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CHEMICAL SENSORS

Examples:
1. Oxygen electrode.
2. pH electrode.

Principles:
1. Diffusion of analyte to active surface. Requires a
reversible chemistry, detectable physical property or a reaction rate
measurement.

Advantages:
1. Simplicity - no moving parts in simplest realizations.
2. Electronics can be remote if based on fiber optics.
3. Low cost.
4. Low power consumption.

Limitations:
1. Requires development of new, reversible chemistries or kinetic methods of
analysis.
2. Difficult to maintain calibration
3. Usually atrade-off between sensitivity and response rate.



CHEMICAL ANALYZERS

Examples:
1. NAS-2E,
2. Submersible Chemical Analyzer (SCANNER, DigiSCANNER),
3. OSMOAnalyzer

Principles:
1. Mechanical system used to obtain sample, add
reagents and transport mixture to detector.

Advantages:
1. Many existing chemistries with a long track record can be used.
2. Easy to calibrate in situ.
3. Resistant to biofouling.
4. More complex chemical manipulations possible.

Limitations:
1. Mechanically more complex.
2. Potentially high power consumption.
3. Generally larger than sensors.



« Gases other than CO,
e Oxygen
e Total Gas Pressure
* Methane
* Hydrogen sulfide

o Nutrients

o Macro-nutrients (NO;,

PO,*, S)
e Carbon Dioxide
» pCO,

o ApCO,

o Particulate Organic Carbon
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Oxygen:

The Clark electrodeis
widely used, albeit
problematic. Here, the
sensor isused on a
mooring at HOT.
Monthly cruises are used
to recalibrate the sensor,
which may drift 15%.

Gas Tension Device:

Much more stable (<1%
drift) but slow dueto
thick membrane.

(Emerson et al.,, 2002)
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If one can solve the drift problems (e.g. operation on avertically

profiling platform that spends most of its time out of the euphotic
zone), the O2 electrode and GTD can provide nearly direct

measurements of primary production by change in oxygen
concentration, relative to N, change measured with GTD (Emerson

et al., 2002).
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Fluorescence
guenching
based oxygen
Sensors are an
alternative with
some strengths
and also some
issues (Demas
et a., 1999).

Phi;phen

Et Et
Et \ T N

A 4
By, A2 1
Et t
Metal octaethrylporphyrin
M = Pt, Pd

rtensity

fa)
200 o
-
15.0 = 5 -
10.0 -
-
- -
5.0 o _‘_'-E"
- R
0.0 - - .
0 100 200 300 ] 500
Oygen pressure (Torr) 1 r -
e "o a0 aw
Quygen pressure (Torr)
(c) Exhals
104
. Held Mormal breathing
Breth
054
00 T : ]
0 15 45
Time (5)

R.N. Glud et al. | Deep-Sea Research | 46 (1999) 171-183

- 1.0

0.5

0.0

0.5

Depth (mm)

1.0 ¥

15 #

20

100 200 300

Oxygen (UM)

T 1
600 B0



Nutrient concentrations are a key to understanding processes
regulating primary production and carbon transport.
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Coastal nutrient concentrations highly variable:
CalCOFI Data- Mean 1954-1997
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P HAWAIIAN ISLANDS Anal YZEX'S have been the
only practical systems
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Analyzers continue to get smaller
and a variety of commercial units
are becoming available.

E.g., a
DigiSCAN
ready for 2
month
deployment in
Elkhorn Slough
(Chapinetal.,
submitted).




Y S| Nitrate Monitor Design

* Single pressure casing for electronics
and pumps

» Sealed Battery Compartment

» Sealed air filled electronics housing

* Pressure compensated ol filled pumg
chamber

e |nstrument size:

Entire assembly including reagents
and clamshell (not shown) 12" dia. x

24” long |_| =




M easurements of
nitrate and phosphate
with DigiSCAN’sIn
ML Harbor during
the first rain event of
the year.

Analyzersremain the
only practical systems
avallablein a
research or
operational mode for
other nutrients such
as phosphate, Si, and
Fe, but....
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Advancesin
opto-€electronics
now make it
possible to
measure nitrate
and bisulfide
directly in
seawater using
their UV
absorption
spectrum
(Johnson and
Coletti, 2002).
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In Situ Ultraviol et ISUS Block Diagram
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ISUSonaTAO/
TRITON mooring

30K S
20°N TAO/TRITON Array
o i
10°N 7 0o I o o g o o g
I 0 @ I o o o o o H
0° g . ¢ .0 g g g g o g
e 0 o i il i i i
0 o I o o o o o o
10° o I o o o o o
2073
30°8 e I‘JATI'IA‘S‘ lllTEIT‘ON‘ TSl}b;UIfaole ADCP —

[Z0°E 140°F [60°E 180° 150°W (40°W I20°W 100°W BO°W

The error term of the
spectral fit reveals
biofouling - an
unfitted component
of the spectrum

Nitrate (uUM)

UV Salinity

Temperature (°C)

38

37

36

35:

28

26

24

C Error

10.02

0.01

11/00 12/00

1/01

2/01

3/01

4/01

0.00
5/01

)

Regression Error (Absorb



Measurements of carbon dioxide are key to understanding
the role of the ocean in regulating composition of the
atmosphere and uptake of anthropogenic carbon dioxide.
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SAMI-CO,

i I~

Submersible Autonomous
Moored Instrument for CO,

(SAMI-CO,)
Dissolved O, sondes (YSI, Inc.)

Chlorophyll-a fluorometers

PAR, T,C, P



Labrador Sea mooring

SAMI was located at
position 2 at right

(M.DeGrandpre in collaboration with U. Send, D.
Wallace)
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pPCO, measured with

the CARIOCA
drifting buoy in the
eguatorial Atlantic.
June 20 - Sept. 15,
1997 (Bakker et d.,
1997).

BAKKER ET AL: EVOLUTION OF 0. DURING EQUATORIAL UPWELLING
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__ Carbon Explorer 1128 POC

Time series of
POC variability
from SOLO1128 sy
and SOLO1175
in Subarctic N. e

Pacific inferred | [ {8

Dﬁg%ﬂ %Rﬁm@% y

115 125 130

1204

Pressure (Dbar)

from ]
transmissometer S 1A j
measurements §

(Bishop et al.,

2002) e
100 105 110 115 120 125 130 135 140 145 150

2001 Days(UT)

S 06 .
= - BN 1128 :
% 0.4 1175 ] .
c 1 : | I
REU ! w\ adibik il
8 0.0: I || | | 4& T'i i rfl ! |ﬂ ’% 4 | ||-. il
o '
-0.2

L)
100 0 130 140 150



Some progress

IS being made

with metal
measurements.

e.g. Mn (nM)
determined —=°
with

SCANNER

type instrument

on AutoSub
AUVina _ 400
Scottish Loch

(D. Conndlly,

10S). Thisarea

IS still

researchy!
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What are the issues with present technology?

* SENSOrs
e resistance to fouling
e calibration
o few chemicals

e analyzers | ’

New Millenium scienceis

e complexity not just one mooring!
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Analyzers can be
highly resistant to
fouling and stil|
generate quality data:

During several 2 month long
deployments in Elkhorn Slough
nitrate is robust, salinity is not.
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What’ s coming?

* Biosensors

* Niels Peter Revsbech, Department of Microbia Ecology, Institute of Biology,
University of Aarhus, DK

Jubshale?  ssee.., o

@ e Substrate |
' SraProguc] ] et

| sEamEnEE
'Ii'._":_.u.l_':-.'i.-: _éi|r-|rrll L] =



Nitrate and nitrite biosensors using
genetically modified bacteria




Smaller, cheaper, more robust analyzers are
required:

e Ismicro-fluidicsthe answer, or will “milli-
fluidics’ do?

« MBARI Solid State Analyzer (Jannasch
et a., 2002)

« \What do we do about |ow response rates
dictated by chemical reactions?

e Only measure in mixed layer with
vertically profiling devices?



Are any chemical sensor systemsready for
global programs?

Probably not today! They haveto be
deployable in numbersof >100’s. M ost
current systems have << 10 instruments
deployed by any onelaboratory or require
alot of TLC.

The challengeisto move from research to
a global monitoring program!



BUT WE DON'T NEED DATA - WE'LL JUST

Model
Skill

MODEL “IT"!!!

Data

MORE DATA =BETTER MODELS



