized water 
degassed with nitrogen (to lower the C02 blank). Standard curves are obtained by 
analyzing 10 to 100 pl of this stock standard. With these operating conditions the 
detection limit for ZC02 is less than 0.2 mM. 

Sulfate: The procedure described here is modified from Tabatabai (1974). Sample 
aliquots (0.1 to 0.5 ml) are placed in 50 ml test tubes and 10 ml of distilled deionized 
water added. One ml of a 0.5 N HCI solution (prepared from concentrated HCI) is added, 
followed by 0.5 ml of a BaCl2-gelatin suspension (see below). Samples are mixed after 
each addition. The samples are then allowed to sit for 30 minutes before turbidity is 
measured (as absorbance at 420 nm) in a Hitachi Model 102 Digitial 
Spectrophotometer. All samples are vortexed briefly before being decanted into the 
spectrophotometer cell. A standard curve is generated by adding varying amounts (up to 
0.1 mi) of Copenhagen standard seawater of known chlorinity to 10 ml of distilled 
deionized water and running these standards as described above. A SO$-/CI- ratio of 
1.4596 mM S042-/ppt CI- is used to determine sulfate concentrations. With these 
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conditions, the detection limits are 0.1 mM sulfate. 
The BaCI2-gelatin reagent is prepared by dissolving 0.6 gr of Difco Bacto gelatin in 

200 ml of hot (60-70°C) distilled, deionized water and then storing the solution for 16 
hr. at 4°C. The suspension in next brought to room temperature and 2 gr of BaC12.2H20 
added and mixed until the barium chloride is dissolved. The reagant is stored in the 
refrigerator (not longer than one week) and is allowed to come to room temperature at 
least 2 hours before using. 

loride a-1: AgN03 titration using chromate/dichromate as the end point 
indicator. The procedure is described in Gieskes and Peretsman (1986) with the 
following exception: a commercially available 0.1 N AgNOg solution is used for 
titrations; 0.2 ml of indicator solution is used ; in low salinity samples (e.g., station 
23) 0.2 ml of samples is titrated, rather than 0.1 ml. 

Particulate Constituents (Sediments and Suspended Solids) 

For all sediment samples, the sediments are first dried to constant weight at 40°C and 
then crushed with a mortar and pestle. These 'dried' sediments are then analyzed as 
described below. Water column suspended solids samples were collected on glass fiber 
filters, frozen in the field and subsequently analyzed as described below. 

n and S U :  One to ten mg of dried sediment is weighed into a 
tin boat and then subject to flash combustion at 10IO°C, gas chromatographic separation 
of the produced C02, N2, and SO2 and thermal conductivity detection, using a Carlo Erba 
NA 1500 Analyzer. Either sulfanalamide [C6H4(NH2)2S02] or acetanalide [CgHgNO] 
are used as standards. The detection limits of this procedure are 0.1 mg C/gsed, 0.1 mg 
N/gsed and 0.06 mg s/gsed (using a 10 mg sediment sample). 

Total Oraanic C W :  Dried sediments (approx. 10 mg) are placed in aluminum 
boats which are then placed in tin boats. The samples are first wet with 10-25 pl of 
distilled, deioinzed water and then 25 pl of 0.5 M HCI is slowly added twice to the boats. 
The samples are then dried in a heated (50°C) dessicator at 500 mm Hg vacuum for 
approx 90 min. This procedure is repeated until there is no effervescence when the acid 
is added. Samples are then analyzed for total carbon as described above. The detection 
limit of this procedure is also 0.1 mg c/gsed (using a 10 mg sediment sample). 

Iptal P h w :  The procedure described here is modified from Aspilla et a/. 
(1976). Approx. 500 rng of dried sediment are weighed into a porcelain crucible, 
covered and ignited at 500-550°C for three hours in a muffle furnace. The ignited 
samples are next transferred to a 100 ml Erlenmeyer flask with 50 ml of 1 N HCI and 
gently shaken overnight (12-14 hr) to extract the phosphate from the ignited 
sediments. Dissolved phosphate is then determined manually in the HCI extracts as 
described above. The detection limit of this procedure is 0.002 mg P/gsed (with a 500 
mg sediment sample). 
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ChloroDhvll a: The procedure described here is taken from Parsons et a/. (1984). 
F:oren fiiters are placed in covered centrifuge tubes with 8 ml of acetone and sonically 
disrupted (20 KHz), using 2 ml of acetone to rinse the the disruptor tip into the tube. 
The tubes are placed in a refrigerator (4°C) for 2 hrs. to allow complete extraction. 
The tubes are next centrifuged at 4000-5000 RPM for 10 minutes and then decanted 
into a fluorometer cuvette. After this initial reading, 2 drops of 5% HCI are added to the 
cuvette, mixed and the sample is re-read. Both measurements are made with an Amico 
fluorometer using a Corning CS.50-60 filter for the excitation source and a Corning 
G.2-64 filter for the emitted light. Chlorophyll a is determined using the difference 
between these two readings as described in Parson et a/. (1984). The detection limit of 
this procedure is 0. 2 pg Chl a/l. 

Bioaenic Silica: The procedure described here is taken from DeMaster (1981). 
Approx. 40 mg of dried sediment is weighed into a 125 cc plastic bottle, 40 ml of 85OC 
1% sodium carbonate (Na2C03) added, and the bottle sealed tightly and placed in an 85°C 
heated shaker bath. At 2, 3, 4 and 5 hours, the bottles are removed from the shaker 
bath, cooled in an ice bath, one ml of the extract removed and the bottle then returned to 
the heater bath. The sodium carbonate extracts are neutralized with either 9 or 19 ml 
of 0.024 M HCI, and dissolved silica is determined in the extracts as described above. 
For each sample, the data on extracted silica versus time were subjected to linear least 
squares fitting, with the y intercept (corrected for the acid added to the sample, the 
initial volume of the sodium carbonate solution and the weight of the sediment sample) 
taken as the concentrations of biogenic silica. The detection limit of this procedure is 
approx. 1.4 mg SiO2/gsed (based on the average standard deviation of the analyses from 
this study). 
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Hydrographic Data. The hydrographic data from the April/May and August cruises 
are listed in Tables 2 and 3. As is expected, the August samples from each station have 
higher temperatures and salinities. The latter is likely due to lower run-off and higher 
evaporation that occurs in August. All of these stations appear to be highly oxygenated at 
both sampling times, although the deeper waters of station 17 do show some evidence of 
oxygen depletion (43 pM = 1.4 mg/L). 

Water Column Data. The results of the analyses of surface and bottom water samples 
are listed in Tables 4 and 5. No clear trends can be seen in terms of differences between 
surface and bottom water samples, although at each station certain differences can be 
seen between samples collected in ApriVMay and those collected in August. These are: 
generally higher concentrations of (particulate) total carbon, phosphorus and 
chlorophyll a in the ApriVMay samples, and higher concentrations of dissolved 
ammonium, phosphate and silicate in August. These differences are likely related to the 
higher levels of primary productivity that occur in the Bay and tributaries in the 
spring. As is seen here, this should lead to higher levels of particulate nutrients (and 
chlorophyll a) and very low dissolved nutrient concentrations in the water column in the 
spring. Greater rates of nutrient regeneration in the water column in the late summer 
then lead to the reversal of this trend in the August samples. In addition, in the August 
samples dissolved silicate in the water column appears to decrease with increasing 
salinity at these five sites. This could be related to the fact that the rates of silica 
dissolution are known to increase with increasing CI- concentrations (Wirth and 
Gieskes,l979). 

The behavior of nitrate + nitrite is less clear cut, although perhaps opposite to that 
seen for other dissolved nutrients. Higher nitrate + nitrite levels are seen in 
ApriVMay at stations 21, 23 and 25 while similar levels seen at both times at stations 
17 and 26. Possible differences for this observation are: differences in the roles of N, P 
and Si in limiting the growth of phytoplankton in the Bay and tributaries: increased 
rates of summertime sedimentary denitrification at certain sites removing nitrate + 
nitrite from the water column during this time period. 
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Chapter V. Sediment Oxygen Uptake and Sediment-Water 
Nutrient Flux Studies 

! 

&I.’ 

I 

1 1  

Nutrient and dissolved oxygen concentrations from the April/May and August flux 
experiments are listed in Tables 6 and 7, while the information used to calculate these 
fluxes are listed in Tables 8 and 9. All fluxes are summarized in Table 10. 
Approximately 80% of the nutrient samples were run in duplicate with the following 
average relative ranges for each determination: ammonium, 6.1 i 8.1 YO; phosphate, 8.3 
k 11.1%; nitrate + nitrite, 3.8 k 7.5%; silicate, 4.2 k 6.4%. The contributions that 
these uncertainties make to the errors in the calculated fluxes are much less than those 
associated with the overall scatter in the data for a given experiment. 

Nutrient fluxes and oxygen uptake were calculated as follows. The time rates of 
change in the concentrations in the overlying waters of the flux chambers (Boxes 1 and 
2) and control flask (Box C) were first calculated by fitting the data to a straight line 
using linear least squares (these are the m values in Tables 9 and 10). Since 
concentrations changes in the flux chambers are due to both fluxes across the sediment- 
water interface and in situprocesses in the overlying waters, the difference between 
the measured changes in the flux chambers and the control flask represents the 
concentration changes in the flux chambers due solely to fluxes across the sediment- 
water interface. This corrected rate is then converted to a flux using the vo1ume:surface 
area ratio of each core. As is indicated in Table 10, the reported errors in these fluxes 
is the larger of either the range in the two individual flux measurements or is calculated 
using the individual errors of the fluxes in each box. 

At only two of the five stations (25 and 26) are sediment oxygen uptake values 
clearly higher in August when compared to April/May. Higher fluxes of ammonium, 
phosphate and silicate were often observed in August as compared to ApriVMay. There 
are however, several interesting departures from these general trends. Ammonium 
fluxes and sediment oxygen uptake at station 17 are essentially the same at both 
sampling times although phosphate and silicate fluxes are higher in August. At station 
25, higher silicate and phosphate fluxes are seen in August (when compared to April) 
although ammonium and nitrate + nitrite fluxes are actually lower in August. Station 
26 shows apparently negative phosphate fluxes (Le., sedimentary phosphate uptake) and 
very low ammonium fluxes in relation to the observed silicate flux and sedimentary 
oxygen uptake. 

negative values observed. An interesting observation is that at station 23 a large 
neoative flux is observed in April/May (indicative of net denitrification in the sediments 
at this time) while a large positive flux is observed in August. 

In many cases nitrate + nitrite fluxes are very close to zero, with both positive and 
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Chapter VI. Whole Sediment Incubation Experiments 

The data from the sediment incubation experiments are listed in Tables 1 1  and 12, 
and the rates of sulfate reduction and nutrient regeneration listed in Tables 13, 14 and 
15. The molar ratios of the rates from both sets of experiments are shown in Table 16 
while the carbon, nitrogen and sulfur contents of the sediments used in these studies are 
listed in Table 17. Certain rates could not be determined due to difficulties in obtaining 
sufficient amounts of interstitial water from certain samples for all analyses. This was 
a particular problem with the sandy, low water content sediments from station 25. 

Sulfate reduction and nutrient production rates were calculated by linear least 
squares fitting of the four data points from a given experiment, although certain rates 
could only be estimated because of insufficient data (see above). However as is discussed 
in Tables 13 and 14, rates were occasionally calculated by omitting one data point from 
the least squares calculation. Points that were omitted clearly appeared to be 'outlyers' 
(based on visual inspection of the data), and were thus inconsistent with the general 
trends seen in the data. In addition, the following criteria were also used to ascertain 
whether it seemed appropriate to omit these points from calculations: 

a. linear correlation coefficients obtained by fitting the data without this point were 
substantially increased over values obtained with this point; 
b. rates obtained without this point were consistent with general trends seen in the 
depth distributions of these rates; 
c. y intercept values (taken as approximate indicators of the pore water 
concentrations at the time of core collection; see below) calculated without this 
value appeared to be more realistic than those calculated with the suspect data point. 

Given the limited number of data points in each experiment (four), there are potentially 
serious problems with eliminating 25% of the data (Le., one point) in this modelling 
exercise. However, taking these concerns into account, the procedure described above 
appears to be the most appropriate one for obtaining the rates of sedimentary processes 
at these sites. Also listed in Tables 13 and 14 are the y-intercepts of these experiments. 
These values should likely be close to the actual pore water concentrations at the times 
the cores were collected, and as such they show trends generally seen in pore water 
profiles from sediments of these types. 

Several trends can be seen in the data. Rates generally decreased with depth, 
although finite rates could usually be detected in the deepest samples (12-14 cm). In 
addition, the rates of these processes in August were normally higher than those 
observed in AprillMay. This is likely due to the higher sediment (and therefore 
incubation) temperatures in August, although for the 0-2 cm samples these higher rates 
may be indicative of a more labile organic material deposited on the sediment surface 
between May and August. 

measured rates were opposite in sign to that expected (i.e., sulfate Droductron or 
phosphate w. While in several instances these rates are indistinguishable from 
zero (e.g., sulfate reduction rates at 5-7 cm of station 25 in April/May) in other cases 

In contrast to these general trends, there were several exceptions. In certain cases, 
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these 'opposite' rates appear to be real (e.g., CC02 production at 0-2 cm of station 26 in 
August). At the present time it is difficult to explain many (though not all) of these 
observations. 

17 is likely caused by methanogenesis via C02 reduction, 

Partial evidence for this can be seen both in the essentially zero rates of sulfate and the 
'predicted' and measured zero pore water sulfate concentrations at these depths (see 
Tables 13 - 15). In addition, as discussed in Chapter II ,  cores from this station showed 
evidence of methanogenesis with depth (gas bubbles [methane ?] at depths > 10 cm). 

An examination of the results in Table 16 indicates that in may instances the molar 
ratios of the measured rates in these experiments do not appear to be consistent with 
those predicted from the remineralization of organic matter having 'Redfield ratios of 
C:N:P (106:16:1). In addition, these ratios are not in agreement with those obtained in 
the long term incubation (diagenesis kinetics) experiments (see Tables 23 and 24). At 
the present time, the cause(s) of these discrepancies are not clear. 

The negative CC02 production (Le., consumption) in the deeper sediments of station 

C02 + 4H2 -+ CH4 +2H20 

16 



I 

Chapter VII. Diagenesis Kinetics Experiments 

i 
I 

kli' 

ui 

The data from these experiments are listed in Tables 18 and 19. As can be seen in 
Figs. 3 - 22, sulfate reduction, and ammonium, phosphate and CC02 production show 
exponential-like changes with time. The best fit curves through the data have been 
calculated by assuming that the rates of these processes are proportional to the amounts 
of metabolizable organic matter (C,N, or P) in the sediments. For each depth interval it 
has been assumed that one 'type' of organic matter exists, with a characteristic rate of 
reactivity (i.e., the 'one-G' model; see Berner,l980). It should be noted that this 
approach may not necessarily be valid, as will be discussed below and can also be seen in 
the data of, e.g., Westrich and Berner,1984. Attempts at examining the data here using 
more complex kinetic expressions (Le., with the so called '2-G' model of Westrich and 
Berner,l984) were unsuccessful. However as will be discussed below, examining the 
data in this chapter in the context of this one-G model does allow for the examination of 
several aspects of the changes in the reactivity of organic matter in these sediments. 

The decrease in metabolizable organic matter over time in each experiment is 
assumed to be proportional to its concentration, or 

where G is the concentration of metabolizable organic matter (i.e.,. organic carbon, 
nitrogen or phosphorus), k is the first order rate constant and t is time. This equation 
is solved by assuming that at t=O, G = Go.yielding, 

Changes in sulfate over the course of these experiments are based on the following 
equation 

where a is the stochiometry of sulfate reduction (approx. 0.5, although exact values 
based on the data from these experiments will be used), S is the sulfate concentration 
and Ls is a factor which converts organic carbon concentrations (mg C/gds) to sulfate 
concentrations (mM). This parameter is based on the data in the last column of Table 
19. Equation [2] is substituted into eqn.[3] and using the boundary condition S=So at 
t=0, the following equation is obtained, 

Equation [3] also assumes that sulfate reduction is not limited by sulfate concentrations, 
which is thought to be true when sulfate concentrations are greater than approx. 5 m M  
(e.g., Boudreau and Westrich,l984). With the exception of the experiments with 
station 17 sediments, this condition was observed in these experiments. An equation 
similar to [3] (without the minus sign) can be written for phosphate and CC02 
production, yielding, 

Where i represents either the amount of either carbon or phosphorus. Due to the 
adsorption of ammonium to marine sediments, eqn. [5] must be modified by a factor of 
(1 + K), where K is the dimensionless adsorption coefficient (Berner, 1980; Mackin 

dG/dt = -kG [11 

G(t) = Goe-kt 121 

dS/dt = -ffLsG 131 

S= So - aLsG0(1 - emkt) [41 

Ci = Coli + LsGo,i(l - e-kit) 151 
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and Aller,l984;Rosenfeld, 1979). The resulting equation becomes 

A K value of 1.3 (based on the compilation of data in Mackin and Aller,l984) was used in 
all calculations here. 

The data from these experiments were fit to these equations using the simplex 
algorithm (Caceci and Cacheris,l984) and the resulting rate constants and fitting 
parmeters listed in Table 20. As discussed above, the Ls values were calculated using 
data from Table 19, while a's for each station were based on the slopes of the plots of 
sulfate versus XC02 (see Table 23 and Figure 23). 

are summarized in Table 21 (expressed here as yr-l rather than d-l). There are 
several trends which can be seen. The first is that all rate constants decrease with 
depth, in some cases by over an order of magnitude. Another interesting observation is 
that for several stations (17, 21, and 23), the rate constants for sulfate reduction, 
EC02 , ammonium and phosphate production at a given depth are approx. equal (k 25%). 
Average values for stations 25 and 26 are also similar, although here the set of 
individual rate constants from a given experiment can vary by an order of magnitude 
(e.g., experiment 25-l), leading to a standard deviation which is equivalent in 
magnitude to the average value. The similarity in rate constants for a given experiment 
is somewhat surprising since in many instances the C:N and C:P ratios of the organic 
matter that is undergoing decomposition changes over the course of these experiments 
(see below). The rate constants observed here are similar to those determined by 
Westrich and Berner (1 984) in their long term sediment decomposition experiments. 

Shown in Table 22 are the amounts of metabolizable organic matter in these 
sediments, as calculated using the data from these experiments and eqns. [4] - [6]. Also 
shown there are the amounts of total carbon, nitrogen and phosphorus determined either 
in sub-samples of the sediments used in these experiments, or in the cores collected for 
particulate nutrient profiles (these lafter data based on values listed in Tables 26 
through 30). In general, the carbon and nitrogen undergoing remineralization in these 
experiments represents approx. 5 to 30% of the TOC and TN in the sediments. The 
phosphorus undergoing remineralization appears to represent a slightly smaller 
fraction of the total phosphorus in the sediments. This observation is in agreement with 
the relatively low C:P ratios obsenred in these sediments (see Chapter Vlll and Table 
31), particularly if this 'excess' P is largely incorporated in an inorganic phase. 

Several additional points about the nature of the organic matter remineralization in 
these sediments can be seen by examining the ratios of the produced ammonium, 
phosphate and CC02 and the sulfate reduced in these experiments. The first is that ratio 
of AXC021AS042- in all of these experiments is essentially 2:l (see Table 23 and Fig. 
23). This ratio is to be expected based on the known stochiometry of bacterial sulfate 
reduction. The second observation is that, in general, at each site the C:N and C:P ratios 
of the organic matter undergoing remineralization show an overall increase with depth 
(see Table 24). In the surface sediments the C:N ratio appears to be close to the Redfield 
ratio (6.6), while the C:P varies by almost an order of magnitude above and below the 

C = [Co + LsNo(l - e*kit)]/(l+K) 151 

The rate constants for the remineralization of organic matter in these five sediments 

. 
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Redfield C:P ratio. These increases in the C:N and C:P ratios with depth are not 
surprising, since it has often been observed that nitrogen and phosphorus containing 
organic matter is preferentially utilized in comparison to total organic carbon. These 
trends indicate that remineralization and sediment accumulation leads to the burial of 
more refractory organic matter (i.e., depleted in nitrogen and phosphorus) that 
continues to undergo remineralization at depth. The fact that the rate constants 
determined in these experiments decrease with depth (see Table 21) is consistent with 
these changes in the composition of the sedimentary organic matter. 

Finally, it can also be seen that in several experiments the C:N and C:P ratios of the 
organic matter undergoing remineralization increase over the course of certain 
experiments (see Figs. 24 through 28 and Table 24; note that because of the way the data 
are plotted, decreasing slopes in plots of nutrients versus S042- lead to an increase in 
the C:N or C:P ratio). The data have been examined here by calculating initial and final 
ratios in appropriate experiments (see Table 24), linear least squares fitting these data 
with two straight lines. 

When observed, this phenomena appears to occur only with the upper sediments (the 
-1 and -2 experiments), as the -3 experiments (carried out using sediments from 12 
- 14 cm) show constant C:N and C:P ratios. In some cases (e.g., N remineralization in 
experiments with stations 21, 23 and 25 sediments, and P remineralization in stations 
23, 26 and perhaps 25 sediments) it can be seen that the second (Le., final) fraction 
undergoing remineralization in the -1 experiments has a composition similar to that of 
the initial fraction undergoing remineralization in the next deeper sediments (the -2 
series). In the station 26 sediments the same trend can be seen between the -2 and -3 
experiments. This observation suggests that these time course experiments may also 
mimic the in Situ depth dependent variation in organic matter remineralization that 
accompanies sediment burial (see above). Such changes in the C:N:P ratio of the organic 
matter undergoing remineralization in a given experiment are suggestive of the 
occurrence of two ‘fractions’ of organic matter sequentially being utilized. However, 
this suggestion contrasts somewhat the observation that within the error of the data, one 
rate constant (which would be indicative of the utilization of one ‘fraction’ of organic 
matter in a given experiment) appears to be adequate for describing organic matter 
remineralization in an individual experiment. 

I 
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Poroslty 
Depth profiles of porosity (cm’water per cm3Sed) were determined at all five 

stations in cores collected in both April/May and August. These results are listed in 
Table 25. In general, porosities decrease with depth in these sediments and there does 
not appear to be any seasonal differences in sediment porosities. Among individual 
stations porosities do vary a great deal, with high values (> 0.7) observed in the fine- 
grained organic rich sediments at the mouth of the Rappahanock River (station 17) and 
in the sediments of the upper James River (station 23), lower porosities (0 between 
0.5 and approx. 0.65) seen in the mainstem Bay stations (stations 21 and 26), and 
extremely low values (0 = 0.35 - 0.5) seen in the sandy sediments of the mouth of the 
James RivedHampton Roads (station 25). 

Particulate Nutrlent Proflles 

total organic carbon, and biogenic silica) were determined in cores collected at each 
station in August. These results are listed in Tables 26 - 30 and shown in Figs. 29 
through 34. 

Total carbon, total organlc carbon and total nltrogen. Total carbon values 
range from approx 33 mg Clgdw (3%) at station 17 to approx 5 mg C/gdw (0.5%) at 
station 25. Total nitrogen values range from approx. 4 mg Nf gdw at station 17 to 0.2 - 
0.3 mg N/gdw at station 25. As can be seen in Table 31, with the exception of the 
mainstem Bay stations (21 and 26), values of total carbon and total organic carbon in 
these sediments appear to be roughly equal(i.e., amounts of inorganic carbon in these 
sediments do not appear to be significant). 

Depth profiles of these nutrients show several trends (see Figs. 29 - 33). At some 
stations, these nutrients show exponential like decreases with depth (e.g., st 17 see Fig. 
29). Other profiles show no clear trends with depth (e.g., st. 23, see Fig. 31), while 
profiles of TC, TOC, TN (and Biogenic silica) actually appear to increase at the base of 
the core (see Figs. 33 and 35). 

These profiles can be affected by several processes, including post depositional 
diagenesis (organic matter remineralization) as well as variable nutrient (and total 
sediment ) deposition rates. At the present time, the relative roles that these processes 
play in affecting the observed nutrient depth profiles are not well understood. Post 
depositional diagenesis occurs in these sediments as evidenced both by measured nutrient 
fluxes across the sediment-water interface (see Ch. Ill) as well as by measured rates of 
these processes in both whole sediment (Ch. VI) and sediment slurry (see Ch. VII) 
incubation experiments. Further evidence of this is seen in Table 32, where it can be 
seen that the C/N ratio generally increases with depth in theses sediments. These C/N 
ratios range from approx. 9 to 30, significantly lower than that of ‘Redfield’ organic 
matter (6.6). Such observations are generally attributed to the preferential 
remineralization of nitrogen fi.e, nitrogen containing organic matter) relative to total 
carbon, leaving the sediments relatively depleted in nitrogen. The values observed in 

Depth profiles of particulate nutrients (total carbon, nitrogen, sulfur, phosphorus, 
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these sediments are similar to those observed in other coastal, marine and estuarine 
c;ediTents (e.g., Boyton and Kemp,l985; Martens and Klump,l984). 

Total phosphorus. Total phosphorus (TP) decreases with depth, although there 
appears to be some 'structure' (or scatter) in the data (see Figs. 29 - 33). Processes 
similar to those affecting carbon and nitrogen in these sediments are thought to also 
affect the distribution of phosphorus in these sediments. Interestingly though, the 
phosphorus profile for station 26 does not increase with depth (as is seen in total 
nitrogen, carbon and biogenic silica in these sediments; see Figs. 33 and 35). These 
v ~ I ! ~ P s  for sedimentary phosphorus are similar, though slightly higher, to those 
reported by Boyton and Kemp (1985), for stations primarily located in the mid- to 
upper Bay and tributaries. 

Depth distributions of the carbon to phosphorus (C:P) ratio show no clear trends 
(see Table 32). However, with the exception to station 17, these sediment appear to be 
relatively enriched in phosphorus, with C:P ratios ranging from 30 to up to 120 (for 
comparative purposes, the Redfield CIP ratio is 106). These values are higher than C:P 
ratios that can be calculated with the above mentioned data of Boyton and Kemp (1985), 
although again their data are not for lower Bay stations. Several explanations are 
possible for these elevated C:P ratios, including the preferential preservation of 
phosphorus rich organic matter in these sediments or the accumulation of significant 
amounts of inorganic phosphorus in lower Bay sediments. Additional studies will be 
needed to begin to examine these (and other) possible explanations for these apparently 
elevated levels of sedimentary phosphorus in southern Chesapeake Bay sediments. 

These increases are to be expected, since bacterial sulfate reduction is the predominant 
process by which organic carbon is oxidized in these sediments. The reduced product of 
sulfate reduction (sulfide) generally accumulates in anoxic sediments as either 
pyrite,FeS2, or iron monosulfides, FeS (Berner,l980). When data on sediment 
accumulation at these site becomes available, these results can be used to calculate 
sulfur accumulation rates in these sediments. These values can be compared with depth 
integrated rates of sulfate reduction (based on the data in Chapter VI), to estimate the 
degree of 'openness' of the sediments with respect to sulfide retention. Previous studies 
( as discussed by Chanton et a/.,1987) have shown that processes such a bioturbation 
can significantly affect this property of a sediment (bioturbation leads to enhanced 
transport of oxygen across the sediment-water interface, increasing the extent to which 
bacterially produced sulfide is re-oxidized to sulfate). A preliminary examination of 
the TS profiles and sedimentary sulfate reduction rates at these sites, suggests that 
distinct differences likely ekist in the degree of sulfide retention in these sediments. 

40 mg Si02 per 100 gr dry sediment), and are similar to values reported by D'Elia et a/. 
(1982) for Chesapeake Bay sediments. Most cores show no clear trends with depth (see Fig. 
34), although measured dissolved silica fluxes across the sediment-water interface and 
dissolved silica production in the sediments (see Chapters V and VI) would suggest that if 
biogenic silica deposition to these Sediments is constant over some representative time 
scale, biogenic silica shouid decrease with depth (which may be the case for station 17). As 
was observed for carbon and nitrogen profiles at station 26, biogenic silica also appears to 
increase with depth in the core collected at this site (see Fig. 34). 

Total Sulfur. In general, total sulfur increases with depth (see Figs. 29 - 33). 

Biogenic Silica. Concentrations of biogenic silica range from 0.2 to approx 4% (2 - 
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Table 1 - Coordinates of the Stations Sampled 

.sign number Station name Coo rdi nates 

17 Rappahanock R. 37" 37.93' N 
mouth 76" 27.93' W 
(The location of this station is essentially 
identical to ODU BEL station 4R or CBP LE3.4) 

21 York R. spit 37" 16.12' N 
76" 09.03' W 

23 Hog IslandNames R. 37" 09.68' N 
76" 38.53' W 

i & 

1i.i 

1: 
ki 

25 Craney island 36" 57.07' N 
76" 23.40' W 

(The location of this station is essentially 
identical to ODU BEL station 4-5 or CBP LE5.4) 

26 Little Creek 36" 58.87' N 
76" 09.98 W 

(The location of this station is essentially 
identical to ODU BEL station 1-CB or CBP CB8.1) 

I 

i 



! 

ui 

I 
I. 
i 

ui 
i 

tii: 
I 

it1 
1 

I 

! 

Table 2 - Hydrographic Data from the April1 May Cruises 

Depth (m) Salinity (pp t) Temp ("C) 1021 (pM) 

statlon 17 

1 
3 
5 
7 
9 
1 1  
13 

station 21 

1 
3 
5 
7 
9 
1 1  

station 23 

1 
-3 
5 
6 

station 

1 
2 
3 
4 
5 
6 
7 

5 

statlon 26 

4/29/88 

14.49 
14.42 
14.53 
14.74 
14.93 
14.97 
15.17 

4/28/88 

20.1 7 
20.96 
21.80 
22.53 
24.20 
24.1 2 

5/3/88 

6.00 
6.40 
6.95 
6.90 

51418 

19.46 
19.56 
19.57 
19.55 
19.57 
19.64 
19.67 

5/4/88 

23.23 
23.68 
25.81 
26.99 
27.21 

13.90 
13.84 
13.74 
13.74 
13.72 
13.63 
13.38 

12.95 
12.64 
12.41 
12.41 
12.40 
12.42 

16.55 
15.75 
15.50 
15.50 

14.23 
14.22 
14.26 
14.25 
14.25 
14.29 
14.23 

281.1 
267.0 
264.1 
262.2 

251 - 1  
250.6 
252.0 
252.8 
251.1 
249.5 
250.3 

13.50 280.3 
13.09 278.9 
12.42 276.7 
12.20 270.9 
12.11 263.4 

** Oxygen concentrations were not determined due to instrument failure. 
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Table 3 - Hydrographic Data from the August Cruises 
Depth (m) Salinity (pp t) Temp ("C) [021 (wM) 

Station 17 811 0188 

1 
3 
5 
7 
9 
1 1  
13 
15 
17 
19 
21 

17.97 
17.82 
17.80 
17.76 
18.1 6 
18.05 
10.43 
18.49 
18.57 
18.82 
18.06 

Station 21 8/9/88 

29.13 
29.15 
29.15 
29.12 
28.81 
28.78 
28.59 
28.47 
28.33 
28.28 
28.1 1 

154.1 
148.4 
146.6 
129.2 
78.0 
77.0 
64.1 
57.8 
49.1 
44.2 
43.1 

1 
3 
5 
7 
9 
10 

21.44 28.92 247.8 
21.43 28.57 240.5 
24.67 27.39 221.3 
27.20 24.73 160.6 
27.23 24.68 151.6 
27.28 24.74 

Statlon 23 011 1 I88 

1 
3 
5 
5.3 

8.39 29.88 174.7 
9.46 29.94 159.4 
9.70 29.96 170.5 
9.68 30.00 156.9 

Station 25 811 2/88 

24.77 26.61 178.8 
25.47 25.82 177.0 
25.40 25.76 173.4 
25.58 25.70 167.2 

Station 26 811 3/80 

25.60 26.55 209.5 
25.82 26.00 207.2 
27.79 22.74 207.7 
29.25 19.82 209.2 
30.38 18.12 21 0.6 
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Table 10 - Summary of Sediment Oxygen Uptake and Nutrient Fluxes 

i 

L 
1 

i I 
Etl 

April August 
Sediment Oxygen Uptake 
St. 17 -803.6 f 1103.4 -642.8 f 221.8 
St. 21 n.d. -867.5 f 253.0 
St. 23 -1 082.5 f 394.2 -767.2 f 148.4 
St. 25 - 1  81 .O f 159.5 -1 437.8 f 150.7 
St. 26 -525.1 f 534.5 - 1  71 4.0 f 286.0 

Ammonium Flux 
St. 17 
St. 21 
St. 23 
St. 25 
St. 26 

Phosphate Flux 
St. 17 
St. 21 
St. 23 
St. 25 
St. 26 

Nitrate + Nitrite Flux 
St. 17 
St. 21 
St. 23 
St. 25 
St. 26 

31 1.8 f 39.2 265.7 f 128.9 
9.6f 8.4 160.5 f 36.4 
73.9f 8.6 136.6 f 24.2 
86.0 f 14.7 29.52 37.1 
34.0f 8.4 17.0 f 20.4 

2.2f 1.1 
0.7f 0.7 
2.8f 2.2 
3.1 f 1.9 
,0.4f 0.9 

3.3f 1.5 

29.6f 2.8 
25.3f 11.6 
3.2f 1.4 

-2.2f 0.7 

34.3f 2.5 
5.1 f 2.9 
22.7f 2.8 
28.1 f 26.0 
-5.2f 1.9 

-2.5f 0.6 
11.5f 4.6 
63.6f 9.5 

-2.2f 1.0 
0.2f 11.6 

Silica Flux 
St. 17 , 14O.Of 39.8 531.8 f 43.7 
St. 21 76.0 f 16.6 246.4f 60.3 
St. 23 341.9f 29.8 551.Of 83.5 
St. 25 94.3f 47.0 627.8f 408.1 
St. 26 104.1 f 15.9 479.3f 42.9 

Total Inorganic Nitrogen Flux 
St. 17 315.1 f 39.2 263.2 f 128.4 
St. 21 7.3f 8.8 172.0 f 31.8 
St. 23 44.3f 9.8 200.2f 23.4 
St. 25 111.3f 26.4 28.9f 33.6 
St. 26 36.1 f 7.9 14.4 f 21.5 

Note: All fluxes are in units of pmol/m2/hr. 
are either the range of the two flux measurements (see Tables 8 or 9), or the error 
calculated with the individual errors of the two flux measurements (whichever is larger). 

The reported errors on these flux values 
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TaMe 18 - Data from the Diagenesis Kinetics Experiments 

~ 0 4 1  [SO41 (XC021 [CI-I PH 
( p M )  ( W M )  ( m M )  ( m M )  

Time w 4 1  - Sample ID' (days) ( p M )  

station 26 

I 

j 
e' 

j 
I 

fi 
!' 
, 

..I 

26-1 D1 
26-1 D2 
26-1 D3 
La-$ D4 
26-1 D5 
26-1 D6 
26-1 D7 
26-1 D8 
26-1 D9 
26-1 D10 

- - .. 

26-2 D1 
26-2 D2 
26-2 03 
26-2 D4 
26-2 05 
26-2 D6 
26-2 D7 
26-2 D8 
26-2 D9 
26-2 D10 

26-3 D1 
26-3 D2 . 

26-3 D3 
26-3 D4 
26-3 D5 
26-3 D6 
26-3 D7 
26-3 D8 
26-3 D9 
26-3 DlO 

4 
17 
28 
39 
57 
70 
98 
135 
178 
228 

4 
17 
28 
39 
57 
70 
98 
135 
178 
228 

4 
17 
28 
39 
57 
70 
98 
135 
178 
228 

270.4 
567.5 
704.6 
81 8.9 
1004.9 
1224.0 
1246.6 
1465.7 
1403.7 
n.d. 

118.1 
152.9 
209.1 
236.2 
346.6 
41 5.2 
441.8 
586.6 
524.6 
n.d. 

62.9 
77.4 
92.9 
96.1 
118.1 
121.9 
156.2 
232.3 
250.0 
n.d. 

202.8 
348.7 
345.2 
382.9 
420.6 
434.4 
461.8 
472.1 
478.9 
n.d. 

12.5 
16.0 
19.7 
21 .I 
30.9 
31.9 
34.5 
43.2 
47.8 
n.d. 

9.9 
12.5 
14.2 
15.5 
17.3 
18.3 
21.2 
24.8 
27.6 
n.d. 

23.01 
21.37 
21.58 
20.53 
20.86 
19.74 
16.59 
15.82 
11.75 
12.82 

22.21 
22.69 
22.84 
22.07 
22.04 
20.58 
18.07 
17.26 
14.37 
12.76 

23.93 
22.25 
22.33 
22.19 
22.39 
21.20 
18.94 
n.d. 
14.31 
14.41 

4.50 
8.60 
9.64 
12.01 
15.12 
14.61 
19.50 
20.51 
32.30 
n.d. 

3.25 
4.26 
5.35 
6.75 
9.97 
10.98 
14.83 
16.19 
23.96 
n.d. 

3.24 
4.20 
5.14 
5.80 
8.73 
10.42 
13.56 
13.44 
23.87 
n.d. 

457.1 7.7 
7.6 
7.6 
7.6 
7.6 
7.6 
7.7 
7.6 
7.9 
n.d. 

455.7 7.8 
7.7 
7.7 
7.8 
7.8 
7.9 
7.9 
7.8 
8.0 
n.d. 

462.8 7.8 
7.8 
7.8 
7.9 
7.8 
7.9 
7.9 
7.9 
8.0 
n.d. 

* In the Sample ID the first number is station number, -1 indicates sediments from 0-2 cm, 
-2 indicates sediments from 5-7 cm, and -3 indicates sediments from 12-14 cm. 

n.d. = not determined. 
n.s. = no sample available for this analysis. 



Table 18 - Data from the Diagenesis Kinetics Experiments 

l ei 

ui' 

!I 
w' 

1 

k i  

[EC02] [CI-] PH 
( m M )  ( m M )  

Time WH41 t Po41 [SO41 
Sample ID* (days) (WM) ( W M )  ( P M )  

23-3 D1 
23-3 D2 
23-3 D3 
23-3 D4 
23-3 D5 
23-3 D6 
23-3 D7 
23-3 D8 
23-3 D9 
23-3 D10 

statlon 25 

25-1 D1 
25-1 D2 
25-1 D3 
25-1 D4 
25-1 D5 
25-1 D6 
25-1 D7 
25-1 D8 
25-1 D9 
25-1 DlO 

25-2 D1 
25-2 D2 
25-2 D3 
25-2 D4 
25-2 D5 
25-2 D6 
25-2 D7 
25-2 D8 
25-2 D9 
25-2 D10 

25-3 D1 
25-3 D2 
25-3 03 
25-3 D4 
25-3 D5 
25-3 D6 
25-3 D7 
25-3 D8 
25-3 D9 
25-3 D10 

5 
18 
29 
40 
58 
71 
99 
136 
179 
229 

4 
17 
28 
39 
57 
70 
98 
135 
178 
228 

4 
17 
28 
39 
57 
70 
98 
135 
178 
228 

4 
17 
28 
39 
57 
70 
98 
135 
178 
228 

263.5 
21 5.4 
254.2 
136.0 
123.1 
110.7 

136.8 
177.6 
n.d. 

n.s. 

95.2 
242.6 
356.7 
299.6 
364.3 
464.1 
41 1.8 
603.9 
505.0 
n.d. 

14.4 
29.6 
34.4 
35.3 
41 .O 
46.7 
61.9 
102.8 
87.3 
n.d. 

39.1 
22.0 
18.2 
19.1 
6.8 
23.9 
n.s. 
17.1 
24.3 
n.d. 

80.1 
85.5 
90.1 
107.7 
1 1  0.8 
132.8 
n.s. 
183.2 
166.6 
n.d. 

36.0 
133.3 
201 .o 
197.7 
258.8 
290.7 
299.7 
294.0 
362.4 
n.d. 

13.7 
15.4 
16.1 
18.3 
21.7 
22.5 
26.7 
31.2 
42.6 
n.d. 

12.5 
17.9 
17.9 
18.1 
19.4 
23.8 
n.s. 
25.7 
30.3 
n.d. 

23.61 
22.37 
22.15 
22.34 
19.81 
20.07 
19.39 
17.97 
18.82 
16.23 

20.05 
19.36 
19.50 
19.86 
17.98 
18.11 
18.04 
16.82 
15.22 
15.72 

20.73 
19.49 
19.87 
19.74 
19.1 1 
19.39 
18.1 1 
15.94 
12.60 
14.06 

20.79 
20.1 1 
19.56 
19.67 
20.09 
19.53 

17.82 
16.26 
13.64 

n.s. 

2.00 
3.16 
4.1 0 
4.83 
4.76 
5.52 
n.s. 
11.52 
11.04 
n.d. 

3.74 
5.16 
7.27 
7.55 
9.32 
9.16 
11.06 
13.00 
17.26 
n.d. 

3.09 
4.18 
4.32 
5.45 
6.67 
6.1 3 
6.98 
12.1 9 
22.28 
n.d. 

2.85 
3.76 
4.34 
5.00 
5.45 
6.99 
n.s. 
8.1 4 
13.72 
n.d. 

145.8 7.6 
7.4 
7.5 
7.5 
7.5 
7.6 
ns. 
7.6 
7.6 
n.d. 

394.6 7.5 
7.6 
7.7 
7.6 
7.6 
7.7 
7.6 
7.6 
7.7 
n.d. 

394.1 7.8 
7.7 
7.0 
7.8 
7.8 
7.8 
7.8 
7.0 
8.0 
n.d. 

394.6 7.8 
7.8 
7.8 
7.8 
n.d. 
7.9 
n.s. 
7.8 
7.8 
n.d. 



Table 18 - Data from the Diagenesis Kinetics Experiments 

I 

I I 
LA 

i 

I w 
i 

ILI 

21-2 D1 
21-2 D2 
21-2 D3 
21-2 D4 
21-2 DS 
21-2 D6 
2;-2 D7 
21-2 D8 
21-2 D9 
21-2 DlO 

21-3 D1 
21-3 D2 
21-3 D3 
21-3 D4 
21-3 D5 
21-3 D6 
21-3 D7 
21-3 D8 
21-3 D9 
21-3 D10 

station 23 

23-1 D1 
23-1 D2 
23-1 D3 
23-1 D4 
23-1 D5 
23-1 D6 
23-1 D7 
23-1 D8 
23-1 D9 
23-1 D10 

23-2 Dl 
23-2 D2 
23-2 D3 
23-2 D4 
23-2 05 
23-2 D6 
23-2 D7 
23-2 D8 
23-2 D9 
23-2 D10 

4 
17 
28 
39 
57 
70 
98 
135 
178 
228 

4 
17 
28 
39 
57 
70 
98 
135 
178 
228 

5 
18 
29 
40 
58 
71 
99 
136 
179 
229 

5 
18 
29 
40 
58 
71 
99 
136 
179 
229 

269.5 
397.8 
434.4 
441.7 
727.2 
621.8 
839.9 
912.5 
927.1 
n.d. 

138.8 
140.7 
137.9 
155.6 
166.8 
153.7 
172.3 
21 7.0 
177.4 
n.d. 

132.3 
31 7.0 
629.1 
61 8.1 
81 6.4 
91 8.2 
91 8.2 
1783.1 
738.1 
n.d. 

281.9 
344.7 
298.6 
400.1 
242.2 
482.1 
529.3 
791 .O 
421.6 
n.d. 

98.6 
121.4 
126.2 
123.3 
257.8 
150.9 
153.7 
165.1 
173.5 
n.d. 

28.4 
29.7 
30.9 
29.6 
32.6 
33.0 
34.6 
37.8 
40.7 
n.d. 

52.7 
202.2 
21 9.3 
274.4 
191.5 
183.2 
242.1 
264.0 
299.4 
n.d. 

86.6 
86.1 
97.5 
1 1  6.2 
139.5 
151.8 
148.0 
156.6 
175.2 
n.d. 

21.59 
19.28 
18.95 
18.87 
16.82 
16.62 
15.85 
14.05 
11.97 
11.13 

22.09 
20.52 
20.30 
19.72 
18.89 
18.50 
18.56 
16.52 
13.96 
13.07 

25.56 
23.44 
22.40 
23.56 
21.76 
18.89 
21.34 
14.93 
19.31 
17.56 

24.87 
23.94 
22.46 
23.13 
20.72 
20.00 
20.64 
19.36 
19.25 
17.80 

4.06 
6.19 
7.97 
9.06 
14.32 
12.10 
14.40 
21.45 
23.43 
n.d. 

3.07 
3.98 
4.51 
5.47 
7.23 
7.44 
9.81 
13.22 
21.27 
n.d. 

2.68 
4.76 
7.35 
6.91 
10.24 
17.36 
9.31 
25.24 
14.80 
n.d. 

2.73 
4.21 
4.84 
5.80 
8.01 
9.32 
9.88 
12.25 
13.43 
n.d. 

41 4.2 7.6 
7.6 
7.7 
7.6 
7.8 
7.8 
7.8 
7.7 
7.9 
n.d. 

41 6.1 7.8 
7.7 
7.8 
7.9 
7.9 
7.8 
7.9 
7.8 
7.9 
n.d. 

152.4 7.6 
7.5 
7.6 
7.7 
7.6 
7.8 
7.6 
7.5 
7.6 
n.d. 

150.8 7.7 
7.5 
7.6 
7.7 
7.6 
7.6 
7.6 
7.5 
7.6 
n.d. 



Table 18 - Data from the Diagenesis Kinetics Experiments 

station 17 

17-1 D1 
17-1 D2 
17-1 D3 
17-1 04 
!?-? 95 
17-1 D6 
17-1 D7 
17-1 D8 
17-1 D9 
17-1 D10 

17-2 D1 
17-2 D2 
17-2 D3 
17-2 D4 
17-2 D5 
17-2 D6 
17-2 D7 
17-2 08 
17-2 D9 
17-2 D10 

17-3 Dl 
17-3 D2 
17-3 D3 
17-3 D4 
17-3 D5 
17-3 D6 
17-3 D7 
17-3 D8 
17-3 D9 
17-3 D10 

station 21 

21-1 D1 
21-1 D2 
21-1 D3 
21-1 D4 
21-1 D5 
21-1 D6 
21-1 D7 
21-1 D8 
21-1 D9 
21-1 D10 

5 
18 
29 
40 
58 
71 
99 
136 
179 
229 

5 
18 
29 
40 
58 
71 
99 
136 
179 
229 

5 
18 
29 
40 
58 
71 
99 
136 
179 
229 

4 
17 
28 
39 
57 
70 
98 
135 
178 
228 

656.9 
991.7 
1279.0 
1385.1 
1709.5 
181 8.4 
2032.5 
2377.3 
2500.5 

n.d. 

91 6.7 
997.2 
1085.0 
1121.6 
1259.5 
1397.4 
161 5.2 
1760.3 
1766.8 
n.d. 

121 1.3 
989.9 
1037.5 
1077.7 
1230.5 
947.4 
1186.9 
1 1  57.9 
1059.5 
n.d. 

701.8 
1090.2 
1441.9 
1401.6 
1828.2 
1908.2 
2097.1 
2079.0 
21 07.2 
n.d. 

150.5 
179.9 
202.1 
233.3 
264.4 
273.1 
267.1 
281.3 
324.7 
n.d. 

129.2 
143.4 
163.0 
156.8 
173.7 
179.0 
194.1 
21 2.8 
227.5 
n.d. 

137.1 
141.3 
104.9 
107.8 
107.1 
107.8 
166.4 
163.9 
178.6 
n.d. 

145.5 
174.6 
192.1 
178.6 
246.7 
221.6 
265.1 
187.3 
254.0 
n.d. 

12.56 
10.1 5 
9.15 
8.05 
6.15 
5.08 
3.08 
1.32 
0.00 
0.00 

11.30 
9.96 
9.46 
8.78 
6.88 
6.02 
3.57 
1.32 
0.00 
0.00 

12.24 
11.69 
12.23 
12.18 
11.68 
10.35 
7.94 
7.40 
3.82 
4.10 

20.45 
17.79 
16.30 
16.62 
14.62 
12.88 
10.93 
11.32 
7.31 
10.22 

6.62 
11.23 
13.92 
17.35 
18.86 
21.44 
26.81 
33.95 
37.41 
n.d. 

8.80 
11.73 
12.85 
14.32 
18.18 
19.96 
22.26 
32.09 
34.14 
n.d. 

8.04 
7.85 
6.92 
7.77 
8.71 
12.39 
15.71 
16.76 
25.21 
n.d. 

6.20 
10.97 
14.1 9 
13.94 
20.31 
17.79 
23.61 
25.1 1 
32.36 
n.d. 

270.0 7.6 
7.7 
7.8 
7.8 
7.8 
7.8 . 
8.0 
7.9 
7.9 
n.d. 

270.5 7.8 
7.9 
7.9 
7.9 
8.0 
8.0 
8.0 
8.0 
8.2 
n.d. 

271.4 7.7 
7.9 
7.8 
7.9 
7.9 
8.0 
8.1 
7.9 
7.9 
n.d. 

41 8.5 7.5 
7.7 
7.6 
7.7 
7.8 
7.8 
7.9 
7.8 
7.9 
n.d. 
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Table 20 - Best Fit Parameters from the Diagenesis Kinetics Experiments 

Expt.# k (d-1) Co (mM)* Go (mg C,N,P/a dsl 

Sulfate** 
17-1 0.01 03 13.1 2 5.39 
17-2 0.0047 12 5.99 
17-3 0.0006 13.2 23.07 

rn 
17-1 0.0055 5.9 7.79 
17-2 0.0021 7.9 10.84 
17-3 0.0001 5 264.71 

Phosphate 
17-1 0.01 87 133 0.07 
17-2 0.0064 128.2 0.05 
17-3 0.0019 109.4 0.07 

Ammonium 
17-1 0.01 25 550.5 0.90 
17-1 0.0079 820.8 0.44 
17-2 0.0013 1094.1 0.02 

Sulfate** 
21-1 . 0.01 405 20.9 0.36 
21 -2 0.00566 21.2 0.61 
21-3 0.001 02 21.6 1.34 

rn 
21 - 1  0.00663 6.7 0.47 
21 -2 0.0040 1 3.7 0.81 
21 -3 0.00045 2.5 2.77 

Phosphate 
21 - 1  0.02 132.6 0.005 
21-2 0.01 26 98.7 0.004 
21 -3 0.00026 28.1 0.01 1 

Ammonium 
21 - 1  0.0256 533.3 0.059 
21 -2 0.01 17 21 8.4 0.047 
21-3 0.0086 129.7 0.003 



Table 20 - Best Fit Parameters from the Diagenesis Kinetics Experiments 

Expt.# k (d-1) Co (mM)* Go (mg C,N,P/g dsl 

Sulfate** 
23-1 0.01 34 25.6 0.37 
23-2 0.014 25.3 0.49 
23- 3 0.0085 23.8 1.28 

m 
23-1 0.01 36 0.6 0.50 
23-2 0.0087 2 0.52 
23-3 0.0031 1.7 1.99 

Phosphate 
23-1 0.01 45 50.1 0.020 
23-2 0.01 39 70.5 0.01 0 
23-3 0.0077 67.3 0.033 

I 

i 
rB 

Ammonium 
0.02 

0.01 07 
0.0002 

30.1 
232.6 
104.3 

0.080 
0.040 
0.509 

23-1 
23-2 
23-3 

Sulfate** 
0.0022 
0.0005 
0.00001 

20.2 
21 
21 

1.70 
4.87 
228.88 

25-1 
25-2 
25-3 1 I 

1 dl m 
0.001 4 
0.00005 
0.00002 

4.2 
2.8 
2.7 

3.05 
37.82 
83.81 

25-1 
25-2 
25-3 

,. Phosphate 
0.026 
0.001 3 
0.0071 

12.3 
12.7 
13.4 

0.045 
0.009 
0.002 

25-1 
25-2 
25-3 

'i_ 

I 

Ammonium 
0.021 
0.004 
0 

25-1 
25-2 
25-3 

86.8 
13.4 

0.066 
0.01 3 
0.000 
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Table 20 - Best Fit Parameters from the Diagenesis Kinetics Experiments 

Expt.# k (d-1) Co (mM)' Go (ma C,N,P/a ds) 

Sulfate** 
26-1 0.0032 23.4 2.06 
26-2 0.00135 24.7 4.38 
26-3 0.001 6 24.1 2.1 5 

m 
26-1 0.00096 5.3 6.22 
26-2 0.00039 2.4 12.67 
26-3 0.0001 3 2.2 24.33 

Phosphate 
26-1 0.033 183.7 0.030 
26-2 0.0074 10.4 0.005 
26-3 0.0051 5 9.8 0.002 

Ammonium 
26-1 0.01 86 177.1 0.144 
26-2 0.01 17 61.9 0.065 
26-3 0.00065 53.7 0.138 

Co/l+K and Cm/l+K for ammonium 

** Go based on the sulfate data is mg C/g ds 

# In the Sample ID the first number is station number, -1 indicates 
sediments from 0-2 cm, -2 indicates sediments from 5-7 cm, and 
-3 indicates sediments from 12-14 cm. 
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Table 23 - C:S Ratios from the Diagenesis Kinetics Experiments 
station C:S (m:m)* 

17 
21 
23 
25 
26 

-2.24f 0.07 
-2.11 f 0.08 
-1.90f 0.23 
-2.36k 0.13 
-2.27f 0.12 

*For each station, this value is based on the slope of the best fit line calculated 
from a plot of sulfate vs. CC02 for all three experiments. 
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Table 32 - C:N and C:P Ratios in Sediments of the Southern Chesapeake Bay 

station 17 

0.5 
1.5 
2.5 
3.5 
4.5 
5.5 
6.5 
7.5 
8.5 
9.5 
1 1  
13 
15 
17 
19 
21 

station 21 

0.5 
1.5 
2.5 
3.5 
4.5 
5.5 
6.5 
7.5 
8.5 
9.5 
1 1  
13 
15 
17 

9.81 
9.46 
9.59 
9.82 
9.88 
9.79 
10.05 
9.73 
10.60 
10.87 
10.77 
10.91 
11.15 
11.21 
11.20 
11.24 

19.89 
16.33 
17.04 
16.62 
17.02 
17.63 
18.70 
16.63 
20.52 
24.21 
21.31 
19.98 
19,15 
26.39 

8.76 

9.93 

9.28 

10.02 

8.90 

8.1 9 

8.39 

8.07 

15.71 

14.35 

11.83 

14.51 

16.53 

12.08 

17.70 

1 1  0.58 
101.28 
1 1  0.35 
1 1  0.36 
107.78 
106.42 
102.88 
104.99 
108.87 
1 1  3.60 
1 1  0.32 
1 1  7.45 
1 1  7.73 
106.52 
1 1  4.09 
1 1  2.79 

27.57 
26.65 
29.74 
29.48 
27.77 
32.39 
28.43 
30.12 
26.56 
28.49 
34.45 
35.29 
35.54 
26.38 

98.73 

1 1  2.02 

104.66 

1 1  2.95 

100.37 

92.35 

94.61 

90.96 

21.78 

25.04 

19.31 

22.06 

21.39 

19.53 

32.85 



Table 32 - C:N and C:P Ratios in Sediments of the Southern Chesapeake Bay 

1 

I 
ti 

I 
1 w 

station 23 

0.5 
1.5 
2.5 
3.5 
4.5 
5.5 
6.5 
7.5 
8.5 
9.5 
1 1  
13 
15 
17 
19 . 

station 25 

0.5 
I .5 
2.5 
3.5 
4.5 
5.5 
6.5 
7.5 
8.5 
9.5 
1 1  
13 
15 
17 
19 

14.70 
14.61 
14.58 
15.23 
14.56 
14.61 
14.62 
13.98 
14.32 
15.93 
16.46 
17.06 
14.69 
16.24 
16.51 

19.28 
13.88 
19.61 
24.37 
19.44 
23.40 
28.1 6 
23.83 
24.72 
22.09 
37.55 
30.54 
38.02 
21.67 
24.1 1 

13.75 

15.65 

18.74 

15.81 

17.80 

15.46 

15.06 

17.1 7 

22.23 

15.39 

16.88 

25.14 

15.11 

21.14 

22.05 

26.1 8 

50.05 
57.27 
55.76 
56.34 
55.46 
68.43 
61 .OO 
59.06 
56.1 8 
54.03 
75.26 
65.62 
62.70 
60.21 
64.01 

47.14 
37.71 
38.24 
85.26 
64.24 
69.07 
63.92 
63.26 
79.50 
64.56 
103.53 
45.37 
95.18 
41.78 
46.74 

46.84 

59.86 

71.39 

65.95 

69.80 

70.68 

64.27 

66.59 

54.36 

30.02 

55.77 

57.05 

48.62 

58.30 

55.1 9 

50.76 
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Table 32 - C:N and C:P Ratios in Sediments of the Southern Chesapeake Bay 

station 26 

0.5 
1.5 
2.5 
3.5 
4.5 
5.5 
6.5 
7.5 
8.5 
9.5 
1 1  
13 
15 
17 
19 
21 

17.23 
17.46 
18.96 
20.1 1 
17.72 
17.14 
16.69 
19.10 
18.1 7 
19.03 
18.25 
18.66 
21.26 
19.00 
16.99 
18.1 8 

13.63 

14.21 

15.72 

15.08 

15.43 

13.82 

14.12 

16.55 

30.00 
32.31 
29.57 
32.02 
29.85 
32.29 
28.93 
34.64 
33.32 
35.77 
39.77 
40.03 
37.59 
41.97 
45.30 
49.35 

23.74 

22.1 6 

26.47 

26.15 

28.30 

30.13 

24.96 

44.1 1 

(a) Based on the TC data. 
(b) Based on the TOC data. 
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Figure 2. 
and sediment oxygen uptake studies 

Schematic representation of the chamber used in the nutrient flux 
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Figure 4. CCO, versus time in the station 17 diagenesis 
kinetics experiments. 
circles, those of 17-2 the open triangles and those of 17-3 the 
filled squares. The best fit curves through these data are based 
on eqn. [4] and the values of the best fit parameters listed in 
Table 20. 

The data for expt. 17-1 are the filled 
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Figure 5. 
kinetics experiments. The data for expt. 17-1 are the filled 
circtes, thase of 17-2 the open triangles and those of 17-3 the 
filled squares. The best fit curves through these data are based 
on eqn. [4] and the values of the best fit parameters listed in 
Table 20. 

Ammonium versus time in the station 17 diagenesis 
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Figure 6. 
kinetics experiments. 
circles, those of 17-2 the open triangles and those of 17-3 the 
filled squares. The best fit curves through these data are based 
on eqn. [4] and the values of the best fit parameters listed in 
Table 20. 

Phosphate versus time in the station 17 diagenesis 
The data for expt. 17-1 are the filled 
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i Figure 7. Sulfate versus time in the station 21 diagenesis 

kinetics experiments. The data for expt. 21-1 are the filled 
circles, those of 21-2 the open triangles and those of 21-3 the 
filled squares. The best fit curves through these data are based 
on eqn. [4] and the values of the best fit parameters listed in 
Table 20. 
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Figure 8. CCO, versus time in the station 21 diagenesis 
kinetics experiments. The data for expt. 21-1 are the filled 
circles, those of 21-2 the open triangles and those of 21-3 the 
filled squares. The best fit curves through these data are based 
on eqn. [4] and the values of the best fit parameters listed in 
Tat;!z 22. 
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Figure 9. Ammonium versus time in the station 21 diagenesis 
kinetics experiments. The data for expt. 21-1 are the filled 
circles, those of 21-2 the open triangles and those of 21-3 the 
filled squares. The best fit curves through these data are based 
on eqn. [4] and the values of the best fit parameters listed in 
Table 20. 
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Figure 10. Phosphate versus time in the station 21 diagenesis 
kinetics experiments. The data for expt. 21-1 are the filled 
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Figure 13. Ammonium versus time in the station 23 diagenesis 
kinetics experiments. The data for expt. 23-1 are the filled 
circles, those of 23-2 the open triangles and those of 23-3 the 
filled squares. The best fit curves through these data are based 
on eqn. [4] and the values of the best fit parameters listed in 
Table 20. 
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kinetics experiments. The data for expt. 23-1 are the filled 
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kinetics experiments. The data for expt. 25-1 are the filled 
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filled squares. The best fit curves through these data are based 
on eqn. [4] and the values of the best fit parameters listed in 
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Table 20. 
and 25-2 and -3 experiments. 
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Figure 21. Ammonium versus time in the station 26 diagenesis 
kinetics experiments. The data for expt. 26-1 are the filled 
circles, those of 26-2 the open triangles and those of 26-3 the 
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