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These reports provide a medium for the documentation and dissemination of
data in a form directly useable by the scientific and engineering communities.

Generally, the reports will contain raw and/or analyzed data but will not con-
tain interpretations of the data. Such compilations will commonly have been pre-
pared in support of work related to the programs and interests of the Ocean Science
and Surveys (0883) sector of the Department of Fisheries and Oceans.

Data Reports are produced regionally but are numbered and indexed nation-
ally. Requests for individual reports will be fulfilled by the issuing establishment
listed on the front cover and title page. Out of stock reports will be supplied for a fee
by commercial agents.

Regional and headquarters establishments of Ocean Science and Surveys
ceased publication of their various report series as of December 1981. A complete
listing of these publications and the last number issued under each title are pub-
lished in the Canadian Journal of Fisheries and Aquatic Sciences, Yolume 38:
Index to Publications 1981. The current series began with Report Number [ in
January 1982,

Rapport statistique canadien
sur 'hydrographie et les sciences océaniques

Ces rapports servent de véhicule pour la compilation et [a diffusion des don-
nées sous une forme directement utilisable par les scientifiques et les techniciens.

En général, les rapports contiennent des données brutes ou analysées mais ne
fournissent pas d'interprétations des données. Ces compilations sont préparées le
plus souvent a ’appui de travaux reliés aux programmes et intéréts du service des
Sciences et Levés océaniques (SLO) du ministére des Péches et des Océans.

Les rapports statistiques sont produits 4 I'échelen régional mais sont numér-
otés et placés dans index a 'échelon national, Les demandes de rapports seront
satisfaites par I'élablissement auteur donl le nom figure sur la couverture et la page
de titre. Les rapports épuisés seront fournis contre rétribution par des agents
commerciaux. .

Les établissements des Sciences et Levés océaniques dans fes régions et 4 'ad-
ministration centrale ont cessé de publier leurs diverses séries de rapports depuis
décembre 1981. Vous trouverez dans I'index des publications du volume 38 du
Journal canadien des sciences halieutiques et aquatiques, la liste de ces publica-
tions ainsi que le dernier numéro paru dans chaque catégorie. La nouvelle série a
commencé avec la publication du Rapport n* 1 en janvier 1982.
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Abstract

R.W. Macdonald, K. Iseki, M.C. O'Brien, F.A. McLaughlin, D. McCullough, D.M. Macdonald,
E.C. Carmack, H. Adams, M. Yunker, G. Miskulin and S. Buckingham, 1988. NOGAP B.6; Vol-
ume 4, Chemical data collected in the Beaufort Sea, Summer, 1987. Can. Data Rep. Hydrogr.
Qcean Sci: 60, 103pp.

As part of the NOGAP B.6 program, with major objectives to determine hydrocarbon path-
ways and primary productivity of the waters overlying the Mackenzie Shelf, we measured water
properties (biolagical, chemical and physical) on several transects extending from inshore waters
to the shelf break, and one deep station (3500m) in the southwestern Canada Basin. The sam-
Ples were collected from the C.5.5 John .P. Tully during July - September, 1987. We report here
the chemical measurements made on bottle samples; these include salinity, temperature, dissolved
oxygen, phosphate, nitrate, reactive silicate, chlorophyll a, total suspended solids, and particulate
organic carbon and nitrogen. )

Keywords; Arctic, chlorophyll a, coastal zone, nutrients, oceanography, POC, PON, salinity,
total suspended solids.

Résumé .

R.W. Macdonald, K. Iseki, M.C. O’Brien, F.A. McLaughlin, D. McCullough, D.M. Macdonald,
E.C. Carmack, H. Adams, M. Yunker, G. Miskulin and S. Buckingham, 1983. NOGAP B.6; Vol-
ume 4, Chemical Data Collected in the Beanfort Sea, Summer, 1987. Can. Data Rep. Hydrogr.
Ocean Sci: 60, 103pp.

Dans le cadre du programme NOGAP B.6 visant a constater les trajectoires des hydrocarbures
et la production primaire des eaux au-dessus du plateau continental Beaufort, nous avons mesuré les
propriétés de ’eau (biologiques, chimiques, physiques) sur plusieurs lignes que se sont étendues des
eaux cotiers jusqu'a la dénivellation du plateau continental, et & une station de profondeur de 3500
métres dans le bassin canadien du sud-ouest. Les échantillons ont été recueillis par C.S.5. John.
P. Tully de juillet & septembre 1987, Nous reportons ici sur les analyses chimiques des échantillons
de bouteille, en comprenant la salinité, la temperature, 'oxygéne dissolu, le phosphate, le nitrate,
le silicate, le chlorophyll a, les sédiments transportés en suspension au total, et les particules de
carbone organique et d’azote.

Mots-clés: Arctique, chlorophyll o, zone cotitre, nutriments, océanographie, POC, PON, salinité,
sédiments en suspension au total, température, sédiments en suspension au total.

iv



Acknowledgements

This work was funded by Indian and Northern Affairs, Canada, as part of the Northern
Oil and Gas Action Program. We are grateful for the support provided by Polar Continental Shelf
Project; our program, along with many others, would have been impossible without them. We
thank the officers and crew of the JoAn. P. Tully for their friendly assistance in carrying out the
field work, and for retrieving our equipment from Tuktoyaktuk. Special thanks are due to Dave
Stanway and Bruce Irving for a timely repair of the winch without which we would have lost
the opportunity to carry out the deep oceanographic cast, S. Thomson assisted with advice on
style, and with final text-editing of this report. A. Ages translated the abstract into French. The
manuscript was prepared using WTpX. '






1 INTRODUCTION

As part of a major inter-disciplinary study (NOGAP-B.6) to measure the transport and fate of
hydrocarbons over the Beaufort Shelf and the primary productivity of these coastal waters we
conducted a spring sampling program (operated out of Tuktoyaktuk with aircraft support to sample
from the ice). To complete the field program, a shelf-wide cruise was carried out on the C.S.5.
John. P. Tully in the summer of 1987.

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

» 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 hydydrocarbon in situ pumps.

» Deploy and recover moorings at the shelf edge to measure currents, light transmissivity, and
sedimentation throughout the entire season {March 1987 - March 1988).

e Make measurements to delineate plume structure in the near-shore 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 supporting chemical oceanographic data collected during the
C.8.5. John. P. Tully program. A brief overview of the samples collected from the ship is given
below: bold font is used for data which have been fully analyzed and are reported here in the
accompanying tables, normal font is used for data which have been collected concurrently and are,
or will be, available elsewhere. Other Hydrography and Ocean Sciences data reports available in
the NOGAP B.6 series are listed inside the back cover.

o Water samples (hydrocasts): salinity, nutrients (reactive silicate, phosphate, nitrate
plus nitrite), oxygen isotopes, tritium total suspended solids, particulate organic
carbon and nitrogen, chlorophyll g, pigments by HPLC, *C productivity (in situ and
incubator), total carbon dioxide, phytoplankton, particle identification by scanning electron
microscopy, and particulate carbon and nitrogen isotopic composition, and Secchi depth.

s Radium isotopes.

+ Water samples (Seastar Pump, large volume ﬁltr:'ition): for hydrocarbons, particulate and
dissolved.

o Water samples for cross-flow filtration to measure particulate, colloidal and disselved hydro-
carbons, and dissolved organic carbon.

e Zooplankton (vertical net hauls: 300 gm mesh, 0.45 m diameter, 1.5 m length, samples
preserved in buffered formalin).

o Conductivity, temperature, % transmission and pressure: Applied Microsystem and Guildline
CTTD system.



e Light intensity: photosynthetically active radiation (PAR) was measured continuously (in-
cident radiation) at Polar Continental Shelf Project, Tuktoyaktuk (LI-COR. quantum sensor
LI-1905B), and vertical profiles at the productivity stations (LI-COR. underwater spherical
quantum sensor LI-1935B).

e Satellite imagery: temperature, turbidity, and ice distribution (due to poor weather, very few
useful images were collected in August, 1987).

¢ Sequential sediment trap/current meter mooring recoveries {these were put in through the
ice, recovered and serviced on the John. P. Tully and redeployed until March, 1988).

o Short-term (2 week) sediment trap (bongo and Kenny) moorings.
# Wind and weather records (logged at Tuktoyaktuk and on the ship).

e Short-term (2 week) mooring to measure bottom currents and sediment resuspension in re-
sponse to storms.

» Microbial activity and hydrocarbon degrading capability of water and resuspended sediments.

e Gravity cores for chemical determination and chronology, and Smith-MacKintyre grabs for
hydrocarbon determination.

o Surface ARGOS drifters and r-ecovery of long term moorings {H. Melling, 108§).

o Productivity and oblique zooplankton net hauls ('ca.rried out independently by DFQ, Win-
nipeg).

1.1 Stations

1.1.1 Station Nomenclature

Each station has been given a two-part designation; xP-yQ, where x and y are numbers and P
and Q are letters. The alpha-numeric before the hyphen refers to location; this is simply a number
for planned stations on the main transect(s) across the shelf and a number followed by a letter for
stations which were added on site (to trace interesting water features or substituted due to inability
to land at the chosen site). For a few stations, the letter precedes the number: these are either the
4 ‘55’ stations at which we placed sequential trap - current meter moorings or near-shore transects
which were added to the program in the field to delineate the plume structure (mostly CTTD work).
The alpha-numeric after the hyphen refers to time period (see itemized list below) and sequential
visit to a station within time period (letter). An example of a typical station number would be
5A-2B; this refers to station 5A (close to station 5), the second sampling period (late April), and
the third time within that period that we visited the station. Dates and locations for all stations
are given in the Table headers. Data collection periods for the 1987 NOGAP B.6 arctic program
are listed below, with bold font used for the chemical data presented in this report (basically time
perieds -5 and -6).

1. March 30 - April 8 (ice work)
2. April 23 - April 28 (ice work)
3. May 23 - May 26 (ice work)



4. June 2 - July 30 (ice work (CTTD only}, Mackenzie River sampling)
5. July 31 - August 30 (C.S.S. John. P. Tully, shore peat sampling)
6. Aug 31 - Sept 9 (C.58.5. John. P. Tully)

1.1.2 Station Locations

Figures 1, 2 and 3 show the station locations for the chemical sampling conducted from the John.
P. Tully, station coordinates are given in the station headers of the data tables. The station
locations were determined from a transit Satellite Navigator by the ship’s officers. The majority of
positions are expected to be within 1 ki of the true position [Huggett and Mortimer, 1971]. (This
appears to be a reasonable estimate of the error elipse since we were able to relocate all of our
bottom moorings by navigating to within 2 km, the range of our acoustic transponders. A further
test was available in position fixes from the ARGOS drifters when they were stored on the after
deck.)

Survey coverage extended beyond the shelf hreak reflecting the distance of ice retreat a.nd the
large area of open water in the summer of 1987; indeed, we were able to take a deep station (3500m
A1-5) due to the extreme retreat of the ice.

2 METHODS

2.1 Field Sampling .

Sampling was carried out from either the forward starboard chains {below and aft of the bridge) or
from the starboard side of the after deck. For the shallow near-shore stations and Mackenzie River
stations we used a hydrographic launch to collect samples and ferry them back to the John. P. Tully.
We used a combination of 5 [ Niskins, 10 [ Go-Flo bottles, and submersible pumps (down to about
20m) to collect the water. Subsampling from bottles followed the normal oceanographic procedure
of dissolved oxygen and total CO; first (using tygon tubing), followed by salinity, nutrients and
oxygen isotopes. The remaining water (usually the total content of the 10 ! carboy, excluding
rinse water) was sampled into 20 [ carboys through a twice-rinsed polyethylene funnel, and taken
down to the ship’s laboratory where it was subsampled (with gentle agitation to suspend and
homogenize the particulates) into 1 I- 2 [ polyethylene carboys for the various other analyses:
total suspended solids (T5S), particulate organic carbon and nitrogen (POC, PON), chlorophyll a,
pigments (by HPLC), and productivity. Carboys and samples were protected from direct sunlight
during manipulations. All sampling and subsampling involved double rinses, and we attempted
to re-use containers repeatedly at similar depths to minimize cross contamination and reduce the
importance of rinsing,.

Oceanographic reversing thermometers were placed (in duplicate) on the 5 [ Niskins; contents
of the 10 I Go-Flo (placed directly above and/or below the Niskin) were used to provide the large
volumes of water required (> 20 [) for the particulate and productivity studies.

2.2 Laboratory Methods

Errors for the various methods reported here are expressed as precision and accuracy as summarized
in Table 1. Pooled variance, s, is caleulated as

s = ulsf—%----—i—y,fsf
P vi+-- oy
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Table 1: Estimates of error: basis of calculation and error models are given in the text.

- | measurement | umits | precision (s;) | Standard Reference Material |
Salinity psu <0.01 TAPSQ Seawater
Temperature °C 0.014 NBS Calibration
Silicate mmol m™3 0.35 Sagami 5i0,
Nitrate mmol m~3 0.25 Sagami KNOg
Phosphate mmol m™3 0.09 Sagami KH,PO,
Dissolved Oxygen | mmol m—3 1.T Sagami K10,

TSS ' mg [! T%-25%' | No SRM available
POC ug 1 1.2 Acetanilide
PON pg It 0.6 Acetanilide
Chl a mg m~3 0.04 No S5RM available

where v; = n; — 1 degrees of freedom, and the n; and s; refer to the number of replicates and their
standard deviation for the individual components used in the pooled standard deviation calculation.

2.3 Salinity

Salinity samples were drawn into 200 m! salinity bottles after 3 rinses from 10 ! Go-Flo bottles or
5 ! Niskin bottles. The samples were then capped tightly until determination.

The salinities were analyzed on a Guildline Autosal {Model 8400A) instrument on board the
John. P. Tully; data are reported in practical salinity units (psu) [see Lewis end Perkin, 1978].
During analyses the instrument was standardized against Standard Sea Water of Chlorinity 19.373
(K15 = 0.99997). The Standard Sea Water was obtained from Standard Seawater Service, Institute
of Oceanography, Wormley, Godalming, Surrey, England.

Standard deviation of repeated measurements on the same sub- sample was less than 0.0003 psu.
Precision of the analysis was evaluated from independent duplicate samples drawn from the same
Go-Flo or Niskin bottle, and from performance on control samples run during determinations. For
duplicates taken from sample bottles tripped in regions of the water column where salinity gradients
were low we found the pooled standard deviation, s, = 0.008,» = 32. Performance on the control
samples was 5, = 0.002,» = 18. Where bottles were tripped in a zone of large salinity gradients
(the top 10m or so), we observed poorer agreement between replicate salinities; the worst case
was a salinity difference between duplicates of 0.17 where the salinity gradient was 0.77 psu m™?,
We ascribe this poor agreement to salinity inhomogeneity within the bottle and not sampling or
analytical error; these samples (n=4) were not used in the error evaluation.

2.4 Temperature

Temperature was measured with paired oceanographic restricted- range thermometers (low tem-
perature) manufactured by Richter and Weise (Berlin), Yoshino Factory (Tokye) or Gohla (Kiel).
These were read twice to the nearest .01 C°; agreement between pairs was s,=0.014 C° (for 139
pairs). Two pairs were eliminated by Chauvenet’s criterion as falling far outside the normal pez-

 Error varies with the cancentration of particulates in the sample; see text.
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formance of paired thermometers (A = 0.24,0.17); in each case one of the thermometers appears
to have malfunctioned or to have been misread.

2.5 Dissolved Oxygen

Dissolved oxygen samples were ‘pickled’ immediately in the wet lab and taken to the ship’s labo-
ratory for determination by the Micro-Winkler technique [Carpenter, 1965]. Analyses were carried
out within 24 hours of collection. Calibration of the thio-sulphate solution was carried out with
each titration set (daily) by using Sagami primary standard KIQs. Precision of the method was
routinely monitored with bilind replicate samples drawn at a frequency of about 20% from the
Niskin or Go-Flo bottles. For the data reported here we obtained the following results on repli-
cates: s, = 1.7 mmol m~3, v = 89 (2 replicate pairs with differences of 22 mmol m~=3 were removed
by Chauvenet’s criterion).

2.6 Nutrients

Samples for nutrient determination were collected into twice rinsed glass and polystyrene test tubes
(2 glass and 2 polystyrene tubes per sample), frozen in an upright position, and stored in a freezer
until analysis. Two additional plastic tubes were filled, 100 ul of 10N H,580,4 was added and the
samples were stored at 4°C in the dark. Samples were acidified to evaluate this storage method for
silicate.

Nutrient determinations were performed using Technicon Autoanalyzer Il components. Reac-
tive silicate and nitrate plus nitrite were determined according to Technicon Industrial Methods
No. 186-72 W and 158-71 W respectively, and soluble orthophosphate was determined using a mod-
ified Technicon method [Brynjolfson, 1973]. Sagami standards were used to calibrate secondary
standards which were prepared daily in 30.5°/,, NaCl solutions. In addition, 21% of the frozen
samples were relabelled and analyzed as blind replicates.

Phosphate and nitrate concentrations were determined on samples thawed and analyzed imme-
diately. The silicate concentrations were determined on frozen samples thawed for 24 hours [see
Macdonald et al, 1986] before analysis. The acidified samples were analyzed on board the Jokn. P.
Tully within 2 days of sampling®. Turbidities were determined for 20% of the samples designated as
a sample to be verified (i.e. borderline turbidity for filiration); random selections were also made.
Corrections were made as required.

The precision of the methods based on blind and open replicates was found to be: silicate
(frozen), s, = 0.78 mmol m™3, v = 180; silicate (acidified), s, = 0.35 mmol m—3, Tv = 192;
phosphate, s, = 0.09 mmol m~3, ¥y = 209; nitrate, s, = 0.25 mmol m—%, Lv = 188.

2.7 Total Suspended Solids

Sampling and analytical methods are detailed in an Ocean Chemistry protocol [Macdonald et
al.,1983] and are described briefly below. All subsampling and filtration work was carried out on
the ship.

Following gentle shaking of the polyethylene carboy, volumes of water ranging from 1 [ to 4 [
were subsampled into 2 ! polybottles. As much water as possible {depending on particle loading)
was then filtered through a pre- washed and pre-weighed 0.45 pm, 47 mm Nuclepore filter using
glass castles mounted on a vacuum manifold. The volume filtered was recorded to the nearest 10 mi.
After the filtered water had passed through the filter, it was rinsed with three 10 m! portions of pH8

?Silicate data reported in the appendices are from the acidified samples.



Milli-QQ water followed by three small rinses around the filter perimeter after the castle had been
removed. Blanks were prepared by periodically placing a second filter underneath. All filters were
stored in acid-cleaned petri slides in a freezer and returned to I0S for dry-weight determination.

Filters were dried at 50°C overnight and weighed on a Mettler M3 autobalance to the nearest
0.001 mg. Calibration was carried out with an internal 100 mg weight. The instrument is linear,
and calibration does not appear to contribute significantly to error; static electricity is a major
weighing problem, and this was controlled with a Po a-source static eliminator. Samples with high
particulate loads also tended to absorb water during weighing; we therefore transferred the filters
from the desiccator to the balance quickly and took the first stable weight; this potential source of
error is mitigated by the absolute weight of the problematic samples. For the data reported here,
the blanks were found to be 0.043 mg, s=0.022, n=24. These blanks appeared to be relatively
insensitive to the volume filtered (generally 2 lor 4 ) and indicate an error of about +0.01 - 0.02
mg 7! depending on volume filtered. This translates to an error of about +25% for the lowest-
particulate samples (0.04 - 0.08 mg [~* range). For samples where the particulate concentration
was higher than about 0.10 mg 7!, the relative error was less; CV, = 6.9%, v = 21, where the
pooled coefficient of variation is:

OV, = y/Z(wi(:/X x 100%)2]/ v

Repeatability of deep water measurements where particle concentrations are very low suggest
that the precision of the method, including errors of sampling, sample handling, blank correction
and weighing, is certainly less than +0.05 mg/! (1 o).

Absolute accuracy of the balance has been established to be better than +0.01 mg by reference
to the class 5 NBS weights; absolute accuracy of the method of filiration is defined by the operation
of passing through a 0.45 pm filter [see Brewer et al., 1976].

2.8 Particulate Organic Carbon and Nitrogen

Water samples (1-8 I-1 I for turbid, nearshore water, 4-8  for clear, offshore water) were vacuum
filtered in the ship’s laboratory (< 150 mm Hg) through single 47 mm diameter pre-combusted
(500°C, 1hr) Whatman GF/F glassfiber filters. The residue on each filter was rinsed with 10
ml, 3% NaCl solution. Filters were then stored inside pre-combusted aluminum foil in a deep
freezer (-20°C) and returned to I0S for analysis. Blank filters were prepared by treating them like
sample filters without filtering a water sample. Organic carbon and nitrogen on the filters were
analyzed using a Perkin-Elmer Model 240 elemental analyzer after the filter had been treated with
concentrated HC] vapour in a closed container for 8 hours to remove inorganic carbon. Blanks
were equivalent to 0.0 pg N /I (s=0.6 ug N/I, n=6), and 9.2 ug C/I (s= 1.2 pg/l, n=6) for a one I
sample [see also Iseki et al.,1986]. Acetanilide was used to standardize the instrument for carbon
and nitrogen. Precision for the method was estimated from the regression on the calibration curve,
and the standard deviation around the blanks.

2.9 Chlorophyll 2

‘Water samples (0.25-0.50 [) were filtered through 24-mm diameter Whatman GF/C glass fiber
filters. Approximately 1 m! of 1% MgCOj; solution was added to the samples just before filtration
was complete. The inside of the filtration funnel was rinsed with about 10 m! of filtered sea water
while continuing the filtration. After filtration, the filters were folded in half, placed in filter paper
folded into quarters, labelled, and stored frozen in a dark bottle containing silica- gel in a deep



freezer. At IOS chlorophyll @ was determined fluorometrically with a Turner Design fluorometer
[Strickland and Parsons, 1972].

Blanks were estimated from deep samples (where chlorophyll concentrations are low) to be less
than 0.02 mg m~2 (s=0.01 mg m~% n=10), and pooled standard deviation of replicates less than
0.04 mg m~? (n=12).
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5 APPENDIX 2; SCATTER PLOTS
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Phosphate, mmol/m?
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COR s Co(¥

ADDENDUM: Beaufort Sea,Summer 1987
Nitrate: mmol/m3

Station Depth Sample Nitrate Station Depth Sample Nitrate
1-5 3 501 0.0 Al-5 1500 557 12.9
3-5 0.5 502 0.0 Al-B 1750 558 14.1
5-5 5] 503 0.0 Al-B 2000 559 14.5
3-5 6 504 0.0 Al-5 2250 560 14.6
3-5 8.5 505 0.0 Al-5 2500 561 15.0
2-5 0.5 506 0.0 Al-5 3000 562 14.9
- 4-5 0.5 507 0.0 35-5 0 563 0.0
4-5 3 508 0.0 35-5 10 564 0.0
4-5 6 509 0.0 36-5 20 565 0.0
4-5 10 510 0.0 35-5 30 566 0.0
4-5 14 511 0.0 35-5 50 567 1.0
5-5 0.5 512 0.0 35-5 75 568 8.4
5-5 3 518 0.0 35-5 100 569 13.8
5-5 6 5l4 0.0 35-5 125 570 15.9
5-5 10 515 0.0 35-5 150 571 17.8
5-5 15 6516 0.0 35-5 200 572 16.7
5-5 25 517 0.5 35-5 250 573 14.5
10-5 1 518 0.0 35-5 300 574 12.2
10-5 4 . B1S 0.0 35-5 400 575 13.1
10-5 10 520 0.0 34-5 0 576 D.0
10-5 15 521 0.0 33-5 0 577 0.0
10-5 20 522 0.0 33-5 10 578 0.0
10-5 30 523 0.0 35-5 20 579 0.0
10-5 10 524 1.3 33-5 30 580 0.0
10-5 75 526 8.9 33-5 40 . B8l 0.0
10-5 125 527 14.0 33-5 50 582 0.0
10-5 150 529 14.5 32-5 0 583 0.0
10-5 200 528 16.5 31-5 0] 584 0.0
9-5 0.5 530 0.0 29-5 1 585 0.0
8-5 0.5 531 0.0 29-5 10 586 0.0
7-5 1 532 0.0 29-5 13 587 0.0
7-5 5 533 0.0 29-5 15 588 0.0
7-5 10 534 0.0 30-5 0 589 0.0
7-5 15 535 0.0 28-5 0 590 0.0
7-5 20 536 0.0 MB-5 3 591 0.0
7-5 30 537 0.3 B851-5 1 592 0.0
7-5 45 538 2.8 581-5 7 593 0.0
Al-5 0 539 0.3 851-5 20 594 0.0
Al-5 10 540 0.0 881-56 30 595 0.0
Al-5 20 541 0.0 5581-5 50 596 0.0
Al-5 - 30 542 0.0 581-56 81 597 1.6
Al-5 50 543 2.0 581-5 100 508 9.1
Al-5 75 544 9.8 551-5 150 599 15.%7
Al-5 100 . 5456 14.0 581-5 200 600 16.6
Al-5 160 546 16.2 36-5 0 601 0.0
Al-5 200 547 15.7 37-6 0 602 0.0
Al-5 250 548 4.2 38-5 0 603 0.0
Al-5 300 5490 12.8 39-5 o 604 0.0
Al-5 350 550 12.1 39-5 5 605 0.0
Al-B 400 551 12.8 39-5 10 606 © 0.0
Al-5 500 552 13.2 39-5 17 607 0.0
Al-5 600 553 13.0 40-5 0 608 0.0
Al-5 800 554 12.8 41-5 0 609 0.0
Al-5 1000 555 12.9 41-5 10 610 0.0
Al-5 1250 556 13.0 41-5 15 611 0.0



ADDENDUM: Beaufort Sea,Summer 1887
Nitrate: mmol/m3

Station Depth Sample Nitrate Station Depth Sample Nitrate
41-5 25 612 0.0 14-5 16 661 0.9
852-5 0 613 0.0 15-5 0 662 0.0
582-5 10 614 0.0 15-5 10 663 0.0
S52-5 20 615 0.0 15-5 25 664 0.4
582-5 30 616 0.0 15-5 30 6656 0.4
852-5 46 617 1.3 16-5 0 666 0.0
882-5 75 618 8.4 17-5 0 667 0.0
552-5 100 619 12.1 17-56 20 668 0.0
852-5 150 620 16.0 17-5 30 669 0.0
45-5 0 621 0.0 17-5 35 670 0.6
43-5 10 622 0.0 17-5 45 671 2.9
435 20 623 D.0 18-5 0 672 0.0
43-5 30 624 0.0 7-6 7 673 0.0
43-5 5O 625 0.4 7-6 22 674 0.3
4535 75 626 9.1 7-6 &5 675 0.9
43-5 100 627 13.9 9-6 5 676 0.0
43-5 125 628 15.6 9-6 Bl 677 1.1
453-5 150 629 17.1 9-6 65 678 10.4
43-5 175 630 16.6 9-6A 0 679 0.0
554-5 0 631 .0 9-6A 5 680 0.0
554-5 10 632 0.0 9-6A 10 681 0.0
S584-5 17 635 0.0 9-6A 20 682 0.0
S584-5 22 634 0.0 9-6A 37 683 3.8
554-5 30 635 0.0 0-BA 55 684 0.0
S554-5 50 636 1.2 7-6A 35 685 4.0
554-5 75 637 10.3 7-6B 0 686 0.0
5584-5 100 638 11.5 7-6B 8 687 0.0
584-5 125 639 14.3 7-6B 25 688 0.0
584-5 150 640 12.7 7-6B 35 689 4.8
5584-5 175 641 12.9 7-6B 45 690 4.5
554-5 200 642 16.6 6-6 0 691 0.0
584-5 225 643 15.2 6-6 7 692 0.0
26-5 0 644 0.0 5-86 0 693 0.5
24-5 0 645 0.0 5-6 15 694 0.0
23-5 0 646 0.0 5-6 25 695 1.1
23-5 10 647 0.0 4-6 0 696 0.4
23-5 30 648 0.0 P6-6 3 697 0.1
23-5 55 649 0.0 P6-6 22 698 0.4
22-5 0 650 0.0 3-6 2 698 0.5
21-5 o 851 0.0 3-6 8 700 0.5
20-5 0 652 0.1 0-6 0 701 2.7
19-5 0 653 0.6 R5-6 0 702 1.7
19-5 5 654 0.0 R4-6 0 703 2.5
19-5 10 655 0.0 M5-6 0 704 2.7
19-5 13 656 0.0 M15-6 0.5 7O7 2.4
13-5 0 657 0.0 M15-6 3 708 1.3
15-5 12 658 0.0 M16-6 0 709 2.6
13-5 14 659 0.7 M17-6 0 710 2.8
14-5 0 660 0.0
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