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Abstract
M.C. O’Brien, K. Iseki, R.W. Macdonald, J.R. Forbes, Yang Liangfeng, D. McCullough, 1991.
Can. Data Rep. Hydrogr. Ocean Sei.: 60, 238 pp

As part of the NOGAP B.6 program, with major objectives to determine hydrocarbon pathways
and primary productivity of the waters overlying the Mackenzie Shelf, we measured water praperties
(biological, chemical and physical) on several transects. Coupled with the water sampling program,
moorings were deployed at 4 sites (200 m) along the shelf margin. These moorings included current
meters and sequential sediment traps of 2 designs (Honjo and Baker). Additionally, multi-traps
(multiple baffled cylinders) and Kenney traps (closed, stacked cylinders with side ports) were
deployed along a transect off Tuktoyaktuk during several intervals. We report here the results
(flux and composition) of chemical analyses of the trap contents spanning the year from April 1987
to March 1988. Analyses include total mass, C, N, Chl a, Si, P, Al, Fe, Ca, and zooplankton
composition.

Key words: Al, C, Ca, Chl a, Fe, flux, N, P, sediment traps, Si, total mass, zooplankton.

Résumé
M.C. O’Brien, K. Iseki, R.W. Macdonald, J.R. Forbes, Yang Liangfeng, D. McCullough, 1991.
Can. Data Rep. Hydrogr. Ocean Sci.: 60, 238 pp

Cette étude s’inscrit dans le cadre du programme NOGAP B.6 qui a pour objectivs principaux
de déterminer le cheminement des hydrocarbures et la productivité primaire dans les eaux du
plateau Mackenzie. Les propriétés biologiques, chimiques et physiques des eaux ont &té mesurées
le long de plusieurs transects et des mouillages ont été déployés & quatre sites (200 m) le long de
la marge du platean. Ces mouillages comportaient des courantométres et des pitges & sédiment de
types Honjo et Baker, lesquels permettent de faire un échantillonnage séquentiel. En outre, des
pieges multiples et des piéges Kenney ont été déployés le long d’un transect au large de Tuktoyaktuk
pendant plusienrs intervalles de temps. Ce rapport contient les résultats (flux et composition) des
analyses chimiques des échantillons recueillis au cours de la période allant d'avril 1987 & mars 1988.
La masse totale, le contenu en C, en N, en Chl a, en Si, en P, en Al, en Fe, et en Ca, ainsi que la
composition du zooplancton ont été déterminés.

Mots-clés: Al, C, Ca, Chl a, Fe, flux, N, P, piége 4 sédiment, Si, masse totale, zooplancton.
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1 INTRODUCTION

As part of a major inter-disciplinary study (NOGAP B.6) to measure hydrocarbons and the primary
productivity over the Beaufort Shelf, sediment traps were deployed during the period spanning
spring of 1987 to spring of 1988. The objective of this part of the program was to collect a
complete year’s data for particle fluxes over the Mackenzie Shelf. We employed four types of
traps. For vertical fluxes, sequential sediment traps (Honjo and Baker design), and multi-traps
(multiple, baffled cylinders) were used. To capture particles moving horizontally, Kenney traps
(closed, stacked cylinders with side ports) were used. The sequential traps were moored in about
200 m of water at the shelf break and the multi- and Kenney-traps were moored on a transect
extending out across the shelf from Tuktoyaktuk (Figure 1).

The sequential sediment traps were deployed during two time intervals at each of four stations
to collect data spanning a complete year (Table 1). These sediment traps were moored through the
ice in April-May, 1987 {operating out of Tuktoyaktuk with aircraft support), recovered in August
1987 from the C.C.S. John P. Tully and then redeployed. The second deployment covers the period
from September 1987 to March 1988 when they were recovered througlh the ice. ' .

During the spring of 1987, there were two shorter term multi- trap deployments at each of three
stations on a transect directly off Tuktoyaktuk (Table 2). At this time, the moorings were deployed
and recovered through the ice. Later, during open water season (August - September, 1987), the
multi-traps were deployed and recovered at two stations (stations 3 and 7). Other open-water
moorings at stations 5 and 9 were lost either due to ship’s traffic or to drifting ice.

Two Kenney-trap moorings were deployed from the ice in the spring of 1987 (Table 2); station
K5 (10 pocket trap) and station K4 (5 pockets). During open water season, a Kenney-trap (10
pockets) was moored from the C.S.5. John P. Tully cruise at station 3.

Station names beginning with SS followed by a number refer to stations at which sequential
traps were deployed. The -1 and -2 part of the station name indicates whether it was the first
or second deployment (for example, $53-2 refers to the second deployment period at station $S83).
The multi-trap stations, which begin with MT, are designated similarly. If the -1 or -2 designation
is absent, there was only one deployment of the trap at that site. The Kenney-trap stations are
designated by a K.

The primary logistic goals (1987 - 1988) for the work done by Institute of Ocean Sciences staff
were as follows:

e Collect time series measurements from late winter through to late summer for physical, chem-
ical and biological properties on a transect extending from Kugmallit Bay (Mackenzie River)
to the Shelf edge. This would include short-term sediment trap and current meter moorings,
and hydrocarbon sampling.

» Deploy and recover moorings at the shelf edge (4 sites) to measure currents, light transmis-
sivity, and sedimentation for the entire season (March 1987 - March 1988).

¢ Make measurements to delineate plume structure in the nearshore zone with and without
ice-cover.

These measurements are augmented with satellite imagery, and Mackenzie River source func-
tions for water flow, sediment discharge, and hydrocarbon content.

In this document, we report the data collected from the analysis of the sediment trap samples
as described above. A brief overview of the data is outlined below with bold font indicating
completed data and information which are reported here in the accompanying tables of this data
report. Normal font is used for parameters that are not fully analyzed or completed.

1
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» Sediment trap locations and deployment and recovery data

¢ Sieving and splitting information

e Flux calculations for collection periods (for >500, 63-500 and <63 pm fractions)
¢ Chlorophyll and Phaeo-pigments

» Particulate carbon and nitrogen analysis

¢ Silicate and phosphate analysis

¢ Metal analysis - %Fe, %Ca, and %Al (by flame (FAAS) and graphite furnace
(GFAAS) atomic absorption spectrometry)

s Zooplankton identification (>500 pm fraction) (second deployment only)
e Light microscope analysis of samples

¢ Scanning electron microscopy (first deployment only)

o Pigment analysis (HPLC)

¢ Carbon and nitrogen isotope analysis

¢ Hydrocarbon analyses (Multi-trap collections)

2 METHODS

2.1 Field Sampling Methods

Four types of sediment traps were employed during this phase of the project. A brief description
of each type of trap, deployment and recovery details, and a chain of custody up to the time of
sample splitting is described below.

Sequential sediment trap moorings were constructed as single-point, taut-line systems with
chain clump anchors and subsurface flotation (Figure 2). Mooring plans included deployment in
the spring from the ice with recovery and subsequent re-deployment from a survey vessel during
the summer open water season. Mooring designs and deployment /recovery techniques differ con-
siderably between sea-ice and sea-going programs; it was therefore necessary to design these arrays
to work with both methods. In addition to the sediment traps, these moorings also had two current
meters. Mooring design, specifications and the current meter data are available in separate reports
[McCullough et al., 1988a, b].

2.1.1 Baker Sequential Sediment Trap Deployment

The Baker trap, shown in Figure 3, is a 1 metre long, 220 cm ID pvc tube that houses an asymmet-
rical polyethylene funnel [Baker and Milburn, 1983]. The gravitationally settling particles in the
water column are collected via the funnel into one of ten 200 mL acrylic sample tubes. The bottles
are rotated into position at time-intervals determined by switch settings on the timer electronics
board. The collection area of the Baker trap is 0.032 m2. In preparation for deployment, the sample
tubes were soaked in a RBS bath (20 mL RBS concentrate per liter water) overnight, rinsed well
with warm tap water, soaked in a 1 N HCI bath for 4 hours, rinsed with double run Milli-Q water
and dried in a 50 9C oven. Before deployment, 2 g NaCl and 200 mg HgCl, (to inhibit bacterial

3
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growth) were added to each tube and the tubes were filled with filtered seawater obtained from the
depth at which the traps were to be moored. The deployment and recovery times and dates are
listed in Table 1 and the dates of the individual collection periods are included with the tables in
the Appendix.

Upon recovery of the first deployments at stations S52-1 and S54-1, (from the C.5.S. JoAn P.
Tully) the contents of the traps were allowed to settle, then removed from the trap, transferred to
acid cleaned Teflon containers, capped, and stored in a refrigerater aboard the ship at 2.6 °C until
the ship returned to IOS (28/09/87). The samples were then transported to the lab and stored
in the refrigerator at 0°C. These samples were then wet-sieved through a 500 pm Nitex sieve and
both fractions were stored in the refrigerator. The <500 pm fraction was then wet-sieved through
a 63 pm Nitex mesh and the two resulting fractions (< 63um and 63-500 ym) were subsampled for
various types of analysis using a rotary splitter {or by using graduated cylinders) and filtered onto
filters or stored as required by the analysis to be performed (15/10/87 - 20/10/87).

Upon recovery of the second deployments of the Baker traps at stations 552-2 and 554-2, the
contents of the traps were allowed to settle, removed from the trap, transfered to acid cleaned _
Teflon containers, capped, and stored in a refngera.tor in the laboratory at Tuktoyaktuk at 5 °C
(24/03/88 - 26/ 03/ 88). The samples were then transported in coolers lined with freezer paks back
to IOS by air (26/03/88 - 27/03/88) where they were stored in the refrigerater at 0°. The sieving
(500 pm and 63 pm) and subsampling by rotary splitter were done during the period 09/05/88 -
26/05/88. The sieving, splitting and treatment of subsamples is described in more detail below.

2.1.2 Honjo Sequential Sediment Trap Deployment

The Honjo Mark 6-13 sediment trap consists of a large funnel lined with fiberglass or polyethylene, a
rotator/timer assembly, a stepping motor in a housing containing silicone 200 CS 20, a compensating
bladder (to equalize the pressure in the motor housing) and a carousel assembly with a fixed plate
and a rotating plate accommodating 13 sample containers (Figure 4). The timer schedule setup
and data retrieval were accomplished using an Epson computer. The collection area of the Homnjo
trap is 0.509 m? and the funnel concentrates gravitationally settling particles into the receiving
bottles on the carousel. Teflon face seals are used between the fixed and rotating plates ensuring a
minimum of exchange between the contents of the sample containers and the surrounding water.

In preparation for deployment, the 250 mL polpropylene receiving bottles were soaked overnight
in 1 N HCI, rinsed well with double Milli-Q water and air dried. Before deployment, 2 g of NaCl
and 500 mg of HgCl; were added to each of the bottles. Seawater was collected from the mooring
depth with a 10 L. GO-FLO sampler. The seawater was slowly poured into each receiving bottle
and the bottle was screwed on to the rotating plate. Final topping up of the bottles was done
through the top of the plate.

Upon recovery of the first deployments at stations S51-1 and S83-1, the contents of the traps
were allowed to settle, then removed from the trap, capped, and stored in a refrigerator aboard the
ship at 2.6 © (18/08/87 - 28/09/87). The samples were wet-sieved through a 500 pm Nitex mesh
while aboard the ship (25/08/87). At station $53-1, the last three cups on the carousel contained
very little sediment due to a clogging of the end of the funnel by a jellyfish. There was a large
amount of sediment accumulated on the inside of the funnel wall and a portion of it was collected
for analysis. As before, the samples were returned to I0S wvia the C.5.S. John P. Tully. They
were offloaded (28/09/87) and stored in the refrigerator at 0 °C. The <500 um fraction was then
wet-sieved through a 63 pm Nitex mesh and the two resulting fractions (<63 pm and 63-500 pm)
were subsampled for various types of analysis using a rotary splitter and filtered onto filters or
stored as required by the analysis to be performed (04/11/87 - 12/10/87 for station 551-1 and
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28/10/87 - 02/11/87 for station $53-1).

Upon recovery of the second deployments (spring, 1988) of the Honjo traps at stations $51-2 and
553-2, the contents of the traps were allowed to settle, removed from the trap, capped, and stored
in a refrigerator in the laboratory at Tuktoyaktuk at 5°C (22/03/88 - 26/03/88). The samples were
then transported in coolers lined with freezer paks back to IOS by air (26/03/88 - 27/03/88) where
they were stored in the refrigerator at 0 °C. The sieving (500 um and 63 um) and subsampling were
done during the period 24/05/88 - 14/05/88. The sieving, splitting and treatment of subsamples
is described in more detail below,

2.1.3 Multi-Trap Sediment Trap Deployment

The multi-trap consists of three stainless steel frames, two shackles, eight polycarbonate tubes
with baffles and eight Teflon sample cups (Figure 5). Multi-traps were moored in a taut-line
configuration either suspended from the ice (Figure 6a) or bottom-anchored during open water
season (Figure 6b). The eight cups and tubes fitted with baffles (made of short sections of 1/2 inch
OD Teflon tubing) that go with each trap were cleaned at I0S according to the type of analysis that
was going to be performed. Six of the eight cups, tubes and baffles were cleaned for hydrocarbon
analysis. This consisted of an overnight soak in an RBS bath, rinses with tap water and then with
glass distilled water, air drying on baked tin foil (or rinsed with acetone if time insufficient for air
drying) and finally, a rinse with methylene chloride. The assembled units (cups, tubes and baffies)
were capped with aluminum pie plates (baked at 500 °C) and stored in sealed plastic bags until
time of deployment. The remaining two units for the multi-traps were cleaned for sampling for
metals (Ca, Fe and Al), Si, P, organic carbon, organic nitrogen, chlorophyll, light microscope work
and scanning electron microscope work. The cleaning was done by soaking the cups, tubes and
baffles overnight in 1N HCI, rinsing with double run Milli-Q water, air drying and storing in sealed
plastic bags as assembled units until time of deployment. For preservation of the sample and the
prevention of bacterial growth, 2 g NaCl and 100 mg HgCl; were added to the cups just prior to
deployment. In the case of the tubes for hydrocarbon sampling, the NaCl and the HgCl, were
baked at 500°C and the HgCl; was recrystallized and washed with methylene chloride to eliminate
impurities.

Immediately before deployment, the sample cups and tubes were filled with deep water or
filtered seawater collected at the deployment site. The water was collected with a 10 L GO-FLO or
with the aid of a submersible pump with Teflon tubing. For the deployments through the ice, care
was taken to avoid freezing before deployment. Where possible, water that was passed through a
large volume filter was used to fill the traps. In all cases, care was taken to fill the traps with low
particulate water (either by filtering the water or by taking deep water) with a salinity close to
that of the depth the traps were deployed. Upon recovery, the sample in the cup was allowed to
settle and water in the tube above the cup was carefully drained or siphoned off. The sample cup
was then detatched from the bottom of the polycarbonate tube, sealed with a Teflon cover, placed
in a cooler and transported back to the lab in Tuktoyaktuk or to the lab on the ship where they
were stored in a refrigerator at 4°C. If the trap was to be redeployed (as was the case during the
icework), the new Teflon cups containing NaCl and HgCl; were added to the tubes and filled with
deep water or filtered seawater from that site.

For the multi-traps recovered through the ice, the samples were allowed to settle and extra
liquid was decanted off in the lab before shipping. The samples were then combined to reduce
the number of containers for shipping and extra HgCl; was added to the cups where necessary.
Generally, for the two multi-trap deployments through the ice, two cups were combined for carbon
and metal analysis and the other six cups were combined for hydrocarbon analysis (details on the
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combining of cups and the splitting of the samples are provided in tables in the Appendix). Upon
recovery of the first deployments, there was no extra preservative added to the samples. The second
deployment however, required extral HgCl, after recovery as live zooplankton were observed (100
mg HgCl; added to each combined sample). The samples were then sealed in double plastic bags
and placed in portable coolers with freezer packs for shipment by air. The trip from Tuktoyaktuk
to Sidney was accomplished in one day. At IOS the samples were transfered to the refrigerator for
storage at 4 °C, and the hydrocarbon samples were put through a 350 um sieve and stored in the
freezer for future analysis.

The multi-trap samples from the C.S.S. John P. Tully cruise were stored on board the C.S.S.
John P. Tully in a 4 °C walk-in cooler from the time of recovery to the time the ship returned
back to IOS from the Arctic (Oct. 1987). Upon arrival at 10§, the samples were transfered to
refrigeraters in the lab and stored at 4 °C. On Oct. 7/87, these samples were decanted and combined
in the lab at IOS. The samples for carbon and metal analysis were decanted and stored at 4 °C
until subsampled. The sample cups assigned to hydrocarbon analysis were decanted and frozen in
the Teflon cup. See tables in the Appendix for further details on the combination of multi-trap
cups and splitting of the samples.

2.1.4 Kenney-Trap Deployment

Kenney-traps were deplayed through the ice at stations K5 and K4 during April and May of 1987
and at station K3 in August of 1987. The Kenney-trap is designed to capture suspended sediment
travelling horizontally in the water column at a series of distances from the bottom [Kenney, 1985].
It can be mounted directly on the bottom, or suspended in the water column. It consists of a long
PVC tube (diameter about 10 inches) containing a series of funnels that collect sediment that has
entered the trap through a series of small holes around the tops of the funnels and around the
circumference of the trap (Figure 7). For this study, we used one “10-pocket” and two “5-pocket”
traps. At each sample interval, the individual sample containers (250 mL polypropylene bottles)
are secured to the bottom of each of the funnels. After recovery, the traps were held vertically
for at least one hour to allow the samples to settle. The water in the funnel was allowed to drain
by unscrewing the sample bottle slightly and letting water above the top of the bottle leak out
slowly. Sample bottles were then removed from the bottom of the funnels, capped and placed in
the refrigerater until shipped to I0S (by air) in coolers lined with freezer packs.

At I0S, these samples were subsampled for organic carbon and total weights were determined.
A salt correction was made by measuring the salinity of the supernatant and weighing the sample
before and after drying (supernatant decanted off). Total weights can then be converted to capture
rate (g/day) using the deployment interval.

2.2 Sample Analysis

The samples from the sequential- and multi-sediment traps were sieved through 500 gm and 63 pm
sieves and subsampled for the following analysis: Fe, Al, Ca, Si, P, organic carbon and nitrogen
(POC,PON), carbon and nitrogen isotopes (13C, 15N), light microscopy (LM), scanning electron
microscopy (SEM), chlorophyll and phaeo-pigment (Chla) and total pigment (PIG). Fach of the
subsample types was treated in such a way as to avoid contamma.tmn and the procedures for
subsample treatment and sample analysis are described below.

12
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2.2.1 Quality Assurance in Laboratory Analysis

Errors for the various methods reported here are expressed as precision and accuracy and are
summarized in Tables 3 to 7. Pooled variance, sp, is calculated as

— E?:l d?‘
P 2k

where k is the number of duplicates in the data set and d; is defined as the difference between
duplicates.

Two sediment trap control sediments were prepared from the multi-trap samples at station 3
(MT-1) and at station 7 (MT-2) by removing the salt, drying and grinding with an agate mortar and
pestle. These sediment-trap control samples were analyzed independently by an outside laboratory;
values obtained by this lab are considered to represent 100% recovery for the purposes of this report.
It is recognized that MT-1 and MT-2 are not true reference materials; rather, we have used them as
controls representative of sediments and sedimenting material from the Beaufort Shelf. Standard
reference sediment BCSS-1 (NRC, Canada) and control sediments MT-1 and MT-2 were analyzed
with the sample batches as a check on the technique (for Al, Ca, Fe, Si and P analysis).

2.2,2 Sample Sieving and Splitting

The samples from the traps were wet-sieved through 500 pm and 63 u Nitex sieves using the super-
natant liquid or filtered seawater from Ocean Station Papa (50° N 145° W) as the wash solution.
The three size fractions (<63 um, 63-500 um, and >500 um) were then split by using graduated
cylinders to pour off measured volumes of the suspended sample or by using a rotary splitter. Sub-
samples for metals (Fe, Al, Ca), P, Si, particulate organic carbon and nitrogen, chlorophyll, light
microscope, and scanning electron microscope analysis were taken for each sample (Figure 8). A
flow diagram was drawn for each sample to keep track of the various portions.

For each sample, the supernatant was decanted off through a 500 um sieve and into a squeeze
bottle. The remainder of the sample was then passed through the 500 pm sieve and the material
was washed to remove particles less than 500 pm using the supernatant liquid in the squeeze botile.
The >500 pm fraction was then washed into a sample cup using the supernatant liquid. When
there was not enough supernatant liquid for rinsing, filtered seawater from Station Papa (1000 m
and 200 m) was used. The >500 pm portion was labelled and refrigerated in the sample cup for
further sorting or filtered onto a 47 mm 0.4 gm Nuclepore filter and dried or frozen. The <500
pm portion was then passed through a 63 um sieve using the supernatant liquid for rinsing, The
63-500 pm portion was then rinsed off the screen into a sample cup and stored in the refrigerater
along with the <63 ym portion to await splitting. The 63-500 #m and the <63 pm fractions were
then split using a rotary splitter or graduated cylinders.

For the subsample for metals (Fe, Ca, Al), Si and P, a portion of the total sample was filtered
onto an acid cleaned 0.4 pm, 47 mm Nuclepore filter, and rinsed three times with a 3% ammonium
carbonate solution. These filters were prepared as follows: 6 N HCI for 4 hours, overnight in dilute
HCl (<1%), rinsed well with double Milli-Q water, dried on acid cleaned petri slides at 50 °C
overnight and weighed on a Mettler M3 balance. Where possible, replicates of the metal samples
were prepared. After filtration, the filters were dried overnight at 50 °C, cooled for 4 hours in a
dessicator and re-weighed on a Mettler M3 micro balance. These weights were used to calculate
the total flux for the time periods they represent.

The particulate organic carbon and nitrogen and the C and N isotopes subsamples were filtered
onto 0.8 pm, 24 mm precombusted silver filters, rinsed with glass distilled water, dried overnight
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SEDIMENT TRAP SUBSAMPLE

<--- weot sieve - 500 um

I T

<500 um FRACTION >500 um FRACTION

<---wot sigva - 63 um

<B3 um FRACTION 63-500 um FRACTION

<--- sampla splitting and subsampling ~--> (as for <63 um fraction)
' SBEM Scanning electron microscope sample (47 mm, 0.4 um nucleopore filters;
DMQ rinsa; dried)
LM Light microscope sampla (preserved In lugol’s solution)
CHLA Chlorophyil a and phaso-pigment sample (47 mm GFF filter;

1 mi MgCO3; 3% NaCl rinse; storad In freazer; analyzed by fluorimetry)

PG Sampie for chlorophylls, carotenoids and their breakdown products
(47 mm GFF filter; 3% NaCl rinse; frozen at -50 deg. C; analyzed by HPLC)

POC/PON Organic carbon and nitrogen sample {pracombusted, 25 mm, 0.8 um sliver
‘ fillers; distitled water rinses; decalcification by conc. HC! fuming or
addition of 0.5 N HCI; analysis by CHN analyzer)

M Subsampila for Al, Ca, Fa, Si and P analysis (47 mm, 0.4um nucieopore filter;
ammonium carbonate rinse; acid digestion in teflon bombs; analysls of Si and P
by autoanalyzer; analysis of Al, Ca and Fa by FAAS and GFAAS)

Figure 8: Sieving and subsampling flow chart
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in a 50 °C oven, and stored until analyzed. The light microscope samples were transfered to small
glass vials, preserved with Lugol's solution and stored in the refrigerater.

For the scanning electron microscope (SEM) subsample, a very small fraction of the sample
was filtered onto a 0.4 pm, 25 mm Nuclepore filter, rinsed with Milli-Q water to remove salt, dried
overnight in a 50 °C oven and stored in plastic Petri dishes for future analysis.

The chlorophyll and phaeo-pigment subsample (Chl a) was filtered onto a 47 mm GFF filter
with filtered seawater rinses. Just before the filtration was complete, approximately 1 mL of a
1% suspension of MgCO3 was added to the filter. The sample was then folded into a Whatman
#1 filter, labelled and stored in the freezer in a dark bottle containing dry silica gel. During the
splitting and filtration steps care was taken to keep the light low and to keep the samples cool to
maintain their integrity.

The pigment samples were treated in the same manner as the chlorophyll samples except that
there was no MgCO;z added to the filter and they were stored in a minus 50 °C freezer until
analyzed.

2.2.3 Calculation of Total Fluxes
In general, the total fluxes for the sequential traps and the multi-traps were calculated as follows :

W

FluxﬁFxDxA

where:

W Summation of weights of metal, SEM and carbon subsamples.
F Summation of fractions of total weights of subsamples.

D Duration of collection period.

A Collection area of trap.

Where appropriate, some subsamples were not included in the flux calculations. For example,
during the first deployment many of the POC samples were dried on aluminum foi! and the result-
ing corrosion yielded unreliable weights for the flux calculations. The SEM sample was not always
included and any samples where there was doubt about the weight were excluded. Splitting infor-
mation and the subsample weights are included in Appendices and subsamples that were excluded
from the calculation are noted specifically in the comments.

2.2.4 Digestion Procedure for Fe, Al, Ca, Si and P Analysis

Concentrations of Fe, Ca, Al, Si and P were determined by complete acid digestion of the sample
in Teflon bomb. Fe, Ca and Al were analyzed by atomic absorption spectrophotometry (flame and
graphite furnace) and the Si and P were analyzed using a Technicon Autoanalyzer.

Standard reference sediment BCSS-1 and the in-house control samples (MT-1 and MT-2) were
digested and analyzed in the same manner as the trap samples to determine the precision of
the techniques and to evaluate recoveries. Approximately 10 % of the samples were analyzed in
duplicate and the pooled satandard deviation was calculated.

The Nuclepore-filtered samples were digested following a modification of the method described
by [Noriki et al. 1980]. These modifications were made to adjust the method to the particular
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equipment we have, and also in accordance with method testing carried out on Standard Reference
Materials. The samples and Standard Reference Materials were digested in sets according to sample
weight and whether there was a filter. The following digest sets were used:

set A 30 to 75 mg sample weight, filter.

set B >75 mg sample weight, no filter.

set C 10 to 30 mg sample weight, filter.

set D 2 to 10 mg sample weight, filter.

set E <2 mg sample weight, filter.

set F <2 mg samples of BCSS-1, MT-1, MT-2 and blank filters.
set G Va.ned we1ghts ﬁlter

Dlgestlons were ca.rr:ed out in Teﬂon bombs ﬁtted Wlth stamless steel co]lars hned Wlth Teﬂon
The bombs were cleaned by immersing them in a warm 4 N HNQj3 bath overnight and then rinsing
them well with double Milli-Q water. Before the low- weight samples were digested the bombs
were prepared by running them through the procedure without samples: 500 pL HNOjz, 500 pL
perchloric acid, 500 pI HF were added to the bomb, the bomb was sealed and heated at 150 °C
for 6 hours, cooled, rinsed well with double Milli-Q and dried. The dried and weighed samples (on
Nuclepore filters or dried and preweighed into plastic vials) were transfered to the bomb taking
care not to lose any of the sample. Using an Eppendorf repeator pipette with an acid cleaned tip,
300 L of concentrated HNO3 (Aristar) was added to each bomb (a maximum of 12 samples were
digested per batch). Each bomb was checked to ensure that the sample was completely wetted with
the acid. This was followed by the addition of 300 uL of concentrated perchloric acid (Aristar) and

" gentle swirling to ensure that the acids were well mixed. The bombs were then sealed and fitted
with stainless steel collars and placed in a forced air oven preheated to 150 °C for 5 hours. After
cooling to room temperature in the draft of a fumehood, the bombs were opened and 300 uL of
concentrated HF (Aristar) were added to each bomb. Bombs were swirled gently to ensure that
the contents were well mixed, resealed and reheated in the forced air oven at 150 °C for a further
6 hours, removed from the oven and cooled to room temperature in the fumehood. The two-step
digestion was used to ensure complete dissolution of the Nuclepore filters. Usually, the first step
was carried out during the day and the second overnight using a timer to turn the oven on at a
pre-set time. The bombs were then opened and sample was transfered to acid cleaned, preweighed
(to nearest 0.0001 mg) 15 mL polybottle using small rinses of double Milli-Q water and an acid
cleaned polyfunnel. The volume was made to approximately 10 mL and care was taken to avoid
any liquid getting on the outside threads of the bottle. The 15 mL polybottles were handled with
plastic gloves to avoid changing the weight of the bottle as this could contribute error to the 3i
subsampling. The polybottles were capped and stored for the Si subsampling and the evaporation
steps. Each digest set (9 to 12 samples) contained one or two reference sediments and a blank. The
long digestion times were necessary due to the large size of the Teflon bombs used. Shorter times
resulted in incomplete digestions.

A subsample was removed from the digest described above for the Si analysis prior to the
evaporation step to avoid any loss of Si. The 15 mL polybottle containing the digested sample was
weighed (Mettler AE163 balance to the nearest 0.0001 mg) before and after removal of a subsample
for Si using an adjustable volume Eppendorf pipette. The volume of the digest taken depended
on the sample weight digested (e.g., <2 mg — 500 uL, 2-5 mg - 200 pL, > 5 mg ~ 100 uL). The

17



fraction of the total sample used for the Si analysis was calculated from the weight used for the
Si sample and the total weight of the digest. The volumes for the subsamples are outlined below.
Samples of greater than 10 mg often required further dilution.

The Si subsamples were pipetted into acid cleaned plastic tubes containing 10 mL of the dilution
matrix (35 g NaCl and 1.2 g boric acid dissolved in double Milli-Q and made up to 1 liter). The
diluted Si sample was then capped tightly and stored in the refrigerater until analyzed.

After the removal of the Si subsample, the sample digest was evaporated to dryness in an acid
cleaned Teflon beaker on a hot plate. The digest was transfered to the beaker with small DMQ
rinses. The empty polybottles were placed in an oven to dry so that the samples could be returned
to them after redissolution. After the samples were allowed to cool, 200 uL concentrated HCl
(Aristar) was added to the beaker to dissolve the dried sample. The sample was then added to acid
cleaned 10 mL volumetric flasks using a small glass funnel and small rinses of DMQ, and made to
volume. The sample was returned to the dry 15 mL polybottle, capped tightly and stored in the
refrigerater till further analysis.

Care was taken during the digestion procedure to avoid contamination. All equipment and
containers that came into contact with the samples were carefully acid cleaned. The Nuclepore
filters were soaked for 4 hours in 6 N HCI, soaked overnight in dilute HCI, rinsed well with DMQ
water and dried in acid cleaned Petri slides. Acid cleaned plastic tweezers were used to handle the
filters. All pipette tips used in this procedure were cleaned in a 1 N HC) solution. Teflon bombs,
Tefion beakers, and 10 mL glass volumetric flasks were soaked in 1 N HCI for a minimum of 4 houts
and well rinsed with DMQ water between digests.

The subsamples for the metal, Si and P analysis were filtered onto Nuclepore filters as described
above and folded over while still wet to prevent the loss of sample during weighing and transfering
procedures.

One standard reference sediment (BCSS-1) and two control sediments (MT-1 and MT-2) were
digested frequently along with the samples. The percent recoveries, averages, standard deviations
and number analyzed for these reference materials are reported in Tables 4 to 7. Blanks were
measured by digesting Nuclepore filters that had been treated in exactly the same manner as
the filters used with the samples. Blanks were measured for the filterless samples by carrying
out a digestion using only the acids. The blanks were carried through the digestion, dilution and
analytical procedures, with treatment identical to that of the samples. The variability in the blanks
was used to determine the detection and quantitation limits for the various analysis.

2.2.5 Determination of Fe, Al and Ca by Atomic Absorption Spectrophotometry

After the digestion and evaporation steps, the samples were analyzed for Fe, Al and Ca using flame
atomic absorption spectrophotometry FAAS (Varian AA - 1475 series with programmable sample
changer Varian Model 55) and graphite furnace atomic absorption spectrophotometry GFAAS
(Perkin Elmer Model 503 interfaced to an IBM compatible computer). Instrumental settings are
given in Tables 7, 8 and 9. Samples of less than 2 mg were analyzed by GFAAS only, samples
between 2 and 10 mg were analyzed by GFAAS and FAAS and samples greater than 10 mg were
analyzed by FAAS only. All dilutions of samples and standards were made using a HCl/double
Milli-Q matrix (20 mL concentrated Seastar HCI per liter) which was also used as the zero standard
in the calibration runs.

A multi-element standard was prepared from commercial atomic absorption spectroscopy stan-
dards with concentrations of 1 mg/mL. The standards were prepared to match as closely as possible
the proportions of the elements present in the control sediments MT-1 and MT-2. Primary stan-
dards were prepared which contained Fe, Al, Ca, Pb, Mn, Ni, Mg, Na, K, Cu, Zn, Cd and Co in
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a ratio of 4:7:1:0.002:0.1:0.01:2:3:1:0.004:0.02:0.005:0.004. Secondary standards were prepared by
dilution of the primary standard to span the required calibration ranges.

All samples greater than 2 mg (digest sets A,B,C and D) were analyzed for Fe, Al and Ca
by FAAS, the calibration ranges and dilutions being dictated by sample weight. Table 8 outlines
the instrument settings, the calibration ranges, the sample dilutions and the detection limits for
the FAAS analysis. The Varian AA- 1475 is controlled by a computer program run by an Apple
computer which applies a curve fitting routine to the calibration data and calculates the sample
concentrations in pzg/mL. For Al and Ca runs (and for Fe set C), the trays were set up such that
the first six and the last six samples on the trays were a repeat of the calibration standards. This
was done to overcome difficulties encountered with the acetylene/nitrous oxide flame which has a
tendency to cause a build-up of carbon on the burner head changing the character of the flame.
Further, standards (usually the middle and zero standard) were run throughout a set at a chosen
interval to provide an additional check on the calibration drift. The start and end envelopes of
standards were averaged and fitted to a straight line used to calculate the sample concentrations
~which are then compared to the concentrations calculated by the program. In some cases the
calibration data were treated as a straight line to get the best possible values for the samples.
Where there was good agreement between the the calibration curves, the values calculated by
the program were chosen. In all cases, the concentrations were well above the quantitation limit.
Where it was judged that better values could be obtained using linear regression on the start and
end envelopes of standards, the sample concentrations calculated in this manner were chosen. The
standard pooled deviation for the duplicate samples (independent digests) were calculated and are
reported in Table 3. Percent recoveries were calculated for the reference and control sediments
(BCSS-1, MT-1 and MT-1) and are reported in Tables 4, 5 and 6. )

For the FAAS analysis,the percent concentrations of Al, Ca and Fe were calculated as:

_ {Cs—Cb)x v x 100
T Fdx Wsx F x 1000

%X

where:
% X Percent concentration of Al, Ca or Fe in the sample.
Cs Concentration of element in ug/mL.

Cb Average concentration of the blank (in pg/mL per mg filter times the weight of the filter OR
pg/mL if no filter was used).

v Volume that sample is made up to after evaporation (10 mL).

Fd Dilution factor of the sample (0.1, 0.01 etc.).

Ws Weight of the sample in mg,

F Fraction of total sample evaporated {accounts for removal of the Si subsample).

Samples weighing less than 10 mg (sets D and E) were analyzed for Fe, Ca and Al by GFAAS,
Tables 9 and 10 outline the instrumental settings, detection limits and the programs for the GFAAS
analysis. Every tray (maximum of 30 samples) contains 2 or 3 complete digest sets (i.e. 9 to 12
samples per digest set). There are 1 or 2 standard reference sediments in each set. A series of
standards was run before and after each tray of 30 samples.

Due to incomplete atomization of Ca, it was necessary to make an adjustment to the peak
heights. Samples were run such that between samples, there was no sample introduced to the tube
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and the carry-over peak heights were measured and correlated with the sample peak heights (Figure
9).

This carry-over correction was made when the previous peak height was higher than 1.0 unit
using the following equation:

P = Pi~ ((0.014688 + 0.011279(Pp)) — 0.021444)
where:

P The peak height used for calculating concentrations.
Pi The initial, uncorrected peak height.

Pp The peak height of the previous measurement.

For Ca, eleven standards were run at the beginning and end of each tray (0.00, 0.01, 0.02, 0.04,
0.06, 0.08, 0.12, 0.20, 0.30, 0.40 and 0.80 jig/mL). A linear calibration was used for concentrations -
up to 0.08 pg/mL (if there was a good line, the linear calibration was up to 0.4 pg/mL). For
concentrations between 0.08 and 0.40, when a linear calibration was not appropriate, a curve was
fitted using a quadratic equation (0.00 to 0.40 pg/mL). The values reported are corrected for the
blank values of the filters.

For Fe, the standards 0.00, 0.04, 0.08, 0.16, 0.32, 0.48 and 0.80 ug/mL were run before and
after each tray of samples. Linear calibration was used for concentrations up to 0.16 pg/mL. For
Fe concentrations between 0.16 and 0.80, a quadratic curve fit was used. The values reported are
corrected for the blank values of the filters.

For Al, the standards 0.00, 0.05, 0.10, 0.20, 0.30, 0.40 and 0.60 xg/mL were run before and after

each tray of samples. Linear calibration was used for concentrations between 0.05 and 0.30 pg/mL -

(or up to 0.40 ug/mL). For concentrations less than 0.05 or greater than 0.30 ug/mL, a quadratic
equation was used. As the blanks were considered indistinguishable from the instrumental noise,
there was no blank correction made for the filter blanks.

The equations used in the determination of Fe, Ca and Al by GFAAS are as follows :

e Linear calibration

C_(P—(Aan-i—Bbe))
T (Axal+Bxbl)

where:

P Peak height or peak area.
C Concentration in pg/mL.

Any number between 0 and 1. The first sample in each tray is 0, the last one is 1. The
ascending step is 1/{N-1), N is the number of samples between the beginning and end
standard envelopes.

o

A Any number between 1 and 0. The first sample in each tray is 1, the last one is 0.
The descending step is 1/(N-1), N is the number of samples between the first and end
standard envelopes.
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a0 The constant in the regression output of the standard curve run before the sample tray.
b0 The constant in the regression output of the standard curve run after the sample tray.

al The X coefficient in the regression output of the standard curve run before the sample
tray.

bl The X coefficient in the regression output of the standard curve run after the sample tray.

¢ Quadratic curve fitting:

_ —(Axal+Bxbl)4[(Axal+Bxbl)®—4x(Axal+Bxbl~P)x (A xa2+B x b2)]*s

© 2% (Axa2+Bxb2)

where;

C Concentration in pg/mL.
A Same as in equation for linear calibration.
B Same as in equation for linear calibration.
P Peak height or peak area.

a0, al, a2 Constants from the equation P = a0 + al x C + a2 x C? which was run before
the sample tray.

bo, b1, b2 Constants from the equation P = b0 + bl x C 4+ b2 x C?, which was run after
the sample tray.

Calculation of the percentages of Fe, Ca and Al in the samples:

CxFdxVx100
AX = Fx Wsx 1000

where:

V' Volume that the sample is made up to after evaporation (10 mL).
%X Percentage of Fe, Ca or Al in the sample.

C Concentration of the analyzed dilution of the sample (ug/mL).
Fd Dilution factor (20, 40, 100 or 200)

‘Ws Weight of sample in mg.

F Fraction of total sample evaporated (accounts for removal of Si subsample).

2.2.6 Analysis of Si and P

S5i and P determinations were performed using Technicon Autoanalyzer II components. The Si
levels in the digested trap samples were determined according to Technicon Industrial Methods
No.186-72 and P levels were determined using a modified Technicon method [Brynjoifson, 1973].
The sample used for P analysis was taken from the digest after the evaporation step. Sagami
standards were prepared to calibrate secondary standards, which were prepared daily. For the Si
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analysis, the standards were matrix-matched to the samples (1.2 g boric acid, 35 g NaCl, 0.3 mL
cone. HNOjz, 0.3 mL conc. HClOy4, 0.3 mL conc HF per liter solution). The wash solution was
35 g/L NaCl and the matrix solution was inserted frequently throughout the run to establish the
baseline. For the P analysis, 30.5 g/L NaCl was used as a matrix for preparing the standards and
for establishing the baseline. Approximately 10 % of the samples were digested in duplicate and
pooled standard deviation values calculated for both the 5i and P analysis (Table 3). Table 10
gives the percent recovery values obtained for BCSS-1 and the control samples, MT-1 and MT-2.

For digest sets A, B and C, all the samples run for Si were well above the quantitation limit
(QL). QL is defined as 10 times the standard deviation of the blanks run with that set. For sets
D and E (sample weights < 10 mg), the blanks were much more erratic and there were problems
in that some of the samples were below the QL. For sets D and E, the Si blanks were diluted
in the same manner as the samples and the average blank for the run was subtracted from the
concentration values for the samples. Any of the samples that were below either the detection or
quantitation limit are flagged in the Appendix tables.

The % Si and % P values for the trap samples were calculated as follows:

((C—B)x 28.086 x V x 1078

%Si = DxXWx ) % 100

((C—B)x30.974x V x 107°

he = (D x W x F)

x 100

where:

C Concentration of Si in pg-at/L.

B Concentration of blank in pg-at/L.

V Final volume of first dilution after the digestion for Si or after the evaporation for P.
D Dilution factor of second dilution (if any).

W Weight of sample digested (mg).

F Traction of total sample used for Si analysis or fraction of total sample evaporated for P.

2.2.7 Particulate Organic Carbon and Nitrogen Analysis

After splitting, the sediment trap samples were filtered onto precombusted silver filters (25 mm,
0.8 um) and dried overnight at 50 °C for POC/PON analysis. The samples were stored in glass or
plastic Petri dishes and inorganic carbon was removed using two techniques. For samples less than
5 mg that contained only fine particles, the filters were exposed to concentrated HCl vapours in a
covered glass dessicator for 12 hours and then dried for 12 to 24 hours at 50 °C. For samples that
were greater than 5 mg or for samples that contained large particles, several drops of 0.5 N HCI
were placed on the filter and left for half an hour. The filter was then dried for 12 to 24 hours at
50°C.

The samples were analyzed using a Perkin-Elmer Model 240 elemental analyzer standardized
with acetanalide. Samples weighing less than 20 mg were treated to remove inorganic carbon and
analyzed whole. Those weighing between 20 and 40 mg were also treated to remove inorganic
carbon and then cut with clean scissors and analyzed in two runs and the carbon and nitrogen
values added together. For samples weighing more than 40 mg, approximately 10 mg of sample
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was removed using a clean spatula and placed on a combusted, preweighed silver filter (25 mm, 0.8
pm), weighed to 0.01 mg and then treated with several drops of 0.5 N HCI to remove inorganic
carbon as previously described. Blanks were prepared by combusting silver filters (25 mm, 0.8 um)
at 450 °C for half an hour and cooling in a dessicator. The filters were then transferred to glass
or plastic Petri dishes and weighed to 0.01 mg on a AE163 Mettler balance. The filters were then
rinsed three times with glass distilled water on a Gelman filtration head, dried at 50°C for 24 hours,
placed in a dessicator to cool and reweighed. Four sets of blanks were processed to discern any
differences between using glass versus plastic petri dishes or between the two acidification methods
to remove inorganic carbon. These blanks were treated as follows :

1. P SOLN - Filter placed in plastic Petri dish and treated with several drops of 0.5 N HCL.
2. G SOLN - Filter placed in glass Petri dish and treated with several drops of 0.5 N HCL.
3. P FUME - Filter was placed in a plastic Petri dish and exposed to fuming HCI.

4. G FUME - Filter was placed in a glass Petri dish and exposed to fuming HCL.

In all there were 11 blanks run and taken together, they were equivalent to 0.51 ug N (s =
0.74,n = 11) and 11.91 ug C (s = 6.07, n = 11) and these values were subtracted from the sample
values. The detection limits as three times the standard deviation of the blanks are 2.22 pg N and
18.21 pg C. Duplicate analyses were run on 10 samples for the second deployment of the traps. The
pooled standard deviation for the 10 duplicates is 0.41% C (for the range 2.89% C to 13.90% C)
and 0.092% N (for the range 0.36% to 2.33% N). To check the subsampling technique on samples
weighing greater than 40 mg, duplicates were run on three samples. The pooled standard deviation
for these duplicates was 0.15% C (range 4.5% to 8.7% C) and 0.006% N (range 0.5% to 1.2% N).

For the analysis of the first deployment on the traps, many of the samples were dried on
aluminum foil which in some cases resulted in corrosion of the foil. These samples have not been
used for calculation of fluxes and are indicated by the following designations in the tables in the
appendix:

> Dried on foil, no visible corrosion.

>> Dried on foil, small amount of corrosion.
>>> Dried on foil, more extensive corrosion.
>>>> Dried on foil, large holes in foil.

G Dried on glass Petri dish.

P Dried on plastic Petri dish.

2.2.8 Pigment Analyses

Fluorometry The chlorophyll a and phaeo-pigments were determined fluorometrically with a
Turner Design fluorometer calibrated using pure chlorophyll [Parsons, T.R., Y. Maita, C.M. Lalli,
1984].

24



HPLC Detailed pigment analysis was performed on samples from the first deployment of S51-
1 and on samples from all stations of the second deployment of the sequential traps (stations §51-2,
$52-2, SS3-2 AND §84-2). Chlorophylls and carotenoids, along with their breakdown products,
were separated and quantified by high performance liquid chromatography (HPLC). Additional
water and ice algae samples were analyzed to aid in identification of types and sources of pigments.

Subsamples from both the >500 pm and <500 um size fractions were filtered onto 47 mm
diameter Whatman GF/F filters. Filters were stored in cryovials immersed in liquid nitrogen until
processed. For extraction of the pigments, filters were placed in vials containing 2 mL of 90 %
acetone and held at minus 40 °C overnight, followed by sonication in a refrigerated water bath.
Pigment extracts were clarified by filtration through 25 mm or 13 mm diameter 0.45 pm Gelman
nylon acrodisc syringe filters. In some cases, the volume of extracts was reduced prior to analysis
by bubbling with nitrogen gas, with the sample in the dark at 4 °C, to concentrate the pigments.

The reverse-phase chromatographic separation involved a 30 minute linear gradient, from ini-
tial solvent conditions of 80:10:10 methanol:water:tetrabutylammonium acetate ion-pairing reagent
[Mantoura and Liewellyn, 1983] to final conditions of 80:20 acetone:water, at a flow rate of 2 mL
per min. A Waters Nova-Pak C18 column (10 cm x 8 mm ID, 4 pgm particle size) in a radial
compression module (Waters RCM 100} was employed along with a pre-column guard unit (Waters
Guard-Pak pre-column module with C18 pre-column insert). Injection volumes ranged between
200 and 500 pL.

Detection was by diode-array spectrophotometry (Hewlett Packard model 8452A diode-array
spectrophotometer) and fluorimetry (Perkin Elmer 204 spectroflucrimeter). Fluorescence data
were collected at 1 s intervals. The excitation wavelength was 430 nm and a high band pass filter
(Wratten no. 16 color specification: 50% transmission at 542 nm, 90% at 620 nm) was émployed
for emmission detection. Absorbance data were collected at every 2 nm from 400 nm to672 nm,
also at 1 s intervals. Absorbance chromatograms were derived from the diode array data for 430 nm
and 664 nm, to quantify carotenoids and chlorophyll derivatives respectively. Standards containing
known concentrations of chlorophylls a and b, xanthophyll and/or S-carotene (Sigma Chemical
Co.) were run regularly to standardize the instrument. Pheophytins a and b were prepared from
their respective chlorophyll antecedents by acidification to establish additional pigment standards.

2.2.9 Identity and Abundance of Zooplankton in >500 um Fraction

The identity and abundance of zooplankton retained in the sediment traps were analyzed for the
second deployment of the sequential sediment traps. Samples were screened through a 500 pm Nitex
mesh. Animals retained on the screen were removed, identified, counted and dried. Representative
specimens of each taxa were preserved in 5% formaldehyde for later confirmation of identity. In
some samples preservation was poor with the result that some of all taxa could not be sorted
and counted. In particular, sample 551-2 cup#1 had a large number of animals that could not
be counted. Sample 553-2 cup#2 was not analyzed. The number and types of animals retained
in the sediment traps cannot be directly interpreted in terms of flux or community composition.
Animals are differentially attracted or repelled by traps [Harbison and Gilmer, 1986, Lee et al.
1988] and differences in trap designs may introduce bias in any quantitative analysis. To facilitate
comparison between traps, quantitative data for taxa found in abundance, copepods and pteropods,
are presented in numbers of animals retained per day per metre squared. We emphasize that these
should not be considered as fluxes. For rare animals, the number retained in each cup is given. An
analysis of variation between traps in the taxa and abundances of animals retained as well as some
of the processes controlling this is presented elsewhere [Forbes et al, 1992].
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TABLE 3 : STANDARD POOLED DEVIATION FOR DUPLICATES
FE, AL, CA, SI AND P ANALYSIS

TYPE Sp
OF 63-500  63-500 # PAIRS
PARAMETER ANALYSIS SET  FRACTION #DUPS DELETED

Sp
<63

<63

# PAIRS

FRACTION #DUPS DELETED

%Fe COMBINED ALL SETS 1.307 23 0
%Fe ALL SETS 0.242 21 2
G6Al FAAS AB.CD 0.477 12 0
%Al GFAAS D.E 0.807 18 0
%Ca FAAS ABCD 0.487 12 0
%Ca GFAAS D.E 0.332 18 0
%Sl - AA ALL SETS 1.528 24 0
%Si AA ABC 0.507 6 0
%65i AA D.E 1.74 18 0
%51 AA D 1.058 11 0
%Si AA E 2,454 7 0
%P AA ALL SETS 0.073 25 0
%P AA ALL SETS 0.0313 24 1

30

0.153

0.249
0.406

1.209
0.644
2421
2.843
0.825

0.014

47

(=2 = B = B v | (=]

o



TABLE 4 : PERCENT RECOVERIES - FE ANALYSIS

PARA- % FE ACTUAL

REFERENCE DIGEST METER FAAS OR EXPECTED _ CALCULATED

SEDIMENT SET GFAAS X L] N % RECOVERY
BCSS-1 A % Fa FAAS 3.287 3158 Q.097 b5 96.08

BCSS-1 B % Fa FAAS 3.287 3.174 0.152 3 96.56

BCSS-1 c % Fe FAAS 3.287 3.081 0.096 4 93.73

BCSS-1 D % Fa FAAS-pgm 3.287 2.795 0.477 8 85.03

BCSS-1 D % Fa FAAS-pgm 3.287 3.046 0129 6 92.67

BCSS-1 D % Fa FAAS-#1 3.287 3.080 0483 8§ 93.70

BCSS-1.. D % Fe = FAAS-#1. 3.287. 3.339 . 0.102 & 101.60.
BCSS-1 D % Fe FAAS-#2 3.287 3084 0458 B 93.82
BCSS-1 D % Fg FAAS-#¥2 3.287 3.325 0116 6 101.16

BCSS-1 D % Fe GFAAS 3.287 3.026 0516 8 92.06

BCSS-1 D % Fe GFAAS 3.287 3.284 0.156 6 100.21

BCSS-1 E % Fe GFAAS 3.287 3.336 0291 4 98.14

BCSS-1 F % Fe GFAAS 3.287 3.3%0 0.122 6 103.13

MT-1 A %Fa FAAS 3.490 3.387 0.174 4 97.05

MT-1 B %Fa FAAS 3.490 a.3mM1 0.020 2 96.59
MT-1 C %Fe FAAS-pgm 3490 3.286 0.056 3 94.15

MT-1 C %Fe FAAS-#1 3.430  3.298 0112 3 94.50
MT-1 D %Fe FAAS-pgm 3.490 3.301 0.198 4 94,58
MT-1 D %Fa FAAS-#1 3.490 3507 0.169 4 100.49
MT-1 D %Fa FAAS-#2 3.490 3.517 0.084 4 100.77
MT-1 D %Fa GFAAS 3.490 a.769 0.344 4 107.99
MT-1 E %Fa GFAAS 3.490  3.587 0.203 4 102.78
MT-1 F %Fa GFAAS 3.490 3.682 0.056 6 105.50
MT-2 A %Fa FAAS 3.820 4,207 0.219 4 107.32
MT-2 B %Fa FAAS 3.920 3.588 0.068 2 91.53
MT-2 C %Fe FAAS-pgm 3.920 a.727 0072 3 95.08
MT-2 c %Fe FAAS-#1 3.920 3727 0.068 3 95.08
MT-2 D %Fe FAAS-pgm 3.920 3.689 0.084 4 94,11
MT-2 D %Fe FAAS-#1 3.920 3.993 0.140 4 101.86
MT-2 D %Fa FAAS-#2 3.920 3.866 0.121 4 98.62
MT-2 D %Fe GFAAS 3.920 4.066 0.147 4 103.72
MT-2 E %Fe GFAAS 3920 4.116 0.585 4 105.00
MT-2 F %Fe GFAAS 3.920 4.298 0301 6 109.64
NOTE:

1. FAAS-pgm refers to dala analyzed using curve fitting program.
2. FAAS-#1 and -#2 refer to data calculaled_ using linear ragrassion.
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TABLE 5: PERCENT RECOVERIES - AL ANALYSIS

PARA- % AL ACTUAL

REFERENCE DIGEST METER FAASOR EXPECTED _ CALCULATED

SEDIMENT SET GFAAS X S N % RECOVERY
BCSS-1 A %Al FAAS 6.261 6.327 0.350 5 101,05

BCSS-1 B %Al FAAS 6.261 6.643 0.223 3 106,11

BCSS-1 C %A! FAAS 6.261 6.073 0.814 4 97.00
BCS8S-1 C %Al FAAS 6.261 6.472 0.202 3 103.36
BCSS-1 D %Al FAAS 6.261 6.098 1.238 8 97.39
BCSS-1 D %Al FAAS 6.261 6.720 0508 6 107.33
BCSS-1 D %Al GFAAS 6.261 5.163 0.920 8 82.46
BCSS-1 D %Al  GFAAS 6.261 5,632 0366 6 89.95
BCSS-1 E %Al  GFAAS 6.261 4.995 0539 4 79.77
BCSS-1 F %Al GFAAS 6.261 6.223 0.809 6 §9.40
BCSS-1 F %Al GFAAS 6.261 6.469 0.604 5 103.33
BCSS-1 E+F 96Al GFAAS 6.261 5.732 0.529 10 91.55
MT-1 A %Al FAAS 6.637 7.041 0.264 4 106.09
MT-1 B %Al FAAS 6.637 7.251 0330 2 109.24
MT-1 C %Al FAAS 6.637 6.714 0.058 3 101.12
MT-1 D %Al  FAAS 6.637 6.870 0.454 4 103.51
MT-1 D %Al  GFAAS 6.637 5.602 1.043 4 84.40
MT-1 E %Al GFAAS 6.637 6.523 0.528 4 98.28
MT-1 F %Al GFAAS 6.637 6.624 0.803 6 99.81
MT-2 A %Al FAAS 7.412 9.213 0571 4 124.30
MT-2 B %Al FAAS 7.412 7.952 0178 2 107.30
MT-2 C %Al  FAAS 7412 7.250 0.213 3 97.82
MT-2 D %Al  FAAS 7412  B.152 0351 4 109.99
MT-2 D %Al GFAAS 7.412 6.566 0176 4 88.59
MT-2 E %Al GFAAS 7.412 6.092 0.383 4 82.19
MT-2 F %Al GFAAS 7.412 7.703 0.568 ¢ 103.92
NOTE:

1. MT-2, SET D, GFAAS - one value eliminatad.
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TABLE 6 : PERCENT RECOVERIES - CA ANALYSIS

PARA- % CA  ACTUAL

REFERENCE DIGEST METER FAASOR EXPECTED - CALCULATED

SEDIMENT SET GFAAS X 5 N % RECOVERY
BCSS-1 SETS A-D %Ca FAAS 0.543 0.561 0.077 21 130.32
BCSS-1 SETSD.EF %Ca GFAAS 0.543 0.635 012 17 116.94
MT-1 SETS A-D %Ca FAAS 3.842  3.846 0.238 13 100.1
MT-1 SETS D,EF %Ca GFAAS 3.842 3577 0.333 14 93.103
MT-2 SETSA-D.. . %Ca.. FAAS. . . 1.1259 1.188 . 0.065 13 .. .105.31
MT-2 SETSD,EF %Ca GFAAS 1.129 1.14 0.092 14 100.974

NOTE:
1. For BCSS-1 sets D,E and F, one high value was eliminated
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TABLE 8 : GFAAS INSTRUMENTAL AND ANALYTICAL INFORMATION

METAL Fo Al Ca
DIGEST SETS D,E D.E D.E
WAVELENGTH (nm) 248.6 309.3 422.5
INJECTION VOLUME (ul) 10 10 10
SLIT SETTING 3 4 3
BACKGROUND CORRECTION no no no
L'VOV PLATFORM TUBE yes yes yes
DILUTIONS 1/40 1740 1/40

1/100 1/300 1/100

1/200

CALIBRATION RANGE (ug/m) 0-0.8 0-0.4 0-0.4
DETECTION LIMIT (ug/mi) 0.009 0.022 0.006
QUANTITATION LIMIT (ug/ml) 0.030 0.060 0.020
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TABLE 9 : HGA 400 PROGRAM FOR GFAAS ANALYSIS

Fa Al Ca
all axcept
all samples small samples all samplas
STEPS :
1 1505/0 150 510 150 5/10
2 12005/10B12R13 1600 5/15 B16 A18 2000 10/15 B22 R23
3 26000/2R 2600 0/2R 27000/2R
4 201/3R 201/3R 2000 1/4 R
5 201/2 20110 2700 0/5
6 1300 1/4
7 2700 0/5
Small samples
1 150 5/10
2 1600510
3 1600 1/5 B2 R4 Mini
4 2600 0/2 R Mini
5 20 1/3 R Mini
6 201/20
NOTE:

Each step consists of : temparature, ramp time / hold tima.
R, B and Mini refer to read on, baseline on, and mini-flow on.
The numbers following R and B indicate a time dalay in seconds.
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TABLE 10 : PERCENT RECOVERIES - S| AND P ANALYSIS

PARA- TYPE %Sl, %P ACTUAL

REFERENCE DIGEST METER ANALYSIS EXPECTED  _ CALCULATED
SEDIMENT SET X S N % RECOVERY
BCSS-1  ALL SETS %S AA 30.9 24458 5112 @2 79.15
BCSS-1  SETSAB.C %S AA 30.9 28.482 2.294 13 92.17
BCSS-1  SETSDEF  %Si AA 309 21704  4.67 19 70.24
BCSS-1  SETD %Si AA 30.9 21.097 5721 8 68.27
BCSS-1  SETSEFG %S AA 30.9 22.146  3.979 11 71.67
MT-1 ALL SETS %Sl AA 26,396 20,926  4.197 24 79.28
MT-1 SETSAB.C  %Si AA 26.396 25.087 1.743 9 95.04
MT-1 SETSD,EF %Si AA 26.396 18.42%9 3.064 15 69.82
MT-1 SETD %S| AA 26.396 20.205 1.878 4 76.55
MT-1 SETSE % Si AA 26.3%6 17.784 3.202 11 67.37
MT-2 ALL SETS %S AA 21.766 17.107  5.47 23 78.59
MT-2 SETSAB.C  %Si AA 21.766 22.148 2.463 9 101.75
MT-2 SETSDEF  %Si AA 21.766 13.866 4.243 14 637
MT-2 SETD %Si AA 21,766 16420 2.302 4 75.48
MT-2 SETSE %S AA 21.766 12.841  4.488 10 58.99
BCSS-1  ALL SETS WP AA 0.067 0.0673 0.015 32 100.43
BCSS-1  ALL SETS %P AA 0.067 0.0677 0.0068 30 101.01
MT-1 ALL SETS %P AA 0.092 00895 0.0093 23 97.27
MT-2 ALL SETS %P AA 0.137 0.1389 0.0089 23 101.38
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5 Appendix A

SEQUENTIAL SEDIMENT TRAP FLUX AND CHEMICAL DATA

This appendix. includes Tahles.and. scanning electron microscopy photographs from the first de-
ployment. The Tables, which cover both deployments comprise 11 pages each for 551, 552, 553
and $54. Data are ordered as follows:

1.
2.

9.
10.
11.

I

Collection periods

Total fluxes

Aluminum

Calcium

Iron

Silica

Phosphorus

Chlorophyll and phaeo-pigments (63-500, < 63 um)
Chlorophyll and phaeo-pigments (> 500 gm, < 500 gm)
Particulate carbon and nitrogen (63-500, < 63 pm)

Particulate carbon and nitrogen (< 500 pm)

The method of calculation is described in the text. The data reported for the <500 p fraction are
calculated from the 63-500 u and the <63 u data.

A

o

DEFINITION OF FOOTNOTES IN APPENDIX A TABLES

Sample black in appearance

Hydrogen sulphide smell

Zooplankton badly decomposed and fragmented
Supernatant very yellow in colour

QOily film on surface

Extra HgCl; added

. Sample frozen in refrigerater before sieving step

. Below QL for 63-500 pm sample
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9. Below QL for <63 pm sample
10. No 63-500 pm sample
11. No flux data as funnel clogged prior to collection period
12. No data
13. Trap recovered on this cup - no flux data
14. Percent value for <63 um sample suspect

15. Possible Fe contamination

ABBREVIATIONS

PST - Pacific standard time

SEQ## - Sequence number

mg/m?/d - flux units (milligrams per metre squared per day)
ZOOPLKTN - Zooplankton

PHAEOQO - Phaeo-pigment

CHLA - Chlorophyll

>500, <500, 63-500, <63 - size fractions in pm.

LIST OF SEM PHOTOGRAPHS

551-1 - Cup #2, 63-500 pm (5)
SS1-1 - Cup #4, 63-500 um (4)
551-1 - Cup #4, <63 ym (3)
§51-1 - Cup #9, 63-500 um (9)
SS51-1 - Cup #13, 63-500 um (6)
553-1 — Cup #4, 63-500 pm (3)
553-1 - Cup #4, < 63 pm (1)
SS3-1 — Cup #9, >500 pgm (5)
853-1 — Cup #9, 63-500 pm (8)
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6 Appendix B

SEQUENTIAL SEDIMENT TRAP - SPLITTING INFORMATION AND FLUX
CALCULATIONS < 500 um FRACTION.

This Appendix contains information on the splitting, subsampling and flux calculations
for the samples from stations SS1, S52, 553 and 554. The Tables cover the first deployment
followed by the second deployment. The first deployment Tables include all the size fractions
(>500, 63-500 and <63) and the second deployment Tables include only the information for
the 63-500 and the <63 pm fractions. For the first deployment, the >500 data are not
complete as some of the samples were sent to Japan for analysis of carbon and nitrogen
isotope analysis. For the second deployment, the >500 fraction is dealt with in APPENDIX
C.

ABBREVIATIONS USED IN APPENDIX B (AND APPENDIX C)

SEQ# - sequence number.

X ~ samples marked by an X are not included in the flux calculation. See text for details on
the flux calculations.

>>>> — column topped by >>>> contains information about conditions under which the
POC and *C subsamples were dried. See text for explanation.

>, >>, >>>, >>>> — dried on aluminum foil, corrosion present.

P - POC and 3C samples dried on a plastic Petri dish.

G -~ POC and '3C samples dried on a glass Petri dish.

For the “SAMPLE TYPES” column (-n refers to replicate number):
POC - Organic carbon and nitrogen

13C ~ Carbon and nitrogen isotopes

M - analysis of Al, Ca, Fe, Si and P

SEM - scanning electron microscope

LM - light microscope

CHLA - Chlorophyll and phaeo pigment

PIGMENT - pigment analysis

FILTER TYPES
S - silver filter - 25mm, 0.8 pm

N - Nuclepore filter - 47 mm, 0.45 ym
GFF - glass fiber filter

NOTES
1. Sent to Japan
2. Lost 50% of sample during filtration
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M

© ® N > o

10.
11.

13.

14.
15.
16.
17.
18.
19.

. Approximately 5% leaked out during filtration

. Two 0.25 pm fractions were combined and approximately 15% was lost before splitting

into 0.125 pm portions for POC and '3C samples

Sample left out of refrigerater overnight

Station SS1-1, sequence 10, no chlorophyll or pigment sample for 63-500 pm fraction
Represents only a few hours after deployment

No sample - empty hole

Large pteropod in sample, no final weight as filter became stuck to glass

Oil slick on surface

Supernatant milky in appearance

Drops for SEM fraction are from M-4 fraction

Ice formation in samples overnight for subsamples POC-1 and POC-4; 2 mL were spilled
from the total of 44 mL for the subsamples POC-1,2,3,4. A correction was made for
the loss

Total volume for the SEM samples in 24 mL
No sample

Small amount of mucoid substance

Mucoid substance

Mucoid flux peak

Mucoid substance, size separation done without Nitex sieve
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7 Appendix C

SEQUENTIAL SEDIMENT TRAP - SPLITTING INFORMATION AND FLUX
CALCULATIONS >500 pm FRACTION, SECOND DEPLOYMENT.

For definitions and abbreviations see first page(s) of APPENDIX B.
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8 Appendix D

SEQUENTIAL SEDIMENT TRAP - ZOOPLANKTON IDENTIFICATION TABLE
(>500 pm), SECOND DEPLOYMENT

Appendix D contains the following:
e A table of Major zooplankton species
o A table of the complete species and abundance list

o Selected photographs of zooplankton

1. Buchaeta glacialis; Large copepod with attached egg sac (551-2, cup #4, X 14)
2. Unidentified isopod (551-2, cup #6, X 12)

3. Cualanus glacialus; Medium sized adult male pale orange copepod (551-2, cup #12, X
18)

Metridia longa; Small white female adult copepod (SS1-2, cup #13, X 17)
Themisto libellula; Large amphipod (553-2, cup #3, X 7)
Calanus hyperboreus; Large white adult female copepod (SS3-2, cup #4, X 15)

N

Philomides globosa; Ostracod with tough carapace over appendages (S53-2, cup #8, X
23)

8. Conchoecia borealis; Ostracod (SS3-2, cup #9, X 2z)
9. Spiratella helicina; Pteropod with 2 size classes shown (S83-2, cup #10, X 30)
10. Hyperia medusarum; Medium amphipod (552-2, cup #7, X 14)
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9 Appendix E
MULTI-TRAPS - TOTAL FLUXES AND CHEMICAL DATA

This appendix includes tables of chemical and flux data for the multi-traps as well as a
small number of SEM photographs. The data tables are ordered as follows:
Total fluxes
Aluminum
Calcium
Iron
Silica
Phosphorus
Chlorophyll a, phaeopigments (<63, <500 pm)

Particulate carbon and nitrogen (<500 pgm)
Particulate carbon and nitrogen (63-500, <63 pm)

e Al i

LIST OF SEM PHOTOGRAPHS

1. Station 5, May 1987, Ice Algae (5)
Station 9-1 {10m), 1987, fecal pellets and pteropod.
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10 Appendix F

MULTI-TRAPS - SPLITTING INFORMATION, SUBSAMPLE WEIGHTS AND FLUX
CALCULATIONS
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11 Appendix G
KENNEY-TRAP TOTAL WEIGHTS.

UNCORR. SALT CORR.

DURATION OF MOISTURE SAMPLE  SAMPLE
STATION DEPLOYMENT POCKET CONTENT  SALINITY  WEIGHT  WEIGHT
(days) (opt) @ (@
K5 50.207
A-1  BOTTOM 0.8628 22,154 2.461 2110
A-2 0.9318 26.213 2.667 1.686
A-3 0.6734 21.667 1712 1,451
A-4 0.9258 26.606 2.025 1.335
A-5 0.9186 23.672 1.691 1.228
A-6 0.9201 27.705 1.783 1.198
A-7 0.8322 27.717 1.834 1,115
A-8 0.9315 27.613 1.594 0.978
A-9 0.9292 29.730 1.309 0.783
A-10 TOP 0.9042 30.166 0.912 0.644
Ka 51.024
B-5 BOTTOM 0.7864 22.135 3.0955 2.838
B-4 0.7622 25.929 3.7397 3.421
B-3 0.7405 26.924 3.8251 3.523
B-2 0.7660 28.941 2.7927 2.520
B-1 TOP 0.7871 26.623 1.5578 1.400
K3 35.339
A-1  BOTTOM 0.4399 23.874 287.797 282.270 >
A-2 0.4274 22,385 265.221 260.689 >
A-3 © 04083 ¢ 21735 291.399 287.023 >
A-4 - 0.4041 22,380 253,589 249.651 >
A-5 0.3681 23.198 225.646 222248 >
A-6 0.4015 19.968 176.502 174.080 >
A-7 0.3531 18.927 149,575 148.000
A-8 0.3756 18.191 141.829 140.248
A-9 0.3577 14.043 125.591 124.595
A-10 TOP 0.3737 23.577 101.325 99.865

NOTE: For station K3, the bottom six samples were full to overfiowing.
These sampies are marked with a >, indicating that the true weights for
thasa samples is greatar than the reporied values.
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