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LIMITED LIABILITY STATEMENT

Extreme care should be execised when using or servicing this equipment. It should be used or serviced only
by personnel with knowledge of and training in the use and maintenance of oceanographic electronic
equipment.

SEA-BIRD ELECTRONICS, INC. disclaims all product liability risks arising from the use or servicing of this
system. SEA-BIRD ELECTRONICS, INC. has no way of controlling the use of this equipment or of choosing
the personnel to operate it, and therefore cannot take steps to comply with laws pertaining to product
liability, including laws which impose a duty to warn the user of any dangers involved in operating this
equipment. Therefore, acceptance of this system by the customer shall be conclusively deemed to include a
covenant by the customer to defend, indemnify, and hold SEA-BIRD ELECTRONICS, INC. harmless from
all product liability claims arising from the use of servicing of this system.



Model SBE 23 Dissol ved Oxygen Sensor
Qperating Instructions and M ntenance Manual

DESCRI PTI ON

The SBE 23 Dissol ved Oxygen Sensor uses a 'Beckman' type high-pressure
pol arogr aphi ¢ oxygen electrode as now nmanufactured by Sensor-Medics
Corporation. The sensor also contains a thermstor for the purpose of
determ ning internal (conpensating) tenperature.

Model SBE 23-01 is intended for use to 3400 neters (5000 psi), while
Model SBE 23-02 nmay be depl oyed at up to 6800 neters (10,000 psi).

The SBE 23 (schematic dwg. no. 30507, assenbly dwg. 40166) contains the
el ectronics necessary to polarize the DO sensor, and convert the
resulting oxygen-dependent current to a high-level voltage. A second
part of the interface circuitry converts the conpensating thermstor
resi stance to a voltage proportional to sensor internal tenperature.

The interconnections between the electronics, sensor, and the bul khead
|/ O connectors are shown on assenbly dwg. no. 40016. Note: draw ng
40016 al so shows a pH el ectrode (not installed on SBE 23).

The SBE 23 is designed for operation from a single-polarity power
supply of 6 -16 volts. Current consunption is about 3.5 mllianperes.

The sensor provides tw output voltages. The first (Vdo) is
proportional to the electrode current and is in the range of 0 - 5
volts, approximately corresponding to O to 1.3 m croanperes. The

second out put voltage (Vto) is proportional to the internal tenperature
of the sensor and has a nom nal range of 0 to +5 volts for tenperatures
of -5 to +35 degrees C. Consult the sensor calibration sheet for
speci fic conversion factors.

OPERATI ON

Connect a DC power source to the sensor's bul khead connector as
fol | ows:

| ooki ng at the 6 pin bul khead connector on SBE 23 (I npul se type AG306)

G ound
O
Vdo 0 0 DC power, 10 - 20 volts
no connecti on o] o] no connecti on
0
Vt o

If the connector pigtail supplied wth the SBE 23 (Inpulse Enterprise
type AG306) is used, align the raised bunp on the side of the rubber
nol ded connector with the large pin on the bul khead connector.



The <color code wth the supplied pigtail (pigtails supplied by
manuf acturers other than Inpul se may have different color codes) is as
fol | ows:

Pin 1l G ound white

Pin 2 Vdo bl ack

Pin 3 no conn bl ue

Pin 4 Vt o or ange

Pin5 no conn green

Pin 6 Power red

Connect a voltneter between Vdo and Gound. Apply power. The voltage at
Vdo should begin reading about 5 volts. After several seconds, the
voltage will start to decrease until an equilibrium value of about 2.5

- 3.5 volts is produced. This voltage is proportional to the partia
pressure of oxygen in air.

Connect the voltneter between Vto and Ground. The reading will be about
3 volts at room anbi ent tenperature.

| NTERPRETATI ON OF SENSOR RESPONSES

Conpute the sensor current and sensor conpensation tenperature using
the relationships and coefficients given on the acconpanying
cal i bration sheet.

The new algorithm by Onens and MIlard (1985) may be used to convert
SBE 23 oxygen sensor data to oxygen concentration

OXYGEN ALGORI THM

The al gorithmhas the follow ng form

OX = [Soc * (oc + tau * doc/dt) + Boc] * OXSAT(T,Ss)
* exp(tcor * [T+w * (To - T)] + pcor * p)

wher e

oX di ssol ved oxygen value in m/|

T wat er tenperature in deg C

S salinity in parts per thousand

p pressure in decibars

oc oxygen current in mcroanps

Boc oxygen current bias

Soc oxygen current sl ope

To oxygen sensor internal tenperature in deg C

wt wei ghting fraction of oxygen sensor interna
t enperature

tcor tenperature correction factor for menbr ane
perneability

pcor pressure correction factor for nenbrane perneability

t au oxygen sensor response tinme

OXSAT( T, s) oxygen saturation value after Wiss (1970).

Values for tcor, pcor, tau and w are taken from the Beckman
pol ar ogr aphi ¢ oxygen sensor technical nenorandum



tcor = -0.033
pcor = 1.50e-4
tau = 2.0

Wt = 0. 67

Val ues for Boc and Soc at the tinme of factory calibration are shown on
the calibration sheet supplied with the sensor.

RECAL | BRATI ON

For recalibration, the program OXFIT, witten for the |IBM PC XT/ AT and
conpati bl es, conputes the value for Soc, oxygen current sl ope.

Det erm nation of sensor zero (Boc)
To measure the zero oxygen response of the oxygen sensor, flush the
sensor with an inert gas (e.g. N2 Ar, He) or place the sensor in a 2%

5% sol ution of sodium sulfite (NaZSOS)' When using an inert gas, nake

sure that there are no air |eaks; when using the sodium sulfite
solution, make sure that there are no air bubbles trapped on the oxygen
sensor menbrane. I n our experience, the sodium sulfite method produces
better (consistently |ower) results.

Allow the sensor to stabilize and neasure Vdo. Conpute the sensor

current (oc) which will typically be 0.05 mcroanperes or |less. Since
the Onens-MIlard algorithm assunes that Boc + oc = 0, Boc nust be
chosen = -oc.

Determ nati on of sensitivity slope (Soc)

To determne the sensitivity slope of the sensor, place the oxygen
sensor and a tenperature sensor (accuracy about +/- 0.1 degrees C) in a
bath of air saturated water (use an aquarium bubbler to oxygenate the
wat er). The oxygen sensor mnust be punped (approximately 15 m/second)
to avoid formation of a | ow oxygen boundary | ayer at the oxygen sensor
menbr ane.

Wait wuntil the oxygen sensor has had tinme to cone to thernal
equilibriumwith the air saturated water (approxi mately 30 m nutes).

Read Vdo and WVto, conpute the water tenperature and oxygen sensor
current, and verify that the internal oxygen sensor tenperature is
wi thin about 0.5 degrees of the water tenperature.

For nost accurate results the tenperature of the air saturated water
shoul d be as close as possible to the tenperature of the water at which
t he oxygen neasurenments will be made. However, note that it wll be
difficult to obtain equilibrium values at tenperatures other than room
anbi ent unless a tenperature-controlled bath is enpl oyed.

Determ ne | ocal atnospheric pressure.

Run the program OXFIT to conpute Soc. The algorithm used by OXFIT is
described in Appendix A OXFIT will pronpt for the foll ow ng:



| ocal baronetric pressure (mllibars)

this is the pressure that would be read on a baroneter (not
corrected to sea | evel)

wat er tenperature (deg C

water tenperature read by the tenperature sensor (bath
t enperature, not conpensating tenperature

oxygen current (m croanps)
ai r-saturated water val ue
boc

enter the value of boc determ ned previously

MAI NTENANCE and STORAGE

The sensor nodule (the brown cylindrical cartridge in the plastic part
of the SBE 23) has a working life of at least 6 nonths if kept noist.
If the sensor is stored in dry air, however, operating life may be
appreci ably shorter. Wen possible, store the sensor with a |oop of
Tygon tubing containing distilled or deionized water.

Care nust be taken to avoid fouling the oxygen nenbrane with oil or
grease. It is recomended that the oxygen sensor be flushed wth
distilled water after each use and be kept filled with distilled water
between use. An additional inportant benefit of keeping the sensor
closed with Tygon is to keep air born contamnants (of which there are
an abundance on nost research vessels) fromentering the sensor.

If it is not practical to keep the sensor filled with distilled water
bet ween use (for exanple, in Arctic environnents where freezing is a
hazard), at least flush it wth <clean fresh water (preferably
distilled) and close the cell with Tygon. Also, renenber to keep the
Tygon in a clean place (so that it does not pick up contam nants) while
the instrunment is in use.

For routine cleaning, fill the sensor with a 1% solution of Triton X-
100 and let soak for 30 mnutes. This is nost easily done by using a
|l ength of 7/16" Tygon tubing to form a closed loop including the
sensor. The teflon nmenbrane should be pointing up so that an air bubble
does not block the cleaning solution. After the soak, drain and flush
with warm (not hot) fresh water for 1 mnute. Refill the sensor wth
distilled water until the next usage.

SENSOR MODULE REPL ACENMVENT

When satisfactory calibrations are no |onger obtained, or there is
evi dence of calibration drift, follow the procedures in the D sassenbly
(Reassenbly) Instructions supplied with the sensor. Repl acenent nodul es
(P/IN 147737) may be obtained from Sea-Bird Electronics, or directly
fromthe manufacturer:



Sensor - Medi cs Cor por ati on
1630 South State Coll ege Bl vd
Anaheim CA 92806
800- 231- 2466

APPENDI X A

Correction factor for non-standard atnosphere:

nsa(T, bp) = (bp/p0) * (1 - (pH,Qbp) / (1 - pH,Q pO)

bp = baronetric pressure in kilopascals
p0 = 101. 325 kil opascal s

pHZO = wat er vapor pressure in kilopascals
T = wat er tenperature in deg C

pH,O = exp[ (- 216961 * X - 3840.7) * X + 16.4754]

X = 1/ (T + 273.15)

For air saturated water at the surface:
((Soc * oc + Boc) / nsa(T,bp)) * exp(tcor * T) =1
Soc = {[nsa(T,bp) / exp(tcor * T)] - boc } / oc

APPENDI X B
Conput ati on of OXSAT

OXSAT(T,s) = exp(Al + A2*(100/T) + A3*In(T/100) + A4*(T/100)
+s * (BL + B2*(T/100) + B3*(T/100)*(T/100)))

The units are m /I , the oxygen saturation value is the volune of the
gas (STP) absorbed from water saturated air at a total pressure of one
at nrosphere, per unit volune of the liquid at the tenperature of
nmeasur enent .
wher e:

S = salinity in parts per 1000

T = deg C+ 273.15 (absol ute tenperature)

Al = -173.4292

A2 = 249.6339

A3 = 143.3438

Ad = -21.8492

Bl = -0.033096

B2 = 0.014259

B3 = -0.00170
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