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1. ABSTRACT 

1.1 B ~ ~ J X U D  m j e c t i v e s  

The primary objectives of the  Ecosystem Processes Component (EFC) of 

the  Maryland Chesapeake Bay Water Quality Monitoring Program a r e  to: 

1) characterize the present state of the bay (including spa t i a l  and 

seasonal variation) relat ive t o  sediment-water nutrient exchanges and 

oxygen consumption and the r a t e  a t  which organic and inorganic parti-  

culate  materials reach deep waters and the  sediment surface. 

2) determine the long-term trends that might develop in sediment-water 

exchanges and ver t ica l  deposition ra tes  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 bet ter  understanding of the 

processes affecting Chesapeake Bay water quality and its impact on 

living resources, 

Measurements of sediment-water nutrient and oxyen exchanges are  made on a 

quarterly basis  a t  four locations in the mainstem Bay, and a t  two key 

location i n  each of three major t r ibutary r ivers  (Patuxent, Choptank, and 

Potomac). Vertical deposition ra tes  a re  monitored a t  one mainstem Bay 

location, in  the  central  anoxic region. 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  t h i s  program have been 

coordinated with other components of the Maryland Chesapeake Bay Water 

Quality Monitoring Program i n  terms of s ta t ion  locations, sampling 

frequency, methodologies, data storage and transmission, reporting 

schedules and data synthesis. 



1.2 Justlflcation . . 

Recently, it has been shown that  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 i n  determining water 

quality and habitat conditions. For example, it has been found that  during 

summer periods, when water quality conditions are  typically poorest (i.e. 

anoxic conditions in  deep water, algal  blooms), sediment releases of 

nutrients kg. nitrogen, phosphorus) and consumption 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 conditior?~ i? many zones 

of the Bay. Ultimately, these processes are driven by inputs of organic 

matter and nutrients from both natural and anthropogenic sources. If water 

quality management programs are instituted and loadings decrease, changes in 

the magnitude of the processes monitored in t h i s  program w i l l  serve as a 

guide in  determining the effectiveness of strategies aimed a t  improving Bay 

water quality and habitat conditions. 



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

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

anthropcgenic sources, on such important estuarine processes as  

phytoplankton production and oxygen status (Nixon 1981; DIElia e t  al. 

1983). 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 loadins from all types of sources mynton e t  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 (SOD) has been 

found t o  be related t o  the amount of organic matter reaching the sediment 

surface and +he magnitude of th 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 

communities suggests that there are mechanisms whereby nutrients are 

retained in estuaries, such as  the Chesapeake, and can be mobilized for use 

a t  la ter  dates. Etesearch conducted in  Chesapeake Bay and other estuaries 

has shown that  esizuarine 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 1. 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 was ajssociated with sediments and 25-70% of algal nitrogen 

demand was supplied from estuarine sediments (Boynton e t  al. 1982b). 
- 



Processes of t h i s  magnitude have a pronounced ef fec t  on estuarine water 

quality and habitat  conditions, In terms of storage, sediments in much of 

Chesapeake Bay, especially the upper Bay and tr ibutary rivers,  contain 

large amounts of carbon, nitrogen, phosphorus and other compounds. It 

agpears tha t  a large percentage of t h i s  material reaches the sediments 

during the  warm periods of the year and tha t  some portion is available t o  

regenerative processes and hence for  continued a lga l  util ization. 

Nutrients, and other materials deposited or buried i n  sediments, represent 

the potential  "water qual i ty memory" of the Bay. 

2.1 Justlflcation . . 

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 luvia l  i n p t s ,  local  non-point drainage and d i rec t  r a in fa l l  on 

Bay waters. It appears tha t  dissolved nutr ients  a r e  rapidly removed from 

the water columr, v i ~  biological, cneinical an2 pkijsical necl.a~isi,:s aid muck. 

of t h i s  material then s i n k s  t o  the  bottom where it is remineralized. These 

essent ial  nutrients are then ut i l ized by algal  communities, a portion of 

which i n  turn sink t o  the bottom, contributing t o  the development of anoxic 

conditions and loss  of habitat  fo r  important infaunal, she l l f i sh  and 

demersal f i s h  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, deposition of organics t o  deep waters and anoxic 

conditions typically associated with eutrophying estuarine systems. 



It is within the  context of t h i s  model tha t  a monitoring study of 

deposition, sediment oxygen demand and sediment nutrient regeneration has 

been initiated. The rationale is t h a t  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 nutr ients  and continued high algal  

production w i l l  a l so  be decreased. Since these benthic processes are 

importxqt i n  influencing water qual i ty conditions, changes in these 

processes w i l l  serve a s  important indications as t o  the  effectiveness of 

nutrient control actions. 

The primary objectives of the  Ecosystem Processes Component (EPC) of 

the Maryland Chesapeake Bay Water Quality Monitoring Program a re  to: 

1) characterize the  present s t a t e  of the  bay (including spa t i a l  and 

seasonal variation) relat ive t o  sediment-water nutrient exchanges 

and oxygen consumption and the ra te  a t  which organic and inorganic 

part iculate  materials reach deep waters and the sediment surface. 

2) determine the long-term trends tha t  might: develop in se(iiment wate, 

exchanges and ver t ica l  deposition rates  in response t o  pollution 

control programs. 

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

elements of the  monitoring program t o  gain a bet ter  understanding 

of the  processes affecting Chesapeake Bay water qual i ty and its 

impact on l iving resources. 



3. mEOJECT DESCRIPI'ION 

3.1 Sa@Ug Locat ians 

3.1.1 General 

Sampling locations for  both the  sediment oxygen and nutrient exchange 

study (SONE) and the  ver t ica l  f lux study (VFX) are shown i n  Figure 3-1. 

Brief descriptions and exact locations of SONE and VFX s ta t ions  are given 

i n  Table 3-1 referenced t o  OEP s ta t ion  numbers. Four of the 10 stat ions 

sampled as par t  of the  SONE study a re  located along the s a l i n i t y  gradient 

in the  mainstem Bay 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 s tat ions were located i n  each of three t r ibutary 

r ivers  (Patuxent, Choptank and Potomac), one in the  turbidi ty maximum or 

t ransi t ion zone and one in the lower mesohaline region. The stat ion 

monitored a s  part  of the  VFX study was located in the  mainstem of the Bay 

in the central  anoxic region (Fig. 3-11. 

. . QtStationLocations 3.1.2 

Axatians of SON3 s t a t io r s  (Fig.3-1 a d  Tab12 2-11 wert! selected based on 

prior knowledge of the general patterns of sediment-water nutrient and 

oxygen exchanges i n  Chesapeake Bay. Several ea r l i e r  studies a3oynton e t  

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 t ransi t ion zone of t r ibutar ies  were much 

larger than those observed in the higher sa l in i ty  downstream portions of 

tributaries.  Hence, a ser ies  of s tat ions were located along the  mainstem 

from Still Pond Neck i n  the upper Say t o  Point No Point near the mouth of 

the Potomac River. A pair of s tat ions were established in three 



Fig .  3-1. Locat ions  o f  SONE and VFX moni to r ing  s t a t i o n s  i n  t h e  
Maryland p o r t i o n  o f  Chesapeake Bay. 



Table 3.  Locat ions and desc r i p t i ons  o f  s t a t i o n s  sampled as p a r t  o f  t h e  Ecosystem Processes Component 
o f  t h e  Mon i to r i ng  Program. 

Bay S t a t i o n  Code Name General L a t i t u d e  Tot  a 1 Sal i n i  t y  
Sediment Name (Nearent OEP Locat ion  & Depth, m C h a r a c t e r i s t i c s  

S t a t i o n )  Longi tude 

Patuxent Buena Bu. V i s t a  0.75 naut .  m i  N o f  38' 30.96' 3-4 O l i goha l i ne  
R ive r  V i s t a  (XDE 9401 ) R t .  231 Br idge a t  76'39.85 

Benedict ,  MD 

S t .  Leonard S t .  Leo 7.5 naut .  m i  o f  upstream 38'22.74 6-7 Mesohal i ne 
Creek (XDE 2792) o f  Patuxent R i ve r  mouth 76'30.08 

Choptank Windy Wind. HL 10.0 naut ,  m i  upstream 38'41 .43 3-4 01 i gohal i ne 
R i  ve r H i l l  (NONE 1. o f  R t .  50 b r i dge  a t  75O58.42 

Cambridge , MD 

Horn Horn. P t .  4.0 naut.  m i  downstream 38' 37.07 7 -8 Mesohal i n e  
Po in t  (F1ET5.2 ) R t  . 50 br idge a t  76O07,80 

Cambridge , MD 

I Potomac ' Maryland Md. P t .  1250 yds. SE o f  buoy 38O21.36 9-1 Q 01 i.goha1 i ne 
R ive r  Po in t  (XDA 11 77) R-18 77O11.52 

Ragged Rag. Pt .  1.5 naut .  m i  WNW o f  38OQ9.77 13-1 4 Mesohal i ne 
Po in t  (XBE 9541) BW "51B" 76'35.58 -, 

I 

Chesapeake S t i l l  S t i l .  Pd. 700 yds.  W o f  channel 3 s  37'20.91 &' 9-1 Q Ol igoha l i ne  
Mainstem Pond ( M C B ~  .2) marker "41 '' 76'10.87 

Buoy R-78 200 yds. NNW o f  channel 38" 57.28 15-16 01 igo-!leso 
R-78 (.MCB 3.3C) buoy "78" 76'23.58 ha1 i ne 

B uoy2 R-64 300 yds. NE, o f  channel 38O33,60 1 5-1 6 Mesohal i n e  
R-64 (MCB4.3C) buoy R-64 76'25.64 

Po in t  No P t .  No. P t .  3.2 naut ,  m i  E o f  38'07.98 13-1 4 Mesohal i n e  
Po in t  (MCB5.2) Pt .  No P t .  76O15.10 

l ~ e c o n d s  o f  l a t i t u d e  and l ong i t ude  are expressed as hundreths o f  a n i n u t e .  
' ~ l s o  serves as t h e  VFX S t a t i o n .  



t r ibu ta r i e s  (Potomac, Patuxent, and Choptank), one being i n  the  t ransi t ion 

zone and one in the lower estuary. In a l l  cases s ta t ion  locations were 

selected having depths and sediment character is t ics  representative of the  

estuarine zone being monitored. 

In a few instances (Patuxent s ta t ions  and Choptank s ta t ion  a t  Horn 

Point) SONE s ta t ions  a re  not located exactly a t  the  same s i t e  as other 

Maryland Chesapeake Bay Water Quality Monitoring Program stations, although 

they are  close & 10 km). The prime reason for  t h i s  is that there is a 

considerable amount of benthic f lux data already available from the SONE 

sites selected in the Patuxent and Choptank and these data can be used by 

the monitoring program. In a l l  cases our sta+.ions and the OEP s ta t ions  a r e  

i n  the  same estuarine zone. Benthic fluxes have been found t o  be qui te  

constant over small spa t i a l  scales ("10-20 km) given t h a t  measurements were 

taken in the same estuarine zone (similar sal ini ty,  sediments and depths) 

and hence this program retains a high degree of comparability with other 

program components (Boynton e t  al. 1982b). 

The use of sediment t r a p  methodology t o  determine the net ver t ica l  

flux of part iculate  material is restr icted t o  the deeper portions of the  

Bay. In shallower areas local resuspension of bottom sediments is 

suff icient ly large t o  mask the downward flux of "newn material. Hence, 

sediment t raps  are  not a useful too l  in the upper reaches of the  mainstem 

and in many tr ibutary areas. The array (R 64; Fig. 3-11 is positioned near 

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

ver t ica l  flux of part iculate  organics reaching deeper waters. This  

location is close to, but does not exactly coincide with, OEP s tat ions in 

t h i s  area. Since sediment t raps are  fixed pieces of gear exposed t o  damage 

and/or loss  by commercial boat t r a f f i c ,  a location was selected not 

regularly used by such vessels, but still close t o  the  OEP station. 

8 



3.2 &m&LI&g F r a u e x y  

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 i n  the Chesapeake Bay region (Kemp and Boynton 1980; 

Kemp and Boynton 1981; Boynton e t  al. 198213; Boynton and Kemp 1985). 

These studies indicated that there are several dist 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 

LI the f a l l  when anoxia w a s  not present and macrofsunal community abundance 

low but re-establishing and 4) an early spring period (April-May) when the 

spring phytoplankton bloom occurs, and water column nutrient concentrations 

are high (particularly nitrate). Previous studies also indicate that  

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, the 

monitoring design adopted for the SONE 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 are largest during the warm seasons of the year (April- 

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 e t  al. 1982b; Kemp and 



Boynton 1984). However, there is some var iabi l i ty  in warm season 

depositional rates,  due probably t o  a lga l  blooms (of short duration; days- 

week), variation in zooplankton grazing ra tes  (week-month) and other, less 

w e l l  described, features of the  Bay. Given the  importance of obtaining 

inter-annual estimates of organic matter deposition ra tes  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 depositional period of the  winter (December-March). 

Direct measurements of organic deposition t o  Bay sediments is monitored 19 

or more times per year. Vertical deposition ra te  measurements are  

coordinated with SONE measurements i n  tha t  sediment-water exchanges are  

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

coincide with other Monitoring Program sampling act ivi t ies .  The sampling 

schedule for  the period July 1985 - June 1986 is shown i n  Table 3-2 for  t h i s  

component of the  Monitoring Program. 

3.3 f i e l d  Meth& 

Lktails concerning methodologies have been described in the  Ecosystem 

Processes Component Study Plan (Boynton et al. 1984). The following 

section provides an overview of f i e l d  act ivi t ies .  

3.3.1 SUE 

3.3.1-1 Water Column Profiles: A t  each of the 10 EDNE stations, 

ver t ica l  water column profi les  of temperature, sa l in i ty  and oxygen a re  

obtained a t  2 m intervals from the surface t o  the bottom immediately prior 

t o  obtaining in tac t  sediment cores for  incubation, Near-surface k l m )  and 

near-bottom & l m )  water samples were also collected using a high volume 

submersible pump system. Samples a re  f i l te red ,  where appropriate, using 
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0.7 um GF/F f i l t e r  pads and immediately frozen. Samples are analyzed for 

the following dissolved nutrients and particulate materials: ammonium 

( N H ~ ~ ,  ni trate (m3-), n i t r i te  (KO2-), total  dissolved nitrogen (CON), 

dissolved inorganic phosphorous (F04-'), dissolved organic phosphorus mP), 

silicious acid (Si (OH) 4), particulate carbon (PC), particulate nitrogen 

(PN) , particulate phosphorous (PP) , chlorophyll-g and seston. 

3.3.1.2 Sediment Qres Intact sediment cores are obtained a t  each 

SONE station using a modified Bourna box corer. After deployment and 

retrieval of the box corer, the plexiglass liner containing the sediment 

sample is removed and visually inspected for disturbance. If 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. 3-31. 

Prior t o  beginning incubation, the overlying water in a core is replaced by 

bottom water t o  insure that water quality conditions in the core closely 

approximates in-situ conditions. Gentle circulation of water is maintained 

in the cores during the measurement period via the stirring 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 

ambient temperature. Oxygen concentrations are recorded every 15 minutes 

and water samples (30 m l )  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 ambient bottom water is added. Cne additional 

sample of bottom water is incubated and sampled as described above and 

serves as a water blank. Water samples are filtered, immediately frozen and 

later analyzed for m4+, q-, m2-, mi3 and S i  concentrations. 



Nutrient and oxygen fluxes a re  estimated by calculating the mean ra te  of 

change in  concentration over the incbbation period and then converting the 

volumetric r a t e  t o  a f lux using the  vo1ume:area r a t i o  of each core. 

3.3.1.3 Sediment Profiles: A t  each SONE s ta t ion  an in tac t  sediment 

core is cbtained and measurements immediately made a t  1 c m  intervals  t o  a 

depth of about lOcm Once a year sediments are sampled for  ver t ica l  

dis tr ibut ion of both dissolved and part iculate  nutrient concentrations and 

water cQntent. For these measuremnts several in tac t  sediment cores a r e  

obtained a t  each s ta t ion  using the Bouma box corer. Sub-cores a re  taken and 

sliced a t  l c m  intervals  t o  a depth of 5cm and a s l i c e  a t  10 c m  is a l so  

taken. Samples a re  analyzed for  water content, part iculate  carbon (PC), 

nitrogen PN), phosphorus (PP), mi, ql NO?, FQi3 and Si(OHI4 

concentrations, 

3 ~ 3 * 2 ~ M e t h o d s E v a l u a t i o n : J ~ ~ ~ y ~ , ~ _ C o r e ~  

Many of the previous investigations of oxygen and nutrient fluxes 

across the  sediment-water interface in  Chesapeake Bay and other coastal 

waters were conducted using enclosure chambers deployed i n  s i t u  (e.g., 

Boynton et al. 1980; Kemp and Boynton 1984; Boynton and Kemp 1985). While 

these in s i t u  chambers have the advantage of causing minimal disturbances 

of sediments, they require the deployment ship t o  remain on stat ion during 

the  en t i r e  incubation (usually 3-6 hours). Such experimental systems would 

be impractical for  use in monitoring program (such as t h i s  OEP study) which 

includes ten stations, the  extreme locations which a re  separated by more 

than 200 km ship "steamingw distance. Hence, the present program has 

developed an al ternat ive method which involves s h i w a r d  incubation of 

in tac t  sediment cores, allowing ship t r ans i t  between stations while flux 

measurements are  being made on previously collected cores. 



Figure 3-3. Schematic diagram of  t h e  incubat ion  chamber used 
i n  SONE Program. 
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Questions have been raised concerning the re la t ive  a b i l i t i e s  of the 
e 

two methods (in s i t u  chambers vs intact cores) t o  obtain ~ a l i s t i c  measures / 

of sediment interface fluxes. In  addition, it w a s  anticipated t h a t  

measurements made in the  current OEP program with intact cores could be 

compared with those made previously a t  the same s ta t ions  using in s i t u  

chambers. Thus, it was decided t h a t  ( in conjunction with a Maryland Sea 

Grant Project) simu$&neous measurements by the two methods would be made / 

a t  selected s tat ions and dates. Tripl icate  measurements were made by each 

method; SCUBA divers assisted in deployment of chambers. Comparison 

studies were conducted in May a t  Dares Beach (CP2) and in August a t  R64 

( 8 3 )  and Dares Beach, and both oxygen and m n i u r n  fluxes were monitored. 

No significant differences in measurements with the two methods were 

detected (p < 0.05) for  sediment oxygen demand (SOD) i n  spring and summer 

a t  CP2, although mean ra tes  were 5-10% lower with cores (Table 3-21. No SOD 

was measured a t  (23 where bottom waters were anoxic or hypxic. Rates of 

ammonium regeneration i n  spring a t  8 2  were about 30% lower (significant a t  

p <0.05) with cores compared t o  chambers. Ammonium fluxes measured i n  

August by the two methods were nearly identical  both a t  CP2 and CP3. From 

these data w e  would conclude t h a t  there is no consistant pattern of 

difference between oxygen and ammonium fluxes measured by cores versus 

chambers. Variances associated with these measurements (10-20% of mean) 

make it impossible t o  detect small differences (< 20%) without further 

studies. Previous reports of similar comparisons between cores and chambers 

for  SOD a re  somewhat inconsistent, and Pamatmat (1977) concludes tha t  there 

is no inherent 'difference in the measurements. Similar method comparisons 

for  m n i u m  fluxes are not available i n  the l i te ra ture .  



Table 3 2 .  Corrparison of sediment-water f lux  mez.surernents of oxygen and 
m n i u m  us+ shi-d incubated cores versus in s i tu  
incubated chalIIbers. * 

Oxygen Flux f Ammnium Flux 

Date station 
(1986) 

cmp2 f2 d-1) 
Cores Charrbers 

(-1 N h-1) 
Cores l2d2ers 

* Given are means of three replicates + one standard deviation. 

: brygu, w2.s r.& present it bottom wate~s  a t  Station CP3 on Auyust 
dates. 

- Only one replicate available.  



3.3.3 YM 

A t  the VEX station, a water column profile of temperature, salinity 

and oxygen is obtained a t  2 m intervals from the surface t o  the bottom to  

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

collected a t  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 just above, one just below and 

one a t  the pycnocline. Samples are analyzed for particulate materials 

including PC, PN, PP, chlorophyll-g and seston. These data provide 

descriptions of the particulate matter field a t  that moment and are useful 

evaluating results developed from sediment trap collections. 

3.3.3.1 Sediment Sarm>lins. During each VFX monitoring cruise a 

surficial sediment sample (surface lcm) is obtained using either a Van Veen 

grab or the Bouma box corer. Sediment samples are later analyzed t o  

determine PC, PN and PP concentrations and chlorophyll-g content. 

Subsamples are also examined to  determine the composition of surficial 

sediment particulates (e.g. algal species, zooplankton fecal pellets, etc.) 

3.3.3.2 -. The sampling device used t o  develop estimates 

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

concrete anchor-weight (200 kg) connected to  a stainless steel  wire (0.8 cm 

diameter) which is maintained in a vertical position through the water 

column by a sub-surface buoy (45 cm diameter; 40 kg positive buoyancy). The 

subsurface buoy is tethered to  a surface marker buoy by wire cable 

(Fig. 3-41. Collecting .arrays are attached a t  about 5, 9 and 14 m beneath 

the water surface to  obtain estimates of vertical flux of particulates from 

the surface euphotic zone t o  the pycnocline, flux across the ~ c n o c l i n e  t o  

deep waters and flux of materials associated with the near-bottom which 

includes local resuspension of sediments as well as net deposition. 

14  



The sediment t r a p  s t r ing  is 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 a re  retrieved ei ther  by SCUBA 

equipped divers or by hoisting the  en t i r e  array t o  shiNoard. 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 in to  

the water. 

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

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

Additionally, a 10 m l  sample is preserved using a modified Lugol's solution, 

and l a t e r  examined t o  determine character is t ics  9f collected part iculate  

material k g .  a lga l  speciation, zooplankton fecal  pel lets ,  etc.). 

Particulate material concentrations i n  sampling cups a re  converted t o  

ver t ica l  flux t o  the  depth a t  which the  collecting cup was suspended by 

consideration of the  cross-sectional area of the collecting cup, 

deployment time and sample and subsample volumes. Further de ta i l s  

concerning t h i s  monitoring program a re  provided in Boynton e t  a L  (1985). 

3.3.4 Chemical l&l&%Xs 

In brief ,  methods are  a s  follows: q, FO;, NHi and mi3 are measured 

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

analysis uses the digestion and neutralization procedure of D'Elia e t  

al. (1977) followed by DIP analysis (EPA 1979); s i l i c ious  acid is 

determined using the  Technicon Industr ial  System (1977) method; dissolved 

organic nitrogen O N )  analysis follows the  method of D'Elia e t  al. (1977); 

PP concentrations a re  obtained by acid digestion of muffled-dry samples 

(Aspila e t  a L  1976) while PC and PN samples a re  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 
- 
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Shod and Lium (1976) are  followed for chlorophyll ja analysis; t o t a l  

suspended solids determination uses the gravimetric technique of EPA 

(1979). 

3.3.5 Algal . . 

Identification of particulates is accomplished by microscopic 

examination. Phytoplankton samples are allowed t o  s e t t l e  for 3 or more days 

prior t o  concentration and subsequent analysis. N e t  plankton (<40 u on 

longest axis) and nannoplankton are  counted using the random f ie ld  technique 

(Lund e t  al. 1958; Venrick 19781, which requires a minimum of 1 0  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 macpification, with species i.dentif ication con£ ixmation a t  

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

random f ie ld  analysis, a l O O X  scan is made of the entire set 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. 

3.4 Level L Analvsis: 

3.4.1 SXJE SWdy 

Level I interim reports include tabular l i s t ings  of a l l  Variables 

measured. A t  each SONE station, 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 

sal ini ty are reported. Summarly s t a t i s t i c s  (means, standard deviations) 

are provided for nutrient and oxygen flux data. 



3.4.2 

Each Level I report includes tabular l i s t i n g  of a l l  variables 

measured. Specifically, a t  each VFX s ta t ion  deposition of part iculate  

materials t o  collection cup depth, characterization of su r f i c i a l  sediments, 

part iculate  material concentration in the  water column and ver t ica l  

profi les  (2m intervals) of dissolved oxygen, temperature and sa l in i ty  a re  

reported . 

4. HImRICAL PATTEF&E of SOD and NE14 FLUX 

4.1 Data Availabllltv . . 

Measurement of oxygen and ammonium fluxes across the sediment-water 

interface were in i t i a t ed  i n  1978 a t  s ta t ions  i n  the  Patuxent River 

estuary. This research which w a s  supported by Maryland DNR/PPSP, 

continued through 1980. Two cruises supported by Sea Grant i n  1983 and 

1984 puctuated the period between early DNR studies and the  current OEP 

monitoring program which has continued since 1984. Two Patuxent River 

s tat ions have been sampled during t h i s  period: Buena V i s t a  is located in 

the upper estuary near Chalk P ~ i n t ;  St. Leonard. Creek is Icx=aced closer 

t o  the estuary's mouth. Measurements a t  sites in the open Bay and 

selected t r ibutar ies  i n  1980 an5 1981 (supported by US EPA) can a lso  be 

compared t o  recent OEP data. In this section, w e  examine these data for 

h is tor ica l  trends which may be relevant t o  the monitoring effort. 

Although the  ear l ie r  measurements were made using in  s i t u  chambers as 

oppsed t o  the in tac t  cores used in  the OEP monitoring program, d i rec t  

comparisions of these two methods in 1986 revealed no consistent 

differences (see Section 3.3.2). Thus, for  the present analysis, it is 

assumed tha t  the two methods are  comparable. 



Calendar Year 

F i g .  4-1. Annual pat terns  of water temperature, sediment oxygen demand (SOD) 
and ammonium regeneration from sediments f o r  Ruena Vista s t a t i on  
i n  the  Patuxent River estuary between 1978 and 1986. Given are  
mean standard deviat ions f o r  three  r ep l i c a t e  r a t e  measurements 
(only one rep1 i c a t e  ammonium f lux  in  1978) .  
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4.2 EiQ~~LRiverPatterns 

A t  the Buena V i s t a  station, patterns of SOD and ammonium 

regeneration were relatively dist inct  in  the earl ier  period (1978-1980) 

with annual maxima occuring in mid July and l a t e  August, respectively 

(Fig. 4.1). In the more recent period (1983-19861, rates appear t o  be 

lower with seasonal peaks occuring about two months earl ier  i n  l a t e  April 

and mid June, respectively. In addition, the range of rates observed in 

a given month is much greater for the recent period. It is dif f icul t  t o  

s ta t i s t i ca l ly  compare these data se t s  because measurements were made on 

different dates. However, i f  data are arbitrari ly grouped into four 

periods (Apr.- May; June - July; Aug. - Sept.; Crt. - Nov.), general 

comparison can be made. In t h i s  way, we find that  SOD value i n  the OF9 

data were significantly lower from June through November, while ammonium 

fluxes were lower i n  the Aug. - Sept. period. The overall trend is 

highlighted in Fig. 4-2 where the ranges of rates in  the two time periods 

are outlined. 

There are no striking differences in SOD and ammonium fluxes between 

the two time periods a t  the St. Leonards Creek station (Fig. 4-31: however, 

substantially fewer data are available for comparisons a t  t h i s  station. 

There is a suggestion of the same trend as  noted for Buena Vista here, 

but it is less  pronounced, perhaps, in part, because of insufficient 

measurements and the absence of data before 1980. 

4.3 PotentialFactorsReaulatinsFluxPatterns 

These changes in  magnitudes and seasonalities of sediment-water 

fluxes in the Patuxent estuary over the decade 1978-1986 may be responses 

t o  alternations of both temperature and river flow patterns between the 
-- 

beginning and end of t h i s  period. seasonal temperature differences 
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Fig. 4-3. Annual patterns of water temperature, sediment oxygen demand 
(SOD) and ammonium regeneration from sediments for S t .  Leonards 
Creek s ta t ion  in the Patuxent r iver  estuary between 1980 and 
1986. Given are mean standard deviations for  three repl icate  
ra te  measurements. 



between two periods a re  consistent with seasoral differences in sediment- 

water fluxes, where spring temperatures and ra tes  were both higher in 

more recent periods while summer values were higher i n  the ea r l i e r  years 

(Fig. 4-21. However, these temperature differences (ca a) a r e  not 

sufficient,  per se, t o  explain the  changes in  fluxes a t  Buena V i s t a .  For 

instance, assuming a Q10 of 2.0 (Nixon 19811, w e  would expect a decrease 

i n  s m e r  ammonium fluxes of about 20% rather than 60% as observed 

(Fig, 4-21. 

Annual mean flow of the  Patuxent was substantially higher from 1978- 

1980 (ca. 520 cfs1 compared t o  the 1983-1985 period (ca. 380 cfs). This is 

consistent with the  fac t  t h a t  annual nean values of SaT, and emmonium 

regeneration a t  Buena V i s t a  were a lso  greater i n  the ear l ie r  period 

(Fig, 4-41. This correlation is consistent with with a simple conceptual 

model which postulates a d i rec t  chain influence, where river flow delivers 

nutrient inputs which support plankton production, some of which is 

deposited t o  the  sediment surface, thereby fueling SOD and NH+4 

regeneration k g .  Boynton et a L  198213). The observed seasonal sh i f t s ,  

however, would not necessarily be predicted from t h i s  model. In fact,  data 

presented by Cory (1974) for  primary production in the  Patuxent near Buena 

Vista indicate the opposite response t o  inc reasd  nutrient loading (from 

sewage effluents) , where the t i m e  of maximal rates  shifted from spring t o  

summer. River flow, however, a l so  peaked 3 months ea r l i e r  in the 1978-1980 

period compared t o  1983-1985 (Fig, 4-41, and in combination with the  

temperature differences, might account for  the seasonal s h i f t  in fluxes. 

This explanation would require a 3-4 month lag between time of peak r iver  

flow and peak sediment-water fluxes, which is consistent with the  previously 

described scheme relating nutrient inpl ts ,  productivity and sediment-water 

fluxes (Kemp and Boynton 1984). 
-- 

19 



I I PATUXENT RIVER FLOW . 1 

800 

cr) - 600 ;  
0 

$ 
0 - LL 400- 
s 
a 
$ 200- 

0 

01 I 1 I I I I I I I I I I 
J F M A M J J A S O N D  

PATUXENT RIVER FLOW - - 
(Annual Means) 

- 
- - 

- 
- - 

- 
- 

< 

- 
- DKR' ~ a t a  -1 ~ M G S ,  OEP ~ata - (  

I 1 I I I I I I 

Calendar Months 

78 79 80 81 82 83 84 85 86 
Water Year 

F i g .  4 -4 .  P a t u x e n t  R i v e r  f l o w  ( n e a r  Bowi e ,  Md. ) : a )  a n n u a l  means f o r  
1978 -1985 ;  b )  m o n t h l y  means and r a n g e s  f o r  two p e r i o d s ,  
1978-1  980 and  1983-1 985  (USGS Wate r  R e s o u r c e s  R e p o r t s  
1 9 7 8 - 1 9 8 5 ) .  



EILULLPatternsinLheBiaYr;andLowerTributaries 4.4 Sediment 

Comparing summer (Aug) and spring (May) rates of SCB, and ammonium 

regeneration for stations in  the open Bay and tributary months between 

1980-1981 and 1985-1986, we find differences parallel  t o  those discussed 

above for the Patuxent (Fig. 4-51. A s  in the Patuxent, summer ammonium 

fluxes i n  1985 were higher (significantly a t  3 of 4 stations) than in 1980, 

while spring fluxes a t  the later  date (1986) were similar or lower than 

those i n  1981. SOD fluxes were significantly higher in both summer and 

spring of the earl ier  period, although the differences were l e s s  pronounced 

in  May (Fig. 4-51. Annual peak flows of the Susquehanna River (Fig. 4-61 were 

almost twice as  high i n  1980 and 1981 than ir 1985 (1986 data not yet 

available). Once again, t h i s  suggests a direct relation between river flow 

and sediment-water fluxes, as mediated by nutrient inputs and plankton 

production (Boynton e t  al. 1982). Effects of river flow other than 

nutrient delivery may also be operational here. For example, increase 

s t ra t i f icat ion assoicated with high river flows may also enhance cross-bay 

circulation and benthic-pelagic coupling (Malone e t  a l .  1986). 
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5. ~ C I ' E R I S T I C S  OF SEDIMENTS, SESION AND PARTICLE FLUX 
AT STATION R-64 (VFX hDNITORIbG) 

Fluxes of particulate organic and inorganic materials t o  the depth of 

collecting cups a t  a mid-Bay station (IF-64) are shown in Figure 5-1. In  t h i s  

figure portions of three years of monitoring data are shown and coded a s  

follows: 1 = July-December, 1984; 2 = February-October, 1985; 3 = January - 
June, 1986. The measured flux (y - axis) is plotted against Julian day (x - 
axis) for all  three years, A s  a poirit of reference, Julian days 90, 180 and 

270 correspond approximately t o  1 April, 1 July and 1 October, respectively. 

Note also that  the y-axis scales di f fer  among panels in some cases, 

There were several strong seasonal patterns evident i n  the depositional 
- .  

data. During 1985 and 1986 there appeared t o  be a major depositional event 

over prolonged periods during the spring of both years. For example, in  1985 

deposition rates began t o  increase in early March, reached a peak of about 

-2 1 1.2 gCm $c in early May and then declined rapidly in June. A very similar 

pattern was evident in 1986, with some sh i f t s  in magnitude and timing of the 

spring event. We suspect that high and sustained spring deposition rates are 

due t o  the sinking of the spring phytoplankton bloom, much of which appears 

t o  be ungrazed by the zooplankton. This pattern has been repeatedly observed 

in  other coastal and estuarine systems (Smetacek, e t  al. 1978; Skjoldal and 

Lannergren, 1978; Peinert e t  al. 1982; Davies and Payne, 1984). 

In contrast, summer deposition rates were erratic. For example, in mid- 

summer (1985) deposition rates t o  the middle cups ranged from about 0.45 - 
1.2 g~m-~d-l within a 25 day period Similarly variable patterns were 

observed i n  the summer of 1984 as well. It appears that  t h i s  pattern is the 

result of sinking of phytoplankton blooms, the nutrient requirements of which 

were probably supported by aperiodic upwelling of nutrient-rich deep waters 
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F i g u r e  5-1. Summary o f  e s t i m a t e s  o f  v e r t i c a l  d e p o s i t i o n  o f  p a r t i c u l a t e  
m a t e r i a l s  (Seston,  PC, PN and PP)- t o  su r face ,  m i d d l e  and 
bo t tom w a t e r  c o l l e c t i n g  cups a t  S t a t i o n  R-64 ( s e e  F i g .  1 -1  
f o r  s t a t i o n  l o c a t i o n ) .  Data on t h e  pane ls  a r e  coded by y e a r  
as f o l l o w s  : 1  =1984; 2=1985; 3=1986. D e p o s i t i o n  r a t e  d a t a  
f o r  1985 a r e  connected by s o l i d  l i n e s .  Note  t h a t  y - a x i s  

-- s c a l e s  d i f f e r  between dep ths  f o r  some v a r i a b l e s .  As a  p o i n t  
o f  r e f e r e n c e ,  J u l  i a n  days 90, 180, and 270 a r e  r o u g h l y  
e q u i v a l e n t  t o  A p r i l  1, J u l y  1  and Oc tober  1 ,  r e s p e c t i v e l y .  



during the summer (Malone, e t  al. 1986; Tuttle, e t  al., 1986). Thus, a part 

of the picture which emerges relative t o  deposition is one wherein there is a 

substantial and sustained spring event, largely supported by phytoplankton 

production based on "new nutrientsn (Dugdale and Goering 1967; Hemp and 

Boynton 1985). The erra t ic  summer deposition pattern reflects  aperiodic 

boom and bust cycles of phytoplankton communities. Ln summer, nutrient 

requirements of the phytoplankton are largely supplied by recycled 

nutrients, a portion of which comes from sediments and a portion from 

water column recycling. We suggest that  blooms occur whenever 

meteorological events (especially strong winds) cause nutrient enriched 

deep water t o  m i x  upward into the euphotic zcne. These blooms then last 

unt i l  nutrient stocks are exhausted. Until the next upwelling event, 

lower levels of primary production prevail i n  the upper mixed layer. 

This production is supported by rapid in - s i tu  nutrient recycling. The 

rapid bloom-and-crash nature of summer phytoplankton production is 

therefore responsible for random-looking peaks and dips in  the summer 

record of organic matter deposition. 

5.2 S e a s o n a l P a t t e r n s D s e d i m D J l t - .  
. . 

We have summarized in Fig. 5-2 the 3-year seasonal patterns of 

particulate carbon (PC), particulate nitrogen (PN), and particulate 

phosphorus (PP) in  the surf i c i a l  sediments (top lcm a t  Station R-64 (Fig. 5-2 

a,b,c). While there is a good deal of scatter in these data, several 

patterns appear t o  be fa i r ly  clear. First ,  an obvious and strong increase 

in the percentage of PC and PN a t  the sediment surface occurred briefly 

during the summer period of 1984. PC concentrations increased from about 2.9 

t o  almost 3.8 percent of dry weight from July t o  August and then declined t o  

about 2.5 percent by the beginning of October. A similar pattern was 



Figure 5-2. Summary of particulate carbon, nitrogen, and phosphorus content, and element ra t ios  
of sur f ic ia l  sediments a t  s ta t ion F?-64 for the period July, 1984 - June, 19%. In 
the upper three panels data points for 1985 are connected by sol id  l ines .  Data 
coding i s  as i n  Fig. 5-1. The diagonal l ines in the .lower three panels represent 
Redfield Ratios for PN:PC, PP:PC, and PP:PFI respectively. Mote these ra t ios  are 
the inverse of the usual presentation of these ra t ios .  



evident fo r  PN. Peaks in PN and PC content of s u r f i c i a l  sediments para l le l  

reasonably w e l l  periods of heavy deposition during the  summer of 1984. In 

1985 and 1986 the  signal in PC and PN content in sur f i c i a l  sediments was 

somewhat different: concentrations were generally f a i r l y  low during the  early 

spring, increased dramatically during the l a t e  spring and early summer and 

then declined substantially during the  l a t e  summer and early f a l l .  These 

patterns a re  reasonably similar t o  the  patterns observed in deposition (Fig. 

5-11 w i t h  some time lag involved. There seems t o  be l i t t l e  seasonal pattern 

in the  PP content of su r f i c i a l  sediments a t  s ta t ion  R-64 in contrast t o  the  

patterns seen for  PC and PN. For example, the lowest value i n  two and one- 

half years of monitoring was &out 0.047% and the highest w'as about 0.070%. 

Additional insights can be gained with regard t o  the  f a t e  of deposited 

organic material by examining the composition r a t i o  of organic material in  

surf i c i a l  sediments. Ratios of PN:FC, PP:PC and PP:PN for  the  ent i re  

monitoring period are  shown in Fig. 5-2 d,e,f. The diagonal sol id l i n e  i n  

each diagram represents the expected composition r a t i o  for  healthy 

phytoplankton (Redfield Ratio, PC:PN:PP = 106:16:1, atomic). The PN vs. PC 

p lo t  (Fig. 5-2d) indicates a substantial  and consistent loss  of PN re la t ive  

t o  PC i n  the  sediments a t  a l l  seasons during a l l  three years examined. A 

similar,  although not a s  strong, pattern is evident i n  the PP:PC ra t ios  (Fig. 

5-2e). These data suggest that there is preferential  loss  of both nitrogen 

and phosphorus re la t ive  t o  carbon i n  the sediment. Finally, the  r a t i o  of 

PP:PN (Fig. 5-2f) suggests a re la t ive  enrichment i n  PP re la t ive  t o  PN i n  

these s u r f i c i a l  sediments, although t h i s  relationship over the  monitoring 

period has considerable scat ter  associated with it. Overall, examination of 

these data suggest tha t  nitrogen is preferentially l o s t  from these sediments 

re la t ive  t o  both carbon and phosphorus. These findings a re  consistent with 



earl ier  work by Kemp and Boynton (1985) i n  t h i s  area of the bay. They found 

good correspondence between the composition ratios of surf ic ia l  sediments and 

the magnitude of sediment water exchanges of nitrogen and phosphorus 

campounds. 

5.3 R e l a t i o n s B e t w e e n W a t e r w m t i c w a m M a t e r i a l s  
. . 

In examining the characteristics and magnitude of depositing 

particulates it is of interest t o  examine and relate the characteristics of 

deposited material t o  the characteristics of particulates i n  the water 

column. We have summarized composition rat ios for water column particulates 

in the vicinity of the surface, mid and bottom collecting cups for the entire 

monitoring period in Figure 5-3. In  t h i s  diagram solid d i apna l  lines again 

represent the Redfield Ratio indicating expected composition rat ios of 

phytoplankton communities. In some of the panels there are groupings of data 

surrounded by dashed lines, these l ines serving t o  indicate data clusters and 

have no s t a t i s t i ca l  basis. A number of interesting patterns emerged. In 

brief, lJN:PC rat ios of particulate material throughout the water column 

rather closely approximated the Redfield Ratio in all seasons examined and in 

surface mid and bottom waters. We infer from th i s  that  the water column 

particulate f ie ld  comprises considerable organic material (either 

phytodetritus or living phytoplankton) which on an average appears derived 

from a nitrogen-replete phytoplankton community. 

I n  sharp contrast t o  these results, composition rat ios of PP:PC and 

PP:PN show rather dist inct  seasonal or annual departures from the Redfield 

Ratio. For example, in the surface and middle regions of the water column 

(and t o  a lesser extent in  deep waters) there are indications that 

particulate material during the summer of 1984 was either sufficient or rich 

in PP relative t o  PC. However, during the spring of 1986 there were 

indications that  particulate materials i n  m i d -  waters were deficient in  PP 

2 4 



Figure 5-3. Scatter plots showing the ra t ios  of nutrient elements of seston 
suspended in the water column a t  surface, mid and bottom depths 
a t  'station R-64 from July, 1984 - June, 1986. Water column 
sample depths correspond to  the depths of sediment trap collecting 
cups. So1 id diagonal 1  i  nes a n d  dashed 1  ines represent Redfi el d 
Ratios a n d  data c lus te rs ,  respectively, as in Fig. 5-2. 



relative to PC At times this deficiency was very pronounced. This pattern 

also occurred in bottom waters but large deviations were damped out. 

The pattern for PP:PN ratios is consistent with the PP:PC ratios in that 

during the summer of 1984 there was an indication of sufficiency or 

enrichment in PP relative to PN while in the spring of 1986 there were 

indications (and at times strong indications) of P deficiency in particulates 

relative to nitrogen. This pattern was observed in surface, mid-depth and 

bottom waters. 

In summary, it appears that changes in the nutrient characteristics of 

the particulate field were dominated by strong annual or seasonal variability 

in phosphorus abundance or availability. When the remainder of the 1986 data 

is analyzed, we may be better able to resolve what appear to be strong 

departures from the expected Redfield Ratio. Finally, the particulate data 

reported here should be compared with the dissolved inorganic nitrogen and 

phosphorus data being collected by the Office of Environmental Programs Water 

Quality Monitoring Study. When this is done we will be better able to trace 

changes in nutrient abundance as dissolved cumpounds are taken up by 

phytoplankton and transformed into depositing material. 

We have further examined the qualitative nature of sinking particles by 

examining the composition ratios of particulates collected in sediment trap 

cups (Fig.5-4). Regardless of the year or season, the K:PN ratio of 

material collected in surface, mid-water, and bottom sediment trap always 

closely approximated the Redfield Ratio. In this regard the sinking material 

appeared similiar to the composition of particulates suspended in the water 

column. The PC:PP ratio for collected particulates, particularly 

those collected in bottom cups, consistently resembled the Redfield 

Ratio in sharp contrast to the considerable scatter observed in the PC:PP 



Figure 5-4. Sca t t e r  p lots  showing the r a t i o s  of nu t r i en t  elements in 
pa r t i cu la te  material col lec ted in sediment t rqps  (.surface, 
mid and bottom) a t  s t a t ion  R-64 from July ,  1984 - June, 
1986. Diagonal l i ne s  represent  Fedfield Ratios as in 
F i g .  5-2. 



ra t io  of particulates in the water column. PP:PN rat ios revealed a similar 

pattern. There was some scatter associated with mid cup collections and some 

indication of lower concentrations of PP relative t o  PC 

Thus, the picture that emerges here is that  in spi te  of considerable 

variability in the concentrations and elemental composition of suspended 

particulate matter, the material collected in  the sediment traps appears t o  

be living phytoplankton or phytoplanktonic debris. The elemental rat ios of 

sedimenting material closely approximates that  expected of healthy 

phytoplankton communities. Similar patterns have been reported for other 

estuarine systems (e.g. Hargrave and Taguchi 19781, and several explanations 

for the &served element rat ios appear possible. The f i r s t  .involves the 

sampling schemes used t o  collect these data. Suspended seston was f i l tered 

from discrete water samples while the sediment traps integrate the downward 

flux of particulates over time (4-14 days) and space. It is known that  water 

column characteristics can change on time scales of hours t o  days (Malone e t  

al., 19861 and hence considerable variability in particulate material 

composition rat ios might be expected. However, the compositional differences 

between suspended seston and sedimented materials were rather consistent. 

Simple variability in the composition of water column particulate material 

does not provide a very satisfactory explanation. A more satisfactory 

explanation for the observed differences between the elemental composition of 

seston and sinking material is that  most of the deposited material is not a 

simple or constant fraction of particulate material in the water column. 

Rather, it appears that most sedimentating particulates appear t o  be derived 

from healthy phytoplankton. 

In the middle sections of Chesapeake Bay it appears that phytoplankton 

production is the prime source of organic materials for heterotrophs i n  the 

water column and sediments (Flemer 1970). Given t h i s  we would expect that 



the  majority of organic par t ic les  collected i n  the sediment would be composed 

of phytoplankton. During some periods of the year it seems l ikely that 

depositing material is largely composed of l iving phytoplankton while a t  

other times phytodetritus comprises the  bulk of sedimenting material. me 

approach t o  t h i s  question is t o  compare PC:Chl r a t ios  of part iculate  matter 

in the water column and in sediment t r a p  cups (Figure 5-51. Several 

reasonably clear  patterns a r e  evident i n  these data. F i rs t ,  in surface 

waters there were several periods when the FC:Chl r a t i o  w a s  particularly low 

indicating predominence of l iving phytoplankton over phytcdetritus. For 

example, i n  surf ace waters a t  R-64 during the  spring bloom in 1985 and 1986, 

FC:Chl r a t ios  were generally less than 100. During the summer of 1984 and the  

l a t e  spring-early summer of 1985, PC:Chl r a t ios  were considerably higher, 

indicative of a lga l  de t r i tus  (e.g., Chervin et al. 1981). The X:CN ra t ios  

in sediment t r a p  collections followed a similar pattern: early spring 

deposition seemed t o  be composed of largely in tac t  phytoplankton c e l l s  while 

a t  other times of the  year, part icular ly during the  summer of 1984, it 

appears t h a t  material sinking from tne euphotic zone was laLgeiy composed of 

phytodetritus and zooplankton fecal  pellets. Qualitatively s imi l ia r  patterns 

of deposition have been reported for  other coastal areas (Hargrave and 

Taguchi, 1978; Smetacek, et aL, 1978; Smetacek and Hendrikson, 1979; 

Smetacek, 1980; Hargrave and Taguchi, 1978). 

There were additional spa t ia l  and depth-related patterns evident in 

PC:Chl ra t ios  of suspended seston and sinking part iculate  matter. For 

example, i n  surface waters there were several periods when PC:Chl r a t ios  were 

a good deal less than 100, indicative of-healthy phytoplankton communities. 

The PC:Chl r a t i o  in mid-waters were never below 60 and frequently in excess 

of 150. In bottom waters ra t ios  l e s s  than 100 were rare and frequently the  
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rat ios were i n  excess of 200. An even stronger vertical pattern i n  PC:Chl 

rat ios is evident in collecting cups. These observations indicate 

considerable processing of algal material as it sinks through the water 

column towards deeper waters and the sediment surface. 



6.  SEDIMENT OXYGEN DEMAND AM) NUTFUENT FLUXES 

Sediment-water exchanges of dissolved oxygen and inorganic nutrients 

(SONE Monitoring) were determined four times per year (spring- f a l l )  a t  each 

of ten stations i n  the Maryland portion of Chesapeake Bay. Station locations 

and flux measurement procedures were described ear l ier  (Section 3). As 

presented here, each f l u  measurement represents the mean of three replicate 

determinations. On occasion the results  from a sediment core did not meet 

our quality-control cr i ter ia ,  and these data were excluded from the means. 

The data collected for all  individual benthic fluxes are given in  Appendix 

Table 4 and 5. 

!I'he data presented here were collected during the f i r s t  two years of OEP 

Monitoring, from August 1984 t o  June 1986 (SONE Cruises 1-81. We therefore 

have eight se t s  of mean flux data for each SONE station. While it is too 

early in the monitoring effort  t o  discern long-term trends i n  these data, 

fa i r ly  strong patterns have emerged in: (1) the magnitude of spatial  and 

temporal variability of SOD and nutrient fluxes; (2) environmental factors 

r q u l a t h g  sediment-water exchange dynamics; (3) stoichiometric relati.onships 

(element ratios) in the net fluxes of oxygen and inorganic nutrients. The 

most significant finding t o  date, however, is strong evidence supporting our 

hypothesis concerning the coupling between benthic fluxes and the ra te  of 

deposition of organic matter in the mainstem bay. 

6.1 TemDoralimdSwtialPatternsinBenthicFluxesQfOxvaenimd- 

Benthic fluxes of oxygen and dissolved inorganic nutrients a t  SONE 

stations exhibited considerable within-station and between-station 

variability (Fig. 6-1, a-£1. Variability in  fluxes from replicate sediment 

cores a t  individual stations was generally small (Table 6-1 and Section 3 on 

Core vs. Dome Comparisons), and the within-station variability, averaged over 



Figure 6-1. S p a t i a l  v a r i a b i l i t y  i n  benth ic  f luxes shown as t h e  two-year mean spr ing- th rough-  
f a l l  sediment-water exchanges o f  oxygen (as SOD) and n u t r i e n t s  a t  SONE mon i to r i ng  
s t a t i o n s .  V e r t i c a l  l i n e s  g i v e  t h e  mean + 95% conf idence i n t e r v a l s  f o r  f l u x  
determinat ions made a t  each' o f  t h e  t e n  S ~ N E  mon i to r i ng  s t a t i o n s  between August 
1984 and June 1986. s t a t i o n s  are coded a long t h e  y -ax i s  as fo l l ows :  1, S t .  Leonard; 
2, Buena V i s ta ;  3, Horn Point ;  4, Windy H i l l  ; 5 ,  Ragged Po in t ;  6, Vary land Po in t :  
7, Po in t  No Po in t ;  8, R-64; 9, R-78; 10, S t i l l  Pond, See F ig .  3-1 f o r  s t a t i o n  
1  o c a t i  ons . 

500 

I I I O I I U W - W  
I fLUl 

100 - 
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Table 6-1, Reprmtatiw means and starrdard deviatim Q[ + S.D.) from triplicated flux 
measuranents. Data are £ran 9aJE 8 (June, 1986). 

Fluxes (X + S.D.) 

St. LROnard 
mena vista 
Horn Point 
whdy Hill 
Ragged Pt. 
Maryland Pt. 
mint No Point 
m4 
l3-78 
Still RmI 



the two-year period, was remarkably uniform (Table 6-21. These findings 

suggest that measurement errors were a minor and consistent component of 

t o t a l  variability in the measured fluxes. The degree of seasonal and s i te  

- related variability encountered during SUNE monitoring, although large, is 

entirely wnsistent  with previous measurements of sediment-water fluxes in 

Chesapeake Bay Boynton and Kemp 1985) and other temperate estuaries (Nixon 

et al. 1976; Callendar and Hammond 1982). 

In the following discussion several levels of aggregation are employed 

t o  examine spat ia l  and time-dependent patterns i n  the benthic flux data: 

"mean stat ion flux" refers t o  the average of a l l  flux measurements made over 

tne two-year period a t  an individual station; "mean monthly flux" refers t c  

the baywide flux during a particular month averaged over all ten stations. 

The most aggregated level ("mean location fluxn) refers t o  the average of 

a l l  fluxes made during the two-year period a t  one of three groups of 

stations: (1) Upper Tributary Stations (Buena V i s t a ,  W i n d y  H i l l ,  Maryland 

Pt.); (2) Lower Tributary Stations (St .  Leonards Creek, Horn Pt., Ragged 

P'.); and (3) Mainstem Bay S ta t ions  (Pt. No Pt., F.-64, R-78). The upper 

bay region (Still Pond) was separated from the other mainstem stations 

and treated as a fourth group (comprising of only one station) because the 

characteristics of t h i s  region, (depth, sediment composition, and redox 

regime) are quite u n l i k e  those found in  the deeper mainstem bay. 

6.2 SedlmentmDemand(93D) 

Rates of sediment oxygen demand (SOD) a t  SONE stations ranged from 0.1 - 
3.9 g 02 mm2 TI, with most values falling between 0.5 - 2.5 g 02 rn-2 h1 

(Fig. 6-2; Table 6-11. These rates of SOD are moderate t o  large relative t o  

those reported for other temperate estuaries (Table 6-3). It is important t o  



note that  SONE monitoring does not include winter measurements when SOD would 

be expected t o  be low Boynton e t  al. 1980). 

The overlapping confidence intervals shown in Fig. 6.1 indicates the 

two-year mean S W s  a t  individual stations are  not significantly 

different. However, the data suggest a spatial  pattern in which SOD 

tends t o  be highest in shallow tr ibutaries and lower in the deeper 

mainstem Ray. Highest SOD'S were always encountered a t  tributary 

stations (Fig, 6-31. When the data were even more highly aggregated 

W l e  6-41, mean SClD at the mainstem stations (excluding S t i l l  Pond) w a s  

significantly below the mean oxygen fluxes measured in the tributaries. 

We w i l l  show below that  SOD is strongly influenced by the concentration 

of dissolved oxygen in near-bottom waters. Thus, low mean So of the . 

mainstem and lower Potomac sediments can in part be attributed t o  hypoxic 

or anoxic condition of the near-bottom waters found a t  these sites. in 

l a t e  spring and summer. 

Our samplilng schedule of four measurements per year, skewed heavily 

toward the warmer periods of the year, is not adequate t o  ful-ly define 

annual patterns of benthic fluxes. However, some indication of seasonality 

in SOD is revealed when the data are averaged over a l l  stations and years 

(Table 6-5; Figure 6-41. Bay-wide monthly mean SOD was highest in May (1.67 

g 02 m-2 cl) and appeared t o  decrease through the summer t o  a minimum of 

0.79 g 02 m-2 d-I in August. This suggests that factors other than 

temperature alone are regulating SOD during the l a t e  spring and summer. A t  

t h i s  point we can speculate that decreasing organic deposition and low bottom 

water oxygen &ncentrations contribute t o  decreasing SOD observed along the 

mainstem in la te  summer. The interactions between SOD and bottom water 

quality are examined i n  Section 6-6). We note here that  the range in SOD 

measurements (i.e., between station variability, Figure 6-21 was greatest in 



ST. m- 
m. Vim 
rn PI- 
1m ImJ.4 
F.4GED PI. 
MD. PI- =.- 443 PT. 
R-64 
R-78 
!xnL PD. 

DIP 

Y i  2 SE 
---__---------- 

- Table 6-2. Mean sediment-water fluxes of oxygen and dissolved nutrients 
at SONE stations in the Maryland portion o f  Chesapeake Bay. 
Entries give means and standard errors for spring through 
fa1 1 seasons, 1984-1 986 (SONE Cruises 1-8). 
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Table 5 3  Comparison of oxygen, D I N ,  and DIP a t  SONE monitoring s t a t i o n s  i: 
wi th  summer r a t e s  of oxygen and n u t r i e n t  f l u x e s  from var ious  near-shore 1. 
marine systems. i I 

- 

_________________II_____________________-_______--- i 
NH4 Flux DIP Flux Ref. i 3 

SOD !, 
g / d d  umol /m2 / d umol/m2/d r 

0 

Loch Ewe, ~ d b t l a n d  

Buzzard's Bay, NA 
Eel Pond, MA 

Narragansett Bay, RI 
Long I s l and  Sound, CN 

New Pork Bight,  NY 
Patuxent River Estuary, MD 
Pamlico River Estuary, NC 

South River Estuary,  NC 

Cape Blanc, West Afr ica  

Vostoc Bay, USSR 
Maisuru Bay, Japan 
Kaneohe Bay, EA 
La J o l l a  Bight,  CA 
Yaquina Bap mudflat,  OR 

Chesapeake Bay, MD 
Upper t r i b u t a r i e s  

Lower t r i b u t a r i e s  

Mainstem bay 
Upper bay ( S t i l l  Pond) 

___I_____L-___-_-__--------------------------------------------- 

References: 1, Modified from Table 1 i n  Nixon 1981 
2, Co l l ins  1986 
3,  Location means from SONE Monitoring, t h i s  r epor t  
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Table 6-5. Monthly mean sediment-water f l uxes  o f  oxygen and d i sso l ved  n u t r i e n t s  a t  
SONE s t a t i o n s  i n  t h e  Maryland p o r t i o n  o f  Chesapeake Bay. E n t r i e s  g i v e  
mont ly  means f o r  combined $ONE s t a t i o n s ,  SON€ Cruiese 1-8. 

SOD NH4 N02+N03 DIN DIP S i 
g02/m2/d umol /m2/h umol /m2/h umol /m2/h umol /m2/h urn01 /m2/h 

Month Mean - + SE Mean - + SE Mean - + SE Mean - + SE Mean - + SE Mean - + SE 

5 May 1.67 0.17 148 31 
6 June 1.42 0.18 254 4 n 
8 August 0.79 0.18 222 3 :! 

10 October 1.02 0.17 160 3 1 
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June and smallest in August, suggesting that the  summertime drop in SOD is 

not r e s t r i c t ed  only t o  the  mainstem bay, A t  t h i s  highly aggregated leve l  w e  

are cer ta in ly  obscuring f iner  scaled seasonal pat terns  and year-to-year 

difference a t  individual stations. Year-toyear differences and spa t i a l  

trends in SOD should emerge as more data become available. 

6.3 Dissolved-PhosDhorus(DIP)- 

During t h e  f i r s t  two years of SONE monitoring DIP fluxes ranged from 

sediment uptakes of nearly -30 ug-at m-2 h-' a t  Maryland Pt. and R-64 i n  

August 1984 t o  sediment releases of DIP of over 90 ug-at m-2 h-I a t  R-64 in 

June 1986, In s p i t e  of this wide overall  range, f luxes of DIP were generally 

positive, that is, DIP was usually released from the  sediment t o  the 

overlying water (Fig, 6-11 and most DIP fluxes f e l l  i n  the  range of 0-35 ug- 

a t  m-2 h-' (Fig. 6-21. Two-year mean DIP fluxes a t  t he  ten  SONE s t a t ions  

ranged from about 4 ug-at m-* he' a t  S t i l l  Pond t o  over 20 ug-at m-2 hhl a t  

R-64 (Table 6-21. Highest posi t ive DIP fluxes occurred along the  mainstem bay 

in  June with DIP fluxes a t  R-64 tending t o  be highest throuqbut  the  

monitoring period (Fig. 6-11. Least va r i ab i l i t y  i n  DIP fluxes occurred 

throughout the  bay i n  May during both 1985 and 1986 (Fig. 6-3, Table 6-51, 

There was l i t t l e  other indication of seasonality in DIP f luxes during t h e  

spring-to-fall period covered by SONE monitoring. 

Finding the mechanisms t h a t  seem t o  "turn onn and "turn of fn  DIP 

fluxes is c lear ly  c ruc ia l  t o  understanding phosphorus dynamics a t  the  

sediment-water interface. We w i l l  show below that the  redox environment 

of the sediment and overlying water is one such important factor,  

par t icular ly in  the mainstem bay. However, the  DIP f lux  data collected 

t o  date  suggest t h a t  t he  mechanisms regulating DIP fluxes probably d i f f e r  

a t  various locations within the  bay. For example, DIP fluxes tend t o  be 
. - 
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highest along the deeper reaches of the mainstem bay and the upper 

tr ibutaries (Table 6-41. The release of DIP from sediments along the deep 

mainstem bay is most l ikely assoicated with the drop in redox potential that 

accompanies the depletion of oxygen in the overlying water. Such release of 

DIP from sediments during anoxic conditioms is a w e l l  known process i n  lakes 

and fjords and involves the redox-driven dissolution of iron phosphates and 

other compounds (Krom and Berner 1980; Klump and Martens 1981). It seems 

unlikely that a similar mechanism controls the relatively large fluxes of DIP 

from sediments i n  the upper tr ibutaries because the overlying water i n  these 

regions is always well-oxygenated. 

While we are unable a t  this point t o  clearly define the processes 

that regualte DIP fluxes, the magnitude of these fluxes are often 

sufficient t o  influence the concentration of DIP in the overlying water 

(Nixon e t  al. 1980). Consequently, the benthic flux of DIP could 

influence the amount of DIP available for phytoplankton production, as 

well as contributing t o  the availability of DIP relative t o  DIN. 

6.4 Dissolved Slllcate . . aux 

Dissolved s i l i ca te  was almost always released from estuarine sediments 

t o  the overlying water (Fig. 6-11 as has been reported previously in  the Bay 

(Boynton and Kemp 1985). The majority of fluxes f e l l  within the range of 100 

- 500 ug-at m-2 h-I (Fig. 6-21, Given the shallowness of the bay it seems 

likely these benthic fluxes represent a significant source of s i l i c a  (D'Elia 

e t  al .  1983). 

Within-station variability in s i l i ca te  flux tends t o  mask expected 

spatial  and seasonal patterns (Fig. 6-1,. Tables 6-4; 6-51. Highest fluxes 

were generally found along the deep mainstem bay and lowest generally occured 

in  the low-salinity upper bay (S t i l l  Pond) and upper tributaries. This 



pattern is borne out when the data are highly aggregated in to  location means 

(Table 6-41 which pa ra l l e l  increasing sal ini ty;  S t i l l  Pond < Upper Tribs. < 

Lower Tribs. < Mainstem Bay. This pattern is consistent with a conceptual 

model which would predict increasing s i l i c a t e  dissolution as s i l i c a  

deposition from diatom frustules  increased along an estuarine sa l in i ty  

g r a d i e n t  (D'Elia e t  a l .  1983). 

6.5 Fluxes Qf Inoaranic Nitroaen 

6.5.1 Ammonium- 

The resul t s  of SONE monitoring a re  consistent with ea r l i e r  studies in 

Chesapeake Bay iBoynton et a L  19801 and elsewhere (see Zeitzschel 1980) in 

showing tha t  ammonium dominates benthic flux of fixed inorganic nitrogen in 

productive temperate estuaries. The release of ammonium from sediments a t  

the SONE stat ions were generally many times greater than the  net exchange of 

n i t r a t e  + n i t r i t e  (N + N) and on occasion, ammonium flux exceeded N + N flux 

by several orders of magnitude, Averaged over a l l  s ta t ions  and times, 

ammonjllm flux accowted for  about 80% of the  total exchange of f.ixed 

inorganic nitrogen across the  sediment-water interface. Total DIN flux (sum 

of ammonium + N + N fluxes) is therefore dominated by ammonium flux. DIN 

flux p lo ts  in Figs. 6-1, 6-2, 6-3 and 6-4 are  therefore nearly 

indistinguishable from the  accompanying ammonium plots. 

Ammonium fluxes a t  individual SONE stat ions ranged from lows of 20 - 30 

ug-at m-2 h-1 (St .  Leonard and R-78 in  October 1984) t o  mibsummer highs of 

over 600 ug-at m-* h-I (Fig. 6-31. Using ear l ie r  work in the Patuxent River 

as a guide, w e  would have predicted higher fluxes {in the lower sa l in i ty  

reaches of the tributaries.  Contrary t o  expectation, the ammonium fluxes 

revealed no obvious spa t i a l  p a t t e r n  In  fact,  fluxes in  the lower Potomac a t  

Ragged Pt. were significantly greater than those found a t  the other SONE 
.- 
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monitoring stations (Fig. 6-1, Table 6-21. The reasons for t h i s  are not 

entirely clear, but in the sections that follow we w i l l  show that ammonium 

fluxes can be correlated with the nitrogen content of sediments, redox regime 

of the sediments and werlying water, act ivi ty of the benthic organisms, and 

the rate of deposition of particulate nitrogen. 

Nitrate flux. 

unlike ammonium, WN fluxes exhibited strong seasonal and spatial  

patterns (Fig. 6-1, 6-41 and sh i f t s  in direction of the fluxes across the 

sediment-water interface. W N  w a s  generally released from the well-oxidized 

sediments found in the Patuxent and Choptank Rivers, and taken up by 

sediments found in the Potomac and along the mainstem Bay (Tables 6-2, 6-41. 

Maximum positive WN flux fa net release of nearly 150 ug-at m-2 h-'1 was 

found in the lower Choptank (Horn Pt.) in June 1985. Greatest W N  uptake (- 

111 ug-at m-2 h-'1 occurred in  the Lower Potomac (Ragged Pt) i n  ~a~ 1986. 

Nearly a l l  WN fluxes f e l l  between -70 t o  70 ug-at m-2 h-l (Fig. 6-31, 

Figure 6-3 shows that N+N uptake by the sediments was most prevalent during 

spring (May) while NcN fluxes were generally positive and remarkably uniform 

in l a t e  summer (August). Bay sediments taken as  a whole appear t o  sh i f t  from 

WN uptake in spring t o  N+N release in la te  summer and f a l l  (Table 6-51. 

The net N+N flux reflects  the combined effects of chemical and 

biological factors that regulate ammonium production, nitrification, 

denitrification, and the fluxes of solutes across the sediment interface. 

Nitrate concentration in  waters over the sediments can influence the measured 

rate of W N  uptake by limiting the amount of n i t ra te  available for n i t ra te  

metabolism (and denitrification) as well as influencing diffusion-driven 

fluxes of n i t ra te  a t  the sediment surface. Oxygen concentration and redox 

regime also undoubtedly help regulate N+N dynamics. Ammonium oxidation is 



the f i r s t  s tep in the formation of nitrate. We have shown that  sediments 

throughout the bay produce an abundance of ammonium, so it seems unlikely 

that  n i t ra te  formation is limited by ammonium availability. However, 

ni tr if icat ion is an obligately aerobic process, while n i t ra te  metabolism 

occurs under anaerobic conditions. We can speculate that the net releases of 

WN observed in the Patuxent and Choptank tr ibutaries reflect  predominately 

oxidized environments both in the surf ic ia l  sediments and the overlying 

waters. Such conditions would favor sediment-associated nitr if icat ion and 

the net release of n i t ra te  from the sediments. A t  other locations in the 

Bay, the redox environment appears t o  sh i f t  between oxic and anoxic 

cunditions, tk~e former favoring nitrification, the l a t t e r  n i t ra te  n e b b o l i s i ~ ~  

and denitrification. Nitrate formation and consumption w a r  a t  times t o  be 

i n  balance. This results in no net flux of N+N a t  the sediment surface. 

Elsewhere, particularly along the mainstem bay where hypoxic and anoxic 

conditions prevail during the summer, the balance apparently sh i f t s  toward 

n i t r i a te  metabolism and in  the net removal of N+N from overlying water. The 

ra te  of b?+N uptake must ultimate2.y be limited by frWN availability, hence the 

rates of n i t ra te  reduction and nitr if icat ion would be expected t o  be strongly 

coupled. 

BenthicFluxesPfwaInoraanic-  6.6 Factors 

Relationships between sediment nutrient fluxes and various environmental 

factors such as water temperature, water depth, sediment characteristics, 

mixed layer depth, and rates of organic matter input have been reported for 

nearshore ecosystems (egg. Hargrave 1969, Nixon et al. 1976, Hammond e t  al. 

1985) In an i n i t i a l  attempt t o  identify sources of variability in the SONE 

flux data, and t o  eventually develop a predictive model of sediment-water 

exchanges, we examined the benthic flux data for correlations with a suite of 



relevant ecological factors. A t  th is  stage these analyses have been 

conducted a t  a fairly high level of aggregation using mean fluxes and 

searching for simple correlations that hold throughout the bay. This 

approach undoubtedly glosses over many subtle features of the data, 

especially station-specific trends, year-to-year variations, and mutivariate 

responses. Nevertheless, some intriguing features of the data have emerged 

from this exploratroy approach. 

Contrary t o  expectation, we found no significant single-variable 

correlations between sediment-water fluxes and any of the following 

environmental variables: bottom water temperature, salinity, water 

depth, the concentrations of dizsoived fiutrients either in the bottom 

water.or ini t ia l ly  present in the sediment flux chambers, and the Eh of 

bottom water or surf ic ial  sediments. However, intriguing relationships 

did emerge from regressions of sediment-water fluxes on (1) surficial 

sediment ntirogen content, (2) bottom water oxygen concentrations, and 

(3) rates of particulate nutrient deposition. These findings are 

d iscussed below. 

. . 
ZadRelationshlas 6.6.1 Sediment Characterlstlcs WithSONEFluxes. 

A s  a f i r s t  approximation the amounts of particulate carbon (PC), 

nitrogen 0, and phosphorus (PP) found in estuarine sediments reflect 

the long-term net effects of the opposing processes of organic matter 

deposition and diagenesis (remineralization). We therefore suspected 

that some relationships might exist between the organic deposition rates, 

benthic nutrient fluxes, and the resulting organic composition of the 

sediment. Some substantial support for this  concept emerged from the SONE 

data. 



Surficial sediments a t  SONE tributary stations generally contained 

2-3% to t a l  particulate carbon (Fig. 6-51. There were two notable 

exceptions that a w r  related t o  areas of sediment accumulation: 

sediments a t  Windy H i l l  in the upper Choptank (about 5% PC) apparently 

receive considerable de t r i t a l  organic material from bordering marshes; 

sediments in the lower Potomac a t  Ragged Pt. are also fa i r ly  carbon rich 

(about 4% PC) perhaps because the hydrography of that  region favors 

either the sedimentation or preservation of relatively organic rich 

material. Sediment PC decreased in a regular north-to-south fashion 

along the mainstem Bay from about 4.5% PC in the upper bay a t  S t i l l  Pond 

t o  about 2.5% PC a t  our muthernmost: station near Pt. No Poirrt. Sediment 

PN and PP exhibited significantly different spatial  patterns (Fig. 6-51. 

Although the sediments a t  Windy H i l l  and Ragged Pt. were relatively 

nitrogen rich compared with that  found a t  the other tributaries, sediment 

PN increased from S t i l l  Pond t o  the mainstem station a t  R-64. Sediment 

PP presented an altogether different pattern (Fig. 6-51: upper tributary 

sediments were consistently enriched in PP relative t o  the sediments 

found downstream Sediment PP appears t o  remain essentially uniform i n  

the mainstem bay. 

The abundances of C, N, and P in  sediments a t  the SONE monitoring 

stations suggest that the sediments accumulating in the upper tr ibutaries 

and perhaps the upper mainstem are enriched in carbon and phosphorus 

relative t o  nitrogen. These patterns can also be seen in the sediment 

property plots shown in Fig. 6-5. Sediments from the lower tr ibutaries 

and lower mainstem bay (Locations 2 & 31 are the most rich in nitrogen 

relative t o  carbon. Sediments from the upper tr ibutaries and S t i l l  Pond 

(Locations 1 & 41 form groups of points well below (i.e., depleted in 

nitrogen) the main group representing the mainstem and lower tributaries, 
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Similarly, plots  of PP vs. PN and PP vs. PC (Fig. 6-51 i l lus t ra te  that 

the sediments from the upper tr ibutaries are rich in PP relat ive t o  PN 

and PC compared with sediments from the mainstem bay. Deposition of 

carbon and phosphorus via sorption, flocculation, and perhaps 

precipitation reactions in  the low-salinity reaches of the tribuataries 

and bay are probably responsible for the observed sedimentation patterns 

of these elements. There are two explanations for the apparent 

discrimination against nitrogen in the sediments of these regions. The 

sediments may simply reflect  the deposition of t e r res t r ia l  or f luvial  

sediment. On the ather hand, organic nitrogen may be preferentially 

remineralized in these sediments and returned t o  the water as  some form 

of dissolved inorganic nitrogen. (Boynton and Kemp 1985). 

Returning t o  the main point of t h i s  section, the relationships 

between sediment composition and benthic fluxes of oxygen, DIN, and DIP 

are shown in Figs. 6-6. Although some locations tend t o  separate into 

groupings of points (for example, SOD along the mainstem bay and DIP in  

the upper tributaries) these scatterplots reveal no consistent 

relationships between the carbon content of the sediment and SOD, or the 

phosphorus content of the sediment and DIP flux. This finding agrees 

with ear l ier  studies that reported l i t t l e  or no relationship between 

benthic community metabolism and most sediment characteristics (Pamatmat 

1977) . 
On the other hand, the positive correlation between DIN flux and the 

sediment PN content was qu i t e  good (< = 0.51, P > 0.01). To our 

knowledge th i s  is the f i r s t  time th i s  type of relationship has been 

found. We suggest that the correlation between D I N  flux and sediment PN 

can best be attributed t o  the effects of oxygen concentration on the net 
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products of microbial nitrogen transformations in the sediment. The 

layering of aerobic.water and sediments over deeper anaerobic sediments 

favors the loss of fixed nitrcgen from the sediment via the following 

reaction sequence: ammonium for mation -> ammonium oxidation and 

nitrification -> nitrate reduction and denitrification. Nitrification 

ceases when both sediments and overlying water are anoxic. 

Denitrification also ceases when the supply of nitrate is cut off. Thus, 

under anoxic conditions the reaction sequence stops a t  ammonium 

production. Nitrogen remineralization appears t o  be less complete under 

anaerobic conditions. Fixed nitrogen therefore tends t o  accumulate as 

sedb~ient conditions h o m e  more reducing. 

Correlation analysis (Table 6-61 revealed some intriguing patterns 

of possible relationships among benthic fluxes and a number of relevant 

environmental variables. In general, SOD and ammonium fluxes seemed t o  

correlate best with ambient water and sediment characteristics while NcN 

and sil icate fluxes showed the least overall relationship with simple 

environmental factors. 

For the purposes of OEP monitoring, the relationships between bottom 

water oxygen concentration and benthic fluxes demands particular 

attention. Figure 6-6 shows the general form of the relationship between 

SOD and bottom water oxygen concentration. Low SOD measurements were 

(with three exceptions) associated w i t h  concentrations of oxygen below 

about 1 mglml. Within a wide envelope associated mostly w i t h  the high 

SOD in tributaries sediments (Groups 1 and 21, SOD generally increased as 

bottom water oxygen increased. This relationship was strongest along the 

mainstem bay. Sufficient dissolved oxygen in bottom waters therefore 



- Table 6-6. I5atri.x-of correlation coefficients (r) showing the bi-variate 
relationships among sediment fluxes and routinely measured environmental - 

4 paraaeters. SIorrelatioas that were significant at the 95% confidence level 
.- .- - .- are indicat=d with three asterisks. Inverse relationships are indicated - _ L- - .,- . :-- with +i minus (-) sign. - - 
- 

- - ------- - - ". - .- - -- - Ammonium (N+N) DIP Silicate 
- -  . - - - SOD Flux Flux Fl wr Flux 

.- . - - -- - --- 
-. - - 
. . - - - SOD . i 
- - Ammonium flux - 

-- - - (N+N) flax - fk* 

- DIP f lwt-- - - *** 
Silicate flux *** *** 
Bottom water diss. oxygen *** -*** -*** 

b 
- Bottom water ammonium -*** *** *** 

Bottom water (N+N) -*** *** 
Bottom water DIP - 
Bottom water silicate 

Bottom water temperature *** 
- Bottom water salinity ,*** *** 

Bottom water Eh 
Surf. sed. Eh *** 

- - 
Surf. sed. PC 



appears necessary for high rates of SOD, but other factors clearly 

contributed t o  high rates of SOD periodically observed in the 

tributaries. 

The relationship between bottom water oxygen and DIN flux was 

s ta t i s t i ca l ly  significant and opposite that of SOD and dissolved oxygen 

(Table 6-6, Fig. 6-61. In spite of considerable scatter in the data from 

the tributaries, DIN flux was generally greatest when bottom water 

oxygen content was low. The inverse relationship between DIN flux and 

bottom water oxygen was strongest along the mainstem bay. This, we 

think, offers further evidence for the coupling of inorganic nitrogen 

remineralization and redcx status of sediments discussed &be: high 

ammonium fluxes along the mainstem bay appear related t o  low oxygen 

conditions. Conversely, low DIN flux, due t o  a combination of low 

ammonium flux from the sediments and negative N+N fluxes (i.e., sediment 

uptake) occur when oxygen concentration of bottom waters is high. 

Several factors appear t o  contribute t o  a complex relationship 

betwee? DIP flux and bottom water oxygen (Fig. 6-61. High DIP fluxes 

along the mainstem bay occur when hypoxic or anoxic conditions prevail in 

the overlying water, but low oxygen conditions are not always accompanied 

by high DIP fluxes. Benthic DIP fluxes in the lower tr ibutaries and 

along the mainstem bay were generally less than 15 umol m-2h-1 when 

oxygen in the overlying waters exceeded 4 mg1-l. However, significantly 

higher fluxes occurred occassionally i n  the upper tributaries. The 

origin of these spikes in DIP release is not known. 



BetweenBenthicFluxesd-Deam 
. . 

6.7 RelationshlDs 

A t  the center of the Ecosystems Processes Component of the OEP 

monitoring program, and in fact  the entire concept of benthic-pelagic 

coupling, is the assumption of a functional relationship between benthic 

nutrient flux and the deposition of organic matter a t  the sediment-water 

interface. Direct evidence supporting th i s  assumption has rarely been 

demonstrated because both nutrient flux and organic deposition must be 

determined simultaneously, as we have done with the sediment t rap  

deployments and benthic flux measurements a t  mid-bay stat ion R-64. The 

data from R-64 do indeed support the hypothesized coupling of benthic and 

pelagic componer~ts i n  the bay. 

A s  shown in Fig. 6-7, there are  good linear relationships between 

the amounts of PC and collected in the mid-water sediment traps and the 

benthic fluxes of oxygen and ammonium. The relationships between PP 

deposition and DIP flux appear t o  be more complicated, but here also a 

general trend is apparent. As predicted, SOD generally increased as the 

deposition of PC increased. The regresssion of SOD on PC deposition is 

admittedly influenced by one particularly high measurement, but we have 

no reason t o  suspect that measurement is wrong. 

The simple linear relationship between PN deposit ion and ammonium 

flux is striking both because of how good (with one exception) the 

relationship appears t o  be, and also because the trends for both ammonium 

and DIP fluxes are opposite that of SOD and therefore opposite what we 

would have predicted. A t  t h i s  point we cannot rule out the possibil i t ies 

that the observed relationships are fortuitous or due t o  the co-varience 

of the two variables w i t h  another factor, such as dissolved oxygen. The 

inverse relationship between ammonium flux and dissolved oxygen was 

discussed above. We note here that  highest ammonium fluxes occurred in 
-- 
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Figure 6-7. Scatter plots showing the relationships between rates of par t iculate  carbon, 
-- nitrogen , and phosphorus deposition and benthi c  fluxes of oxygen, ammoni u m ,  

and DIP, respectively, a t  mid-Bay station R-64. Closed c i rc les  show the 
deposition rates t o  mid-depth sediment t rap  cups during the week prior t o  

- 
the corresponding benthic flux determi nation. Open c i rc les  give the 
deposition ra te  averaged over the month prior t o  the benthic flux 
determi nation. 
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June when bottom waters a t  the station were nearly anoxic. Conversely, 

low ammonium fluxes occurred in May, following the spring diatom bloom, 

when oxygen in the column was higher. The mechanisms producing the 

observed patterns are therefore still obscure. 

6.8 ~U~&XAL Stolchlometrles . . SLStationRa4 

Over f i f t y  years ago, Redfield and others discovered that nutrient 

elements were extracted from and returned t o  sea water in constant 

proportions that reflected the average elemental composition of 

planktonic organisms (Redfield 1934; Redfield e t  al. 1963). The method 

oL examining stoichiometric relationships between oxygen, carbon, 

nitrogen, and phosphorus (0:C:N:P ratios) continues t o  be a useful means 

of examining the coupling of energy flow and nutrient cycles in various 

compartments of an aquatic system. Such analysis has been largely 

responsible for the current focus on estuarine sediments as sites of 

important nutrient transformations (Nixon and Pilson 1984). 

The synoptic sampling strategy adopted for SONE and VFX monitoring 

a t  Station R-64 allows us t o  assemble a rather complete stoichiometric 

model for the formation, deposition, and remineralization of organic 

matter in the central meso-haline region of the bay. Nutrient rat ios of 

suspended particulate matter, material collected in sediment t rap cups, 

and surf i c i a l  sediments have already been described and with few 

exceptions these plots revealed regular and s ta t i s t i ca l ly  significant 

relationships between carbon, nitrogen, and phosphorus. Element-element 

plots for benthic fluxes throughout the bay exhibit considerably more 

scatter and, w i t h  one important exception (DIN vs. DIP flux) do not 

reveal s ta t i s t i ca l ly  significant stoichiometric relationships. The 

exception was the predictive regression of DIP flux on D I N  flux (Fig. 6- 
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81. This produced a significant correlation (Table 6-61, and a linear 

regression coefficient for DINIDIP fluxes equal t o  15.7, exactly the 

W i e l d  Ratio. 

In sp i te  of the lack of linearity, the plots of ammonium and DIN 

fluxes against SCD (Fig. 6-81 indicate that benthic fluxes throughout the 

bay tend t o  be nitrogen-rich relative t o  Redfield-type organic matter. 

Most points f a l l  above the l ine  giving Redfield's N:O ratio. This 

suggests that, in a manner o p s i t e  that found in other temperate 

estuaries (Nixon and Pilson 19841, more ammonium appears t o  be leaving 

the sediment than would be predicted based on the simple areobic 

decomposition of Redfield-type organic matter. A discussed below, t h i s  
- .  

does not appear t o  be due t o  the deposition of exceptionally nitrogen- 

rich organic matter. It more likely suggests that anaerobic metabolic 

processes, such as sulfate reduction, may be responsible for a 

significant fraction of nitrogen remineralization in  the sediments and 

that the reduced products of these processes, such as sulfides, are not 

contributing significantly t o  SOD. Our SCD measurement may therefore be 

underestimating total sediment metabolic activity, especially when when 

the waters over the sediments are hypoxic or anoxic. 

The results of the stoichiometric regressions revealed the following 

features of nutrient biogeochemistry i n  the mid-bay region (Fig. 6-91. 

First,  part icles suspended in the water column have relatively high C/P 

and WP ratios, suggestive of d e t r i t g l  material, and organic matter of J 

low overall nutritional "quality". The similarity of the C:N:P rat ios of 

the seston w i t h  surficial  sediments is notable, and suggests that the 

suspended sediment load, even in surface waters, may contain a 

considerable fraction of resuspended sediment. Differences between the 



D I N  F L U I I ,  v l l l Z l h  

Figure 6-8. Selected s c a t t e r  p lots  showing the  re la t ionships  among the  benthic f lux of oxygen, various 
forms of inorganic nitrogen,  and inorganic phosphorus. Flux data a re  coded for  location 
as  i n  Fig. 6-2. Horizontal l i ne s  within a  plot  provide reference t o  zero f lux.  Diagonal 
l i ne s  i n  plots  a ,  c ,  and e ,  show the  appropriate Redfield r a t i o .  Dashed l i ne s  enclose 
data t ha t  appear t o  c l u s t e r  by locat ion.  
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Figure  6-9. Average s t o i c h i o m e t r i c  model o f  suspended p a r t i c u l a t e  ma t te r ,  sedimenting p a r t i c u l a t e  
mat te r ,  s u r f i c i a l  sediments, and benth ic  n u t r i e n t  f l uxes  i n  t h e  rniddhesapeake Bay 
regfon.  Element r a t i o s  g iven i n  t h e  f i g u r e  a re  based on t h e  p r e d i c t i v e  l i n e a r  
regress ion  c o e f f i c i e n t s  o f  n u t r i e n t  p a i r s  t h a t  prov ided s t a t i s t i c a l l y  s i  jriifi cant  
(95% conf idence)  c o r r e l a t i o n s .  

I 



nutrient rat ios of suspended seston and the material collected in both 

the middle and bottom sediment traps are also striking. The material 

collected in  the traps follows Redfield's rat ios almost exactly, 

suggesting the deposition of material that  appears t o  be very much l ike  

nutrient-replete planktonic organic matter; material that  is fa r  richer 

in both nitrogen and phosphorus than suspended seston. 

Finally, perhaps the most significant result of our stoichiometric 

analysis is the extraordinary similarity in the ra t io  of fluxes of 

nitrogen and phosphorus into and out of bay sediments. Both the 

deposition and remineralization of these nutrients appear on average t o  

be in relctive balance, and t o  follow the W i e l d  ra t io  of 16:l. This 

finding runs counter t o  the prevailing view that estuarine benthic fluxes 

are usually anomalously low in  nitrogen relative t o  the Redfield ratio. 

Several scenarios could be offered t o  explain t h i s  difference. The 

simplest, it seems t o  us, is t o  suggest that t h i s  region of Chesapeake 

Bay is more nitrogen-rich than expected. 



7. SeasonalGvaluationspfSediment&kmpltlonal 
. . 

. . Processes 
SXLWaterOwlitvCondltlons 

In t h i s  section a series of seasonally averaged budgets are  

presented for purposes of putting into perspective the relative influence 

of sediment.deposition and benthic fluxes on water quality conditions in 

portions of Chesapeake Bay. The f i r s t  of these budgets compares the 

magnitude of deepwater oxygen stocks with sediment oxygen demand (SCD) 

for several different periods of the year a t  stations which often 

experience hypoxic or anoxic conditions. The second summary is similar 

but focuses on the impact of sediment-water fluxes of NH4+ and 9- 
relalsive t o  stocks in the water column and estimated phytaplankton 

demand. The f ina l  summary considers the degree of water column-benthic . 

coupling at a deep station O?-64) in  the mainstem of the Bay. 

Estimates of the influence of SOD on deepwater oxygen stocks.at 

several monitoring stations are given in Table 7-1. There was 

considerable variability among stations and seasons in the height of the 

deep layer (i.e., distance from the sediment surface t o  the pycnoclcine). 

The combination of changing deep layer depth and ambient oxygen 

concentrations in  t h i s  layer produced large seasonal excursions in the 

magnitude of deepwater oxygen stocks. For example, the oxygen stock a t  

R-64 ranged from about 75 g m-2 i n  May t o  4 g m-2 i n  June (Fig. 7-11. A t  

a l l  deep stations, oxygen stocks were high in f a l l  and early spring and 

low in summer, paralleling the pattern observed for oxygen concentration. 

The relative influence of SOD on oxygen stocks is expressed as the 

portion of thedeep water oxygen s t o c k  consumed in SOD per day. A s  shown 

i n  Table 7-1, values range from 2-16% per day. A t  a l l  stations examined 

there was a clear seasonal trend in the relative influence of SOD: even 

when SOD rates were high, SOD influence on dissolved oxygen stocks was 
- 
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DISSOLVED OXYGEN CHARACTERISTICS STA-64 
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- Figure 7-1 . Dissolved oxygen characteristics in deep waters a t  s ta t ion R-64. 



a Tab1 e 7-1. Potential influence of SOD on deep-water oxygen stocks a t  SONE stations 
experiencing significant seasonal s t ra t i f icat ion of the water colunm. 
Deep-water oxygen stock calculated by m l t i p l y i n g  the height of 
water beneath the pycnocline by the mean O2 concentration 
'in t h i s  water mass. 

Height of Deepwater Sediment =:Deepwater 
Deep Layer Oxygen Stock OocygenDemnd Oxygenstock 

Station Date (m) (go2 K2) (go2 m-22d-1) (TI) 

Pt. No. Pt. Rug 85 4.3 15.5 -0.52 
Oct 85 4.1 23.8 -1.05 
May 86 5.4 47.5 -1.03 

June 86 3.4 9.8 -0.68 

Aug 85 6.5 -0.68 
Oct 85 6.8 -1.04 
May 86 10.5 -1.81 

June 86 7.0 -0.37 

R-7 8 Aug 85 5.5 4.4 
Oct 85 8.0 34.4 
May 86 8.0 18.4 

June 86 7.4 13.3 

Jwi~3d Ft. Aug 85 2.5 8. 5 
Oct 85 10.3 52.0 
May 85 10.5 75.6 

June 86 3.5 10.9 



low if the deep waters were well oxygenated. Conversely, influence 

w a s  high when the  deep water stocks of oxygen were small. The conclusion 

we draw from these data is that SCK) is an important O2 sink a t  these 
- 

stations throughout the year, but it is particularly important during the 

spring when deep waters are becoming hypoxic and during the summer when 

hypoxic or anoxic conditions prevail a t  these locations. Our abi l i ty  t o  

assess the relat ive importance of SOD in O2 dynamics of the deeper areas 

of the Bay would be enhanced if direct measurements of water column O2 
- 

consumption were also routinely made. Such an addition t o  the program 

would also be useful i n  development of water quality models. 

The second evaluation involves a comparison of N and P stocks and 
-- - - 
selected rate processes i n  the surface mixed layer and deep waters a t  

s tat ion R-64. In this evaluation, N stocks (NH4+, ~ 3 j -  and PN) in the 

deep and surface layers are compared t o  the phytoplanktonic demand for 

inorganic nutrients and contrasted t o  the rate of loss of PN t o  deep 

waters (Table 7-21 This analysis shows that  the t o t a l  supply of 

dissolved inorganic nitrogen is sufficient t o  supply phytoplanktonic 

nutrient demand for only short periods of time (hours t o  days) for all 

seasons of the year except the early spring when fluvial  inputs of 

nutrients (primarily q-) dominate. However, the nitrogen stocks i n  

deep waters are much more substantial and sat isfy phytoplanktonic demand 

for periods of time 2-20 times longer than could the supplies in surface 

waters. One of the more interesting things t o  come out of these 

calculations is the observation that  during those times of the year that  

plankton production is highest (La ,  June-August) nutrient stocks in  the 

upper mixed layer are smallest. While nutrient stocks i n  the deep layer 

are  not huge a t  these times they represent a substantial nutrient source, 





being of a magnitude capable of supporting demand for periods approaching 

a week. A major question here concerns the manner in which the nutrient- 

rich deep waters reach the euphotic zone. Recent work by Malone e t  aL  

(1986) suggests that  cross-Bay tilting of the pycnocline may be an 

important mechanism by which deep water nutrients are transported t o  

euphotic waters. Additionally, they found that the frequency of these 

events were on the order of days t o  a week in the summer. This is in 

good agreement with estimated demand for nutrients for phytoplankton 

production. 

These calculations suggest a possible explanation of the seasonal 

p t t e r n  of phytoplankton production generally seen in the mainstem 

regions of the Bay. In the spring (April-May) there is a bloom which is 

largely supported by nutrients (especially N+-1 from te r res t r ia l  

sources. Nutrient concentrations are typically high in  the surface 

layer, as are  standing stocks of phytoplankton. Additionally, the 

pattern is of sustained high production rates and stocks - there are few 

indications of boom and bust cycles. In contrast, during the summer 

period production is often high but the pattern of production is erra t ic  

- there are times of very high and low rates - often separated by only 

a week or so. This pattern continues for several months. The erra t ic  

summer signal suggests that there are strong couplings between the upper 

mixed layer and deeper waters relat ive t o  nutrient supplies for primary 

productivity. Our model is that during the spring period euphotic waters 

are nutrient sufficient and hence there is a sustained bloom. Euring the 

summer there are only temporaq periods of nutrient sufficiency in 

euphotic waters. These periods are directly related t o  events which 

deliver nutrient-rich bottom waters t o  the euphotic zone - and hence the 

erra t ic  nature of summer product ion. 



There are  several pathways missing from t h i s  conceptual model which 

may have important implications in terms of water quality management and 

£&web dynamics. First,  we have yet t o  consider the impact of 

zooplankton grazing. Is the spring bloom sustained because the grazing 

rates are  low? Are the erra t ic  summer patterns the result  of 

differential  grazing rates? As we continue t o  integrate various 

portions of the monitoring program it is likely that  answers t o  these 

quest ions w i l l  become available. 

The f i na l  point related t o  Table 7-2 concerns the relat ive amounts 

of inorganic nitrogen used by primary producers vs. the amount of PN los t  

from the euphotic zone. This comparison represents the net exchange of 

dissolved nutrients available t o  s u p p r t  production and the net loss of 

nutrients in the particulate form t o  deeper waters. The seasonal data 

suggest a substantial loss of PN t o  deeper waters during all seasons, 

with losses being somewhat larger in f a l l  and early spring (40%). During 

summer, losses seem sl ightly smaller. Again, these observations are  

consistant with the conceptual model. In the f a l l  and early sprirq, when 

metabolic rates a re  slowed by low temperatures and the lack a of strong 

~ c n o c l i n e ,  there is substantial vert ical  transport of particulates from 

the surface layer t o  deeper waters; during summer periods, when 

temperatures are higher and the density structure typically stronger, 

there is less transport of PN t o  deeper waters. The suggestion here is 

that  there is very substantial reprocessing of organics a t  or near the 

s t ra t i f icat ion depth during the warm portion of the year. 

In the f inal  summary we have evaluated several aspects of benthic- 

pelagic coupling a t  a central Bay location (Table 7-31. During the 

seasons considered, there was a considerable percentage of primary 

production deposited t o  deeper waters. For example, the percentage of PC 
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deposited ranged from 2463% of water column primary production. Again, 

there were some notable seasonal trends. It appears that  deposition was 

high when the water column was well mixed (May and October) and lower 

during periods when s t ra t i f icat ion w a s  w e l l  developed (June and August). 

A probable explanation for these observations involves both biological 

and physical aspects of the system W e  suspect that during well-mixed 

(and cooler) periods organic matter produced in the  euphotic zone is 

either grazed and transformed into rapidly sinking particles or simply 

se t t l e s  quickly because of the generally larger s izes  of particles. A s  a 

result, a large percentage of production reaches the bottom, However, 

during the summer the situation is quite different. During th i s  period 
- 
the water column is well s t ra t i f ied and bacterial metabolism is high It 

appears that much of the sedimenting material is utilized in the vicinity 

of the pycnocline resulting in a smaller percentage of the overall 

production reaching the bottom. Of the material reaching deep waters or 

the bottom a rather small percentage (20-50%) appears t o  be consumed in 

aerobic metabolism. The question which emerges here concerns the fa te  of 

the remaining deposited material. It appears from earlier studies 

(Boynton and Kemp, 1985) that l i t t l e  of t h i s  material is buried in  the 

accreting sediment column. ~ven '  with t h i s  sink, much of the organic 

matter reaching deep waters must be involved in  other metabolic 

reactions. The most probable involves the use of t h i s  material i n  SO4- 

reduction under anaerobic conditions i n  the water column or sediments. 

In t h i s  situation SO4' serves as a terminal electron acceptor in  the 

oxidation of organic material by anaerobic bacterial communities. The 

recent work of Tuttle e t  al. (1986) in t h i s  area of the Bay strongly 

supports t h i s  point of view. Hence, it appears that there are several 



dis t inct  pathways through which deposited organics can be utilized in the 

deeper waters of the Bay. Only the former tends t o  lead t o  larger 

organisms of commercial interest - all  pathways act t o  use almost a l l  of 

the organic matter produced - and these different pathways have an 

important influence on the way in which particulate nutrients (N and PI 

are  transformed in  sediments and interact with overlying waters. 

Inaddition, there w a s  a seasonal pattern in the  releases of 

nutrients from sediments t o  water column. In the case of q+, there was 

almost100% return relative t o  deposited materials in  the l a t e  spring and 

summer - while in  the early spring (May) there was a clear decrease in 

the flux of m4+ from Bediments t o  water relaLive t o  the  amount of 

-organic material deposited. In the case of P-remineralization, the 

pattern was one in  which P was generally not released from sediments 

during the sprins and fal l .  In contrast, P release from the sediment 

during the summer and l a t e  spring equaled or greatly exceeded the amount 

estimated as having been recently deposited. A possible explanation for 

these observations involves the oxygen condition of overlying waters and 

sediments, During periods when O2 concentrations are high (i.e. May, 

1986) and benthic macrofaunal communities are growing rapidly, there are  

multiple routes for deposited N t o  be transformed. For example, N 

compounds can be incorporated into benthic macrofaunal biomass; a portion 

can be buried in the accreting sediment column and a portion can be 

ni t r i f ied and then denitrified. A l l  of these pathways are  very probably 

operative in the early spring and f a l l  periods and would result in a 

smaller portion of deposited N being returned from sediments t o  the water 

column as NH~+, 



Phosphorus recycling appears to  be strongly influenced a t  this  deep- 

water s i t e  by redox conditions. During the portions of the year when O2 

levels are high, l i t t l e  of the deposited P is returned t o  the water column. 

However, when O2 levels become depressed (and sediments become anoxic) we 

have observed very large fluxes of P from sediments t o  the water column, 

probably as  a result of the much higher solubility of reduced FeP 

compounds. Whatever the mechanism, large amounts of P are  released from 

these sediments during the low O2 periods of the summer. 

Finally, there appears to  be a strong seasonal pattern in  the 

proportion of nutrients supplied from the sediments for use in 

phytoplanktonic production. In short, when nutrient supplies in the 

water column are generally high (i.e. following the spring freshet) the 

proportion supplied via sediment recycling is low. During other portion 

of the year the calculated percentage is substantial a t  th i s  deep . 

station, ranging up to  38% for N and 200% for P. Similar percentages 

have been recorded for other Chesapeake Bay s i tes  (Boynton and Kemp, 

1985) and indicate the importance and seasonal nature of sediment 

processes on water quality conditions of overlying waters. 
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2. Surface and bottom water dissolved and p a r t i c u l a t e  n u t r i e n t  
concentrat ions a t  SONE s t a t i o n s .  

3 .  Vertical p r o f i l e s  o f  se lec ted  sediment var iables  . 
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4. Nutrient  and d issolved oxygen concentrat ions i n  t h e  sediment-water 

- microcosms a t  SONE s t a t i o n s  . 

5 .  Summary o f  sediment-water n u t r i e n t  and dissolved oxygen f luxes  a t  - SONE s t a t i o n s ,  

- 6. Vert ica l  water col unn p r o f i l e s  of  temperature,  s a l  i n i t y  , di ssol  ved 
oxygen and p a r t i  cul a t e  materi a1 s a t  VFX s t a t i o n s  . 

Description of  t h e  composition of  s u r f i c i a l  sediments a t  VFX s t a t i o n s .  

- 8. Estimated deposi t ion r a t e s  o f  p a r t i c u l a t e  ma te r i a l s  t o  the surface .  
middle and near-bottom co l l ec t ing  cups a t  VFX s t a t i o n s .  



Appendix Table 1 

BIDHDNITORING PRDGRGn: S E D I K N T  DXYEEN AND NUTRIENT EXCHANGE CDRPDNENT ISONE) 
H 2 O P R D F I V e r t i c a l  p r o f i l e s  o f  temp. , s a l i n i t y  and oxygen conc, a t  SDNE s t a t i o n s )  

STGTIDN 
LOCAT ION 
----------- 
SDNE 1 
ST. LED 

RAG. FT 

TUTAL SGHPLE 
DEPTH DEPTH 

DATE TIRE [I) (mi 
TERP SGLINITY DISS.OXY 
IoC)  I p p t )  I e g f l i  

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



BlOHONITORING PROGRAH: SEDIHENT OXYGEN ANE NUTRIENT EXEHANGE CDRPDNENTiSONE) 
H2OPROFlVert ica l  p r o f i l e s  o f  temp., s a i i n i  t y  and oxygen conc. a t  SDNE s t a t i o n s )  

TOTAL SAHPLE 
STATION DEPTH DEPTH TEflP SALINITY DISS.DXY 
LDCATION DATE TIf lE (1) im) toC) !pp t )  ( m g l l )  ....................................................................... 
R-64 29-kU6-84 745 16 0.5 24.5 13.0 7.8 

2 24.4 12.7 7.7 
4 24.5 12.9 7.6 
6 24.5 12.9 7 . 3  
6 24.5 13.0 7,O 
10 24.2 15.5 3.7 
12 23.9 17.6 1.4 
14 23.6 18.9 0.5 
16 23.5 19.8 0.4 



6IDREINITDRIN6 PRO6RAH: SEDIHENT DXY6EN AND NUTRIENT EXCHANGE CDHPDEEET ISONE) 
H~DPRDF [ v e r t i c a l  p r o f i l e s  of temp., s a l i n i  t y  and oxygen conc, a t  SONE s t a t i o n s )  

TOTAL SAKPiE 
STATION DEPTH DEPTH iEt iP SALINITY DISS.DXY 
!-OCATI DN DATE TItSE im) ( 6 )  (DL) [ p p t l  ( r g / l )  

SONE 2 
ST. LED 17-OCT-84 1300 7.0 

HORN. PT 15-027-84 1557 6.0 

WIND. H I L  15-OCT-64 1050 4.b 

RAG.PT 16-DCT-84 3320 15.5 

RD. PT 18-DCT-89 1233 9.5 



BIDHDNITDRING PROGRAH: SEDIRENT DXYGEW AND RUTRIENT EXCHANGE CDtiPDNENT(SDNE) 
HPDPRDFIVertical p r o f i l e s  of t e t p . , s a l i n i t y  and oxygen conc. a t  SDNE s t a t i o n s )  

TDTRL SAHPLE 
STATION DEPTH DEPTH TEHP SALINITY DISS.DXY 
LDCAT I GN DATE TIffE (11 (PI (oC) ( p p t i  ( n g l l )  
......................................................................... 



BIDHDNliDRIN6 FRD6RAH: SEDIflENi OXYGEN AND NUTRIENT EXCHANGE CDHPDNENT(SDNE) 
H2DPRDF(Vwtical p r o i i l e s  of temp. , sa l i n i  t y  and oxygen conc. a t  SDNE sta t ions)  

TOTAL SAHPLE 
STkilDN DEPTH DEPTH TEHP SALINITY DISS.DXY 
1 ~ c A T i i l ~  DATE i IHE (11 ( A )  (oC) (ppt)  I r g / l )  
........................................................................ 
SDNE 3 

ST. LED 6-HkY -E5 0740 6.6 1 18.0 10.5 7.650 
3 18,O 10.5 7.300 
5 18.0 11.5 b. 630 
7 17.0 11.4 b. 450 

BU. VISTA 6-HAY-85 I150 4. 0 0.5 21.5 7.8 9.100 
2 20.0 8.0 7.600 
4 19.8 1.0 7.950 



BIOHDNIiDHING PRGERAH: SEDIfiEKT DXYGEN AND NUTRiENT EXCtiflNGE CDRPDNENT(SONE) 
H2DPRDF ( V e r t i c a l  p r o f i  i e s  o f  terp. ,  s ~ l i n i  t y  and oxygen conc. a t  SDNE s t a t i o n s )  

TOTAL sanPLE 
STATION DEPTH DEPTH TERP SALINITY DISS.OXY 
LOCATION DCI'TE TIRE ( B )  ( @ I  (oC) ( p p t j  Irg/ll 
--------------------------------------*------------------------------------- 

R-64 6-HGY-85 1720 16.8 1 17.0 9.6 9.8 
3 17.0 9.5 9.8 
6 15.6 10.5 8.8 
9 15.0 11.5 6.9 

12 14.3 12.5 6.3 
15 13.8 13.0 5.3 



BIDHDNITGRINC PRDGRkK: SEDIHENT OXYGEN AND NUTRIENT EXCHANGE COHPDNENTISOHE) 
H2DPROFIVertical p r o i i l e s  o f  t e t p . , s a l i n i t y  and oxygen conc. a t  SDNE s t a t i o n s )  

TOTAL SAHPLE 
STATIDN DEPTH DEPTH TEHP SALINITY DISS. OXY 
~ D C B T I  DN DATE TIRE 16) (PI (oC) l pp t )  ( r g f l i  

SDNE 4 
STSLED 25-JUNE-85 1100 7.5 0.5 24.8 12.8 6.12 

2 24.7 13.0 6.05 
4 24.6 13.0 5.80 
6 24.5 13.2 4.12 

BU. VISTA 25-JUNE-85 730 4.6 0.5 25.5 11.2 5.5 
2 25.7 11.4 4.9 
3 25.7 11.0 4.5 

RBS PT 24-JUNE-85 926 16.5 0.5 24.2 11.5 7.4 
2 24.2 11.5 7.2 
4 24.1 11.7 7.2 
6 23.2 14.1 2.2 . 
8 23.1 14.3 0.4 

10 22.9 16.2 0.4 
12 22.3 16.2 0.3 
14 22.3 16.2 0.3 
15 22.3 16.2 



BID!DNITORIN6 PRDGRAH: SEDIHENT OXYGEN AND NUTRIENT EXCHANGE CO!PDNENT(SONE) 
HZOPRDF (Ver t ica l  p r o f i l e s  of temp. , sa l i n i  t y  and oxygen conc. a t  SDNE sta t ions)  

TOTAL SAHPLE 
STATION DEPTH DEPTH TEHP SALINITY DISS.OXY 
LDCAT IDN DATE TIHE ( m )  ( 6 )  (oCi (pp t j  (rg l l )  
....................................................................... 

R-b4 25-JUNE-B5 1540 17.5 0.5 25.7 13.8 7.85 
2 24.3 13.0 9.60 
4 24.0 13.2 8.60 
6 23.9 13.2 8.35 
8 23.8 13.2 8.12 

10 23.5 13.3 6.50 
12 22.4 14.0 3.05 
14 21.7 14.8 1.10 
I 6  21.6 15.5 0. 55 



BIDRDNITDRIN6 PROGRAY: SEDIRENT OXYGEN AND NUTRIENT EXCHANGE CDRPDNENT(SDNE) 
H2DPRDFIVertical p r o f i l e s  of teap. ,sa l in i ty  and oxygen conc. a t  SDNE s ta t i ons )  

TDTAL SAHPLE 
STATION DEPTH DEPTH TEHP CONDUCTIVITY DISS.OXY 
LOCATION DATE TIRE (r) ir) (DL) ( u ~ h o )  ( r g l l )  ................................................................ 
SEINE 5 

STSLED 22-AU6-85 743 7.9 0.5 25.6 246 5.28 
2 25.7 245 5.28 
4 25.8 246 5.21 
6 26.2 253 4,40 
7 26.3 254 4.36 



BIOROkITURIN6 PRO6RAfl: SEDIRENT OXYGEN kND WTRIENT EXCHANGE CORPONEWT (SONE) 
HZOPROF(Vertica1 p r o f i l e s  o f  t e r p .  , s a l i n i t y  and oxygen conc, a t  SORE s t a t i o n s )  

TOTkt SRHPLE 
STATION DEPTH DEPTH TERP CDNPUCTIVITY DISS.UXY 
LOCATION DATE TIRE (c)  (r) [oC) funho) ( r g / l t  

STIL PD 21-bU6-85 6 5 0  10.4 0 . 5  25.9 
2 26 .0  
4 26.1 
6 26.2  
F! 26.2 
9 26.2 



BID1IO1IITMIffi PROGRM: SEDIEIFI DXYGEM AWD NUTRIENT E X C W E  COIIQDbENT(SMIE) 
HZDPRDF (Vwticai profiles of terp., saiini ty and oxygen conc. at  S W  stations) 

TOTAL SAHPLE 
STATION DEPTH DEPTH TEHPSIILINITY DISS.DXY 
LOCATION MTE T I E  In) In) (oC) (urho) (*/I) --------------------------------- 
SOWE 6 

HORN PT 15-DCT-05 1310 8.2 0.5 20.1 14.8 9.75 
2 19.9 14.8 9.65 
4 19.8 14.8 9.52 
6 19.7 14.8 9.36 
7 19.4 15.3 8.41 

WIND HILL 15-DCT-85 1545 3.6 0.5 20.6 7.5 7.54 
2 20.4 7.5 7.29 

2.5 20.4 7.5 7.24 



BIDKONITDRING PRD6RBH: SEDIKNT OXYGEN dND NUTRIENT EXCHdNGE CDKPDNEk'T(SDNE) 
HZDPRDFIVertical profiles of terp.,salinity and oxygen conc. at SONE stations) 

TOTAL SdRPLE 
STATION DEPTH DEPTH TEKP SALINITY DISS.DXY 
LDCAT I DN DATE TIRE IB) I#) lo&) (umho) (rg/ l)  ................................................................ 

R-64 14-DCT-B5 1150 16.8 0.5 19.8 16.8 9.90 
2 19.6 16.8 9.87 
4 19.6 17.4 9.77 
6 19.6 17.5 9.20 
8 19.5 17.8 8.66 

10 20.0 19.0 6.46 
12 20.9 20.8 4.32 
14 21.0 21.0 4.15 
15 21.1 21.2 3.96 

STILL PD 15-DiT-85 730 10.6 0.5 18.3 5.2 7.5 
2 18.3 5.6 7.3 
4 18.4 6.1 7.2 
6 18.4 6.9 7.0 
B 18.5 ?. 1 t . 9  
9 18.5 7.1 6.9 



BIDHUNITDRING PROGRAH: SEDlnENT OXYGEN AND NUTRIENT EXCHANGE C[lnPDNENT(SUNE) 
HZOPRDFIVertical p r o f i l e s  of terp.  , s a l i n i t y  and oxygen conc. a t  SDKE s t a t i o n s )  

TOTAL SAHPLE 
STATION DEPTH DEPTH TEHP SALINITY DISS. DXY 
LDCATIDN DATE TIBE (m) (6) (oC) (PPTI ( r g i l )  

HDRNPT 3-HAY-B6 1045 7.5 0.5 14.53 10.4 9.8 
2.2 14.51 10.4 9.7 

9 14.97 10.4 9.6 
6 14.42 10.5 9.5 

7.4 14.35 10.5 9.3 

WINDY HILL 3-HAY-86 1809 2.8 0.5 16.28 3.4 9.9 
1.1 16.17 3.5 9.9 
2.2 16.13 3.6 9.8 
2.6 16.12 3.7 9.7 

PT ND PT. 5-HAY-86 1456 14.4 0.5 14.91 12.4 9 . 2  
2  14.68 12.5 9.2 
4 13.66 12.7 9.5 

6.1 13.28 12.9 9.3 
8.1 13.09 13.6 9.1 

10.2 13.26 14.4 9.0 
12,: 13.07 14.4 6.9 
13.3 13.09 14.9 8.2 



BIDRDNIiDRIff6 PRDGRAR: SEDIRENi OXYGEN AND NUTRIENT EXCHANGE CDHPDKEWT (SDNE) 
H2DPRDF(Vertical profiles of te~p.,salinity and oxygen conc. a t  SDtiE stations) 

TOTAL SAHPLE 
STAT1 ON DEPTH DEPTH TEWP SALIkITY DISS,OXY 
LDCAT l ON DATE TIME ( m )  ( m )  (oC1 (PPTI ( ~ g l l i  

STIL PD 4-RAY-86 1400 9 .8  0 .5  i 4 . B 4  0.0 9 .6  
2 .1  14.92 0 .0  9 .6  

4 14.82 0.0 9.6 
6 14.70 0.0 9 .5  
B 14.48 0 .0  9.4 

e .5  14.38 1.0 9 . 1  



BIDtlDNITDRING PR06RAR: SEDIHENT DXYGEN AND NUTRIENT EXCHANGE CDHPONENT (SONE) 
HZOPRDF ( V e r t i c a l  proiiles o i  tecp., s a l i n i  t y  and oxygen conc. a t  SDNE s t a t i o n s )  

TOTAL SAHPLE 
STATIDN DEPTH DEPTH lERP CONDUCTIVITY DISS,DXY 
~DCATION DATE TIHE In) (a)  ioC) iu rho)  i r g t l )  
................................................................. 
SDNE B 

ST.LED 26-JUNE-86 740 7.2 0.5 24.4 229 6.7 
2 24.5 228 6.7 
4 24.5 229 6.1 

5.5 24.5 230 5.9 

HDRH PT 25-JUNE-86 1350 8.0 0.5 24.8 206 7.6 
2 24.9 206 7.3 
4 24.8 206 6.7 
6 24.8 206 6.5 

6.5 24.7 206 6.4 

WIND HILL 25-JUNE-% 1500 2.8 0.5 25.6 117 5.7 
1.5 25.7 117 5.5 

RAEPT 25-JUNE-86 956 16.5 0.5 23.7 
? 23.7 
4 23.7 
6 23.6 
B 23.5 

10 23.4 
12 23.4 
14 22.7 
16 22.6 



8IOt!ONiTDRIN6 PROGRAR: SEDIHEHT OXY GEH AND NUTRIENT EXCHGHGE CDHPDNEIT (SDNE) 
HZOPRDi(Ver t ica1 profiles o f  t e e p . , s a l i n i t y  and oxygen conc. a t  SONE s t a t i o n s )  

TOTAL SAHPLE 
STATION DEPTH DEPTH TEHP CONDUCTIVITY DISS. DXY 
LOCATION DATE TIHE in) t r )  ioC) (unhoi ( r g l l )  
............................................................... 

R-64 24-JUNE-86 1110 17.0 0.5 24.3 220 9.7 
2 24.3 220 9.3 
4 24.2 222 9.0 
6 24.0 229 8.1 
8 23,3 244 6.1 

10 22.0 274 1.0 
12 21.2 286 0.b 
14 20.5 302 0.1 

15.5 20.4 303 0.0 

S T I L F D  25-JUtiE-Bb 825 10.0 0.5 24.i 5 6.5 
2 24.2 5 6.3 
4 24.2 5 6.2 
6 24.3 b 6.2 
8 24.2 6 6.2 



Appendlx Table 2 

BIOilONlT!ORIN6 PHOGRAH: SEDIt?iNT DXY6EN AND NUTRIENT EXCHANGES (SDNEI 
H2ONUTS [Surface and bo t to r  water dissolved and par t i cu la te  nu t r ien t  concentrations a t  SONE stat ions)  

DISSCILVED NUTRIENTS PARTICULATES 
TOTALSAflpLE ....................................... ------------------------------ 

STATION DATE TlHE DEPTH DEPTH NH4 ND3tN02 TDN DIP TDP SI(OHI4 PC PN PP CHLORO SESTDN 
(PI (PI (uH N) cull # I  cull HI cut! PI (uH PI iu!! S i )  (ug!lI ( u g l l )  (ug / l )  (ug l l )  (rg!l) 

- - - - - - - - - - - - - - - - C p - - - - - - - - - - - - - - - - - - - - - - - -  ............................... 



- 
EIDHONITIDRIN6 PROGRAH: SEDIHEtiT OXYGEN AND NUTRIENT EXCHANGES (SHE) 
H20NUTS (Surf ace and b o t t o ~  ra te r  dissolved and par t i cu la te  nu t r ien t  concentrations a t  SDNE stat ions)  

........................................................................ 
DISSDLVED NUTRiENTS 

TOTALSAHpLE .................................... 
STATION DRTE TIHE DEPTH DEPTH Nti4 NO3+NO2 TDti DIP TDP SI(OHI4 

( 1  (B) cut! N) lul l  N) luH #)  luH PI luH P) luH S i )  ............................................................................ 
SOE 2 
ST.LED 17-OCT-84 1300 7.0 1.0 3.0 1.69 24.7 0.27 0.27 32.7 

6.5 6.7 3.72 34.2 0.47 0.94 24.3 

HORN PT. 15-OCT-84 1557 8.0 1.0 2.9 0.17 24.9 0.21 0.39 22.8 
8.6 1.4 2.10 21.8 0.02 0.02 23.9 

PART ICULATES ...................................... 
PC PN PP CHLORO SESTON 

l u g l l )  (ug/ l )  l ug / l )  (ug/ l )  (@g/ l )  .................................... 



PIDRDN~TIDRINE PROGRAH: SEDIRENT OXYGEN AND NUTRIENT EXCHIINGES[SDNE) 
H2ONUTS (Suriace and bottom water dissolved and part iculate  nutrient concentrations a t  SDWE s ta t i ons )  

....................................................................... ...................................... 
DISSDLVED NUTRIENTS PARTICULATES 

TDTALSARPLE ....................................... .................................. 
STATION DATE TIWE DEPTH DEPTH NH4 ND3+ND2 TDN DIP TDP Si  (OH14 PC PN PF CHLORD SESTDN 

IRI (PI iun #I luR HI (uH N) (uH PI (uH PI (uR Si ) (ugfi  Iugf l )  (ug f l )  (ug f l )  ( r g f l )  
............................................................................. .................................... 

SONE 3 
ST.LE0 6 4 ~ 1 ~ ~ 8 5  0740 6.6 0.5 1.4 0.7 27.0 0.20 1.28 7.8 99 1 255 17 0.90 12.3 

5.5 4,3 6.6 35.5 0.17 1.29 8.0 809 163 17 6.30 10.9 

HDRNPT. 7-RAY-85 920 7.5 0.5 2.6  6.2 29.3 0.11 1.16 3.3 860 257 14 7.90 11.4 
7.0 2.5 6.0 33.0 0.10 0.40 3.0 734 124 12 8.13 8.6 

i'T.WO PT. 6-HAY-85 1 6 3 ~  14.5 0.5 2.7 i 3 . i  41.9 0.07 1.55 2.2 503 - 12: 10 4.90 10.i 
13.5 6.3 7.8 34.7 0.09 0.79 8.1 613 221 11 9.90 8.4 



BIOHONITIORiIJ6 PR06RAH: SEDIHENT OXYGEN LND NUTRIENT EXCHIIIIGES(S0NE) 
H20KUTS ISurface and bottor water dissolved and particulate nutrient concentrations at SONE stations) 

....................................................................... ...................................... 
DiSSOiVED NUTRiENTS PARTICULATES 

TOTALSRnPLE ....................................... 
STATION DATE TiHE DEPTH DEPTH NH4 N03tN02 TDN DIP TDP Sl iOH14 PC PN PP CHLORO SESTMJ 

r (11 (uH N) IuH N) (uH f4 )  (uH P )  (uR P) (uH Si ( u g i l 1  (ugll ) ( u g l l )  (ugi l )  ( r g i l )  ......................................................................... --------------------------------*---- 

SONE 4 
ST.LE0 25-JUNE-85 1100 7.5 0.5 5.0 1-16 27.7 0.12 0.66 67.9 1508 281 37 12.0 27.4 

7.5 8.5 1.82 32.3 0.13 0.33 59.2 1125 198 34 6.4 29.2 

HORN PT. 26-JUNE-85 700 8.2 0.5 1.8 1.01 27.4 0.20 1.04 55.3 1144 198 28 8.0 30.2 
7.0 2.9 1.55 34.3 0.27 0.69 54.3 2633 513 55 6.8 31.8 



EIO!lDNITIORIN6 PRDGRAH: SEDIHENT OXYGEN AND NUTRIENT EXCHANGESISDNE) 
HZONUTS (Surface and bot toa r a t e r  dissolved and p a r t i c u l a t e  n u t r i e n t  concentrat ions a t  SDHE s ta t ions)  

DISSOLVED NUTRIENTS 
TOTfiLSAfiPLE ........................................... 

STATION DATE TINE DEPTH DEPTH NH4 N03+ND2 NO2 TDN DIP TDP SI (OH) 4 
(PI (CI (UH) (un) run) (UM (UH) IUH) (UH) ..................................................................................... 

SDNE 5 
ST,LED 22-AU6rB5 800 7.9 0.5 7.6 8.14 6.75 49.2 1.08 1.36 63.3 

7.0 11.1 6.43 4.92 44.8 1.00 1.32 54.1 

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

FC PN PP CHLORO SESTOW 
( u g i l )  ( u g l l  ( u g l l  i u g i l  ) ( r g l l  1 

HORN PT, 2!-AU6-85 1155 0.2 0.5 10.6 7.19 3,57 39.4 0.62 0.92 58.7 1667 234 23.0 9.28 13.2 
7.0 16.1 3.83 2.12 45.8 0.69 9-88 57.0 1121 197 26.7 5.63 33.0 

KIHD.HIL RO STRTION CHDPRRNK RIVER BRIDGE HDT DPERATING 



-- FIOHONITIORIN6 PRDGRAH: SEDIMENT OXYGEN AND NUTRIENT EXCHkNGES(SONE1 
H20NUTS (Surface and bot tom water d isso lved  and p a r t i c u l a t e  n u t r i e n t  concent ra t ions  a t  SONE s t a t i o n s )  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ~ - - *  ................................. 
-- 

DISSDLVED NUTRIENTS PARTICULATES 
TOTALSAWPLE ........................................ ................................ ACTIVE 

STATION DATE TIRE DEPTH DEPTH NH4 N03tWO2 NO2 TDN DIP TDP S I  (OH14 PC PN PF CHLORD SESTDN CHDLDR 
(11 B run) (UH)  (un) (un) fun) ~ u n )  l u g i l l  (ug11) ( u g i l )  ( ug / i )  ( r g f ~ )  (ug/l I 

- ............................................................................... ........................................ 
SONE 6 

HORN PT. 15-OCT-85 1315 8.2 0.5 0.5 1.56 0.33 24.6 0.43 0.66 19.5 1631 269 31 16.1 17.7 11.3 
1440 7.0 2.4 1.550.44 28.60.32 0.60 14.7 1404 187 41 9.39 38.3 4.07 



FIDHClNITl GRIN6 PRDGRAtl: SEDItlENT UXY6EN AND NUTRIENT EXCHANGES ISDIE) 
H2ONUTS tSurface and bottom water 'dissolved and p a r t i c u l a t e  n u t r i e n t  concentrat ions a t  SOWE sta t ions)  

DISSOLVED NUTRl ENTS 
TOTALtAHPLE ......................................... 

STATION DATE TIHE DEPTH DEPTH RH4 N03+#02 NU2 TDN DIP TDP SI !OHi4 
(11 1 (ufl1 (uH) (uH1 tun, (uH) (uH1 (uH1 ................................................................................ 

SOWE 7 
ST.LED 8-HAY-B6 7.0 0.5 0,8 6.65 0.37 27.2 0.09 0.26 3,s 

6.3 2.3 23.60 0.75 50,4 0.09 0.53 2.5 

PARTICULATES 
................................ ACTIVE 

PC PN PP CHLflRO SESTON CHOLDR 
(ug/ l )  ( u g l l )  l u g i l )  ( u g i l  1 ( r g l l  f ( u g l i  1 ......................................... 

PU. VISTA 8-HAY-86 5.2 0.5 0.5 0.54 0.15 26.2 0.24 0.61 21.5 3999 542 73 36.1 47.4 33.t 
4.7 0.3 0.33 0.07 24.4 0.22 0.64 10.4 3911 528 125 38.3 55.2 35.7 

HORN PT 3-NAY-86 1130 7.5 0.5 8.2 22.50 0.77 64.2 0.18 1 . P  1.9 1301 165 12 9.0 14.h 8.0 
7.4 0.6 24.40 0.52 53.4 0.07 0.53 3.2 1256 151 13 9.3 10.9 8.8 

WIND HiL 3-HAY-86 1900 2.8 0.5 2 . 3  77.20 0.35 111.6 0.52 1.03 28.0 4487 566 94 24.4 57.B 17.6 
2,b 1.6 77.70 0.28 111.8 0.46 0.93 23.6 4402 545 101 28.5 71.0 22.5 

RAE PT 6-MY-86 1040 16.5 0.5 1.0 36.20 0.70 5P.7 0.10 0.33 4.B 2935 340 49 34.5 12.2 37.0 
16.0 3.5 27,80 1.00 52.9 0.13 0.22 1.8 2673 354 20' 46.5 14.2 47.0 

STIL PD 4-NkY-06 1440 9.8 0.5 3.5 76.20 0.65 92.1 0.35 0.58 49.0 1655 169 44 8.5 27.6 
6.5 5.9 71.50 0.75 102.b 0.40 0.76 45.3 2433 2Sb 51 10.9 45.0 



BIOflONITIURINS PRUGRAtl: SEDIHENT OXYGEN AND NUTRIENT EXCHANGES (SUNE) 
H2ONUTS iSurface and b o t t o r  water dissolved and p a r t i c u l a t e  n u t r i e n t  concentrat ion a t  SONE s ta t i on )  

........................................................................... ...................................... 
DISSOLVED NUTRIENTS ~~RTIcuL~~~Es--------------------- 

TOTAL SfinpLE ........................................ ------------------ TDTIL ACTIVE 
STATION DATE TIflE DEPTH DEPTH NH4 NO2 N03tN02 TDN DIP TDP SI(OH14 PC PN PP CHLURD SESTON CHLORO 

(ri (PI (UHI run] (uni (UR) (UH) (un) (UH) ( u g i l i  ( u g i l )  ( u g i i )  lug111 ( ~ g l ~ )  ( u g i l )  
................................................................................ ...................................... 
SOME 8 
ST.LE0 26-JUNE-86 730 7.2 0.5 3.5 0.36 1.38 32.3 0.17 0.29 63.6 1269 253 23 i6.8 5.0 16.4 

5.5 4.6 0.36 1.50 34.2 0.09 0.31 61.5 1200 223 25 12.3 9.4 10.1 

HDRNPT 25-JUNE-86 1317 8.0 0.5 1.4 0.14 0.52 32.1 0.24 0.51 61.2 2298 402 34 21.9 !2.6 20.2 
6.5 1.3 0.10 0.27 30.5 0.15 0.27 61.4 1762 234 38 11.3 27.2 8.7 

WIHD HILL 25-JUNE-06 2.8 0.5 2.1 0.31 11.8 47,3 1.53 1.72 65.8 4595 534 10 19.2 63.6 12.6 
1.5 1.8 0.26 11.1 45.5 1.54 1.77 62.8 5919 796 16 22.9 100 14.6 

RASPT 23-JUKE-86 101516.5 0.5 2.8 0.10 0.19 35.0 0.14 0.52 39.6 1873 413 37 21.7 11.6 18.5 
16.0 8.9 0.16 0.45 38.0 0.16 0.34 41.2 1619 323 35 10.9 16.6 8.7 

PTNDPT 24-JUNE-86 715 14.4 0.5 3.9 0.18 0.52 34,4 0.12 0.19 26.6 1350 241 18 7.8 9.8 7.1 
13.2 13.0 ".41 2.24 44.4 0.11 6 . l i  ;v.1 721 150 20 3.4 7.6 3.3 



Appendix Tab1 e 3 

LGNG-TERH EIDlfONITDRING PROGRAH: ECDSYSTM PRDCESSES CDHPDNEMT (SDNE STUDY) 
SEDPRDF (Ve r t i ca l  sedirent p r o f i l e s  of Eh,ZH?O and var ious  pa r t i cu la tes ;  
Add +244 rV t o  a l l  Eh data t o  cor rec t  vslues t o  hydrogen e lec t rode 
NDTE:Vertical p r o f i l e s  o i  p a r t i c u l a t e s  co l l ec ted  only dur ing  October cruise. 
NEE: No s u r i i c a l  p a r t i c u l a t e  safiples taken dur ing t h i s  c ru ise .  

........................................................ 
TDTAL EH l fesr t  

STATIDti DATE TIKE DEPTH DEPTH Eh 
(I!) (CK) (rV1 

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

ST. LEO 27-AU6-84 1035 6.7 0 -272 
-1 -286 
-2 -276 
-3 -233 
-4 -246 
-5 -248 
-6 -248 
-7 -253 
-8 -255 
-9 -261 



LONE-TERH BIGHONIiORiN6 PRGGRAH: ECGSYSTEH PROCESSES CDHPONENT (SGWi STUDY1 
SEDPROF (Ve r t i ca l  sedicent prof  i i e s  of Eh,ZHZD and var ious pa r t i cu la tes )  
Add +24i  mV t o  a l l  Eh data t o  cor rec t  values t o  hydrogen e iec t rode 
N0TE: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  oniy dur ing Dctober cruise.  
NOTE: Wo s u r f i c a l  p a r t i c u l a t e  samples taken dur ing  t h i s  cruise.  

TGTAL Eti Resrt  
STATIGEi DATE TIRE DEPTH DEPTH Eh 

( R )  ccn) c ~ v i  
...................................................... 

HAE.PT 26-AU6-84 1248 13.2 0 -38CI 
-1 -395 
-2 -402 
-3 -413 
-4 -412 
-5 -450 
-6 -472 
-7 -465 
-8 -453 
-9 -425 

-10 -412 

RD. P i  28-AUE-64 1715 9.8 

PT. H G , i i  26-AU6-?4 940 13.0 C 
-1 
-2 
-3 
-4 
-5 
-6 
-7 
-8 
-9 



LONG-TERX BIDHONITDRIKS PRDGRAH: ECDSYSTEH PROCESSES CDHPONENT (SONE STUDY) 
SEDPRDF (Vertical sediment proi i les  of Eh,XHZD and various particulates) 
Add t244 PV t~ a i i  Eh data t o  correct values t o  hydrogen electrode 
N0TE:Vertical profi les  of par t iculates  collected only during October cruise. 
NOTE: No surf ical  par t iculate  samples taken during t h i s  cruise. 

........................................................ 
TDTAL EH Heset > 

STRTION DATE TIHE DEPTH DEPTH Eh 
cnr ( C H I  ( m V )  

...................................................... 
TOH. PT 30-AU6-84 1100 15.2 0 -238 

-1 -283 
-2 -284 
-3 -302 
-4 -313 
-5 -313 
-6 -324 
-7 -401 
-6 -353 
-9 -450 

-10 -500 
-11 -522 
-12 -440 
-13 -310 
-14 -335 



B!D#DNITDRIMG PRDERA!: ECDSYSTER PRDCESSES CD!iPDWiWTiSD#E STUDY) 
SEDPRDF i V e r t i c a 1  sed i r en t  p r o f i l e s  o f  Eh,Xti?O and var ious  p a r t i c u i a t e s )  
ADD t244 PV t o  a l l  Eh da ta  t o  co r rec t  t o  hydrogen electrode.  
A l l  sed i r en t  sample s l i c e s  1cc t h i c k  

SEDI HEN? PROFILES ................................................................................................................ 
TOTAL EH H e s ~ t  !ID-PDI KT SEDIHENBNALYSIS,T DISSOLVED NUTRIENT 

STATION DATE TiRE DEPTH DEPTH Eh SEDIK# XH2O PC PH PP CHLDRD NH4 N03+tiD2 
i )  (c!!) iav )  (CE) ( 2 )  (rg/m2) rut! M )  (u! Ni 

................................................................................................................ 
SDME 2 

S?.LED 17-DCT-84 1419 7.0 0 140 
-1 100 0.5 81.4 2.42 0.28 0.061 58 5 
-7 L -120 1.5 72.5 2.29 0.27 0.057 39 5 
-3 -140 2.5 70.5 2.50 0.31 0.063 
-4 -155 3.5 70.6 2.74 0.34 0.057 

4.5 t 0 . 8  2.86 0.32 0.075 
-6 -155 5.5 67.2 2.88 0.31 0.059 

6.5 65.5 2.53 0.50 0.056 
-8 -160 

-10 -150 



BIOKONITORIN6 PROGRAK: ECDSYSTEK PROCESSES CGflPDNENT1SDNE STUDY; 
SEDPRGF ( V e r t i c a l  sediment p r o f i l e s  o f  Eh,XH?O and var ious  p a r t i c u l a t e s i  
ADD +244 PV t o  a l l  En data  t o  c o r r e c t  t o  hydrogen electrode.  
A 1 1  sediment sample s l i c e s  l c ~  t h i c k  

SEDIKENT PROFILES ................................................................................................................ 
TOTAL EH Hesmt HID-POINT SEDIKENANALYSIS,Z DISSDLVED NUTRIENT 

STCITIDN DATE TIRE DEPTH DEPTH Eh SEDiKENT XH2D PC PN PP CHLORD NH4 N03+ND2 
I (CEi (pVi (CHI (X I  t rg /a2)  (uK N)(uK Ni 

................................................................................................................. 
SDNE 2 

ST.LEO 17-UCT-84 1419 7.0 O 140 
-1 100 0.5 81.4 2.42 0.28 0,061 58 5 
-2 -120 1.5 72.5 2.23 0.27 0,057 99 5 
-3 -140 2.5 70.5 2.50 0.31 0.063 
-4 -155 3.5 70.6 2.74 0.34 0.057 

4.5 68.8 2.86 0.32 0.075 
-6 -155 5.5 67.2 2.88 0,31 0.059 

6.5 65.5 2.53 0.30 0,056 
-8 -140 

-10 -:50 

BU. VISTi  17-OCT-84 1222 4.0 O i 6 0  
-0.5 90 

0.5 82.5 2.17 0.27 0.134 26 10.2 
-1.5 20 

1.5 72.5 2.34 0,29 0.145 . 70 7.3 
-2.5 -140 

2.5 68,7 2.38 0.28 0.147 
-3.5 -175 

3.5 65.8 2.24 0.25 0,124 
-4.5 -170 

4.5 62.5 7 15 0 24 O.11! 
-5.5 

5.5 60.9 2.20 0.25 0.115 
-4.5 -155 

6.5 59.4 2.20 0.24 0.109 
-7.5 -155 

7.5 58.8 2.34 0.22 0.102 



BfOMNITORlN6 FRDGRAH: ECOSYSTEH PRDCESSES CDHPDNENT(S0IiE STUDY) 
SEDPRDF ( V e r t i c a l  s e d i r e n t  p r o f i l e s  o f  Eh,XH2O and v a r i  ous p a r t i c u l a t e s )  
ADD t244  r V  t o  a l l  Eh d a t a  t o  c o r r e c t  t o  hydrogen e lec t rode .  
A11 sediment s a r p l e  s l i c e s  1 c r  t h i c k  

SEDIHEW PROFILES 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

TOTAL EH Hesr t  HID-POINT SEDIKENAUALYSIS, Z DISSOLVED NUTRIENT 
STATION DATE TIRE DEPTH DEPTH Eh SEDIIIEHT ZH20 PC PN PP CiiLDRO NH4 ND3+ND2 

(HI (CHI c ~ v )  (CHI 1x1 ( ~ 9 1 ~ 2 )  (UH N)(UH N) 



BIOHONITORIN6 PROGRAH: ECDSYSTEH PROCESSES COHPDNEk'T(SDNE STUDY) 
SEDPROF (Ver t i ca l  sedirent p r o i i l e s  of Eh,XHZO and various pa r t i cu la tes )  
ADD +244 mV t o  a l l  Eh data t o  cor rect  t o  hydrogen electrode. 

I 
411 sedirent sarple s l i c e s  l c r  t h i c k  I 

i 

SEDIENT PROFILES 
--------------------------------------------------c---------------------------------------------------------- 

TOTAL EH Hesrt HID-POINT 
I 

SEDIKNANALYSIS,X DISSOLVED NUTRIENT j 
STATiON DATE TIHE DEPTH DEPiH Eh SEDIHENT XH20 PC PN PP CHLORO NH4 N03+#02 

(1) (CHI (rV1 (CHI ( X i  
! 

(mg/r2) LuH N) (uH N )  ........................................................................................................... i 
i 

HD. PT 18-OCT-84 1340 9.5 0 130 i 
I 

-1 100 0.5 86.4 2.79 0.30 0.117 97 32.3 r 

-2 50 1.5 79.4 2.86 0.31 0.106 114 27.6 E 
-3 -150 2.5 74.9 2.94 0.32 0.121 I 

t 

-4 -180 3.5 74.8 3.36 0.30 0,125 t 
-5 -210 4.5 69.2 2.82 0.31 0.100 i 

-6 -235 5.5 61.4 2.44 0.25 0.094 
I 
i 

-7 -220 6.5 60.3 2.35 0.26 0,089 1 
7.5 59.3 2.48 0.25 0.095 
8.5 59,8 2.48 0.26 0.093 L 



EIORONITORING PRDGRBH: ECOSYSTER PRDCESSES CORPONEHiiSONE STUDY) 
SEDPROF ( V e r t i c a l  sed i r en t  p r o f  i i e s  o i  Eh,ZH20 and var ious  p a r t i c u l a t e s )  
ADD i 244  rV t a  a l l  Eh data t o  c o r r e c t  t o  hydrogen electrode.  
A11 sed i r en t  saeple s l i c e s  Ica t h i c k  

SEDIHENT PROFILES 

TOTAL EH Hesat KID-POINT SEDIKENANALYSIS, Z D l  SSOLVED NUTR1 ENT 
STATION DATE TIRE DEPTH DEPTH Eh SEDIKEkT ZH20 PC PN PP ELORO tih'l tiO3ttiO2 

(Hj [CHi (rV) (C!!) (7.1 ( c g i ~ 2 1  (uH N) (uK N) 



BIDHDtiiiORING PROGRAR: ECDSYSTEE PROCESSES COfiPDNENT (SONE STUDY) 
SEDPROF (Ve r t i ca l  sediment p r o f i l e s  o f  Eh,XH?O and var ious p a r t i c u l a t e s )  
kDD +244 RV t o  a l l  Eh data t o  co r rec t  t o  hydrogen electrode. 
k l i  sediment sample s l i c e s  ICP t h i c k  

SEDIHENT PRDFiLES .................................................................................................... 
TOTAL EH beset HID-POINT SEDIKNANALYSIS, X 

STATION , DATE TInE DEPTH DEPTH Eh SEDIKNT ZH2O PC FN PP CiiORO 
cni ccni cav) ccn) ( x i  [mg/r2i .................................................................................................... 

SONE 3 
ST.LEO 6-HAY-85 830 6.6 1 173 

0 97 
-1 -77 0.5 2.67 0.34 0.089 30.9 
-9 -150 

-3 -150 
-4 -170 
-5 -200 
-6 -206 
-7 -185 

BU. VISTA 6-MY-B5 1200 4.0 1 197 
0 -5 

-1 8 0.5 2.78 0.32 0,166 31.8 . 
-2 53 
-3 20 
-4 -135 
-5 -111 
-6 -146 



B!DKOHIiORING PROGRAH: ECDSYSTER PROCESSES CDKPONENT (SDNE STUDY) 
SEDPRDF (Vertical sec5eent prof i I  es of Eh,ZH20 and vari ou5 particulates) 
ADD t i 4 4  PV t o  a l l  Eh data to correct to  hydrogen electrode. 
8 1 1  sediment sample s l i c e s  lcm thick 

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

TOTAL EH Heset KID-POINT SEDIHENAtiALYSIS, I 
S T B i I D N  DATE T IRE EEPTH DEPTH Eh SEDIRENT ZH20 PC PN PP MLDRI] 

(K) C (eV) (CHI ( X i  (cg/c?) 
................................................................................................... 

H!!.PT 9-HAY-f5 1030 10.8 1 195 
-1 150 0.5 2.85 0.33 0.12 26.0 
-2 125 
-3 -90 
-4 -165 
-5 -180 
-6 -200 
-7 -210 
-8 -190 



BlOH5NiTDRiNG PRDGRAfi:. EiDSYSTEfi PRDCESDES COHPDNENifSONE STUDY) 
SECPROF ( V e r t i c a l  sediment p r o f i l e s  o f  Eh,XH20 and va r i ous  p a r t i c u l a t e s )  
ADD t244 a!' t o  a l l  Eh da ta  t o  c a r r e c t  t o  hydrogen e lec t rode.  
A l l  sediment sample s l i c e s  1cc t h i c k  

SEDIWENT PROFILES 

TOTAL EH Hesat \ID-PDINT SEDIHE#ANALYSiS,% 
STATiON DATE TIKE DEPTH DEPTH Eh SEDIIIENT %HZ0 PC PN PP UiORG 

( R )  (CHI (mVI (CHI (1) !mg/r2I 
.................................................................................................. 

SDNE 4 
ST.LED 25-JUNE-85 1100 7.5 1 170 

0 175 
-1 f 47  0.5 2.72 0.40 0.084 24.17 
-2 70 
-3 -100 
-4 -80 
-5 -130 
-6 -130 
-7 -165 
-8 -140 

EU. VISTA 25-JUNE-85 730 4.6 1 160 
0 150 

-1 102 0.5 2.49 0.31 0.152 15.81 
-? 

L -166 
-3 -225 

-4 -227 
-5 -245 
-6 -211 
-7 -225 
-8 -135 

HDRN. P I  26-JUNE-85 700 8. 2 1 90 
0 170 

-1 200 0.5 7.76 0.30 0,064 ??.6? 
-2 167 
-3 -110 
-4 -80 
-5 -120 
-6 -202 
-7 -227 
-8 -230 



BiGtiGNITGRiNG PRGGRBH: ECDSYSTi!i PROCESSES COilPGNENT(SDtiE STUDY) 
SEDPRGF ( V e r t i c a l  sediaent  p r o f i l e s  of Eh,XH?G and var ious  p a r t i c u l  ate51 
ADD i 244  PV t o  a l i  Eh da ta  t o  c o r r e c t  t o  hydrogen e iec t rode.  
A l l  s e d i ~ e n t  sa tp i e  s!ices lcm t h i c k  

.................................................................................................... 
TOTAL EH Heset HID-POINT SEfrIHEtiAHAiYSI5,X 

STATiGfi DATE TIHE DEPTH DEPTH Eh SEDiilEtiT ZH2O PC PN PP CHLGRD 
!I41 iEHi ieVi  ICK) i X )  lag/&?) 

.................................................................................................... 
0 i b2  

-1 130 0.5 2 . 7 1  0.32 0,126 20.5 
-2 115 
-3 105 
-4 102 
-5 100 
-b 103 
-7 121 
-8 130 



BIDHDWITDRIN6 PRD6RAE:. ECDSSSTEFi PROCESSES CDFiPDNENT (SDNE STUDY) 
SEDPRDF (Ver t i ca l  sediment prof  i 1 es of Eh,XHZO and var ious pa r t i cu la tes )  
ADD +241 mV t o  a11 Eh data t o  cor rec t  t o  hydrogen electrode. 
A l l  sediment sample s l i c e s  l c c  t h i c k  

SEDIHEHT PROFILES 
.................................................................................................... 

TDTkL EH Hestt  WID-PfiINT SEDIIIENANALYSIS, Z 
STATIDN . DRTE TIHE DEPTH DEPTH Eh SEDIHEHT XH2D PC PN PP CHLDRD 

(1) ( C f i )  (rV) (CWi ( X i  (mgJm2i 
.................................................................................................... 

ST1L.P.E 26-JUNE-85 1600 10.4 1 106 
0 120 

-1 I00  0.5 3.66 0.24 0.074 19.B9 
-2 28 
-3 -57 
-4 -43 
-5 -105 
-6 -79 



EiDRO#ITORIHG PROSRAfl: ECOSYSTEW PROCESSES COKPONE#T!SDNE STUDY) 
SiDPRDF (Ve r t i ca l  s e d i ~ e n t  prof  i i e s  of Eh,%H?f and var ious  pa r t i cu la tes )  
ADD t241 cV t o  a l l  Eh data t o  co r rec t  t o  hydrogen electrode. 
411 sedinent sample s l i c e s  Icm t h i c k  

SEDIHENT PROFILES 
_____________________________________________I____-____________--__-____-________I_____-- 

TOTAL EH Xesmt HID-PDlWT SEDIWEN&#ALYSIS,Z 
STATiDN DATE TIKE DEPTH DEPTH i h  SEDibENT XH20 PC Pti PP CiitDRO 

(K)  [CHI [ s ~ l  (CHI ( X I  (cg/m?) 
_________________________-____________^___________-____-________--_--___--___-_________I____- 

SOHE 5 
ST. LED 22-AUS-85 S43 7.9 1 

-1 
-2 
-3 
-4 
-5 
-6 
-7 
-a 

RAG. PT 19-AU6-85 957 16.5 1 
-1 
-2 
-3 
-4 
-5 
-6 
-7 
-8 
-9 

-10 



GIOflONITDRIN6 PR06RAK: ECOSYSTEH PROCESSES CDRPDWENT(S0HE STUDY) 
SEDPROF (Vertical sedirent profiles of Eh,XH20 and various particulates) 
ADD +244 eV to  al l  Eh data to correct t o  hydrogen electrode. 
All sediment s a ~ p l e  s l i c e s  Ice thick 

SEDItlENT PROFILES 
.................................................................................................... 

TOTAL EH Hesmt RID-PDINT SEDIflENilHALYSIS, ! 
STATIDN,  DATE TIRE DEPTH DEPTH Eh SEDIflENT ZH20 PC PR PP CtfiORO 

[HI  tCK1 (BV) (Cfl) (1) (mgir2) 
................................................................................................ 
ED.PT 19-AU6-85 1336 8.8 1 90 

0 -135 
-1 -220 0.5 3.26 0.46 0,053 24.2 
-2 -267 
-3 -285 
-4 -278 
-5 -275 
-6 -300 

PT. NO. PT 20-AU6-85 800 14.3 1 
-1 
-2 
-3 
-4 
-5 
-t 
-7 
-a 
-9 

-10 



BIOHDNITGRiNG PROGRAH: ECOSYSTEH PROCESSES COHPONEHT(SDHE STUDY) 
SEDPRDF ( V e r t i c a l  sediment p r o f i l e s  o f  Eh,XHZO and var ious  p a r t i c u l a t e s )  
ADD t244 rV t o  a l l  Eh da ta  t o  c o r r e c t  t o  hydrogen electrode.  
A l l  sediment sample s l i c e s  lcm t h i c k  

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

TOTAL EH Hesmt HID-POINT SEDIHENfiNALYSIS, 1 
STATION DATE TIHE DEPTH DEPTH Eh SEDIRHT IH20 PC PN PP CHLORO 

(HI tcn) (DV) (CHI 11) tmgim2) 
......................................................................................... 
STIL. PD 21-AU6-85 805 10.4 1 100 

-1 50 0.5 3.54 0.24 0.045 14.1 
-2 -84 
-3 -180 
-4 -150 
-5 -180 
-6 -180 
-7 -210 
-8 -240 
-9 -230 



BIOHONITDAIEIG PRDfiAM: ECOSYSTEM PRUCESSES COIIPDIIENT ( S W  STUDY 
SEDPRDF (Vertical sediment profiles of Eh,XMO and vari wr particulates) 

- ADD +244 rV to all Eh data to correct to hydrogen electrode. 
All sediment sample slices ICD thick 

SEDIHENT PROFILES 

TOTAL EH H e s r t  HID-POINT SEDIIENT M L Y S I S , I  
STATION DATE , TIHE DEPTH DEPTH Eh SED.SL1CE ZHZO SWIF E D  SED CORE SURF SED SED CORE SURF SED SED CORE 

(I) (CM) (rV) lcm) (2) PC PC PN fY PP PP 

HORN PT 15-DCT-85 1525 8.2 1 161 
-1 -245 
-2 -245 
-3 -250 
-4 -240 
-5 -250 
-6 -240 
-7 -215 
-8 -245 



BIDHDNITDRING PRDSRAR: ECDSYSTEN PROCESSES CDtiPDNENT(S0NE STUDY) 
SEDPRDF (Ver t i ca l  sed i rent  p r o f i l e s  of  Eh,XHZO and var ious pa r t i cu la tes )  
ADD +244 mV t o  a l l  Eh data t o  cor rec t  t o  hydrogen electrode. 
A l l  sediment sample s l i c e s  lcm t h i c k  

........................................................... CHLDRO 
INTERSTITIAL NUTRIENTS SURF SED SURF SED 

STATION. DATE TIRE NH4 DIP ND3+ND N[i2 SI TOTAL ACTIVE 
(uR N) (uH P I  tun N) (uR N) (uR S i l  imgi02) (mgim2) 

............................................................................ 
SONE 6 
ST.LEG 16-DCT-B5 2000 

10 .60 .96  0.26 232 
13.7 0.44 0.19 254 
28.0 0.37 0.32 293 

B.9 0.26 0.26 236 
41.0 1.14 0.19 290 



B I D W I T O R I N 6  PROGRM: ECDSYSTEn PROCESSES CWDWENT(S0NE STUDY) 
SEDPROF (Vertical sediment profiles of Eh,XHZO and various particulates) 
ADD +244 mV to  a l l  Eh data to correct to hydrogen electrode. 
A l l  sediment sample s l ices  1cr thick 

SEDIHEIIT PROFILES ------------------------------------------------------------------------------------ 
TOTAL EH Hesmt HID-POINT SEDInEMT ANALYSIS, Z 

STATION DATE I TIRE DEPTH DEPTH Eh SED.SLICE %HZ0 SURF SED SED CORE SURF SED SED CORE SURF SED SED CORE 
cn) (CM (mV) (cr) I%) PC PC PN PN PP PP 



BIDHONITORIN6 PR06RAH: ECDSYSTEK PRDCESSES COPiPONEfiT(S0NE STUDY) 
SEDPRDF (Ver t ica l  sediment p r o f i l e s  o i  Eh,XHPO and various p a r t i c u l  a tes i  
ADD +244 cV t o  a l l  Eh data t o  correct  t o  hydrogen electrode. 
A l i  sediaent sample s l i ces  Icm th ick  

.............................................................. CHLORD 
INTERSTIT1 AL NUTRIENTS SURF SED SURF SED 

STATiON DATE TIKE NH4 D I P  NG3+NG NO2 SI TOTAL ACTIVE 
(u!l # )  tun P) (uK N) (uH N) rut! Si )  (mg/e2) lmg/m2) 

.......................................................................... 
MINE HILL 15-DCT-85 1750 

5 . 9 2 . 8 5  0.31 95 135.0 10.6 
28.0 0.78 0.34 313 
22,O 0.42 0.35 279 
10.4 0.65 0.27 363 
6.1 0.55 0.35 372 



BIOn0111TfJRIffi PROGRU: ECOSYSTEM PROCESSES CMIPtlWT (SONE STUDY 1 
SEDPRDF (Vertical sediment profiles of Eh,ZH20 md various particulates) 
ADD t 2 4 4  mV to all  Eh data to correct to hydroqen electrode. 
A11 sediment sample s l ices  lcm thick 

S E D I K i T  PROFILES --------------------------------------------------------------------------------- 
TOTBL M Hesrt HID-POINT SEDIEHT M Y S I S , Z  

STATION DATE , T I M  DEPTH DEPTH Eh SED.SLICE ZH20 SURF SED SED CORE SURF !ED SED EDRE SURF SED SED CORE 
1 (CHI (mV)  (cm) (1) PC PC PN PN PP PP 



BiDttDWiTORIN6 PRDGRAX: ECDSYSTEH PROCESSES COWONENTiSONE STUDY) 
SEDPRDF ( V e r t i c a l  sediment p r o f i l e s  o f  Eh,ZHiO and var ious pa r t i cu ia tes )  
ADD t244 PV t o  a l l  Eh data t o  co r rec t  t o  hydrogen e l rc t rode.  
Ail sediment sample s l i c e s  l c r  t h i c k  

............................................................. CHLORO 
INTERSTITI I L  HU'TRIENTS SURF SEE SURF SED 

STATION DATE TIRE NH4 DIP ND3tNO NO2 SI TOTAL kCTIVE 
(uli N)(uK P) (uK Nf (uH N) (uH S i )  t ~ g i r 2 )  (egir2) 



BIDHDHiTORINE PROERBH: ECOSYSTEH PROCESSES COHPDNENTiSDNE STUDY) 
SEDPRDF (Vertical sediment profiles of Eh,XH?O and various particulates) 
ADD i241 eV to ail Eh data to correct to hydrogen electrode. 
A11 sediment sasple slices 1cm thick 

SEDIHENT PROFILES 

TOTAL EH Hesst HID-PDINT SEDl HENT AHBLYSIS, X 
STAiiDE DATE TIHE DEPTH DEPTH Eh SED,SLICE ZH2D SURF SED SED CORE SURF SED SED CORE SURF SED SED CORE 

(HI (CHI teV) ICP) (Z) PC PC PN PN PP PP 
................................................................................................................ 
STI? PD 15-KT-85 930 10.6 1 177 

-1 55 0.5 71.9 3.34 3.37 0.32 0.24 0.038 0.048 
-2 -59 1.5 59.1 2.94 0.23 0.043 
-3 -86 2.5 58.9 3.19 0.27 0.035 
-4 -87 3.5 3E.9 2.77 0.24 0.040 
-5 -108 4.5 59.3 2.81 0.27 0.035 
-6 -94 
-7 '-95 
-8 -70 
-9 -70 

-10 -105 9.5 56.9 



BIOHDNITDRING PRDGRAN: ECOSYSTEH PRDCESSES COHPONENT(S0NE STUDY) 
SEDPROF (Ver t i ca l  sedimznt p r o f i l e s  of  Eh,XH2O and var ious pa r t i cu la tes )  
ADD t244 rV t o  a l l  Eh data t o  cor rec t  t o  hydrogen electrode. 
A11 sediment sample s l i c e s  l c n  t h i c k  

............................................................. CHLORO 
INTERSTITIAL NUTRIENTS SURF SED SURF SED 

STRTION DATE TIHE NH4 DIP #D3+NO NO2 S I  TOTAL ACTIVE 
rut4 N)  (uK P) (uK N) (uH N) tub S i )  trgIm2) (mglm2) 

STIL PD 15-OCT-85 930 
3.1 6.84 0.38 104 42.0 2.1 
5.2 3.33 0.34 250 
3.8 1.29 0.64 202 
4.9 2.03 0.35 239 

12.1 3.49 0.23 320 



BIOtIGNiTDRiNb" PA06RRI: ECO SYS'TEH PROCESSES COHPONEtiT (SOME STUDY 1 
SEDPROF ( V e r t i c a l  sedieent  p r o f i l e s  o f  Eh,ZH20 and va r i ous  p a r t i c u l a t e s )  
ADD +244 cV t a  a l l  Eh da ta  t o  co r rec t  t o  hydrogen e lec t rode.  
A l l  sed icen t  sample s l i c e s  lcm t h i c k  

SEDIRENT PROF lLES 
__~~~______~~__~~__~~~~~~~___~__~______~_~I_____~~_~~~~_~_~~~~~____~____~~__~~~~~~~~ CHLDRD 

TOTAL EX Reset HID-PDINT RNRLYSIS, Z SURF SED SURF SED 
STATION DATE TIRE DEPTH DEPTH Eh SED.SLICE XHZC SURF SED SURF SED SURF SED TDTRL BCTIVE 

(1)  (CH) (nV) (cr) (2)  PC Pli PP ( ~ g I c 2 )  (nglm2) 
........................................................................................................ 
SONE 7 
ST.LED 8-HAY-86 710 7.0 1 110 

0 35 
-0.5 18 
-1.5 -144 0.5 2.36 0.20 0.067 219.0 95.7 
-2.5 -160 
-3.5 -130 
-4.5 -117 
-5.5 -220 
-6.5 -155 
-7.5 -230 
-2.5 -150 
-9.5 -124 
10.5 -175 

HDRN PT 3-RAY-06 1630 7.5 0 190 
-1 -199 0.5 2,06 0.28 0.066 307.0 152 
-2 -100 
-5 -185 
-4 -195 
-5 -160 
-6 -145 
-7 -198 
-8 -185 
-9 -150 

-10 -209 



EIDHDNITDRING PRDGRlH: ECDSYSTEH PROCESSES CDHPONENTISDNE STUDY) 
SEDPRDF ( V e r t i c a l  sediment p r o f i l e s  o i  Eh,ZH20 and var ious  p a r t i c u l a t e s )  
ADD +244 rV t o  a l l  Eh data t o  co r rec t  t o  hydrogen e lec t rode.  
A l l  sediment sample s l i c e s  Icm t h i c k  

SEDIKENT PROFILES ----------------- 
...................................................................................... CHLGRO 

TDTAL EH Hesmt fllD-PDINT Alr'fiLYSIS,X SURF SED SURF SED 
STATION DATE TIHE DEPTH DEFiH Eh SED.SLICE XH2D SURF SED SURF SiD SURF SED TDTAL ACTIVE 

11) lcn) ImVl m I:) PC P# PP IrgIm2) ImgIn2) 

YINDY HIL  3-HAY-B6 1810 2.8 0 -110 
-1 -280 0.5 4.28 0.33 0.120 71.6 23.0 
-2 -223 
-3 -250 
-5 -257 
-5 -243 
-6 -240 
-7 -251 
-8 -217 
-3 -235 

-10 -227 



BIOHONI TORING PROGRAR: ECOSYSTEH PROCESSES COHPONENT ISONE STUDY 
SEDPROF (Vertical sediment profiles of Eh,5H20 and various particulates) 
ADD t244 cV to a i l  Eh data t o  correct to  hydrogen electrode. 
A 1 1  sediment sample s l i c e s  Ice thick 

SEDiHEHT PROFILES ---------------a- 

.................................................................................... CHLORO 
TOTAL EH Reset HID-POINT ANALYSIS,Z SURF SED SURF SED I 

I 

SiATlDN DATE T I R E  DEPTH DEPTH Eh SED-SLICE XH20 SURF SED SURF SEE SURF S i D  T D T K  ACTIVE 
(HI  (CHI ( m V )  (ce) (Z )  PC PN PP (mglm2) (rglm2) 



FIDHONITDRING PRDGRAH: ECDSYSTEH PRDCESSES CDIIPONENT (SDNE STUDY 
SEDPRDF l V e r t i  t a l  sed i rent  p ro f  i i e s  of Eh, iH20 and var ious pa r t i cu la tes )  
ADD +244 mV t o  a l l  Eh data t o  cor rec t  t o  hydrogen electrode. 
A l l  sed i rent  sa rp ie  s l i c e s  l c a  t h i c k  

SEDIHENT PROF1 LES ----------------- 
...................................................................................... CHLORO 

TOTAL EH Hesrt HID-PDINT ANAiYSIS,Z SURF SED SURF SED 
STATION DATE TIHE DEPTH DEPTH Eh SED.SLICE XH?D SURF SEE SURF SED SURF SED TOTAL ACTIVE 

(HI CHI  (rV) (cm) Z PC PN PP (eg i r2)  l r g / r 2 )  
......................................................................................................... 
STIL PD 4-HAY-86 1410 7.8 0 160 

-1 140 0.5 5.32 0.25 0.075 166 59.8 
-2 -10 
-3 -95 
-4 -140 
-5 -150 
-6 -149 
-7 -40 
-B 60 
-9 80 

-10 90 



ElDHONITORING PROGRAR: ECDSYSTER PROCESSES COKPDNENT (SONE STUDY 
SEDPRDF (Ve r t i ca l  sediment p ra f  i l  es oi Eh,X#ZO and var ious pa r t i cu la tes )  
ADD t244 t o  a l l  Eh t o  cor rec t  t o  hydrogen electrode. 
A l l  sediment sappie s l i c e s  lcm t k i c k  

.................................................................................................................. 
SEDIRENT ANALYSIS, Z TOTAL ACTIVE 

STATION DATE T l R  TOTAL EH Hesst Eh KID-POINT XH20 PC PN PP CHLORO CHLDRO 
EEPTH DEPTH SEd.SLICE ( X I  i rglm2) tmglr?) 

tW) (CHI (eV1 ICK) 
................................................................................................................ 
S[i#E 8 

ST.LEO 26-JUNE-86 730 6.7 1 163 
0 16: 

-1 170 0.5 2-21 0.28 0.077 164 53.8 
-2 160 
-3 150 
-4 135 
-5 -50 
-6 -155 
-7 -165 
-8 -185 
-9 -195 

-10 -2i0 

BU. VISTA 26-JUFiE-86 940 3.6 1 150 
0 138 

-1 123 0.5 2.83 0.35 0.144 146 47.8 
-2 125 
-7 142 

-4 140 
-5 150 
-6 !2i' 
-1 -169 

-8 -95 
-9 -205 

-10 -178 

HOHW PT 25-JUHE-86 1215 7.2 1 142 
0 138 

-1 137 0.5 
-2 123 
-3 90 
-4 -85 
-5 -120 
-6 -145 
-7 -165 
-8 -130 
-9 -185 

-10 -1% 



ElDRDtiiTDRiN6 PRDGRAK: ECDSYSTEK PRDCESSES CORPD#EHT(SD#E STUDY) 
SEDPRDF ( V e r t i c a l  sediment p r o f  i i e s  o f  Eh,XH20 and va r i ous  p a r t i c u l a t e s )  
ADD +244 t o  a i l  Eh t o  co r rec t  t o  hydrogen e lec t rode.  
A i l  sediment sample s l i c e s  lcm t k i c k  

SEDIRENT ANALYSIS,% iO iAL ACTIVE 
STATIDN DATE TIRE TOTAiEHIlesmt Eh HID-PDiNT %HZ0 PC PN R CHLDRD CHLDRO 

DEPTH DEPTH SEd.SLICE ( X i  ( rg im?) (agim2) 
i f )  iCK1 (eV) (En) 

............................................................................................................. 
#IN9 HIL 25-JUKE-86 1450 3.6 1 153 

-0.5 145 
-1.5 144 0.5 5.09 0.44 0.101 141 47.8 
-2.5 150 
-3.5 133 
-4.5 105 
-5.5 62 
-6.5 35 
-7.5 -190 
-5.5 -1E5 
-9.5 -185 

-10.5 -165 



BIORON I TURIN6 PRDGRA!: ECDSYSTER PROCESSES CDHPDNMT (SOHE STODY i 
SEDPROF ( V e r t i c a l  sediment p r o f i l e s  of Eh,XH?D and v a r i o u s  p a r t i c u l a t e s )  
ADD +244 t o  a l l  Eh t o  c o r r e c t  t o  hydrogen e lec t rode .  
A l l  sediment sampie s l i c e s  lcm t k i c k  

................................................................................................................... 
SEDIHEMT ANALYSIS, Z TOTAL ACTIVE 

STATION DATE TINE TDThL EH Resct Eh RID-PDINT ZH20 PC PI! PP CHLORD CHLURO 
DEPTH DEPTH SEd.SLICE ( X i  ( rg tc21  ( r g t r ? ;  

(H, (CHI iaV) iCtt) 



-- Appendix Tab1 e 4 
LGtiG-TER9 BIGIiijHiTDRIWG ?RfrGRRil SEDitiEtii-#BTER EXCHANGE COPOHENT 

\ SEDFLUX (Nutrient and oxygen concentrations 
in the sediment microcosms a t  SONE 
s ta t ions)  

SEDIKEHT-HATER FLUXES 

, CORE CORE CORE H20 TI t lE  T IHE DF 
STATIDN DATE NU. VOL HEIGHT (SLIK) SABPLE DELTA T DD Nif4 HD3tN02 D I P  S I  (OH14 

( H i )  (Kl  (!!IN) HR [ I F  (mid i N 6 i l )  iuH-H) (uR-N) (uil-P) cuH-51) 

- SDNE 1 
BU.VISTk 31-AU6-84 RED 1560 0.11 0 

1560 24 
1560 59 
1560 93 
1560 139 
1560 169 

- 1560 202 
1560 246 

GREEN 1510 0.11 0 9 27 
1610 23 9 50 
1610 58 10 25 
ltlO 98 1 1  5 
ltl0 138 1 1  45 
lbi0 i b B  12 15 
I610 201 12 48 
1610 245 13 3 2 
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SEDlHENT-WATER FLUXES 

CORE CURE CORE H2U TI RE TIHE DF 
STATIDN DATE NO. VO? HEIGHT (SUHt SAHPLE DELTk T DD NH4 N03+N02 DIP SIlDH14 

(Htt (ti) ftiIN1 HR HIN (sin; (H611) (uH-N) (uH-N1 (uH-PI ~uR-SI~ 
........................................................................................................................... 
ST. LED 27-AUG-84 BLACK 0.05 0 15 30 

30 16 0 30 
bO 16 30 30 
9 t. i 7 6 36 

1 27 17 39 33 
162 18 12 33 
416 22 26 254 

GREEN 



SEDIHENT-WATER FLUXES 

COiiE CORE CORE HZ0 TIHE T I A  OF 
STfiTiW DATE NO. VOL HEIGtlT fSUn1 SMPLE DELTA T DO 

( ~ L I  (HI   HI^) HR HIN ( r i d  (Il6111 ................................................................................ 
PU.VISTA 27-AU6-84 - RED 0.07 0 15 38 

37 16 15 37 
66  16 44 29 

102 17 20 36 
135 17 53 33 
165 18 23 30 
416 22 34 251 

WHITE 

SILVER 



- 

SEDIHENT-HATER FLUXES 

3 CORE CDRE CORE HZ0 
STATION DATE NO. VOL HEIGHT 

(HL) c HI ------------------------------------ 
WIND. HL 29-806-84 1 1255 0.09 

1255 
1255 
1255 
! 255 
1255 

TIHE TIME OF 
(SUX) SAHPLE DELTA T DO 
(HIM1 HR HI# ( @ i n )  (H611) 

NH4 ND3+N02 DIP SI(OH)4 
luH-N) (uH-N) [uH-PI (uH-51) 
.--------------------------------- 

7.9 0.76 1.59 42.9 
9.7 1.39 1.53 55.6 

12.6 1.35 1.46 53.5 
13.3 2.76 1.44 54.2 
13.0 3.10 1.39 55.9 
12.6 2.53 1.14 62.7 

RAG. PT 28-AU6-04 RED E50 0.06 0 13 
850 62 14 
850 120 15 
850 176 16 
850 250 17 
850 296 18 
850 33 1 I 8  
850 369 19 

WHITE 950 0.07 0 13 17 3.56 
950 65 14 22 65 3.48 
950 125 15 22 60 2.02 
950 179 16 16 54 2.30 
950 252 17 29 73 1.54 
950 . 300 18 17 48 1.15 
950 37 1 19 22 7 1 

SILVER 860 0'06 0 13 1 8 3.63 
860 5 i 14 25 67 2.84 
BtG :2t8 15 24 59 l . i9 
e t o  1% , 15 A d  77 59 1.11 
560 254 17 32 69 0. 19 
5b0 . , 

:-O 1 18 19 47 0.12 
Eb0 37:' 19 30 71 0.0: 



- LONG-TERX EiDEONITDliING PROMAH SEDIKNT-k'ATEn" EXCHANGE CO1IPDliENT 

SEDIHENT-WATER FLUXES 

f 

CORE CDRE CORE H20 TIf!E TIHE DF 
- STATIW DATE NO. VOL HEIGHT [sun1 SAWLE DELTA T DO NH4 NO3+UO2 DIP SIlOH14 , 

lltl) (HI (HIM) HR HIN (rin) (R6111 (uti-N) lull-Wl (uH-P) (uH-SI) 1 ................................................................................................................... . 
- f!D.PT 26-A%-84 GREEN 

BLACK 

BLUE 

BLACK 

































































BIOHDHITGRING PRffiRM: SEDIENT OXYGEN AWD NUTRIENT EXCHEIffiES(S0NE) 
'XDFLUX (Nutrient and oxygen c o n c e n t r a t i o ~ s  i n  the  sediment microcosms a t  SOWE stat ionsi  

ImE CORE CDRE H2D T I E  TIBE W DELTA 
STCITION DATE NO. VDL HEIGHT S I N  SMPLE TIHE DO M VIAL NH4 N03+ND2 DIP SI(Dti)4 

(t i l l  (HI lmin) HR HIN (min) (ffillf ND. (uH-N) run-Nl (uH-P)(uH-511 .......................................................................................... 
SONE 5 
ST.LED 22-MU-85 EL 0.00 0 9 25 0 4.77 189 11.5 6.41 0.96 54.2 

60 10 25 60 4.81 lB8 11.1 6.51 0.99 53.5 
120 11 25 60 4.97 194 11.2 6 . 3  0.93 50.8 
180 12 25 60 4.94 202 11.4 6.91 1.04 54.3 
240 13 25 60 4.95 210 10.6 7.63 0.92 51.7 
300 14 25 60 5,00 218 9.7 6.13 0.97 52.4 



EIOHDNITDRIH6 PRDGRAH: SEDIHENT OXYEW AND NUiR1 ENT EXCMNGES (SOL) 
- SEDFLUX [Nutrient and oxygen concentrations i n  the sedirent ricrocosrs a t  SUE stat ions)  

..................................................................................................... , 

MiRE M#IE CDRE HZ0 TiE TIHE OF DUTA c 

STATIM DATE NO. VOL +EIGHT SUFl SIMPLE TIHE DD AAVIK #H4 MI3iH02DIP SI(Oii14 
- (HL) (Ht Irin) HR HlN ( r in)  (tt6/1) NO, luH-N) (un-N) luH-P)(uH-SIJ 

BU. VISTA 22-AU6-85 BL 0 11 40 0 3.07 198 15.5 10.80 3.30 83.0 
- 60 12 40 60 3.17 206 16.0 10.80 3.55 85.0 

I20 13 40 60 3.20 214 16.5 10.80 3.38 61.0 
180 14 40 60 3.20 222 15.1 10.90 3.32 85.0 

- 240 15 40  60 3.20 226 14.9 10.90 3.42 85.0 
305 16 45 65 3.21 233 16.2 11.60 3.40 82.0 



BIDHWITDRI NG PROGRAH: SEDIHENT OXYEN AND NUTRIENT EXCMIES ISME) 
SEDFLilX (Nutrient and oxygen toncentrations i n  the sedirent ~ ic rocosrs  a t  SOWE stations) 

STATION 
CORE CWlE CME H20 T I E  

DATE ND. VDL HEI6HT S M  
(Hi) (H) (@in)  

TINE OF DELTA 
WPLE T I E  DO &A V I k  NH4 U03+N02 RIP SI(DH14 

HR HIN ( r i d  115611) NO. (uN-N) (uH-N) (uH-P) (uH-51) 
.------------------------------------------------------- 

13 25 0 4.69 154 15.8 3.66 0.85 54.3 
14 25 60 4.87 162 14.3 3.28 0.67 56.2 
15 25 60 4,99 166 13.9 3.33 0.74 54.9 
16 25 60 5.04 170 13.8 3.20 0.72 51.5 
17 25 60 5.17 174 13.5 3.36 0.72 55.1 
18 25 60 5.27 178 14.6 3.51 0.57 55.3 



BIIJHMIITORING PRDGRI: SEBIffEWT OXYGEN MB NUTRIENT EXCMN§ES(SBIIE) 
.- SEWLUX (Nut r ient  and oxygen concentrations i n  the sediment r i c r o c ~ u s  a t  SOME s ta t i ons )  

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

-- WRE mi£ CQRE lf2U T I E  TIHE DF DELTA 

- - STATIDW DATE NO. VM HEIGHT SM SIHPLE TIHE DO Ah VIat NH4 WD3+MlZ DIP 51101114 
tHL) tH) b i n )  HR I i n  6 / 1 1  0 .  (uH-N) (uH-MI (uH-P) [uH-S1) ---------------------------------------------------------------------------------- 

R16 PT 19-MS-85 BL 0 12 0 0 4.65 3 13.2 0.45 0.70 47.7 
- 30 12 30 30 4.74 7 15.7 0.51 0.57 47.7 

60 13 0 30 4.80 I 1  12.0 0.56 0.56 47.2 
90 13 30 3 0 4 . 8 6  16 15.0 0.47 0.78 45.8 

- 120 14 0 30 4.91 21 14.2 0.47 0.50 49.0 

6 3050 0.22 0 12 0 0 5 . 6 5  4 15.9 0.58 0.56 48.4 - 30 12 30 30 5.50 8 12.6 0.45 0.53 49.5 
60 13 0 30 5.32 12 4 .4  3.54 0.51 48.7 
90 13 30 3 0 5 . 2 5  17 14.0 0.67 0.55 48.7 

- 120 14 0 30 5.15 22 17.6 0.77 0.51 49.3 
180 15 0 60 4,95 25 16.6 0.62 0,70 50.0 

- R 3875 0.28 0 12 0 0 5 . 5 5  5 13.9 0.91 0.57 49.8 
30 12 30 30 5.40 9 15,l 0.53 1.29 48.8 
60 13 0 30 5.10 13 15.9 0.60 0.43 47.9 

- 90 13 30 30 5.02 18 14.3 0.71 0.49 49.8 
120 14 0 30 4,90 23 15.9 0.85 0.47 49.3 
180 15 0 60 4.64 26 17.9 0.06 0.46 50.4 

- B 2648 0.20 0 l ?  0 9 6 . 2 9  6 15.0 0.46 0,56 50.1 
30 12 30 30 6.10 10 14.5 0.53 0.63 49.3 
60 13 0 30 5.88 14 17.3 0.66 0.64 49.5 

- 90 13 30 30 5,70 19 15.0 0.47 0.56 49.8 
120 14 0 30 5-59 24 18.6 0.53 0.57 50.1 
180 15 0 ' 60. 5.28 27 16.6 0.52 0.51 51.2 



EIOEDNITORlWG PRDGRM: SEDIHENT OXYGEN AND WUiRIENT EXCHAWGES(SDWE1 
SEDFLUX (Xutrient and oxygen concentrations i n  the sediment mi crocosrs a t  SOWE s t a t i  onsl 

CORE CORE CDRE HM T I E  
STATICIN DATE NG. VDL HEIGHT SUH 

(Hi) (H) ( r i n l  ........................................... 
HD PT 19-AU6-85 EL 0 

30 
60 
90 

130 
195 

TlHE OF DELTA 
SAHPLE TIHE DD M Vi l l i  NH4 )1113+W02 DIP SI(DiI)4 

HR I N  i n  1 0 (uH-X) [uH-Nl (uH-PI (uH-$1) ...................................................... 
15 45 0 5.33 28 7.1 6.98 2.28 63.8 
16 15 30 5.42 31 7.3 6.99 2.39 69.5 
16 45 30 5.54 36 8.0 7.19 2.27 64.6 
17 15 30 5.69 40 8.2 7.06 2.41 66.9 
17 55 40 5.84 44 7.6 7.03 2.31 68.3 
19 0 65 6.03 40 8.9 7.26 2.56 63.3 



B10H0)11TORINE PRDGRltR: SEDIHENT OXY6EN AND NUTRIENT EXCHCHISES(SMYE) 
- SEWLUX I l u t r i e n t  and oxygen concentrations i n  the sediment microcosms a t  SOE s t a t i ~ n s )  

CORE CORE CORE HZD TI% T I E  DF DELTA 
STATIOII DATE 0 VM HEIGHT SUH SMPLE TIE DD AA VIN NH4 N03+ND2DIP SI(Dtl14 

(HI.) (Ht (min) HR HI# (@in) (ffi/l) NO. (uH-N1 IuH-N1 (d-Pf(uH-SI) ----------------------------------------------------------------------------------- 
PT WD PT. 20-AU6-85 BL 0 9 20 0 2 . 8 2  54 16.3 2.12 0.74 40.7 

45 10 5 45 2.93 58 14.0 1.57 0.91 38.2 
95 10 55 50 3.04 63 13.7 3.07 0.75 35.3 

155 11 55 60 3.16 68 14.7 2.13 0.74 34.7 
215 12 55 MI 3,22 72 14.1 1.49 0.68 35.3 
280 14 0 65 3.30 84 18.2 1.84 0.75 35.8 



EIDFIOWITDRING PRMAH: SEDIMENT OXYLN Mil WTRIENT EXCHCINGESISDWE) 
- SEWLUX (Nutrient and oxygen concentrations i n  the sediment microcosms a t  W E  stations) 

CORE CORE CORE HZ0 TINE 
ST~TION DATE no, vor HEIMT SM 

(Xt) (HI lain) 

TIHE W DELTA 
S M E  TIHE DO AR VIW NH4 NU3+NO2 DIP SIlOH)4 

HR HJN lain) (ffi11) NO. luH-N) luH-N) lull-P)(uH-SI) 
.-------------------------------------------------- 

13 5 0 2 . 2 1  76 13.8 1.76 1.16 35.1 
13 45 40 2.36 80 20.5 2.07 1.14 35.1 
14 45 60 3.00 89 20.2 1.75 1.16 34.7 
15 50 65 3.46 94 21.1 2.02 1.lb 34.2 
16 50 60 3.72 102 20.2 2.01 1.20 35.2 
17 50 60 3.88 110 20.9 2.15 1.23 34.9 



EIMOHITDRIHG PRDSRAII: SEIIIENT OXYGEN MD WTRIEMT EXCHl#liES(SDXE) 
SEWLUX l h t r i e n t  and oxygen concentrations i n  the sediment nicrocosrs a t  SDNE stat ions)  

CMIE CDRf CORE HZ0 TIE T 1 L  Df DELTA 
STlTIDW MTE MI. VOL HEIGHT SUM SAXPLE T I E  DL5 A l  VIAL WH4 N03+Ull2 DIP SI(01114 

(Kt (HI h i n )  HR HIH (air11 [Hfiil) NO. (uX-N) (uH-N) (uH-P)(uH-SI) 
_____________^_____----------------------_--_--_------_--------------------------------- 

R-78 20-AU6-85 BL 0 16 10 0 0,48 98 23,O 0.30 1.42 46.3 
50 17 0 50 0.58 106 23.1 0.53 1.45 45.9 

110 18 0 6 0 0 . 6 8  114 23.6 1.69 1.4945.6 
170 19 0 60 0.80 118 22.1 1.15 1.43 4b.B 
230 20 0 60 0,91 122 23.0 0.63 1.37 46.3 
290 21 0 60 1.12 126 23.0 0.64 1.34 46.3 



EIDHONITDRIN6 W(OsRAH: SEDIHENT OXYGEN AND NiiTRIENT EXCHMGES (SOWE) 
- SEDFLUX (Nutrient and oxygen concentrations i n  the sedirent ricrocosrs at S O E  stations) 

CORE CORE CORE H20 T I E  
STATION DATE WD. VOL HEIGHT SUH 

(HL) (HI ( r i n )  ----------------------------------------- 
STIL PO 21-M6-85 BL 0 

60 
120 
180 
240 
300 

TIHE OF DELTA 
S W L E  TIHE DO AA V I A L  Wd4 1103iW02 DIP SI(DH)4 

HR HIN ( r in )  (H6/1) NO. (uH-W) (uH-Wl (uH-P)(uH-SI) --------------------------------------------------- 
8 35 0 5,44 132 3.0 16.70 0.99 36.2 
9 35 60 5.65 136 2.5 17.300.93 37.1 1 

10 35 60 5.79 140 2.5 17.30 0.90 34.8 
11 35 60 5.86 144 3.0 17.60 0.90 37.3 
12 35 60 5.87 150 2.9 17.60 0.90 40.0 
13 35 60 5,95 156 2.5 17.60 0.84 36.4 



B I M I T M I i l G  PROGRAI!: SEDIMENT OXYGEN MD MTRIEWT EXCHANGES(SW1 
SEDFLUX (Nutrient and oxygen concentratinns i n  the sedirent ricrocosn at  SOME stations) 

CORE CDRE 
STATION DhTE NO, VOL 

(RO 
------------------I------ 

SOWE 6 
ST.LEO 16-OCT-85 81 

CORE H20 TIME 
HEIGHT S M  

(HI rain) 

TIME OF DELTA 
S W L E  T I E  DO A8 VIAL NH4 NO3M2 DIP  SI(OH14 

HR H1N (fiin) (H6/1) NO, (ukN)  luH-N1 (uH-P)(uH-SI) 
I------------̂ -------------------------------- 



BIWIDWITORIWG PRDGRAH: SEDIRENT OXYGEN M D  NUTRIENT EXCHAWGES (SOWE) 
- SEDFLUX [Nutr ient  and oxygen concentrations i n  the sedinent microcosms a t  SDNE stat ions)  

CORE CORE CURE H2D T I E  TIRE DF DELTA 
STlTION DATE NO. VDL HEIGHT S M  SMPLE TIHE DO A l  V I A L  Nti4 #03+M2 DIP S1 (OH14 

(HI.) (HI (min) HR RIN (min) (H6111 NO. (uH-N) lu+N) (uH-P)(uH-SI) .............................................................................................. 
BU. V I STA 16-KT-85 01 0 16 45 0 8.21 157 0.5 1.55 2.49 63.0 

30 17 15 30 8.21 162 0,s 1.79 2.69 60.4 
60 17 45 30 8.16 167 0.5 1.63 2.55 61.3 
90 18 15 30 8.14 172 0.4 1.45 2.60 62.1 

120 18 45 3 0 8 . 0 9  176 0.5 1 . 5 3 2 . 5 0 6 1 . 5  



BlMD1IITDRING PRDGRM: SEDIERT OXYGEN Mi NUTRIENT EXWWGES(SDWE) 
SEDFLUI (Nutrient and oxygen concentrations in the sedineat ricrocosrs a t  SDNE stations) 

CORE CDRE CORE 820 TIE 
STATIM DATE. ND. VDL HEIGHT SUH 

f H L )  ( 1  (rin) 

TIRE OF DELTA 
SMPLE TIE DD LA VIAL NH4 W03+N02 DIP SI (OW4 

HR MlN (#in) (11611) NO. (uH-li) (uH-N) (uH-P)(ttH-SI) ........................................................ 
15 25 0 7.96 107 2.8 1.40 0.30 12.2 
16 0 35 7.93 111 2.9 1.64 0.31 12.0 
16 30 30 7.93 115 2.7 1.31 0.33 12.1 
17 47 77 7.90 120 2.8 1.50 0.33 12.0 
18 40 53 7.83 124 2.3 1.23 0.31 12.2 
19 40 60 7.82 141 2.3 1.81 0.33 11.8 



BiDHDNITMIING PRDGRAH: SEDILNT OXYGEN MWID NUTRIENT EXCHANGES (SDIIE) 
SEWLUX (Nutrient and oxygen concentrations i n  t h e  sediment r i c r o c ~ s m s  a t  SOliE stat ions) 

MtRE CORE CORE H2il T I l E  TlHE OF DELTA 
STATION DATE No. VDL HEI6tiT SUH S W L E  TIHE DO MVIAL Ntl4 N03+W2DIP SI(OH)4 

(NL) (H) bin) HR HIN f r i n )  (11611) NO. (uH-N) (uH-N) (uH-P)(uH-SI) 

HINU H I U  15-KT-85 81 



BIOXOIIITORINS PRMRAH: SEDIENT OXYGEN MD NUTRIENT EXCIffiESiSONE) 
SEDFLUX [Nut r ient  and oxygen concentrations i n  the sedirent r i c rocos rs  a t  SONE sta t ions)  

CM(E EDRE CORE HZO TIllE 
STRTlDtl DATE NO. VOL HEIWT SM 

(HL) tH) i n in )  ------------------------------------ 
RA6 PT 17-OCT-85 91 0 

30 
45 

'. 100 
167 
227 

T I E  DF DELTh 
SAHPLE T I E  DO Ah VIAL NH4 N03tN02 DIP S I  (OH14 

HR I i n  1 NO. (uH-N, (uH-N) (uH-P) (uH-SI) ------------------------------------------- 
10 35 0 5.28 209 9.4 3.24 0.29 8.7 
11 5 30 5.32 213 9.6 3.07 0.18 8.5 
11 50 45 5.36 217 10.1 2.90 0.20 7.4 
12 45 55 5.41 221 9.7 2.88 0.20 9.5 
13 52 67 5.47 225 9.7 2.90 0.18 8.2 
14 52 60 5.49 230 9.0 3,18 0.19 11.7 



- 
BID1#)HITORIffi PRDGRI: SEDIHENT OXYGEN AND WTRIENT EXCHWGES(SOWE) 
SEDFLUX (Nutr ient  amd oxygen concentrations i n  t h e  sedifient r i c r p t o w s  a t  SWE stat ions)  

CDRE W E  M#(E flM TIRE 
STATION DhTE iiO. WL HEIGHT SUM 

IM) (HI (fi in) 
-------------------------------------a 

IlR PT 17-DCT-85 B1 0 
30 
60 
90 

120 
175 

TIHE OF DELTA 
SAWLE TInE W AA VIAL WH4 ND3+N02 DIP 5 1  1DH)4 

HR HIN (fiin) (H6 / i I  NO. (uH-Nl (uH-N) (uH-P(uH-SI) --------------------------------------------------- 
15 30 0 7.72 234 0.5 17.30 1.73 66.9 
16 0 30 7.70 238 0.6 17.301.68 68.6 
16 30 30 7.79 242 0.5 17.30 1.67 67.9 
17 0 30 7.72 246 0.5 17.10 1.70 67.4 
17 30 30 7.76 250 0.6 17.101.72 69.0 
18 25 55 7.74 254 0.6 17.40 1.67 67.0 



BfDtIDNITORING PRWUH: SEDIENT OXYMN M D  NUTRIENT EXCHCIN6ES1SONE) 
SEDFLUX (Wutrient and oxygen concentrations i n  the sediment ricrocosrs a t  SONE stations) 

CURE CDRE MH(E H20 T I E  
STATION MTE NO. VDL HEIGHT SUH 

(I%) ( H I  (min) ---------------------------------------- 
PT NO PT 14-QCT-85 B1 0 

45 

. . 
85 

* 130 
175 
235 

T I E  OF DELTA 
SMPLE T I E  DD 44 VIAL NH4 N03+#02 DIP SI(Bli14 

Hil tlIN (rinl (ffiJ1) NO. (utf-N) (uN-N) (utf-P) (ukS1) 



BIOHMITDRING PRDGRAlt: EDIHEWT OXYGEN AUD NUTRIENT EXCMNGES(S0NE) 
- SEDFLUX ( I lu t r i  ent and oxygen c m c e n t r a t i  ons i n  tbe sediaent ri crocosrs at SOWE stations) 

- 

CDE CDRE CORE HZ0 TIME TlHE DF DELTA - 
SMPLE T I I E  DD A I V I h L  iH4 NO3+M2DIP Sl(OH)4 STITIUN DITE #O. V D l  HEIGHT SUM 

- (Ill) f ( @ i n )  HR BIN ( r i n l  (ffill, NO. IuB-N) (uH-Nl (uti-P)(uH-SIl 
........................................................................................... 1 



BIMDIIITDRIIG PRDGRM: SEDIHEXi OXYGEN WP IHITRIENT EXCMAES(SO#El 
SEDFLUX I h t r i e n t  and oxygen cencentrations i n  the sediment r icrotosm at  SWiE s ta t ims l  

CORE CDRE 
STATION DATE . VOt 

[ # I  --------------------- 
R-78 14-KT-85 B1 

CORE HZ0 TIE TIHE OF DELTA 
HEIGHT SUH SWLE TIE DO M V I 4 L  WH4 MO3+W02 DIP SI(flHl4 
11) (min) tlR H I N  (min) (It611) MD. (u1-N) (uH-Wl ( ~ P ) 1 ~ S I )  

.--------------------------------------------------------- 
0 17 20 0 2 . 8 8  51 12.4 11.10 0.62 35.6 

40 18 0 40 3.02 55 12.3 11.00 0.65 36.4 
70 lB 30 30 3,07 63 12.5 10.90 0.62 35.9 

115 19 15 45 3.16 67 12.7 10.60 0.64 35.1 
175 20 15 60 3.27 71 12.4 10.80 0.66 35.1 
235 21 15 603.38 75 13.0 10.10 0.70 35.5 



BIDMNITDAIN6 eRa6RM: SEDIHENT DXYEN MD NUTRIENT EXCHIHi6ES(SONE) 
- SEDfLUX tllutricnt and oxygen concentrati~ns in the scdirent ricrocosrs a t  SME stations) 

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

EIRE W1RE CORE HZO T I E  T I E  DF DELT4 
STBTIOX DhTE #O. VDL HEIGHT SWI SBHPLE TIHE DO M V I #  #H4 M 3 W 2  DIP SlfOH)4 

( I t )  R )  (#in) HR 1 i n  I D lull-#) lutl-#) 1uH-PP (uIl-SII) ----------------------------------------------------------------------- 
STIL PD 15-KT-85 01 0 10 30 0 6.82 81 7.9 36.20 0.66 31.4 

45 11 15 45 6.80 85 6.B 36.70 0.67 31.4 
90 I2 0 456.00 89 6,4 36.70 0.62 30.9 
137 12 47 47 6.80 93 6.7 37.00 0.71 31.4 
180 13 30 43 6.79 97 6.4 36.50 0.67 31.0 
240 14 30 60 6.77 102 6.2 37.40 0.64 31.6 



BIMIDNITOilINC PRDGRIHL. SEDIHENT OXYGEII AND NUTRIENT EICHANSESfSONE) 
SEDFLUX [Nutr ient  and oxygen. concentrations i n  the  sediment microcasms a t  SOiiE s ta t ions)  

CORE CORE CORE HZ0 TIRE TIHE W' DELTA 
STATION DATE NO. VOL HEIGHT SM SANPLE T I E  DO AA VIAL NH4 N 0 3 M 2  DIP SI(OH)4 

(#I  [N) I r i n )  Hi? NIX ( r i n l  (NGll)  WO. (uN-Nl (uIt-tl) IuH-PI (utt-51) 



BIDHMITRRING PRDGRM: SEDIMNT OXYGEN 1ND NUTRIEh7 EXCHANGES (SONEI 
- SEDFUlX (Nutr ient and Dxygen concentrations i n  t h e  sediment microcosms a t  SMIE sta t ions)  

-"---"'r"-'-'-------------------------------------------------------------------------- 
- I 

CINE CME CORE HZ0 TIE T [HE W DELTII 
STATION D I T i  NO. VOL HEIGHT SUH SWPLE TIHE DO AA VIAL WH4 N03+N02 DIP SI(DHl4 

- IHLl (HI (mi111 Hfl HI# (g in)  (H611) WD. (uH-N) (u l tN)  (uH-P) (utl-51) 



BIOi'lMJITURIIYG PRD6RAH: SEDIENT OOXYGEN I D  NUTRIENT EXCHANGES (SDIIIE) 
SEDFLUX (Nutrient and oxygen c w t m t r a t i m s  i n  the sediment aicroc~pms a t  SDNE stations) 

CORE CORE CORE HZ0 TInE TIHE DF DELTA 
STATlOX DATE NO. YOL HEIGHI SL4! SANPLE TInE DO AA V I A L  NH4 W03+R2 DIP 51 101114 

[R) (HI la in)  HR HlN (ain) (ffi/l) NO. (uH-N) IuH-Nl (ul-P)(uH-SI) ------------------------------------------------------------------------------ 
HM(N PT 3-HAY-86 BL 0 12 11 0 9 . 9 0  3 1.1 25.20 0.08 1.8 

63 13 14 63 9.73 7 1.4 25.00 0.W 1.6 
95 13 46 32 9.74 11 1.1 25.00 0.06 1.6 

127 14 18 32 9.66 15 0.7 24.90 0.06 1.7 
162 14 53 35 9.74 19 0.6 24.90 0.06 1.4 
226 15 57 64 9.67 23 0.9 25.30 0.09 1.4 



BIMOWITDRIN6 PROGRAH: SEDIENT OXY6EN MD NUTRIENT EXWWGES(S0NE) 
SEDFLUX (Mut r imt  and oxygen cwrceatrations i n  the sedirent ~ i c r o c o s r s  a t  S W  stat ions)  

MH(E CORE CORE H20 T I E  
STCliIM MTE NO. VR HEIGHT SUH 

(I&) (H, ( r i n )  ---------------------------------------- 
HIND HIL 3-MY46 BL 0 

29 

. - 
60 
09 

120 
180 

TiHE OF MLTII 
SWLE T I E  DO AA VIAL NtM N03tN02 DIP SI(DH14 

HR HIN ( r i n )  (H611) NO. (ulf-N) (uH-Nl (uH-P)(uN-51) 
.-------------------------------------------------- 

19 48 0 9.59 29 0.7 78.60 0.53 23.8 
20 17 29 9.53 33 0.6 78.70 0.51 25.2 
20 48 31 9.48 37 0 . 5 7 7 . 3 0 0 . 5 3 2 3 . 9  
21 17 29 9.41 41 1.6 78.10 0.49 24.5 
21 40 31 9.39 45 0.6 61.40 0.50 20.2 
22 40 60 9.32 49 0.5 78.30 0.48 23.9 



BIMDIJITMING PRDGM: SEDlLNT DXYGEN MD WTRlENT EXCMN6ES ISWE) 
- SEDFLUX (Nutrient and oxygen concmtrat ions i n  the sediment r i c r o c o s ~ s  a t  SOWE stat ions)  

CORE CORE CWlE H M  TIHE 
STATIOW DBTE W VOL HEIGHT SUH 

(HL) I lmin) 

TIHE OF DELTA 
SMPLE T I  DO AA VIAL NH4 NO3iNCI2 DIP SI(OHI4 

HR HIN (min) (ffill) No, (uH-N) IuH-Ni (uH-P)(uH-SI) 
.------------------------------------------------------ 

12 23 0 7.28 160 3.0 27.50 0.10 1.4 
13 9 46 7.31 163 2.7 27.50 0.10 3.5 
13 49 40 7.34 167 2.5 27.20 0.09 1.8 
14 27 38 7.32 171 3.2 27.30 0.19 0.5 
15 9 42 7-35 175 3,527.50 0.11 1.3 
16 33 84 7.41 179 3'7 27.50 0.11 0.8 



61WIOt(ITlXI)i6 Pil06RAn: !EDI#NT DOXYLN AND NUTRiEWT EXCHIIWGES(S0NE) 
SEDFLUX [Nutrient and Dxygen concentrations in the sedimt ricrocwrs a t  SM3E stations) 

CME COR~ CDRE IB ira 
SMTIRN DlTE NO. VOL HEIafi SUJ! 

tHL) (W) {rid 
_-----I_--_.--I--------------- 

HD Pl 7-W-Bb BL 0 
bB 

100 
t . 133 

173 
24 1 

TIHE DF DELTA 
MPLE T I M  DD I IA  V I A L  NM N03+#02 DIP  SI(OH14 

W t i iN (r in)  (ffill) NO. (uH-N) (uH-N) (uH-P)(uH-51) --------------------------------------------- 
11 16 0 7.31 183 3.3 81.30 0.15 11.3 
12 24 bB 7.33 189 3.9 80.80 0.25 11.7 
12 5b 32 7.31 193 3.4 80.80 0.14 11.3 
13 29 33 7.39 197 3.7 80.70 1.17 11.9 
14 9 40 7.41 201 3.2 80.70 0.15 11.3 
15 17 60 7.52 205 3.5 00.40 0.13 13.5 



EiDHO)il TMING PRDGRAN: SEDIENT OXYGEN MD iitlTRIENT EXCHAHGES (SONE) 
SEDFLUX (Nutr ient and oxygen co~centrzi t ions i n  the  sediment microcosms a t  SONE stat ions)  

CDRE CDRE CORE HZ0 T I E  
STATIDN DATE NO. YOL HEiGilT S M  

(nil (I!) bin) 
--------------I---------------------- 

PT NU PT 5dAY-06 BL 0 
62 

124 
171 
226 
286 

TIHE W DELTA 
SAtlPLE T I E  DO kA VIAL NH4 #03+#52 DIP SI(OHI4 

HR NIN (&in1 (ffi/l) NO. (uH-N) (uH-N) (utl-P)(uH-SIi 

3 1810 0.13 0 17 38 0 8.97 128 2.7 25,70 0.12 3.8 
62 la' 40 62 8.35 136 Z.4 X.X 0.10 5.4 

124 19 42 62 7 .93  144 4.5 24.90 0.10 7.7 
171 20 29 47 7.64 148 4.1 24.70 0.11 9.1 
226 21 24 55 7.31 152 4.4 24.40 0.07 10.0 
286 22 24 60 7,00 156 5.0 24.20 0.11 11.1 



BID~M'JIT&INE WIDGRAH: SEDIMHT OXYEN AND NUTRIENT EXCHAWGESISDIIE) 
SEDFLUX [Nutrient and oxygen concentrations i n  the sediment microcosms a t  SONE stations) 

CORE CORE CORE m TINE 
STATION DATE NO. VM HEiMT S M  

(a) (I!) bin) 
-..---------------------------------------- 

R-64 5-HAY-86 BL 0 
60 

156 
- 216 

290 
358 

TIHE OF MLTh 
SMPLE T I E  DO h A V I l U  NH4 N03+NUZDiP SI(DH14 

tlR Hill (mint (%/I) No. (uH-N) luH-W1 (uH-P)(uH-51) 



BIMIONITMIIN6 PRDGRlH: SEDIMNT OXYGEN MID NUTRIENT EXCHANGES ISO#EI 
SEWLUX (Nutrient and oxygen concentrations i n  the sedirent r irrocosts a t  SOHE stations) 

CORE CDRE CORE HZD TIN TINE OF DELTA 
STATION DCITE no, VOL K IM S M  SlnPLE TIHE DD CIA VIAL #H4 ND3+N02 D I P  SI (OH14 

(HL) ( 1  I r i n )  HR NIN ( r in )  (ll6111 NO, (uN-to (uH-MI (uN-P)(uN-SI) 



BIMONITDRING PRDGRAH: SEDIENT OXYEN MID WiTRlENT EXCHIIWGES(SDIIE1 

- SEDFLUI (Nutr ient  and oxygen concentrations i n  t h e  sediment ricrocosms a t  SME stat ions)  

- 
CORE CORE 

STftiIDN DATE Mi, VDL 
- (HL) 

M)RE m, T I E  
HEIGHT SUH 

(HI (min) 
.--------------- 

0 
55 
86 

116 
146 
219 

TIRE W DELTA 
WIRE T I E  DD M V I k  NH4 W03+N02 DIP SI(DH14 

HR HIN ( r i n )  (M11) ND. (uWN) fun-N) (uCI-PIfuH-SI) -------------------------------------------- 
15 40 0 8 , 7 4  69 4.9 75.40 0.38 48.4 
16 35 55 8.72 77 5.2 73.70 0.37 43.9 
17 6 31 8.72 81 4.8 75.20 0.36 47.9 
17 36 30 8.69 89 5.0 75.10 0.36 47.7 
10 6 3 0 8 . 7 0  93 5.0 75.30 0.37 46.7 
19 19 73 8.68 101 4.8 75.50 0.37 46.3 



BIOHOliITW3ID PRDtiRAtl: SEDIRWT OXYGEN AND NUTRIEh7 EEICHIIWGES(S0NE) 
SEDfWX (Nutr int and oxygen roncentrations i n  the sediment microcosms at SONE stat ions) 

CORE CORE CORE HZ TIE TIHE CF DELTA 
STATION DATE WO. VOL HEIGHT ISM) SAIlPLE TIE DO Ah VIAL Mi4 N03+#02 DIP SIIOH14 

(HL) (H) HR HSN (min) (tl6iL) NO. (un-N) (utl-N) (uH-P) (uH-51) . . ............................................................................ 
SOWE 8 
ST.LE0 26-JUNE-86 B 

0 8 52 0 5.97 208 6.0 1.66 0.08 61.4 
38 9 30 38 5.98 214 5,7 1.66 0.10 61.9 
68 10 0 30 5-98 210 5.1 1.43 0.07 61.5 
98 10 30 30 b,01 224 5.2 1.43 0.06 61.3 

138 11 10 40 6.09 232 5.0 1.67 0.09 63.5 
198 12 10 60 6.15 244 6.7 1.40 0.08 61.2 



BID!KWTM1IW6 PUDGRfM: SEDIENT OXY6EN AND NUTRIENT EXCHhWSEStSONE) 
- SEDFLUX (Wutrint and oxygen concentrations i n  the sediment ~ i c r o c o s r s  a t  S H E  stat ions)  

CORE CORE CORE HM T I E  TINE OF DELTA 
STITlOW DATE NO. VDL HEIGHT 1SM) SIHPLE TINE DD Ah VIAL NH4 ND3+NU2 DIP S I  (OH14 

(N) HR HIN (min) lN6/L) ND. (uN-N) (d -N)  (uH-P) (uN-SI) _ - - _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
BU.VISTB 26-JUNE-86 B 

0 11 0 0 5.94 228 2.3 0.92 1.17 78.1 
30 11 30 30 5.94 236 2.3 1.00 1.47 80.7 

. . 60 12 0 30 5.94 240 2.4 0.95 1.21 78.3 
90 12 30 30 5.95 248 2.2 0.97 1.23 79.3 

120 13 0 30 5.96 252 2.2 0.97 1.2B 79.6 
180 14 0 60 5.98 2% 3.0 1.01 1.24 81.5 

































boynton
Text Box
5-8







Appendix T a b l e  6 

iON6-TE2H BIOttOHiTOilItiG PiiOSFAH: VERTiCAi i iUX FRGGRAH 
VFXPROF iVer t i ca l  ~ a t e r  caluan prof 1 les o f  temp. ,saI i n i  ty ,  oxygen and pa r t i cu la tes )  

TOTAL SAHPLE DiSSDLVEIi 
STATION DATE TIHE DEPTH DEPTH TEHP SALINITY OXYGEN PC PN PP CKORO SESTOH 

(1.1 tm) tCl (ppt )  ( ~ ~ 1 1 )  ( u g l l )  (uqll) ( u g l l )  (uqlll ( r g l l )  
_-_-________________-__________________________-______--___-_-___--_--_-______------------------^----------------- 

TOH.PT 23-JULY-84 1120 15.8 ! 28.3 4.8 7.7 1072 199 27.6 22.9 10.8 
3 26.2 4.9 8.1 
5 25.9 5.0 6.6 674 120 23.4 11.9 8.9 
7 25.5 5.4 6.2 
9 24.2 8.8 3.8 418 73 16.8 4.5 8.3 

11 23.8 9.7 1.2 300 58 16.3 1.5 8.0 
13 22.7 11.5 0.4 
15 22.5 12.7 0.2 329 54 17.1 2.1 13.1 

TOH. PT 07-AU6-84 

TOH. PT 14-bU6-84 



L ihs -T i4Z  Bi!jnk?jiTORIK$ pj?f isi f  8 :  VE4i iiAi FPC!GRA!I 
VFXPHCiF iVerti:a! water c c i u : ~  p r o i i i e s  oi te rp . , sa l in i t v ,oxyqen  and p a r t i c u l a t e s )  

TOTkL SMPLE IjISSOLVEli 
STbiiGN DATE TInE C iF iH  DEPTH TEHP SAL!NITY OXYGEN PC ??i PP CHLORO SESTGN 

[ p i  ( a i  (C) ( p p t i  (mq/ l )  ( u g / l )  ( u q l l l  i u g i l i  ( u q i l i  i a q i i i  
...................................................................................................................... 

TBH. PT 22-AUS-34 1 ! 45 16.3 1 25.0 8.6 7.1 
2 1284 250 29.6 3.8 15.2 
3 24.5 8.6 6.6 1174 238 50.1 9.1 15.4 
5 24.0 12.5 3.4 
6 317 57 16.3 1.0 17.9 
7 24.0 15.5 0.8 
9 23.0 19.4 0.3 449 68 23.7 1.3 17.2 

11 23.0 19.4 0.3 
0.3 13 23.0 19.4 

15 23.0 19.4 0.3 529 80 31.1 1.2 21.1 



I O N S - T i 2 1  EIiGEGti iiOR!HG PRGSRAii: VERT ICA? FLUX PRDSRk1 
ViXPROf (Verticai water caluan prafiles a i  tewp.,salinity,axyqen and particulates) 

TOTAL SAilPLE DISSOLVED 
STATiGti DkTE T i f l E  DEPiH DEPTH TERP SALINITY OXYGEN . P C  PN PP CHLORG SESTON 

In) (wl (C) (ppti (rgii) (ugll) (ugili (ugll) (ugili (rglil 



LCHG-TEEY EiOfORITORIHG PRCG8Ali: VERTlCAL FLUX PROGRAE 
VFXPRCF ( V e r t i c a i  n a t e r  :olumn p r o f i l e s  o f  t e rp . ,  s a l i n i  ty,oxyqen and p a r t i c u l a t e s )  

TOTAL SAHPLE DISSOLVED 
SiATIOM DATE TIRE DEPTH DEPTH TEEP SALINITY OXYGEN PC PN PP CHLORC SESTON 

(a )  ( R J  ( C 1  ( p p t )  i a q / l )  i u g l l )  ( u g i l )  ( u q l l i  l u g i 1 )  ( r g i l i  
..................................................................................................................... 



810flON iTORIN6; VERTICAL FLUX PROGHAH 
VFXPROF (Vertical nater coiurn prof lies of teap,, salini ty,oxyqen and particulates) 

TOTAL SAHPLE DISSOLVED 
STATION DATE TIBE DEPTH DEPTH TEHP SALINITY OXYSEN PC PN PP CHLORO SESTDN 

(a) (a) (C) (ppt) Irgll) (ugll) (uqll) (uqll) (uglll (rqll) ..................................................................................................................... 
R-78 30-NOV-84 1200 17.0 1 11.5 13.2 11.2 667 127 17.5 2.7 5.6 

3 10.8 13.0 11.3 
5 10.8 13.0 11.3 462 84 17.2 4.1 5.3 
7 10.8 13.1 11.2 
9 10.8 13.2 10.9 373 72 16.4 3.0 5.4 . 

I1 lo.? 13.3 10.7 
13 10,9 13.5 10.6 509 90 16.4 2.8 6.6 
15 11.0 13.9 10.3 
16 11.1 14.6 9.8 1013 147 35.8 3.6 21.2 



4IOflONIiORiNG: VERiiCAL FLUX PROSFPH 
VFXPROF (Verticai water colurn proflies of tecp.,saiinity,oxygen and part~cuiates) 

TOTAL S M P L E  DISSOLVED 
STATIUN DATE T I I E  DEPTH DEPTH TEHP SALINITY OXYGEN PC Pti PP CHLORD SESTON 

(a) (a) (C) (ppt) (rqlll (ug/l) (ug/l) (uq/l) (uqll) (rq/l) 



2 I D f l D N I T O R i ~ G ;  VERTICAL iLUK PRDGRfiH 
VFXPRDF (Vertical water colurn proii les of temp. ,sai ini ty,oxygen and particulates) 

TOTAL SAKPLE DISSOLVED 
STCITICN DATE T I M E  GiPTH [iEPiH TEHP S A L I N I T Y  OXYGEN PC . PN PP CHLDRD SESTON 

(ai ( m i  (i) (ppti (rqlli iuqil) [uqll) iugiii (uq/l) iiqii) 
...................................................................................................................... 
R-78 IS-JUN-85 1330 15.5 1 22.9 1i.O 8.09 2232 413 57.6 24.9 11.4 

2 22.8 11.0 - 9.09 
4 22.5 11.5 6.72 
b 21.9 11.7 5.69 
8 21.7 11.9 4.99 1235 227 28.6 13.0 13.4 
10 21.4 13.7 2.55 774 131 15.6 4.0 8. 8 
12 20.4 14.8 1'75 793 130 21.7 4.3 9.5 
14 20.3 15.0 1.40 1025 157 23.4 4.5 16.1 
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LONG-TERN E l  OHONI TORI  N6 PROGRAH: VERTiCAL FLUX PROGRAH 
VFXPROF (Ver t ica l  water column p r o f i l e s  of temp.,saiinity,oxyqen and par t icu la tes)  

TOTAL SAHPLE DISSOLVED 
STClTlON DATE TIHE DEPTH DEPTH TEHP SAtlNlTY OXYGEN PC PN PP CHLORO SESTON 

(11 (m) (CI (ppt) (rgll) ( u g l l )  ( u g l i )  (ug / i )  t u g l l )  l r g l l l  -------------------------------------------------------------------------------------.------------------------------ 
R-64 07-AUG-84 1210 16.0 1 26.0 7.0 

3 26.0 7.0 0.9 1191 240 29.3 22.0 15.2 
5 25.5 7.9 7.4 
6 679 141 23.0 5.7 10.2 
7 25.0 8.5 3.5 
9 24.5 12.1 0.7 572 119 24.9 3.8 12.0 

11 24.0 13.1 0.6 
12 382 70 14.0 1.6 7.9 
13 23.2 17.3 0.5 
15 22.5 19.0 0.3 293 54 12.5 3.6 0.6 
16 22.5 19.1 0.3 



LONG-iERfl BIDflDNITDRINS FR06RAH: VERTiiAi FLUX PRDGRAH 
VFXPROF (Vertical water cclurn proiiies of  tenp. ,salini ty,oxyqen and particulates) 

TOTAL SMPLE DISSOLVED 
STATION D k i i  TIHE DEPTH DEPTH TEHP SALINITY OIYGEN PC PN PP CHLORO SESTON 

(a )  (n) (C) (ppt) (rg/l) (ugll) (uqil) (ugll) (ugfl) Irgll) 
________-____-_-_________________-___________-_________-__---_--I_-_-_------------_--__------------I------------ 

R-64 17-SEPT-84 1830 17.7 1 22.5 14.5 9.9 
2 1922 296 43.7 16.7 42.2 
3 22.7 14,4 9.9 
5 22.7 14.3 9.6 
7 22,7 14.5 9.2 
8 1548 267 34.5 13.9 43.4 
9 22.7 14.4 9.8 

11 22.6 14.4 8.6 
13 22.5 14.8 7.9 976 157 27.5 9.9 21.2 
15 23.7 17.3 3.7 
16 454 79 25.2 2.9 18.8 
17 24.1 18.3 1.9 754 120 32.3 3.8 23.8 



. BiOflGNITORIHG; VERTICAL FLUX PRCSRM 
ViXPROi 1Verti:ai nater coluan proi~ler of temp., sal  i n i  ty ,  oxygen and pa r t i cu la tes )  

TOTAL SABPLE DISSOLVED 
STATION DATE TInE DEPTH DEPTH TEIP SALINITY OXYGEN PC . PN FP CHLORO SESTON 

( 4 )  ( a )  ( C )  ( p p t )  (mqili ( u q i l )  (uo/l) i ug i !  ( u g i l l  i g g i l )  
..................................................................................................................... 

R-64 30-NOV-a4 1000 i8.0 1 11.0 14.5 10.9 395 65 10.6 2.6 5.2 
3 10.9 14.5 !0.9 
5 10.9 14.5 10.9 375 b3 10.4 2.1 4.7 
7 10.9 14.5 '10.9 
9 10.9 14.7 10.8 367 63 10.2 2. j 9.4 

11 11.0 11.9 10.8 
13 11.0 14.9  10.7 239 43 8.9 1.5 4.4 
15 11.0 15.0 16.7 
17 11.2 15.2 10.2 847 122 22.2 2.6 22.7 



BIOHONITOFiNG; VERTICAL FLUX PRDGRAH 
VFXPROF (Verticai nater colurn p r o f ~ l e s  of terp.,salinity,oxyqen and particulates) 

TOTAL S M P L E  DISSOLVED 
STATION DATE I DEPTH DEPTH TEHP SALINITY OXYGEN PC PN PP CiORO SESTON 

(a) (a) IC) (ppt) (q/1) (ug/l )  (ug/ll (uglI) (uql l )  (rgll) 



DIOl!ONI TORIHG; VERTICAL iLUX PROGRAI 
VFXPROF (Verticai water column pro f i l e s  of temp., sal ini  ty,oxygen and part iculates)  

TOTAL SAflPLE . DISSOLVED 
STATION DATE TIHE DEPTH DEPTH TEHP SALINITY OXYGEN PC P# PP CHLORO SESTON 

( a )  (8)  (C)  ippt )  (ng / l )  ( u g l l )  . ( u g / l )  fug/l)  (ug / l )  ( r g / l )  ............................................................................................................ 
8-64 30-APR-85 1035 17.7 1 16.7 12.4 11.0 1298 213 17.0 13.1 19.0 

3 16.3 12.6 11.0 
5 16.1 12.9 10.8 
6 1755 300 20.3 26.9 17.2 . 
7 15.2 14.1 9.3 



iJlO5GNITOFING; VEEiiiAL FLUX FRGGgAN 
VFXPROF i V e r t i c a i  water column proiiies of  temp.,saiinity,oxygen and particulates) 

TOTAL SAHPLi DISSOLVED 
STATiON DATE TIHE DEPTH DEPTH TEMP SALINITY OXYGEN PC PN PP CHLORO SESTON 

(a )  (mi (C1 ( p p t )  (mgil) (uq/ll lug/l) (uq/l) (ug/l) ( n q / l )  
...................................................................................................................... 

A-64 18-JON-85 1100 17.0 1 23.6 13.2 9.1 1731 316 25.7 14.8 20.6 
? 23.1 13.1 9.1 
4 22.9 13.5 8.3 
6 22.8 13.8 8. 0 
B 22.5 14.0 7.2 

10 22.6 14.2 5.0 980 166 15.4 6.8 6.6 
12 21.6 14.0 3.7 692 139 16.9 3.6 9.7 
14 21.8 15.7 1.9 715 133 11.5 3.3 11.0 
16 20.7 16.1 0. 9 606 109 12.5 2.9 10.6 



LONG-TERfl 3iOHONITORING PROGRAI: VERTICAL FLU1 PROGRII  (VFX) 
VFXPROF (Vertical  water column p r o f i l e s  of temperature, 

s a l i n i t y ,  oxygen, and p a r t i c u l a t e s )  

......................................................................................................................... 
TOTAL SAHPLE DISSOLVED TOTAL ACTIVE 

STATION DATE T I I E  DEPTH DEPTH TEHP CONDUCT SALINITY OXYGEN SECCHI PC f N  PP CHLORO CHLORO SESTON 
(a) (11 i C )  (ulho) (ppt)  (mq/I) !a) lugi1)  ( u q i l i  ( u g i l )  [ u g i l )  ( u q l l i  ( a g / l )  

-----------------------------------------------------------------------------,--------------------------------------------- 

R-64 11-JUL-35 1230 17.5 0.5 25.4 228 4.3 1.5 1649 284 24.3 14.2 17.3 
2 25.2 228 7.8 
4 25.1 229 7.4 
6 24,B 234 6.0 1401 252 22.9 9.7 8.4 
8 24.5 245 4.2 
10 23.7 258 1.4 
12 23.6 295 1.4 407 56 6.8 1.4 6.6 
14 23.7 316 2.2 346 52 8.0 1.1 5.5 
16 23.7 323 2.1 478 61 28.4 1.0 7.4 



LONG-TERH BIOHONITORING PROGRAPI: VERTICAL FLUX PROGRAH (VFX) 
VFXPROF (Vertical water colurn profiles o i  temperature, 

salinity, oxygen, and particulates) 

.......................................................................................................................... 
TOTAL SAHPLE DISSOLVED TOTIlL ACTIVE 

STATION DATE TIME DEPTH DEPTH 'TEHP CONDUCT SALINITY OXYGEN SECCHI PC PN PP CHLORO CHLORO SESTON 
(PI (B) ( C )  (umho) (ppt) (mqfli (rl lug/l) (uqllj (ugfl) (ug/l) (ug/lj faq/l) 

.......................................................................................................................... 
R-64 13-AU6-85 1100 17.0 0.5 27.1 250 7.26 1.9 1503 264 20.1 13.5 11.3 

2 26.8 250 7.31 
4 26.8 251 7.07 
6 26.7 253 6.59 
8 26.5 261 4.87 852 178 21.5 8.7 12.4 

10 26.2 273 3.60 
12 26.0 536 1.41 419 78 10.5 2.1 8.2 
14 26.0 341 1.47 330 52 8.3 1.9 7.2 
16 26,O 354 1.84 325 54 9.9 1.6 7.3 



LONG-TERfl BiOflONITGAI N6 PROSRAH: VERTICAL FLUX PROGRA4 IVFX) 
VFXPROF i v e r t i c a l  n r te r  column p r o f i l e s  o f  teqerature,  

sa l in i t y ,  oxygen, and par t icu lates)  

-------------------------------------------------------------------.---------*------------------------------------------ 
TOTbL SAtlPLi DISSOLVED TOTAL ACTIVE 

STATION DATE TIHE DEPTH DEPTH TEHP CONDUCT SALINITY OXYGEN SECCHI PC PN PP CHLORO CHLORO SESTON 
(8) [I) ( C l  ~ u t h o l  Ippt) ( r q i l )  (rl l u q l l )  (uq t l )  l u q l l )  (ug i l )  ( u g l i i  l r q l l )  

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

R-64 1-OCT-85 1030 17.0 0.5 21.6 16,9 3.05 2.1 1148 241 15.9 14 .4  10.4 15.9 
2 21.6 17.0 9.09 
4 21.7 17.0 9.01 1020 214 13.6 14,8 10,8 11.6 
6 21.6 17.1 8.78 
8 21.8 17.1 7.31 594 1 H  12.3 10.4 7.2 14.8 

10 22.0 18.2 6.54 
12 22.0 18.4 6.26 691 122 11.9 5.1 3.4 17.2 
11 22.2 18.7 5.65 
16 22.4 19.6 4.52 1100 224 18,l 6.3 2.7 22.7 

R-64 6-JAN-86 1155 17.5 0.5 
2 
4 
6 
8 

10 
12 
14 
16 

No Chlorophyll data:wthods probier 



LONE-TERH 8iOIGN ITORINS PROGRhH: VERTICAL FLUX PR06RAI (VFX) 
VFXPROF (Vertical water c o i u m  profiles oi terperature, 

salinity, oxygen, and particulates) 

........................................................................................................................... 
TOTAL SMPLE DISSOLVED TOTAL ACTIVE 

STAiIUN DATE TIHE DEPTH DEPTH TEIP CONDUCT SALINITY OXYGEN SECCHI PC PN PP CHLORO CHLORO SESTON 
iri la) ICJ (uaho) (ppt) (aq/I) ir) (uq/lJ (uq/l) Iuq/lJ (uqI1) (114111 ImqJi) 

........................................................................................................................ 
R-64 17-JAN-a6 1200 18.0 0.5 2.5 13.0 14.61 4.1 1104 101 13.2 7.8 

2 2.9 13.0 15.46 
4 2,3 13.1 15.51 
6 2.2 13.3 15.35 1349 171 15.1 10.6 
8 2.4 13.6 14.97 

10 2.5 13.7 14.67 1253 183 15.0 10.8 
12 2,7 13.9 11.38 
14 2.7 14.0 14.20 1426 198 21.8 10.4 
16 3.0 14.6 13.86 

16.5 3.0 14.6 13.63 1658 227 24.6 23.4 
Na Chloraphyll data:methods probler 

R-64 12-HAR-06 1800 17.0 0.5 4.5 
2 4.3 
4 4.3 
b 4.3 
8 4.6 

10 1.6 
12 4.6 
14 4.2 
16 3.6 

No Chlorophyll data:sarples lost i n  analysis 
R-64 28-HAR-86 845 18.0 0.5 8.2 

2 8.1 
4 8.1 
6 7.8 
0 6.6 

10 6.1 
12 6.1 
14 5.0 
16 5.0 
17 5.8 



LONG-TERfl BIGHONiTORINS PROGRAH: VERTICAL FLUX PROGRAH (VFI) 
VFIPROF ( V e r t i c a l  water column p r o f i l e s  of  teaperature,  , 

sa i  i n 1  ty ,  oxygen, and p a r t i c u l a t e s )  

........................................................................................................................... 
TOTAL SAHPLE DISSOLVED TOTAL ACTIVE 

STATION !NTE TIHE DEPTH DEPTH Tin? CONDUCT SALINITY OXYSEN SECCHI PC PN PP CHLORO CHLORO SESTON 
in1 id (C)  iurho1 tppt1 t a g i l i  tn) l u g l i )  Luql l )  i u q i i )  ( u g l l )  ( u g / l )  ( ag / l )  

........................................................................................................................... 
R-64 14-APR-86 930 17.5 0.5 11.1 155 12.3 2.0 1643 214 10.6 19.6 10.5 9.2 

2 10.5 166 12.1 
4 10.3 178 11.7 1521 226 12.3 19.8 10.5 11.2 
6 10.1 183 11.0 
8 9.8 267 8.0 2174 342 19.6 34.3 34.4 14.0 

10 9.9 302 7.2 
12 9.9 308 7.0 1786 294 15.7 24.2 20.2 15.2 
14 9.8 325 6.6 
16 9.9 334 6.4 2005 328 21.7 24.8 18.5 27.9 



LOHG-TERH BiOBOHITORING FROGRAB: VERTiCAL FLUX PROGRAH (VFX) 
VFXPROF ( V e r t i c a l  water coluan p r o f i l e s  o i  temperature, 

s a l i n i t y ,  oxygen, and par t icu la tes)  

.......................................................................................................................... 
TOTAL SAHPLE DISSOLVED TOTAL ACTIVE 

STATION DATE T I H E  DEPTH DEPTH TEHP CONDUCT SALINITY OXYGEN SECCHI PC PN PP CHLORO CHLORO SESTON 
(a)  ia )  (C) (urho) ippt)  (mgil i  tml i u g l l )  t u q l l )  ( u g l l )  ( u g l l )  ( u q l l i  (mgli )  



LONG-TERfl EiOflONiTORiNG PRGGRAFI: VERTICAL FLUX PRO63Atl ( V F X )  
VFXPROF ( V e r t i c a l  nater co lu rn  p r o i i l e s  ot t e ~ p e r a t u r e ,  

s a l i n i t y ,  oxygen! and p a r t i c u l a t e s )  

........................................................................................................................... 
TOTAL SAHPLE DISSOLVED TOTAL ACTIVE 

STATION DATE TIflE DEPTH DEPTH TEflP CONDUCT SALINITY 5XY6EN SECCHI PC PN PP CHLORO CHLORO SESTON 
(a) 11) (C) (umho) ( p o t )  ( r q i i )  (m) f u g l i )  ( u g i l )  ( u g / l )  ( u g / l i  ( u g t l )  faq / i  1 

........................................................................................................................... 
R-04 24-JUNE-86 1110 17.0 0.5 24.3 220 9.7 1.9 1j65 293 25.1 12.3 10.9 4.8 

2 24.3 220 9.3 
4 24.2 222 9.0 1231 261 20.4 9.9 9.2 6.0 
6 24.0 229 6.1 
8 23.3 244 6.1 631 144 15.8 3.5 2.5 5.9 

10 22.0 274 1.8 618 122 14.4 2.4 1.5 
12 21.2 268 0.6 
14 20.5 302 0.1 

15.5 20,4 303 0.0 552 111 13.8 1.9 0.7 9.9 



L0HG-TERI 8iOICHITOR i t i 6  PRGGRAfl: VERT IZAL FLUX PROSRAI ( V F X )  
VFXP5GF ivertical nater coluan pro f i l es  of temperature, 

saiinity, oxygen! and particulates) 

........................................................................................................................... 
TUT4L SAIPLE DISSOLVED SECCHI TOTAL ACTIVE 

S T l T i O N  DATE T i n E  DEPTH DEPTH iEt lP  CONDUCT SALINITY OXYGEN DISC PC PN PP CHLORO CHLGRO SESTOW 
id lei (C I  (urhoi ippti (tqlli (4 !uq/l) iugll) iuqlli iug/!J ( u g l l i  ( e g i l )  

........................................................................................................................... 
QARESaiH11-Jul-85 1400 9.8 0.5 25.9 227 8.4 1.6 1771 263 24.3 13.2 8.4 

2 25.5 227 8.4 
4 25.1 227 7.7 1837 284 23.6 15.4 10.3 
6 24,? 229 6.9 1661 274 32.4 14.9 12.0 
0 24,9 230 6.3 1380 239 26.4 12.3 11.0 
? 24.7 232 5.3 1281 202 27.6 9.6 12.4 

DARESBCH 24-Jul-85 850 10.0 0.5 26.1 239 6.4 1.8 1172 218 29.6 10.7 26.6 
2 26.1 2358 6.4 1253 244 30.0 11.8 25.4 
4 26.1 238 6.3 1249 241 27.0 11.6 23.8 
6 26.2 238 6.3 1025 136 33.0 11.1 
3 26.2 238 6.3 1!iC 210 Z1.0 19.5 

- DARESGCH 05-Auq-95 030 10.0 0.5 25.6 238 
2 25.7 238 
4 25.7 238 
6 25.7 238 
8 25.6 241 
9 25.6 250 

- DARESSCH 13-Aug-35 845 10.0 0.5 27.1 236 

2 27.0 246 
4 26.9 246 

- 4 26.9 246 
8 26.8 247 
9 26.7 249 

- 
DARESBCH 21-Aug-85 1453 10.0 0,s 25.8 244 7.20 1.2 3720 782 58.4 60.3 23.7 

2 25.9 244 7.20 
4 26.0 244 7.24 3275 668 57,O 60.6 25.0 

- b 26.0 241 7.21 3043 611 49.0 53.8 28.2 
8 26.1 244 7.20 2950 618 45.0 46.2 26.6 
9 26.0 244 7.20 2911 542 55.0 43.4 27.8 



LNG-iERH P IOMGHITORING PROGRAH: VERTICAL FLUX PROSRAn .(VFX) 
VFXPEOF i ve r t i ca !  water coiuan p r o f i l e s  of tenperature, 

s a l i n i t y ,  oxygen, and p a r t i c u l a t e s )  

TOTAL SAflPLi 
STATION DATE TIME DEPTH DEPTH 

! m i  In )  
........................................ 
DARESBCH 25-Sep-85 1620 10.2 0.5 

7 L 

4 
6 
8 
9 

DiSSGLVED SECCHI TOTAL ACTIVE 
TEflP COHDUCT SALINIiY OXYGEN DISC PC PN PP CHLOHO CHLDRO SESTON 
i C )  iuahoi I p p t i  i m q l l i  ( m i  ( u g l l i  l u g / l )  ( u q / l i  iuq!.l) ( u q l l i  I a g / i )  

................................................................................... 
22.4 16.0 6.58 1.7 948 202 19.1 9.3 6.4 11.6 
22.6 16.0 6-54 
22.6 16.0 6.67 847 132 14.0 7.1 5.3 9.3 
22.0 16.0 6.61 657 116 19.5 8.3 5.9 16.6 
22.6 16.0 6.79 888 172 29.2 13.6 9.1 20.2 
22.4 16.0 6.72 2285 442 34.3  15.6 14.7 23.6 

DARESaCH 06-Jan-86 1320 10.0 0.5 
2 
4 
6 
8 

No Chlorophyi i data: rethods p:ob!en 
DARESBCH 17-Jan-86 1345 10.0 0.5 

2 
4 
6 
8 
9 

No Chlorophyl l  data:rethods problem 
DARESBCH 27-Feb-86 1200 11.0 0.5 

2 
4 
6 
8 
9 



LGNG-TiRtl BiOHONiTDRIH6 P906RAl: VERTICAL FLUX PRDGRA?I (7FX) 
VFXPROF (Vertlca!  nater column prgf I l e s  of  temperature, 

s a i i n i t y ,  oxygen, and p a r t i c u l a t e s )  

........................................................................................................................... 
TOTAL SAHPLE DiSSOLVEG SECCHi TOTAL ACTiVE 

STATION DATE iIEE DEPTH OEPTH TEBP CDNDUCT SkilNITY OXYGEN DISC PC PN PP CHLORO CHLORO SiSTOH 
!r) i d  !Cl (uaho; cppti r r g / l )  (a t  i u g / l )  ( u g l i )  (ug/l; ! u g / l )  ! u g / l j  ( m g l i )  

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

DARESBCH 28-RAR-86 iOi5  10.5 0.5 8.4 175 12.2 2.0 1136 1 7 i  13.9 13.7 12.6 0.7 
2 9.2 175 12.1 1168 178 15.0 14.5 15.1 8.2 
4 8.1 178 11.9 1367 218 16.0 15.5 15.1 9.0 
6 3.1 i 95  11.9 1251 196 18.2 18.0 23.5 11.3 
8 1.0 188 11.6 

9.5 . 7.5 201 10.8 1459 250 24.4 21.2 11.4 13.3 

DARESBCH 14-APR-86 1130 9.3 0.5 11.2 153 12.4 1.9 1583 217 11.1 18.2 16.8 12.3 
2 10.9 154 12.4 1582 203 12.0 17.8 16.8 10.4 
4 10.4 154 12.5 
6 !0.4 153 12.1 lbOl 253 i f . :  21.3 3 13.2 
d 3.5 240 6.3 1840 284 19.0 32.0 29.4 25.2 
9 a.4 245 6.1 2822 471 '20.5 36.3 32.8 20.8 

DARESBCH 29-APR-36 1030 10.0 0.5 14.2 151 12.7 1.8 1431 182 9.2 12.4 11,8 10.0 
2 13.7 154 12.7 
4 13.1 169 11.6 1357 196 10.6 11.5 13.9 10.0 
b 12.0 197 9.1 1616 236 15.0 24.4 22.7 12.a 
8 11.2 254 5.3 2937 333 23,2 34.1 31.9 29.4 
9 11.2 259 5.3 2044 265 15.4 26.9 23.5 26.6 

GARESBCH 28-HAY-36 DATA NOT YET AVhILRBLE 



LONG-TERY BIOflORITORIHG PRDGRkH: VERTICK FLUX PROGRAR I V F X  1 
VFXPROF ( V e r t i c a l  a a t e r  column p r o i i  i e s  of  teaperature,  

s a i i n i t y ,  oxyqen, and p a r t i c " i a t e s i  

.......................................................................................................................... 
TOTAL SAHPLE DISSOLVED SECCHI TOTAL ACTIVE 

STdTlON DATE TIHE DEPTH DEPTH TEHP CONDUCT SALiNITY I)XYGEN ,DISC PC PN PP CHLORO CHLORO SESTON 
(a )  (11 (C) (uahoj I p p t j  ( ~ t j l l f  ( a )  ! u g i l i  i u q / l )  ( u g l i )  iuq!i) ( u g i l j  leg/!) 

.......................................................................................................................... 
DARESUCH 3-JUNE-86 930 10.0 0.5 20.80 193 7.0 1.5 1196 234 20.7 8.2 7.1 5.6 

2 21.00 192 6.7 1242 236 18.7 4.7 
4 21.90 192 6.7 1262 246 18.6 8.1 5.5 4.9 
6 21.00 !92 6.8 
8 21.00 192 6.7 1159 217 20.9 7.9 6.9 5.3 
9 21.00 192 6.6 1192 216 21,b 8.0 6.1 7.1 

DARESRCH 24-JUNE46 1414 10.4 0.5 24.4 217 8.5 1.4 2316 456 36.9. 22.1 20.2 9.00 
2 24.2 217 8.3 

24.2 216 7.0 1263 261 21.9 11.; 9,i 8.00 
6 23.7 230 5.3 969 203 19, l  6.8 5.0 !0.80 
8 23.1 243 3.1 980 194 21.8 5.7 4.1 11.50 

8.5 23.0 244 3.0 1053 192 22.6 5.5 4.0 11.10 

DARESBHC 1-JULY-86 900 10.8 0.5 24.1 204 8.5 1.2 '8.5 4.7 
2 24.2 203 8.0 > 11.4 9.6 
4 24.3 203 7.9 11.6 9.6 
6 24.3 203 7.9 
B 21.3 203 7.7 11.5 10.8 

3.5 24.1 211 4.7 7.5 4.7 



Appendix Table 7 

LO%-TERH BIOHONITDRIN6 PRDGRM: VERTICAL FLUX 
VFXSEDS (description of particles in the surface 1 cm of the sediment column) 

.................................................. 
TOTAL 

STATIOW DATE PC PN PP CHLDRD 
(2) I % )  I%)  irg/m2) --------------------------------------- 

TOH PT 23-JULY-84 3.39 0.43 0.090 78.4 
30-JULY-84 3.67 0.47 0.083 67.8 
07-AU6-84 3,53 0.44 0.078 76.8 
14-AU6-84 3.43 0.40 0.073 70.8 
22-A&-64 3.83 0.49 0.089 73.8 
3 0 - A H 4  3.28 0.41 0.077 52.7 



LWTERH BIOMNITORILIG PROGRAII: VERTICAL FLUX 
VFXEDS (Description of p a r t i c l e  ir the surface 1 cm 

of tbe sediwnt colun) 

------------------------------- 
TOTAL ACTIVE 

SThTIDII D4TE PC PU PP CHLWIO M#ORO 
(1) (21 (2) (rglr2) IRg/rZ) 

R-44 
R - M  
R-64 
R-64 
R - M  
R-64 
R - M  
R-64 
R-64 
R-64 
R-64 
R-64 
R d 4  
R-64 
R-64 
R-64 
R-64 
R-64 
R-64 
R - M  
R-64 
R-64 
R-64 
R-M 



LONG-IERH BIOMNITORING PROGRM: VERTICAL FLUX 
VFXSEDS (descr ip t ion o f  p a r t i c l e s  i n  the  surface 1 cm o f  the  sediment column) 

STATION DATE PC 
(2) ----------------------------. 

DMESBCH 11-JUL-85 3.52 
DARESBCH 23-JUL-85 3.65 
DARESBCH 30-JUL-85 3.26 
DARESBCH 05-AU6-85 4.01 
DARESBCH 13-AU6-85 3.78 
DARESBCH 21-AU6-85 3.79 
DARESBCH 17SEP-85 3.63 
DARESBCH 25-SEP-85 3.27 
DMESBCH 01-OCT-85 3.72 

- - .  DWESBCH 16-OCT-85 4.02 
DARESBCH 06-JAN-86 3.50 
DARESBCH 17-JAN-06 3.69 
DARESBCH 27-FEE-86 3.83 
DBRESPCH 12I lM-86 3.18 
DARESBCH 28-HM-06 3.59 
DbRESBCH 14dPR-86 3.68 
DIRESBCH 29-APR-86 3,50 
DARESBCH 14-HAY -86 3.77 
DARESBCH 19-HAY-06 3.80 
DARESBCH 18-llAY-06 3. B3 
DARESBCH 3-JUNE-86 3.67 
DARESECH 12-JUNE-86 3.20 
DIRESBCH 16-JUNE-86 3.85 
DARESBCH 24-JUNE-86 3,48 

TOTAL ACTIVE 
PP CHLORO CHLORO 
(2) (mg/rZ) (mglm21 ......................... 
0.054 119 
0.062 104 
0.056 130 
0.070 121 
0.059 130 
0.060 110 
0.068 118 42.5 
0.064 131 42.3 
0.063 131 37.1 
0.071 125 5.4 
0.085 
0.071 
0.072 193 87.2 
0.075 259 112 
0.074 236 100 
0.070 
0.063 189 71.8 
0.086 
0.066 256 114 
0.017 2'3 R 9 . i  
0.077 222 138 
0.066 206 102 
0.086 233 114 

174 59.8 



- Appendix Tab le  8 

LD#6-TERW BiDHUNIiDRIf46 PRDERA!I;VERLDN6-TERN bIDHDNITDRIN6 PRD6RAH;VERTICAL FLUX PRDGRAW 
- VFXDEPO idepos i t ion  r a t e  of  particuVFXBEPO tdeposi t ion r a t e  of  p a r i i c u l a t e  t o  the top oi the sedirent t rap  cup a t  deployrent depth; 

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

DATE TIHE DATE TIHE DATE TIHE DATE TInETDTAL TOTAL CUP 
STIITIDN DEPLOY DEPLDY RETRVE RETRVESTATION DEPLDY DEPLDY RETRVE RETRVE TIHE DEPTH DEPTH -SESTDN PC PN PP CHLDRD 

(days) (6) (r) ( g i ~ 2 / d )  ( rg l r2 /d )  Lmg/r?/d) ( r g / r 2 i d l  ( rg/rZ/d) 
- ............................................................................................................................... 

TDII.PT 23-JULY- 1315 30J11LY-8 1455 TOH.PT 23-JULY- I315 30JULY-8 1455 7.1 15.5 4.2 16.4 836 125 29 6.9 
7.1 15.5 4.2 18.5 941 130 28 7.7 

- 7.1 15,5 4.2 11.0 4b9 68 16 3.3 
7.1 15.5 4.2 12.5 655 94 17 5.2 
7.1 15.5 4.2 23.1 1064 147 39 i0.4 

- 7.1 15.5 4.2 26.4 1185 158 40 11.1 
7.1 15.5 4.2 25.1 1164 158 39 9.5 
7.1 15.5 4.2 28.3 1145 143 40 8.4 
7.1 15.5 4.2 352.0 17668 2366 368 82.6 
7.1 15.5 4.2 427.0 20802 2792 461 98.5 
7.1 15.5 4.2 376.9 18673 2556 412 95.2 



- 
LM6-TERH BIDHOWITDRING PRO6RAH;VERTICAL FLUX PR06RAH 
VFXDEPD (deposition rate of particulate to the top of the sedirent trap cup at deployment depth) 

DATE TIHE DATE TIHE TRAP SESTON PC PN PP CHLDRD 
- STATION DEPLOY DEPLOY RETRVE RETRVE VDL . CONE CDNC CDNC CDNC CONC 

(1) (rg/l) (ugll) (ugll) (ugll) (ugll) 
................................................................................... 

- TDH.PT 23-JULY- 1315 3OJUCY-6 1455 4.0 131 6679 1000 231 55.5 
3.9 154 7640 1082 236 64.5 
2.0 175 7474 1079 249 52.2 
2,O 206 10755 1543 275 85.1 

- 

4.0 187 8583 1190 314 83.8 
3.8 223 10009 1338 338 94.2 

- 
2.1 394 10279 2475 616 149.7 
2.1 442 17890 2237 629 130.8 

- . 4.5 2510 126398 16923 2631 591.2 
? - * +  4.5 3055 150492 20196 3338 712.5 
- 2.8 4300 217025 29710 4790 1106.7 



LlrN6-TER11 BIDMONiTORiffi PRRWtH: VERTICAL FLUX PRDGRAH (VFX) 
VFXDEPD (Deposition rate af particulates to the top of the sedirent trap cup at deployrent depth) 

DATE TI% DATE TIHE TOTAL TOTK CUP 
STATION DEPLOY DEPLOY RETRVE RETRVE T I E  DEPTH DEPTH SESTON PC PN PP CHLORO 

(days) (r) (pi) (g/rZ/d) l r g / r 2 / d l  (rgim2/d11mg/rZ/d) (mg/m2/d) -------------------------------------------------------------------------------------------- 
R-78 17-SEPT-84 21:OO 24-SEPT-84 12:30 6.7 15.2 3.7 10.1 786 130 29 7.3 

6.7 3.7 10.0 717 115 23 7.1 
6.7 8.5 16.3 1067 150 40 8.8 
6.7 8.5 17.7 1185 175 39 8.2 
6.7 13.4 289.4 13440 1849 506 29.6 
6.7 13.4 319.7 12838 1929 591 35.0 



- 
LONG-TERH BIDtiDNlTDRIffi PRDGRM: VERTICAL FLUX PROM811 (WIFX) 
VFXDEPO iiieposition rate of particulates to the top of the sediment trap cup at deploy~ent depth) 

- ---------------------------------------------------------------- 
DATE T I E  DATE TIE TRAP SESTDN PC PN PP CHLORO 

STATION DEPLOY DEPLOY RETRVE RETRVE VDL CONC CONE CONE CONC CONC 
3 - ( 1 )  (ngll) (ug/il (ug/l) (ug/l) (ug/l) -------------------------------------------------------------------------- 

R-70 17-SEPT-84 21:00 24-SEPT-04 12:30 4.0 77 5962 902 220 55.6 
4.0 76 5436 875 191 53.8 - 4.0 124 8086 1139 300 66.9 
4.0 134 8985 1329 297 62.4 
4.0 2194 101091 14016 3837 224.5 

- 4.0 2424 97327 14623 4478 265.3 



LONG-TEM B I W I T D l i I l i s  PRNRAN: VERTIML FLUX PROGRAII (WX) 
VFXDEPO (Deposition r a t e  of particulates t o  the tap of the sediment trap cup a t  deployment depth1 ----------------------------------------------------------------------- 

DATE TIE DATE TIE TOTAL TOTAL CUP 
STATIDN DEPLOY DEPLOY RETRVE RETWE TIHE DEPTH DEPTH SESTDN PC PN PP CHLORO 

(days) (a) (a) (glm2/d) frglr2/d) (ng/&!id) ( q l e 2 / d )  (rg/r2ld) ------------------------------------------------------------------------ 
R-78 IdPR-BS 1220 LOST TRW NOT RESET M I L  27IMY-8S 

R-76 VFK PRD6RA9 DISCLMTIWED AT THIS LOCITIDN AS OF 27-JUNE-85 



LING-TERn E1UHOKI TDRI WG PROGRM: VERTl CAL FLUX PROGRM (VFI 1 
VFXMPO (Deposition rate of particulates to the top of the sedirent trap cup at deployment depth) 

- ------------------------------------------------------------------- 
DATE TIHE UTE T I E  TRAP SESTDW PC PN PP CHLDRO 

STATION DEPLOY DEPLOY RETRVE RETRVE VOL CDNC CONC CONC CONC CONC 
J - 0)  (rgll) (ugll) (ugll) (ugll) (uglli --------------------------------------------------------------- 

R-XI 1-1)~1-85 ino LOST nr\p n o ~  RESET u m r L  Z~-MY-B~ 

- 
R-78 27-MY-85 1215 5-JUNE-85 1520 4.0 61 4394 586 970 35.6 

4.1 56 4521 508 960 28.2 
4.0 148 7678 886 202 58.6 - - - 

-- 4.0 176 8769 938 192 57.9 

- ' 1  
4.0 2595 116174 14974 3980 690.3 - 

* .4 
'- 4.0 2462 150160 18516 3620 422.2 

* 
- 

R-78 5-JWE-85 1520 1 8 - J N - 8 5  1450 4.0 76 7293 971 - 162 47.0 
- - 4.0 83 7237 888 141 55.3 

- - 4.0 138 9422 1097 270 55.4 
,- 
-- 4.0 139 8940 1044 207 58.1 

4 6  1 6 3  2 4 1  9621 2610 245.0 
4.0 1740 84868 10300 3000 245.0 

- - . .  
R-78 !B-JLRE-85 1450 27-JUNE-& 1130 4.0 85 6239 1085 137 52.8 

4.0 74 6138 1068 131 49.0 
4.0 104 7910 1241 168 51.7 
4.0 112 7452 1128 175 58.6 
4.0 971 45396 5999 153 135.4 

- 4.0 972 49977 6263 151 150.6 

R-78 VFK PROGRltl DISCONTINUED AT THIS LOCATION AS OF 27-JUNE-85 



..................................................................................... 
DATE TIBE DATE T iH i  TOTAL TDTAL CUP 

STATION DEPLOY DEPLOY RETRVE RETRVE TIHE DEPTH DEPTH SESTDN PC PN PP CHLDRO 
(days) (B) (m)  (g/rZ/d) (mg/m2/d) lmg/mZ/d~ (mg/m2/d) (mg/m2/d) 

- 

................................................................................................ 
3-64 23-JULY-84 1745 30-JULY- 1010 6.7 16.0 3.8 2.7 424 71 9 6.6 

6.7 16.0 3.8 2.7 336 58 7 4.5 
6.7 16.0 3.8 1.2 145 24 4 1.8 
6.7 16.0 3.8 1.0 114 20 3 .  1.4 
6.7 16.0 7.8 4.0 389 62 8 3.8 
6.7 16.0 7.8 4.1 414 60 9 4.3 
6.7 16.0 7.8 2.5 235 36 7 2.0 
6.7 16.0 7.8 2.1 234 40 6 2.4 

.6.7 16.0 13.7 128.1 6507 950 110 31.6 
6.7 16.0 13.7 105.8 5784 829 96 27.8 
6.7 16.0 13.7 108.3 5726 B l l  43 25.9 
6.7 16.0 13.7 106.2 5897 837 101 26.8 

LONE-TERH BI  DHUNTTDRlNE PRDGRAH; VERTICAL FLUX PRD6RbH 
VFXDEPO fdeposit ian r a t e  o f  p a r t i c u l a t e  t o  the tap of the sediment t rap  cup a t  deployment depth) 



LI6-TERH BIDHONITDRI N6 PROGRAH; VERTI CAL FLUX PRDGRAH 
VFXDEPO (deposition rate of particuiate to the top of the sediment trap cup at deployrent depth) - 

- DRTE TIHE DATE TIHE TRAP SESTOW PC PN PP CHLDRO 
STATION DEPLOY DEPLDYRETRVERETRVEVDL CONE CDNC CONC CONC CONC 

(1 )  (rgll) (uglll (ugll) (ugfl) (ugfl) ........................................................................ - 
R-64 23-JULY-84 1745 30-JULY- 1010 3.8 22 3399 567 72 52.7 

3.7 22 2804 484 58 37,9 
2.1 17 2131 350 55 26.2 - 2.3 13 1497 265 43 18.0 
3.9 3 1 3080 487 66 29.9 
3.7 34 3441 564 74 36.0 

-- 2.3 33 3167 480 88 26.5 
2.1 30 3411 586 92 35.6 

'. 3.9 1006 51104 7462 867 248.2 

- 
3.7 8b4 47250 6768 787 227.4 
2.2 1490 78797 11162 506 356.3 
2.2 1502 83405 11836 1427 379.0 



LDNS-TERH 81 OttO#ITORIW6 PROGRM: VERTICAL FLUX PROSRAH (VFX 1 
VFXDEPO (Deposition r a t e  of pa r t i cu la tes  t o  the top cf t he  sediment t rap  cup a t  deployrent depth) -------------------------------------------------------------------------------------- 

DATE TIHE DATE T IHE TDTAL TOTAL CUP 
STATIDN DEPLOY DEPLOY RETRVE RETRVE i IHE DEPTH DEPTH SESTON PC PX PP GHLORO 

(days) (r) ID) (glr21d) (cglr21d) (mglc2/d) (mglr21d) ( m g l f l d )  ----------------------------------------------------------------------------------- 
R-64 17-SEPT-M 1813 24-SEPT-84 0921 6.6 17.7 4.3 5.4 $00 99 13 5.7 

6.6 4.3 5.4 585 94 11 5.9 
6.6 8.5 7.9 5 87 96 11 5.4 
6. t 8.5 6.9 608 91 12 5.5 
6.6 15.4 116.7 5955 873 127 20.7 
6.6 15.4 121.4 6294 962 131 28.9 

R-64 15-APR-85 1015 30-APR-85 TRAP LOST 17.7 



LW-TERH BIORDNITORIUG PROfrRM: VERTICAL FLUX PR06RM (VFI ) 
VFXDEPO (Deposition rate of particulates to the top of the sediment trap cup at deployrent depth) 

- ............................................................................ 
DATE TIME MTE TIHE TRAP SESTON PC PW PP CHLORD 

STATION DEPLOY DEPLDY RETRVE FETRVE VOL CDNC LONE CDNC CONC CONC 

- (1 )  (mgll) (uqll) (ugll) (ugll) (ugll) ------------------------------------------------------------------------------ 
R b 4  17-SEPT-B4 1813 24-SEPT-B4 0921 4.0 4 1 4537 747 96 43.1 

4.0 41 4421 712 85 44.6 
- 4.0 59 4440 724 85 40.5 

4.0 52 4594 686 89 41.4 
4.0 882 45012 6597 957 156.2 

- 4.1 906 46987 7179 978 215.7 

R-64 24-SEPT-B4 0930 , f -KT-84 1030 4.0 121 5715 906 187 40.2 
- 4.0 180 5622 878 187 42.6 

4.0 260 11356 1743 222 44.3 
4.0 318 8496 1444 232 51.9 
4.0 3098 120390 16730 2523 285.7 

- 4.5 3200 120186 16698 2635 303.2 

R-M 30-NOV-84 0945 17-DEC-84 LOST 
- 



LO%-7iRH BIOffDHITDRING PRDERAK: VERTICIL FLUX PROGRAK (VFX)  
VFXDEPO (Deposit ion r a t e  oi  p a r t i c u l a t e s  t o  the  top of t he  sediment t r a p  cup a t  deployment depth) ........................................................................................................ 

DATE TIHE DATE. TIffE TDiAL TDiRL CUP 
STATION DEPLOY DEPLOY RETRVE REiRYE TIBE DEPiH DEPTH SESTGN , P i  PM PP CHLDRO 

(days) Is, [a )  !glaZ!di (mgia?id? ! ~ g i t 2 ! d l  iagim2idi  ifiqI012Idl 
....................................................................................................... 

3-64 30-APR-85 1020 8-RAY-85 I!;? 8.! 17.6 4.6 3.3 7bl 34 3 8.5 
8.1 4.6 5.0 7b9 99 4 6.1 
E. i 9.7 17.3 1223 183 23 11.9 

9 . i  18.0 1 0% 4 1 8.1 i t 3  21. 9'9 
, . ... .. 8.1 i5.I 93.i I I U ; ~  1551 102 32.6 

8.1 15.1 99.6 14295 2090 104 350 



- 

jN$-?Ek?i BIORDNITDRIWS PRDGRA!l: V E R T i C k l  FLUX PRDGRAH (VFXI 
FXDEPO (Deposl t;on rate o f  particulates to the top of the sed;hent t r a p  cup a t  depioyeent depth) 

............................................................................................ 
DRTE T I n E  D9TE T I H E  TRAP S iSTGf i  PC PN PP CHLORD 

i 9 ? I G #  DEPLOY DEPLCV RETRVE RETRVE VOL COlC CDNC COtiC CONE CGfiC 
lli l e g i l i  (ug f1 )  (ug l ! )  ( u g l l )  (ugil) 

............................................................................................. 
%-&a JQ-PPR-EZ 1029 8 - M Y - 8 5  1130 4.0 36 6984 86; 26 73.5 

4.0 46 7057 91 1 85 74.4 
4.0 164 11280 It79 207 109.5 
4.0 !66 10073 1499 195 91.3 
4.0 660 101234 15148 940 290.9 
4.3 850 122029 l ie43 e90 2Q8. g 

-- 
I;, 36.4 
93 52.3 
eo 41.7 
84 48.0 -... 

.NO 72.9 
69.2 



LO&-TERH BiMOii ITDAIN6 PRDGRAH: VERTICAL FLUX PRERAH 1VFX) 
VFXDEPO fDeposition r a t e  of particulates t o  the top of the sediment trap cup a t  deployment depth) ------------------------------------------------------------------------------------- 

DATE TIHE DATE TIHE TOTAL TOTAL CUP 
STRTlON DEPLDY DEPLOY RETRIEVE RETRIEVE T I E  DEPTH DEPTH SESTON PC PN PP CHLORO 

(days) (a) (a) tglm2/d) (rg/a2/d) ( rglm2id~ frg/r2/d) lmg/r2/df 
---------------------------------------------------*-------------------------------------------- 

R-64 25-JIM-85 1700 11-JULY-85 1130 15.8 17.5 4.5 4.2 563 9 1 12 2.8 
15.8 4.5 4.4 514 78 9 3.b 
15.8 9.b 9.1 415 62 ' 7 2.9 
15.6 9.6 8.3 449 63 13 2.8 
15.8 15.0 100.1 3656 444 69 13.9 



- 
LON6TERtI BIOROWITORIWG PROGRM: VERTICAL FLUX PRDGRM (VFX 1 

- VFXDEPO (Deposition rate of particulates to the tpp of the sedirent trap cup at deployrent depth) 

DATE TINE DATE TINE TRAP 
- STATIDH MPLDY DEPLOY RETRIEVE RETRIEVE Wil 

(1) 
----------------------------------------. 

- 
R-64 25-JUNE-85 1700 1)-JULY-85 1130 4.0 

4.0 
4.0 
4.1 

- 4.5 

SESTDW PC 
CMC CDNC 
Irgll) (ugll) 

----------------. 
76 10114 
80 9245 

163 74bO 
146 7872 

1600 58429 

- R-M 24-JULY-85 1130 30-JULY-95 1140 4.0 59 
4.0 75 
4.0 124 

- . . 4.0 111 
4.0 700 
4.0 631 

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

PN PP TOTAL ACTIVE 
CONC CONE CHLDRO CHLMlO 
(ugllf lugll) (ugtli (ugll) 

.--------------------------------- 
1637 208 50.8 
1405 170 64.6 
1108 121 52.0 
1108 221 49.1 
7088 1100 222.0 



- 
LONG-TERI EiIHID1(ITDRINS PRDGRAR: VERTICN. FLUX PROGRAH (VFX) 
VFXMPD (Deposition rate of particulates to the top of the sedirent trap cup at deployment depth) 

- .................................................................................... 
DATE TIHE D1TE TIHE 10TtlLTDTAL CUP 

STATION DEPLOY DEPLOY RETRIEVE RETRIEVE TINE DEPTH DEPTH SESTDN PC PN PP GHLORO 
- fdaysl (a )  ( r )  (g/m2/d) img/m?/d) !rg/mZld) (rglm2/d) (sgla2ld) 

13.7 
18.4 
lb. 1 
lb.2 
19.6 
42.1 

8. 8 
9.5 
12.8 
18. 1 
39.9 
37.2 

20.8 
24.0 
19.1 
32.6 
23.3 
25.2 



LONG-TERH BIOMNfTOR!NS PROGRAH: VERTICAL FLUX PRD6RAH (VFX) 
- VFXDEPD (Deposition r a t e  of part iculates  t o  the top of the sediment trap cup a t  deployment depth) 

DATE TlHE DATE TINE TRAP SESTDN PC PM PP TOTAL ACTIVE 
- STATION DEPLOY DEPLOY RETRIEVE RETRIEVE VOL CDNC COUC CDNC CDNC CHLDRD CHLORD 

(1)  (mgll) l u g l l )  ( u g l l )  l u g l i )  (ug l l )  ( u g l l )  

-- R-64 1-OCT-85 1024 16-OCT-85 0950 4.2 169 11237 1746 163 338.0 108.0 
4.0 i a i  ~ Z ~ F U  19:; 371 4 1 0 . 0 .  2 . c  
4.1 243 13333 1924 282 321.0 91.0 

- 
4.0 252 15172 2181 295 556.0 95.5 
4.0 2010 76 138 9410 1454 397,O 95.3 
4.0 1986 70344 8938 1424 430.0 95.3 



LONG-TERH BIMDNITRRID PRDGRM: VERTfCW FLUX PRD6RAH IVFX) 
VFXDEPD (Deposition rate of part iculates t o  the top of the sedirent trap cup a t  deployrent depth) --------------------------------------------------------------------------------- 

DATE TIE DATE TIE TOTW TOTAL CUP 
STATION DEPLOY DEPLOY RETRIEVE RETRIEVE TlHi DEPTH DEPTH SESTW PC PN PP CHLORO 

(days) (r) (8) (glr21d) (rg/r2/d) I rg1~2/d) (rglr2Id) (mglm2ld) ----------------------------------------------------------------------------------- 
A-64 28-MR-86 840 l4dPR-86 1015 17.1 18.3 5.3 5.5 560 76 7 9.1 

17.1 5.3 5.6 692 95 8 10.2 
17.1 10.4 12.4 169 78 19 11.7 
17.1 10.4 20.3 424 74 32 12.2 
17.1 15.8 118.6 2827 393 112 39.8 
17.1 15.8 115.3 2563 352 105 42.1 



LDNEi-TERH BIOHONITORING PRDSRAR: VERTICAL FLUX PRD6RAH (VFX) 
- VFXMPO (Deposition rate of particulates to the top of the sedirent trap cup at deployment depth) 

.......................................................................................... 
DkTE TIHE DATE TIHE TRAP SESTDW 

- STATION DEPLOY DEPLOY RETRIEVE RETRIEVE VDL CWJC 
( 1 )  frg/l) 

Î------------------------------------------ 

- 
R-64 12-HAR-86 1740 20-HAR-86 8 4 0  4 .0  3 7  

4 . 0  135 
4 .0  126 
4 .0  172  

- 4 .0  1975 

4 . 0  2110  

PC 
CDNC 

(ugil) 

PP TOTAL ACTIVE 
CDNC CHLDRD CHiORD 

lugill (ugll) (ug/l 1 



L M - T E R H  BIMDNITDRIWG PRBRM:  V E R T I W  FLUX PROGRAII IVFX) 
VFXDEPO (Deposition rate of particulates to the top of the sediment trap cup rt deployrtnt depth) 

DATE TIHE DATE TIHE TOTAL TOTAL CUP 
STATION DEPLOY DEPLOY RETRIEVE RETRIEVE TIHE DEPTH DEPTH SESTDN PC P # PP CHLDRD 



LDNS-TERR BIDHDNITORI#S PRDGRAR: VERTICAL FLUX PRDGRAH (VFX 
- VFXDEPD (Deposition rate of particulates to the top of the sedirent trap cup at deployrent depth) 

------------------------------------------------------------------------------------- 
DATE T I E  DATE TIHE TRAP SESTDN PC PN PP TOTAL ACTIVE 

- STATIDH MPLDY KPLDY RETRIEVE RETRIEVE WlL CONE COWC CDNC CDRC CHLORO CHLDRO 
(1) (mgll) (ugii) (ugll) (ugll) ( ~ 9 1 1 )  (ugll) .......................................................................................... 

- R-64 19-HAY-86 920 28-HAY-06 1545 4.0 37 4913 683 61 33.9 25.2 
4.1 71 9137 1537 118 23.5 9.2 

- - 
4.0 1010 46378 6284 797 151.0 75.6 

- 
- R-64 28-HAY-06 1550 3-JUNE-Bb 730 4.0 13 3012 449 36 17.1 11.2 

4.0 16 3310 517 45 20.9 15.9 
4.0 2i 4315 763 44 14,3 9.3 

- 4.0 29 6715 1236 85 25.5 17.9 
-r 4.0 257 14405 2070 224 48.8 23.8 



LDN6-TERH B I  DHDNITDRI N6 PRDERAH: VERTICAL FLUX PR06RAH (VFX) 
VFXDEPC! [Deposition r a t e  of pa r t i cu la tes  t o  the top of the  sediment t rap  cup a t  deployment depth) 
........................................................................................................... 

DATE TINE DATE TINE TOTAL TDTAL CUP 
STCITIDH DEPLOY DEPLOY RETRIEVE RETRIEVE T I E  DEPTH DEPTH SESTGN 

(days) I m )  (r) tg l c2 id )  
....................................................................... 
DARESBCH 11-JUL-85 1530 24-JtK-85 913 12.8 9.9 2.9 26.6 

12.8 2.9 19.0 
12.8 5.9 39.1 
12. 8 5.9 34.5 
12.8 8.4 109.0 
12.8 6.4 103.9 

PC PN PP CHLCRD 
(rg/a2/di  (rg/m2/d) frg/m2/d) (rglm21d) 

.---------------------------------------- 
! 385 210 32 7.2 
1277 221 37 6.9 
1703 264 39 8.9 
2!09 350 48 8. 8 
4939 bBb 142 17.6 
5273 755 164 17.5 

DARESBCH 24-JUL-85 937 30-JUL-85 ' 1035 6.0 9.8 2.8 20.6 1584 259 32 10.1 
6.0 2.8 20.2 1217 24 1 32 8.7 
6.0 5.8 39.8 2261 337 50 12.8 
6.0 5.8 37.5 2832 367 46 12.6 
6.0 8,2 163.7 7752 1077 181 28.9 
6.0 8.2 155.3 6442 908 174 26.6 

DARESBCH 30-JUL-85 1035 05-AU6-85 900 5.9 
- - -. 

5.9 
5.9 
5.9 
5.9 
5.9 

DBRESBCH 17-SEP-85 825 25-SEP-85 



- 
LDNG-TEHH BIDttDHIiDRING PRD6RAH: VERTICAi FLUX PROGRAH (VFX) 
VFXDEPD [Deposition r a t e  of p a r t i c u i a t e s  t o  the  top of t h e  sedirent t r a p  cup a t  deployment depth) 

- .............................................................................................................. 
DGTE TIHE DATE ' TlHE TRAP SESTDN PC P I  PP TOTAL ACTIVE 

STITICN DEPLDY DEPLOY RETRIEVE RnRIEVE VDL CDNC CDNC CONC CDNC CHLDRD CHLGRO 
> - (1) I r g / l f  ( u g t l )  (ug/ l f  ( u g i l )  ( u g i l f  t u g i l l  ..................................................................................................................... 

MESBC'i 11-JUi-85 1530 24-JUL-85 913 4.0 366 20129 3058 464 104.0 
4.0 276 18560 3205 537 101.0 

- 4.0 568 24746 3830 570 129.0 
4.0 502 30656 5080 700 128.0 
4.0 1585 71790 9975 2060 256.0 

- 4.0 1510 76640 10970 2390 255.0 

DARESBCH 24-JUL-85 937 30-JUL-85 1035 4.0 142 10906 1786 219 69.2 
4.0 - 139 8377 1359 222 59.7 
4.0 274 15570 2317 342 88.4 
4.0 258 14498 2528 314 86. 6 
4.5 1002 47444 6589 1110 177.0 

- 4.1 1043 43274 6100 1170 179.0 

DARESBCH 30-JUL-85 , 1035 05-AU6-85 900 4.2 324 16958 2506 42B 120.0 
- - -... 4.1 34 1 16958 2396 440 120.0 

4.0 54 8 29572 4072 590 134.0 
4.0 616 27181 378; 640 158.0 

- 
4.0 1374 62494 8755 1330 300.0 
4.0 1336 62494 8440 1320 312.0 

DARESBCH 05-AU6-85 915 13-AU6-85 900 4.0 186 14016 2134 237 94.0 
- 4.0 306 13187 2080 29 1 116.0 

4.0 379 18958 2752 405 165.0 
4.0 422 20968 3054 430 167.0 

-- 4.0 884 57378 8126 980 231.0 
4.0 1324 37835 8231 1310 313.0 

DGRESBCH 13-AU6-85 900 21-AU6-85 1430 4.0 395 1994 1 2390 437 98.9 
4.0 37 9 20390 2778 378 106.0 
4.0 682 19694 2460 710 154.0 
4.0 682 28054 3096 880 139.0 

- 4.0 1555 61775 9195 1440 262.0 
4.1 1795 70135 9790 1560 292.0 

DARESBCH 25-SEP-85 1610 01-0ii-85 1200 4. 0 976 . 35192 4228 P79 159.0 47.7 
4.0 920 33440 4020 83 1 153.0 52.0 
4.0 1497 56932 / Odb 1240 224.0 82.3 - .c 

4.0 15% 53156 6562 1341 234.0 95.3 
4.0 3165' 127130 15110 2780 490.0 147.0 
4.0 3095 124555 14135 35i8 474.0 156.0 



LONG-TERI BIOHDNITDRI NS PROGRAn: VERTICAL FLUX PRDGRAH (VFX 1 
VFXDEPO (Deposition r a t e  of pa r t i cu la tes  t o  the top of  the sediment t rap  cup a t  deployment depth) 
......................................................................................................... 

DATE TIHE DATE TInE TOTAL TDTAL CUP 
STATION DEPLOY DEPLOY RETRIEVE RETRIEVE TIIE DEPTH DEPTH SESTON PC PN PP CHLORO I 

(days) [a) Ir) (g/m2/d) (mg/m2/dl (mg/r2/d) (mg/mZ/d) (mg/m2/d) I 

................................................................................................................ 
DARESBCH 01-DCT-85 1200 16-KT-85 1045 15.0 10.0 3.0 48.2 2573 329 43 17.6 

25 63 47 17'9 15.0 3.0 54.0 298 
15.0 6.0 87.4 38 63 488 76 33.4 
15.0 6.0 114.5 3838 493 79 37.8 
15.0 8.4 169.6 8904 I009 154 86.8 
15.0 8.4 166.3 8053 980 151 58.3 

DCIRESBCH 27-FEE-86 1145 12-MR-86 1930 13.4 10.5 4.0 3.7 346 47 5 3.0 
13.4 4.0 3.8 344 44 5 3.1 
13.4 7.0 9.0 709 113 14 5. 8 
13.4 7.0 7.9 584 76 11 5.7 
13.4 9.0 37.3 2415 293 46 16.0 
13.4 9.0 36.8 2iB4 263 42 15.0 

DARESBCH 12-MR-86 800 28-HAH-86 1040 16.1 10.2 3.2 9.1 
16.1 3.2 9.3 
16.1 6.2 144.3 
16.1 6.2 15.1 
16.1 8.7 30.6 
i6.  i 8.7 32.L 

DARESBCH 28-NAR-86 1050 14-APR-86 1055 17.0 10.1 3.1 6.1 
17.0 3.1 5.7 
17.0 6.1 0.2 
17.0 6.1 6.9 
17.0 8.6 34.9 
17.0 8.6 33.6 

DARESBCH 14-APR-86 1105 29-APR-86 1100 14.5 9.9 2.9 15.i 
14.5 2.9 14.1 
14.5 5.9 22.0 
14.5 5.9 20.9 
14.5 8.4 52.2 
14.5 8.4 53.1 
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LO%-TERN liOHONITORIN6 PROSRAK: VERTICAL FLUX ROSRAFI 1VFX) 
VFXDEPD (Deposition r a t e  o i  p a r t i c u l a t e s  t o  the top of the sediment t rap  cup a t  deployment depth) ........................................................................................................ 

DATE TIE DATE TIHE TOTAL TOT& CUP 
STBTIDN DEPLOY DEPLOY RETRIEVE RETRIEVE TIRE DEPTH DEPTH SESTON PC PN PP CHLORO 

(days) (m)  (11 (glm21d) (mglr2fd) (rgir21d) (mg/m2/d) (mgIr2fd) 

DAEESECH 16-JUNE-80 1000 24-2UNi-86 1430 



4 LONG-TEM 810I'iMITORIY6 PROORM; VERTICAL FLUX PRO6RMI (VFX I 
VFXDERI (Deposition rate of particulates t o  the top of the sediment trap cup at depioyrent depth) ------- ....................................................................... 
! DATE TIHE DATE TIHE TRAP SESTON PC PN PP TDTAL ACTIVE 

STATION DEPLOY DEPLOY RETRIEVE RETRIEVE VOL COIiC CDRC CONE CONE CHLURO CHLORD 
( l j  g i I  lugfl) (ugl l )  lug/l) iug/l) (ug/l) ------------------------------------------------------------------------------- 

-- DMESBCH 5-MY-06 1230 14-HAY-86 1428 4.0 r: 42 5710 663 74 47.2 39.2 
4.0 4 1 5570 666 74 40.5 32.6 
4.0 68 9041 1040 l i b  95.0 84.0 
4.0 7 1 9538 1100 120 109.0 101.0 

- 4.0 260 23573 2727 329 211.0 185.0 

8 4.0 213 21582 2479 319 213.0 202.0 

< RhRESBCH14-HAY-86 143019-HAY-B6 1100 4.0 6 2545 302 17 18.2 17.9 
4.0 9 3051 343 26 24.5 23.1 a 4.0 

2 1 6424 744 46 60.8 59.5 
4.0 22 3762 464 33 32.1 24.1 

DRRESBCH IbJWE-86 1000 24-JUNE-81 1430 '4.0 114 -- 4.0 i 02 




