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INTRODUCTICN

This report contains chemical, physical, and biclegical data collected
during 7 research cruises Ln the Delaware Estuary that occurred frem September
1980 to July 1981. These cruises, designated SALT, covered the entire
salinity gradient in the estuary from freshwater in the river near
Pniladelphia to seawater at the entrance of the bay.

The data tables for each cruise in this report are accompanied bg a
cruise report cutlining the events of the cruise, and by a chart showing
gtation positions occupied during the cruise.

The preceeding data report in this series {s that for the 6 SALSX Cruiges
(May 1978 to July 198C; University of Delaware Oceanographic Data Report No,
2.

This publication ls the result, in part, of researchn sponsored by NCAA
Qffice of Sea Grant, Department of Commerce, under Grant No. NASOAA-D-0Q016
{Project No. R/M-8); by the National Science Foundation; by an educational
grant from the E. I. du Pont de Nemours & Company; and by the College of
Marine Studiea.

The U.S. Government 13 authorized to produce and distribute reprints for
governmental purpocses, notwithstanding any copyrlght notation that may appear
hereon.

The University of Delaware Sea Grant College Program is supported
ceoperatively by the National Qceanic and Atmospheric Administration, U.S.
Department of Commerce, and by the 5tate of Delaware.

We thank all of the scientific members of the cruises, especially Peter
A. Undernill, Mary A. Tyler, Thomas R. Fisher, Luis A. Cifuentes, and Carl L.
Merrill who particlpated on a number of cruises,

Special thanks are due t¢o Timothy Pfeiffer and the crew of the R/V Cape

Henlopen for their help in ceollecting the data, and te the U.S. Coast Guard
for the use of the heliczopters.

il



DELAWARE BAY DATABASE

The chemical, biological, and hydrographic data {n this report, plus Lhat
from 24 other cruises, {s available as a sequential file on a set of S 1/4
inch, double aided, double density floppy disks for use with the IBM PC ana
compatible microcomputers under M3-DOS.

The database contains 1446 records of discrete water quality
cbaervations, collected on 31 oceancgraphic cruises between May 1978 and July
1984. Each record contains 169 fields, listing the hydrographic, chemical,

and biological data measured for each observation.
4.

Te obtain a copy of the database plus the 3 {ceancgraphic Data Reports
which provide printed listings of the data, send s-ih} Lo,
,C.

Delaware Bay Database L
Delaware Sea Grant College Program L
University of Delaware LU SS 0O

Newark, DE 19T716.

P
A copy of the database conly, without the p Qceancograpnic bData Reports, ls $§Zd'§

Make checks payable to 'University of Delaware'.




GLOSSARY

fach of the measured parameters in the following data tables s
associated with a comment field which indicates special characteristics of the
variable. The comment field is the single space faollowing the last digit of
the parameter and will usually be blank, However, it will contain a character
{f there 13 anything unusual about the variable. For lnstance, temperatures
measured with the Neil Brown mark LIIb CTD are indicated by the letter 'C’
following the temperature. Definitions of the comment characters are given in
the 'Methods' section under the appropriate technigue. The mathematical
gymbels '<' or '>' in any comment fiald mean that the true value of the
parameter {s less than or greater than the value given.

Parameter Descripticn
CAST TYPE technique used to collect water samples, see discussion

of Water Sampling in Methods section for cescription

DISTANCE distance in kllometers from designated station to
TO CAPES the Delaware River Basin Commission bay mouth position
(328950132"N, 75°03"18"W)

WATER DEPTH depth of water in metera
Inorganics
STA- station name
DEPTH depth (n meters at which sample was taken
SALINITY salinity in parts per thousand (ppt)
TEMP water temperature in degrees Celsius
CL ¢nloride, micromelar
Q2 diasolved 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

NH4

SI

DoC

DON

oap

FC

PN

PP

HUMIC ACID C
HUMIC ACID N
SESTON
Chl-a

APROD

YPROD

LIGHT ATTEN

SECCHI DEPTH

Fe—-A

Fe-C

Fe-E

Nutrients, Organics, Produgtivity, Light

disseolved phosphate, micromclar
dissolved nitrate, micromolar
dissolved nitrite, micromolar
dissolved ammonium, micromolar
dissolved silicate, micromolar
dissolved organic carbon, micromolar C
dissolved organic nitrogen, micromglar N
dissolved organic phosphorius, micromoiar P
particulate carbon, micromolar ¢
particulate nitrogen, micromolar N
particulate phosphorus, micromolar P
humic acid carbon, micromolar carbon
humie acid nitrogen, micromolar nitrogen
total suspended solids, milligrams/liter
chlorophyll-a, micrograma/liter

areal production, millimoles carbon/mzlday

volume production, micromoles carbon/liter/day

negative value of total attenuation coefficient

(k) per meter

Secchi disk depth, centimeters

Dissolved Trace Metals

dissolved manganese, nancomelar

dissolved iron by direct injection atomic
absorption, nancmolar

disaolved iron by colarimetry, nanomolar

dissolved iron by atomic abvsorption of
extracted sample, nanomolar




Ceo

Ni

Zn-A

Zn-E

cd

Pb

As

Al

Fe

Co

Ni

Cu

Zn

Cd

Fb

disaolved cobalt, nanomolar

dissplved nickel, nanomolar

dissolved copper, nanomalar

dissolved zinc by direct Injectlicn atomic

abscrption,

nanomolar

dissglved zinc by atomic absorption
of extracted sample, nanomolar

dissolved cadmium, nancmolar

diasclved lead, nancmolar

g¢issolved arsenic, nanomolar

Particulate

Trace Metals

particulate
particulate
particulate
particulate
particulate
particulate
particulate
particulate
particulate

particulate

aluminium, micromoles/gram-seston
manganese, micromoles/gram-seston
iron, micromcles/gram-seston
cobalt, micromoles/gram—-seston
nickel, micromolea/gram—seston
copper, micromecles/gram-seston
zinc, micromoles/gram-seston
cadmium, micromoles/gram-sesicn
barium, micromoles/gram-seston

lead, micromoles/gram-seston



METHODS

Water Sampling

Water samples aboard the R/V Cape Henlopen were collected in 10 liter 2VC
Niskin bottles attached to a General Qceanics rosette sampler. Sampling
depths were determined from continuous vertical temperature, salinity, and
oxygen profiles measured with a Neil Brown mark IIIb CTD.

Water gsamples 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 cperated Loran C system. Temperatures of these samples were
determined by a hand held thermometer.

The technique used to collect a water sample i3 listed under the
parameter 'Cast Type'.

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

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

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

= '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 hydregraphic wire and tripped by messenger.

Temperature

Temperature was measured with reversing thermemeters; 2 or 3 thermometers
wers used on each Niskin bottle. On small boat samples, Lemperature was
measured with a bucket thermometer. In cases where the reversing thermometers
malfunctioned or where 4 minutes could nct be allowed te equilibrate the
reversing thermcmeters, temperature was taken from the CTD system. The ciD
temperature may differ alightly 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 Miaskin bottles.

The precisicn {2¢) of the calculated temperatures, based on 146 replicate
reversing thermometer readings, was 0.03°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 tne CTD; tne letier ‘D' means Lhal Lhe LeMpelralule
was taken from the Beckman Electrodeless Induction Salinometer aboard the R/Y
Walverine.



Salinity

Salinity was measured with an Industrial Instruments Model RS-TA portable
jnduction salinometer. Salinity was calculated from the measured conductivity
ratic 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 conzistency.

The conductivity ratic of successive aliquots from the salinity sample
was measureqd 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 {2¢)} of the
calculated salinity, based on 197 duplicate conductivity ratic measurements,
was 0.002%,,.

In a few cases where salinity samples were lost before analysis,
salinities were taken from the CTD system. The CTD sallinity 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 CTD; the letter 'T' means that the salinity was calculated frca
the measured chleride concentration; the letter 'D' means that the salinity
was taken from the Beckman Electrodeless Induction Salincometer aboard the R/V

Wolverine.

Chloride

Chloride was measured by a potentiometric titration using a silver
electrode and a double junction reference electrode {(Corning #475067; 1 molar
potassium nitrate outer filling solution). The potential was measured atg &
points after the endpoint, and the endpoint calculated by linear regression of
the silver concentration versus volume of titrant added. Titrant (3.01 M
AgNO,) was added with a Metrohm model E535 5 ml digital buret readable teo 0.001
mi. The electrode potential was measured to 0.7 mv with an Orion model 7014
digital pH/mv meter, and recorded automatically by a microcomputer.

The relative precision (2o) of chloride measurements during the SALT
cruises was 0.4% or less.

Oxygen and Percent Oxygen Saturation

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 roadable to 0.007 @ml. Oxygen samplies were measured in
triplicats,




The precisicn (2g) of the oxygen measurements, based on 202 replicate
analyses, was 1.5 uM.

Percent oxygen saturatisn was ralcoulated from the measured oxygen
concentration using oxygen 3solubilities from Kester (1975).

Alkalinity

Total alkalinity was measured by a potentiometric titration using a
semi-micro combination pH electrode (Carning #476050). A 25 ml sample was
titrated with standardized 0.025 M HCl using a Metrohm model E535 5 ml digital
buret readable to 0.001 ml. The titrant volume and electrode potential were
measured at S pH values (3.9, 3.6,. 3.42, 3.3, and 3.2), and the equivalence
point caleulated from linear regresaion of hydrogen ion activity, corrected
for carbonic acid ionization, versus volume of HCl added. The electrode
potential was automatically recorded by a microcomputer interfaced to an Orion

model T01A dlgltal pH/mv meter.

The precision (2¢) of the alkalinity measurements, based on 202 replicate
analyses, was 8 uequivalents/L.

Alxalinities from cruises SALT-1 through SALT-6 were stored at room
temperature for approximately 1 month before analysis. After cruise SALT-6 it
was discovered that alkalinity decreased during storage, apparently due to the
oxidation of ammonium {on and of organic nitrogen compounds. The oxidation of
ammonium ion, .

- - +
NH, + 20, = N03 + 24 * Hy0 1)
yields 2 protons which i3 equivalent to titrating the sample with atrong acid.

The effect of storage on alkalinity was studied on subsequent cruises by
measuring alkalinities immediately after collection and after 1 month of
storage. The following relationship was found between the alkalinity change
during storage and the ammonium ion concentration for 17 samples with ammonia
concentrations between 3 and 65 umolar.

ALK(initial) - ALK(final) = 20 « 2.13(HH;) (neq/L) (2)
caorrelation coefficient = 0,963,

The slope of the regression line, 2.13, is not significantly different than
the thecretical value of 2.0 for ammonium oxidaticn.

The alkalinity values listed in this data report are the measured values,
" uncorrected for storage effects. The correct alkalinities for cruises SALT-1
through SALT-6 can be calculated by adding the correction calculated from
equation (2) to the reported values. Alkalinities from SALT-T were measured
immediately after collection and need no correction, The accuracy of the
alkalinity correction calculated from equation {2} is estimated Ly be =24
peq/L.



A letter 'S {n the alkalinity comment fileld means that the sample was
stored aeveral weeks before analysis.

pd

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

PH(25°C) = T.413 = (B, = &7 41 3)/59.157

where 7.413 Is the pH of the NBS blood pH buffer at 25°C;
E* i{s the measured electrode potential in the
water sample; and
57_u13 {3 the measured electrode potential in the buffer.

The pH was measured with a glass electrode assembly incorporating a free
diffusion liquid junetion (Culberson, 1981). Potentials were measurec to +0.
oy with an Crion model 7014 digital pH/mv meter,

The precialon (2s) of pH measurements during the SALT cruises, calculate:
from 202 replicate pH analyses, was 0.006 pH units.

Inqgganic Nutrienta

The water sample for dissolved nutrient analysis was filtered through a
precombusted Whatman GF/C filter (nominal pore aize ! um) on board ahip.
Phosphate, nitrate, nitrite, and silicate were analyzed by 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
modified in Sharp et. al. (1482).

Each method was calibrated with standards prepared in pure water. Nc
salt correcticns 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) -~-—===me-- Number of

Nutrient Q. Jd=2 2-.7 T2 2=-7 7T-20 20-T0 >70 Duplicates
PO, a(uM)= .03 .04 .04 07 06 = - -- 198
81 - - 07 0 .06 .18 54 1.04 193
NO, - -~ - -- - 87T .5 1.33 186
ToN - - - - - .19 77 2.76 213
NO, - -~ .02 ,03 .08 .19 -- - 182
. NH, -— - A1 .25 .39 .55 1.08 2.46 235




Detection limits using the above methods were 0,05 pM for phosphate,
nitrate, and nitrite, and 0.1 uM for ammonium and silicate.

Dissolved Organic Carbon

DOC was determined by the method of Menzel and Vacecaroc (1964) with
modified sample preparation of Sharp (1973). The coefficient of variation of
this method ranged from 2.4 to 4.7% based on 186 triplicate analyses.

Dissolved Organie Nitrogen

DON was calculated from measurements of total dissolved nitrogen
{Solorzano and Sharp, 1980a). The standard deviation of this method for total
dissolved nitrogen 13 listed in the above table as TDN. The limit of
detection was 0.6 M.

Disaglved Organic Phosphorus

DOP was determined by the method of Sclorzano and Sharp (1980b). The
precision of this method was +0,09 uM phosphorus in the range 0-2 uM
pheaphorus. )

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 thesé analyses were
£12 ug carbon and i1.4% ug nitrogen based on analysis of blanks and replicate
samples. ’

Particulate Phosphorus

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

Humic Acid Carbon and Nitrogen

Humie acid carbon and nitrogen were determined by the method of Fox
(1983). Filtered seawater (500 ml) was acidified with & ml of 1 molar H,50.,
and the precipitated humic acids were collected on a 25 mm GF/C filter. 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 [ilter
witnout acid induced aggregation, varied from 5=200 yM carbon depending on the
sample. Humice acid samples from the lower estuary often nave low
concentrations: 5=10 uM ¢arbon and 0.5-1.0 uM nitrogen. Concentrations this
low probably Lndicate no or very low humic acid content. However, no Dlank
corrections were made to the measured values.



Chlorcghxll-a

Chlorophyll=-a wags measured by Fluorometric analysis of acetone exiracts
(Strickland and Parsons, 1972). The fluorometer {Turner III) was calibrated
with spectrophotometric measurements of chlorcephyll extracts.

Productivitx

Productivity was measured with '*C using a precedure modified from the
general procedure of Eppley and Sharp (1975). Within 20 minutes of
celleetion, samples were transferred (under low light conditions) to 65 ml
Wheaton bottles and 2 uCi of ('°CJHCO, were added. Time zero (T,) bottles were
filtered immediately and simulated in-situ incubations (Head, 1976) were
atarted at 6 light levels (106, 60, 30, 12, 3.3, and 1.1% of incident
photosynthetically available radiation, PAR) using neutral density screens
that were calibrated in the field. Arfter 24 hours, lncubaticns were
terminated by filtration onto Whatman GF/C filters at reduced (<350 mm Hg)
vacuun followed by rinses with filtered seawater. Wet filters were
immediately placed in scintillation vials containing 10 ml of tocluene/tritan-X
cocktail and counted on a Packard Tri-Carb liquid scintillation counter using
the external standard ratio determlnatlon of efficiency.

Daily net phytcplankton areal productiocn (millimoles C/m?-d'), APROD, was
estimated at each station by integrating productivity (mg C/m’-d') at each ligr-
level over the photic depth estimated by the diffuse attenuation coefficient

(k).

Maximum preduction rates per unit volume, VPROD, were estimated by the
maximum rate measured in the screen hags at each atation.

Light Attenuation Coefficient

Lignt attenuation coefricients (k) were estimated from light profiles
obtained with a Biospherical Instruments QSR-100 submersible probe, The
coefficient, k, was calculated from light meter readings, ., taken at
discrete depths, z, throughout the water column at each staE;on. The
coefficient, kK, 1s the slope of the least squares linear regression line

fitted to these data,
IOE(IZJ - log(I,,) = k(z - z0)

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

Seston

Total suspended seaton was determined by passing a known volume of water
through an acid rinsed, dried, preweighed Nuclepore filter (47 mm diameter,
J.4 um pore size). After flltration, each filter was rinsed with distillec
water, stored in a plastic petri dish, and Irozen until analysia. In the
lLaboratory, filters were drled at 709C for 24 hours and reweighed.



Dissolved Trace Metals

Samples for dissolved trace metal analysis were eollected in Go-Fle
(General Oceanjcs; bottles from a Kevlar (DuPont) nydrowire, or pumpec With a
periataltic pump through acid washed Tygon and conventional polyethyliene
tubing. The samples were pressure filtered, in line, guccessively through 142
mm diameter 1.0 um and 0.4 um Nuclepore filters held in all plastic acid
cleaned Geo-filters (Leoncld Mold % Die Co., Denver, Colorado) under about 3.5
bar of filtered nitrogen gas pres3ure.

Filters were back flushed after each sampling and reused until the
riltering rate alowed 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 frozZen until analysis. Samples were
acjdifjed on board in a portable plastic hood supplied with filtered air.

The acidified samples were extracted ashore dy an APDC-DDDC/(freon
procedure {Kinrade and VanLocn, 1974%; Danielsscn et. al., 1978), Analysis for
Ni, Cd, Co, Fe (Fe-E), IZn (Zn-E), Pb, and Cu was by graphite furnace atomic
absorption spectrometry under riltered clean air conditicns. Iron (Fe-C} was
also analyzed colorimetrically Dy a modificaticn of the ferrozine procedure
(Murray and Gill, 1978). Manganese, iron (Fe-A), and zinc (2Zn-A) were
determined by direct injection graphite furnace atomic absorption. The
precision (26} of the analyses, based on replicate measurements, Were:

Fe {direct injection) 1.6 nanomole/liter
Fe (ferrozine) T nanomole/liter
Fe (extraction) 11 nanocmole/liter
Ni 2.7 nanomole/liter
Cu 2.2 nanomole/sliter
Zn {direct injection} 9 nanomeole/liter
In {extraction) 0.8 nanomcle/liter
cd 0.05 nanomole/liter
falv] 0.07 nanomole/liter
Mn 5%

Co g%

Particulate Trace Metals

After welighing, the seaton filtera were rinsed with spectrographic grade
acetone to remove sediment. The sediment was transferred to a 10 ml test tube
and 5.0 ml of 0.1 N HClL was added. The sample was dispersed ultrascnically
tor 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 Zn using flame atomic abaorption spectrometry, and for Ca, Ni, Cu, Cd,
and Pb using graphite furnace atomic absorption. All equipment used for the
analyses was acid cleaned (Patterson and Settle, 1976).
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Cruise Report

Salt-1
1-3 October 138G

Area: Delaware River and Bay Veasel: R/Y Cape Henlopen

¢nief Scientist: J. H. Sharp
GCollege of Marine Studies
university of Delaware
Lewea, LDalaware

Participants: R. Biggs, €. Culberson, A. Frake, 3. Plke, J. Tramontana
L. Cifuentes, L. Donovan, K. Eastman, L. Fox, J. Pennock,
C. Roman, P. Underhill, T. Fisher (University of Maryland),
T. Pfeiffer

Supporting Agency: office of Sea Grant

Cruise Summary:

The crulse sampled the salinity gradient in the estuary from freshwater
- {n the river at Philadelphia (station 50) to the bay mouth (stations CH and
CM). In addition, a Cross pay transect in the lower bay {stations XB1-XB8)
was sampled by helicopter and from the R/V Cape Henlopen.

The R/V Cape Henlopen departed Lewes at 1630 hours on 1 Qctober and
proceeded to Marcus Hook. Stations S0 through S10 were sampled on 2 Qectober;
and the remaining stations on 3 October. The nelicopter samples were returned
to the &/V Cape Henlopen for processing on 3 Qetober.

The parameteérs measured at each station are listed in the following
tables. Adencsine triphosphate (ATP), N uptake, and 15p yptake were measured
at many stations but are not listed. In addition. surface temperature,
salinity, chiorophyll-a, and water turbidity were econtinuously recorded during
the cruise. Light energy in the visible spectrum was recorded and integrated .
for the entire cruise Wwith a quantum meter.

Station locatlons are shown on the rollowing chart.

10
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Cruise Report

Salt-2
17-20 November 1980

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

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

Participants: M. Tyler, S. Pike, A. Frake, J. Scudiark, P. Underhill,
J. Pennock, €. Merrill, D. Kieber, R. Stumpf, C. Culberscn,
R. Biggs, J. Tramontano, T. Pleilffer, C. Roman

Supporting Agency: Office of Sea Grant

Crulse Summary:

The cruise sampled the salinity gradient in the estuary from freshwater
in the river at Trenton (station PC) to the bay mouth (statlions CH and CM).
In addition, 5 tributaries of the Delaware Estuary, the Maurice, Leipsic,
Cohansey, Salem, and Smyrna Rivers, were sampled by hellcopter.

The R/V Cape Henlopen departed Lewes at 1612 hours on 17 November and
proceeded to Trenton. Stations 01 through P&, including 2 stations in the
Schuylkill River, were sampled on 18 November; stations SO through 36, and 3
stations (CD1 =~ CD3) in the Chesapeake and Delaware Canal were sampled on 19
November; and stations S8 through CM were sampled on 20 November. The
heliccopter samples were returned to the ship for processing on 19 November.

The parameters measured at each statiocn are listed in the following
tablea. Adenoaine triphosphate (ATP), continuous beam attenuation spectra
from 400 to 800 nanometers for unfiltered and filtered {1 micron) water
samples, and phytoplankten taxcnomy were measured at many stations but are not
listed. In addition, surface temperature, salinity, chlorophyll—-a, 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.

sration locations are shown on the follewing chart.
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Cruise Report

Salt-3
28 January 198

Area: Delaware River and Bay Veasel: U.5.C.GC. Hellcopter

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

participants: 5. Pike, A. Frake

Supporting Agency: Offlice of Sea Grant

Cruise Summary:

The Coast Guard helicopter departed Lewes at 1000 on 28 January.
Stations CM through S$15 were sampled first, and the samples returned to Dover
Air Base at 1230. These samples were Lhen driven o Lewes for proces’ing.
The helicopter then proceeded to sample stations S0 through S512.5 and returned
them to Lewes at 1645, Ice on Delaware Bay prevented use of the R/V Cape
Henlopen for tnis cruise,

The parameters measured at each ataticon are listed in the fellowing
taples. Continuous beam attenuation spectra from 400 to 800 nanometers for
unfiltered and filtered (1 micron) water samples, particulate protein, and
amino acids were measured at many stations but are not listed.

Station locations are shown cn the following chart.
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Cruise Report

Salt-u
1-3 March 1581

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

Chief Scientist: J. H. Sharp
College of Marine Studies
tUniversity of Delaware
Lewes, Delaware

Participants: M. Tyler, 5. Pike, A. Frake, J. Scudlark, C. Romarn,
J. Pennock, €. Merrill, B. Stahovie, C. Culberson, R. Biggs,
J. Tramontano, T. Pfeiffer, T. Fisher (University of Maryland)

Supporting Agency: Office of Sea Grant

Crulse Summary:

The cruise sampled the salinity gradlent ip the estuary from freshwater
in the river at Philadelphia (statlon P5) to the bay mouth {stations CH and
CM). Two stations (XBS, XBE) in the Maurice River Cove were also sampled.

The R/V Cape Henlopen departed Lewes at 152t hours on 1 March and
anchored overnight near the mouth of the Schuylkill River. Stations P5
through 525 were sampled on 2 March. The ship anchored covernight at Harbor
Refuge {(Lewes) and stations XB5, XB6, CM, BR, and CH were sampled on 3 March.

The parameters measured at each station are llsted in the following
tables. cContinuous beam attenuation spectra from 400 to 800 nanometers for
unfiltered and filtered (1 micron) water samples, phytoplankton taxonomy, LN
uptake, and P uptake were measured at many atationa but are nct listed. In
additicn, surface temperature, salinity, chlorophyll-a, and water turbidity
were contlinuously recorded during the cruise. Light energy in the visible

»apectrum was recorded and integratad for the entire cruise with a gquantum
meter.

Station locations are shown on the following chart.
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Cruise Report

salt-5
23-25 March 1987

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

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

Participants: R. BigES. C. Culberson, A. Frake, S. Pike, J. Scudlark,
J. Tramontano, L. Cifuentes, W. Hoyt, C. Merrill, J. Pennock,
3. Rumer, R. Stumpf, P. Underhill, ¢. Yalenti, T. Pfeiffer

supporting Agency: Office of Sea Grant

Cruise Summary:

The oruise sampled the salinity gradient in the estuary rrom freshwater
in the river at Trenton (station PO} to the bay mouth (stations CH and CM).
Four tributaries of the estuary, the Cohansey, Leipsic, Murderkill, and
Maurice Aivers were sampled Dy helicopter. :

The R/V Cape Henlopen departed Lewes at 1006 hours on 23 March and
anchored overnight near Trenton. Stations PO through S10 were sampled on 24
March, and the ship anchered overnignt near Pea Patch Island., Stations $12.5
through CH were sampled on 25 March. The helicopter samples from the 4
tpibutaries were returned to the R/V Cape Henlopen at 1310 on 25 March.

puring the overnight anchorage at Pea Patch Isaland, L. Cifuentes and R.
Stumpf collected samples from the R/V Cape Henlopen's flow through seawater
system between 2130 on 24 March and 0330 on 25 March. These samples were
collected for the measurement of nutrients, chlorophyll-a, and beam
attenuation spectra.

The parameters measured at eacn station are listed in the following
tables. Continuous beam attenuation spectra from 400 to £00 nanometersa for
unflltered and filtered (1 micron) water samples and phytoplankton taxonomy
were measured at many stations but are not listed. In additlon, surface
temperature, salinity, chloropnyll-a, and water turbidity were continucusly
recorded during the cruise. Light energy in the visible spectrum was recorded
and integrated for the entire cruize with a quantum meter.

Sediment samples were taken at stations SK and P6 for organie analysis by
Dr. David Freeman of the University of Maryland. Sediment sampies for the
analysis of !°Be were taken at sLabions ?6 and S12.5 far Dr. Thomas Fisher of
the University of Maryland's Horn Point Laboratory.

Station locatlons are shown on the following chart.
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Zruise Report

Salt-6

4-5 May 1981

Area: Delaware River and Bay

Chief Scientist: J. H. Sharp

Veasel: R/V Cape Henlopen

Ccollege of Marine Studies
University of Delaware

Lewes, Delaware

Partlicipants: R. Biggs, C. Culberson, M. Tyler, A, Frake, S. Pike,
J. Scudlark, J. Tramontano, L. Cifuentes, P. Koeb,
C. Merrill, J. Pennock, J. HReese, A. Ryan, T. pfeiffer,

R. Pellenbarg and G
T. Eichler (Delawar

. Bugg (Office of Naval Research)
e Department of Natural Resources and

Environmental Control)

Supperting Agency: Office of Sea Crant

Crulse Summary:

The cruise sampled the salin
in the river at Philadeiphlia (ata
addition, a survey of the Maurice
conducted by small boat.

The R/V Cape Henlopen depart
overnight near the mouth of the 3

ity gradient in the estuary from freshwater
tion PS) to the bay mouth {(station cH). In
River Cove (staticns LB1 through LB10)} was

ed Lewes at 1100 hours on 4 May and anchorec
chuylkill River, Stations PS through 315,

X831, and XB2 were sampled on € May. The ahip anchored overnighi near Ship
John Light, and the remaining atations were sampled on 6 May.

Dr. R. Pellenbarg of the Off
spaced sampling acroas estuarine

The parameters measured at e
tables, Continucus beam attenuat
unfiltered and filtered {1 micron
were measured at many stations bu

ice of Kaval Research conducted c¢losely
fronts on © May.

ach station are listed in the following
{on spectra from 400 to 800 nanometers for
) water samples and phytoplankton taxonomy
t are not listed. In addition, surface

temperature, salinity, ecnlerophyll-a, and water curbidity were continucusly
recorded during the cruise. Light energy in the yisjible spectrum Was recorded

and integrated for the entire cru

jse with a quantum meter.

station locations are shown on the following chart.
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Cruise Report

Salt-7
29 June = 1 July 1981

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

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

Particjipants: R. BIggEs. €. Culberson, T. Chureh, A. Frake, S. Pike,
J. Scudlark, J. Tramontana, J. Pennock, J. Scibek,
R. Bennett, D. Lopez, E. Rutter, M. Zoellhoffer, T. Pfeiffer

Supporting Agency: Office of Sea Grant

Cruise Summary:

The crulse sampled the salinity Eradient in the eatuary from freshwater
in the river at Philadelphia (statlon PS) to the bay mouth (stations CH and
CM). In addition, a survey of the lower bay was conducted by nelicopter
(statlons LB7-LB12), small boat (LB2-LB5), and by the R/V Cape Henlopen
(stations LB1, LB6).

The R/V Cape Henlopen departed Lewes at 0835 hours on 29 June. Stations
PS through $2 were sampled the evening of 29 June. Stations 33 through 825
were sampled on 30 June and the ship ancnored overnight near Cape May. The
lower bay stations (LB series) were sampled during the morning of ! July, and
the remaining sallnity gradient stations (S27.5 through CH) that afternoon.

Dr. B. Biggs conducted a detailed study of the turbidity maximum during
the nignt of 29 June.

The parameters measured at each station are listed in the following
Lables. Continuous beam attenuation spectra from 400 to 800 nanometers for
unfiltered and filtered (1 micron) water samples, 1Sy uptake, and phytoplankton
taxonomy were measured at many stations but are not listed. In addition,
aurface temperature, salinity, chlorophyll-a, and water turbiditly were
econtinuously recorded during the cruise. Light energy in the viaible spectrum
was recorded and integrated for the entire cruise with a gquantum meter.

station locations are shown on the following chart.
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