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GLOBAL CHANGE EXPEDITION:
NUTRIENT, CHLOROPHYLL-A AND PRIMARY PRODUCTIVITY DATA
NOAA SHIP MT. MITCHELL, 14 JULY-6 SEPTEMBER 1988

Denis W. Frazel
George A. Berberian
Gary L. Hitchcock

buring the period of 14 July-6 September 1988, a multifaceted
oceanographic research cruise called the Global Change Expedition
was made on the NOAA Ship MT. MITCHELL in the North Atlantic Ocean.
The objective of the cruise was to study the atmospheric and
oceanic processes affecting the biogeochemical cycles of carbon,
nitrogen, sulfur, and trace metals. Emphasis was made on compounds
of these elements that would influence the radiation balance of the
earth, and hence, of global climate. Measurements from hydrocasts
for nutrients, phytoplankton biomass, and productivity were made on
a daily basis during this period. This report represents the
biological and chemical (nutrient) data from this cruise.

Key words: global change, productivity data, nutrient data.

1. INTRODUCTION

The National Oceanic and Atmospheric Administration (NOAA) Global Change
Expedition (14 July-6 September 1988) was a multifaceted research program
designed to study atmospheric and oceanic processes affecting the biogeo-
chemical cycles of carbon, nitrogen, and sulfur. Emphasis was on compounds of
these elements that may influence the radiation balance of the earch.

The expedition was conducted aboard the NOAA Ship MT. MITCHELL in four
consecutive legs (Figure 1). The primary objective of Leg I (Norfolk,
Virginia - Bermuda) was to examine the potential transport of carbon from
nearshore shelf water into the Gulf Stream by means of tracking drogued
surface drifters. Leg II (Bermuda — Iceland) was designed to support a survey
of the tropospheric chemistry of the North Atlantic. The objective of Leg III
(Iceland - Azores) was to occupy a specific meridional transect of stations
along 20°W to provide a preliminary nutrient and productivity section for the
Joint Global Ocean Flux Study (JGOFS). Leg IV (Azores — Barbados) was similar
to Leg III, with nutrient and productivity sampling occurring at dawn each
day.

This report contains consecutive hydrographic, nutrient, chlorophyll-a,
and primary productivity data from the Global Change Expedition, corresponding
to the CID cast, date, and station position.

2. INSTRUMENTATION

A. CTD System

The conductivity, temperature and depth (CID) system consisted of a
Mark III CTD manufactured by EG&G Ocean Products (formerly Neil Brown
Instrument Systems Corp.), a General Oceanics Corp. rosette water sampling
system, and a Micro-VAX based shipboard data acquisition system. As the CID
is lowered from the ship, it continuously transmits conductivity, temperature
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and pressure data up the cable where it isg logged on 9-track magnetic tape by
the computer. Measurements of all parameters are made 31.5 times per second
to a resolution of 16 bits. The dissolved oxygen sensor, which is usually
installed, was not operable during this expedition. Table 1 summarizes the
standard ranges and resolutions.

Table 1
Variable Range Accuracy Resolution
Pressure 0-6500 decibar 6.5 decibar .1 decibar
Temperature -32 to +32°C .005°C (-3 to +32) .0005°C
Conductivity 0-65 mmho .005 mmho .001 mmho
Dissolved Oxygen 0-2 .002 .0005

Following the cast, computer programs are run to edit and remove any bad
data points (Mangum et al., 1980), compensate for sensor response time lags
(Horne and Toole, 1980), and condense the data into 1-m depth averages.
Additional programs are then available to print our high-resolution data as
necessary.

Physical oceanographic parameters such as pressure, conductivity and
temperature data used in this report are taken directly from the CTD casts.
3. NUTRIENTS

A. Data Collection and Field Operations

Data from all four legs of this cruise are reported (Leg I: July 7-28,
1988; Leg II: August 2-10, 1988; Leg III: August 16-22, 1988; Leg 1Vv: August
27-September 5, 1988). During each leg, except casts 1 through 3, pressure,
temperature, and salinity were measured at each station by means of a Neil
Brown Instrument Mark IIT CTD equipped with a rosette multi-sampler rigged
with standard 2.8 1 Niskin bottles. Casts 1-3 samples were obtained
oceanographic wire casts with 10 1 Go-Flo Niskin bottles. wWater samples with
the rosette multi-sampler were collected at specified temperatures and depths
chosen to sample maximum and minimum physical, chemical and biological
properties of the water column. These were analyzed for salinity, dissolved
oxygen, and inorganic nutrient concentrations. Seawater samples for dissolved
oxygen were drawn first in order to minimize atmospheric contamination and
temperature-induced changes.

were subsequently analyzed onboard ship using the modified Winkler titration
method of Strickland and Parsons (1968). Nutrient samples were collected in
aged 60 ml linear polyethylene bottles and analyzed for gissolved inorganic
nitratg (NO,”-N), nitrite (NO, -N), orthophosphate (PO, "-P), and silicate
(Si0,"“-si), with a four-channél Technicon Auto-Analyzer (AA-II) aboard ship.
During Legs III and IV, auto-analyzer phosphate analysis was discontinued due
to a malfunctioning colorimeter, and we were forced to use manual spectro-
photometry on a limited number of samples using the method of Strickland and
Parsons (1968).



B. Nutrient Sample Analyses

The analytical procedures and methodologies used in the analysis of
nitrate and nitrite are described by Armstrong et al. (1967). Essentially,
the orthophosphate is the procedure described by Grasshoff (1965) and the
silicate procedure is described by Strickland and Parsons (1968). These
methodologies have been slightly modified by Technicon Corp. in order to adapt
them properly to the auto-analyzer system used in these analyses as follows:
nitrate and nitrite in water and seawater, Technicon Corporation (1977),
nitrite in water and seawater, Technicon Corporation (1976), and silicates in
water and seawater (1977).

The detection limits, standard deviation and coefficient of variation is
given below in Table 2.

Table 2: Nutrient auto-analyzer performance characteristics.

Detection Standard

Limits Deviation Coefficient of Variation
Nutrient (ug-at/L) (ug-at/L) (95% confidence level)
PO, -P 0.05 +0.06 1.9% at 2.0 pg-at/L
NO,” -N 0.4 +0.4 0.6% at 2.5 wg-at/L
NOZ— -N 0.1 +0.05 0.95% at 1.0 wg-at/L
sio,’” -8 0.4 +0.4 1.0% at 25.0 wg-at/L

C. Station Data

See the following pages for station data.
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CRUISE:

STATION:

STATION:

SAMPLE #

0055
0056
0057
0058
0059
0060
0061
0062

0063

GC-88 LEG I

10 CAST:

DEPTH
(M)

2

5
10
20
45
55
64
16

90

11 CAST:

DEPTH
(M)

20
30
40
60
81
99

119

10

11

NUTRIENT DATA

TIME(Z): 00:00

999.99

999.99

TIME(Z): 00:00

o o i ot o o o o e ——————————

DATE(Z): 07/21/88
NO2 s103 pO4
(MICROGRAM-ATOMS/LITER)
< 0.10 < 0.40 < 0.05
< 0.10 < 0.40 < 0.05
< 0.10 < 0.40 < 0.05
< 0.10 < 0.40 < 0.05
0.03 < 0.40 < 0.05
0.39 0.44 0.21
0.35 1.47 0.61
0.12 2.12 0.92
0.06 3.14 1.23
DATE (2) : 07/24/88
NO2 SI03 po4
(MICROGRAM-ATOMS/LITER)
< 0.10 < 0.40 < 0.05
< 0.10 < 0.40 < 0.05
< 0.10 < 0.40 < 0.05
< 0.10 < 0.40 < 0.05
< 0.10 < 0.40 < 0.05
< 0.10 < 0.40 < 0.05
< 0.10 < 0.40 < 0.05
0.07 < 0.40 < 0.05
0.10 < 0.40 < 0.05

999.99
999.99
999.99
999.99
999.99
999.99
999.99
999.99

999.99

POSITION:
02 TEMP
(ML/L) (€)
4.97 27.01
4.85 26.97
4.86 26,96
4.82 26.88
4.92 24.49
4.71 20.39
4.91 17.72
3.717 16.43
3.37 14.40
POSITION:
02 TEMP
(ML/L) (c)
4.77 27.23
4.78 27.02
4.85 26.09
4.97 22.95
5.36 21,68
5.33 20.62
5.28 19.90
5.07 19.49
4,81 19.25

36 16.7T N 74 7.9 W

SALINITY
(0/00) COMMENTS

34.594
34.628
34.812
35.029
36.095
36.002
35.922
35.977

35.802

31 59.8 N 63 57.5 W

SALINITY
{0/00) COMMENTS
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NUTRIENT DATA

CRUISE: GC-88 LEG II

STATION: 20 CAsT: 20 DATE (2): 08/10/88 TIME(2): 00:00 POSITION: 66 38.1 N 28 36.1 W
DEPTH NO3 NO2 SIO3 PO4 NH4 02 TEMP SALINITY

SAMPLE # M) {(MICROGRAM-ATOMS/LITER) {ML/L) (<) (0/00) COMMENTS
0136 9 < 0.40 < 0.10 < 0.40 0.27 999.99 8.40 2.32 32.520

0137 29 < 0.40 < 0.10 < 0.40 0.23 999.99 8.38 2.33 32.518

0138 30 1.59 < 0.10 < 0.40 0.40 999.99 8.56 1.52 33.239

0139 50 8.07 0.14 2.29 0.67 999.99 7.25 2.46 34.118

0140 60 8.50 0.14 2.60 0.69 999.99 7.59 2.98 34.241

0141 81 13.23 0.17 4.51 0.89 999,99 7.04 5.07 34.784

0142 100 15.41 0.11 5.15 1.01 999.99 6.68 5.64 34.905

0143 150 15.53 0.08 5.61 0.95 999,99 6.89 4.83 34.863

0144 200 15.99 0.11 5.80 1.05 999.99 6.66 3.95 34.810
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4, CHLOROPHYLL-A AND PRIMARY PRODUCTIVITY DETERMINATIONS
A. Methods

Hydrographic properties of the water column were recorded at each station
with a Neil Brown Mark III CTD, fitted with a rosette multi-sampler. Water
samples for salinity, oxygen, chlorophyll, and nutrient analyses were
collected in 2.5 liter Niskin bottles at nine depths on the CTD upcast.
Sample depths were chosen to cover the depth range of individual hydrocasts.
All casts included at least four sample depths down to, and including, 100 m.
Three additional samples were obtained in the upper 100 m from stations with
Go-Flo bottles (see below).

The mean chlorophyll concentrations in each station report were deter-
mined from duplicate 100 ml aliquots obtained from each depth, then filtered
through whatman GF/F filters. Filters were frozen over a desiccant at -20°C
in the dark. The fluorescence of 90% aqueous acetone extracts were measured
in the laboratory using a Turner Designs fluorometer, after grinding the
filters and extracting in the dark for 30 min. The fluorometer was calibrated
with sigma chlorophyll-a, following the method of Smith et al. (1981).

Water samples for productivity determinations were collected at three
depths with 10 liter Go-Flo bottles mounted on a Kevlar hydrowire. Sampling
depths were selected on the basis of light extinction, or on the hydrographic
structure of the water column at that station. Due to limited wire time, and
the availability of only three Go-Flo bottles, samples for six light depth
productivity incubations were obtained from three depths. The shallowest
bottle provided samples for the 100 and 60% I samples, the mid-depth bottle
was used for the 32 and 17% I  samples, and the deep bottle provided the 7 and
1% I, samples.

Vertical extinction coefficients were measured at most stations by
lowering a Lambda Instruments LI-190S 4n spherical collector on the hydrowire.
Photosynthetically available radiation (PAR) was measured at various depths to
derive k (m ~) with a LI-185 quantum meter. A Secchi disk was used to make an
estimation of k when light casts were not performed. When weather prohibited
any determination of the extinction coefficient, the value from the previous
day was used to estimate isolume depths.

Productivity measurements were made by the carbon-14 method, originally
described by Steemann Nielsen (1952), with modifications of Fitzwater et al.
(1982) to minimize trace metal contamination. All materials were acid-cleaned
in dilute (0.1 N) HC1l, then rinsed copiously with Milli-Q (18 megohm) water.
Incubation bottles were rinsed with the seawater sample prior to filling.
Between incubations, sample bottles were rinsed with dilute HC1 and three
rinses of Milli-Q water. Samples were collected from the Go-Flo bottles in
darkened 2 liter acid-cleaned polycarbonate bottles. Approximately 250 ml of
sample was transferred to each of three (two light, one dark) acid-cleaned
polycarbonate bottles and inoculated with 5 uCi of Nag'* CO, with acid-cleaned
Eppendorf pipettes. The isotope (Amersham Searle CFA.3) was prepared in a
carrier solution of 0.3 g 1°' BIA grade Na, CO;, .

The three incubation bottles were encased in elongate tubes of neutral
density (PVC) screening simulating 100, 60, 32, 17, 7, or 1% of the surface
I,. Samples were incubated on deck for four to six hours in clear plexiglass
cylinders filled with circulating near-surface seawater. Samples were trans-
ported to the laboratory in darkness, filtered through Whatman GF/F filters
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under a vacuum of < 50 mm Hg, and rinsed with filtered seawater before the
surface was dry. The filters were transferred to Nalgene scintillation bags,
acidified with 0.5 N HC1, and after 60 min. 3 ml of Aquasol II scintillation
cocktail was added (Hitchcock, 1986). Activity was measured aboarg sh%p with
a Tracor Model 300 scintillation counter. Productivity (mgC m° h™") was
calculated from the mean value of the two light bottles minus the dark bottle

activity.

No data were obtained from test CTD casts 1 and 2; therefore, station
summaries are not included for these casts. Other excluded station summaries
include cast 4, which was aborted due to mechanical malfunction, and cast 25,
which was aborted due to heavy seas.

B. Station Data

See the following pages for station data.
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