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NT RODUCTION

This repcrt COntainS ChemiCal, physical, and biOlogical data collecteC
dur ing 7 research cruises in the Delawar e Estuary that occurred f'rom September
1980 to July 1981. These cruises, designated SALT, covered the entire
salinity gradient in the estuary from freshwater in the r iver near
Philadelphia to seawater at the entrance of the bay.

The data tables for each cr uise in this r epor t are accompanied bY a
cruise report outlining the events of the cruise, and by a chart showing
station positions occupied during the cruise.

The preceeding Cata r epor t in this ser ies is that for the 6 SALSX Cr uises
 May 1978 to July 1980; University of Delawar e Oceanographic Data Repor t No.
2!.

This publication is the result, in par t, of researcn sponsored by NOAA
Office of Sea Grant, Depar tment of Commer ce, under Grant No. NA80AA-D-00016
 Prospect No. R/M-8!; by the National Science Foundation; by an educational
grant fr om the E. I. du Pont de Nemours 5 Company; and by the College of
Marine Studies.

The U.S. Government is authorized to produce and distr ibute reprints f' or
governmental pur poses, notwithstanding any copyright notation that may appear
her eon.

The University of Delaware Sea Gr ant College Program is supported
cooperatively by the National Oceanic and Atmospheric Administr ation, U.S.
Depar tment of Commerce, and by the State of Delaware.

Me thank all of the scientific members of the cruises, especial' Y Peter
A. Under hill, Mar y A. Tyler, Thomas R. Fisher, Luis A. Cif'uentes, and Carl L.
Merrill who participated on a number of cr uises.

Special thanks are due to Timothy Pfeif'f'er and the cr ew of the R/V Cape
Henlopen f' or their help in collecting the data, and to the U.S. Coast. Guard
for the use of the helicopters.



DELAWARE BAY DATABASE

The chemical, biological, and hydrographic data in this report, plus that
from 24 other cruises, is available as a sequential file on a se't of 5 1/4
inch, double sided, double density floppy disks for use with the IBM PC ano
compatible microcomputer s under MS-DOS.

The database contains 1446 records of discrete water quality
obser vations, collected on 31 oceanographic cr uises between May 1978 and Ju y
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 $ Oceanographic Data Reports
which provide printed listings of' the data, send $4>! to,

Cg,

Delaware Bay Database
Delaware Sea Gr ant College program
University of Delaware
Newark, DE 1971 6.

1!L LL 

A copy of the database only, without the II Oceanographic Data Reports, is $25.
,25

Hake checks payable to 'University of Delaware'.



GLOSSARY

Parameter ~De@crt tron

technique used to collect water samples, see discussion
Of Mater Sampling in Methods sectiOn far deecription

CAST TYPE

distance in kilometers from designated station to
the Delaware River Basin Commission bay mouth position
�8 50 '32" N, 75 '03 '1 8 "M!

DISTANCE
TO CAPES

depth of ~ater in metersMATER DEPTH

STA station name

depth in meters at which sample was taken

salinity in part.S per Thousand  ppt!

water Temperature in degrees Celsius

chlor ide, mi aromolar

dissolved oxygen, micramolar

percent oxygen saturation

DEPTH

SALIN1TY

CL

02

'5 02 SAT

pH�5C! measured pH at 254C and atmospheric pressure
an NBS pH scale

Ai K total al ka1 in i ty, micr aequi valents/liter

Each of the measur ed parameters in the fol'ow' ng da a tables
associated with a comment, field which indicates special character jstics of
variable. The comment field is the single space following the last digit of
the parameter and will usually be blank. Ho~ever, i't will contain a character
if there ia anything unusual abOut the variable. FOr instance, temperatureS
measured with the Neil Brown mar k IIIb CTD are indicated by the letter
following the temper ature. Defini'tions af the comment characters are given in
the 'Methods' section under the appr opriate technique. The mathematical
symbols '<' or '!' in any comment field mean that the 'tr ue value of
parameter ls less than or greater than trre value alverl.



PQ4

NQ3

N02

NH4

SI

DON

PC

PN

PP

SECCHI DEPTH

Fe-A

Fe-E

HUHIC ACID C

HUHIC ACID N

SESTON

Chl-a

APHOD

VPROD

LIGHT ATTKN

Nutrients, Organics, Productivity, Light

dissolved phos phate, mi cr a+alar

di as al ved ni t r at e, mi cr amo1 ar

dissolved nitrite, micromolar

dissolved ammonium. micr omolar

dissolved sili cate, micromo1ar

dissolved organic carbon, micromalar C

di asol ved or gani c ni tr agen, mi cr orna 1 ar N

diSSOlved Organic phOSphOrua, micr omo ar P

particulate carbon, micramolar C

par ticulate nitrogen, micromalar N

particulate phosphor us, mioramalar P

humic acid carbon, micramolar carbon

humid acid nitrogen, micromolar nitrogen

total suspended solids, mil1igrams/liter

chlorophyll-a, mfcragrams/liter

areal production, millimoles car ban/m /day2

volume production, micr omoles carbon/liter/day

negative value of total attenuation coef f icient
 k ! per mete~

Secchi disk depth, centimeters

Dissolved Trace Hetals

dissolved manganese, nanoma1ar

dissolved iron by direct infection atomic
absorption, nanomol,ar

dissolved iran by col ."'metr y, nanomolm

dissolved iron by atomic absorption of
extracted sample, nanomolar



dissolved cobalt, nanomolar

dissolved nickel, nanomolar

dissolved copper, nanomolar

Co

Cu

dissolved zinc by direct Injection atomic
absorption, nanomolar

Zn-A

dissolved zinc by atomic absorption
of e x t r act ed s am pie, nanomo1 ar

dissolved cadmium, nanomolar

dissolved lead, nanomolar

dissolved arsenic, nanomolar

Particulate Trace Metals

Cd

As

Al

Co

Cu

Zn

Cd

Pb

par ticulate aluminium, micr omoles/gram-seston

particulate manganese, micromoles/gram-seston

particulate iron, micromoles/gram-seston

particulate cobalt, micromoles/gram-seston

particulate nickel, micromoles/gram-seston

particulate copper, mi cromoles/gram-seston

par ticulate zinc, micromoles/gram-seston

par ticulate cadmium, micromoles/gram-sestcn

particulate barium, micromoles/gram-seston

particulate lead, micromoles/gram-seston



METHODS

Water samples aboard the R/V Cape Henlopen were collect,ed in 10 liter ?VC
Niskin bottles attached to a General Qceanics r'osette 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 wer e collected by hand using 5 or 10
liter PVC Niskin bottles. Positions of the small boat samples were determined
by a battery operared Loran C system. Temperatures of these samples wer e
determined by a hand held thermometer,

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

Cast type 'CTD' indicates that the ~ater sample was taken with the
General Oceanics rosette sampler .

'pump' indicates that the sample was taken from the cir culating
seawater system aboar d the R/V Cape Henlopen.

'boat' indicates that the sample was collected by hand using
5 or 10 li'ter Niskin bottles from a small boat.

'copter ' indicates that the sample was taken with a Niskin
bo'ttle suspended fr om a Coast Guar d helicopter'.

'wire' indicates that the Niskin bott,le was attached to
the hydr ographic wire and tripped by messenger .

Temperature was measured with reversing thermometer s; 2 or 3 thermometers
were used on each Niskin bottle. On smail boat samples, temperature was
measured with a bucket ther mometer. In cases ~here the reversing thermometers
malfunctioned or ~here 4 minutes could not be allo~ed to equilibr ate the
r ever sing thermometers, temperature was taken from the CTD system. The CTD
temperature may differ slightly from the actual temperature of the ~ater
sample, since the CTD temper ature sensor lies 0.9 meters below the mid-point
of the 10 liter Miskin bottles.

The precision �a! of the calculated temper atures, based on 146 replicate
reversing thermometer readings, was 0.03oC.

A letter '8' in the temperature comment field means that the temper atur e
was determined with a hand held thermometer; the letter 'C' means that the
temperatur e was taken. fr om tne CTD; me letter '0' means theat the terTipeI
waS taken fram 'the Beokman Eleotr Odelesa Induoticn Salinometer abOar d the R/V
Wolverine.



Salinity was measured with an Industrial Instrumer.ts Model RS-7A portable
induction salinometer . Salinity was calculated from the measured conductivity
ratio using the equations of Cox, Culkin, and Riley �967!. The agreemer.t
between salinities calculated from conductivity and from chlor ide is within
e0.03'/�at salinities 20.5'/,o. The equations used to calculate salinity
from conductf.vity yield negative saliniti.es at low conductivities. These
negative values are included in this data report for con~i~tency.

The conductivity ratio oi' successive aliquots from the salinity sample
was measured until the conductivity r atios 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 �o! of the
calculated salinity, based on 197 duplicate conductivity ratio measur emen s,
was 0.002 /oo.

In a few cases where salinf ty samples were lost befor e analysis,
Salinities wer e taken frOm the CTD system. The CTD salinity may differ
slightly f'rom the actual sal.inity of the water sample, since the CTD
COnduotivity sensor lieS 0.9 metere belOw the mid-paint 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 f'ros
the measured chloride concentration; the letter '0' means that the salinity
was taken from the Beckman Electrodeless Induction Salinometer aboard the R/Y
Molverine.

Chlor ide

Chloride was measured by a potentiometric titration using a silver
electrode and a double junction r eference electrode  Corning 0475057; 1 mo ar
potassium nitrate outer filling solution!. The potential was measured at .'
points after the endpoint, and the endpoint calculated by linear regression of
the silver concentration versus volume of titrant added. Titrant �. 01 M
AgNO,! was added with a Metr ohm model K535 5 ml digital bur et readaole to 0,0 	
ml. The electrode potential was measur ed to x0.1 mv wi,th an Qr ion model 701A
digital pH/mv meter, and recorded automatically by a microcomputer.

The relative precision �rr! of chloride measurements during the SA: T
cruises was 0.>t or less.

en. and 1'ercent Ox en Saturation

Oxygen was measured by 1finkler titration using a star ch endpoint
 Carpenter, 1965!. Titrant �.14 N Na,S,O,! was added with a Metr ohm model $5..5
5 ml digital bur et readable tc 0.001 ml. Gxygen samples wer e measur eo J,
t.r i pli cate.



The pr ecision �rr! of' the oxygen measurements, based on 202 replicate
ana yses, was 1.5 uM ~

Percent oxygen saturation «as alcu'ated from the measur ed oxygen
concentr ation us.'ng oxygen solubilities from Kester �975! .

Total alkalinity was measured by a potentiometric titration using a
semi-micr o combination pH electr ode  Corning 4476050!. A 25 ml sample was
titr ated with standardized 0.025 N HCl using a Metr ohm model E535 5 ml digita'
bure! readable to 0.001 ml. The titrant volume and electrode potential we. e
measured at 5 pH values �.9, 3.6,. 3.42, 3.3, and 3.2!, and the equivalence
point calculated from linear regr ession of hydrogen ion activity, corrected
f' or carbonic acid ionization, ver sus volume of' HCl added. The electrode
porential was automatically r ecorded by a microcomputer interfaced to an Orion
model 701A digital pH/rav meter.

The precision  ,2a! of the alkalinity measurements, based on 202 replica e
analyses, was 8 uequivalents/L.

Alkalinities from cruises SALT-1 through SALT-6 were stored at room
temperature for appr oximately 1 mo~th before analysis. After cruise SALT-6 it
was discovered that alkalinity decreased during stor age, apparently due to the
oxidation of ammonium ion and of organic nitrogen compounds. The oxidation of
armoonium ion,

HH4 + 202 ~ NO + 2H + H20
3

yieldS 2 prctOnS whiCh iS equivalent tO titr ating the sample with strong aCid.

The effect of storage on alkalinity was studied on subsequent cr uises by
measur ing alkalinities immediately after collection and after 1 month of
storage. The following relationship was found between the alkalinity change
dur ing storage and. t,he ammonium ion concentr ation for 17 samples with ammonia
concentrat,ions between 3 and 65 rrmolar.

ALK initial! - ALK final! - 20 ~ 2.13 NH !  ueq/L!

correlation coefficient - 0.963.

�!

The slope of the regression line, 2.13, is not significantly diff'erent than
the theoretical value of 2.0 for ammonium oxidation.

The alkalinity values listed in thi.s data repor t are the measured values,
uncorrected for storage eff'ects. The correct alkalinities for cruises SALT-3
thrcugh SALT-6 can be Caloulated by adding the correCtion calculated fr Om
equation �! to the reported values. Alkalinities from SALT-7 wer e raeasur ed
irrmrediately after collection and need no correction. The accuracy of' the
alkalinity CorrectiOn CalCulated from equatiOn �! is estimated to be -20
ueq/L.



A letter 'S' in the alkalinity comment f'ield means that the sample was
stor ed several wee ks bef or e analysis.

The r epOr ted pH valuea are the measured values at 25.0'C on the Naticnal
Bur eau of Standards pH Scale. Samples for pH measurement were br ought o 25'
in a water bath prior to analysis. The pH was calculated from the measured
electrode potential by the follo~ing equation,

pH�5 C! 7.413 -  E - E7 4 !/59.157
~here 7.413 is the pH of the NBS blood pH buffer at 25'C;

E is the measured electrode potential in theX
~ater sample; and

E7 41 3 is the measured electrode potent ial in the buf f er .

The pH was taeasured with a glass electrode assembly incorporating a f'ree
diffuSIOn liquid junotIOn  CulberSOn, 1981! . POtentialS were measur ed to ~G.
mv with an Orion model 701A digital pH/mv meter.

The precision �m! of pH measurementa during the SALT cr uises, calculate|
fr om 202 replicate pH analyses, was 0.006 pH units.

Incr anic Nutrfents

The water sample for dissolved nutrient analysis was filtered through a
precombusted Mhatman GF/C filter  nominal pore size 1 um! on board ship.
PhOSphate, nitrate, nitrite, and SiliCate were analyZed by manual colorimetry
using standard methods  Str ickland and Parsons, 1972!, as modif'ied in Sharp
et. al. �982!. Ammcnfum was determined by the method Of' SolOrzano �969!, a.
modified in Sharp et. al. �982!.

Each method was calibrated with standar ds prepared in pure water. Nc
salt corrections have been applied to the reported values.

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

Number of
Dupi i cat es

.03 .06
.06,18 .54

198
193

.04

.07
.04 ,07

.10 1. 04

2. 76
.03 .08
.25 .39

.02

.11 2. 46

Nutr ient

PO, c P!
Si

NO!
TDN

NO!
NHi

� � - � -- Concentration Tnt er va1   uH !
�. 1 . 1-. 2 . 2-. 7 . 7-2 2-7 7-20 20-70 >70

.67 .51

.19 .77
19

.55 1 .08

! 96
213
182
235



Detection limits using the above methods were 0.05 pN for phosphate,
nitrate, and nitrite, and 0,1 1' for ammonium and silicate.

Disso ved Qr anic Carbon

DOC was determined by the method of Henzel and Vaccaro �964! with
modified sample preparation of Sharp �973!. The coefficient of var iation of
this method ranged from 2.4 to 4.7l based on 186 triplicate analyses.

Dissolved Or anic Nitrogen

DON was calculated from measurements of total dissolved nitr ogen
 Solorzano 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 pM.

Dissolved Or anic Phosphorus

DOP was determined by the method of Solorzano and Sharp �980b!. The
precision of this method was «0.09 gM phosphorus in the range 0-2
phosphorus.

Particulate Carbon  PC! and Particulate Nitrogen  PN!

PC and PN wer e measured by the method of' Sharp �974! using a
Hewlett-Packard model 185b CHN analyzer. The precision of the~e analyses were
i12 pg carbOn and f1.4 ug nitrOgen baSed On analysis of blankS and replicate
samples.

Particulate Phosphorus

PP was determined by the method of Solcrzano and Shar p �980b!. The
precision of this method is estimated to be twice that of the method f' or
inorganic phosphate.

Humic Acid Carbon and Nit.ro en

Humic acid carbon and nitrogen were det.ermined by the method of Fox
�983!. Filtered seawater �00 ml! was acidified with 4 ml of' 1 molar H~SO.,
and the precipitated humic acids were collec'ted on a 25 mm GF/C filter. The
analytical blank for this method was equivalent to 1 1rH car bon and 0
nitrogen. Background carbon, carbon that adsorbed to the glass f iber f ilter
without acid induced aggr egation, varied from 5-20 re carbon depending on the
sample. Humic acid samples f'rom the lower estuary often have low
concentr ations; 5-10 rrH carbon and 0.5-1.0 rrM nitrogen. Concentrat,ions th's
lcw pr Obably i.ndicate nO Or very low humiC aCid content. HO~ever, no Olank
corrections were made to the measured values.



Chlorophyll-a was measur ed by f'luor ometric analysis of acetone extr ae=s
 Str ickland and Parsons, 1972! ..he fluorometer  Turner III! vas ca ibratec
with spectrophotometric measurements of chlor ophyll extracts.

PrOduCtivity waa meaSured with ' 'C ueing a procedure modified frcm the
general, procedure of Kppley and Sharp �975!. Mf thin 20 minutes of
collection, samples were tr ansf'erred  under low light conditions! to 65 ml
wheaton bottles and 2 uCi of t''C]HCO, were added. Time zer o  T,! bottles wer
filtered immediately and sicrulated in-situ fncubations  Head, 1976! wer e
started at 6 light levels �00, 60, 30, 12, 3.3, and 1.1$ of incident
photosynthetically available radiation, PAR! using neutral density screens
that were calibrated in the f'ield. After 24 hours, incubations were
terminated by filtration onto '@hetman GF/C filters at r educed  �50 mm Hg!
vacuum followed by rinses with f iltered seawater. Wet f'ilter s were
immedia'tely placed in scintillation vials containing 10 ml of toluene/tr iton-x
cocktail and counted on a Packard Tr f-Carb liquid scintillation counter using
the external, standard ratio determination of ef'ficiency.

Daily net phytoplankton areal production  millimoles C/m*-d'!, APROD, was
estimated at each station by integrating productivity  mg C/m'-d'! at each ligh-.
leVel Over the photic depth eetimated by the diffuee attenuation coei'ficient
 k!.

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

Lf t Attenuation Coef f'ic ient

Light attenuation coefficients  k! were estimated from light profiles
obtained with a Bfospher ical Instruments QSR-100 submer sible probe. The
coefficient, k, was calculated fr om light meter readings, I, taken at
discrete depths, z, throughout the vater column at each station. The
coeff'fcjent, k, is the slope of the least squar es linear regressicn line

fitted to these data, log I ! - log I ! - k z - z0!
z z0

~here zO fs a r eference depth, usually 0.25 or 0.50 m.

Seston

Total suspended seston was de'termined by passing a known volume of water
through an acid rinsed, dried, preweighed Nuclepore filter �v mm diameter,
0.4 uw pore size!. After filtration, each filter was rinsed wi'th distilled
water, stored fn a plastfc petri dish, and frozen until analysis. In the
laboratory, filters were dried at 70'C f' or 24 hours and reweighed.



Dissolved Trace Hetals

Samples for dissolved tr ace metal analysis were collected in Go-Flo
 Gener al Oceanios' ,bottles fr om a Kevlar  DuPont ! hydrowir e, or pumped with a
per istaltic pump through acid washed Tygon and conventional polyethy'ene
tubing. The samples were pr essure f'ilter ed, in line, successively through 142
mm diameter 1.0 1m' and 0.4 um Nuclepor e filters held in all plastic acid
Cleaned Gec-filtere  I.eonOId HOId h Die CO., Denver, COIOr ado! under abOut 3.5
bar of filter ed nitrogen gas pressure.

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.

Filter ed seawater samples were collected in acid cleaned and distilled
~ater  from a quartz still! r insed polyethylene bottles, acidif ied to pH S2,
placed in ziplock plastic bags, and frozen until analysis. Samples wer e
acidified on board in a portable plastic hood supplied with filtered air .

The acidified samples were extracted ashore by an APDC-DDDC/freon
procedure  Kinrade and vanLoon, 1974; Danielsson et. al., 1978! . Analysis for
Ni, Cd, Co, Fe  Fe-K!, Zn  Zn-E!, Pb, and Cu was by graphite furnace atomic
absorption spectrometry under f iltered clean air conditions. Iron  Fe-C! was
also analyzed colorimetrically by a modification of the f'err ozine procedure
 Hurray and Gill, 1978!. Hanganese, iron  Fe-A!. and zinc  Zn-A! were
determined by direct injection graphite furnace atomic absorption. The
preciaiOn �d! of the analyaeS, based On repliCate measureme~ts, wer e:

Particulate Trace Hetals

After weighing, the seston filter s were rinsed with spectrographic grade
acetone to remove sediment. The sediment was transferr ed to a 1 0 ml test tube
and 5.0 ml Of' 0.1 N HCI waS added. The Sample waS disperaed ultraaonicaily
fOr 5-10 minutes, Shaken On a r eCiprOcal Shaker for 18 hours  Duinker and
Nolting, 1974!, and then centrifuged. The a~per natent was analyzed for Fe,
Hn, and Zn using flame atomic absor ption spectrometry, and for Co, Ni, Cu, Cd,
and Pb using graphite furnace atomic absor ption. All equipment used for the
analyses was acid c'caned  Pattersort and Settle, 1976!.

Fe  direct injection!
Fe  ferrozine!
Fe  extraction!
Ni
Cu
Zn  direct injection!
Zn  extraction!
Cd
Pb
Hn
Co

1.6 nanomole/liter
7 nanomol e/I i ter

11 nanomole/liter
2.7 nanomole/liter
2.2 nanomole/liter
9 nanomole/liter
0.8 nanomole/liter
0. 05 nanomole/liter
0.07 nanomole/liter

5j
8%
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Salt-1
1-3 October 198G

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

Chief Scientist: J. H. Shar p
College of Mar inc Studies
University of Oelawar e
Lewes, Delaware

L. Cifuentes, L. Donovan, K. Eastman, L. Fox, J. Pennock,C. Roman, P. Underhill, T. Fisher  University of Maryland!,
T. Pfe if fer

Su ortin enc: Office of Sea Orant

Cruise Summar

The cr uise sampled the salinity gr adient in the estuary from fr eshwaterin the r iver at Philadelphia  station SO! to the bay mouth  stations CH andCM!. In addition, a cross bay transect in t.he lover bay  stations XB1-XB8!
vaS Sampled by heliCOpter and from the R/V Cape HenlOpen.

The R/V Cape Henlopen departed Lewes at 1630 hours on 1 October andproceeded to Marcus Hook. Stations SO through S'10 were sampled on 2 October;and the r emaining stations on 3 October. The helicopter samples were returned
to the R/V Cape Henlopen for processing on 3 October .

The parameter s measured at each station are listed in the followingtables. Adenosine triphosphate  ATP!, ' N uptake, and ''P uptake were measured
at. many stations but are not listed. In addition, surface temperature,salinity, chlorophyll-a, and water turbidity were continuously r ecorded dur ingthe cruise. Light energy in the visible spectrum was recorded and integrated
for the entire cruise with a quantum meter.

Station locations are shovn on the following char t.
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Salt-2
17-20 November 196G

Area: Delaware River andri Bay Yes se 1: R f V Cape Hen 1 ope n

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

J. Pennock, C. Merrill, D. Kieber, R. Stumpf', C. Culberson,
R. Biggs, J. Tramontane, T. P feif'f er, C. Rome~

Su ortin ency: Off'ice of Sea Grant

Cruise Summar

The cruise sampled the salinity gradient in the estuary fr om freshwater
in the river at Trenton  station PO! to the bay mouth  stations CH and CM! .
In addition, 5 tributaries of the Delawar e Kstuar'y, the Naur ice ~ Leipsic,
Cohansey, Salem, and Smyrna Rivers, were sampled by helicopter.

The R/V Cape Henlcpen departed Lewes at 1612 hour s on 17 November and
proceeded to Tr enton. Stations 01 through P6, including 2 stations in the
Schuylkill River, wer e sampled on 18 November; stations SD thr ough S6, and 3
stations  CDl - CD3! in the Chesapeake and Delaware Canal were sampled on 19
November; and stations SB thr ough CH were sampled on 20 November . The
helicopter samples were returned to the ship for processing on 19 November.

The parameters measured at each station are listed in 'the following
tables. Adenosine tr iphosphate  ATP!, continuous beam attenuation spectra
from 400 to 800 nanometers for unfiltered and f'ilter ed � micr on! water
samples, and phytoplankton taxonomy were measured at many stations but are not
li~ted. In addition, surf'ace temperature, salinity, chlorophyll-a, and water
turbidity were continuously recorded dur ing the cruise. Light energy in the
visible spectrum was recorded and integrated for the entire cr uise with a
quantum meter.

Station locations are shown on the following char t.
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Salt-3
28 January y 1981

Area: Delaware River and Bay Vessel: U.S.C.G. Helicopter

Chief Scientist: J. H. Sharp
College of Mar ine Studies
University of Delaware
Lewes, Delawar e

Par t ic ipants: S. Pike, A. Frake

Su or tin enc: Office of Sea Grant

Cruise Summary:

The Coast Guard helicopter departed Lewes at 1000 on 28 January.
Stations CH through S15 wer e sampled first, and the samples return'ed to Dover
Air Base at 1230. These samples wer e then driven to Lewes for processing.
The helicopter then proceeded to sample stations SO through S12.5 and returned
them to Lewes at 1845. Ice on Delaware Bay prevented use of the R/V Cape
Henlopen for this cruise.

The parameters measured at each station are li.sted in the following
tables. Continuous beam attenuation spectra from 400 to 800 nanometers for
unfiltered and filter ed � micron! water samples, particulate pr otein, and
amino acids were measured at many stations but are not listed.

Station locations are shown on the following chart.
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Salt-4
1-3;lar ch '981

Vessel: R/V Cape HenlopenArea: Delaware River and Bay

Chief Sc ienti st: J. H. Shar p
College of' Marine Studies
University of' De' awar e
Lewes, Delawar e

J. Pennock, C . Merrill, B. Stahovic, C. Culberson, R. Biggs,
J. Tramontano, T. Pfeiffer, T. Fisher  University of Maryland!

Su orting Agenc; Office of Sea Grant

Cr uise Summary

The cruise sampled the sali~ity gr adienr. in the estuar y from fr eshwater
in the river at, Philadelphia  station P5! to the bay mouth  stations CH and
CM!. Two stations  XB5, XB6! i.n the Maurice River Cove wer e also sampled.

The R/V Cape Henlopen departed Lewes at f52! hours on 1 March and
anchor ed overnight near the mouth of the Schuylkill River. Stations P5
through S25 wer e sampled on 2 March. The ship anchored overnight at Harbor
Refuge  Lewes! and stations XB5, XB6, CM, BR, and CH were sampled on 3 Mar ch.

Station locations are sho~n on the following chart .

The parameters measured at each station ar e listed in the f'ollowing
tables. Continuous beam attenuation spectra from 400 to 800 nanometer s f' or
unfiltered and filtered � micron! water samples, phytoplankton taxonomy, 'sH
uptake, and "P uptake were measured at many stations but are not listed. in
addition, surface temperature, salinity, chlorophyll-a, and ~ster turbidity
wer e continuously r ecorded during the cruise. Light energy in the visible

~ spectt um was r ecor ded and integrated for the entire cruise with a quantum
meter.





Salt-5
23-25 March 198'

Vessel: R/V Cape RealepesArea: Delavare River and Bay

Chic f Sc ient 1st: J. H. Shar p
College of' Marine Studies
University of Delavar e
Leves, Delavare

J. Tr amontano, L. Cifuentes, !f. Hoyt, C. Merrill, J. Pennock,
S. Rumer, R. Stumpf, P. Under hill, C. Valenti, T. Pfeiffer

The cruise sampled the salinity gr adient in the estuar y from fr eshvater
in the r iver at Trenton  atation PO! to the bay mouth  stations CH and CM!.
Four tributaries of the estuar y, the Cohansey, Leipaic, Murderkill, and
Maurice Rivers vere sampled by helicopter.

The R/V Cape Henlopen departed Levea at 1006 hours on 23 March and
anchored overnight near Trenton. Stations PQ through S10 vere sampled on 24
March, and the ship anchor ed overnight near Pea Patch Island. Stations S12.5
through CH vere sampled on 25 March. The helicopter samples from the 4
tr ibutaries vere returned to the R/V Cape Henlopen at 1310 on 25 March.

During the over night anchorage at Pea Patch Island, L. Cifuentes and R.
Stumpf collected samples from the R/V Cape Henlopen's flov through seavater
system betveen 2130 on 24 March and 0330 on 25 March. These samples vere
collected for the measurement of nutrienta, chlorophyll-a, and beam
attenuation spectra.

The parameters measured at each station are listed in the folloving
tables. Continuous beam attenuation spectra f'rom 400 to 800 nanometer s f' or
unfiltered and filtered � micron! vater samples and phytcplankton taxonomy
vere measured at many stations but are not listed. In addition, surface
temper ature, salinity, chlor ophyll-a, and vater turbidit.y ver e continuously
recorded during the cruise. iight .energy in the visible spectrum vas recorded
and integrated for the e~tire cruise vith a quantum meter .

Sediment samples vere taken at stations SK and P6 for or ganic analysis by
Dr. David Freeman of the University of' Maryland. Sediment. samples for the
analysia Of' ''Be vere taken at statiOrlS ?6 md S1 .5 fcr Dr. Thc .as Fisher of
the Univer'sity of Maryland'a Horn Point Laboratory.

Station locations are ahovn on the f'olloving chart.
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Cr uise Repor t

Salt-6
4-6 May 1'981

Vessel: 8/V CaPe Henlapen
Area: Delaware River and. Bay

Chief Scient.ist: J. H. Shar p
College of Marine St.udies
University of Delawar e
Lewes, Delawar e

Participants: R. Biggs, C. Culber son, M. Tyler, A. Frake, S. Pike,
J. Scudlark, J. Tr amontano, L. C if uentes, P. Koeb,
C. Herr ill, J. Pennock, J. Reese, A. Ryan, T. Pfeiffer,
R. Pellenbar g ard G. Bugg  Off'ice of Naval Research!
T. Eichler  Delaware Department of' Natural Resources and
Envir onmental Control!

The cruise sampled the salinity gr adient, in the estuary from fr eshwater
in t,he river at Philadelphia  station P5! to the bay mouth  station CH!. In
addition, a survey cf the Maurice River Cove  stations LB1 through LB10! was
conducted by small boat..

The R/V Cape Henlopen depar ted Lewes at 1100 hours on 4 May and anchored
overnight near the mouth of the Schuylkill River, Stations P5 through S15,
XB1, and XB2 were sampled on 5 May. The ship anchored overnight near Ship
John Light, and the remaining stations were sampled on 6 May.

Dr. R. Pellenbarg of the Office of Naval Resear ch conducted closely
spaced sampling across estuarine fronts on 6 May ~

The parameters measured at each station are listed in the following
babIes. Continuous beam attenuation spectra fr om 400 to BOO nanometer s for
unfiltered and filtered � micron! water samples and phytoplankton taxonomy
wer e measured at many stations but are not listed. In addition, surf'acetemperature, sali~ity, chlorophyll-a, and wats~ turbidity were continuously
reccr ded, during the CruiSe. Light energy in the viSible Spectrum waS r eCOrded
and integrated fOr the entire Cr uise with a quantum meter.

Station locations are shown on the following chart.
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Salt-7
29 June - 1 'uly 1381

Area: Delawar e River and Hay Vessel: R/V Cape Henlopen

Ch ief Sc ient ist.: J. H. Shar p
College o f Har i ne S tud i es
University of Delaware
Lewes, Delaware

J. Soudlark, J. Tr amontano, J, PennOCk, J. SCibek,
R. Hennett, D. Lopez, E. Rutter, H. Zoellhoffer, T. Pfeiffer

The cr vIse sampled the salinity gradient in the estuary from freshwater
in the river at, Philadelphia  station P5! to the bay mouth  stations CH and
CH!, In addition, a survey of the lower bay was conducted by helicopter
 stations LB7-LB12!, small boat  LB2-LB5!, and by the R/V Cape Henlopen
 stations LBl, LB6!.

The R/V Cape Henlopen departed Lewes at 0835 hours on 29 June. Stations
P5 through S2 were sampled the evening of 29 June. Stations S3 through S25
wer e sampled on 30 June and the ship ancnored over night near Cape Nay. The
lo~er bay stati.ons  LB series! were sampled during the morning of 1 July, and
the r emaining salinity gradient stations  S27. 5 through CH! that af'ternoon.

Dr. R. Higgs conducted a detailed study of the turbidity maximum during
the night of 29 June.

The parameter s measured at each station are listed in the following
tables. Continuous beam attenuation spectra from 400 to 800 nanometers f' or
unfilter ed and filtered  t micr on! water samples, "N uptake, and phytoplankton
taxonomy were raeasured at: many stations but are not listed. In addition,
Surface temper ature, Salinity, ChlOrophyll-a, and ~ater turbidity were
continuously recorded during the cruise. Light energy in the visible spectrum
was r ecor ded and integrated for the entire cruise with a quantum meter.

Station locations are shown on the following chart.
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