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INTRODUCTION Chapter 1
e e ]

1.0 What ia the Mark z17%

The Martek Mark 21 Portakble Dissolved Oxygen Monitor is a
completely portable, battery-operated electronic instrument that
can be used to determine trace amounts of dissolved oxygen in
process streams and/or verify the performance and accuracy of on-
line instrumentation used to measure dissolved oxygen.

Tha Mark 21 can be calibrated in a laboratory to ASTM {American
Standard of Tables and Measurements) or NIST (Naticnal Institute of
Standards and Technology] gqualifications, then carried te the
sample stream for direct, on-site monitoring of dissolved oxygan
and temperature.

Four ranges of oxygen concentration are provided by the Mark 21
(0-20 ppb, 0-200 ppb, 0-2 ppm, 0-20 ppm), all Ffeaturing
temperature-compensated dissolved oxygen measurement asg weall as
tamperatura as a separate paramatar.

1.1 How ¢an the Mark 21 henefit you?

By aliminating the need for physical grab samples, the Mark 21
provides a more reliable and efficient method for verifying and/or
calibrating on-line instrumentation. Its accuracy and resclution
allow the operator to detect subtle changes in dissolved oxygen
levels that c¢an affect the performance of boilers, condensate
pelishers, and other deaerated process systems.

In addition, the Mark 21 has the capability of storing monitored
data in memory for direct input into any perscnal computer or
printer. This valuable feature allows the operator to maintain a
historical record of calibration and performance data for on-line
instruments and, with appropriate software, can provide
differential analysis of numerous monitoring points. The Mark 21
can even serve as a back-up mohitoring system in the event of on-
line equipment failure, A 0-1 volt analog output signal indicating
diszolved oxygen and the range of measurement is also available

from the Mark 21 for hooking up directly to a strip-chart or line
recorder.
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1.2 How to read this Manual]

carefully review all of the material in this Manual Lefore
operating the Mark 21, Special attention should be given to the
sections on SETTING UP, OPERATION, and CALIBRATION of the
instrument and sensor. & MAINTENANCE & TROUBLE-SHOOTING section
has been provided to assist you in cobtaining the maximum use and
valua from the Mark 21. While not a prerequisite, a basic
knowledge of water chemistry or process ocontrol systems ie
desirable before attempting to operate the Mark 21.

Should you hava any gquestions or comments regarding the Mark 21,
its application, or this Manual, please contact us,



APECIPICATIONE AND BET-UP Chapter 2
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2.0 gpecifications - Maasursment

Parapeter Range Accuracy Res in
Temperature 0-50°C +0.10% +0.01%C
Disgclved 0-20.00 ppb +0.50 ppb * +0.01 ppb
Oxygen 0-200.0 ppb +2.00 pph +0.10 ppk
0-2.000 ppm +0.01 ppm +0.001 ppm
0-20,00 ppm +0.10 ppm +0.01 ppn
*At temperature of calibration.

Bpecifications - Physical

Case Dimensions: 7.0 X 6.5 ¥ 4.0 inch

{17.8 x 16.5 x 10.1 cm) IWH

Case Weight: & lbz., (2.1 kq)

Powar Requirement: 6 volt DC power
120 or 230 volt AC when factory

supplied battery charger is used.

Recorder Qutput: RS 232C Serial ASCII or

0-1 volt DC analog output

Sensor Type: Galvanic (platinum/lead)

Sensor Materials: 316 Stainless steel, Delrin, CEVC,

Pure Platinum, Pure Lead

Flow Rate: 100 - 250 ml/min

Operating Pressura: 1 Atmosphara (0 psig)






Spacifications

2.1 Aocassories and Senhsors

The Mark 21 Dissclved Oxygen Monitor comes complete from the
facteory with the feollowing accessories:

th ‘ s,w"‘ﬂﬁ /_.-’

ooy o[, e

"|trm.'l-[i_m T
Mark 21 with Disaclved Oxygen Battery
Carrying 8trap Sensor Charger
(p/N 181-10) (P/N 181-27C) {(B/N 221042)

£ _"‘-._.

\\ \-._' W e G AT

X\

serial cable Membrane Packet Rlaectrelyta
(PYN 6503104) {P/N 400019} {E/N 500133)

If any of these items are missing, contact the factory immediately.
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. d
alsc be purchase
b tainless steel flow chamber may nsor:
ga;dmdltrtmekn‘fzrsuse with the Mark 21 Dissalved OXxygen So:a

Stainless B8teel Flow Chamber
{P/H 1B0-51])

= o

RECORDER CABLE
{P/N 603050)



Setting Up

2.2 Betting Up The Mark 21

There are two connectors located on the left side of the Mark 21
Readout Medule. See Figure 2-1 belaow for connector location.

Flg. 2-1 Mark 21 Connector Locatioms

Each connector is clearly marked with the names SENSOR and REC.
The connector labeled REC is for the recorder cable. Below the REC
cennector is the charging jack for the battery charger plug.



setting Up

2.2.1 Hooking up the Disaslved Oxygen Bensor

To hook up tha dissalved oxygen probe, remove the dust cap from the
Mark 21 connector labeled SENSCR, insert the plug from the
dissolved oxygen probe and secure,

If the optional stainless steel Flow Chamber (P/N 180-51) is to be
used, follow the steps outlined below:

A)

B)

)

Gently remove the vinyl wetting cap from the end of the
dissolved oxygen proba.

Remove the plastic lscking nut from the Stainless Steel Flow
Chamber and carefully insert the dissolved oxygen proke into
the flow chamber until it rests flush with the top of the
chamber. Try to aveoid twisting the probe. =Any twisting of tha
probe should always be clockwise. Place the locking nut over
the DO sansgor cable and secure firmly onto the chamber. You
can now secure the plug from the DO probe to the Mark 21.

To hook up sample flow to the chamber, place the inlet flow on
the left plastic fitting {with the meunting bracket facing away
from you) and the outlet flow on the right plastic fitting.

Refer to the assambly drawing in Figure 2-2 below for a
completa layout of the dissolved oxygen sensor and flow
chamber.

Figure 2-2 Dipsvlved Oxygen Probe with Flow Chamber



- getting Up

2.2.2 Hooking up the Serial Cable

To hook up the Serial Cable, remove the dust cap frem the Mark 21
connector marked REC, insert the piug and secure. Next, plug tha
DB25=-style connector into the appropriate port on the computer or
printer (See Saction 3.2 for baud settings, ato.).

If you dggsire to hook up the Mark 21 to an external strip-chart or
line racorder, Refer to Section 3.2 for recorder cutput hook-up.

2.2.3 Hooking up the Battary Charger

The charging Jack is located below the Mark 21 connector marked
REC. When charging the Mark 21 intermal rachargeable batteries, it
is important to fovllow these two stepa:

R) with the Mark 21 turned off, plug tha ocharging
plug inte the charging jaok than,

B} Plug the charger into a wall outlet that carries
the same voltage as that listed on the battery
sharger. Tha Mark 21 zan now ba turnaed onm.

The Mark 21 can be operated eithesr on AC or DC power, However, the
Mark 21 should be oparatad only on DC power whan calibrating phe
instrument. This will _prevent AC voltage "spikes" from distorting
the calibration data stored in memory during calibration.



GPERATION

Chapter 3
|

3.0 How to turn on the Mark 21

Figure 3-1 below depicts the Mark 21 front panel with the various
keys identified.

@ .. @) & )
MWV MARTEK INSTRUMENTS  INC.
MARK 21 READ RANGE f\UE

SELFCT b, —p TAly
FO'WER LAMP
aa FRFE PAUIE REZUME CLFAR
O @ [SETUPI [CALJ [ LGG J lFHINTJ
(@

\\ @ ) Y

Figure 3«1 Mark 21 Front Panel

Twe rooker switches labeled POWER and LAMP are located on the left
side of the panel. To turn the Mark 21 on, flip the POWER switch
ug. The display will activate and momentarily display the

following message:
T T
V5 de

The number in the upper right hand corner refers to the software
veraion inside the Mark 21. If ne¢ sensor is hooked up to the Mark
21, the display will indicate 0 ppm. If a sensor is hooked up but
not calibrated, the Mark 21 will indicate such. If a sensor is

hooked up and calihrated, the Mark 21 will commence monitoring.



Operation

For better viewing, flip the rocker ewitch marked LAMP in the up
position. The backlight behind the liquid crystal display will
provide a bright display for c¢learer viewing.

i i

3.1 How Lo use the keya

Several of the kevys described below will require that the
Mark 21 be calibrated. TIf the Mark 21 is not calibrated,

proceed toc the chapter on c¢alibration after reading this
sactian.

In addition to the POWER and LAMP switches, there are two rows of
buttons or keys outlined in warioug colors and listing the
particular function of that key.

An important clue to understanding the operation of the keys is to
remember the following:

The Bottom Row of Kays [SETUP][ CAL ][_EE?_J QTEEIJ

are Subject Keys that allow you to choose which operation
you want the Mark 21 to perform.

SELFLT o, - EXIT
The Top Row of Keys Frpm FAUSE MESUME CLEAR

are Function Keys that allow you to select a particular
value or function in the subject you are in.

10



Operaticn

3.1.1 How to usae the key

The first ey you should become familiar with is the BETUP key.
This key allows you to set the start time and interval for the
logging functicon.

Now, pregs the yellow BETUP key. The display will respond with the
following:

The Mark 21 utilizes a menu format that provides you with a set of
optiens from which you can select from. Since the BETUP key has
been pressed, the top row of function keys are now in affect. All
words and symbols colored yellow are now activated.

To select a particular option, you would press the SELECT key. To
move the flashing prompt up or down toc ancther option, you would
press elther the UP or DOFN ARROW keys. Finally, to exit ocut of
the menu you would press the EXIT key which will raturn the Mark 21
to the monitoring moda. The options presented in the BETUP menu are
discussed in Section 3.2, For now, simply press the EXIT key,

CAL
3.1.2 How to uses the kay

The next key you should become familiar with is the CAL key. This
key allows you to calibrate temperature, dissolved oxygen, recorder
output, and to change date and time. Press the CAL key. The Mark
21 will respond with the following display:

Like the B8ETUP key, all the letters and symbols colored yellow in
the top row of the Functicn Keys are now in affect.

11



Operation

To move the flashing prompt up or down to ancther option, you would
press either the UP or DOWN ARROW keys. To exit out of the menu
you would press the BXIT key which will return the Mark 21 to the
monitoring mode., Since the options presented in the CAL menu are
discussed in Bection 3.2, simply press the BXIT key for now.

Lo
3.1.3 How to use the key

The LOG key is one of two keys on the Mark 21 membrane panel
outlined in red. When this key ls pressed, the words labeled in
red on the function keys are in affect. When the LO@ key is
pressed, the Mark 21 will display the following:

Pressing the LOG kay again will return the Mark 21 to the
monitoring mode. However, a black square will be visible in the
top right-hand corner of the display similar te the display shown

below:
%

The black square indicates that the Mark 21 is in the logging mode.
By pressing any of the function keys, you will be able to pause the
logging of data (lndicated by the letter "p" in the right-hand
cornet of the display), resume the logging of data, shew the amount
of free memory remalning, and clear or erase the data already
logged. To step logging, simply press the LO@ key again. The next
time you press the LOG key, the Mark 22 will increment to fille #02
and start logging data In that particular file. This feature allows
you to assign different files for different monitoring points.
Refar to Section 3.2 on how to set up the Mark 22 for logging at
predetermined times and intervals.

1z



Operation

3,1.4 How to use the kay

The last key is the PRINT kay. The PRINT key is alse ocutlined in
red. When this key is preseed, the worde labeled in red on the
function keys are in affect. The Mark 21 will always send out the
display information to the printer port under necrmal conditiens.
Pressing the PRINT key will allow the Mark 21 to print what has
been stored in memery when it is hooked up to a computer or
printer. Pressing the PRINT key will provide the following:

By pressing the RESUME key, the Mark 21 will start sending data.
Pressing the PAUBE ey will stop the printing. Pressing the RESUME
key will resume printing. Pressing the FREE key will show how many
gcans or lines of data remain in all flles. PFinally, pressing the
CLEAR key will increment the Mark 21 to the next file to hbe
printed. To exit the printing mode, simply press the PRINT key
again. Information on how to set up your computer or printer to
communicate with the Mark 21 can be found in Section 3.2.

3.1.5 How to use the DISPLAY CONTROL EKEYS

The last thing you need to know about using the keys on the Mark 21
are the DISPLAY CONTROL KE¥S. The display control keys are the
same keys used as function keys when the Mark 21 is not in tha
monitoring mede, The display centrel keys become activated only
when the Mark 21 is monitoring data. The words READ, RANGE, and
AUTO are labeled in white above the keys. If the RBAD key is
pressed, the Mark 21 will display either dissolved oxygen and
temperature or date, time, and battery veltage. In thls way, you
can selact a particular messurement to be displayed continucusly in
the Mark 21. The letter "M" will be present in the lower right-
hand corner of the display to indicate that the Mark 21 iz in the
manual mode of presenting data. An example of the READ key being
prezsed twice is shown in sequence on the next page.

13



Operation

READ

READ

Tha AUTO key is an abbreviation of "AUTORANGE"™. If the AUTO key i=
pressed, the Mark 21 will continuously display dissolved oxygen and
temperature measurements. However, the autc mode allows the Mark 21
te switch from one particular dissclved coxygen range to ancther
autematically as DO levels rise or fall. The letter "aA" will be
present in the right-hand corner of the display to indicate that
tha Mark 21 is in the "autoranging" mode of displaying data.

The twe remaining display control keys are located beneath the
RANGE inscription. These kays allow you to manually select cne of
four dissclved owygen ranges when the Mark 21 is menitoring
dissolved oxygen in the "manual® mode. The arrows indlcate which
direction the dissolved oxygen range can be altered. If the UP
ARROW is pressed, the Mark 21 will move the decimal point shown in
the display to the right. If the DOWN ARROW jis pressed, the Mark
21 will move the decimal peint to the left, This feature allows
you te select a low and high ppb or ppm range of measurement. An
exanple of the RANGE keys functions are shown below:

UP arrow

UP arrow

UP arrow

Focosn
STt

SETE
P

UP arrow




Operation

Notice that the last display shown indicates a zero amount of
dissolved oxygen. This will occur if the parte per million rangse
is selected and the actual diessclved oxygen present in the stream
is only a few parts per billion. If the two lower ranges are
gselected and the DO content exceeds the range displayed, the Mark
21 will simply display "2001" with the decimel point positicned in
whatever range the Mark 21 is monitoring in.

Finally, please nhote that the RANGE keys do not function when the
Mark 21 is in the "auto" mode of menitering data.

3.2 Praparatj d erating conditiehs

3.2.1 When and How to Raplace thé Méhbrane

The dissolved exygen probe is normally shipped frem the factory
with a membrane in place and electrolyte inside the probe. A vinyl
wetting cap is filled with water to keep the Teflon membrane moist
when the prebe is not being used. Extra caps, membranes, and a
bottle of elactrolyte (potassium 1lodide), are also provided.

The dissolved oxygen probe consists of five principle parts each
identifiad in Figure 3-2 kelow:

uter Body

%Ms S Bpindle

Figure 3-2 Dissclved Oxygen Probe Assembly

A5



oOperation

The membrane should be changed under the following conditicons:

A) The membrane becomes torn or coated
B} Alr bubbles are visible beneath the membrane

€) A leak is detected evidenced by salt deposits,
gudden changes or drifting readings

D] Whenever electrolyte is replaced

The following procedure should be used when changing the menmbrane
or replacing tha electrolyte,

1. Turn the Filler Valve clockwisze until it stops.

2. Unscrew the black Outer Body counter-clockwise
and remove it from the grey Spindle. Empty ocut
any electrolyte still in the Outer Body.

3. Unacrew the stainless steel Membrane Ring from
the Cuter Body and remove the cold membrane.

4. Placa a new nenbrane in the bheottom of the
Hembrane Ring and place several drops of
electrelyte on the membrane.

5. Screw the Membrane Ring onto the Outer Body
and gently tighten.

6. Using the dropper from the electrolyte bottle,
carefuliy fill the four small flow-thru holes
located around the platinum tip of the Spindle.

7. Fill the Cuter Body with electrolyte just
above the intericr ledge of the Outer Bedy.

8. With tha Filler Valve facing up at a 45° angle,
screw the ODuter Body back onto the Spindle and
gently tighten (some electrolyte should flow
cut of the Filler Valve).

. gently screw out Filler Valve until it stops.

10. Calibrate monitor {See Chapter 4 CALIBRATION)

16



Operaticn

If the dissgolved oxygen proke is not going to be immediately used,
fill the vinyl wetting cap with water and place over the Membrane
Ring squeezing as much air ae possible from the cap.

If the probe is not be used within two weeks, empty the electrolyte
cut of the probe, dry all of the parts and store the probe in a
cool place, :

If the probe 1ls to be used with the atainleas atesl Flow Chanmber,
review Section 2.2.1 "Hooking Up the Dissclved Oxygen Sensor®.

3.2.2 Hooking up the Mark 21 to a Bampls Stream

To afford maximim accuracy, the Mark 21 Dissolved Oxygen Sensor
should bhe used with the stainless steel Flow Chamber supplied by
Martek Instruments. To hook up sample flow to the chamkar, place
the inlet flow on the left plastic fitting (with the mounting
bracket facing away from you) and the outlet flow on the right
plastic fitting. Heavy-wall Tygon tubing should ke used. If the
flow chamber is f.o be permanently mounted on-line, stainless steel
swagad fittinges with either 1/2 or 1/4 inch stalnless steel tubing
is recommended.

The flow rate should be maintained between 100 - 250 ml/minute for
optimum results. Pressure should not exceed 1 Atmosphere (0 psig).
When moving the diseolved oxygen probe from different moniteoring
points, care should be taken to avoid undue exposure te the
atmosphere. FKeeping the probe in an anaerchic environment quickens
ity response time.

3.2.,3 How to Log data

ona of the most convenient features of the Mark 21 is lte abllity
to log monitored data inte memory and then down-load this data to
either personal computers or printers. This saves the cperator the
additional chore of writing the data down and then Xkeying the
information into a computer for graphic analysis or record storage.
In addition, the Mark 21 can be programmed to start logging at a
pre~determined time and interval for unattended monitering of key
pProcess lines.

17



Operatlon

Tc sef up the Mark 21 for logging, press the SETUP Key. The Mark 21
will display the fellowing:

[

and STARTING TIME will be flaghing, Now, press the SBELEQT key. The
Mark 21 will prompt with the following:

[abaia b, e,
A g{qﬁﬁ

i Sy
bzg i
A AL o

The STARTING TIME is used to set the logging function to begin at
a predetermined time. The "hh" standg for the hour and the ™mm"
stands for the minutes. The time must be inputted as a 24 hour
clock, i.e. 1:00 PM would be inputted as 1300, 9:30 AM would be
inputted as 0930, etc. Alter the value of the flashing digit by
pressing the arrow keys up or down. Move forward to the next digit
by pushing the BELECT key. Move back to a previous digit by
pushing the BEIT key. Once the last digit has been entered, the
Mark 21 will automatically prompt on FERIOD.

When PERIQD is selected, the Mark 21 will display the following:

Entering any value between 1 and 255 minutes will set the amount of
time between recordad readings when logging, Upon completion, the
Mark 21 will prompt next to $ SCANS.

When # SCANS is selected, the display will read as follows:

18



gperation

Use the ARROM kayz to change the number of complete readings the
Mark 21 will make during each scan peried. Upon completion, the
Mark 21 will return to tha set up menu.

For sxample, if the period bhetween recordings ig =zet
for 30 minutes and the number of scans set for 2, then
there are 4 scans per hour.

371+ 4 = G2.75

The total logging time is %2.75 hours. The time
remaining will be displayed as ¢2.8 hours when flrst
starting to log.

3.2.4 How to Print data

Once data has been legged inte the Mark 21, it can be down-leaded
to any ecomputer or printer that accepts serial ASCII RS 232 digital
input. To down-load the stored data in the Mark 21 requires that
you set your computer or printer with the same data flow
confiquration utilized by the Mark 21. The Mark 21 is preset at
the factory for the following settings:

Baud Rate
Data Bits

Stop Blts
Parity

Conzult your computer or printer manual for details on how to
manualiy configure your system to the above settings. You can also
use communication software programs such as PROCOMM or CROSSTALK
that allow your computer to set the data flow configuration via the
keyboard.

1%



Operation

Once your computer is set up to communicate with the Mark 21,
¢onnect the recorder cable te the Mark 21 and plug the DB-25 style

connector to the appropriate serial port on the computer or
printer.

Pressing the PRINT key will cause the display to respond with:

At this point, review Secticon 3.1 again for instructions on how to
use the print functicn keys.

To erase logged data, disconnect the Mark 21 from the computer or
printer. Next, press the PRINT Xey, then the PAUBE key, and

finally, the REBUHE key. The Mark 21 will display the following
messages:

§ **:n% i
(i ittt ﬁ%gg
%ggg{; xv”ixi:':“;

The display will then present you with the following:




operation

If you wish to save the data stored in the Mark 21, press the EXIT
kay., If you wish to erase the data, press the SELECT key.

3.2.5 How to usse tha Recorder Output

There are some instances whan it 1s desirable to hoock up the Mark
21 to a strip chart or line recorder in addition to or, te
substitute for, the Mark 21's own internal logging capability. A
likely example would be for monitoring on-line instrumentation that
is already using analeg recorders for data acquisition.

The Mark 21 provides a simultanecus 0-1 volt DC recorder output for
dissalved oxygen as well as the rangs the sensor is monitoring in.
Tha analog recorder output for each ranges can be set to a
particular voltage scale. Refer to Chapter 4 CALIBRATION, Section
4,2,4, for details.

In order to use the analog recorder output, an optional analog
recorder cable [603050) can be purchased and installed in place
of the serial cable,

Refer to Figure 3-3 below for wire lead identification.

' 1 D.0. Signal RED }f‘{

2 I,O, Raturn BLIC v -
{rec casLE 5 Range Signal —BLU A
! BLK 5

€ Range Return

Figure 3-1 Analog Racordsr Output Hook-Up

21



CALIBRATION Chapter

4.0 ¥hy should yeu calibrate the Mark 217

Electronic Iinstruments that measure physical or chemical reactions
requlre periodic calibratien in order te malntaln their accuracy.
This is done by comparing the measuremente gathered by the
instrument to a reference or standard that is well-known and widely
accapted,

The most commonly used method cof calibraticn inveolves two points:
A zero point and a span point., The purpose of these two peoints is
to establish a base value and a value proportionately greater than
the base value. The accuracy of an instrument using a two-point
calibration is directly related tec its ability to maintain
linearity over the full scale of measurement.

4,0.1 Materials Required for calibration

The Mark 21 can ke calibrated using sclutions and gases or
electronic circuitry that simulates the properties of gases. In
either case, the method chosen should be traceable to ASTH or NIST
(National Institute of Standarde and Technology ~ formerly Natienal
Bureau of Standards).

If you choose to use sclutions and gases for calibration, the
following items will be reqguired:

Lakoratery-grade thermometer

Temperatura Bath
{ice and warm water will alsc work)

Inert Gas (Nitrogen, Helium, or Argon)
Certified Mixed Gases
Electrolyte (Potassium Iodide, 2:1 dilution)
1 mil Taflon nembrane (0.75 inch dia.)
The last two items are supplied with the Mark 21, but if you run

out you can supply your own electrolyte and wembranes or purchase
these items from Martek.
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If you cheoose to calibrate temperature and dissolved oxygen
electronically, you can eliminate the first four items on the list.

4.1 Temperature Caljibratiocn

Temperature must alwaye be calibrated before dissolved oxygen since
temperature is used to compensate for the porosity of the diszsclved
oxygen membrane.

Temperature can be calibrataed either electronically inside the Mark
21 (Auto callbration) or physically using a temperature kath
(Manual Calibration) to set the twe point calibration of zerc and
span.

In an electronic calibration, a particular physical wvalue can be
determined by using its direct known resistance wvalue and
elactronically substituting this wvalue as the actual physical
megsurement. For calibrating temperature, the Mark 21 utilizes
precision resistors in its circuitry to simulate 0°C and 50°C.

4.1.1 Aute Temperature Calibratiom

To set the instrument up for automatic temperature calibration,
preszg the CAL key until the windew display responds with:

Select "TEMP". The display will prompt with:

mwﬂ
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Salect "ZERQ", The display will prompt with:

Select "AUTO". After a short delay, the display will prompt with
the following message:

At this time, the Mark 21 acts like a voltmeter and shows a varying
voltage. An internal relay has switched in the precisicn resistors
aimalating a temperature of 0°C (the voltage displayed will vary
from monitor to monitor). The Mark 21 will now wait for you to
press the BRELECT key when the voltage shown on the display hae
stabilized. After the key has been pressed, the display will
prompt with "TEMP AUTO ZERO" than autematically default to "SPANY,
At this time, press the BELECT key. The display will prompt with:

i
v
o
i

Select “AUTO", After a short delay, the display will preompt with
the following message:

o

i

Again, the Mark 21 acts like a voltmeter and shows a varying
voltage. Aan internal relay has switched in the precision resistors
simulating a temperature of 50°C. The Mark 21 will now wait for you
to press the BELECT key when the voltage shown on the display has
stabilized. After the key has been pressed, the display will
prompt with "TEMP AUTO SPAN" and then automatically default te the
calibration menu with the "D.0." option flashing.
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4.1.2 Mapual Temperaturs Calibration

If standard cperating procedure or your own conviction requires
that you perform a dynamic calibration, the Mark 21 is capable of
being calibrated using an external reference, 2 temperature bath
would be tha most useful reference, however, ice and hot water can
also be used if a temp bath is not availabla.

Temperature Zerc Adjustmant

Heek up the digsolved oxygen sensor, then press the CAL key and
gelect "TEMP". The display will prompt with the feollowing:

Select PZEROM. The display will prompt with:

Select "MANUAL". After a gshort delay, the display will prompt with
a4 momentary massage:

Then will ask you to:
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Like the auto temperature calibration, the Mark 21 acts like a
voltmeter and shows a varying voltage. The Mark 21 will now wait
for you to press the BELECT ey when the voltage shown on the
display has stabilized. At thie time, place the dissclved oxygen
sensor in a temperature ice bath or a beaker filled with water and
crushed jce, At the same time, measure the ice slurry with an
ac¢urate temperature thermometer.
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When tha veltage reading on the display has stabilized, normally
after several minutes, press the SELECT key. The Mark 21 will
prompt with the following display:

Input the temperature value as a 4=digit number {ncte the [ixed
decimal point). You can alter the value of the flashing digit by
pressing the arrow keys up or down. Move forward to the next digit
by pushing the BELEQCT key. Move back to a previous digit by
pushing the EXIT key.

Temparature span Adjustments

After the Mark 21 has been zerced for temperature, it will
automatically prompt with the following diszplay:

Select the "SPAN" option. The display will then prompt with:

2%
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F

Select "MANUAL". After a short delay, the display will prompt with
a momentary messaga:

Then will ask you to:

At this time, place the sensor in a high (span) temperature bath
where the temperature is approximately twice the nominal
temperature measurement. Again, to accurately measure the water
temperature, place a thermometer into the solution. When the
voltage displayed has stabilized, press the BELECT key. The Mark 21
will prompt with the following diasplay:

Input the temperature value as a 4-digit number {ncte the fixed
decimal peoint). ¥ou can alter the value of the Flashing digit by
pressing the arrow keys up or down. Move forward to the next digit
by pushing the SELECT Xey. Move back to a previous digit by
pushing the EXIT key, After the last number has been entered, the
Mark 21 will automatically respend with the following display:

and the "D.0." option will be flashing.
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4.2 Dissolved oxvygen calibration

The Mark 21 utilizes a galvanic-type dissolved oxygen sensor.
Unlike polarographic DO sensors which require a reference voltage
to maintain equilibrium, the galvanic sensor utilizes a basic
electro-chemical premise: If there iz no oxygen, there will be no
current flow, Likewise, if oxygen ewists, the current produced
will be directly proportional to the amount of oxygen present,

In light of this, the Mark 21 diszsolved oaxygen sensor's zero
calikbration can be accomplished via the electronics located inside
the Mark 21 monitor, This "auto-calibration™ feature makes
calibration of the sensor easy and consistent.

Dissolved Oxygen Zero Calibration

4:2.1 Auto Zero Calibration Adjustment

After temperature has been calibrated, the disseolved oxygen must be
zeroced. Like temperature, two methods, auto zerc and manual zero
calibratien, are available. With the calibration menu in the
display and the *D.C." option flashing, press the BELECT key. Tha
display will prompt with the following:

Select the "ZERO" option. The Matk 21 will next display:

Select the "AUTO" option. After a short delay, the Mark 21 will
display the Ffollewing:
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Just 1ike the aute temperature calibration sequence, the Mark 21
acts like a voltmeter and shows a varying veoltage. An internal
relay has switched in tha electronics similating a zerc current,
The Mark 21 will now wait for you to press the BELECT key when the
veltage shown on the display has stabllized. After the ¥ey has
been pressged, the Mark 21 will briefly display "AUTO = 00,00 ppM",
then automatically default to the "SPAN" option.

4.2.2 Manual Zaro Calibration Adjustment

The diassolved oxygen sensor can be zerced manually as well. To do
80 requires an anaerchic environment where the precise amount of
oxygen is known. Inert gases are one methed of zercilng the
diszolved oxygen sensor that 1s in accordance with ASTM and NIST
gtandards. However, this methed is not as convenlent as the auto
zero calibration procedure previously discussed.

Another metheod for manually zaroing the dissolved oxygen probe
involves using sodium =sulfite dissolved in a small beaker of
distilled water, While not as accurate as inert gases, it does
provide a fairly rellable alternative, .

When usging sodium sulfite, place a small amount in the wvinyl
wetting cap, fill with distilled water, and gently place the
wetting cap onto the probe taking cave to squeeze any excess air
out of the cap. Next, place tha gensor in a 500 ml beaker of
distilled water (containing approximately 1 tablespoon of sodium
sulfite dissolved into the water) and proceed with the zero
calibration. This method can also be used to test the response of
the sensor after all calibratiens are completaed.

To manually zero the dlgsolved oxygen probe, make certain the Mark
21 iz displaying the calibration menu with the "D.0." option

flashing, then press the BELECT key. The display will indicate the
following:

Select the “ZERO" optien. The Mark 21 will next display:

A e
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Select the "MANUALM opticon. After a short delay, the Mark 21 will
display the following messages:

and the "20 ppM" option will be flashing. Unless you absolutely
know the ewact amount ¢f oxygen present, select the 20 ppm range.
Choocsing the highest range allows for the least amount of arror
gince any trace amount eof oxygen will be shown as zero in the ppm

range. Once you press the SELECT key, the Mark 21 will display the
following:

Again, the Mark 21 acts like a voltmeter and shows a varying
voltage, The Mark 21 will now walt for you to press the BELECT kay
when the voltage shown on the display has stabilized. After the

key has been pressed, the Mark 21 will briefly display the
following:

Input the dissolved oxygen value as a 4=-digit number (note the
fixed decimal point). You can alter the value of the flashing digit
by pressing the arrow keys up or down. Move forward to the next
digit by pushing the S8ELECT key, Move back to a previous digit by
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pushing the EXIT key. After the last number has been entered, the
Mark 21 will automatically respond with the following display:

and the "SPAN" cption will be flashing.

4.2.32 Manual Dissolved Oxygen Bpan Calibration

Span calikration of the dissolved oxygen sensor to a known value
cannot be done alectronically. Therefore, only mamual calibration
iz awvallable. However, there are two methods of span calibration
that can be utilized.

one method of span calibration involves the use of mixed gases that
have been certified for their oxygen content. These gases are
available from certain commercial gas ocutlets and certification
labeoratories in small cylinders. The disadvantage of using these
gages ig their relatively high cost.

Another method of span calibration that is widely accepted is the
uga of water-saturated air. This method is based on the physical
azsumption that dry air contains 20.90% oxygen and water-saturated
air contains specific levels of oxyygen based on temperature and
prasaure,

If the dissolved oxygen sensor ig to be spanned with mixed gases,
the sensor will have to be placed in an air-tight container,
preferably the stalnless steel Flow Chanber provided by HMartek.

The following procedures can be used with either method of
calibration.

With the Mark 21 displaying the calibration menu, choose tha "D.O,"
and press the BELECT key. The display will prompt with the
folloewing:

SR b
@ﬁiﬁé@%ﬁ%ﬁm %
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Select the "SPAN" option. The Mark 21 will display the following
magsages;

and the "20 ppM" option will be flashing. At this point, if you are
using mixed gases, select the range that is appropriate for the
value of dissolved oxygen representad by the gas. If you are using
the water-saturated air method, press the BELECT key to cheoose the
¥20 ppM" option. The display will respeong with the following:

é&, I

Again, the Mark 21 acts like a voltmeter and shows a varying
veltaga. The Mark 21 will now wait for you to press the SELECT key
when the voltage shown on the display has stabilized. After the key
has been pressed, the Mark 21 will briefly display the following:

You will notice that a dissolved oxygen value will already be
present in the display. One of the convenient features of the Mark
2l is that it automatically caloulates the dissclved oxygen value
of water-gaturated air for the surrounding temperature and displays
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thiz calculated wvalue 1n tha display. This caleculated value is
based on measurements made in fresh water at sea-level (760 mm of
mercury). For other pressures and varying levels of chloride,
congult APPENDIX A, "Solubility of Oxygen in Water Exzposed to
Water-paturated Alr® gt the end of the Manual.

Input the dissolved oxygen wvalue as a 4-digit number (note the
fixed decimal point). You can alter the value of the flashing digit
by pressing the ARROW keys up or down. Move forward to the next
digit by pushing the BELECT key. Move back to a previous digit by
pushing the EXIT key, After the last number has been entered, the
Mark 21 will return to the calibration wenu and the "TIME" option
will be flashing.

1.2.4 Analeg Recorder tutput Calibration

In addition to the RS232 Serial ASCIL digital output, the Mark 21
also provides a 0-1 DO analog output (Refer to Section 2.2.2,
"Recorder Output Heokup", for details on how to hookup up the
recorder cable to a recorder),

There are two recorder output channels availakle from the Mark 21:
Dissolved Oxygen and Range. By selecting a particular channel, the
Mayk 21 can force its recorder output to zerc and full scale so
that the external recording instrument can be directly calibrated
to the Mark 21's output, With the Mark 21 displaving the
ealibration menu, select the "RECORDM" optien. The Mark 21 will
display the following:

Gty
FEITHEE N
T

Salect the "D.0." option. The display will prompt with:

If you select the "ZERO™ option, the Mark 21 will force the analog
output for dissolved oxygen to zero volts. At this time, you would
adjust the recording instrument to read zero.
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If you seleact tha "FULL" option, the Mark 21 will force the analog
output for dissolved oxygen to full scale or 1 velt. At this time,
you would adjust the recording inastrument to read full scale.

To exit from the dissalved oxygen recorder option, press the EXIT
key. Tha Mark 21 will provide the following dlsplay:

and the "RANGE" option will ke flashing. Pressing the SELECT key
provides the following display:

.o

After the gzerc and full scale analog recorder adjustments for
dissolved oxygen have been completed, the range adjustments can be
made. The purpose of the range channel is to indicate to the
recerding instrument the particular range the Mark 21 is monitoring
in. The adjustments for the range channel utilize the same
procedure as that used for the dissolved oxygen channel. Refer
below for the voltage scale and its corresponding range.

Zorc Volts for the 20 pph range
1/3 Brale for the 200 ppb rangme
273 Beale for the 2.0 ppm range

Full Beale for the 20 ppm range
e m

4.3 How to zet Date and Tima

The Mark 21 uses an internal clock to maintain date and time for
recording purposes. This feature allowe you to record exactly when
a measurement was made which can facilitate on-line system
performance evaluations over a period of months or even years.
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Te set the date and time, prass the CAL key and select the "TIME"
opticn. The Mark 21 will prompt with the following display:

and the "DATE"™ option will be flashing. Preas the B8ELECT key. The
display will then indicate the followineg:

The "mm" stands for month and the "d4" stands for day. Alter the
value of the flashing digit by pressing the arrow keys up or down,
Move forward to the next digit by pushing the BELECT key. Move
back to a previous digit by pushing the EXIT key. Once the last
digit has been entered, the Mark 21 will automatically respond with
tha feollowing display:

and the "TIME" cption will be flashing. Press the SELECT key. The
digplay will then indicate the following:

The "hh" gtands for the hour and the "mm" stands for the minutes.
The time must he inputted as a 24 hour cleck, i.e. 1:00 PM would be
inputted as 1300, 9:30 AM would be inputted as 0930, ete. Alter the
value of the flashing digit by pressing the arrow keys up or down.
Move forward to the next digit by pushing the SELECT key. HMove
back to a previous digit by pushing the EXIT key. Once the last
digit has been entered, the Mark 21 will automatically respond with
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the followlng display:

and the "RECORD" option will be flashing,

4.4 Frequency of calihration

Standard operating proceduras for ecalibration wvary with each
organization. Martek Instruments recommends calibratioh of the
Mark 21 at least once a month. More frequent callbration may be
required if displayed wvalues are unusually high or low given the
application, or tha applicatien itself changes.

The best results occur when the same method of calibration ig used,
conducted by the same operator. You can use any of the methods
described in this Manual to determine which is the most acceptable
and convenlent method to employ.
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MATNTENANCE & TROUBLESHOOTING CHAPTER 5

5.0 The Readouyt Moduls

The Mark 21 monitor is housed in an extruded aluminum case coated
and painted toc withstand expesure in a marine environment.
However, the Mark 21 is not waterproof. Care should be taken to
avold moisture settling on the front panel. If water exposure is
a problem, a large plastic zip-lock bag can be used to protect the
Mark 21 from exposure.

While the Mark 21 is portable, it should be treated like a quality
laboratory instrument. Excessive banging or dropping of the
monitor should be avolded.

The lamp used in the Mark 21 dilsplay has a rated life-span of over
7,500 hours. The lamp mhould be used sparingly when surrounding
light is poor. Replacement lamps are available from Martek
Instruments,

5.1 The Sensor

THe dissolved oxygen genscr consists of a galvanic-style probe
(platinum/lead) with an electrolyte consistlng of potassium icdide
and six feet of shielded senscr cable.

Normally, very little maintenance is required and the sensor can
operate for weeks, even menths without the need te change the
electrolyte or membrane, especially if the sample stream is running
in the low ppb range.

However, over time or in a sample stream with a high dissclved
oxygen content, lead oxide will form on the lead portion of the
Spindle, A possikle indication of lead oxide bulld-up is lower
than normal oxygen readings due to less surface area on the lead.
The lead strip will appear dull in appearance and possibly have
yellow deposits near the edges.
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To clean the lead oxide off, simply take a toothbrush or plastic
scouring pad (such as Scotch-Brite) and gently scrub the lead with
distilled water until it shines brightly. You should also cheack
the platinum tip and the four flow-thru holes (located around the
platinum) for dirt or debris. If any exists, simply scrub it away
with the toothbrush.

Alse make sure that the 0O-rings used in the Outer Body, Filler
Valve, and Flow Chamher are intact and in good condition.

After cleaning the lead, replace the membrane and eleckrolyte angd
calibrate the sensor as you normally would.

5,2 Trouble- tin

If maintenance procedures are followed regularly, very little can
go wrong with the Mark 21. However, there may be instances where
the Mark 21 deoes not respond in the manner desired. The following
gection deals with the errors most commonly encountared and offers
suggestions to overcome potential problems.

1. The Mark 21 fails to respond to any key commands.

AMSWER: Make sure that the Mark 21 is not in the LOGGING mode.
Thig is indicated by a black box or the letter "p" in the upper
right hand corner of the display. If present, press the RESUME key
then the LOG key to disable the logging function.

2. The Mark 21 displays Y"MEM ERROR REDO CALIBRATION™ after power is
turned on.

ANBWER: The Nicad batteries uged f[or internal memory power in the
Mark 21 may not be charged, Charge the Mark 21 for at least 24
hours te allow the batteries to charge up. Make sure the Mark 21 is
turned on during charging.

3. Dissolved Oxygen readings ars unuaually high and erratiec.

ANBWER: The Teflon membrane may be torn or have a pinhcle laak.
Re-membrane and fill with fresh electrolyte.

38



APPENDIX A

Bolubility of Oxygen in Watar Exposed to Watar-Saturated Ajr¥
ppm CL 0 5,000 10,000 15,000 20,000
¥ NaCL /] 0.8% 1.6% 2.%% 3.3%
“c Dissolved Oxygen (ppm})

11 11.1 10.5 9.9 9.4 g.8
12 10.8 10.3 a.7 9.2 B.6
13 10.64 1¢.1 9.% a.0 8.5
14 10.4 9.9 9,3 8,8 8.3
15 10.2 9.7 5.1 8.6 8,1
ia 10.0 8.5 9,0 a.5 8.0
17 9.7 9.3 2.8 8.3 7.8
13 9.5 G.1 a.s 8.2 7.7
19 9.4 8.9 2.5 8.0 7.6
20 9.2 B.7 g.1 T2 7. A
21 g.0 8.6 8.1 7.7 7.3
22 a.a 8.4 B.,0 7.6 7.1
23 2.7 g.3 7.9 T.d T.0
24 8.5 8.1 7.7 7.3 £.9
25 B,.4 5.0 7.6 T2 &.7
26 8.2 7.8 7.4 7.0 &.6
27 E,1l T 7.3 6.5 5.5
23 7.9 7.5 7.1 6.8 .4
2% 7.8 7.4 7.0 6.6 5.3
30 7.6 73 6,9 6.5 6.1

%2t a totel pressure of 760 mm mercury. Under any other barometriec
pressure, the solubility, 8' (ppm), can be obtained from the
corragponding value in the Table by the following equation:!

8 = g[(P - p} / (760 - P}]

in which 8 is the =olubility at 760 mm (29.22 inches) and p is the
pressure (mm) of saturated water vapor at the temperature of the
wakter, For elevations less than 1,000 meters (3,000 ft.} and
temperatures below 25°, p can be ignored. The egquation then
becomnes !

B' = B{F / 760) = B(P / 29.92)

Dry air is assumed to contain 20.92% oxygen. (Calculations made by
Whipple & Whipple, 151L.)
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Oxygen Solubility in water saturated with air ymg/I
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