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Shast SenSOr *‘In Situ Ultraviolet Spectrophotometer’ (ISUS)
Sensor originally developed by Ken Johnson and Luke Coletti
= at Monterey Bay Aquarium (MBARI).

Principle

Taallha *In 2002 they published an article on the successful first

Example 1 deployment of the ISUS.

Example 2 ) . .

Set *ISUS uses absorption spectra of UV light to determine
etup

the concentration of Nitrate (and possibly other
species) in (sea-)water.

Commercially available in modified form as
Submersible Ultraviolet Nitrate Analyzer (SUNA).

*In 2009 and 2017 Carole Sakamoto and colleagues at
MBARI published further improvements to the
calculation algorithms greatly improving the quality of
the resulting concentrations.

Johnson and Coletti, 2002
Sakamoto et al., 2009
Image sources: www.mbari.org www.seabird.com Sakamoto et aI., 2017
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Stast SenSOr(S) Seabird/Satlantic Deep SUNA

Sensor

Rrinciple wavelengths: 190 to 370 nm (256 elements)
lamp type: Deuterium (900 h lifetime)

Toolbox accuracy: 2.0 uM (or 10%)

Example 1 precision: 0.3 uM

Example 2 minimum: 1.0 uM
min. sample rate: 1 sec

Setup

max. pressure rating: 2000 dbar

Trios OPUS
wavelengths: 200 to 360 nm (256 elements)
lamp type: Xenon flash (>10° flash lifetime)
accuracy: 3.5 uM (or 5%)
precision: 0.4 pM
minimum: 1.1 uM
M ==__ min. sample rate: 3 sec
; &/ max. pressure rating: 6000 dbar

/

Image sources: www.seabird.com www.trios.de
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Start Principle
Sensor Wide spectrum UV light is emitted by a lamp
Princi and collineated to form a beam.
rinciple
Toolbox The beam passes through the sample medium
Photosensor f the liaht is ab bed flected
Example 1 where some of the light is absorbed or reflected.
Example 2 With the help of a grating the light is separated
Setup Grating into its different wavelengths.
A photosensor at measures the strength of the
O light at various wavelengths.
uv The comparison of the observed light with a
Lightsource reference spectrum of the lamp for clear water

gives a measure of the attenuance (absorption &
reflection) from which the concentration of NO,
can be determined. Only the range from

217 to 240 nm is used.

Sample Volume

NO, stands for ‘mostly’ NO,. Since the absorption
by NO, is quite similar to that of NO, the

presence of NO, will influence the determined
values.
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start Principle

Sensor A NO, reference spectrum (shape of the blue line) has been determined
by the manufacturer and is, together with a linear baseline, fitted to the

Principle
corrected attenuance spectrum.
Toolbox
Example 1 Zoom
1 T T T T 0-2 T T T
Example 2
NO3 conc. = 39.38umol/l

Setup 0.15 |
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Observed Attenuance corrected for Seawater (Bromide)
Baseline absorption (CDOM or basically dirt)
o Attenuance expected from determined concentration of NO3 + Baseline
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start Principle

Sensor The optimal fit gives an amplitude of the NO; component and a height
Principle and slope of the baseline. The baseline includes all parts of the
attenuance spectrum that cannot be explained by NO,. l.e. CDOM,
Toolbox turbidity etc.
Example 1
0.2 T T T T 0.2
Example 2
NO . = 0.52mol/l NO .= 39.38 I/1
Setup e 3 conc ©#mo ] o.i5 8 3 conc pmo
o o
g oal S 0.1l
2 g
:
< < 0.05
0 0
250 255 2_‘;’0 2:;5 240 220 225 250 255 240
Wavelength [nm] Wavelength [nm]

Observed Absorbance corrected for Seawater (Bromide)
Baseline absorption (CDOM or basically dirt)
o Absorbance expected from determined concentration of NO3 + Baseline
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Matlab Toolbox

An important part of SUNA data post-processing is the recalculation of Nitrate values with
known pressure, temperature and salinity. This reduces noise levels by a factor of 5. This
Also removes some (sensor-) temperature dependence.

A Matlab toolbox has been developed to simplify the processing of SUNA Nitrate data and
make the processing steps more transparent.
The original code base was graciously provided by Ken Johnson and Joshua Plant of MBARI.

«Contact gkrahmann@geomar.de if you are interested in the toolbox.

NO, concentrations with and without P,T,S correction
T T

50 1

NO, concentration [pmol/kg]l

SUNA internal concen trations

Re-Processing of SUNA internal calculation
10 Processing with P,T,S correction

| | I | | I
6300 6350 6400 6450 6500 6550
Sample number
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start Example 1:

Sensor

Principle o first SUNA deployment:

Toolbox

*In spring 2014 an anti-cyclonic
modewater eddy was observed

Example 2  north of the Capeverde archipelago.

Setup

Example 1 15

Depth (m)
Oxygen (umol kg™")
Depth [m]
Nitrate [umol kg"]

o

o

*The eddy had a core with oxygen
concentrations as low as <5 pmol/kg. h .
At the same time the NO; e e et
concentrations were elevated hinting
to a continuing ‘import’ of NO; by
remineralization of sinking particles.

*Some of our SUNA settings were not
optimal but even so the data quality was
very good in particular when during the

post-processing the known P, T,S were
used (noise level is reduced by a factor 5). %°
17°N " 4
Karstensen et al., 2016 (Biogeosciences Special Issue 213) o5 - Y= ‘7
Grundle et al., 2017 26w 30 zsow 30 2a0w 30 230w
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Start Example 2

Sensor 0

Principle [m] |

Toolbox | | c
100 3

Example 1 e

w
Example 2 I
Setup 200 @

Cons. temp. /°C  Abs. salinity / g kg™ Oxygen / umol kg'' NO_+NO, / umol kg* Turbidity / NTU
I | B A Il A H A A
14 18 22 39:5 36 40 60 22 28 .05 DAS

Our second SUNA glider deployment:

Summer 2014 on a glider off the Mauritanian coast.

*One section was covered repeatedly with a
SUNA-equipped glider.

*Pronounced horizontal variability is visible in the sections.

*NO3 variability goes hand in hand with other watermass
properties.
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Start Example 2

Sensor

— Substantial temporal variability 3
Principle -
can also be seen when the repeat T
Toolbox  gections are compared. o
Example 1
—— N_C)3 is strongly anti-correlated
with oxygen.
Setup

cc—0oc8unr

Watermass analysis together
with current observations suggest 200
a more rapid inflow of waters with
South Atlantic origin. The fraction
of South Atlantic water does
however not change.

9¢—gc aunp

Increased flow speed likely leaves 200
less time for oxygen consumption
during the northward transport.

i~ o ‘
100 50 100 50 100 [km] 50 100 50 100 50
Cons. temp. /°C  Abs. salinity / g kg™ Oxygen/ umol kg”' NO,+NO, / umol kg Turbidity / NTU

| | B | W |
14 18 22 355 36 40 60 22 28 0.05 0.15

Thomsen et al., 2019
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start Setup (or lessons learned)
Sensor
Principle *Our SUNA Nitrate sensors have shown to be a valuable addition to the gliders
Toolb (and CTDs) giving stable and reproducable values.
00IDOX

Example 1  °1he standard setup of the SUNA on Slocum gliders was (is?) not optimal.
Internal recording of the SUNA should be set to ‘full binary’

E le 2
— Internal recording of the SUNA should store in daily files

Setup
*The clock of the SUNA should be set correctly (most important for usage on the
CTD).

*The SUNA internal calibration files have to be recorded (xml and cal files, see
SUNA manual for the somewhat hidden location of the xml file) before and after

the deployment. Some xml files from the manufacturer are wrong for reduced
binary data!

*SUNA internal calibrations with de-ionized water should be done before and after
the deployment. (The recommended procedure changed recently. You should
use a consistent one before and after the deployment.)

‘Best (field-) calibration results can be obtained by attaching the SUNA to a CTD
and comparing to nutrient concentrations from water samples. (The SUNA needs
power from the CTD for that.)
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Thank you !

2001 |

250

AOU (1 mol kg—')
Depth [m]
Nitrate [umol kg"]

300
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Distance [km]
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