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1 Introduction

This manual covers installation, operation and 
maintenance of the METTLER TOLEDO Thornton 
High Performance Dissolved Oxygen (DO) Sensors.  
For information on the measuring instruments, consult 
their respective manuals.

The dissolved oxygen measurement loop consists of:
• 52 201 067 analog DO Sensor or 52 201 209  
 ISM® DO Sensor
• 30 298 424 DO electrolyte pack (3 x 25 mL) 
• 58 084 009 Flow housing with 1/4" NPT(F) ports
• VP cable with analog sensors or AK9 cable with 
 ISM sensors

Sensor Cable Instrument

52 201 067 52 300 107 – 1 m cable
52 300 108 – 3 m cable
52 300 109 – 5 m cable
52 300 110 – 10 m cable

M300

52 201 209 59 902 167 – 1 m cable
59 902 193 – 3 m cable
59 902 213 – 5 m cable
59 902 230 – 10 m cable
52 300 204 – 20 m cable
52 300 393 – 30 m cable
52 300 394 – 50 m cable
52 300 395 – 80 m cable

M200/M300/
M800

These sensors are designed for monitoring low con-
centrations of dissolved oxygen in power plant, micro-
electronics, and pharmaceutical pure water samples 
and similar applications. They provide long-term op-
eration with minimal maintenance. 



6 High Performance Dissolved Oxygen Sensor

© 03 / 21 METTLER TOLEDO Thornton 52 201 072 K
Printed in Switzerland

2 Important notes

2.1 Overview of operation

These DO sensors use a gas permeable membrane to 
separate the sample from the electrochemical cell in-
side. Oxygen diffuses through the membrane in direct 
proportion to the partial pressure of oxygen outside the 
sensor. The cathode and anode inside the sensor are 
polarized with a voltage to enable the electrochemical 
reaction of oxygen. Oxygen is reduced at the cathode 
while the anode is oxidized, producing a small current 
in direct proportion to the amount of oxygen reacting. 
The very small current developed by these sensors 
allows them to have a long life with low maintenance.  

A guard ring electrode around the cathode prevents 
extraneous oxygen either from within the sensor 
or from the sides of the membrane from causing a  
response. This enables especially rapid response to 
low ppb samples after air calibration or other exposure 
to high oxygen concentrations. 

Temperature compensation adjusts for the changing 
permeability of the membrane with temperature. In 
addition, the instrument uses the temperature value 
to convert the oxygen partial pressure signal to a dis-
solved oxygen concentration value by compensating 
for the changing solubility of oxygen with temperature. 

For calibration, the sensor is normally removed from 
the flow housing for exposure to air which provides 
a standard oxygen partial pressure. An instrument 
setting accounts for differences in barometric pressure 
during calibration.

2.2 ISM models

52 201 209 model sensors include Intelligent Sensor 
Management with the measurement circuit, analog to 
digital conversion and extensive memory contained 
within the sensor. The integrated ISM functionality al-
lows extensive monitoring of the sensor. Stored in the 
sensor are the serial number, type of sensor, order num-
ber, calibration data and temperature exposure data.  

When starting up, the following processes are initiated 
automatically: digital communication, plug & mea-
sure, pre-calibration, predictive maintenance.

2.3 Safety instructions

 These operating instructions contain all the information 
needed for safe and proper use of the sensor.

The operating instructions are intended for personnel 
entrusted with the operation and maintenance of the 
sensors. It is assumed that these persons are familiar 
with the equipment in which the sensor is installed.

Warning notices and symbols
This instruction manual identifies safety instructions 
and additional information by means of the following 
symbols:
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 This symbol draws attention to safety instructions 
and warnings of potential danger which, if neglected, 
could result in injury to persons and /or damage to 
property.

 This symbol identifies additional information and 
 instructions which, if neglected, could lead to defects, 
inefficient operation and possible loss of production.

 – Part 30 298 424, O2-Electrolyte pack required for use 
with the 52 201 067 and 52 201 209 dissolved 
oxygen sensors includes a Safety Data Sheet. Main-
tain a copy of the SDS in your material safety file.

– The plant operator must be fully aware of the 
 potential risks and hazards attached to operation 
of the particular process or plant. The operator is 
 responsible for correct training of the workforce, 
for signs and markings indicating sources of pos-
sible danger, and for the selection of appropriate,   
state-of-the-art instrumentation.

– It is essential that personnel involved in the com-
missioning, operation or maintenance of this  
sensor or of any of the associated equipment (e.g. 
housings, transmitters, etc.) be properly trained in 
the process itself, as well as in the use and  handling 
of the associated equipment. This  includes having 
read and understood this instruction manual.

– The safety of personnel as well as of the plant itself 
is ultimately the responsibility of the plant opera-
tor. This applies in particular in the case of plants 
 operating in hazardous zones. 

– Oxygen sensors and associated components have 
no effect on the process itself and cannot  influence 
it in the sense of any form of control  system.

– Maintenance and service intervals and schedules 
depend on the application conditions, composition of 
the sample media, plant equipment and signi ficance 
of the safety control features of the  measuring sys-
tem. Processes vary considerably, so that schedules, 
where such are specified, can only be regarded as 
tentative and must in any case be individually estab-
lished and verified by the plant operator.

– Where specific safeguards such as locks, labels, 
or redundant measuring systems are necessary, 
these must be provided by the plant operator.

– A defective sensor must neither be installed nor put 
into service.

– Only maintenance work described in this operating 
instruction may be performed on the sensor.

– When changing faulty components, use only 
 original spare parts obtainable from your METTLER 
TOLEDO supplier (see spare parts list, Section 8).

– No modifications to the sensors and the acces-
sories are allowed. The manufacturer accepts no 
responsibility for damages caused by unauthorised 
modifications. The risk is borne entirely by the user.
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3 Installation

The sensor location should be in a protected indoor 
area with reasonably stable and uniform temperature 
with no radiant sources of heat such as steam pipes 
nearby.

Sample line design and installation must preserve the 
integrity of the very low DO concentrations to be mea-
sured. Fittings, flowmeters and all connections must be 
gas tight to prevent aspirating traces of air which would 
cause erroneous readings.

Stainless steel sample lines are recommended to pre-
vent permeation of oxygen into the sample. If a length of 
flexible line must be used, make it as short as possible 
(< 3 ft, 1 m), thick walled and of a material with low 
permeability such as PVDF, polypropylene or Nylon. 
Silicone and PVC (Tygon) are NOT recommended for 
low ppb samples.

 IMPORTANT: Before installation, the sensor electrolyte 
solution must be replaced to correct for any drying in 
storage and to achieve full response and stability. 
Follow the Service Procedure. 

The sample system should be able to provide between 
50 and 1000 mL/min flowrate. 

1. Mount the flow housing, allowing room above the 
sensor for convenient removal for calibration as 
shown in Section 3.1.

2. Flush the upstream sample line at high flowrate to 
remove any debris and/or corrosion products before 
connecting the flow housing. 

3. Install appropriate fittings to the 1/4" NPT(F) ports of 
the flow housing using PTFE tape or pipe sealant. 

 CAUTION: Tighten fittings only one turn past hand 
tight. Do not over-tighten or the flow housing tapered 
pipe threads may be stripped. 

4. Connect the sample line and drain to the fittings. The 
bottom port is the inlet.

 CAUTION: Use a second wrench when connecting the 
sample line to a compression fitting to prevent 
over-tightening the pipe thread into the flow housing 
and possibly stripping the threads.

5. IMPORTANT: Be sure the electrolyte solution has 
been replaced in the sensor before proceeding. Con-
nect the cable to the connector of the sensor by 
rotating until they are aligned and the parts slide 
together. Tighten the connector by hand only. 

6. Remove the protective cap and Install the sensor 
in the flow housing. Set the sample flowrate at 
50 – 1000 mL/min. Save the cap for protection when 
the sensor is removed from the flow housing.

7. After at least 6 hours of powered operation includ-
ing at least an hour of acclimation to the process 
sample, perform an air calibration as described in 
chapter 4.
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3.1 Dimensional drawings

NOTES:
1. DIMENSIONS: INCHES [MM]
2. SENSOR / FLOW HOUSING ASSEMBLY MUST BE IN UPRIGHT POSITION 

AS SHOWN
3. ALLOW AT LEAST 8 IN. [200] CLEARANCE TO REMOVE SENSOR

APPROX 
8 in. [200] 
SEE NOTE 3

¼" NPT 
OUTLET

3.08 
[78.2]

.75 
[19.1]

.74 
[18.8]

¼"NPT 
INLET

.75 
[19.1]

1.50 
[38.1]

AK9 CABLE VARIABLE LENGTH 
(DEPENDS ON MODEL NUMBER)

AK9 (ISM) 
CONNECTOR

DISSOLVED OXYGEN 
PROBE

MOUNTING HOLES 
ø0.257 [6.53] THRU 

(2 PLCS)

SENSOR / FLOW HOUSING 
ASSEMBLY 

SEE NOTE 2

2.94 
[74.7] 4.28 

[108.7]

.67 
[17.0]

.31 
[7.9]1.18 

[30.0]

1.80 
[45.7]
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Sensor Components

VP Connector (AK9 Connector for ISM sensor)

Pg 13.5 Threaded Sleeve

Washer

O-ring

Anode

Cathode and Guard Ring

Membrane Body

Cap Sleeve

Protective Cap

VP6 CABLE VARIABLE LENGTH 
(DEPENDS ON MODEL NUMBER)

DISSOLVED OXYGEN 
PROBE

VP CONNECTOR
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4 Calibration

Calibration of the sensor calculates new calibration con-
stants for the sensor—an Offset (zero) and a Slope. The 
Offset is normally near zero, accounting primarily for ze-
ro offset in the electronics. The Slope is nominally –350 
nA and is recomputed whenever an air calibration is per-
formed. 

Calibration data for the 52 201 067 sensors used 
with the M300 transmitter is accessed via the CAL \ 
Calibrate Sensor \ Edit mode.

Calibration data for the 52 201 209 sensor used with 
the M300/M800 transmitters is stored in non-volatile 
memory and can be viewed under the ISM / Calibra-
tion Data menu for the appropriate channel. 

Calibration data for the 52 201 209 sensor used with 
the M200 transmitter is accessed via the INFO \ Cali-
bration Data mode.

For most applications, air provides the most reliable 
standard for calibration. Its composition is consis-
tent and requires compensation only for barometric 
pressure. Because the electrical zero of the sensor 
coincides very closely with zero DO concentration, a 
one-point air calibration is normally sufficient. 

The sensor is exposed to air which provides a standard 
oxygen partial pressure. An instrument setting accounts 
for differences in barometric pressure during calibration.

 NOTE: For rated stability, the sensor must be connect-
ed to a powered instrument for at least 6 hours before 
calibrating or measuring to assure full polarization of 
the internal electrodes. If this is not possible, calibrate 
at startup and again after 6 hours. 

When the equipment will be used as portable instru-
mentation and power is frequently disconnected, use 
an accessory Polarization Module to maintain sensor 
polarization while power is off.

4.1 Air calibration procedure

1. For highest accuracy with a METTLER TOLEDO 
Transmitter, determine the atmospheric pressure 
existing on site based on an accurate barometer. 

2. Shut off the sample flow to the flow housing.

3. Remove the sensor from the housing by loosening 
the red threaded sleeve and blot the tip of the sensor 
dry with a soft lint-free tissue. 

4. Hang the sensor in open air, away from heat sources 
and wait for stable DO and temperature readings—
typically about 10 minutes.

5. Step through the instrument Calibration menu to set 
the barometric pressure. Perform a one-point air 
(Slope) calibration.

6. When complete, reinstall the sensor in the flow 
housing and tighten the threaded sleeve. 
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7. Cycle the sample flow on and off to remove any re-
tained bubbles. Restore flow to 50 – 1000 mL/min.

4.2 System zero calibration procedure

System zero calibration is rarely required with this 
sensor which has its electrical zero very close to zero 
concentration. If system zero calibration is attempted, 
a true zero calibration standard is required. 

 NOTE: Improper zero calibration is a frequent source 
of measurement error. The best standard is nitrogen of 
99.995 % purity which can be slowly fed through the 
flow housing in place of the sample. Sulfite solutions 
may not reach a true zero—see the Zero Verification 
section following. 

1. Be sure the instrument and sensor have been pow-
ered for at least 6 hours previous to calibration. 

2. Shut off the sample flow to the flow housing.

3. Connect pure nitrogen to the inlet of the flow housing.

4. Wait for a completely stable reading—typically  
an hour. Verify that the reading is acceptably close 
to zero. 

5. Step through the instrument Calibration menu to  
perform a zero (Offset) calibration.

6. When complete, disconnect the nitrogen and  
perform an air calibration if needed.

7. Reinstall the sensor in the flow housing and restore 
sample flow.

4.3	 Zero	verification

A zero verification may be performed with a sulfite 
solution. It is not recommended to calibrate in this 
solution since it sometimes produces a concentration 
of 1– 3 ppb rather than a true zero. Use the same 
procedure as for nitrogen zero calibration except use 
the following zero solution in a narrow-mouth flask or 
bottle in which the DO sensor has been immersed. 

A stock solution of 500 mg/L of cobalt chloride (CoCl2) 
in deionized or distilled water may be made and stored 
up to 2 years. 

The final zero DO solution consists of adding 10 grams 
of sodium sulfite (Na2SO3) to 200 mL of the above 
stock solution. This must be made up fresh within 60 
minutes of use since air will oxidize and deactivate it. 

4.4 Calibration diagnostics

The Offset is recalculated whenever a zero calibration 
is performed. The displayed value is in nanoAmps 
and is typically within ± 0.5 for a functioning sensor. 
The slope is recalculated whenever an air calibration 
is performed and is typically within –250 to –460 nA 
for a functioning sensor.

The instrument manual describes how to display the 
raw sensor current in normal operation, which is nom-
inally near –350 nA in air.
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5 Sensor storage

Store the sensor at room temperature with the protec-
tive cap in place. For long term storage, more than 3 
months, remove the electrolyte and rinse internal parts 
with deionized water. Allow to dry and re-assemble. The 
electrolyte must then be replaced before reinstalling.

6 Service

6.1 Cleaning

Any accumulation of solids on the membrane surface 
or in the flow housing should be washed off or cleaned 
briefly with an agent suitable for removing it. If physi-
cal cleaning is needed, use a lint-free cloth or tissue 
that will not clog the protective membrane screen. The 
frequency of cleaning will vary widely, depending on 
the content of the sample and must be established by 
experience.

 WARNING: USE STANDARD PRE-CAUTIONARY MEA-
SURES IN HANDLING ANY ACIDS USED FOR CLEANING.

6.2 Service indications

The electrolyte should be replaced at startup or later 
if response to a near-zero solution or gas is not low 
enough or fast enough. After 2 minutes in a very low 
oxygen sample, the reading should drop below 10 % 
of the air reading. After 10 minutes, the reading should 
drop below 1 %. (e.g. readings in air are near 8000 ppb 
so in 10 minutes, response should be below 80 ppb.)

The membrane body and electrolyte should be 
replaced if a visual inspection shows signs of me-
chanical damage. They should also be replaced if the 
sensor has a slow response, shows instability or if the 
sensor cannot be calibrated.

The complete sensor should be replaced if a visual 
inspection shows a crack in the glass of the interior 
body or if the sensor shows leakage current. (With 
electrolyte and membrane body removed and the 
internal body carefully dried there should be a zero 
reading.)

6.3 Service procedure

 WARNING: THE DO SENSOR CONTAINS A FEW DROPS 
OF ALKALINE ELECTROYTE. CONTACT OF ELECTROLYTE 
WITH MUCOUS MEMBRANE OR EYES IS TO BE AVOIDED. 
THEREFORE WEAR SAFETY GLASSES FOR DISASSEM-
BLY. IF SUCH CONTACT OCCURS, THE AFFECTED AREA 
SHOULD BE WELL RINSED WITH WATER. IN THE CASE 
OF ACCIDENT, OR SHOULD ADVERSE SIGNS APPEAR, 
GET IMMEDIATE MEDICAL ATTENTION.

Perform sensor disassembly only in a clean work area. 

1. Unscrew the cap sleeve from the sensor shaft and 
carefully pull it off the sensor. 
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2. Eject the membrane body from the cap sleeve by 
pushing it from the end with the flat finger tip. 
(Before electrolyte is refilled, the membrane body 
must be removed from the cap sleeve.) 

3. Rinse the interior body with demineralized water 
and carefully dab it dry with a paper tissue. 

4. Examine the O-rings visually for mechanical de-
fects, and replace if necessary. 

5. Half-fill the membrane body with electrolyte. 

 NOTE: The electrolyte bottle is equipped with a special 
pouring system. To ensure proper functioning, hold the 
bottle vertically, upside-down. 

6. Make sure that all air bubbles are removed from the 
membrane body. Air bubbles can be removed by 
carefully tapping on the membrane body. 

7. Slip the membrane body over the interior body 
while holding the sensor in a vertical position. The 
excess electrolyte will be displaced and must be 
absorbed with a paper tissue.

 NOTE: No electrolyte, sample media or contamination 
may be present between the membrane body and the 
cap sleeve. Be sure both parts are clean and dry.

8. Carefully slip the cap sleeve over the fitted mem-
brane body, holding the sensor in a vertical position 
and screw it tight. 

9. After changing electrolyte or membrane body, the 
sensor must be repolarized for 6 hours and recal-
ibrated.

10. Place the system in operation. Because of the ma-
jor disturbance of this service, stable measure-
ment in the low ppb (µg/L) range may require 
several hours to achieve.

After a day, re-calibrate to restore full accuracy.

6.4 Troubleshooting

One of the most common problems with DO mea-
surement is air leaks into the sample. This results in 
higher than actual, flow-sensitive readings. A simple 
test for this is to raise the flowrate about 50 %. If the 
DO reading decreases significantly, this is evidence of 
a leak since the higher flowrate dilutes the leak. If this 
is observed, check and tighten all fittings, flowmeters, 
valves, etc. upstream of the sensor. 

Decreasing DO reading with increasing flowrate may 
also occur if an excessively gas-permeable sample 
line is used. Shorten the gas-permeable length or 
change materials of the sample line.

An increase in DO reading at higher flowrate may 
indicate the original flowrate was inadequate or the 
membrane was coated. Clean the membrane as de-
scribed in the Service/Cleaning section.

Refer to the Calibration Diagnostics section for infor-
mation on acceptable sensor signal range.
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7	 Specifications

Sample Flowrate: 50 – 1000 mL/min

Sample Temperature: 0 – 60 °C (32 – 140 °F) for compen-
sation; can tolerate 100 °C (212 °F)

Sample Pressure: 0 – 5 bar (0 – 72 psig)

Sample Connections: 1/4" NPT(F)

Wetted Materials: polyacetal flow housing, polypheny-
lene sulfide sensor, PTFE membrane 
(reinforced with stainless steel 
mesh and silicone rubber), FKM 
and silicone rubber O-rings

Cable Length: M300 & 52 201 067:  
up to 10 m (33’)
M200/M300/M800 & 52 201 209:
up to 80 m (264’)

Weight: 1 kg (2.2 lb.)

System Accuracy: ±1 % of reading or 1 ppb, 
whichever is greater

Response Time: 98 % response in 90 seconds

Measurement Range: 0 – 10,000 ppb (µg/L) with auto-
ranging

8 Spare parts

Replacement sensor (analog) 52 201 067

Replacement ISM sensor 52 201 209

Electrolyte (3 x 25 mL bottle) 30 298 424

Membrane kit including electrolyte,  
4 membranes and O-ring sets 

52 200 024

Single membrane body 52 200 071

Replacement Cap Sleeve 52 206 210

Replacement flow housing 58 084 009

Replacement VP cables for M300 transmitters

1 m 52 300 107

3 m 52 300 108

5 m 52 300 109

10 m 52 300 110

Replacement AK9 cables for M200/M300/M800 transmitters

1 m 59 902 167  

3 m 59 902 193

5 m 59 902 213

10 m 59 902 230

20 m 52 300 204

30 m 52 300 393

50 m 52 300 394

80 m 52 300 395

Accessory Polarization Module (analog sensor) 52 200 893
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9 Oxygen solubility

Air-saturated water at 1 atmosphere, 760 mmHg

Temperature (°C) Oxygen Concentration (mg/L)

0 14.57
1 14.17
2 13.79
3 13.43
4 13.08
5 12.74
6 12.42
7 12.11
8 11.82
9 11.53
10 11.26
11 11.00
12 10.75
13 10.50
14 10.27
15 10.05
16 9.84
17 9.63
18 9.43
19 9.24
20 9.06
21 8.89
22 8.72
23 8.55
24 8.39
25 8.24
26 8.10
27 7.95
28 7.82
29 7.68
30 7.55
31 7.43
32 7.31
33 7.19
34 7.07
35 6.96
36 6.85
37 6.74
38 6.63
39 6.53
40 6.43
41 6.33
42 6.23
43 6.13
44 6.04
45 5.94
46 5.85
47 5.76
48 5.66
49 5.57

50 5.48
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10 Altitude vs. Pressure

If calibration is performed at high elevations and a 
barometer is not available, this table provides an ap-
proximate atmospheric pressure setting.

11 Environmental protection

Waste electrical products should not be 
disposed of with household waste. Please 
recycle where facilities exist. Check with 
your Local Authority or retailer for recycling 
advice.

12 Warranty

METTLER TOLEDO warrants this product to be free from 
significant deviations in material and workmanship for 
a period of one year from the date of purchase. If repair 
is necessary and not the result of abuse or misuse 
within the warranty period, please return by freight 
pre-paid and amendment will be made without any 
charge. METTLER TOLEDO’s Customer Service Dept. 
will determine if the product problem is due to devi-
ations or customer abuse. Out-of-warranty products 
will be repaired on an exchange basis at cost.

The above warranty is the only warranty made by 
METTLER TOLEDO and is lieu of all other warranties, 
expressed or implied, including, without limitation, 
implied warranties of merchantability and fitness for 
a particular purpose. METTLER TOLEDO shall not be 
liable for any loss, claim, expense or damage caused 
by, contributed to or arising out of the acts or omis-
sions of the Buyer or Third Parties, whether negligent 
or otherwise. In no event shall METTLER TOLEDO’s 
liability for any cause of action whatsoever exceed 
the cost of the item giving rise to the claim, whether 
based in contract, warranty, indemnity, or tort (includ-
ing negligence).

Altitude Atmospheric 
Pressure 
(mmHg)(ft) (m)

 –500  –152 773

0 0 760

500 152 747

1000 305 734

2000 610 708

3000 914 682

4000 1219 666

5000 1524 642

6000 1829 619
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Brazil Mettler-Toledo Ind. e Com. Ltda.
Avenida Tamboré, 418 – Tamboré, 
BR - 06460-000 Barueri / SP, Brazil
Phone +55 11 4166 7400
e-mail  mettler@mettler.com.br;

service@mettler.com.br

France Mettler-Toledo  
Analyse Industrielle S.A.S.
30, Bld. de Douaumont, FR - 75017 Paris, France
Phone +33 1 47 37 06 00
e-mail mtpro-f@mt.com

Germany Mettler-Toledo GmbH
Prozeßanalytik, Ockerweg 3, DE - 35396 Gießen
Phone +49 641 507-444
e-mail prozess@mt.com

Switzerland Mettler-Toledo (Schweiz) GmbH
Im Langacher, CH - 8606 Greifensee
Phone +41 44 944 47 47
e-mail ProSupport.ch@mt.com

United States METTLER TOLEDO
Process Analytics
900 Middlesex Turnpike, Bld. 8, Billerica, MA 01821, USA
Phone +1 781 301 8800
Freephone +1 800 352 8763 (only USA)
e-mail mtprous@mt.com

For more addresses of METTLER TOLEDO Market Organizations please go to: 
www.mt.com/pro-MOs

Mettler-Toledo GmbH  
Process Analytics, Im Hackacker 15, CH - 8902 Urdorf
Phone +41 44 729 62 11, Fax +41 44 729 66 36

Subject to technical changes.
03 / 2021 © Mettler-Toledo GmbH
Printed in Switzerland. 52 201 072 K

www.mt.com/pro
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