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

1) characterize the present s t a t e  of the bay (including spat ia l  and 
seasonal variation) relative t o  sediment-water nutrient exchanges and 
oxygen consumption and the vert ical  rate of deposition of organic parti- 
culates t o  deep waters and the sediment surface. 

2) determine the long-term trends that  might develop in  sedimenwater 
exchanges and vertical deposition rates in response t o  pollution control 
programs. 

3) integrate the information collected in t h i s  program with other elements 
of the monitoring program t o  gain a better understanding of the 
processes affecting Chesapeake Bay water quality and its impact on 
living resources. 

Measurements of sediment-water nutrient and oxygen exchanges are  made on a 
quarterly basis a t  four locations in the mainstem Bay, and a t  two locations in 
each of three major tributary rivers (Patuxent, Choptank, and Potomac). Vertical 
deposition rates are monitored a t  two mainstem Bay locations, one near the 
upstream point in which anoxic conditions exist  and one in the central anaxic 
region farther downstream. Measurements are made almost continuously during the 
spring and summer periods, with a lower frequency during the f a l l  and winter. 
Activities in th i s  program have been coordinated with other components of the 
Maryland Chesapeake Bay Water Quality Monitoring Program in terms of stat ion loca- 
tions, sampling frequency, methodologies, data storage and transmission, 
reporting schedules and data synthesis. 

Justification 

Recently, it has been shown tha t  sediment-water processes and deposition of 
organic matter t o  the sediment surface are major features of estuarine nutrient 
cycles and play an important role in determining water quality and habitat condi- 
tions. For example, it has been found that  during summer periods, when water 
quality conditions are  typically poorest (i.e. anoxic conditions i n  deep water, 
algal  blooms), sediment releases of nutrients (e.g. nitrogen, phosphorus) and con- 
sumption of oxygen are often highest as is the rate of organic matter deposition 
t o  the deep waters of the Bay. 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. I f  
water quality management programs are instituted and loadings decrease, changes in 
the magnitude of the  processes monitored in t h i s  program w i l l  serve as a guide in 
determining the effectiveness of strategies aimed at  improving Bay water quality 
and habitat conditions. 



INllEECDUCTION 

During the past decade much has been learned about the effects  of nutrient 

inputs (e.g. nitrogen, phosphorus, silica), from both natural and anthropogenic 

sources, on such important estuarine processes as phytoplankton production and 

oxygen s ta tus  (Nixon, 1981; D 'E l i a  e t  al., 1983; Kemp and Boynton, 1982). While 

our understanding is not complete, important pathways regulating these processes 

have also been identified and related t o  water quality conditions. For example, 

it has been shown that annual algal primary production and maximum algal  biomass 

levels in many estuaries (including portions of Chesapeake Bay) are  related t o  the 

magnitude of nutrient loading from a l l  types of sources (Boynton et  al., 1982a). 

It has also been found that  high, and a t  times excessive, algal production is 

sustained through the summer and f a l l  periods by the recycling of essential 

nutrients which had entered the estuary previous t o  periods exhibiting eutrophic 

characteristics. Similarly, sediment oxygen demand (SCD) has been found t o  be 

related t o  the amount of organic matter reaching the sediment surface and the 

magnitude of t h i s  demand is sufficiently high in many regions t o  be a major oxygen 

sink (Hargrave, 1969; Kemp and Boynton, 1980). 

The delay between nutrient additions and the response of algal comrmnities 

suggests that  there are mechanisms wherein nutrients are retained in estuaries, 

such as the Chesapeake, and can be mobilized for use a t  l a te r  dates. Research 

conducted in  Chesapeake Bay and other estuaries has shown that estuarine sediments 

can act  as both important storages and sources for nutrients as well as important 

s i t e s  of intense oxygen consumption (Kemp and Boynton, 1984). For example, during 

summer periods in the Choptank and Patuxent estuaries, 40-70% of the t o t a l  oxygen 

uti l izat ion w a s  associated with sediments and 25-70% of algal  nitrogen demand w a s  

supplied from estuarine sediments (Boynton et  al., 1982131. Processes of t h i s  

magnitude have a pronounced effect on estuarine water quality and habitat 

conditions. In terms of storage, sediments in much of Chesapeake Bay, especially 



the upper Bay and tributary rivers, contain large amounts of carbon, nitrogen, 

phosphorus and other compounds. It appears that  a large percentage of t h i s  

material reaches the sediments during the warm periods of the year and that  some 

portion is available t o  regenerative processes and hence for continued algal  

utilization. Nutrients, and other materials deposited or buried in sediments, 

represent the potential "water quality memory" of the  Bay. 

Justification 

Processes associated with estuarine sediments have a considerable influence 

on water quality and habitat conditions in the Bay and it's tributaries. In a 

simplified fashion, nutrients and organic matter enter the Bay from a variety of 

sources, including sewage treatment plant effluents, f luvial  inputs, local non- 

point drainage and direct  rainfal l  on Bay waters. It appears that dissolved 

nutrients are rapidly removed from the water column via biological, chemical and 

physical mechanisms and much of t h i s  material then sinks t o  the bottom where it is 

remineralized. These essential nutrients are then utilized by algal communities, 

a portion of which in turn sinks t o  the bottom, contributing t o  the development of 

anoxic conditions and loss of habitat for  important infaunal, shellf ish and 

demersal f i sh  communities. The regenerative capacities and the potentially large 

nutrient storages in bottom sediments ensure a large return flux of nutrients from 

sediments t o  the water column and sustain continued phytoplankton growth, deposi- 

tion of organics t o  deep waters and anoxic conditions typically associated with 

eutrophying estuar ine systems. 

It is within the context of t h i s  model that  a monitoring study of deposition, 

sediment oxygen demand and sediment nutrient regeneration has been initiated. The 

rationale is that  i f  nutrient and organic matter loading t o  the Bay is decreased 

then the cycle of deposition t o  sediments, sediment oxygen demand, release of 

nutrients and continued high algal production w i l l  a lso be decreased. Since these 

benthic processes are important in influencing water quality conditions, changes 



in these processes w i l l  serve as important indications as t o  the effectiveness of 

nutrient control actions. 

Cbiect i v a  

The primary objectives of the Ecosystem Processes Component (EPQ of the 

Maryland Chesapeake Bay Water mali ty  Monitoring Program are to: 

1) characterize the present s t a t e  of the bay (including spatial and 

seasonal variation) relative t o  sediment-water nutrient exchanges and 

oxygen consurrrption and the vertical rate of deposition of organic and 

inorganic particulates t o  deep waters and the sediment surface. 

2) determine the long-term trends t h a t  might develop in sediment water 

exchanges and vertical deposition rates in response t o  pollution control 

programs. 

3) integrate the information collected in t h i s  program with other elements 

of the monitoring program t o  gain a better understanding of the 

processes affecting Chesapeake Bay water quality and its impact on 

living resources. 



PRCX7ECT DESCRIPTION 

Sa@lina Locations 

General 

Sampling locations for both the sediment oxygen and nutrient exchange study 

(90NE) and the vert ical  flux study (VFX) are shown in  Figures 1 and 2. Brief 

descriptions and exact locations of SONE and VFX stat ions a re  given in Tables 1 

and 2 and referenced t o  OEP stat ion numbers. Four of the 10 stat ions sampled as 

part  of the SONE study are  located along the sa l in i ty  gradient in  the mainstem Say 

between Point No Point (north of the  mouth of the Potomac River) and S t i l l  Pond 

Neck (20 km south of the Susquehanna River mouth). Two additional stat ions were 

located in each of three tributary rivers (Patuxent, Chaptank and Potomac), one in  

the turbidity maximum or transition zone and one in the lower mesohaline region. 

The two stations monitored as part  of the  VFX study were located in the mainstem 

of the Bay, one near the  upstream point in which anoxic conditions exis t  (during 

summer periods) and one in  the central anoxic region (Fig. 2). 

Justification qf Statipn Jlocatiow 

Locations of SONE stations (Fig. 1 and Table 1) were selected based on prior 

knowledge of the  general patterns of sediment-water nutrient and oxygen exchanges 

in Chesapeake Bay. Several ear l ier  studies (Boynton et al., 1980, 1984 and 

Boynton and Kemp, 1985) reported the following: 1) along the mainstem of the Bay 

fluxes were moderate in the upper Bay, reached a maxima in the mid-Bay and were 

lower in  the higher sa l in i ty  regions and, 2) fluxes in the transition zone of 

tr ibutaries were larger than those observed in the  higher sa l in i ty  downstream 

portions of tributaries. Hence, a ser ies  of stat ions were located along the 

mainstem from S t i l l  Pond Neck in the upper Bay t o  Point No Point near the mouth of 

the Potomac River. A pair of stat ions were established in three tr ibutaries 

(Potomac, Patuxent, and Choptank), one being in the transition zone and one in 



Fig. 1. Benthic  O x y g e n  
Nutrient Flux Sta 
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Fig. 2. Ver t ica l  Flux Stations. 



Table 1. Locations and descript ions of stations sampled as part of tho  Ecosystem Processes % l m u  v x l r ~ u ~  bnd 
Mrtrient Exchange Project (SONE) . 

l o o  

Stat ion 
Segncn t Nanlc . , 

Code General 
Name Locat ion 

(Nearest OW 
Station) 

Latitude & l b t a l  Sal in i ty  
b n g  itude Depth, m Characteris t ics  

Patuxent R~ena  I3u. V i s t a  0.75 naut. m i  N of 38'30.96~ 3-4 Oligohaline 
River Vista (XDE 9401) R t ,  231 Bridge at  76'39.85 

Benedict, MU 

St. Leonard St.  LRO 7.5 naut. m i  of upstream 38'22.74 6 -7 Mesohaline 
Creek (XDE 2792) of Patuxent River m u t h  76O30.08 

Choptank Windy Wind. HL 10.0 naut. m i  upstream 3 8O41.43 3-4 
River H i l l  (None) of R t .  50 bridge a t  7 ~ ~ 5 8 . 4 2  

Canbridge, MD 

Oligohal ine 

Horn Horn, Pt 4.0 naut. m i .  downstream 3 8'37.07 7-8 blesohaline 
Point (Em5 -2) Rt .  50 Bridge a t  76'07.80 

Canbridge, MD 

Po tomac Maryland Md. P t  1250 yds. SE of buoy 38'21 -36 9-10 Oligohalinc 
River Point (XDA 1177) R-l.8 77'11 -52 

R ~ S S ~  Rag. P t  1.5 naut . m i  WrTq of 38'09 -77 13-1 4 
Point: (XEE 9541) EW "51B" 76'35.58 

Mesohaline 

Chesapeake Still S t i l .  Pd 700 ycls W of channel 37O20.91 9-10 Oligohal ine 
Mains tern Pond (MCE32.2) marker "41" 76O10.87 

mOY R-7 8 200 yds NhiW of channel 38O57.28 15-16 0ligo-f-leso 
R-7 8 (KID. 3C) buoy "78" 76O23 .58 haline 

mOY R-64 300 yk NE of  channel 38'33 .GO 15-16 Mesohaline , 

A-64 (bCI34.3C) buoy R-64 76'25.64 

Point No Pt. No. Pt 3.2 naut. m i  E of 
Point (NcB5 .2 )  Pt. No Pt .  

'seconds of l a t i t ude  and longitude a r e  exprconml nn 111 lntl l-cll . l~r I OF n I I V Y  't 9 1  11 I .  



Table 2. Locations and descriptions of st i t t iow sampled as part of the  Ecosystem P s o ~ ~ s S ~ S  
Vertical Flux Project (VFX), 

- .  -- - -  - 

Stat ion Code General Latitude & Total Salinity 
Name Nanre Location Ung itude Depth, m Characteristics 

(Nearest OEP 
Stat ion) 

Buoy R-78 R-7 8 200ydsNNWof . 38O~7.28~ 15-16 Oligo-Meso 
(blCB3 . 3C) channel buoy R-78 76'23.58 haline 

Buoy R-64 R-64 300 yds NE of 38'33 -60 1i-16 Mesohal ine 
~MCI343 .C) channel buoy R-64 76'25.64 

'Seconds of lati tude and longitude expressed as hundreths of a minute, 

1 



the lower estuary. In a l l  cases stat ion locations were selected having depths and 

sediment characteristics representative of the estuarine zone being monitored. 

In a few instances (Patuxent stations and Choptank stat ion a t  Horn Point) 

SONE stat ions are  not located exactly at  the same site as other Maryland 

Chesapeake Bay Water Quality Monitoring Program stations, although they are close 

(2 10 km) . The prime reason for t h i s  is that there is a considerable amount of 

benthic flux data already available from the SONE sites selected in the Patuxent 

and Choptank and these data can be used by the monitoring program. In all cases 

our stations and the OEP stations are in the same estuarine zone. Benthic fluxes 

have been found t o  be quite constant over small spat ia l  scales (-10-20 km) given 

that  measurements were taken in the same estuarine zone (similar sal ini ty,  sedi- 

ments and depths) and hence th i s  program retains a high degree of comparability 

with other program components (Boynton e t  al., 1982b). 

The use of sediment t rap methodologyto determine the net vert ical  flux of 

particulate material is restricted t o  the deeper portions of the Bay. In 

shallower areas local resuspension of bottom sediments is sufficiently large t o  

mask the downward flux of "new" material. Bence, sediment traps are not a useful 

tool in the upper reaches of the mainstem and in many tributary areas and are 

deployed only in minstem areas. One array (R "64", Fig. 2) is positioned near 

the center of the region experiencing seasonal anoxia t o  monitor the vertical flux 

of particulate organics reaching deeper waters. This location is close to, but 

does not exactly coincide with, OEP stations in t h i s  area. Since sediment traps 

are fixed pieces of gear exposed t o  damage and/or loss by commercial boat traff ic,  

a location w a s  selected not regularly used by such vessels, but still close t o  the 

OEP station. 

The second station was located farther north (R-78, Fig. 21, but still in the 

region experiencing seasonal anoxia. The magnitude and cornposit ion of sediment ing 

material d i f fers  from the down-Bay station because of the lower sa l in i ty  and 



proximity t o  the turbid upper Bay. Again, the location of t h i s  sediment trap 

stat ion does not coincide exactly with the other water quality monitoring program 

stations in t h i s  region, although they are  close. The justification for t h i s  is 

again based on the need t o  locate these sampling devices in areas not exposed t o  

heavy commercial boat traff ic.  

szaeua Fr~Quencv 

The sampling frequency for the SONE portion of t h i s  program is based on the 

seasonal patterns of sediment water exchanges observed in previous studies 

conducted in  the Chesapeake Bay region (Kemp and Boynton, 1980; Kemp and Boynton, 

1981; Boynton e t  al., 1982b; Boynton and Kemp, 1985). These studies ind ica td  

that there are several d is t inct  periods over an annual cycle including: 1) a 

period influenced by the presence of a large macrofaunal community (spring-early 

summer), 2) a period during which macrofaunal biomass is low but water temperature 

and water column metabolic act ivi ty high and anoxia prevalent in deeper waters 

(August), 3) a period in  the f a l l  when anoxia w a s  not present and macrofaunal 

community abundance low but re-establishing and 4) an early spring period (April- 

May) when the spring phytoplankton bloom occurs, and water column nutrient concen- 

trations are high (particularly nitrate). Previous studies also indicate tha t  

short-term temporal (day-month) variation in these exchanges is small but that 

there are considerable differences in the magnitude and characteristics of fluxes 

among distinctively different estuarine zones (i.e. t i da l  fresh vs. mesohaline 

regions). In l ight  of these results, t he  monitoring design adopted for the SOM 

study involves quarterly measurements, as described above, distributed in zones 

characteristic of mainstem Chesapeake Bay and tributary rivers. 

The selection of sampling frequency for the  VFX (organic deposition) 

monitoring program is governed by different constraints, although compatible with 

SONE sampling frequencies. It appears that net  depositional rates a re  largest 

during the warm seasons of the year (May-October) and considerably lower during 



winter periods (November-March) . Resuspension of near-bottom sediments and 

organics in  one tributary of the Bay (Patuxent) followed a similar pattern 

(Boynton et al., 1982b; Kemp and Boynton, 1984). However, there is some variabi- 

l i t y  in warm season depositional rates, due probably t o  algal blooms (of short 

duration; days-week) , variation in zooplankton grazing rates (week-month) a d  

other, less well described, features of the Bay. Given the importance of 

cbtaining inter-annual estimates of organic matter deposition rates t o  deep waters 

of the Bay, sampling is designed t o  be almost continuous during the summer period 

(July-August), of shorter duration during the generally smaller bloom periods of 

the spring and f a l l  and only occasional during the low productivity, low deposi- 

t ional  period of the winter (Decenber-March). Direct measurements of organic 

deposition t o  Bay sediments is monitored 17 times per year. Vertical deposition 

rate measurements are coordinated with SONE measurements in that  sediment-water 

exchanges are monitored a t  the end of each intensive VFX deployment period and 

also coincide with other Monitoring Program sampling activities. The sampling 

schedule for the period July 1984 - June 1985 is shown in  Table 3 for t h i s  

component of the  Monitoring Program. 

FieldMethods 

Details concerning methodologies have been described in  the Ecosystem 

Processes Component Study Plan (Boynton e t  a1,1985). The following section 

provides an overview of f ie ld  activities. 

SONE Studv. 

Water Column Profiles: A t  each of the 10 SONE stations, vert ical  water 

column profi les of temperature, sa l in i ty  and oxygen are obtained a t  2 m intervals 

from the surface t o  the bottom immediately prior t o  obtaining intact sediment 

cores for incubation. Nearsurface (=1 rn) and near-bottom (=+I m) water samples 

are also collected using a high volume submersible pump system. Samples are  

analyzed for the following dissolved nutrients and particulate materials: 
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ammonium (NH$, ni t ra te  (NOi), n i t r i t e  (q, t o t a l  dissolved nitrogen OON, 

dissolved inorganic phosphorous mi3) , dissolved organic phosphorus DOP) , 
si l icious acid (Si(OH) 4), particulate carbon 0, particulate nitrogen (PN , 
particulate phosphorous (PP), chlorophyll-g and seston. 

Mimen t  Cores: Intact sediment cores are obtained a t  each SONE stat ion 

using a modified Bouma box corer. After deployment and retrieval of the box 

corer, the plexiglass l iner  containing the sediment sample is removed and 

visually inspected for disturbance. I f  the core appears satisfactory it is 

placed in  a holding stand prior t o  further processing. 

Three intact  cores are  used t o  estimate net exchanges of oxygen and 

dissolved nutrients between sediments and overlying waters (Fig. 3). Prior t o  

beginning incubation, the overlying water in the cores is replaced by bottom 

water t o  insure tha t  water quality conditions in the cores closely approximates 

i n s i t u  conditions. Gentle circulation of water is maintained in the cores 

during the measurement period via the s t i r r ing devices attached t o  the O2 

probes. The rate of circulation does not induce sediment resuspension. The 

cores are placed in a darkened water bath t o  maintain anbient temperature. 

Oxygen concentrations a re  recorded every 15 minutes and water samples (30 ml)  

are extracted from each core every 30 minutes over the 2-5 hour incubation 

period. A s  a nutrient sample is extracted from a core, an equal amount of 

anbient bottom water is added. One additional sample of bottom water is 

incubated and sampled as described above and serves as a water blank. Water 

samples are f i l tered,  immediately frozen and la te r  analyzed for NH:, NOS, 

poi3 and Si(OI04 concentrations. N t r i en t  and oxygen fluxes are  estimated by 

calculating the mean rate of change in concentration over the incubation period 

and then converting the volumetric ra te  t o  a flux using the vo1ume:area ra t io  of 

each core. 
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Figure 3. Schematic diagram of the incubation chamber used in the SONE 
program. 
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miment Profiles: A t  each SONE station an intact sediment core is 

obtained and Eh measurements immediately made a t  1 cm intervals to a depth of 

about 10cm. Chce a year (October) sediments are sampled for vertical 

distribution of both dissolved and particulate nutrient concentrations and water 

content. Several intact sediment cores are obtained a t  each station using the 

Bouma box corer. Sub-cores are taken and later sliced a t  lcm intervals to a 

depth of 10cm. Samples are analyzed for water content, particulate carbon (PQ, 

nitrogen (PM , phosphorus (PP) biogenic silica (BSi) , NH4+, N3-2, P04-3 

and S i  (OH) concentrations. 

VFXStudv 

A t  each of the VFX stations, water column profiles of temperature, salinity 

and oxygen are obtained at  2 m intervals from the surface to the bottom to 

characterize general features of the water column. Water samples are also 

collected at  5 discrete depths using a submersible pump system. Routinely, a 

sample is taken from near-bottom and near-surface waters, and the remaining 

three distributed such that one is j u s t  above, one just below and one a t  the 

pycnocline. Samples are analyzed for particulate materials including PC, PN, 

PP, chlorophyll-rg and seston. These data provide descriptions of the 

particulate matter field a t  that moment and are useful in evaluating results 

developed from sediment trap collections. 

Sediment Sam- During each VEX monitoring cruise a surficial sediment 

sample (surface 1 cm) is obtained at each station using either a Van Veen grab 

or the Bourn box corer. Samples are analyzed to determine particulate carbon, 

nitrogen and phosphorus concentrations and chlorophyll-a content (mg m-2). 

Subsamples are also examined to determine the composition of surficial sediment 

particulates (e.g. algal species, zooplankton fecal pellets, etc3 

m. The sampling device used to develop estimates of the 

vertical flux of particulate materials is comprised of a lead or concrete 



anchor-weight (-200 kg) connected t o  a stainless s t ee l  wire (0.8 cm diameter) 

which is maintained in a vertical position through the water column by a sub- 

surface buoy (45 c m  diameter; 40 kg positive buoyancy). The sub-surface buoy is 

tethered t o  a surface marker buoy by wire cable (Fig. 4). Collecting arrays a re  

attached a t  about 5, 9 and 14 m beneath the water surface t o  obtain estimates of 

vertical flux of particulates from the  surface euphotic zone t o  the pycnocline, 

flux across the pycnocline t o  deep waters and flux of materials associated with 

the near-bottom which includes local resuspension of sediments as well as net  

deposit ion. 

The two sediment t rap strings are  routinely deployed and retrieved using 

CEES research vessels. Normal sampling periods l a s t  1-2 weeks. A t  the end of a 

sampling period, collecting cups are retrieved either by SCUBA equipped divers 

or  by hoisting the ent i re  array t o  shipboard. In ei ther case, cups a re  not 

capped prior t o  retrieval. New cups are then attached, fouling organisms 

removed from the frames and the array lowered back into the water. 

The contents of a collecting cup are  removed and aliquots taken for 

determination of PC, PN, PP, chlorophyll-a and seston concentrations. Addi- 

tionally, a 10 m l  sample is preserved and examined t o  determine characteristics 

of collected particulate material (e.g. algal speciation, zooplankton fecal 

p e l l e t s ,  etc.) . 
Particulate material concentrations in sampling cups are  converted t o  

vertical flux t o  the depth a t  which the collecting cup was suspended by consi- 

deration of the cross-sectional area of the collecting cup, deployment t i m e  and 

sample and subsample volumes. 

Chemical- 

In brief,  methods are  as follows: %, NO;, N H ~  and mi3 are  measured 

using the automated method of EPA (1979) ; dissolved organic phosphorus QMP) 

analysis uses the digestion and neutralization procedure of D'Elia e t  al. (1977) 



FRAME 

2.5 cm angle i r o n 1  

shock cord J I 1 
1.3 cm ID pipe - U 1 

1 - 0.8 cm cable - 6 
, 

I------ 122 cm+ 

! 

! - 

i 

r - 
I 9.6 cm collection cup holding rings 

w 
J 

~lding rings 

i - 
COLLECTION CUP 

7.6 cm ID PVC 

ring 

collar 

T 
I 

I 1 siiuck cord 

76.2 cm 
I 

I 
i -bottom cap I 

COLLECTING ARRAY 

surf ace marker 

-$- 

-- anchor 

I - Figure 4. Schematic diagram of sediment trap used in VD( nonibring. 



followed by DIP analysis (EPA 1979); s i l icious acid is determined using the 

Technicon Industrial System (1977) method; dissolved organic nitrogen O N  

analysis follows the  method of D ' E l i a  et al. (1977); PP concentrations are  

obtained by acid digestion of muffled dry samples VIspila e t  al. 1976) while PC 

and PN samples are analyzed using a model 240B Perkin-Elmer Elemental Analyzer; 

biogenic s i l i c a  is measured using the method of Paasche (1973); methods of 

Strickland and Parsons (1972) and Shoaf and Lium (1976) a re  followed for 

chlorophyll a analysis; t o t a l  suspended solids determination uses the 

gravimetric technique of EPA (1979). 

Jdentif ica t  ion 

Identification of particulates is accomplished by microscopic examination 

(Nikon Inverted Microscope, Diaphot-TMD) . Phytoplankton samples are  allowed t o  

s e t t l e  for 3 or more days prior t o  concentration and subsequent analysis. Net 

plankton (<40 on longest axis) and nannoplankton are  counted using the random 

field technique (Lurid e t  al., 1958; Venrick, 19781, which requires a minimum of 

10 f ie lds  t o  be enumerated with 200 ce l l s  or  more present. This random f ie ld  

technique is done a t  200x magnification, with species identification confirmed 

at  400x as required. Following the identification of more than 200 ce l l s  via 

random field analysis, a lOOX scan is made of the ent i re  se t t l ing chamber t o  

identify the large net forms and rare species present. Algae are  identified t o  

species where possible. Additionally, non-algal particles are  also examined and 

identified (i.e. zooplankton fecal pellets,  cysts, skeletal fragments) t o  

further characterize the composition of depositing materials. 

LevelLAnalvsis 

=Studv 

Each Level I report includes tabular l i s t ing of a l l  variables measured. 

Specifically, at  each SONE stat ion sediment Eh, net sediment-water nutrient and 

oxygen flux, surface and bottom water dissolved nutrient concentrations and 



vertical profiles (2M intervals) of dissolved oxygen, temperature and salinity 

are  reported. Summary statistics (means, standard deviations) a re  provided for 

nutrient and oxygen flux data. 

=stuav 
Each Level I report includes tabular l ist ing of all  variables measured. 

Specifically, a t  each VFX station d e p o s i t h  of particulate materials t o  

collection cup depth, algal composition of collected material, characterization 

of surficial  sediments, particulate material concentration in the water colum 

and vertical profiles (2m intervals) of dissolved oxygen, temperature and 

salinity are reported. 



RESULTS AND DISCUSSION 

m a n  and Ntri- E x c h a n a e O  

Water Column Charactera- 
. . 

Water column profiles of temperature, salinity and dissolved oxygen 

are provided in Appendix Table 1 for all SONE stations for the period 

~ugust 1984-~une 1985. Nutrient data for the same sites and time period 

are given in Appendix Table 2. Additionally, differences between surface 

and bottom water concentrations of these variables are summarized in 

Table 4. 

Bottom salinities ranged from 0.7 ppt at Still Pond in May to 19.8 

ppt at R-64 in August and were generally higher during the summer-fall 

period than in spring, as expected. Vertical differences in salinity 

were greatest at the deeper stations (>14m) and were most pronounced in 

August, 1984. 

Bottom water oxygen concentrations ranged from near-zero at deeper 

stations in August to 9.0 mg/l at Horn Pt. in October. Concentations 

were lowest in summer and highest in fall. Vertical differences in 

oxygen concentration were very pronounced ( A 02=2.4-9.3 mg/l) at the 

deep stations throughout the sampling period and much less pronounced at 

the remaining sites, particularly in May and June. In general, oxygen as 

well as nutrient gradients were largest at sites where the vertical 

salinity gradient was large indicating the importance of density 

structure on water quality conditions. 

Bottom water dissolved nutrient concentrations were quite variable, 

probably reflecting the complex interactions of various sources, sinks 

and water column density structure. However, several patterns emerged. 

Generally NH4+ concentrations were highest, and at times very high 

- (>20uM), at the deep stations, particularly in August and June. Nitrate 
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TABLE 4. Differences between surface and bottom water concentrations of 
selected variables. Negative sign indicates surface value exceeded 
bottom value. 

SllATION SALINITY 
lx€E QIzm STATION 

St. Leo Aug-84 7 3.5 5.6 9.0 0.3 0.4 
Oct 1.2 2.1 3.7 2.0 0.2 
May-85 1.0 1.2 2.9 5.9 0 .O 
June 0.4 2.0 3.5 0.6 0 .O 

Aug-84 
Oct 
May-85 
June 

Horn Pt . Aug-84 
Oct 
May-85 
June 

Wind H 1  Aug-84 
Oct 
May-85 
June 

Rag Pt. Aug-84 
Oct 
May-85 
June 

Aug-84 
Oct 
May-85 
June 

Aug-84 
Oct 
May-85 
June 

Aug-84 
Oct 
May-85 
June 

Aug-84 
Oct 
May-85 
June 

Stil . W Aug-84 
Oct 
May-85 
June 

boynton
Text Box
22



concentrations were consistantly higher a t  low sal in i ty  sites then in 

mid-bay regions reflecting the riverine source of t h i s  compound. Nitrate 

concentrations in  surface waters were also generally somewhat higher than 

bottom concentrations, indicating the importance of physical circulation 

on the distribution of t h i s  nutrient (Table 4). 

Concentrations of dissolved inorganic phosphorous (DIP) appeared t o  

be somewhat higher durins the summer and l a t e  spring than other times. 

Tributary values were not noticeably different than those observed a t  

other sites, as  was the case of I%-. Finally, vert ical  differences i n  

DIP were small, except during l a t e  summer a t  some of the deeper stations 

(Table 4). 

53dimmk axsracterlst1cs 
. . 

Sediment profiles of Eh and particulate nutrients concentratims are  

given in  Appendix Table 3 for a l l  SONE stations for the period August 

1984-June 1985. The redox status of surf ic ia l  sediments can have an 

importmt influence on the nature and magnitude of sediment-water 

nutrient exchanges and hence these data are of considerable importance in  

interpreting benthic flux data. For example, under oxidizing 

conditions(+Eh) the potential exists for enhanced ammonification and 

nitrification, while under reducing conditions (-El11 denitrification is 

possible (assuming q- is available) and release of DIP from sediments 

may be enhanced. 

Measurements of Eh i n  surf i c i a l  sediments (1-2 cm) exhibited strong 

seasonal and spatial  trends. In these sediments Eh was highest in  the 

fa11(+264 t o  364 mV) and generally decreased through the spring t o  

minimum values in l a t e  summer (-142mV). Additionally, with few 

exceptions, Eh values were lower a t  the deep stations, particularly in 

-- 
August and June. The depth in  the sediment column t o  which positive Eh 

values were observed also exhibited strong patterns. For exilmple, in 
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August Eh was negative a t  a l l  stations below 1 c n  However, in spring 

and f a l l  positive Eh values were observed t o  depths of a t  least 8 cm a t  

the shallow stations (<lorn). A t  the deeper stations positive Eh values 

were observed a t  sediment depths of 7, 5 and 3 cm in October, May and 

June, respectively. Thus, during the f i r s t  year of monitoring a strong 

sesonalcycle was observed wherein Eh was highest during the f a l l  and 

steadily decreased to  a summer minimum and was most pronounced a t  the 

deeper s ta t  ions. 

There was considerslble variability in  particulate nutrient 

concentrations in  surficizl sediments, possibly as a result of aperiodic 

depositional events and a complex of regenerative processes. Particulate 

carbon values ($ of dry sediments by weight) ranged from 1.1 t o  10.4% but 

values in the range of 2-4% were very common. Additional insights 

regarding the sources of deposited organic particulates can be gained by 

examining the relative amounts of carbon, nitrogen and phosphorous in 

this  material. For example, phytoplankton typically have composition 

ratios (C:N:P) on the order of 100:16:1 (atomic) while terrestr ia l  

detritus ratios are generally much higher, 

Several interesting patterns emerged, First, there is evidence of 

substantial P enrichment i n  surficial sediments a t  the upper river s i tes  

in the Patuxent and Potomac (C:P = 42-62) but not in the Choptank. While 

it is not clear why this  pattern was not observed i n  the Choptank, low 

ratios (relative to  probable source materials) may be the result of P 

sorbtion- flocculation reactions known to occur in low salinity estuarine 

sites. Ratios of C:P closely approximated phytoplanktonic detritus a t  

- most mid-bay and lower tributary stations (C:P = 103-1721 and was usually 

higher a t  the upper bay stations, suggesting a mixture of terrestrial  and 
- 

phytoplanktonic detritus in deposited materials, 
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Ratios of C:N ranged from about 7 to  26 during the monitoring 

period, Nitrogen enrichment relative carbon was never observed assuming 

deposited material t o  me mainly phytodetritus. Surficial sediments a t  

tributary stations had C:N rat ios which were commonly less  than 10 while 

a t  upper tributary stations values were more often between 10 and 20. 

Eowever, deep stations (>14m) always had C:N rat ios of l ess  than 10 while 

the upper bay station always had rat ios i n  excess of 18, again possibly 

reflecting the influence of t e r res t r ia l  material or more rapid loss of 

nitrogen. As with Eh measurements, there are some strong signals in  the 

composition rat io data which w i l l  be of u t i l i t y  in  interpretation of 

sediment-water flux data. 

- el: BUisa?~ Fxchanaes 
- 

Sediment-water fluxes of oxygen (02), ammonium (Nil4+), ni t ra te  (5D3 

1, dissolved inorganic phosphorous ( ~ 0 ~ -  or DIP) and s i l i c a  (Si) a r e  

provided in  Appendix Table 5 and average rates (n=3) are shown in Fig. 5 

for each station and date. The nutrient and O2 concentration data from 

which fluxes were calculated are given in  Appendix Table 4 for the 

monitoring period August, 1984-June 1985. 

Demand: During the monitoring period SOD ranged 

between 0.45-3.9~0~rn-~d-~, being comparable t o  rates observed in other 

estuarine systems. Rates were higher in  tributary areas than in  the 

main-stem bay and, with few exceptions, were higher during spring-early 

summer than la te  summer-fall. In a qualitative fashion there appears t o  

be some dependency of the magnitude of SOD on O2 concentration in 

-2 1 overlying waters. For example, SOD was always less  than 0.7g02m d- 

under conditions where overlying water O2 concentrations were less  than 

2.5 mg/l. However, there were numerous occasions wherein SOD was of a 

similar magnitude and O2 concentrations were much higher suggesting that 

factors other than O2 in  overlying waters were also influencing the 
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FIG. 5 

TRIBUTARIES CHESAPEAKE MAINSTEM 

Patuxent Choptank Potomac Mid-Bay Upper Bay 
4 

v 

u 
t i 7  

2 0 E a 0" 
t7, 

0 

- 

St. Buena Horn Windy Rawed Md. Pt. No R-64 R-78 Stir 
Leonard Vista Pt Hill Pt . Pt . Pt . Pond 

Fig. 5. Average sediment-water exchanges of oxygen (SOD), 
ammonium ( N H  +)n n i t r a t e  (NO3'), dissolved inorganic 
phosphorous ?PO4-) and s i l i c ious  acid ( ~ i )  a t  SONE s ta t ions 
for the period August, 1984-June, 1985. Negative values for 
nutrient fluxes indicate fluxes from water to  sediments. All 
SOD fluxes were from water t o  sediments. Asterisks indicate 
data not yet verified.  
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observed fluxes. 

During the monitoring period NJif4+ fluxes ranged from 

-2 1 0 t o  435 ug-at N m h , Fluxes a t  almost a l l  stations were lowest 

during the f a l l  and higher i n  the early and l a t e  spring. In  general, 

m4+ fluxes were higher a t  the deeper stations, particularly those in  the 

main-stem area of the bay. Preliminary inspection of NH4+ fluxes 

relative t o  other variables suggests possible relationhips with the 

particulate nitrogen content of surf ic ia l  sediments as  well as  Eh. 

a t r a t e  Nitrate fluxes were directed both from and into 

-2 1 sediments and ranged from -100 t o  + 147 ug-at N m h- . In general, b q -  

fluxes were from sediments t o  the water column a t  tributary s i t e s  in  the 

Patuxent and Choptank. A t  other s i t e s  q- fluxes were predominently 

from water t o  sediments, particularly a t  locations where there was 

eppriciable q- in overlying waters. (>5 uM) Earlier we noted that  E& 

of surficial  sediments was highest a t  most stations in  October, providing 

oxidizing conditions necessary for nitrification. Consistent with t h i s  

oservation, NO.j- fluxes were from sediments t o  water during t h i s  cruise 

a t  a l l  but 2 locations suggesting widespread nitrification. Overall, 

q- fluxes were of sufficient mzgnitude t o  have an appreciable impact on 

dissolved nutrient concentrations i n  overlying waters, 

&xxga& l&B&aau Flux (DIP): Fluxes of DIP ranged 

-2 1 from -28 t o  87 ug-atm h . In  the majority of instances, fluxes were 

directed from sediments t o  the water column and values in  the range of 5- 

15 ~~-atPm-~h-'  were common. Fluxes directed into sediments were only 

observed during the August 1984 cruise a t  tributary sites. While the 

reason for t h i s  is not clear, DIP fluxes into sediments i n  these regions 

are consistent with the often observed rapid decrease in  DIP 
- 

concentrations i n  overlying waters i n  low salini ty estuarine areas and 
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may involve sorption-flocculation processes. On occasion large fluxes 

from sediments were observed and a l l  of these occurred a t  deep stations 
- 

here O2 concentrations in overlying waters were less than 2 mgl-l. 

OLE &.id Flux 0: Fluxes of Si ranged from 140 t o  956 ug-at 

Si m-2h-1. While highest fluxes were observed a t  deep main-stem bay 

s i t e s  in the la te  spring, high fluxes were also recorded a t  other s i tes  

i n  various seasons. lb obvious seasonal or spatial patterns were evident 

bu t the  magnitude of these fluxes were sufficient t o  have a considerable 

impact on Si concentrations in overlying waters. 

Vertical distributions of particulate deposition rates for fixed-depth 

sediment traps followed a relatively consistent pattern for a l l  particulate 

constituents analyzed (PC, PN, PP, Chl-a, dry wt.). Deposition rates for the 

upper and middle traps were similar a t  Sta. R64, while a t  R78 middle traps 

collection rates were generally 20-30% higher than those for the upper traps 

(Data Table 8). Bottom traps, deployed a t  2 m above the sediment surface, 

- collected particulates a t  10-15 times higher rates for both stations. These 

higher rates are probably attributable t o  wave and t idal  resuspension of 
--  

bottom sediments from below or from adjacent shoal areas (Steele and Baird 

1972, K e m p  and Boynton 1984, Ward 1985) . 
- 

Carbon md chlorophyll-g deposition rates were both 20-80% higher a t  R78 

compared to  the seaward Sta. R64 (Table 5). Although chlorophyll-g 

concentrations were similar a t  both stations, higher rates of primary 

production a t  R78 (at least during the summer period) may account for observed 

differences in deposition. Two periods of high sedimentation rates were 

evident a t  both stations for both carbon and chlorophyll-g, one in  summer 

- (Aug-Sept) and one in spring (Apr-May). However, while the C:Chl ratios for 

deposited material varied from 100-300 i n  the summer, C:Chl remained 
-- 
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TABLE 5. Plankton production, chlorophyll &abundance and carbon and chlorophyll &deposition t o  sediment traps 
located just  above the pycnocline a t  two Chesapeake Bay Stations. 

R78 R64 
WATER COUlMN SEDIMESJTATIOEl h?N!ER COLUMN SEDIlWbEATION 

f]ATE pT CHU\ 5 9 - 1  :pi -F-1 cw ClILA 
(~~uII- d-') (rrq~n-~) (mgrn2) (gm d-l) (mgm d 1 (gCm d (mgf3) (mgm-2) (gm d (IWIII d 

23 J u l  84 22.9 118 22.9 139 - 1.12 10.8 - 0.40 3.8 
30 J u l  84 22.4 107 20.9 135 - 0.95 5.9 - 0.26 2.1 
7 Aug 84 24.4 38 22.0 95 

6.88 0.74 3.1 3.94 0.45 2.2 
14 Aug 84 21.3 93 10.4 60 - 0.69 3.1 - 0.55 2.2 
22 Aug 84 9.8 60 8.0 56 

3.44 1.02 2.7 3.73 0.83 2.4 
30 Aug 84 10.2 62 7.5 43 

3.21 - - 0.43 - - 
17 Sep 84 5.5 37 16.7 122 

2.03 1.13 8.5 0.93 0.60 5.4 
24 Sep 19.2 130 6.0 60 - 1.60 5.5 - 0.87 4.2 
4Oct  4.9 30 5.3 41 

2.81 0.93 3.9 2.54 0.61 5.1 
16 Oct 9.9 52 6.9 35 

0.32 - - 0.81 - - 
30 Nov 2.7 29 2.6 21 

0.12 0.88 2.2 0.61 TRAP 
17 Dec 5.2 29 3.3 32 LOST 

0.50 - - 0.15 
19 Feb 85 8.9 82 6.8 77 - 0.85 6.6 - 0.66 5.1 
5 F i r  85 7.1 121 5.1 67 

0.67 - - 1 .oo - L. 

1 Apr 85 7.9 215 31.3 310 - - - - 1.07 16.4 
15 Apr 85 19.6 257 29.2 244 - - - - - - 
30 Apr 85 - - 13.1 157 - ,TRAP - 1.16 10.9 
7 May 85 - - IAST 10.3 106 - 

I 
- - - 

n 85 14.6 63 5.6 31 - 0.79 b .6 - 0.40 3.6 
5 Jun 85 15.4 71 36.5 165 - 0.62 3.8 - 0.48 4.8 
18 Jun 85 24.9 126 14.8 97 - 0.76 5.5 - 0.69 5.4 
25 Jun 85 18.3 137 15.8 113 - - - - - - 
* Data from OEP Report of Sellner et al. (1985) . 
**Integrated from 0-9m 
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consistently a t  or below 100 during the spring Data Table 10). The same 

pattern was evident in  the composition of bottom-water (15 m) seston (Fig. 6). 

These springtime C:Chl r a t ios  a re  typical  of those reported for  healthy a lga l  

cells, whereas the higher ra t ios  i n  summer a re  more indicative of a lga l  

de t r i tus  (e.g. Chervin et al. 1981). Thus, it appears tha t  much of the 

springtime deposition was composed of in tac t  algal  cells, whereas material 

sinking from the euphotic zone i n  summer was largely phytodetritus, probably 

including zooplankton fecal  pellets.  Qualitatively s imilar  seasonal cycles of 

-- deposition have been reported for  other coastal areas (Smetacek e t  al. 1978; 

Smetacek 1980; Hargrave and Taguchi 1978). 

The two seasons of high sedimentat ion r a t e s  coresponded 

generally t o  periods of high phytoplankton abundance (as Chl-&. 

Eowever, the  fac t  t h a t  peak chlorophyll-a concentrations were 2-3 

times higher i n  spring than summer, while carbon deposition was 

only 20-50% higher i n  sp r ing  (Table 51, f u r t h e r  suppor ts  t h e  

concept t h a t  sinking of in tac t  algal  was the dominant mechanism 

of organic  deposi t ion  i n  spr ing  (Smetacek 1985). P a t t e r n s  of 

primary production i n  t h e  water overlying our sediment t r a p s  

during July-Feb. (Sel lner  e t  a l .  1985) correspond reasonably 

w e l l  with temporal trends of sediment t r a p  collection; however, 

production &ta are  not yet available for  spring 1985. In general, carbon 

deposition ( t rap  collections) represented about 30-50% of the  carbon production 

i n  overlying water during summer. These percentages a re  s imilar  t o  those 

-- reported for  various other marine systems (Smetacek 1980; Tabuchi 1982; Bishop 

and Marra 1984; Davies and Payne 1984; Downes and Lorenzen 1985.) 

Comparing part iculate  composition ra t ios  (C:N, N:Pf C:ChU for  seston i n  

surface waters (1-3 m) and for material in  mid-depth t raps (located just  above 

the p.lcnocline1 for  Sta. R78 and %4, several trends a re  evident (Data Table 

- 10). In general, C:N r a t ios  remained between 6 and 8 throughout the year for 
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- -  FIG. 6 

7 Aug '84 16 Oct '84 1 5 Apr '85 25 Jun '85 

C:N Ratio (atomic) 

N:P Ratio (atomic) 

C:Chl Ratio (wlw) x 102 

Fig. 6 Vertical distribution o f  particulate composition ratios 
(C:N, N:P, C:Chl a) for material in seston, in fixed sediment 
traps deployed at-3 depths, and in upper 1.0 cm o f  bottom 
sediments for four dates at station R64. 

boynton
Text Box
31



- - 

seston a t  both s ta t ions  and for  t r ap  collecticns a t  Sta. R64. A t  

- Sta. R78, however, C:N ra t ios  were consistently higher i n  t r a p  material, typically 

exceeding 8. This indicates ei ther  rapid decomposition . a d  loss  of nitrogen 

from material i n  t raps  a t  tha t  station, or alternatively, substantial  inputs of 

resuspended material  from bottom sediments caught i n  traps. This same pattern is 

reflected i n  M:P and C:Chl ratios,  which were consistently lower and higher, 

- respectively, in  R78 traps. However, no such difference was observed a t  R64. 

A s l igh t  seasonal trend i n  N:P ra t ios  was a l so  evident, with highest and 

lowest values occurring in l a t e  spring and i n  early f a l l ,  respectively. Lower 

- N:P ra t ios  generally occurred when C:Chl ra t ios  were highest, suggesting a 

predominance of pa r t i a l ly  decomposed d e t r i t a l  material and a rapid degradation 

of chlo~ophyll-g and release of nitrogen t o  the dissolved phase. 

Vertical d i s t r ibu t io i~s  of part iculate  composition ra t ios  indicate variable 

trends with depth and s l ight  differences between seston and deposited material  

- (Fig. 6, Data Table 10). C:N ra t ios  of both seston and t r a p  particulates 

tended t o  increase with depth in summer (7 Aug) and decrease with depth in 

spring (15 Apr). Trap material had increasing C:N ra t ios  with depth over most 

of the year, while C:N of su r f i c i a l  bottom sediments was consistently higher 

(9-10) than t h a t  of other part iculates  sampled. Conversely, N:P ra t ios  i n  

seston and traps were very similar,  with generally decreasing ra t ios  a t  depth, 

except i n  April when ra t ios  were 3060% higher i n  seston. All C:Chl ra t ios  

increased markedly with depth, and t r a p  ra t ios  (especially a t  mid-depth) were 

sir16lar t o  C:Chl ra t ios  for  seston in the  upper layer. 

Kith few exceptions, a l l  composition ra t ios  fo r  material collected i n  

- mid-depth t raps ( jus t  above the pycnoclinelwere within 20% of ra t ios  for 

part iculates  i n  the  upper water column, indicating both l i t t le  change in 

con~position of trapped material during deployment and minor inp l t s  from 

resuspended bottom sediments. Using percent organic carbon a s  a robust t racer  - 
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fol- distinguishi~~g between "tripton" (detritus originating in-s i tu  or from 

terrestrial  sources) and recently resuspended bottom sediments (Gasith 19751, 

we calculate that only 5-20% of the particulates collected in mid-depth traps 

originated from resuspension. 

A broader perspective on the relationships between particulate deposition 

and other physical, chemical a d  biological processes can be inferred by 

considering seasonal patterns in sediment-trap data relative t o  patterns for 

other variables a t  F54 (Fig. 4, Table 3). Surface water temperatures ranged 

from 1.5'~ (Feb) to  28.0'~ (Aug), and vertical difference between surface (1 rn) 

and bottom (15 m) salinit ies (A Sal) ranged from 1.7 (Jun 85) t o  12.4 (Aug 

84) . Surprisingly l i t t l e  seasonality was apparent in these A Sal data. 

Concer~trations of were relatively high in summer and low i n  winter, 

and chlorophyil-a exhibited two distinct periods of high concentration in 

spring and summer, a s  indicated previously. While the summer 

bloom was characterized by high concentrations of chlorophyil-a in surface 

waters and low concentrations near the bottom, the spring bloom in surface 

waters was preceded by dramatic increases in  bottom chlorophyll-3. Some of 

this  increase may be due to  subsurface upbay transport of dinoflagellates such 

as  Proroc~ntrum minimum (Tyler and Seliger 1978). However, since the spring 

bloom a t  R64 was dominated by diatoms (Sellner e t  al. 19851, it is likely that 

much of the "seedn of algal cel ls  was comprised of these larger cel ls  

concentrated and transported from seaward sources. 

Diatoms, which are relatively large and non-motile, are more likely to  

f a l l  from the euphotic zone as intact cells  (Smetacek 1985). This explains 

the relatively low C:Chl ratios and slow (0.06 d-1) chlorophyll-3 turnover 

rates (water column concentration divided by deposition rate) during spring. 

The smaller, often flagellated algal cells  dominating the summer period 

are less susceptible to  sinking as living cells. Thus, the material collected 

i n  sediment traps during summer was characterized by much higher C:Chl ratios 
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FIG. 7 

Carbon Deposition 

Sediment Chl a 

Fig.  7. Seasona l  t r e n d s  a t  s t a t i o n  R64: s u r f a c e  (1-3m d e p t h )  
w a t e r  t e m p e r a t u r e ;  v e r t i c a l  s a l i n i t y  d i f f e r e n c e  from 1m t o  15m 
d e p t h ;  s u r f a c e  (Im) and bottom (.15m)- NH4+ c o n c e n t r a t i o n s  
( f rom OEP,  19851.; s u r f a c e  (Im) and bottom (:15m) c h l o r o p h y l l  a 
c o n c e n t r a t i o n s ;  carbon and c h l o r o p h y l l  a  d e p o s i t i o n ;  chl  orophj.11 g 
i n  upper  1  .Ocm of sed iments ;  and bottom-water ( 1  5m) 02 c o n c e n t r a t i o n s .  
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A 

indicative of algal detritus. Higher ten~perhturcs i n  summer may have 

contributed to  degradation of algal cells, and during this  period chlorophyll-g 

did not appreciably accumulate on the sediment surface. In contrast, high 

sediment concentrations of chlorophyll-g accompanied the spring deposition 

event. Finally, low concentrations (<2 mg/L) of dissolved oxygen in bottom 

waters coincided with periods of intense organic deposition i n  summer, while a 

1-2 month lag occurred between peak spring deposition and incipient hypxia. 

Thus, organic decomposition and attendent O2 consumption rates were evidently 

lower in spring than summer, despite high rates of organic dewsition in both 

seasons. 

Measurements of benthic remineralization rates, as indicated 

by O2 and Fill4' fluxes across the sediment-water interface i n  SONE cruises, 

corroborate th i s  pattern (Table 6). Rztes of S O  and HH4+ regmeretion were 

twice as  great in summer as compared to  spring. Mean values for the four SOf-lE 

cruise dates indicate about 40% of the organic carbon deposited was oxidized 

via O2 consumption, while over 70% of the particulate nitrogen deposition was 

regenerated as w*+. Similarly, Wassmm (1985) estimated that 20-60% of 

carbon deposited in a Norwegian fjord could be accounted for as SOD. The 

remainder of the material deposited may be buried or oxidized by sulfate, 

- with subsequent sediment accumulations of iron sulfides. 

We are encouraged that sediment trap collections a t  these two stations in 
e 

Chesapeake Bay correspond both quantitatively and qualitatively t o  plankton 

populations and processes in the overlying waters. Similarly, temporal 

patterns of sediment oxygen demand and nutrient rege~eration measured in SONE 

cruises were ~rolprr ional  to  organic deposition rates me~sured in  th i s  VFX 

prcgrsm Finally, concentrations of O2 and nutrients in bottom waters of the 

Bail appear to  be inversely related to  sedenlentation and metabolic processes of 

- Lhe benthos. 
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TABLE 6. Estimated fraction of particulate ctrbon and nitrogen 
deposition remineralized in sediments of Station R64. - 

. . Deuosltlon* Benthic- - 
DATE Nitr en SOD' Frac. l?H4+~1 x -2 -1 Frac. 

(m d I (rngm%-l, t~-2d-11 ~ep. (mg~n d I ~ e p .  

29 Aug 84 
+ 

- 
5 May 85 

- 
!7 Jun 85 6 87 108 150 22% 168 loo%+ 

* Based on sediment-trap collections from deployments ju tabove pycnocline 5 - during week preceeding measurements of benthic O2 and NH4 fluxes. 

i SOD is sediment oxygen demand; carbon equivalent calculated assuming a 
+ 

respiratory quotient of 1.0 mol C02/mol 02. 

* 9' flux on this date estimated from concentration change in water over core 
prior to reduction of dissolved oxygen below 2 mg/l. - 
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E!DEOH!TORIHG fiOG2Rtl: SEDIf!EHT OXYGEH RKD HUiRIENT EXCHRHGE CO!IPONEHI(SONEI 
~ I ~ F R O F  a ( V e r t i c a l  ' p r o f i l ~ s  of  t e ~ p .  , s a l i n i t y  and oxygen conc, a t  SONE s t a t i o n s 1  

TOTAL SAflPLE 
STATIOM DEPTH GEPTH TEHP SA!IH!TY DISS. O X Y  
LCCAT It\H 2ATE T!!!E !r? fii (oCI (ppt l  i ~ g i l  f 
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- Data Table  No. 2-1 

bI8t!UNIT!OR!NG PROGRAH: SEDIHENT UXfSEN AND NUTRIENT EXCHAHGES(SUNE1 

- H20NUTS (Surface and bottofi waier dissolved and p a r t i c u l a t e  n u t r i e n t  concentrations a t  SONE stat ions)  

- ------___----------------------- 
DISSOLVED NUTRIENTS PARTICULATES 

TOTfiLSAnPLE ....................................... -------------------------------- 
- STkTION DATE TIHE DEPTH DEPTH tiH4 NO3+NG2 TDN DIP TDP SI(OH14 PC PN PP CHLORO SESTON 

(I? !MI cuH !!I run N) !utl H I  iuH PifuN P i  (uH S i )  ( u g l l f  !uq! l~ !ugi l ) (ug! l )  t r g l l l  



NO. 2 - 2  

~ 1 ~ ~ ~ t ~ I Y i 5 ~ I d ~  PRDGSAH: $iGi3iWi GX\GEh fiMD #!JTRIEWT E);2dAN;iS(SONE) 
L-,,.;';"' 
, , L V ~ . ~ -  it 1Sur!ace and beitom r i a t~ r  di;soived and particuf ate nutrient rcncentraticns at SO!!E s-laiionsl 

DISSOLVED NUTRIENTS PMTICULBTES -. :UThLSA&2LE ....................................... ...................................... 
STBTi3H DATE T!HE DEPTH DEPTH HH4 MO3+NU2 TDH DIP TDP SI(OH14 PC PH YP CHLORO SESTOM 

is) (in1 {uil N) lu!l N) (till 14) iutl Pi (uM PI iutl Si ( t i g i l l  ( u g ; l )  i u g i l  j i u g l l )  ( r g i l )  
............................................................................. ...................................... 

HORH P?. 150CTi4 1557 8 1 2.9 0.17 24.85 0.21 0.39 22.8 1397.1 222.2 36.6 8 18!36.B 
8 1.4 2.1 21.8 0.02 0.02 23.9 902 153.4 28.8 5.4 35 



EIGX!MIiiORIMG PR06RBil: EE2I?lEHT 0176EN AH2 NUTRIENT EXCHkNSES(S0HEj 
ti29HUTS {Surface and bottom ~ater dissol ~ e d  and particulate nutrient conrentrati~ns at SSHE stati~nsi 

DISSCLVED NUTRIENTS 
ToTALiAhPLE ....................................... 

STATION DATE TIYE DEPTH DEPTH NH4 M03+NO2 TEN DIP TDP SI(OH14 
ie )  [a)  (uti NI (uN Nf (uh Nl cuH P) (uH P I  (uN Sil 

............................................................................. 
ST.LEO 6-hay-85 0740 6.6 0.5 1.4 0.7 27.0 .20 1.28 7.8 

0.5 4.3 6.6 35.5 .17 1.29 8.0 

H B R N P T .  7-Kay-85 920 7.5 5.5 2.6 5.2 29.3 .I1 1-16 3.3 
7 2.5 6.6 52.95 -10 0.4 3.0 

STIL. FD 8-Nay-85 705 9.5 0.5 4.0 57.7 79.45 -17 1 7.1 
9 4.8 57.3 79.35 .1b 1.6 7.8 

PARTICULATES 
...................................... 

PC PN PP CHLORO SESTON 
(ugll) (ugll) (ug/I 1 (uglll [mgil j 

-------------------------------------- 
991.0 254.5 16.6 8.9 12.3 
808.6 lt2.8 17.1 6.3 10.9 



NO. 2 - 4  

BIOt!OMlT!ORIt~G PROGRAH: SEDIkiNT OXYGEN AND NUTRIENT EXCHANGESISONE) 
H20WUTS (Surface and bottom water dissolved and particulate nutrient concentrations at  SOME s ta t ions )  

............................................................................. 
DISSOLVED NUTRIENTS 

TOTALSAWpLE ....................................... 
STATIDN DATE TI t lE  DEPTH DEPTH NH4 NO3tN02 TUN D IP  TDP S l  (OH14 

(PI II)  tun N )  ( U N  N)  !un N )  (un PI ~ U N  P? IUH S i )  

...................................... 
PkRTI CULlTES 

PC PN PP CHLORC SESTOH 
f u q t l )  (ug/ l j  ( u g i l )  ( u g i l )  (ag!l) 

HORN PT. 26-June-85 700 8.2 0.5 1 .8  1.01 
7 2.9 1,55 



Data Table  No.3-1 

LONG-TEE/! BIOMONITORING PRO6RAK: ECDSYSTEH PRDCESSES CDKPDNEMT (SOME STUDY) 
- SEDPRDF (Vertical sediaent profile; of Eh,ZH2!l and various particulates) 

Add +244 rV to all Eh data to correct values to hydrogen electrode 
H0TE:Vertical profiles of particulates collected only during October cruise. 
HDTE: No surfical particulate s a ~ p l e s  taken during this cruise. 

------------------------------------------------------------------------------------------------------------..-- 

TOTAL CORE SEDIHENT ANALYSIS,I 
STATION DATE TIHE DEPTH DEPTH Eh %HZ0 PC PN PP S1 CHLORO 

cn, (CHI (XI (rglUi2) 

HORN. PT 29-AU6-84 1120 7,2 0 -249 
1 -256 
2 -278 
3 -290 
4 -291 
5 -282 
6 -295 
7 -322 
a -345 
9 -347 

10 -362 
11 -381 
12 -361 



-- LOHS-TERH BIDnOHITORINS PHOGRAH: ECOSYSTEH PROCESSES COKFGSENT iSDNE STUDY) 
SEDPROF i V e r t i c a l  sedicent p r o f i l e s  o f  Eh,ZH?O and var ious  p a r t i c u l a t e s )  
Add +244 PV t o  a l l  Eh data t o  co r rec t  values t o  hydrogen e lec t rode 
NOTE:Vertical p r o f i l e s  o f  p a r t i c u l a t e s  co l l ec ted  only dur ing  October c ru ise .  
N07E: No s u r f i c a l  p a r t i c u l a t e  sarp les  taken dur ing  t h i s  cruise. 

............................................................................................................... 
TOTAL CORE SEDIHENT ANALYSIS,% 

STCITION D4TE TIHE DEPTH DEPTH Eh XH20 PC PN PP SI CHLORO 
(ti) (CH) (XI fsglr2) 

HD. PT 28-AU6-84 1715 9.8 0 
1 
2 
3 
4 
5 
6 
7 
8 
9 



No. 3-3 

LOHE-TEHH BIOHONITOHING PROGRAH: ECOSYSTEH PROCESSES CONPONENT (SONE STUDY) 
SECPROF (Vertical sediment profiles of Eh,XH2O and various particulates) 
Add t 2 4 4  rV to all Eh data to correct values to hydrogen electrode 
N0TE:Vertical profiles of particulates collected only during October cruise. 

- - NOTE: No surf ical particulate samples taken during this cruise. 

............................................................................................................... 
.- - TOTAL CORE SEDIHENT RNALYSIS,X 

STATION DATE TiHE DEPTH DEPTH Eh XH20 PC PN PP SI CHLORO 
(HI (CHI (1) (nglm2) 

............................................................................................................... 
PT.NO. PT 28-LUG-84 940 13 0 -278 

1 -332 
2 -318 

- 3 -332 
4 -342 
5 -362 
6 
7 -364 
8 -353 
9 



No. 3-4 

.- 
LONG-TERB BIOHJNITORINS PROGhBH: ECOSYSiiti PROCESSES COHPOHENT (SONE STUDY 1 
SEDPROF (Ver t i ca l  sediment p r o f i l e s  of Eh,ZH20 and various par t icu la tes)  
bdd t244 cV t o  a l l  Eh data t o  correct values t o  hydrogen electrode 

.. N0TE:Vertical p r o f i l e s  of pa r t i cu la tes  co l lec ted only during October cruise. 
MOTE: No surf  i c a l  pa r t i cu la te  samples taken during t h i s  cruise. 

TOTAL CORE SEDIHEHT ANALYSIS, Z 
STAT ION DhTE TIME DEPTH DEPTH Eh %H?O PC PN PP SI CHLORO 

(HI (CHI (1) ( ~ g I a 2 1  
- ............................................................................................................... 

STIL. PD 30-AU6-84 800 9.5 0 -38 
1 -230 

- 2 -257 

3 -263 
4 -285 
5 -291 
6 -293 
7 -304 
0 -284 
9 -307 

10 -320 
11 -354 
12 -357 
13 -369 
14 -404 



No. 3-5 

E!OHONITORI#E PRO6RlH: ECOSYSTEH PROCESSES COHPOMENT (SONE STUDY I 
SEDPROF (Vertical sediment prof i l e 5  of Eh,Xt!20 and various particulates) 
ALL EH DATA TO ADD +244 mi' to  correct to  hydrogen electrode. 
NOTE: No Si or CHLORO data collected during this cruise. 

SEDIHENT PROFILES ............................................................................................................... 
TOTAL CORE - SEDInENT ANALYSIS,Z 

STATION DATE TIHE DEPTH DEPTH Eh XH2O PC PN PP SI CHLORO 
(4)  (CHI (11 (mglm21 ............................................................................................................... 

ST.LEO 17-OCT-84 1419 7 0 140 
1 100 81.4 2.42 0.28 0.061 
2 -120 72.5 2.29 0.27 0.057 
3 -140 70.5 2.5 0.31 0.063 
4 -155 70.6 2.74 0.34 0.057 
5 68.8 2.86 0.32 0.075 
6 -155 67.2 2.88 0.31 0.059 
7 65.5 2.53 0.3 0.056 
8 -160 

10 -150 



BIOtIOMITORINS PROGRAH: ECOSYSTEH PROCESSES COtIPUNENT(S0NE STUDY) 
SEDFRiF (Vertical sediment profiles of ih,ZH20 and various particulates) 
ALL EH DATA TO ADD +244 rV to correct t o  hydrogen electrode. 
NOTE: No S I  or CHLORO data collected during t h i s  cruise. 

SEDIHENT PROF1 LES ............................................................................................................... 
TOTAL CORE SEDIHEWT ANALYSIS,Z 

STATION DATE TIHE DEPTH DEPTH Eh %HZ0 PC PN PP 51 CHLORO 
(HI (c~ I )  (1) (rgir2) 



No. 3-7 

BIOIZOHITURENG PROERAH: ECOSYSTEH PROCESSES COHPONEMT(SOHE STUDY) 
SEDPROF [Ver t i ca l  sediment p r o f i l e s  of Eh,XH?O and various pa r t i cu la tes )  
RLL EH DRTA TO ADD t244 rV t o  cor rect  t o  hydrogen electrode. 
NOTE: No SI or CHLORO data co l lec ted during t h i s  cruise. 

SEDIHENT PROFILES 

TOTAL CURE SEDIMENT ANALYSIS , X  
STATION DATE TIHE DEPTH DEPTH Eh ZH20 PC PN PP SI  CHLORO 

(HI ccn) (2) (B~IBZ) ............................................................................................................... 
PT.NO.PT 17-OCT-04 1810 13.4 0 160 

1 100 70.8 1.14 0.16 0.031 
2 -110 57.3 1.56 0.16 0.035 
3 -220 45.0 0.97 0.12 0.023 
4 -250 36.4 0.67 0.08 0.021 
5 -200 30.9 0.43 0.05 0.022 
b 31.8 0.75 0.07 0.018 
7 -310 31.7 0.56 0.05 0.022 
8 37.4 0.68 0.07 0.025 
9 -300 42.8 1.09 0.12 0.031 

10 44.5 1.01 0.11 0.032 
11 -280 



No. 3-8 

BIOHONITORING PRUERBH: ECUSYSTEH PROCESSES CUHPONENT(S0NE STUDY) 
SEDPRDF f Ver t i ca l  sediment p r o f i l e s  of  Eh,%H20 and var ious pa r t i cu la tes )  
ALL EH DATA 10 GDO +244 R V  t o  C O ~ ~ E C ~  t o  hydrogen electrode. 
NOTE: No $1 or CHLDRU data co l l ec ted  dur ing t h i s  cruise. 

SEDIIENT PROFILES 
............................................................................................................... 

TOTFlL CORE SEDI HENT ANALYSIS,% 
STATION DATE TIHE DEPTH DEPTH Eh XH20 PC PN PP SI CHLORO 

(HI (CHI (2) ( r g i r ~ )  
............................................................................................................... 

STIL. PD lb-OCT-84 1000 10 0 40 
1 30 82.9 4.69 0.24 0.066 
2 -95 69.4 4.83 0.25 0.07 
3 -90 67.8 4.01 0.26 0.077 
4 -105 67.7 5.06 0.27 0.081 
5 -95 59 3.72 0.21 0.051 
6 -145 56.4 2.78 0.19 0,045 
7 -105 56.3 2.84 0.21 0.051 
8 54.8 2.56 0.21 0.036 
9 52.2 2.32 0.2 (1.035 

10 53 2.44 0.21 0.034 



No. 3-9 

BICHCNITOHING PROGHAH: ECCSYSTEH PROCESSES COtlPONENT(S0NE STUDY) 
SEDPROF ( V e r t i c a l  sedieent  p r o f i l e s  o f  ER,XH20 and va r i ous  p a r t i c u l a t e s )  
ALL EH D6TA TO ADD +?44 rV t o  c o r r e c t  t o  hydrogen e lec t rode.  

SEDIHENT PROFILES 
............................................................................................................... 

TOTAL CORE SEDIHENT ANILYSIS,I 
STATION DATE TIHE DEPTH DEPTH Eh ZH20 PC PN PP S1 CHLOHO 

!HI (CHI (1) (ag I r21  

ST. LEO 6-MY-05 830 6. 6 H20 
SED/H2O 

1 
2 
3 
4 
5 
6 
7 
8 

WIND.HIL 7-HAY-05 0710 4.2 HZ0 
l c r  
2ca 
3cr  
4cr  
5c r  
6c r  



No. 3-10 

BlOHONITORIN6 PRDGRAH: ECOSYSTEH PROCESSES COHPONENT(S0NE STUDY) 
SEDPROF ( V e r t i c a l  s e d i a e n t  p r o f i l e s  of  Eh,ZH20 and v a r i o u s  p a r t i c u l a t e s )  
ALL EH DATA TO ADD t 2 4 4  rV t o  c o r r e c t  t o  hydrogen e l e c t r o d e .  

SEDIHENT PROFILES 
............................................................................................................... 

TOTAL CORE SEDIMENT ANALYSIS, Z 
STATION DATE TlHE DEPTH DEPTH Eh XH2O PC PN PP S I  CHL[IRO 

!HI (CHI (Z) ( r g / r 2 )  
............................................................................................................... 

PT. NO. PT 5-HAY-85 1800 14.5 SURlHLO 
HZOISED 

1 c r  
2 
3 
4 
5 
6 
7 
8 



No. 3-11 

BIOHONITORING PHOGRAH: ECOSYSTEH PROCESSES COnPOHENT(S0NE STUDY) 
SEDPRUF (Ver t ica l  sedirent p r o f i l e s  of Eh,ZH20 and various par t icu lates)  
ALL EH DATA TO ADD +244 nV t o  correct t o  hydrogen electrode. 

SEDIHENT PROFILES 
............................................................................................................... 

TOTAL CORE SEDIBENT ANALY SIS,X 
STAT 1 ON DATE T I H E  DEPTH DEPTH Eh XH20 PC PN PP SI  CHLOhO 

(HI (CHI I%) ( r g i r 2 )  
............................................................................................................... 

R-b4 b-HAY-85 1830 16.81 H20 +200 
l c r  -201 3.45 0.48 0.08 49.5 
2 -180 
3 -155 
4 -210 
5 -250 
b -270 
7 -300 

R-78 5-HAY-85 1655 1 7 ~  HZ0 +ZOO 
i 2 c r  -460 

3cn -360 
4 -330 
5 -300 

l cn  -470 
Ocn -110 



BIOEOM!TORING FHOGRAtl: ECOSYSTEtl PROCESSES CONPGHENT(S0NE STUDY1 
SEDPRClF ( V e r t i c a l  sediaent p r o f i l e s  of Eh,lH2O and various p a r t i c u l a t e s )  
BLL EH DATA TO ADD +244 RV t o  correct  t o  hydrogen electrode. 

SEDltlENT PROFILES 
.............................................................................................................. 

TOTAL CORE SEDIHENT ANALYSIS,Z 
STATION DATE TINE DEPTH DEPTH Eh XH20 PC PN PP SI CHLORO 

(I!) ( C H I  (XI (rgJr2) 
............................................................................................................... 

ST.  LEO 25-June-05 1100 H20 170 
SEDlH20 175 

1 147 2.72 0.4 0.084 24.17 
2 70 
3 -100 
4 -80 
5 -130 
6 -120 
7 -165 
4 -140 



BIOHONITORING PROGRAH: ECOSYSTEH PROCESSES COHPONENT(S0NE STUDY) 
SEDPROF ( V e r t i c a l  sediment p r o f i l e s  of Eh,XH?O and v a r i o u s  p a r t i c u l a t e s )  
ALL EH DATA TO ADD t244  mV t o  c o r r e c t  t o  hydrogen e lec t rode .  

SEDIHiNT PROFILES 

TOTAL CORE SEDIHENT ANCILYSIS,X 
STATION DATE TIHE DEPTH DEPTH Eh XH20 PC PN PP SI CHLORO 

!HI (CH) (1) fmgIm2) 

RAG, PT 24-June-85 1030 HZ0 
SEDIH20 

1 
2 
3 
4 
5 
6 



BlOtiONI TORING PROGRAH: ECOSYSTEtl PROCESSES COEPOMENT GONE STUDY l 
SEDPROF (Vertical sedieent profiles of Eh,ZH20 and various particulates) 
ALL EH DkTA TO ADD +244 sV to  correct t o  hydrogen  electrode. 

SEDltiENT PROFILES 
............................................................................................................... 

TOTAL CORE SEDIHENT ANALYSIS,Z 
STATION DATE TIHE DEPTH DEPTH Eh XH20 PC PN PP SI CHLDRO 

cn) ccn) (11 (ag / r2 )  
............................................................................................................... 

R-64 25-JUNE-85 1600 H20 1bO 
SEDIH20 -210 

1 -235 3.6 0.16 0.078 32.12 
2 -240 
3 -295 
4 -332 
5 -345 
6 -362 
7 -396 
8 -405 



Data Table No. 4-1 

SEDFLX (Nutrient and oxygen concentrations in the sedhmt microcosms at SONE stations) ------------- ---------- --------- -- ----------------.--.----------.-------.--------.----- * ------------ 

CG2E :LizE [s:E 970 TIYE il%E 
- STkfIGN NO, ... VOL HEIGHT iSUKi S~HPLE IiELTii T El Hlle 

r . 2  :nL) !ct.ti HR 1.:i# I l i ~ )  [#Gilj :gH-i{) 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - -. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -. - - - - - - - - - - . . - - - - - - - - - - - .. - - ... . . . . - . . - - . 

5 7 , ~ ~ ;  27-8~5-~$ s! -. ... - .  . . 5. i 6 15 :.;I .:5. L . . 
(1 

7 ... 5. i .3 v i b  3~ 7; . . ! .5 
C. 1 
.la A 6O i6 30 30 3 5 . 3  
5.1 a : 

- f i '  17 6 3 6 44.2 
5.1 1.27 17 39 33 43.E 
5.1 1 b' 1 8 I2 33 4ri.7 
5.1 416 22 26 254 53.1 

ST. LEO 27-AU6-84 GREEN 
- 

B I P  SI(OH14 
(uH-P! iuH SI! 

. . . - . - - . -, -. - - - - - - 
3 .73  : - -  

I ( i ~  
i l 1 

3.8& j 58 
4.21 i13 
3.32 ! 18 
1.27 i21 
4.18 i25 
3.5 

7.7 O 15 25 0 25.5 1.99 2.73 38 
7.7 30 15 55 30 25 1.7 3.06 101 
7.7 b i' 1 b 25 30 25.3 2.87 3.36 ! 64 
7.7 190 i7 5 46 26.3 !.52 3.26 11 1 
7.7 134 i 7 39 34 28.1 1.57 3.27 Ill 
7.7 167 1 S 12 33 28.4 1.75 3.25 115 
7.7 415 159 LL 20 248 33.2 2.67 2.67 ! 27 

St. Leonard Station: F i r s t  Eiun 
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h 
EIO!ON!TORI KG PROBRBR: SEDI%ENT OXYGEN ARD KUTRIENi EXZHhki6iS iSONE; 
SEDFLUX (kitrient and oxygen concentrations i n  the sedisent oicrocosns at SOHE stationsi 

CO CORE CORE H20 TIHE 
STATION D ~ T E  #O VOL HEIGHT (sun) 

IHL) Mi 
------------------------------------------. 

R-70 27-JUNE-GBLIINK 0.0000 0 
0.0000 40 
0.0000 100 
0.0000 160 
0.0000 220 
0.6000 280 

TIHE OF 
SAtlPLE DELTA DO AA VlAL NH4 N03tN DIP SI(I1HI4 

HR NI# la in)  (HE1 NO. (uH-#I (uH-H (uH-PI fuh-$1) 
.-------------------------------------------------------------- 

13 55 0 1.1 209 22 0.89 0.41 48.4 
14 35 401.2 213 21.9 1.81 0.5 47.4 
15 35 601.3 211 21.0 1.21 9.59 47.5 
16 35 601.5 221 22.2 0.87 0.49 47.4 
17 35 60 1.6 225 21.7 2.06 0.49 48.1 
1 8 -c 

JJ 60 1.7 229 22.4 0.84 0.54 48 



No. 4-41 

EI283#!TORiN6 FBGSEAH: SE3IRiEi OXfEEN AWE HCTRiENi EXCHANGES!SOQE) 
SEOFiUX (Nutrient and oxygen concentrations in t h e  sediment microcosrs at SONE stations) 

CO CORE CDRE HZ0 TlEE TIHE OF 
STATION DATE NO YUL HEIGHT (sun) SAHPLE DELTA DD A I  V I h i  NH4 N03tN DIP SI(OHI4 

{ H L ~  (n) HR HlN (ain) ln6i NU, fun-Nl (uH-W (un-PI tun-SI) ......................................................................................................... 
STIL.PD 2t-JUNE-8BLA#K 0.0000 0 18 20 0 5 . 6  187 5.1 38.4 0.51 38.8 

0.0000 30 18 50 30 5.6 191 4.7 39.2 0.53 34.3 
0.0000 60 19 20 305.7 195 4.9 38.6 0.57 39.3 
0.0000 100 20 0 40 5.9 199 5 38.4 0.55 37.8 
0.0000 155 20 55 555.9 203 4.938.3 0.51 36.7 



- 
lata Table No. 5-1. 

IUMDIIITCIFIIIG PF'iOGiiAH: SEDIYEWT OXYSEW dNU tlUTHiEtlT EXCHAHGES !SOWE) COHPONENT 
SOMEFLX rSill~tiidr Y ~f ~ e d i a e r ~ t  wdter exchd:tges e s p r ~ s s e d  in units o i  aass,uZ!tiae. - 

gO2i r2 id  ug-atNin12/h ug-atH!m2/h ug-atPi'm2lh ug- ~ t S i / m 2 i h  
---- ----- ----.- -------------------------.-------------------------------- .. ... .-. ... . - - -  
- 05 fi); NH4 FLX ti03 F L I  f'04 FLX S i  FL'I: 

[JEFTH 
SlATlOM DATE NO in! ffi r 2  flux B r 2  flux ti r2 f l u x  E r2 flux r 1 2  f lux 

---------- - --- -------- .--..-.-. ---- ------------------------------------------------------------.--.---..------ - .----------- -- GU " I C T "  r-' . H :jfjbe4 1 0 .C2 !ID i4D 0.0 0.1392 0.99 157.6 0.0027 0.62 10.9 0.C026 0.72 10.5 0.0784 0.97 315.2 
2 0.073 HD 0,O 4.0361 0.79 158.1 0.0007 0.04 3.1 0.0021 0.90 V.2  0.0&76 9.98 Z9 i . l  
3 0.075 igl kjb 0.0 0.0202 5.95 70.3 0.0042 0.71 18.9 QS5i)2fJ c.& 9.0 (1,0741 0.97 333.5 
1 0.072 HG HD 0.0 4.031?0.?5 137.8 0.00210.13 9.! 0.00220.83 9.5 0 .65330 .8h3 i i . T  



CCif;: gi F L ~  FH4 FLX ti03 FLX PO4 FLX SI FLX 
GEPIH - 1 g in i 2  ( l u x  r ?  f l u x  m r2 flux ia r2 flu;:  a I 2 : lux 

._ .. _ ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - . .- 
~ l . i j f i , ~ ~  280854 1 f>,6&4 - 3  .t,uv9 A ' Z  t 1.43 -5. i -0.0312 0.82 - I  17.8 0,0007 0.13 2.7 -0.Qoz3 0.90 -8.8 8 . ~ 9 2  0.76 380.9 

- 2 0,070 -0,9023 0,?C -0.2 -0.0362 0.94 -i52.0 0.0013 0.37 5.5 -0.0020 0.76 -8.4 0.092i 0.99 385.3 
3 G.<I$~ -0,s!13 0.52 -6.1 -ij,cbr'c . : , ,0 ,98 -300.0 0,00070.18 3.4-$.00320,84-15.4 0.OBE40.49424.3 
1 0,072 -4 J .  Ci;15 .8v 0 . A  $0  -0.2 -0.e433 0.75 -187.1 ij.0009 0.19 3.7 -0,!j025 9.77 -10.8 0,6434 0.45 403.5 



No. 5-3. 

i$M&-;iFF B I ' ~ H D ~ i T 0 R I t j G  PROGRAY: SEDInENT OX76EN A#? NUTRIEHT EXCHANGEISONE) SUnHCIRY 
~ n i i - r  ~,,.t, LX19u~r.ry of s~d is ten t -water  exchanges exprfs5ed i;: w i t s  of  wassi'ol2ltine. 

................................................................................................................................. 
CORE 0 2  FLX NH4 FLX N03 FLX PO1 FLX SI FLX 

OEPTH 
STATION DkiE NO icmi r r 2  i iux R r 2  flux a r 2  f lux 5 r2 f l u  B r 2  f lux 



No. 5-4.  

-, lo+S-TEzs fi , E i ~ ~ ~ ~ ; 1 ~ G E ~ $ ~  PFcsRA/j: SizlnEHT IXYSEN KijTRlENT EECHUYGE(SONE) SUM#ARY 
L,!?: Z,;;EFLX!5ur~arv si sed iasz t -ua ter  ~ i c h z n g e s  expressed i n  wit; o f  ffia;siffi2/ti~e. 

g 0 2 l ~ 2 i d  ug-atNla2th ug-atNir2/h ug-a tP / r l ih  ug-atSi  i a 2 l h  
................................................................................................................................. 

CORE 02 FLX tlH4 FLX NO3 FLX PO4 FLX SI FLX 
DEFTH 

STBTIUt4 DATE NO (cml m r 2  f l u x  m r 2  f l u x  P r 2  f l u x  r r 2  f l x  m r 2  f lux 



No. 5-5.  

LDNG-TERN BI5H2HITDRiW6 PRDGEAH: SEDIWEMT DXYEEM AKD NUTRiiHT EICHANGEiSOHE) SUNHARY - 
DMiFLi!Suirary c i  sed ia~n t -wa te r  exchanges expressed i n  u n i t s  of nass/n2/time. 

g02iai2id ug-atNla2ih ug-atSim2ih ug-atPia2:h ug - i tS i  la2ih 
________________--------------------------------------------------------------------------------------------------.---..------..----- 

CORE 02 FLX NH4 FLX N03 FLX . PO4 FLX SI  FLX 
- DEFTH 

TATIDN DATE NO (chi a r 2  f lux r r 2  f l u x  m r 2  f lux B r 2  f l x  a r 2  f l u x  
................................................................................................................................. 
ST.LEO 25JUHEE5 R 19.59 -0.0107 0.99 -3.0 0.00735 0.7 86 0,00651 0,81 76 0.00203 0.64 24 0.03637 0.92 427 

6 20.48 -0.00948 0.99 -2.8 0.00446 0.9 55 0.00891 0.97 110 0.00064 0.37 8 0.03342 0.91 411 
8 19.05 -0.00963 0.99 -2.6 0,00918 0.64 105 0.00689 0.98 79 -0.00019 0.04 -2 0.0'2669 0.81 305 

''INS. H I L  NODATA 



- 
Data Table No. 6-1 

LONG-TERH BIOHONITOR!NG PROGRAW: VERTICAL FLUX PROGRil!l 
VFXPROF (Vertical nater c ~ l u o n  profiles of teap.,salinity,oxygen and particulates) 

TOTAL SCIHPLE DISSOLVED 
STCITION DATE T I H E  DEPTH DEPTH TEWP S A L I N I T Y  OXYGEN P C .  PI4 PP CHLORO SESTON 

(PI (PI (Cl (ppt) (agll) (uq/ll (ugll) lug/li (ugll) (rgll) 
...................................................................................................................... 

R-6.9 23-JLlLY-84 1600 16.0 1 26.9 8.4 9.70 1829 276 25.2 22.9 13.2 
3 26.1 8.3 8.80 
4 1124 190 19.8 15.3 11.5 
5 26.0 8.4 8.10 
7 25.8 8.4 7.80 
8 582 108 13.8 8.2 6.7 
9 25.8 8.5 7.30 

10 64 1 118 16.1 7.4 16.6 
11 24.5 9.8 0.90 
13 24.0 10.8 0.80 
15 23.3 12.6 0.30 286 51 12.8 1.7 10.1 



No. 6-2 

LO#$-TERH BIOtlONITORING PROGRAM: VERTICAL FLUX PROGRAH 
VFXPROF iVert ica1 water column p r o f i l e s  of tenp.,salinity,oxygen and par t icu lates)  

TOTAL SAlIPLE DISSOLVED 
STATIOW DATE TIHE DEPTH DEPTH TEW SALINITY OXYGEN PC PN PP CHLORO SESTON 

(rl (11 (C) (ppt) (mgll) (up111 ( u g l l )  ( u g l l )  (ug l l )  ( r g l l l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
R-64 22-M6-84 0900 16.8 1 25.0 8.6 6.60 

2 1011 217 24.6 0.0 7.0 
3 25.0 8.6 6.60 
5 25.0 9.5 4.90 
6 BBO 187 24.9 6.3 7.6 
7 25.0 13.0 2.55 
9 25.0 15.0 0.20 635 124 24.0 4.4 7.4 

11 24.0 19.2 0.20 
12 248 45 11.5 0.9 8.6 
13 24.0 21.0 0.26 
15 24.0 21.0 0.20 213 50 12.5 1.1 8.0 



No. 6-3 

7 LtiMC-TERH BlOHONITORING F'ROGRAH: VERTICAL FLUX PROGRAH 
VFXPROF (Verticai water colullin profiles of temp. ,salinity ,oxygen and particulates) 

TOTAL SAHPLE DISSOLVED 

- STATION DATE TIRE DEPTH DEPTH T E W  SSRLINITV OXYGEN PC PN PP CHLORO SESTON 
(I) (11 (C) (ppt) (lligll) (uq/l) (11411) (ug/i) ( ~ 4 1 1 )  (lg/l) 

--------------------------------------------------------------*----------------------------------------------------- 



- 
No. 6-4 

B1O~ONITOEING; VERTICAL FLUX PROGRA! 
VFXPROF (Vertical water column profiles of tenp. ,salinity ,oxygen and partiiulates) 

TOTAL SAHPLE DISSOLVED 
STATION DATE TIHE DEPTH DEPTH TEHP SALINITY OXYGEN PC PW PP CHLORO SESTON 

(1) (a) (C) (ppt) (rgll) (uglll (ug/l) (ugll) (ug/l) (rgll) ..................................................................................................................... 
R-64 30-NOV-84 1000 18.0 1 11.0 14.5 10.90 395 65 10.6 2.6 5.2 

3 10.9 14.5 10.90 
5 10.9 14.5 10.90 375 63 10.4 2.1 4.7 
7 10.9 14,5 10.90 
9 10.9 14.7 10.80 367 63 10.2 2.3 9.4 

11 11.0 14.8 10.00 
13 11.0 1 4 9  10.70 239 43 8.9 1.5 4,4 
15 11.0 15.0 10.70 
17 11.2 15.2 10.20 847 122 22.2 2.6 22.7 



- 
No. 6-5 

fi!BEOtiITCR'lNG; VERTICAL F i U l  PROGRIW 
VFXPROF [Vertical water coluan profiles of teep.,salinity,oxygen and particulates) 

TOTAL SAHPLE DISSOLVED 
STATION DATE TIHE DEPTH DEPTH TEHP SALINITY OXYGEN PC PN PP CHLORO SESTON 

[a) fm) (C) (pptl (rgll) (ugil) [ugll) (ugll) (ugll) (rgll) 
...................................................................................................................... 



No. 6-6 

B!DHOF!ITORiNG; VEHTICf i i  FLUX PRDSRkH 
VFXPROC (Vertical rater coiuan prof i!es of  t e ~ p ,  ,salinity ,oxygen and particulates) 

TOTAL SAHPLE DISSDLVED 
STATION DATE T I H E  DEPTH DEPTH TERP S A L I N I T Y  OXYGEN PC PN PP CHLOHO SESTOH 

(el (d (C) (ppt) iaqll) fug!ll (uqll) (ugil! (ug/l) (eg!ll ...................................................................................................................... 
R-64 27-HAY-85 0530 17.5 1 19.8 12,4 7.92 917 162 16.1 5.6 7.6 

2 19.8 12.4 7.91 
4 19.2 12.6 7.50 
6 19.1 12.8 7.35 
8 18.9 13.1 6.30 451 81 9'8 2.8 2.4 

10 18.5 14.3 5.34 
11 403 74 9.9 1.9 3.9 
12 18.1 15.5 3.99 
14 17.5 16.2 2.27 339 63 11.0 1.7 4.0 
16 17.4 16.8 1.94 400 62' 13.1 2.0 5.4 



LCMG-TEH! BIOHON!TDRING PROGRAM: VERTICAL FLUX PROGRAM 
VFXPROF (Vertical water column profiles of teep. ,salinity,oxygen and particulates) 

TOTAL SAMPLE 
STATION DlTE TIHE DEPTH DEPTH 

(6) in) 
.............................................. 
TOH. PT 23-JULY-84 1120 15.8 1 

3 
5 
7 
9 

11 
13 
15 

DISSOLVED 
TEHP SALINITY OXYGEN PC PN PP CHLORO SESTDN 

(C) (ppt) (ngll) (ugll) (ugll) (ugll) (ugll) (rgll) 
.------------------------------------------------------------------------ 

28.3 4.8 7.70 1072 199 27.6 22.9 10.8 
26.2 4.9 8.10 
25.9 5.0 6.60 674 120 23.4 11.9 8.9 
25.5 5.4 6.20 
24.2 8.8 3.80 418 73 16.8 4.5 8.3 
23.8 9.7 1.20 300 50 16.3 1.5 8.0 
22.7 11.5 0.40 
22.5 12.7 0.20 329 54 17.1 2.1 13.1 



NO. 6-8 

I LON6-TERN BIOHONITORIH6 PROGRAM: VERTICAL FLUX PROGRM 
VFXPROF (Vertical water co!ucn profiles a4 temp,,salinity,oxygen and particulates) 

...................................................................................................................... 
I TOTAL SAHPLE DISSOLVED 

STATION DBTE TIME DEPTH DEPTH TEHP SKINITV OXYGEN PC PN PP CHLORO SESTON 

I (11 (11 (C )  (ppt) (mgll) (ugll) (ugll) (ugil) (ugll) (19111 
------------------------------------------------------------------------------d-------------------------------------- 

TD?I.PT 22-AU6-84 1146 16.0 1 25.0 8.6 7.10 

1 2 1284 250 29.6 9.0 15.2 
3 24.5 8,b 6.60 1174 238 30.1 9.1 15.4 
5 24.0 12.5 3,75 . 

I 
6 317 57 16.3 1.0 17,9 
7 24.0 15.5 0.75 
9 23.0 19.4 0.30 449 68 23.7 1.3 17.2 

11 23.0 19.4 0.25 

i 13 23.0 19.4 0.25 
15 23.0 19.4 0.25 529 80 31.1 1.2 21.1 

I TO\. PT 30-AU6-84 1010 15.2 0 24.3 12.4 6.80 1287 247 50.2 10.2 17.2 
2 24.3 12.4 6.80 
4 24.4 12.5 6.30 1002 109 42.3 6.2 17.6 

I 
6 24.2 12.6 5.70 
8 24.1 12.7 5.80 

10 24.1 12.7 5.70 
11 700 128 25.7 4.2 11.2 

1 12 24.2 13.5 4.60 
14 23.2 16.5 3.30 711 113 26.0 2.1 10.4 
15 23.2 18.4 0.30 565 110 27.6 2.4 16.8 

( R-78 17-SEPT-84 2030 15.3 1 21.4 11.8 7.90 687 129 24.4 5.5 14.2 
3 21.6 12.1 7.b0 

I 
5 21.8 12.0 6.00 
6 572 103 21.7 4.3 12.6 
7 22.2 13.2 6.30 
9 22.4 13.9 5.60 

I 10 466 04 25.5 2.5 11.8 
11 23.2 15.6 2.80 
13 23.5 16.7 1.20 424 72 17.3 1.1 15.6 

I 15 23.6 17.5 0.70 1072 165 58.7 3.9 55.2 

R-78 24-SEPT-04 1300 15.0 1 23.5 11.4 8.60 

I 2 1391 241 34,3 19.2 17.0 
3 23.1 11.5 6.90 
5 22.9 12.1 6.60 1047 186 33.6 12.5 14.4 
7 22.5 12.3 6.70 

I 8 1071 101 35.7 11.6 14.0 
9 22.5 12.6 6.60 

11 22.5 12.6 6.50 

21. 12 1094 100 36.5 11.2 13.7 h 
13 22.5 12.8 5.60 
15 22.7 13.0 3.20 1302 200 57.7 6.8 31.4 

I 
I 

L 



No. 6-9 

LONG-TERt! BI(HIMSITORIW6 PROGRAN: VERTICAL FLUX PROGRAM 
VFXPROF (Vertical water colurn profiles of temp. ,salinity ,oxygen and particulates) 

TOTAL S I W L E  DISSOLVED 
STATION DATE TIHE DEPTH DEPTH TEHP S M I N I T Y  OXYGEN PC PM PP CHLORO SESTMl 

(1) (11 (C)  (ppt) (mg/l) tuyll) (uy/ l )  (uglll (ugll) (rgll) ...................................................................................................................... 
R-70 04-OCT-84 1330 15.2 1 19.8 12.1 9.25 

2 519 92 16.3 4.9 10.8 
3 19.0 11.7 8.30 
5 10.9 11.6 7.90 329 59 12.8 2.6 0.0 
7 18.7 11.5 7.70 
8 400 67 15.0 2.4 9.6 
9 18.8 11.0 7.50 

11 18.0 11.9 7.40 
12 439 73 18.6 2.2 10.8 
13 18.9 12.0 7.10 
15 19.0 13.1 6.60 856 135 31.3 2.7 21.7 



No. 6-10 

EIONONITORINE; VERTICAL FlUX PROGEk! 
YFXPPOF {Ver t ica !  water c o l u ~ n  p r o f i l e s  of  tecp .  ,sa l in i ty ,oxygen snd p a r t i c u l a t e s )  

TOTAL SAHPLE DISSOLVED 
STATION DATE TIHE DEPTH DEPTH TEHP SALINITY OXYGEN PC 

((11 Ir) (C )  (ppt)  ( r g l l )  ( u g / l l  
PN PP C ' i O R O  SESTOK 

( u g l l )  ( u g i l )  ( u g l l )  ((Ig11) ................................... 
127 17.5 2.7 5.6 



- 
SICi;/5!41TOR1N6; VERTICAL FLUX PROGRAK 
VfXPROF iV~rticai water colusn profiles of tesp.,salinity,oxygen and particulates) 

TOTAL SAnPLE DISSOLVED 
STATION D4TE T I n E  DEPTH DEPTH TEHP SALINITY OXYGEN PC 

(a) IB) (C) (ppt) (rg/l) (uqll) 
................................................................................... 

R-78 1-APh-85 1145 16.8 1 10.9 7.0 11.50 1194 
3 10.0 7.0 11.50 
5 6.7 8.1 10.70 1647 
7  8.7 10.3 9.60 
9 8.3 12.4 8.70 1851 
i 1 7.1 13.a 8.50 
13 7 . 2  14.9 8.40 1883 
15 7.2 14.9 8.30 2187 

PN PP CHLORO SESTON 
(ugll) (ugll I (ugll) (rgil) 
................................... 

190 20.5 7.9 7.6 



No. 6-12 

- 
PICtlCNITUR!HS; VERTICAL FLUX PRUGRAK 
ViXPRDF ( V e r t i c a l  water column p r o f i l e s  of teap.,salinity,oxygen and p a r t i c u l a t e s )  

TOTAL SAKPLE DISSOLVED 
-. STATION DkTE TIEE DEPTH DEPTH TEHP SALINITY OXYGEN PC PN PP CHLORO SESTUY 

(m) (a) ( C )  (pp t )  (mgl l )  ( u g l l )  ( u g l l )  ( u g i l l  ( u g l l )  ( c g l l l  
...................................................................................................................... 

- R-70 27-JUN-85 1045 16.8 1 22.5 10.8 7.48 1690 310 43,1 10.3 20,b 
2 22.5 10.8 7.42 
4 22.6 10.9 7.20 1388 279 32.3 16.7 15.2 
6 22.5 11.1 6.52 
8 22.4 12.5 4.72 1012 223 23.2 10.7 9.6 

10 22.3 14.0 2.38 
12 21.8 14.5 1.90 820 163 22.2 4.9 16'8 
14 21.6 14.7 1.58 
15 21.5 gD 0.72 692 128 27.2 4,0 17.7 



Data Tab1 e No. 7-1 

LDHG-TERH BIOt!ONITORlNG PRSGRAH: VERTICAL FLUX 
VFXSEDS iaescription of  par t i c l e s  in  the surface 1 cm of the sediment colurn) 

STATION DATE PC P N  PP CHLORO 
(1) (1) (1) (agia2) 

...................................................... 
R-64 23JllLY84 3.11 0.43 0.059 19.6 



No. 7-2 

LONG-TEHH BIOIDNITORIN6 PROGRAH: VERTICAL FLUX 
VFXSEDS (descripticn of particles in the surface 1 c r  of the sedirent c o l u r n )  

STATION DATE PC PN PP CHLORO 
( 2 )  ( X I  02 (aglm2) 

TOU PT 23JULY84 

3OJULY84 

7AU684 

14AU684 

22AU684 

30AU684 

H-78 17SEPT84 

24SEPT84 

40CTB4 

30NOV84 

17DEC84 

19FEB85 

SHARE5 

1APR85 

15APR85 

7HAY 85 

27HAY85 

5JUNE85 

18JUNE85 

27JUNE85 



-- Data Tab le  No. 8-1 

LEN&-TERH P!O52WiTGEIN6 FRO6RAH:VEhiICAL FLUX Pb.06RAK 
VFIZEPO !deposition r a t e  o i  par t iculaif  t o  t h e  top of t he  sediment t rap cup a t  depio.fnent depth) 

DATE T I H E  CATE TIHE TOTAL TOTAL CUP / 

- STATION DEPLDY DEPLOY RETRIEVE RETRIEVE T I n E  DEPTH DEPTH SESTON PC PN PP CHLDRO 
(days) (11 ( 8 )  (q/r2/dl (~qlr2i 'd: t rglr2ld)  (rgimild) (nglr21di 

.............................................................................................................................. 
- - TOK.PT 23-7-84 1315 30-7-84 1455 7.06 15.50 4.20 16.40 836.08 125.18 28.92 6.95 

7.06 15.50 4.20 18.46 940.98 129.73 20.30 7.73 
7.06 15.50 4.20 10.98 468.96 67.70 15,62 3.28 
7.06 15.50 4.20 12.54 654.79 93.94 16.74 5.10 
7.06 15.50 9.20 23.11 1063.77 147.49 38,92 10.39 
7-06 15.50 3.20 26.39 1184.54 158.35 40.00 11.15 
7-06 15.50 9.20 25.09 1163.97 157.60 39.23 9.53 

- 7.06 15.50 9.20 28.28 1144.75 143.14 40.25 8.37 
7.06 15.50 14.30 351.97 17667.37 2365.50 36i.76 82.64 
7.06 15.50 14,30 422.28 20802.11 2791.64 461.40 98.49 
7.06 15.50 14.30 376.87 18673.40 2556.33 412,14 95.22 

TOH. PT 14-B-04 
. . 

TOH. PT 22-6-84 
- .  



No, 8-2 

-- LOG-TERY EIDMONITCBING FROGRAP!: VERTICRL FLUX PHOGRAF iVFXt 
VFXDEPO (Depos i t ion  r a t e  af p a r t i c u l a t e s  t o  t h e  top  o f  t h e  sediment t r a p  cup a t  deployment depth) 
............................................................................................................................... 

- - 
DATE TIME DATE TIHE TOTAL TOTAL 

STAT1 ON DEPLDY DEPLOY RETRIEVE RETRIEVE TIME DEPTH 
(days) (a )  

................................................................ 
R-78 17SEPT64 21 : 00 24SEPT64 12:30 6.65 15.20 

6.65 
6.65 

- 6.65 
6.65 
6.65 

CUP 
DEPTH SESTON PC PN PP 
(n) (gia21d) ( ng i n2 ld )  ( r g i ~ 2 i d )  (aq/n2/d)  

.----------------------------------------------------- 

CHLDRD 
(ng/a2id 
.---------- 

7.33 
7.10 
8.82 
8.23 

29.61 
35.00 

R-76 1IIPR85 1220 LOST ,NOT RESET UNTILA27HAY85 



No. 8-3 

LOWE-TERH BIOHUNITURING PRDGRAH: VERTICAL FLUX PR06RAH (VFX) 
VFXDEPO f i leposi t ion r a t e  of pa r t i cu la tes  t o  the top of t h e  sediment t rap  cup a t  deployment depth) ............................................................................................................................... 

DATE TIHE DATE TIHE TOTAL TOTAL CUP 
STATION DEPLOY DEPLOY RETRIEVERETRIEVE TIHE DEPTH DEPTH SESTON PC PN PP CHLORO 

(days) (r) (1) (glm2Id) (ng/r2/d) (mg/m2/d) (mgim2/d) (rglr21d) ............................................................................................................................... 
R-78 SJUNEB5 1520 1BJUNE85 1450 12.98 15.75 4.27 5.14 492.87 65.62 10.95 3.18 

12.98 4.27 5.58 489.08 60.01 9.53 3.60 
12.98 9.02 9.29 636.75 74.14 18.25 3.74 
12.98 9.02 9.39 601.17 70.55 13.99 3.93 
12.98 13.90 110.70 5422.76 650.20 176.39 16.56 
12.98 13.90 117.59 5735.46 696.08 202.74 16.56 
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~ u 1 1 ~ c l l L T d L 1 O l l  vs  r l m e  p l o t s  o f  
E C O S Y S T E M  P R O C E S S E S  oxygen and nu t r . i en t s  ob ta i ned  

f r om sediment microcosms used i r  
ST L ~ ' O N ~ ~ U  *uG. IOU4 SONE mon i t o r i ng .  See Data Table 

No.4 f o r  t a b u l a r  da ta  and Data 
7.00 Tab le  5 f o r  c a l c u l a t e d  f l u x  data 

6.00 - 

5.00 - 

2 4.00 1 
ii 
k S.OO - 

9.00 - 

1.00 - 

0.00 , , , , r , , , , ,  
0.00 40.00 90.00 120.00 160.00 900.00 940.00 

lTME.mInuLms 
0 1  . S  

15.00 ! I I I I I 

- 0.00 100.00 200.00 300.00 400.00 

TIMC.rnlnul.8 
0 B U C K  BLUE 4 GREEN 

TlMC.mlnulmm 
0 BUCK + BLUE o GRECN 

0.80 4 
0.00 100.00 200.00 300.00 *00.00 

0 BUCK 
TIUC.mlnuh8 

+ BLUE 4 GREEN 

as.00 4 j-' 

0 BUCK 
TIUC.mlnutm~ 
t BLUE 4 GREEN 



ECOSYSTEM PROCESSES 

UUWA VISTA ~ U C . 1 0 0 4  

O . W !  , , , , , , , , , , , , 4 
0.00 24.00 aO.OO 120.00 1a0.00 200.00 LLO.00 

tlML.mlou&a8 
D RED + BLUE 0 CRESN 

TIYC.mlnulr8 
D RED + WHITE o SILVER 

3.- 4.- --, - 
00 100.00 700.00 300.00 400.00 

TIMf .rnlnubs 
n RED WnlTC o SILVER 

TlME.mlnulo8 
0 RED + WHITE o SILV~R I 

1IYC.mlnut-8 
0 RE0 + WHITE 0 SILVER i 



No. 9-3 
ECOSYSTE tvl PROCESSES 

HORN PT AUC.1084 

0.00 ! , , , I 
0.00 40.00 B0.00 120.00 180.00 200.00 240.00 

TNE.rnlnutce 
0 SlLVER WHITE 0 RED 

TIYf .mlnulae 
D SlLVCR + WclllE 0 RCO 

TIUC.rnlnul.. 
Ti SILVER + WHITE o RE0  

0.40 4 , , 
I , , , , ,  

0.00 4 0 . 0 0  60.00 120 .00  160 .00  2 0 0 . 0 0  240 .00  2 8 0 . 0 0  320.0 

TlUC.mlnuloe 
0 SILVER + WHITE 0 R E 0  

7 0 . 0 0 4  , , , , , , , , , , , I 
0 . 0 0  40 .00  8 0 . 0 0  120 .00  1 6 0 . 0 0  2 0 0 . 0 0  2 4 0 . 0 0  2 8 0 . 0 0  32O.C 

TIUE.mlnu#on 
o SILVCR + wnmc 0 RE0 



No. 9-4 ECOSYSTEM PROCESSES 

WINDY HILL AUC.lOa4 



No. 9-5 ECOS'I'STEM PROCESSES 

TlUC .mlnut-8 
o RCO + wnlfc o SILVER 

7. 

TIUF .mlnul.. 
n RCO + WUITC o SILVER 



ECOSYSTEM PROCESSES 

0.00 ! , , , , , , , , I i I , , , , , , ,  

0.00 LO.00 40.00 60.00 80.00 100.00 1lO.W 140.00 160.00 160.00 800.00 

7WC.mLnuha 
0 CREW + B L U I  b D U C T  

0.00 20.00 40.00 60.00 80.00 100.00 120.00 140.00 160.00 180.00 

TlYC.mlnul~8 
0 GREEN BLUE e B U C K  

0.00 20.00 40.00 60.00 80.00 l00.00 120.00 140.00 960.00 180.00 

TlUr.mlnul*a 
n GRCCN 4 BLUE r DUCU 

TlUE.mlnut*a 
0 CREtN + BLUE 0 DUCK 

40.00 ! , , , , , 
, , I  

0.00 20.00 40.00 60.00 80.00 100.00 l20.00.140.00 160.00 880.00 

TIUE.mlnulra 
0 CRCCN BLUE 0 BUCK 



No. 9-7 ECOS'r'STEId PROCESSES -. . 

M E  m1nut.m 
0 GREEN ELWE o B U C K  

T~uE.mlnui-S 
o GREEN + BLUE o a U C K  

TlUC.mlnulen 
o B U C K  

i 
n ~ R C E M  + BLUE I 

TIUt.mlnulmm 
o GRCEN + BLUE o B U C K  

e4.00 - 
e2.00 - 
mo.00 - 
aa.00 - 

TIYC.mlnui~m 
0 CRCEN BLUE o B U C K  



ECOSYSTEM PROCESSES 

R-64 29-AUG-84 

I(YE.rnInut*m 
o GREEN + BLUE o BUCK 

TIYE mlnulos 
o GREEN + ~ L U C  o B U C K  TlUC.mlnulms 

0 CRCLN BLUE 6 BUCK 

~ O ~ I I ~ I ~ I ~ T I I ~ ~ ~ ~  
0 00 4 0 . 0 0  8 0 . 0 0  1 2 0 . 0 0  1 6 0 . 0 0  1 0 0 . 0 0  2 4 0 . 0 0  2 8 0 . 0 0  

TIYC .mlnuloa 
n GRCCN + BLUE c B U C K  - 

1IYC.mlnul.s 
0 CRCCN + BLUE 0 B U C K  



No. 9-9 ECOSYSTEM PROCESSES 

T H O U  PT AUC ID84 

RID 

1lMC.mlnut.a 
D RED • WHITE 0 SILVCR nuc mlnutem 

0 R t O  * w ~ l l t  SlLVfR 

11YC.rnlnul.w 
0 RCO t WHflC o SILVCR 

I 
1lUC.mlnut.m 

0 RCD WHITC 4 SlLVCR 



ECOS'fSTEM PROCESSES 

SNl. POND AUC 1084 

TDlE.mlnu(.m 
o C U E N  + BLUE o B U Y  

TIMC.mlnuba 
0 GREEN BLUC b B U C K  TIMC.mlnul-b 

+. 0 GREEN BLUC o B U C K  

TlYC.mlnu1-s 
n GREEN t BLUE o B U C K  - i 

TIMC .mlnul.s 
0 CRECN t BLUC 0 BUCK 





No. 9-12 

ECOSYSTEM PROCESSES 

0 RED 
TIME,mlnutss 

+ WHITE o BLUE 



No. 9-1 3 

ECOS'fSTF1\/1 PROCESSES 
HORN.PT, OCT 15 1 9 8 4  

12 

TlME,mlnutss 
0 RED + WHITE a BLUE 





No. 9-15 

ECOSYSTEM PROCESSES 

f lME,minutss 
o RED + WHITE o BLUE 



ECOS'YSTEM PROCESSES 
JMD.PT,OCT 18 1984 . 

TIME,mlnutas 
0 RED + WHITE 0 BLUE 



No, 9-17 

ECOS'YSTEM PROCESSES 
L PT.NO.PT,OCT 17 1984 . 

12 

TIME,mlnutes 
o RED + WHITE o BLUE 



No. 9-18 

ECOS'/STEtvI PROCESSES 

0 40 80 120 160 200 240 280 

'rIME,mtnutas 
0 RED + WHIT5 o BLUE 



No. 9-19 

ECOSYSTEM PROCESSES 

TIME.rninutes 
o RED + WHITE o BLUE 



No. 9-20 

ECOSYSTEM PROCESSES 

TIME,mlnutss 
o RED + WHITE o BLUE 



ECOS'r'STEM PROCESSES 
ST.LEO,OCT 17 1984 

35 

TlME,minutss 
0 RED + WHITE 0 BL'JE 



No. 9-22 

TIME,mlnutss 
n RED + WHITE o BLUE 



boynton
Text Box
No. 9-23



'WINDY HIL OCT 15 1984 

TIME,mlnutes 
n RED + WHITE o BLUE 



No. 9-25 

ECOSYSTEM PROCESSES 
,/RAG PT,OCT 18  1984 

D RED 
TIME,mlnutrs 

+ WHITE o BLUE 



No. 9-26 

TIME,rnlnutas 
0 RED + WHITE 0 BLUE 



No. 9-27 

ECOSY,STEM PROCESSES 

TIME,mlnutes 
0 RED + WHITE 0 BLUE 



No. 9-28 

TIME,minutes 
n RED + WHITE o BLUE 



No. 9-29 

CESSES q"TEld PRO-- E c 0 .. -- 
~ - 7 8 , o C T  16 1984 

35 

30 - 

25 - 

20 - 

5 - 

I I 
I 1 I 1 I I 

I 1 I I I 1 200 240 280 0 1 
80 120 160 0 40 

~ l ~ E , r n l n u t e S  
+ WHITE BLUE 

RED 



No. 9-30 

ECOSYSTEM PROCESSES 

TIM€,mInutss 
0 RED + WHITE 0 BLUE 



No. 9-31 

E~C:GS'I''STEM PROCESSES 
ST.LEO,OCT 17 1984 

TIME,mlnutes 
0 RED + WHITE o BLUE 



ECOSYSTEM PROCESSES 
i BU.VISTA,OCT 17 1984 

50 

TIME,minutss 
0 RED + WHITE 0 BLUE 



No. 9-33 

HORN PT,OCT 15 1984 
60 

TIME,mlnutes 
o RED + WHITT: a BLUE 



No. 9-34 

ECOS'r'STEM PROCESSES 
WINDY HILL,OCT 15 1984 

TIME,minutss 
0 RED + WHITE 0 BLUE 



No. 9-35 

ECOSYSTEM PROCESSES 
RAG PT,OCT 18 1984 

- 

- 

TIME,mlnutes 
o RED + WHITE o BLUE 



No. 9-36 

ECOS'f'STE\A PROCESSES 
MD PT,OCT 18 1984 

RED 
TiME,mlnutes 

+ WHITE c BLUE 



No. 9-37 

TIME,mlnutas 
0 RED + WHITE o BLUE 



No. 9-38 

ECOS'YSTEM PROCESSES 

TIME.mtnutes 
o RED + WHITF o BLUE 



No. 9-39 

FCOS'I'STEM PROCESSES 
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DATA TABLE NO. 10-1 

COMPOSITION RATIOS O F  PARTICULATE MATERIAL I N  SEDIMENT TRAP CUPS 

....................................................................... 
DATE CUP 

5TAiiSH EETRIEVE DEPTH C:N H: P C:P C:SES C:CHL 
!a) la!otici iatoiic) (aio~icl !wgt) iwgtf ----------------------------------------------------------------------- 





- DATA TABLE NO. 10-3 

- 

M i E  - -  .,-, CUP 
; H I . J : ~  G T R I E V E  5 i P i i i  C:N N: P C:F I:SES C:CHL 

(rl (atomic) (atozic) (atoticl fwgt) (ngtl ........................................................................ 
k-54 30-7-84 3.80 6.99 20.34 121.95 154.50 64.50 

3.80 6.76 21.41 124.04 125.18 73.98 
3.60 7.10 16.38 99.73 123.90 81.34 
3-80 6.59 15.85 B9.52 11E.81 E3.17 
7.80 7.38 19.12 120.92 98.09 103.01 
7.80 7.12 19.66 119.96 !Ol.EO 95.58 
7.80 7.70 14.12 93.18 95.97 119.51 
7.80 6.79 16-51 96.09 112.45 133.24 

13.70 7.99 22.23 152.27 53.80 205.90 
13.iit 8 1 4  22.22 155.10 54.69 207.78 
13.70 8.24 49.21 347.37 52.88 221.15 
13.76 8.22 21.43 150.99 55.53 220.07 



DATA TABLE NO. 10-4 
_________________^_-----_---------------------------------------------- 

C 

l ATE LiiP 
-..* - - -  ,ks :ETZIE:E CEFTH C:H 11: P i : P  C:SES C:C!lL 

l e )  !atceiri latccic) (atomic) !wgt) iwgt) ....................................................................... 
?-T6 27JUtfEB5 4.32 6.71 17.54 I'i7.65 73.85 118.1b 

4.72 7 15.35 9 . 3 4  y/5 :?F , _ _ l _ l  ?l 

, 7.44 16.30 121.53 7t.SS . 153.GO 
9.7 7.71 14.27 110,01 bb,83 127.17 

12.95 8,s: 96.82 766.49 46.75 335.27 
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