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INTRODUCTION

This report presents physical, chemical, and biological data collected
during 18 cruises on the Delaware River and Bay from September 1981 to July
1984, These cruises, designated YABLED, covered the -entire salinity gradient
in the estuary from freshwater in the river near Philadelphia to seawater at
the entrance of the bay.

During YABLED-14, -15, and -16, stations were also occupied in the
coastal waters off Delaware and New Jersey.

The data tables for each cruise in this report are accompanied by a
¢ruise report outlining the events of the cruise, and by a chart(s) showing
station positions occupied during the cruise.

Preceeding data reperts in this series are those for the six SALSX
Cruises (May 1978 to July 1980; University of Delaware Qceanographic Data
Report No. 2), and the seven SALT Cruises (October 1380 to July 1981;
University of Delaware Oceanographic Data Report No. 3).

This publication is the result, in part, of research sponsored by NOAA
Office of Sea Grant, Department of Commerce, under Grant No, NA83AA-D-00017
(Project No. R/M-8); by the National Science Foundation; by a contract from
the Delaware River and Bay Authority; by an educational grant from the E. I.
du Pont de Nemours & Company; and by the College of Marine Studies.

The U.S. Government is authorized to produce and distribute reprints for
governmental purposes, notwithstanding any copyright notation that may appear
hereon.

The University of Delaware Sea Grant College Program is supported
cooperatively by the National Oceanic and Atmospheric Administration, U.S.
Department of Commerce, zand by the State of Delaware.

We thank the crew of the R. V. Cape Henlopen for their aid in

accomplishing the objectives of each cruise. Their help was instrumental in
making the cruises a success.
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DELAWARE BAY DATABASE

The chemical, biclogical, and hydrograpnic data in this report, plus that
from previous cruises, is available as a sequential file on a set of 5 1/4
inch, double sided, double density floppy disks for use with the IBM PC and
compatible microcomputers under MS-DOS.

The database contains 1446 records of discrete water quality
observations, collected on 31 oceanographic cruises between May 1978 and July
1984, Each record contains 169 fields, listing the hydrographic, chemical,
and biological data measured for each observation.

-+
To obtain a copy of the database plus the 3} Oceanographic Data Reports
which provide printed listings of the data, send $40 to,
g

Delaware Bay Database A

Delaware Sea Grant College Program SyLE

University of Delaware o G
Newark, DE 19716. DELU- F-55-001

4

A copy of the database only, without the 3} Oceanograpnic Data Reports, is $20.
PR

Make checks payable to 'University of Delaware’,
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GLOSSARY

~ Each of the measured parameters in the following data tables is
associated with a comment field which indicates special characteristics of the

“variable. The comment field is the single space following the last digit of

the parameter and will usually be blank. However, it will contain a character
if there is anything unusual about the variable. For instance, temperatures
measured with the Neil Brown mark IIIb CTD are indicated by the letter 'C’
following the temperature. Definitions of the comment characters are given in
the 'Methods' section under the appropriate technique. The mathematical
symbols '<' or '>' in any comment field mean that the true value of the
parameter is less than or greater than the value given.

Parameter Description

CAST TYPE technique used to collect water samples, see discussicn
of Water Sampling in Methods section for description

DISTANCE distance in kilometers from designated station to
TO CAPES the Delaware River Basin Commission bay mouth position
(38°0'32"N, 75°03'18"W)

WATER DEPTH depth of water in meters

Inorganics

STA station name

DEPTH depth In meters at whic¢h sample was taken
SALINITY salinity in parts per thousand (ppt)

TEMFP water temperature in degrees Celsius

CL chloride, micromolar

02 dissolved oxygen, micromolar

§ 02 SAT percent oxygen saturation

pH(25C) measured pH at 25°C and atmospheric pressure

on NBS pH scale

ALK total alkalinity, microequivalents/liter



PO4

NO3

NO2

NHY

SI

poc

DCN

pop

PC

PN

PP

HUMIC ACID C
HUMIC ACID N
SESTON

Chl-a

APROD

VPROD

LIGHT ATTEN

SECCHI DEPTH

Mn

Fe-A

Fe=C

Fe-E

Nutrients, Organies, Productivity, Light

dissolved phe¢sphate, micromolar

dissglved nitrate, micromolar

dissolved nitrite, micromolar

dissolved ammonium, micromolar

dissolved silicate, micromolar

dissolved organic carbon, micromolar C
dissolved organic nitrogen, micromelar N
dissolved organic phosphorus, micromolar P
particulate carbon, micromeolar C
particulate nitrogen, micromolar N
particulate phosphorus, mi¢romolar P

humic acid carbon, micromolar carbon

humic acid nitrogen, micromolar nitrogen
total suspended solids, milligrams/liter
chi;rophyll-a, micrograma/liter

areal production, millimoles carbon/mzfday

volume production, micromoles carbon/liter/day

negative value of total attenuation coefficient
(k) per meter

Secchi disk depth, centimeters

Dissolved Trace Metals

dissclved manganese, nanomolar

dissolved iron by direct injection atomic
absorption, nanomolar

dissclived iron by colorimetry, nanomeclar

dissolved iron by atomic absorpticon of
extracted sample, nanomolar
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Co

Ni

cu

Zn=A

Zn-E

cd
Pb

As

Al

Mn

Fe

Co

Ni

Cu

cd

Pb

dissolved cobalt, nanomclar
dissolved nickel, nanomclar
dissolved copper, nanomolar

dissclved zinc by direet injection atomic
absorption, nanomolar

diassolved zinc by atomic absorption
of extracted sample, nanomolar

dissolved cadmium, nanomelar
dissolved lead, nanomolar
dissolved arsenie¢, nanomoliar

Particulate Trace Metals

particulate aluminium, mic;omoles/gram-seston
particulate manganese, micromoles/gram-seston
particulate iron, micromoles/gram-seston
particulate cobalt, micromoles/gram-seston
particulate nickel, micromoles/gram-seston
partjiculate copper, micromoles/gram-seston
particulate zinc, micromoles/gram-seston
particulate cadmium, micromoles/gram-seston
particulate barium, micromoles/gram=-seston

particulate lead, micromoles/gram—-seston

vii



METHODS

Water Sampling

Water samples aboard the R/V Cape Henlopen were collected in 10 liter PVC
Niskin bottles attached to a General Oceanics rosette sampler. Sampling
depths were determined from continuous vertical temperature, salinity, and
oxygen profiles measured with a Neil Brown mark IIIb CTD.

Water samples taken by small boat were collected by hand using 5 or 10
liter PVC Niskin bottles. Positions of the small boat samples were determined
by a battery operated Loran C system. Temperatures of these samples were
determined by a hand held thermcmeter.

The technique used to collect a water sample is lisated under the
parameter 'Cast Type'.

Cast type = 'CTD' indicates that the water sample was taken with the
General QOceanics rosette sampler.

= 'pump' indicates that the sample was taken from the cireculating
seawater system aboard the R/V Cape Henlopen.

= 'boat' indicates that the sample was collected by hand using
S or 10 liter Niskin bottles from a small boat.

= 'copter' indicates that the sample was taken with a Niskin
bottle suspended from a Coast Guard helicopter.

= 'wire' indicates that the Niskin bottle was attached to
the hydrographic wire and tripped by messenger.

Temperature

Temperature was measured with reversing thermometers; 2 or 3 thermometers
were used on each Niskin bottle. On small boat samples, temperature was
measured with a bucket thermometer. In cases where the reversing thermometers
matfunctioned or where 4 minutes could not be .allowed to equilibrate the
reversing thermometers, temperature was taken from the CTD system. The CTD
temperature may differ slightly from the actual temperature of the water
sample, since the CTD temperature sensor lies 0.9 meters below the mid-point
of the 10 liter Niskin bottles.

The precision (20) of the calculated temperatures, based on 816 replicate
reversing thermometer readings, was 0. 0u°C

A letter 'B' in the temperature comment field means that the temperature
was determined with a hand held thermometer; the letter 'C' means that the
temperature was taken from the CTD; the letter 'D' means that the temperature
was taken from the Beckman Electrodeless Induction Salinometer aboard the R/V
Wolverine.



Salinity

Salinity was measured with an Industrial Instruments Model RS-TA portable
induction salinometer. Salinity was calculated from the measured conductivilty
ratio using the equations of Cox, Culkin, and Riley (1967). The agreement
between salinities calculated from conductivity and from chloride is within
+0.03%/,, at salinities 20.5%°/,,. The equations used to calculate salinity
from conductivity yield negative salinities at low conductivities. These
negative values are included in this data report for consistency.

The conductivity ratio of successive aliquots from the salinity sample
was measured until the conductivity ratios of consecutive aliquots differed by
less than 0.0001. The reported salinity is the average of salinities
calculated from the last 2 conductivity readings. The precision (2g) of the
calculated salinity, based on 1213 duplicate conductivity ratio measurements,
was 0.002%4,. L

In a few cases where salinity samples were lost before analysis,
salinities were taken from the CTD system. The CTD salinity may differ
slightly from the actual salinity of the water sample, since the CTD
conductivity sensor lies 0.9 meters below the mid-point of the 10 liter Niskin
bottles. : '

A letter 'C' in the salinity comment field means that the salinity was
taken from the CID; the letter 'T' means that the salinity was calculated from
the measured chloride concentration; the letter 'D' means that the salinity
was taken from the Beckman Electrodeless Induction Salinometer aboard the R/V
Wolverine.

Chloride

Chloride was measured by an automated potentiometric titration using a
silver electrode and a double juncticn reference electrode (Corning #476067; 1
molar potassium nitrate outer filling solution). The potential was measured
at 5 points after the endpoint, and the endpoint calculated by linear
regression of the silver concentration versus volume of titrant added.

Titrant (0.01 M AgNO,) was added with a microcomputer controlled Metrohm model
ES535 5 ml digital buret readable to 0.001 ml., The electrode potential was
measured to +0.1 mv with an Orion model 7014 digital pH/mv meter, and recorded
automatically by the microcomputer. '

The relative precision (2¢) of the chloride measurements, based on 133
replicate analyses, was 0.6%.

Oxygen and Percent Oxygen Saturation

On cruises Yabled-1 through -16, oxygen was measured by Winkler titration
using a starch endpoint (Carpenter, 1965). Titrant (0.14 N Na,S,0,) was added
with a Metrohm model E535 5 ml digital buret readable to 0.001 ml. Oxygen
samples were measured in triplicate.



The precision (2g) of the manual oxygen measurements, based on 954
replicate analyses, was 1.5 uM.

Percent oxygen saturation was calculated from the measured oxygen
concentration using oxygen solubilities [rom Kester (1975}.

Alkalinity

Total alkalinity was measured by an automated poctentiometric titration
using a semi-micro combination pH electrode (Corning #476050}. A 25 ml sample
was titrated with standardized 0.025 M HC1l using a microcomputer controlled
Metrohm model E535 5 ml digital buret readable to 0.001 ml. The titrant
volume and electrode potential were measured at 5 pH values (3.9, 3.6, 3.42,
3.3, and 3.2}, and the equivalence point calculated from linear regression of
hydrogen ion activity, corrected for carbconic acid ionization, versus vcelume
of HC1l added. Potentials were measured to +0.1 mv with an Orion model TOTA
digital pH/mv meter.

The precision (2¢) of the alkalinity measurements, based on 925 replicate
analyses, was 5 wequivalents/L.

A letter 'S' in the alkalinity comment field means that the sample was
stored several weeks before analysis.

pH

The reported pH values are the measured values at 25.0°C on the National
Bureau of Standards pH Scale. Samples for pH measurement were brought to 25°C
in a water bath prior to analysis. The pH was calculated from the measured
electrode potential by the following equation,

° - - -
PH(25°C} = 7.W13 - (E - By 4;3)/59.157

where T.413 is the pH of the NBS blood pH buffer at 25°C:

E, is the measured electrode potential in the

water sample; and
ET.H13 {s the measured electrode potential in the buffer.

Potentials were measured to +0.1 mv with an Orien model TO1A digital pH/mv
meter. ‘ :

Several different techniques were used for the pH measurements listed in
this data report. The basic pH technique involved measurements with a salt
bridge consisting of a free diffusion 1iquid junction. However, the free
diffusion pH assemblies (Culberson, 1981) used prior to this series of cruises
were broken during the preparations for Yabled-1. Consequently, pH
measurements on Yabled-1 and Yabled-3 were made with a conventional frit type
1iquid junction until a new free diffusion pH assembly was constructed.

The technique and precision of pH measurements on each cruise are given
in the following paragraphs.



Yabled-1

The free diffusion pH assembly was broken just prior to this curise, and
pH measurements during Yabied-1 were made with a semi-micro combination pH’
electrode {Corning #476050) mounted in a rubber stopper containing an 18 gauge
needle as an air vent. Samples were drawn in 125 ml erlenmeyer flasks,
stoppered without an air space, and brought to 25° in a water bath. The pH
electrode was then inserted into the sample and the pH calculated from the
measured electrode potential. The precision of pH measurements with this
technique is estimated as +0.03 pH.

Yabled-2

pH was measured with a free diffusion pH assembly, similar to that of
Culberson (1981), except that a 0.5 inch diameter flat membrane glass
electrode replaced the micro-blood pH electrode in the original pH assembly.
The precision (2g) of pH measurements on this cruise, based con 59 replicate
analyses, was 0.006 pH units. This assembly was not used on subsequent
cruises because the slope of the electrode respense, 97.5% theoretical, was
too low.

Yabled-3

Measurements of pH were made with a Corning triple purpoae glass electrode
and a 3.5 molar KC1i calomel reference electrode mounted in a rubber stopper
with an 18 gauge needle as an air vent. Samples were drawn in 250 ml wide
mouth plastic bottles, capped with #7 rubber stoppers, and brought to 25°C in
a water bath. The electrode pair was then inserted into the sample and the pH
calculated from the measured electrode potential. The precision of pH
measurements with this technique is eatimated as +0.01 pi.

Yabled=-5 to Yabled-9

pH measurements were made with a semi-micro combination pH electrode
(Corning #476050) in which the normal frit junction was sealed and replaced by
a free diffusion liquid junction., Samples were collected in large diameter
test tubes, stoppered without an air space, and brought to 25°C in a water
bath. The electrode was then inserted into the sample and the pH calculated
from the measured electrode potential. The precision (2¢) of pH measurements
with this technique, based on 340 replicate analyses, was 0.006 pH units.

Yabled-10 to Yabled-16

pH was measured with a free diffusion pH assemdly, similar to that of
Culberson (1981), except that a 0.5 inch diameter pH electrode replaced the
micro-blood pH electrode in the original pH assembly. The precision {2a) of pH
measurements with this assembly, based on 569 replicate analyses, was 0.005 pH
units.



Inorganice Nutrients

The water sample for dissolved nutrient analysis was filtered through a
precombusted Whatman GF/C filter (nominal pore size 1 um) on board ship and
guick frozen in dry ice for analysis ashore. Phosphate, nitrate, nitrite, and
silicate were analyzed Dy manual colorimetry using standard methods
(Strickland and Parsons, 1972), as modified in Sharp et. al. (1982}, Ammonium
was determined by the method of Solorzanc (1969), as medified in Sharp et. al.
(1982).

Each method was calibrated with standards prepared in pure water. No
salt corrections have been applied to the reported values.

Nutrients were analyzed in duplicate. The standard deviation of each
method as a function of concentration, based on a statistical analysis of
duplicate measurements, is given below.

---------- Concentration Interval (uM) -=-====-»--- Number of
Nutrient <0,1 J1-.2 .2=.T .7-2 2=T 7-20 20~-70 >70 Duplicates
PO, o(pM)= .01 .02 .03 .04 .08 -- - -- 966
TDP - —_— .10 .15 .20 -- -- - 514
Si -— - .03 Nl 07 .16 .96 1,92 988
NO, .00% .02 .03 .04 .10 L2U .82 1.59 1005
TDN C— e C— T== L= .25 1.02 3.32 - 834
NO, .003 .006 .01 .02 .03 .07 = - - 973
NH, .06 .08 .06 18 19 .. .54 - 984

Detection limits using the above methods were 0.05 pM for phosphate,
nitrate, and nitrite, and 0.1 uM for ammonium and silicate.

Diss¢lved QOrganic Carbon

D0C was determined by the method of Menzel and Vaccaro (1964) with
modified sample preparation of Sharp (1973). -The coefficlent of variation of
this method ranged from 2.4 to 4.7%. '

Disaolved Qrganic Nitrogen

DON was calculated from measurements of total dissolved nitrogen
(Solorzanc and Sharp, 1980a). The standard deviation of this method for total
dissolved nitrogen is listed in the above table as TDN. The limit of
detection was 0.6 uM.



Dissclved Qrganic Phosphorus

DOP was calculated from measurements of total dissclved phosphorus
(Solerzano and Sharp, 1980b). The standard deviation of this methoa for tctal
dissclved phosphorus 13 listed in the above table as TDP.

Particulate Carbon (PC) and Particulate Nitrogen (PN)

PC and PN were measured by the method of Sharp (1974) using a
Hewlett-Packard model 185b CHN analyzer. The precision of these analyses were
+12 pug carbon and x1.4 pg nitrogen based on analysis of blanks and replicate
samples. e

Particulate Phosphorus

PP was determined by the method of Solorzano and Sharp {1980b). The
precision of this method is estimated to be twice that of the method for
inorganic phosphate.

Humic Acid Carbon and Nitrogen

Humic acid carbon and nitrogen were determined by the method of Fox
(1983). Filtered seawater (500 ml) was acidified with 4 ml of 1 molar H,30,,
and the precipitated humic acids were collected on a 25 mm GF/C fllter. The
analytical blank for this method was equivalent to 1 uM carbon and 0 uM
nitrogen. Background carbon, carbon that adsorbed to the glass fiber filter
without acid induced aggregation, varied from 5-20 uM carbon depending on the
sample. Humic¢ acid samples from the lower estuary often have low
concentrations: 5-10 uM carbon and 0.5-1.0 uM nitrogen. Concentrations this
low probably indicate no or very little humic acid content. However, no blank
corrections were made to the measured values.

Chlorophyll-a

Chlorophyll-a was measured by fluorometric analysis of acetone extracts
(Strickland and Parsons, 1972). The fluorometer (Turner III) was calibrated
with spectrophotometric measureéements of chlorophyll extracts.

Productivity

Productivity was measured with '“C using a procedure modified from the
general procedure of Eppley and Sharp (1975). Within 20 minutes of
collection, samples were transferred {under low light conditions) to 65 ml
Wwheaton bottles and 2 uCi of ['“C]HCO, were added. Time zerc (T,) bottles were
filtered immediately and simulated in~situ incubatjons (Head, 1976) were
started at 6 light levels (100, 60, 30, 12, 3.3, and 1.1% of incident
photosynthetically available radiation, PAR) using neutral density screens
that were calibrated in the field. After 24 hours, incubations were



terminated by filtration onto Whatman GF/C filters at reduced (<350 mm Hg)
vacuum followed by rinses with filtered seawater. Wet filters were
immediately placed in scintillation vials containing 10 ml of toluene/triton-X
cocktail and counted on a Packard Tri-Card liquid scintillation counter using
the external standard ratioc determination of efficiency.

Daily net phytoplankton areal production (millimoles C/m2-d!'), APRCD, was
estimated at each station by integrating productivity {(mg C/m?-d') at each light
ievel over the photic depth estimated by the diffuse attenuation coefficient
(k).

Maximum production rates per unit volume, VPROD, were estimated by the
maximum rate measured in the screen bags at each station.

Light Attenuation Coefflicient

Light attenuation coefficients (k) were estimated from light profiles
obtained with a Biospherical Instruments QSR-100 submersible praobe. The
coefficient, k, was calculated from light meter readings, I_, taken at
discrete depths, z, throughout the water column at each sta%ion. The
coefficient, X, is the slope of the least squares linear regression line
fitted to these data,

log(L ) - 1og(I,q) = k(z - z0)

where z0 is a reference depth, usually 0.25 or 0.50 m.

Seston

Total suspended seston was determined by passing a known volume of water
through an acid rinsed, dried, preweighed Nuclepore filter (47 mm diameter,
0.4 um pore size). After filtration, each filter was rinsed with distilled
water, stored in a plastic petri dish, and frozen until analysis. In the
laboratory, filters were dried at 70°C for 24 hours and reweighed.

Dissolved Trace Metals

Samples for dissolved trace metal analysis were c¢ollectad in Go-Flo
(General Oceanics) bottles from a Kevlar (DuPont) hydrowire, or pumped with a
peristaltic pump through acid washed Tygon and conventional polyethylene
tubing. The samples were pressure filtered, in line, successively through 142
mm diameter 1.0 um and 0.4 um Nuclepore filters held in all plastic acid
cleaned Geo-filters (Leonold Mold & Die Co., Denver, Colorado) under about 3.5
bar of filtered nitrogen gas presswure. '

Filters were back flushed after each sampling and reused until the
filtering rate slowed sufficiently to indicate irreversible clogging, at which
time the filter(s) was replaced.



Filtered seawater samples were collected in acid cleaned and distilled
water (from a quartz still) rinsed polyethylene bottles, acidified to pH 32,
placed in ziplock plastic bags, and frozen until analysis. Samples were
acidified on board in a portable plastic hood supplied with filtered air.

The acidified samples were extracted ashore by an AFDC-DDDC/freon
procedure {Kinrade and VanLoon, 1974; Danielsson et., al., 1978). Analysis for
Ni, Cd, Co, Fe (Fe-E}, Zn (Zn~E), Pb, and Cu was by graphite furnace atomic
absorption spectrometry under filtered clean air conditions. Iron (Fe=C) was
also analyzed colorimetrically by a modification of the ferrczine procedure
(Murray and Gill, 1978). Manganese, iron (Fe-A), and zinc (Zn-A) were
determined by direct injection graphite furnace atomic absorption. The
precision (2¢) of the analyses, based on replicate measurements, were:

Fe (direct injection) 1.6 nanomolar Ni 2.7 nanomolar

Fe {(ferrozine) 7 nanomolar - Cu 2.2 nanomolar

Fe (extraction) 11 nanomolar Cd  0.05 nanomolar
) Pb 0.07 nancmolar

Zn (direct injection) 9 nanomolar Mn 5%

Zn {extraction) 0.8 nanomolar Co 8%

Particulate Trace Metals

After weighing, the seston filters were rinsed with spectrographic grade
acetone to remove sediment. The sediment was transferred to a 10 ml test tube
and 5.0 ml of 0.7 N HCl was added. The sample was dispersed ultrasonically
for 5-10 minutes, shaken on a reciprocal shaker for 18 hours (Duinker and
Nolting, 1974), and then centrifuged. The supernatent was analyzed for Fe,
Mn, and 2n using flame atomic absorption spectrometry, and for Co, Ni, Cu, Cd,
and Pb using graphite furnace atomic absorption. All equipment used for the
analyses was acid cleaned (Patterson and Settle, 19768).
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Cruise Report

Yabled-1
9-11 September 1981

Area: Delaware River and Bay Vessel: R/V Cape Henlopen

Chief Scientist: C. H. Culberson
College of Marine Studies
University of Delaware
Newark, Delaware

Participants: R. Biggs, T. Church, A. Frake, J. Scudlark, J. Tramcntano,
J. Pennock, J. Scibek, R. Stumpf, D. Kieber, R. Ellsinger
{(Univ. Socuth Caroclinal), S. Pike, W. Mitchell, T. Pfeiffer

Supporting Agency: Office of Sea (Grant

Cruise Summary:

Thia cruise was designed to study diurnal changes in estuarine water
chemistry. Consequently, the major portion of the cruise was devoted to
repetitive sampling of three stations at salinities of 7.3, 12.6, and
17.2%/4,. These stations, designated by the letter F, were sampled over a 30
nour period and were approximately 16 km apart.

The R/V Cape Henlopen departed Lewes on 9 September at 0518 hours and
returned on 11 September at 1700 hours. Stations CH, BR, 525, 3820, $15, S10,
85, 82.5, and S0 were sampled on Wednesday, September 9. The ship anchored
overnight, and repetitive sampling of 7, 13, and 17°/,, salinity occurred for
a 30 hour period beginning 10 September. Station locations are shcwn on the
following charts. '

The parameters measured at each station are listed in the following
tables. Continucus beam attenuation spectra from 400 to 800 nanometers for
unfiltered and filtered (1 micron) water samples were taken at some stations
but are not listed. In addition, surface temperature, salinity,
chlorophyll-a, and water turbidity were continuously reccorded during the
cruise. Light energy in the vizible spectrum was recorded and integrated for
the entire curise with a quantum meter. Robert Ellsinger (University of South
Carolina) extracted water samples for radium isotopes 224, 226, and 228 to
help interpret the barium measurements.
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Crulse Report

Yabled-2
19-21 November 1981

Area: Delaware River and Bay Vessel: R/V Cape.Henlopen

Chief Scientist: T. M. Church
College of Marine Studies
Universaity of Delaware
Newark, Delaware

Participants: C. Culberson, J. Scudlark, J. Tramontano, A. Frake, S. Plke,
J. Pennock, R. Stumpf, D. Kieber, A. Terchunian, J. 3Scibek,
G. Fernandez, T. Pfeiffer

Supporting Agency: Office of Sea Grant

Cruise Summary:

This eruise was designed to study chemical fluxes across the
sediment-water interface. Fluxes were determined directly aboard ship by
measuring chemical concentrations as a function of time in the water above
incubated box cores. As an independent calculation of the flux, gravity cores
were taken, sectioned, and squeezed for pore water analysis at esach box core
location. After coring, a time series of water column chemistry was measured
at esach box core station using a2 peristaltic pump. The box core and gravity
core results will be given in a separate report.

The R/V Cape Henlopen departed Lewes on 19 November at 0535 hours and
returned on 21 November at 1730 hours. A box core and gravity core were taken
on 19 November, and the ship anchored for 8 hours over the location of these
cores for periodic sampling. During the night of the 19th, the ship cruised
between the Chesapeake and Delaware Canal and Ship John Light collecting
surface water samples for R. Stumpf. J. Pennock took 2 Shipek grabs during
this pericd.

A second box core and gravity core were taken on 20 November. After
coring, the ship anchored for 10 hours for periodic water sampling. The ship
then steamed north to Marcus Heook, Pa., the approximate location of 0°/,,
salinity. J. Scibek collected surface and bottom water samples between
salinitlies 8 and 0°/,, as the ship steamed north. Two Shipek grabs were taken
on the evening of 20 November.

The salinity gradient stations S0, S2.5, S5, S7.5, 810, s15, 820, 325,
s27.5, BR, and CH were sampled on 21 November 1981. Statlion locations are
shown on the following chart. ' o

The parameters measured at each station are listed in the following
tables, Continuous beam attenuation spectra from 400 to 800 nanometers for
unfiltered and filtered {1 micron) water samples were taken at some stations
but are not listed. In addition, surface temperature, salinity,
chlorophyll-a, and water turbidity were continuously recorded during the
eruise, Light energy in the visible spectrum was recorded for the entire
cruise with a quantum meter,
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Cruise Report

Yabled=-3
6-8 January 1982

Area: Delaware River and Bay Vessel: R/V Cape Henlopen

Chief Seientist: J. H. Sharp
College of Marine Studies
University of Delaware
Lewes, Delaware

Participants: C. Culberson, P. Underhill, J. Scudlark, A. Frake,
J. Tramontano, S. Pike, J. Pennock, D. Burrage, G. Fernandez,
Jd. Scibek, D. Kieber, M. Fleisher, T. Pfeiffer

Supporting Agency: Office of Sea Grant

Cruise Summary:

‘This cruise was designed to study the effects of tidal currents on water
column chemistry during a 24 hour anchor station.

The R/V Cape Henlopen departed Lewes at 1759 hours on 6 January and
proceeded to station CH at the mouth of Delaware Bay to collect gseawater for
the end member of an estuarine mixing experiment. The ship then steamed north
to Woodland Beach and anchored. At this station a CTD profile was made every
hour with surface and bottom samples ccllected for chemical analysis every
third hour. Current profiles were also measured.

The salinity gradient stations S0, s2.5, s5, S7.5, S$10, 315, S20, 825,
BR, and CH were sampled on 8 January 1982. Station locations are shown on the
fellowing chart, '

The parameters measured at each station are listed in the following
tables. Continuous beam atternuation spectra from 400 to 800 nanometers for
unfiltered and filtered (1 micron) water samples were taken at some stations
but are not listed. In addition, surface temperature, salinity,
chlorophyll-a, and water turbidity were continuously recorded during the
eruise. Light energy in the visible spectrum was recorded and integrated for
the entire cruise with a quantum meter.
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Cruise Report

Yabled-4
9 March 1982

Area: Delaware Bay Vessel: R/V Wolverine

Chief 3¢ientist: J. Pennock
College of Marine Studies
University of Delaware
Lewes, Delaware

Participanta: 5. Pike

Supperting Agency: QOffice of Sea CGrant

Crulse Summary:

This cruise was designed to provide data on the development of the spring
phytoplankton bloom in lower Delaware Bay.

The R/V Wolverine departed Lewes at 0455 hours on 9 March and proceeded
to Artificial Island. Salinity gradient stations 8%, 812, 315, $17.5, 820G,
s23, 825, 827, S28, and S29 were sampled on the return trip to Lewes. The
Wolverine returned to Lewes at 1730 hours on 9 March. Station locations are
shown on the following chart. ’

Surface samples were collected at each station using 5 liter Niskin
bottles. Temperature, conductivity, and salinity profiles were measured at
each station with a Beckman Electrodeless Induction Salinometer. Light
profilea were taken with a Digital Scalar Irradiance meter.

The parameters measured at each station are listed in the following
tables.
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Cruise Report

Yabled-5
17-19 March 1982

Area: Delaware River and Bay Vezsel: R/V Cape Henlopen

Chief Seientist: C. H. Culberson
College of Marine Studies
University of Delaware
Newark, Delaware

Participants: T. Church, J. Sharp, E. Maurmeyer, J. Scudlark, J. Tramontano,
A. Frake, S. Pike, J. Pennock, J. Scibek, R. Stumpf, D. Kieber,
L. Cifuentes, K. LeCato, T. Pfeiffer ' '

Supporting Agency: Office of Sea Grant

Cruise Summary:

) This cruise was a detailed study of the areal extent of the spring
phytoplankton bloom in Delaware Bay. It consisted of the normal salinity
gradient survey down the length of the bay, plus 4 ¢oross bay transects in the
lower bay. A small boat was used to sample shallow nearshore areas. Station
locations are shown on the following chart.

The R/V Cape Henlopen departed Lewes at 0000 hours on 17 March and
proceeded to station T1-3. The Boston Whaler was deployed from the ship at
0630 and sampled stations T1-1, -2, -4, -5, and -6. Stations T1-3 and 3810
Wwere occupied by the ship. A land based whaler thén delivered 4 samples,
stations C} to C4, from the Cohansey river to the ship, and the Cape Henlopen
proceeded upbay and sampled salinity gradient stations 37.5, 55, 52.5, and 50.
Surface and bottom samples at salinities of 8, 7, 6, 5, 4, 3, 2, and 1%/,
were collected for J. Scibek. The ship anchored overnight near Mian Mull
Shoal. ' '

On 18 March, 6 stations of transect 2 were occupied by the whaler, while
station T2-4 was occupied by the ship. The land based whaler sampled 5
stations, M1 to M5, in the Maurice River and Maurice River Cove and delivered
them to the ship. The Cape Henlopen then completed the salinity gradient
survey by occupyling stations 315, 320, 825, S27.5, BR, and CH. The ship
returned to Lewes for supplles. : :

The R/V Cape Henlopen departed Lewes at 0400 hours on 19 March to begin
transect 3. Upon arrival at station T3-8 the whaler was deployed to sample
stations T3-9, -10, -11, and -12. Upon return of the whaler, the ship
occupied stations T3-7, -6, -5, =4, =3, and -2. Station T3-1 was occupied Dy

20



the whaler. The ship proceeded to transect 4 and sampled all stations on this
transect with the exception of Ti-1 which was sampled from the whaler. The
Cape Henlopen returned to Lewes at 1743.

The parameters measured at each station are listed in the following
tables. Fluorescence, continuous beam attenuation spectra from 400 to 800Q
nanometers for unfiltered and filtered (1 micron) water samples, '°*N uptake,
ammonia regeneration, a-keto acids, XAD-8 extractions, hydroiyzable
hexosamines, and particulate humic acids were mesured at many stations but are
not listed. 1In addition, surface temperature, salinity, and water turbidity
were continuously recorded during the cruise. Light energy in the visible
spectrum was recorded and integrated for the entire cruise with a quantum
meter.
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Crulse Report

Yabled=6
2-5 May 1982

Area: Delaware River and Bay Vessel: R/V Cape Henlopen

Chief Sclentist: J. H. Sharp
College of Marine Studies
University of Delaware
Lewes, Delaware

Participants: C. Culberson, J. Tramontano, J. Scudlark, A. Frake, S. Pike,
J. Pennock, R. Stumpf, D. Kieber, 5. Rumer, T. Bunting,
M. Curtis, G. Reynolds, T. Pfeiffer

Supporting Agency: Office of Sea Grant and
The Delaware River and Bay Authority

Cruise Summary:

This cruise conaisted of three parts: (1) a salinity gradient survey down
the length of the Delaware River and Bay; (2) transects across the entrance of
the bay between Cape Henlopen and Cape May; and (3) a 26 hour anchor station
at the entrance to the bay. Station locations are shown on the following
chart.

The R/V Cape Henlopen departed Lewes at 1817 hours on 2 May and proceeded
to Marcus Hook, Pa. Four stations were sampled on the trip upbay by R. Stumpf
for seston and size fraction analyses. The -ship anchored overnight near
Marcus Hook. Sampling of the salinity gradient stations began at 0618 on 3
May, and stations SO, s0.5, 81, s2.5, S5, §7.5, s10, sS15, S20, BR, CH and S30
were accupied. The Cape Henlopen anchored overnight at Harbor Refuge.

The firat cross day transect was sampled at maximum fleod tide, beginning
at 0336 hours on 4 May. This transect consisted of 10 stations, designated
CB1 to CB10. The even numbered stations were sampled at 2 depths for complete
chemical analysis, while the odd numbered stations consisted of vertical CTD
profiles.

Upon completion of the transect, the ship returned to station AS for a 26
hour anchor statien. At this station, a vertical CTD profile and current
profile were taken every hour (stations AS1 - AS27}. Surface and deep samples
for chemical analysis were taken every third hour.

On 5 May, following the anchor station, a second cross bay transect {(CB11
- CB20) was conducted at maximum ebb tide. Sampling locations and the
sampling scheme were the same as those for the first transect. The ship
returned to Lewes at 1435 hours on S May.
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The parameters measured at each station are listed in the feollowing
tables. Continuous beam attenuation spectra from 400 to 800 nanometers for
unfiltered and filtered (1 micron) water samples were measured at many
stations but are not i1isted., In addition, surface temperature, salinity, and
water turbidity were continuously recorded during the cruise. Light energy in
the visible spectrum was recorded and integrated for the entire cruise with a
quantum meter.
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Cruise Report

Yabled-6.5 ('Pennock 1')
21-24 June 1982

Area: Delaware Bay Veasel: R/V Wolverine
Small boat
Chief Scientist: J. Pennock
Coliege of Marine Studies
University of Delaware
Lewes, Delaware

Participants: R. Smith (27 June),
S. Pike (22 June},
M. Pennock {24 June)

Supporting Agency: Office of 3ea Grant and
The Delaware River and Bay Authority

Cruise Summary:

Data for this cruise were collected on 3 dates: from the R/V Wolverine on
21 June, and from a small boat on 22 and 24 June.

The purpose of the crulse was to increase sampling frequency in lower
Delaware Bay and to focus on primary production in the shoal areas during the
summer season. Data were collected for inorganic nutrients, chlorophyll,
primary production, salinity, and the underwater light field. Station
positions are shown on the following chart.

Surface samples were collected at each station using 5 liter Niskin
bottles. Light profiles were taken with a Digital Scalar Irradiance meter.

The parameters measured at each station are listed in the following
tables. This cruise was originally called 'Pennock 1°.
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Cruise Report

Yabled-T7
17-22 July 1982

Area: Delaware River and Bay Vessel: R/V Cape Henlopen

Chief Sgientist: R. B. Biggs
College of Marine Studies
University of Delaware
Newark, Delaware

Participants: T. Church, C. Culbersen, J. Tramontano, J. Scudlark, A4. Frake,
3. Pike, R. Stumpf, J. Pennock, D. Kieber, 5. Guest,
G. Reynolds, T. Pfeiffer, R. Dickerson, M. Fleisher, L. Smith
(University of Maryland, Horn Point), S. Murray, C. Olsen and
I. L. Larsen (Cak Ridge National Laboratory).

Supporting Agency: Office of Sea Grant and
The Delaware River and Bay Authority

Cruise Summary:

This cruise consisted of several major parts: (1) measurements of water
column chemistry in the Delaware River and Bay; (2) radioisotope measurements
on sediments; and {3) benthic flux measurements across the sediment-water
interface.

Water Column Chemistry

The salinity gradient survey during this cruise consisted of 5 parts
designed to study diurnal changes in water chemistry:

(1) stations L10 to LO (10°%/,, - 0%/,,) were sampled between 1251 and
1?35 on 17 July; '

(2) stations D10 to DO were sampled between 0001 and 0513 on 18 July;

(3) atations P1 to P6 were sampled by small boat between 0930 and 1220 on
18 July; .

{4) an anchor station (stations AS1-A52M) was occupied from 0646 on 18 July
to 0536 on 19 July; and

(5) stations SO through CH were sampled between 0606 and 1846 on 20 July.

Five cross bay transects were conducted in addition to the salinity
gradient survey:

(1) stations T1-1, =2, -4, -5, =6 of transect T1 were sampled by small boat,
while station T1-3 was occupied by the Cape Henlopen;
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(2) stations T3-2 through T3-8 of transect T3 were occupied by the R/V Cape
Henlopen, while stations T3-9 through T3=12 were sampled from the
small boat;

{3) the odd numbered stations on transect T4 were sampled for complete
chemical analysis, while the even numbered stations consisted of vertical

CTD profiles; and

(4) the two transects at the bay mouth (CB1-CB10, maximum flood; CB11-CB20,
maximum ebb) were occupled by the R/V Cape Henlopen. On these transects
aven numbered stations were sampled at 2 depths for complete chemical
analysis, while the odd number stations consisted of vertical CTD
profiles.

The parameters measured at each station are listed in the following
tables. Continuous beam attenuation spectra from 400 to 800 nanometers for
unfiltered and filtered (1 micron) water samples were measured at many
atations but are not listed. In addition, surface temperature, salinity, and
water turbidity were continuously recorded during the cruise. Light energy in
the visible spectrum was recorded and integrated for the entire cruise with a
quantum meter, Station locaticons are shown on the following chart.

Radioisotope Measurements on Sediments

Shipek grabs and gravity cores were collected at 10 stations. The cores
were sectioned on board at 2 cm intervals to a depth of 20 cm, and at U em
intervals toc the bottom of each core. The grab samples were sectioned at 1 cm
intervals to obtain intact surface sediment sampies. The sediment samples
were analyzed by gamma ray spectrometry for man-induced radionuclides (Cs-137,
Cs=134, Co-60, etec.) and natural radionuclide activity (Pb, U, Th). Box
cores, BC1 and BCZ2, were sectioned on bcard at approximately 3 em intervals to
the bottom of each core. Each depth increment was subdivided into Y
subsamples to be analyzed for (1) trace metals, (2) radionuclide activity, (3)
pollen, and (#) an archive sample.

The radioisotope measurements were concentrated in the area between
Wilmington, Delaware and Ship John Light. The Salem nuclear power plant is
located in this stretch of the river. The radioisotope measurements are not
listed in this report. Contact Dr. T. M. Church (College of Marine Studies,
University of Delaware, Newark, Delaware) for details of the measurements.

Benthic Flux Measurements

Fluxes were determined directly aboard ship by measuring chemical
concentrations as a function of time in the water above incubated box cores.
As an independent calculation of the flux, gravity cores were taken,
sectioned, and squeezed for pore water analysis at each box core location. As
a further check, pore water concentration profiles in cne box core were
measured directly using equilibration cells ('peepers') containing dialysis
membranes by L. Smith. The benthic flux measurements will be given in a
separate report.
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Cruise Report

Yabled-8
22-24 September 1982

Area: Delaware River and Bay Vessel: R/V Cape Henlopen

Cnief Scientist: J. H. Sharp
College of Marine Studies
University of Delaware
Lewes, Delaware

Participants: C. Culbersen, J. Tramontano, J. Scudlark, A. Frake, S. Pike,
S. Guest, J. Pennock, S. Murray, T. Pfeiffer, B. Howell,
R. Coffin, J. Compeau, D. Kieber, K. Fleming, J. Vessels

Supporting Agency: Office of Sea Grant and
The Delaware River and Bay Authority

Cruise Summary:

This cruise consisted of three parts: (1) a salinity gradient survey
along the length of the Delaware River and Bay: (2) a series of transects
across the width of the bay; and (3) bethic flux measurements across the
sediment-water interface.

The R/V Cape Henlopen departed Lewes at 0100 hours on 22 September. The
salinity gradient stations, CH through S0, were sampled beginning 0752 on the
22nd and ending at 2100. A gravity core was taken for J. Compeau, and the
ship anchored overnight at Marcus Hook, Pa.

On 23 September, two box cores, BC1 and BC2, were taken for benthic flux
measurements. The box cores were sealed with water over them and transferred
to a temperature controlled room ashcore the evening of the 23rd. Fluxes
across the sediment-water interface were determined by measuring chemical
concentrations as a function of time in the water above the incubated box
cores. As an independent calculation of the flux, gravity cores were taken,
sectioned, and squeezed for pore water analysis at each box core locaticn.
The results of the benthic flux measurements will be given in a separate
report.

The first transect across the entrance of the bay was sampled at maximum
ebb tide, beginning at 1723 hours on 23 September. This transect consisted of
10 stations, designated CB1 to CB10. The even numbered stations were sampled
at 2 depths for complete chemical analysis, while the odd numbered stations
consisted of vertical CTD profiles. The second bay mouth transect at maximum
floed, stations CB11 to CB20, began at 2331 hours on the 23rd.
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Transect T3 was occcupied between 0902 and 1204 on 24 September. Stations
T3-1 and T3-9 through T3-12 were sampled by small boat, while the remaining
stations were occupied by the R/V Cape Henlopen.

Transect T4 was occupied between 1344 and 1521 on 24 September by the
Cape Henlopen. The odd numbered stations were sampled for complete chemical
analysis at one or two depths, while the even numbered stations consisted of
vertical CTD profiles.

The parameters measured at each statiomn are listed in the following
tables. Continuous beam attenuation spectra from 400 to 800 nanometers for
unfiltered and filtered (1 micron) water samples, '*N uptake, a-keto acids,
plankton taxonomy, and bacterial counts were measured at many stations but are
not listed. In addition, surface temperature and salinity were continuously
recorded during the cruise. Light energy in the visible spectrum was recorded
and integrated for the entire c¢ruise with a quantum meter.

Station locations are shown on the following chart.
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Cruise Report

Yabled-8.5 ('Bi~State'}
13-15 Cctober 1982

Area: Delaware River and Bay Vessel: R/V Cape Henlopen

Chief Scilentist: J. H. Sharp
College of Marine Studies
Univeraity of Delaware
Lewes, Delaware

Participants: University of Delaware

R. Biggs, S. Pike, A. Frake, J. Scudlark, S. Guest, T. Pfeiffer

Rutgers University

H. Haskin, W. Canzonier, .J. Compeau

Stevens Institute of Technology

R. Hires

New Jersey Marine Science (onsortium

R. Stevens

Lehigh University

K. Thompson, M. Kubic

Supporting Agency: Office of Sea Grant and
The Delaware River and Bay Authority

Cruise Summary:

This cruise was devoted to an intercalibration of methods between
inveatigators participating in the Delaware Bay Project. Emphasis was on
intercalibration of biological parameters. '

The parameters (salinity, oxygen, chlorophyll-a, seston, productivity,
nutrients) measwed at each station are listed in the following tables.
Plankton tows, epibenthic sled tows, and gravity ccres for mercury were taken
at many stations, but the results are not listed. In addition, surface
temperature and salinity were continuously recorded during the cruise. Light
energy in the visible spectrum was recorded and integrated for the entire
¢ruise with a quantum meter.

Station locations are shown on the following chart. This coruise was
originally called 'Bi-State’.
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Cruise Report

Yabled-9
17-19 November 1982

Area: Delaware River and Bay Vessel: R/V Cape Henlopen

Chief Scientist: T. M. Church
College of Marine Studies
University of Delaware
Newark, Delaware

Participants: R. Biggs, R. Stumpf, A. Frake, S. Ackelson, 5. Guest,

A. Masse, L. Cifuentes, J. Tramontano, R. Coffin, J. Pennock,
D. Kieber, 8. Pike, G. Chin Leo, T. Pfeiffer, B. Howell,

S. Murray, D. Murphy, R. Towne, E. Rickmann, A. Hankins,

T. Eveleigh, W. Weias '

Supporting Agency: Office of Sea Grant and
The Delaware River and Bay Authority

Cruise Summary:

This cruise congisted of two parts: (1) a salinity gradient survey along
the length of the Delaware River and Bay, and {2) deployment of sediment
traps.

The salinity gradient stations, CH through S0, were sampled beginning
0728 on the 17th and ending at 2104. This series included station EMP at the
Edgemoor Powér Plant. ) ’

On 18 November, 6 sediment traps were deployed between 0108 and 0219; 4
gravity cores for pollen analysis were taken between 1100 and 1200 hours. A
second set of salinity gradient stations, S'15 through 5'0, were occuplied
between 1258 and 1738. These stations were sampled every 1°/,, for humic
aclds, particulate carbon, and particulate nitrcgen. ’

The sediment traps were retrieved between-0715 and 0823 on 19 November.
Two Shipek grabs were taken between 0827 and 0844. The R/V Cape Henlopen
returned to Lewes at 1330.

The parameters measured at each station are listed in the following
tables. Continuous beam attenuation spectra from 400 to 800 nanometers for
unfiltered and filtered (1 micron) water samples, 'SN uptake, a-keto acids,
plankton taxonomy, bacterial counts, amino acids, '“C amino acid uptake, and Lec
methylamine uptake were measured at many stations but are not listed. In
addition, surface temperature and salinity were continuously recorded during
the cruise. Light energy in the visible spectrum was recorded and integrated
for the entire cruise with a quantum meter. '

Station locations are shown on the following charts.
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Cruise Report

Yabled-10
4-7 January 1983

Area: Delaware River and Bay Vessel: R/V Cape Henlocpen

Chief Scientist: C. H. Culberson
College of Marine Studies
University of Delaware
Newark, Delaware

Participants: R. Biggs, T. Church, S. Seitzinger (Philadelphia Academy of
Natural Sciences), B, Howell, S. Murray, R. Towne, J. Pennock,
R. Coffin, D. Murphy, A. Frake, S. Pike, S.~H. Lin, T, Pfeiffer,
S. Guest, A. Hankins, M. Hartman ' :

Supporting Agency: Office of Sea Grant and
The Delaware River and Bay Authority

Cruise Summary:

This cruise consisted of several parts: (1) measurements of water column
chemistry in the Delaware River and Bay; (2) deployment of sediment traps; and
(3) benthic flux measurements of chemical exchange across the sediment-water
interface.

The measurements of water column chemistry consisted of the following:

(1) A salinity gradient survey for stations S0 to CH, conducted between 0905
and 2048 hours on 5 January. In addition to the routine chemical
measurements, this series also included vertical CTD profiles every
1°/,, salinity for salinities less than 16°%/,,.

(2) A eross bay transect, stations T1-1 through T1-6, sampled between 1010
and 1140 on 6 January. On this transect, station T1-3 was occupled by
the R/V Cape Henlopen, while the remaining stations were sampled Dy
small boat.

(3) A cross bay transect, stations T3-2 through T3-12, sampled between 0750
and 1324 on 7 January. On this transect, station T3-12 was sampled by
small boat, while the remaining stations were sampled from the
R/V Cape Henlopen.

Eight sediment traps were deployed the afternocon and evening of 4
January. GCravity corea were taken at the positions of sediment traps ST-5
through ST-8. The sediment traps were retrieved between 0730 and 1025 on the
6th.
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Three different teghniques were employed to study benthic fluxes:
incubated box cores; pore water analysis of gravity cores; and incubated
gravity cores. Box cores were taken at locations B-I (5 January) and B-II (6
January) on the following chart. The box cores were sealed with water over
them and transferred to a temperature controlled room ashore. Fluxes across
the sediment-water interface were determined by measuring chemical
concentrations as a function of time in the water above the incubated box
cores. As an independent calculation of the flux, gravity cores were taken,
sectioned, and squeezed for pore water analysis at both box core locations.
Dr. Sybil Seitzinger (Philadelphia Academy of Natural Sciences) took several
gravity cores for the measurement of inorganic nitrogen fluxes across the
sediment-water interface. These cores were returned to Philadelphia for
analysis. The results for the benthic flux measurements will be given in a
separate report.

The parameters measured at each station are listed in the following
tables. Plankton taxonomy, bacterial counts, amino acids, '*C amino acid
uptake, and '*C methylamine uptake were measured at many stations but are not
listed. In addition, surface temperature and salinity were continuously
recorded during the cruise. Light energy in the visible spectrum was recorded
and integrated for the entire cruise with a quantum meter.

Station locations are shown on the following charts.
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Cruise Report

Yabled-11
8-11 March 1983

Area: Delaware River and Bay Vessel: R/V Cape Henlopén

Chief Scilentist: J. H. Sharp
College of Marine Studies
University of Delaware
Lewes, Delaware

Participants: C. Culberson, J. Tramontano, M. Hartman, S. Guest, R. Coffin,
A. Frake, S. Pike, D. Murphy, R. Stumpf, S. Moss, K Young,
B. Howell, J. Smullen, T. Pfeiffer, E. ward

Supporting Agency: Office of Sea Grant and
The Delaware River and Bay Authority

Cruise Summary:

This cruise consisted of two parts: (1) measurements of water column
chemistry in the Delaware River and Bay and (2) the deployment of sediment
traps.

The measurements of water column chemistry, designed to determine the
extent of the spring phytoplankton bloom, consisted of the following:

(1) A salinity gradient survey for stations CH to S0, conducted between 0640
and 2207 hours on 8 March.

(2) A cross bay transect, stations T3-12 through T3-1, sampled between Q710
and 1522 on 9 March. On this transect, stations T3-1 and T3-9 to T3-12
were sampled by small boat, while the remalnlng stations were sampled
from the R/V Cape Henlopen .

(3) A cross bay transect, stations T4-1 through T4-3, sampled by the R/V Cape
Henlopen between 1637 and 1857 on 9 March. The even numbered stations on
this transect consisted of vertical CTD profiles; no chemical parameters
were measured at these stations.

(4) A transect, stations CB1 to CB10, between Capes Henlopen and May at the
entrance to Delaware Bay. These satations were occupied by the R/V Cape
Henlopen at maximum ebb tide netween 2110 and 2231 hours on 10 March.
The even numbered stations were sampled for complete chemical analysis,
while the odd numbered stations consisted of vertical CTD profiles.

(5) A second transect at maximum flood tide, stations CB11 to CB20, at the

entrance to the bay, occupied by the R/V Cape Henlopen between 0343
and 0509 on 11 March.
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(6) A survey of the optical properties of the water column, stations SO
through CH', along the length of the river and bay conducted between
0655 and 1713 hours on 10 March. During this survey, upwelling and
downwelling radiances were measured with a submersible optical sensor
at each of 7 narrow wavelengths; simultaneously, water samples were
taken and analyzed on beoard for continuous beam attenuation spectra
from 400 to 800 nanometers for unfiltered and filtered {1 micron)
subsamples.

Eight sediment traps were depleyed during 8 March and retrieved on 10
March. Gravity cores were taken at the position of each sediment trap.

The parameters measured at each station are listed in the following
tables. Plankton taxonomy, bacterial counts, bacterial preoductivity, aminc
acids, '“C amino acid uptake, and optical parameters were measured at many
stations but are not listed. 1In addition, surface temperature and salinity
were continuously recorded during the cruise. Light energy in the visible
spectrum was recorded and Lntegrated for the entire oruise with a quantum
meter.,

Station locations are shown on the following chart.
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Cruise Report

Yabled-12
28-31 Maren 1983

Area: Delaware River and Bay Vesgel: R/V Cape Henlopen

Chief Scientists: R. B. Biggs and T. M. Church
College of Marine Studies
University of Delaware
Newark, Delaware

Partiecipants: C. Culberson, 5. Seitzinger (Philadelphia Academy of Natural
Seiences), F. Webster, R. Stumpf, S.-H. Lin, S. Murray,
M. Hartman, M. Fleisher, S. Pike, A. Frake, D. Murphy,
R. Coffin, 3. Guest, G Lawrence, M Curtis, D. Kieber,
T. Pfeiffer

Supporting Agency: Office of Sea Grant and
The Delaware River and Bay Authority

Crujise Summary:

’ This cruise consisted of several parts: (1) measurements of water column
echemistry in the Delaware River and Bay; (2) the deployment of sediment traps;
and (3) benthic flux measurements of chemical exchange across the
sediment-water interface.

The measurements of water column chemistry, designed to determine the
extent of the spring phytoplankton bloom, consisted of the following:

(1) A salinity gradient survey for stations CH to S0, conducted between 0728
and 201& hours on 28 March.

(2) A& cross bay transect, stations T3-12 through T3-2, sampled between 1646
and 2030 on 30 March. On this transect, stations T3-9 to T3-12 were
sampled by small boat, while the remaining stations were sampled from
the R/V Cape Henlopen.

(3) A cross bay transect, stations Th-1 through T4-9, sampled by the R/V Cape
Henlopen between 2147 and 2335 on 30 March. The even numbered stations on
this transect consisted of vertical CTD profiles; no chemical parameters
were measured at these stations.
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(4) A transect, stations CB1 to CB10, between Capes Henlopen and May at the
entrance to Delaware Bay. These stations were oc¢cupied by the R/V Cape
Henlopen at maximum flood tide between 0830 and 0957 hours on 31 March,
Even numbered stations were sampled for complete chemical analysis, while
the odd numbered stations consisted of vertical CTD profiles.

(5) A second transect at maximum ebdb tide, stations CB11 to CB20, at the
entrance to the bay, occupied by the R/V Cape Henlopen between 14U0
and 1603 on 31 March, '

{6) An underway GTD survey of the surface temperature and salinity at the
entrance to the bay which was conducted between 1615 and 1300 on 31 March.

Four sediment traps were deployed on 28 March. Attemps to recover these
traps were unsuccessful.

Three different techniques were employed to study benthic fluxes:
incubated box cores; pore water analysis of gravity cores; and incubated
gravity cores. Box cores were taken at locations B-II (29 March) and B-III
{30 March) on the following chart. The box cores were sealed with water over
them and transferred to a temperature controlled room ashore. Fluxes across
the sediment-water interface were determined by measuring chemical
concentrations as a function of time {n the water above the incubated box
corea. As an independent calculation of the flux, gravity cores were taken,
sectioned, and squeezed for pore water analysisz at both box core locations.
Dr. Sybil Seitzinger (Philadelphia Academy of Natural Sciences) took several
gravity cores for the measurement of inorganic nitrogen fluxes across the
sediment-water interface. These cores were returned to Philadelphia for
analysis. The resulta of the benthi¢ flux measurements will be given in a
separate report.

The parameters measured at each station are listed in the following
tables. Plankton taxonomy, bacterial counts, bacterial productivity, amino
acids, '*C amino acid uptake, a-keto acids, light profiles, and continuous beam
attenuation spectra from 400 to 800 nanometers were measured at many stations
but are not listed. In addition, surface temperature and salinity were
continuously recorded during the cruise. Light energy in the visible spectrum
was recorded and integrated for the entire cruise with a quantum meter.

Station locationas are shown on the folloding chart.
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Cruise Report

Yabled-13
10-11 May 1983

Area: Delaware River and Bay Vessel: R/V Cape Henlcpen

Chief Scientist: C. H. Culberson
College of Marine Studies
University of Delaware
Newark, Delaware

Participants: S. Guest, S.-H. Lin, B. Howell, S. Murray, J. Scudlark,
S. Pike, A. Frake, D. Murphy, J. Pennock, 3. Haimbach,
J. Smullen, P. Koeb

Supporting Agency: Office of Sea Grant and
The Delaware River and Bay Authority

Cruise Summary:

This cruise was designed to determine the extent of the spring
phytoplankton bloom and consisted of the following parts:

(1) A salinity gradient survey for stations CH to SO, conducted between 0754
and 1823 hours on 10 May. Shipek grabs were taken at each station.

(2) A cross bay transect, stations T3-12 through T3-1, sampled between G711
and 1155 on 11 May. On this transect, stations T3-1, and T3~9 to T3-12
were Sampled by small boat, while the remaining stations were sampled
from the R/V Cape Henlopen.

(3) A cross bay transect, stations TuY-1 through T4-9, sampled by the R/V Cape
Henlopen between 1310 and 1525 during the ebb tide on 11 May. The even
numbered stations on this transect consisted of vertical CTD prefiles;
no chemical parameters were measured at these stations.

(4) A second cross bay transect at T4, stations T4-11 through T4~19, during
the flood tide from 1833 to 2026 on 11 May.

(5) A transect, stations CB10 to CBl, between Capes May and Henlopen at the
entrance to Delaware Bay. These stations were occupied by the R/V Cape
Henlopen between 15620 and 1737 on 11 May. Stations CB2 and CB10 were the
only stations of this transect sampled for chemical analysis, the
remaining stations consisted of vertical CTD profiles.

The parameters measured at each station are listed in the following
tables. Plankton taxonomy, bacterial counts, and light profiles were measured
at many stations but are not listed. In addition, surface temperature and
salinity were continuously recorded during the cruise. Light energy in the
visible spectrum was recorded and integrated for the entire c¢ruise with a
quantum meter,

Station locations are shown on the following chart.
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Cruise Report

Yabled=14
19-21 July 1983

Area: Delaware River and Bay Vessel: R/V Cape tHenlopen
Middle Atlantlic Bight

Chief Scientist: T. M. Church
College of Marine Studies
University of Delaware
Newark, Delaware

Participants: C. Culberson, R. Biggs, S. Seitzinger (Philadelphia Academy
of Natural Sciences}, S. Murray, M. Hartman, M. Fleisher,

J. Bird {(Florida State University}, S.~H. Lin, R. Stumpf,

B. Howell, D. Murphy, R. Coffin, A. Frake, S. Pike, K. Tice,

M. Letavic, T. Pfeiffer, J. Smullen, D. Kieber

Supporting Agency: Qffice of Sea Grant and
The Delaware River and Bay Authority .

Cruise Summary:

This crulse consisted of several parts: (1) measurements of water column
chemistry in the Delaware River and Bay; (2) the retrieval of sediment traps;
and (3) benthic flux measurements of chemical exchange across the
sediment-water interface.

The measurements of water column chemistry consisted of the following:

(1) A salinity gradient survey for stations CH to SO, conducted between Q649
- and 2236 hours on 19 July.

(2) A cross bay transect, stations T3-12 through T3-1, sampled between 1611
and 2120 on 20 July. On this transect, stations T3-1 and T3-9 te T3-12
were sampled by small boat, while the remaining stations were sampled’
from the R/V Cape Henlopen.

{3) A line of stations, YT6 to YTY4, extending southeast from the entrance to
the bay. Stations in this series ending in P conaisted only of vertical
CTD profiles. These stations were occupied from 0651 to 1235 hours on
21 July. '

(4) A second line of stations, YT! toc YT3, extending east from Rehoboth Beach,
Delaware was occupied between 1054 and 1432 on 21 July. This series of
stations was along a line of current meters operated by Dr. R. Garvine of
the College of Marine Studies. '
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Four sediment traps, deployed on a previous cruise, were recovered on the
19th and 20th of July. Gravity cores were taken at each sediment trap
location. '

Three different techniques were emplcoyed to study benthic fluxes:
incubated box cores; pore water analysis of gravity cores; and incubated
gravity cores. Box cores were taken at loecations BC-II (20 July) and BC-III
(20 July) on the following chart. The box cores were sealed with water over
them and transferred to a temperature controlled room ashore. Fluxes across
the sediment-water interface were determined by measuring chemical
concentrations aa a function of time in the water above the Incubated box
cores. As an lndependent calculation of the flux, gravity ccoreg were taken,
sectioned, and squeezed for pore water analysis at both box core locations.
Dr. Sybil Seitzinger {(Philadelphia Academy of Natural Seiences) took several
gravity cores for the measurement of inorganic nitrogen fluxes acress the
sediment-water interface. These cores were returned to Philadelphia for
analysis. The results for the benthic flux measurements will be given in a
separate report.

The parameters measured at each station are listed in the following
tables. Plankton taxonomy, bacterial counts, bacterial productivity, amino
acids, '“C amino acid uptake, '“C glucose uptake, exoprotease activity, and
light profiles were measured at many stations but are not listed. 1In
addition, surface temperature and salinity were continuously recorded during
the cruise. Light energy in the visible spectrum was recorded and integrated
for the entire cruise with a quantum meter.

J. Bird collected surface water samples for As, Ge, and Sn during the
cruise. The results of his measurements are not listed in the data report.

Station locations are shown on the following chart.
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Cruise Report

Yabled-15
28 April - 2 May 1984

Area: Delaware River and Bay Veasel: R/V Cape Henlopen
Middle Atlantic Bight

Chief Scientist: T. M. Church
College of Marine Studies
University of Delaware
Newark, Delaware

Participants: C. Culberson, R. Biggs, J. Pennock, E. Sholkovitz and D, Mann
(Woods Hole Oceanographic Institution), T. Hoering (Carnegie
Institute), T. Pfeiffer, S, Pike, A. Frake, 3. Guest, 3. Murray,
R. Coffin, L. Cifuentes, M. Hartman, C. XKing, A. Masse,
B. Howell ’ : ' '

Supporting Agency: Office of Sea Crant

Cruise Summary:

This cruise consisted of several parts: (1) measurements of water coclumn
chemistry in the Delaware River and Bay, and the mid-Atlantic Bight; (2)
sediment sampling; and {(3) radionuclide sampling along the salinity gradient.

The measurements of water column chemistry consisted of the following:

(1) A salinity gradient survey for stations RCH to RS0, conducted on 28 and
29 April. Radicnuclide samples were taken at these stations.

(2) A small boat survey, stations ME1 to MES5, conducted on 28 April. The
purpose of this survey was to measure the influence of marsh derived
lignin on §!'3%N and 6'*C during a transect ffrom marsh to bay.

{(3) A second salinity gradient survey for stations S0 to CH, conducted between
0643 and 1616 on 30 April,

(4) A line of stations, 0S1 to 0S5, occupied on 1-2 May and extending east
from the entrance to the bay.

{5) A series of stations, PT1 to PT19, designed to define the shape of the
Delaware River plume south of the entrance to the bay. These stations
were occupied on 2 May. Complete chemical anlayses were performed at
stations PT10 through PT18 of this series. The remaining stations were
vertical CTD profiles.
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Sediment sampling during this cruise consisted of vibracores for pollen
stratigraphy; Shipek grabs to measure 6'°N and trace metals in surface
sediments; and gravity cores for benthic nutrient flux measurements and for
radionuclide stratigraphy. Contact Drs. R. B. Biggs and T. M. Church of the
College of Marine Studies for details of the sediment sampling.

Radionuclide samples for U, Th, Po, Pb, and Ra were taken during the RCH
to RS0 salinity gradient survey on 28-29 aApril, and on the 0S8 offshore
transect on 2 May.

The parameters measured at each station are listed in the following
tables. Plankton taxonomy, bacterial counts, '“C and *H amino acid uptake,
13c/1%C and !'SN/'“N ratios in lignin, dissolved combined amino acids, dissolved
free amino acids, and particulate amino acids were measured at many stations
but are not listed. Isotope dilution experiments with '*N and *®*P, to measure
water column remineralization of NH, and PQ,, were performed at stations RS20
and RS12.5. In addition, surface temperature and salinity were continucusly
recorded during the cruise. Light energy in the visible spectrum was recorded
and integrated for the entire c¢ruise with a quantum meter.

Dr. E. Sholkovitz collected samples for plutonium and the rare earth
elements during the ¢ruise. The results of these measurements are not given
in the data report. '

Station locations are shown on the following chart.
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Cruise Report

Yabled=16
16-19 July 1984

Area: Delaware River and Bay Vessel: R/V Cape Henlopen
Middle Atlantic Bight

Chief Scientist: T. M. Church
College of Marine Studies
University of Delaware
Newark, Delaware

Participants: J. Sharp, R. Biggs, S. Murray, J. Tramontano, P. Salevan,
A. Frake, 8. Pike, R. Coffin, L. Cifuentes, B. Howell,
D. McCann, C. Sarabun (Applied Physies Laboratory, Johns Hopkins
Univeraity), S.-L. Huang, S$. Church, A. Masse, J. Scudlark

Supporting Agency: Office of Sea Grant

Cruise Summary:

: This cruise consisted of two parts: (1) measurements of water column
chemistry in the Delaware River and Bay, and the mid-Atlantic Bight; and (2)
radionuclide sampling along the salinity gradient.

The measurements of water column chemistry consisted of the following:

(1) A salinity gradient survey for stations RS30 to RSO, conducted on 16 and
17 July. Radionuclide samples were taken at these stations.

(2) A second salinity gradient survey for stations S0 to CH, conducted
between 0607 and 1451 on 18 July.

(3} A small boat survey, stations MB1 to MB6, of the Great 3alt Marsh and
Canary Creek at Lewes, Delaware was conducted on 16 July. The purpose of
this survey was to measure the influence of marah derived lignin on
§'*N and 5'%C during a transect from marsh to bay.

(4) A line of stations, 0S1 to 086, occupied on 19 July and extending east

from the entrance to the bay. Radionuclide samples were taken at some of
these stations. '

Radionuclide samples were taken during the RS30 te RS0 salinity gradient
survey on 16=-17 July, and on the 0S offshore transect on 19 July.
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Gravity cores for benthic nutrient flux measurements and for
radiochronology; and Shipek grabs for the determination of 65N and trace
metals in surface sediments were taken at stations RS20, RC2, RRI, RSJ, RS5,
RS1, RC7, RC8, and 325.

R. Biggs and C. Sarabun conducted 200 KHz acoustic profiling of the water
column to resolve concentrations of particulates and strong density gradients.

A current meter was deployed at Loran coordinates 27039X, 4L256TY at 2130
hours on 18 July for Dr. R Garvine of the College of Marine Studies.

The parameters measured at each station are listed in the follewing
tables. Bacterial counts, *?C/'*C and '®N/!'“N ratios in lignin, dissclved
combined amino acids, dissolved free amino acids, and particulate amino acids
were measured at many stations but are not listed. In addition, surface
temperature and salinity were continucusly recorded during the cruise. Light
energy in the visible spectrum was recorded and integrated for the entire
cruise with a quantum meter.

Station locations are shown on the following chart.
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