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The Ultra Tough Ammonium (NH4+) system  
can measure up to saturated ammonium levels,  
operating continuously at up to 50⁰C.

Ammonium Industrial ISE Online 
Analyser System

The Ultra Tough Ammonium ISE system is ideal for use 
in heavy industrial processes and wastewater treatment  
facilties.

Includes:
• 1 x Turtle Tough ISE sensor for ammonium available 

in three models: Standard, Ultralow and SH
• 1 x Turtle Tough pH sensor 
• Installation hardware for inline or submersible  

configuration
• Analyser hardware with digital and analogue outputs 
• Connectivity fittings to meet your site requirements
• Turnkey solution: fittings, connectors and mounting  

hardware provided for easy installation* 
*Hot-tap installation hardware not included (POA)
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System Components
Ultra Tough Ammonium ISE System

1 x Ultra Tough ISE sensor for ammonium available in 3 models:  
Standard, Ultralow and SH
• Designed for extreme industrial applications such as heavy industrial  

processes and wastewater treatment systems
• Provides measurements up to saturated ammonium levels
• Operates continuously at temperatures up to 50⁰C
• Suitable pH range 2.5-11.0 (pH compensation necessary above 8.0)
• Quick connect plugs for easy connection and maintenance
• 4 designs available; designed for your application:

a. Submersible installation
b. Inline Twist Lock installation
c. Inline Sanitary installation
d. Inline Hot-Tap (valve retractable) installation

1 x Ultra Tough pH sensor
• Physical resistance: Break resistant glass, abrasion resistant,  

high velocity solids resistant
• Chemical resistance: acid/fluoride, ammonia, chlorine & sulphide gas 
• Quick connect plugs for plug and play connectivity – no hard wiring
• 4 designs available; designed for your application:

a. Submersible installation
b. Inline Twist Lock installation
c. Inline Sanitary installation
d. Inline Hot-Tap (valve retractable) installation

Installation Hardware 
• Installation Hardware for your preferred installation method:

a. Immersion Rod and fittings
b. Twist Lock fittings
c. Sanitary fittings
d. Hot-Tap (valve retractable) upgrade available (POA)

ISE Modular Analyser
• Modules included: ISE and pH
• Simple, easy to use 3 button interface
• Bright LED display visible in direct sunlight
• Precise calibration: 1, 2 and 3 point calibrations
• Analogue 4-20mA and digital Modbus outputs
• Weatherproof NEMA 4X CSA/UL rated and IP65 enclosures
• Optional modules: data logging, relay control

Connectivity Fittings
• Junction boxes and cables included to meet your installation 

requirements
• Junctions boxes provide plug n play connectivity for smart sensors  

and allow extended cable runs up to 1000m. (Cable not included POA)
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Connectivity fittings 
Quick Connect Plugs offer Plug and Play connectivity for all Smart Sensors. No hard wiring required.  
Long cable runs? Junction Boxes with Quick Connect Plugs are available to allow Smart Sensors tobe easily 
connected to network devices up to 1000m away.

Installation fittings
We offer a range of fittings designed to get your sensor into your process:
• Immersion Rod   Drop Tube
• Twist Lock receptacle   Hot-Tap (Valve retractable) 
• Front-end Inline    Sanitary Tri-clover inline  

ISE Modular Analyser

Junction Box Quick Connect Plugs

Ammonium ISE  
and pH body styles 

pH IS
E

Submersible
Inline for Sanitary  
or Hot-Tap assembly

Inline
Twist Lock

turtletoughsensors.com

Turtle Tough Ammonium Industrial ISE Online Analyser System 
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Ammonium ISE sensor pH sensor

Configuration Type Interface with ¾” FNPT threads of tee for Inline Use or 1” FNPT threads on insertion tube for immersion 
or waterproofing seal for fully submersible installations

Temperature Range
+5 to +40 oC for Standard Version or  

Maximum +50 oC with “Ultralow” Option or  
Maximum +60 oC with “SH” Option

-5 to 105°C

Operating Pressure Range 1 to 10 psig (6.9 to 69 kPa) with  
¾” MNPT Front Threads for Inline Installations 1 to 150 psig (6.9 to 1035 kPa)

Sensor Body Material RADEL® R-5000 NT (Poly-Phenyl-Sulfone, PPSU)

Junction Material High-Density Polyethylene (HDPE)  
(Kynar Optional) Polypropylene

Cable Length 3m Standard 6m Standard

Linear Measurement Range 0.090 to 18,000 ppm (5X10-6 to 1.0 Molar) -

Lowest Limit of Detection 0.004 ppm (5X10-7 Molar) -

Given in Ratios of Permissible 
Excess: Interferring Ion / 
Measured Ion (in Molarity)

Na+ (5X103), H+ (1X105), K+ (5) Standard or  
K+ (20) with Ultralow Option -

Temperature Compensation Pt1000

Preamplifier Conventional Pre-Amplifier (-P) Digital (-D)

Connection Quick Connect Plug 

Suitable pH Range 2.5 to 11 pH* 0 to 14 pH

Cases where pH Compensation 
is necessary to compute total 
ammonia species

*Note: When pH is above 8.0 to 9.0 (depending upon process temperature) then the sum of the measured 
 unbound ammonium ions and dissolved ammonia gas form must be computed as a function of both realtime 
continuous pH & temperature parameters.

Element Dimensions 0.315” (8mm) DIA active sensing region,  
0.472” (12 mm) DIA overall sensing electrode 8mm (0.315”) Diameter

Initial Impedance < 100 MΩ @ 25°C Std, < 300 MΩ @ 25°C 
for “Ultralow”, < 500 MΩ @ 25°C for “SH” < 1,500 MΩ @ 25°C

Sodium Ion Error - < 0.15 pH in saturated Na⁺ solutions at pH 14.00

Acidic Errors - Less than 0.05 pH in hydrochloric acid (HCl)  
solutions at 0.00 pH

Reference Type Double Junction (Triple Junction optional)

Reference Half Cell Ag/AgCl, Saturated KCl

Primary Junction Porous Ceramic, Sat. KCl in crosslinked polymer, Interfaced to Secondary Junction

Secondary Junction

Solid-State Non-Porous Cross-Linked Polymer 
embedded in HDPE/KYNAR Support Matrix 

holds excess KCl assuring saturation at all temps 
for stability and long sensor life

Solid-state non-porous cross-linked polymer  
embedded in Polypropylene support matrix holds 

excess KCl assuring saturation at all temps for  
stability and long sensor service life

Analyser/Interface Turtle Tough Modular Analyser TT-MA

Storage One (1) year from date of dispatch from factory when stored at indoor ambient room
temperature with proper orientation and protector cap.

Warranty 12 Month Conditional Warranty. Visit turtletoughsensors.com/support/warranty-returns

*This is a general product specification. All Turtle Tough sensors are custom made for each application and as such the final product specification is subject to individual change. 

Specifications - Sensors
Ultra Tough Ammonium System
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Analyser specifications

Power supply 240 VAC or 24 VDC

Consumption 60 mA max

Temperature Compensation Fixed (Manual) or Automatic using Temperature (TC) Measurement

Outputs Analogue 0-20mA or 4-20mA, max. 500Ω    Digital MODBUS RTU

Output hold Automatic when in calibration mode

Housing ABS / Polycarbonate

Mounting Surface Mount

IP class IP65  ( Optional NEMA 4X)

Connector Max 16A. Max 2.5mm²     Max torque 0.6 Nm

Temperature Usage -15 to +50 °C (Storage -35 to +75 °C)

Weight 1 kg (Approx.)

Dimensions 205mm x 240mm  x 90mm  (WxHxD)

CE mark EN61326A

Specifications - Analyser
Ultra Tough Ammonium System

220216
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6-1 pH SENSORS
6X31,6X41,6X51,6X52

IMMERSION

NOTES

3/4"-1" MNPT Inline / Immersion / Submersible

1" - 11.5 NPT
1.31" DIA MAX

1.25" DIA.

8.50"

2.00"

3/4" - 14 NPT

0.875" 
DIA.

FLATS FOR
1 1/16" WRENCH

Turtle Tough Sensors 
turtletoughsensors.com

TURTLE
TOUGH

® 

1. All dimensions are in inches, unless otherwise indicated with tolerances as detailed below.
2. Sensor body material of construction is RADEL, PEEK or RYTON.
3. Drawing shown in the standard with protective tines configuration (4 places, 90 degrees apart).

The 2 protective tines only configuration (2 places, 180 degrees apart) is optional.
4. In the alternate without tines configuration, the sensor body is exactly 8.0 inches in length.

The max displacement for hemispherical pH glass is 0.3" yielding a max insertion depth of 1.8 inches
past threads & overall max length of 8.3 inches.

5. Do not use any sensor beyond the factory defined
maximum temperature or pressure rating.
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Turtle Tough Sensors 
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TOUGH
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1. All dimensions are in inches, unless otherwise indicated with tolerances as detailed below.
2. Sensor body material of construction is RADEL, PEEK or RYTON.
3. O-ring material of construction is Viton-75 standard; CV75, Simriz 485 & Kalrez 4079 Optional.
4. Drawing as shown is without protective tines. The maximum displacement of the sensor past the
    end of the body in this configuration is 0.30" inches yielding a max overall length of 8.30 inches.
5. With Protective tines (4 places, 90 degrees apart or 2 places, 180 degrees apart)
    configuration, overall sensor length is 8.00 inches.
6. This sensor is only for use with Turtle Tough supplied
    sanitary and valve retractable sensor holders.
7. See installation procedures for proper insertion

Sensor for Sanitary & HOT-TAP/Retractable Use

NOTES

For end of cable terminations and 
wiring detail please see spec sheet 
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8-1 pH SENSORS
8X31,8X41,8X51,8X52

TWIST-LOCK

NOTES

1" - 11.5 NPT
1.31" DIA MAX

1.25"

8.00"

0.3" MAX

1.69"

0.95"
DIA.

O-RINGS (2 EACH)

LOCKING PINS FOR TWIST-LOCK
QUICK-DISCONNECT FEATURE

Sensor for Inline Twist Lock Quick Disconnect Use

Turtle Tough Sensors TURTLE
TOUGH

® 

1. All dimensions are in inches, unless otherwise indicated with tolerances as detailed below.
2. Sensor body material of construction is RADEL, PEEK or RYTON.
3. O-ring material of construction is Viton-75 standard; CV75, Simriz 485 & Kalrez 4079 Optional.
4. Drawing as shown is without protective tines. The maximum displacement of the sensor past the
    end of the body in this configuration is 0.3" inches yielding a max overall length of 8.3 inches.
5. With Protective tines (4 places, 90 degrees apart or 2 places, 180 degrees apart)
    configuration, overall sensor length is 8.00 inches.
6. This sensor is only suitable for inline installation when 
    used with Turtle Tough 1” MNPT Twist Lock Receptacle.
7. Do not use any sensor beyond the factory defined
    maximum temperature or pressure rating.



Limitations of the technology
This guideline  is a good general starting 
point for those unfamiliar with online 
ion selective measurement to better 
understand many of the capabilities 
and limitations of PVC (organic membrane) 
and solid-state based industrial ion  
selective sensors.

• Each industrial ion selective sensor 
has specific capabilities and limita-
tions indicated for each ion selec-
tive sensor model. These specifica-
tion sheets for each ISE sensors are  
available freely on request from our 
staff. Review these capabilities and 
limitations with care to ensure that 
you particular intended use falls within 
the specified parameters.

• NO technical document is a replacement 
for direct technical support and consid-
eration of your particular ion selective 
applications from the Turtle Tough team 
by a qualified chemist (or authorized  
Turtle Tough independent distributors 
and/or agents). 

This guide is not a replacement for the 
specific instructions (ISE Addendums) for 
use of specific Turtle Tough industrial ISE 
sensors. It is intended to answer frequently 
asked questions for prospective customers 
and agents that are familiar with the field 
of controls and instrumentation, but not 
greatly familiar with the field of online ion 
selective measurement and control.

For theoretical background information 
please consult the resources on our website 
turtletoughsensors.com or contact us to 
info@turtletoughsensors.com

Conditioning
The PVC (organic membrane) or  
solid-state ISE sensors must be  
sufficiently conditioned to give optimum 
stability and performance. The PVC  
(organic membrane) based industrial ion 
selective sensors have an active sensing 
element that is an organic ion selective 
electrode based on plasticized PVC,  
specialized ion sensitive ligand (ion-

ophore) and some other necessary 
components for industrial use. All such 
electrodes containing these organic 
measuring membranes need condi-
tioning before use allowing the organic 
system to get in equilibrium with the  
aqueous solution. This is best performed 
by soaking the sensor in the lower con-
centration of calibrating solution for 
about 16-24 hours. Solid-state ion  
selective sensing elements also  
require conditioning time for optimum  
performance. Satisfactory performance 
may be gained for many customers  
applications in a period shorter than the  
recommended 16-24 hour period for  
organic membrane based industrial ISE 
sensors.

Calibration
The calibrating solutions employed 
should be not more than one decade 
apart bridging over the anticipated  
concentration of your sample. If there 
are any other constituents in the  
sample to be measured, there need to 
be additions of these constituents to the 
calibrating solution to mirror (reflect) the 
actual sample background. One needs to 
be careful with such ionic background if 
there are interfering ions in the sample. 
Many factors must be taken into account 
to fabricate an optimal calibration stan-
dard, these include but are not limited 
to the total ionic strength (total concen-
tration all of the ionic species), typical  
process concentration of interfering ions, 
dissociation (and activity coefficients) of 
the salt providing the analyte ion to be 
measured, and the typical pH. 

Turtle Tough can readily assist customers 
and agents to properly choose calibration 
standard formulations (and preparation 
procedures) that will provide for suitable 
calibration standards for their given  
application.

Once having done this you should  
establish a procedure for performing 
the calibration with the industrial analyser. 
Rinse the conditioned sensor with the 
first calibrating solution. This should  
reduce the overall response time. 

Once you have established the first cali-
bration point, rinse again the sensor with 
the second calibration solution. Rinsing 
with D.I. (or distilled water) will dilute the 
solution on the surface of the sensor, 
thus the sensor has to start its potential 
development process with a much lower 
concentration and develop a longer 
response curve (which is exponential in 
its nature) and response time. 

Addendums for your given online ion  
selective measurements are available on 
request. The ISE addendums are specific 
to the particular Turtle Tough ISE sensor 
model(s), and the specific type of ISE 
analyser.

Temperature considerations
The reading you obtain during calibration 
or measurement is temperature dependent 
as described in the Nernst equation 
which is the basis for every potentiometric 
measurement. 

There is a built-in temperature sensor which 
is about 1.5 inches (38 mm) from the  
interface of the sensor to the measured 
solution in the standard configuration 
or about 0.5 inches (13 mm) from the  
interface of the sensor to the measured 
solution for the fast response option. If there 
is a temperature difference in the solution 
the sensor has to become into equilibrium 
with the solution itself and not the air or 
other environment. 

The time for the temperature reading 
as based upon the resistance of the 
temperature compensation (TC) ele-
ment (typically a PT100, PT1000 or 
Balco 3K element) to agree with the  
temperature of the measured solution, 
will depend upon the location of the 
TC element (standard or fast response) 
and the rate of the temperature change. 
This time for equilibration can vary from 
as little as 1-2 minutes to as much as 
30-60 minutes under some conditions. 
If the temperature is fluctuating or the  
sensor temperature is not in equilibrium 
with the solution temperature so will your  
“reading” even if your analyte ion activity 
is unchanged.

turtletoughsensors.com

Thinking about installing and operating 
an ISE measurement system?
This guide to ISE is a must-read.



Effect of temperature 
compensation on online  
measurements
The Nernstian defined the effect of  
temperature on electrochemical measuring 
systems (for monovalent cations such as 
NH4+ and anions such as F-) is 1 mV for  
every 5°C change in temperature. 

As the relationship between the activity 
of an analyte (measured) ion and the mV  
potential is logarithmic, in practical terms this 
means that a 1 mV change in potential will 
alter the concentration reading by at least 
4% of any actual value. 

This 4% (minimum) value assumes that ei-
ther NO temperature compensation is em-
ployed or that there is a 5°C temperature 
offset between the temperature derived 
from the TC element and actual tempera-
ture. Simply stated, a 5°C discrepancy in 
temperature measurement will result in 
changing the reading at least 4% of the ac-
tual value, assuming that no other factors 
are present that would cause a larger error.  
See points below for details).

• It should be noted, however, that as 
ion selective sensor can only measure 
activity rather than concentration. 
The temperature induced change in 
the activity coefficient of the analyte 
ion for a given chemical system is  
often greatly more than the 4% 
change indicated for the uncompen-
sated ise sensor.

• The direction temperature induced 
activity coefficient change will differ 
for each particular chemical system 
and thus cannot be more generally 
predicted.

• Temperature induced changes in ion 
activity cannot be ‘compensated´ in 
the same way that we are accustomed 
to ‘compensating´ for temperature in 
pH measurements.

• Even for pH measurements, the as-
sumption that activity coefficient 
of the Hydronium (h+ or h30+) ion 
does not significantly change with 
temperature can prove incorrect and 
contribute to the uncertainty of the 
measurement.

For optimum ISE measurements cal-
ibrating the ISE sensor to concentra-
tion standards (even though the ISE sen-
sors only measure ION ACTIVITY) and  
ensuring that there are stable process and 
 calibration solution temperatures. 

Measurement may be possible under 
other circumstances with greater uncer-
tainties produced as a result.

Other considerations
Potentiometric electrochemical methods 
are based on interpolation, bridging the 
sample concentration with the two point 
calibrating solutions. The extrapolation 
method is not acceptable and is not as 
accurate on any account. 

Different concentrations may have  
different ionic strength and activity  
coefficients which will contribute to the 
difference between interpolation and 
extrapolation. The other reason for using 
interpolation rather than extrapolation is 
there may be some non-linearity of the 
response taking all the factors into ac-
count in which case extrapolation is not 
as satisfactory an analytical method. 

In some laboratory ion concentration 
measuring equipment, there is an option 
to perform multipoint calibrations to  
increase accuracy of the system. Indus-
trial analysers typically do not provide 
such an option for a variety of reasons.

Uncertainty & reproducibility in 
electrochemical measurements
The relationship between the activity 
of an ion and the measured potential is  
logarithmic, which in practical terms 
means that one (1) mV change in potential 
will change the concentration reading 
at least 4% of any actual value. Poten-
tiometric electrochemical systems are at 
best defined under laboratory conditions 
to that degree of uncertainty, but there 
is often a greater degree of uncertainty 
in the industrial arena for many reasons. 

Such optimum laboratory arrangements 
(with an approximate uncertainty of 4% 
under ideal conditions) typically require 
special reference systems, salt bridges, 
strict temperature control. 

In addition, measurement of unknown 
samples is performed immediately after 
a two-point (or often a multi-point) cal-
ibration has been performed for sensi-
tivity. 

Sample conditioning and various back-
ground solutions are often added to 
the unknown sample to adjust the pH,  
ionic strength and minimize the difference  
between the background of the calibration 
and measured solution. 

Recalibration between tests as required 
is not uncommon and there are well  
established solution and equipment  
handling procedures in place to further 
minimize uncertainties.

Industrial process and 
installation conditions effect 
on ISE measurements
Turtle Tough industrial ISE sensors can 
be installed into service by use of an  
inline installation (flow cell) or by immersion 
or submersion style installation. 

For inline installation, care should be  
taken to not exceed the flow pressure 
rating of that given sensor. Optimal  
performance will be achieved by having 
a slow continuous flow past the sensor. 
Thermal equilibrium between the sensor 
and process solutions at an elevated or 
depressed temperature (not at 25°C) is 
generally better achieved via immersion 
or submersion installation styles.

Care must be taken for both inline and 
immersion/submersion installation styles 
that air bubbles are not present on the 
sensing element. Air bubbles present on 
the sensing element can cause erroneous 
and erratic reading. This potential problem 
is best alleviated installing the ISE sensor 
at an angle of approximately 45 above the 
horizontal (whether inline or in-tank).

Turtle Tough Ion Selective sensors should 
NEVER be installed in a horizontal or 
inverted configuration as this may lead to 
erratic and unreliable reading. 

Most Turtle Tough industrial ISE sensors 
are liquid or semi-liquid filled and as such 
may have a small air pocket inside the 
sensing element. To ensure that there is 
not an air pocket caught inside the sensing 
element, simply shake the ISE sensor gently 
downward. The small capillary force holding 
the air bubble in place inside the sensing 
element will be overcome by even a gentle 
downward shake.

Summary
Turtle Tough strives to make online ISE measurement as  
accurate, simple and affordable as possible for all customers. 
We recommend to:
Establish the sensitivity (slope) of your sensor with a two-
point calibration (repeat as necessary to validate the sensor 
sensitivity has not changed) and then start testing your 
process sample by installing the sensor into industrial 
service. 
Allow sufficient time to allow the sensor to come to 
equilibrium (assuming that the process conditions are stable). 
As required, take a grab sample from the process 
and adjust the concentration of the online analyzer 
to match the value of your established laboratory 
method using a one-point offset calibration. Once 
you have reached this online operational level, you 
will be able to establish the relative accuracy and  
reproducibility of your inline measurement which will 
be influenced by host of factors including (but not  
limited to) the samples temperature change (stability), 
ionic composition (background) amongst the various 
others factors as described above.

turtletoughsensors.com



Ammonium ISE system with TT-MA-ISE  
ammonium analyser and transmitter
Calibration, installation, cleaning and use of Ammonium ISE  
measurement systems

turtletoughsensors.com

Applications include:
• Municipal Water Distribution Monitoring

• Municipal Wastewater Treatment 
Plants (WWTP)

• Industrial Wastewater Treatment  
Systems (Including Air Scrubbers)

• Environmental Monitoring of Rivers 
and Lakes and other water streams

All calibration solutions and process grab 
sample should be calibrated and tested 
at identical temperatures to the process 
temperature for optimal results. The actual 
temperature of the process solution (and 
thereby the calibrating solutions as well) 
is not as critical as the fact that they are 
calibrated at the same temperature to 
eliminate all potential sources of uncer-
tainty. For greatest overall accuracy of 
the ammonium (NH4 +) measurement, 
however, all tests should be performed 
as close to 25°C (room temperature 
process solutions) as possible. The valid 
(permissible) temperature range for all 
ammonium ion selective sensors is five 
to forty (5°C-50°C)  (41°F to 104°F).

Calibration Point 1 (always the lower 
concentration value) and Calibration 
Point 2 (always the higher concentration 
value) determines the response curve of 
a given ammonium Ion Selective Sensor.

The TT-MA-ISE transmitter as supplied 
has already been prep-configured with 
the characteristic sensor slope for your 
application and range of interest. In the 
absence of suitable ammonium calibration 
standards at the job site it is recom-
mended to use Turtle Tough's factory 
pre-programmed characteristic 2-point 
slope and to perform only a 1-point grab 
sample offset field calibration.

The calibration value for point 1 is 
the low ppm solution and point 2 is 
high ppm solution. The 1-point offset  
calibration using a process grab sample 
is always performed by using the offset 
calibration option only. The calibration 
solutions should be kept clean and out 
of direct sunlight and/or other high-ener-
gy radiation sources to maximize accu-
racy of their ppm values. New sensors 
should be conditioned in ammonium 
standard solution for 3-5 minutes before 

beginning the calibration procedure as  
described in this guide. If necessary, 
special conditioning may be required 
for sensors in stock long periods of time 
and assistance with such needs can be  
obtained from the Turtle Tough factory. 
All sensors should be rinsed with deionized 
(DI) water prior to conditioning in any 
standard solution.

The acceptable pH range for any of the 
ammonium ion selective sensors is 2.5 
to 9.0 (up to 11pH if the TT-MA-TOT 
pH compensation module is used). Any 
calibration standards should be pH  
adjusted and stabilized to prevent errors 
in the 2-point slope calibration. There 
are currently no known commercially 
available ammonium calibration standards 
that can be used as they do not meet 
these criterion. The last page of this 
ISE addendum contains the procedures 
for how to prepare suitable ammonium 
ISE standards in your laboratory. It is 
NOT recommend to use any calibration  
standard solution to perform the 1-point 
offset calibration.

Note: Adjusting the inline reading to agree with a 
grab sample determined value of the process sample 
should ALWAYS be the used as the 1-point calibration 
scheme.

At pH levels above 7.0 the ammonium 
sensor will not detect the total ammonium 
content, as some of the ammonium 
ion will be converted into the form of  
dissolved ammonia gas (NH3) form. 
To convert the measured ammonium 
ion activity (free ammonium) into total  
ammonium, the free ammonium mea-
surement must be compensated for 
pH. See the pH dependent extent of  
ionization curve for NH3 dissolved 
gas and ammonium ions (NH4+) for a  
graphical representation of this phenomenon.

Compensation for the effect of pH on 
the extent of ionization for NH3 may be  
required for pH values above 7.0 to  
provide complete total ammonium data.
Note: These pH effects are a temperature dependent 
phenomenon.

The provided extent of ionization curve 
is only completely valid for pure two 
component systems with deionized (DI) 
water. Real world water solutions of a 
much more complex makeup may vary 

somewhat from these idealized curves, 
although the deviation is not expected 
to be vast for most typical systems.

The TT-MA-TOT module is capable of 
performing such pH compensation to 
find the “Total Ammonium” as defined 
by the sum of the free ionized ammoni-
um ion species (NH4+) together with 
the dissolved gas NH3 bound form. For  
further information please refer to the 
TT-MA-TOT specification sheet and 
manual or contact Turtle Tough directly 
to see if pH compensation should be 
used for your particular application.

 
Steps required for installation 
of a new ammonium sensor
1. Perform a two-point calibration to  

empirically determine slope. See the 
following procedure to ensure that 
a valid 2-point calibration is accom-
plished. In very many cases using the 
factory predefined slope is perfectly 
acceptable alternative to performing 
a 2-point slope calibration in the field.

2. Place sensor into process and allow it 
to find electrochemical and thermal 
equilibrium. The time required for this 
may vary depending upon the particular 
application.

3. To account for any differences between 
the ionic strength and interfering ions 
between calibration and measured 
solution, a grab sample should be  
taken and analysed by a suitable analysis 
system, and the online ammonium ion 
selective measurement system adjusted 
to read the grab sample analysed value. 
The sensor should be left continuous-
ly in service and this grab sample off-
set calibration performed as may be 
required, unless the sensor seems to 
be losing sensitivity, giving erratic readings 
or requires cleaning. The 1-point grab 
sample 1-point offset calibration is 
simply called “Offset” in the TT-MA-
ISE analyser LED main menu.

Please refer to the TT-MA-ISE manual for instructions on 
how to perform both 1-point and 2-point calibrations 
using the three-button operation. Only issues specific to 
your given ionselective measurement are covered in this 
ISE addendum and all general use topics are discussed in 
the TT-MA-ISE manual and specification sheet.
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Your TT-MA-ISE has been preconfigured 
at the TURTLE TOUGH factory for your 
ion selective measurement requested 
at your time of order. The ISE measure-
ment type configured for the TT-MA-ISE 
transmitter cannot be modified in the 
field. You can use the last parameter on 
the TT-MA-ISE transmitter (P20) to reset 
the unit back to the factory dispatched-
configuration (See TT-MA-ISE specifiction 
sheet and manual for details). The only 
two variables that will change when you 
perform a calibration will be the slope 
parameter (P15) and the mV offset at the 
isopotential point (P14). 

Below are the nominal values for the  
parameter P14 and P15 for the ammonium 
ion selective measurement:

Slope  
(Parameter P15 on TT-MA-ISE) 
57.2 mV per decade

The slope parameter will only be changed 
when a 2-point slope calibration is  
performed. Parameter P15 allows you 
to both view and manually modify the 
working slope. This slope may vary  
depending upon your application and 
range and has been preconfigured at 
Turtle Tough factory.

Offset  
(Parameter P14 on TT-MA-ISE)  
+200 mV

The offset parameter will be changed both 
when a 2-point slope or 1-point offset 
calibration is performed. Parameter P14 
allows you to view and manually modify 
the offset. This offset may vary depending 
upon your application and range as pre-
configured at the Turtle Tough factory.

Formula Weight of Ion  
(Parameter P13 on TT-MA-ISE) 
18.04 grams per mol (FIXED)

The value is a display only variable that 
clearly denotes the ISE measurement 
type. In this case the value for the 
formula weight of the ion measured is 
19.00 grams per mol for ammonium.

Note: To modify the slope (or any other parameter 
actually) the software lock (P01) must bedisabled.
scheme.

Check that your Turtle Tough ISE sen-
sor is properly wired according to the 
official Turtle Tough hook-up schematic 
for Turtle Tough sensors with and with-
out preamplifiers to the TT-MA analyser 
All three common wiring configurations 
are found in this ISE addendum for your 
convenience or installation and commis-
sioning.

The TT-MA-ISE analyser and transmitter 
will support both Turtle Tough ISE sensors 
with and without preamplifiers, although 
preamplifiers are generally not required 
for cable length of less than 20 feet. 

If you require an installation where a 
preamplifier is to be used. For further  
assistance please consult the Turtle 
Tough factory.

Please note that if you perform a reset 
to factory defaults (P20), you will need 
to repeat your 2-point calibration using 
calibration solutions that are 1 decade 
(10X) apart in value. In addition, you 
will need to once again place the ISE 
sensor back into service and allow it to  
equilibrate. You will then also need to 
repeat your 1-point grab sample offset 
calibration. 

This means taking a sample from 
the process and determining the ISE  
concentration (in ppm) for the grab  
sample and then using the 1-point off-
set calibration feature of the TT-MA-ISE 
analyser to bring the online reading in 
accordance with the laboratory grab 
sample determination.

The activity coefficient for the free  
ammonium ions in solutions is pH and 
temperature dependent within the  
measurable range of pH and tempera-
tures for your system. In addition, the 
extent of ionization that converts the 
(unmeasurable) dissolved ammonia 
gas into the measurable ammonium 
ion form is also a pH and temperature  
dependent process. 

If you have purchased the TT-MA-TOT 
module, you will be able to compensate 
for the pH induced  effects on the extent 
of ionization but NOT for any changes 
to the free ion activity as a function of 
pH and  temperature (these are physical-
ly chemistry issues that cannot so easily 
be de-convoluted as can the extent of  
ionization). Depending upon your exact 
pH and temperature conditions, you 
may or may not need to have Turtle 
Tough's TT-MA-TOT module.

For additional assistance with this technical 
issue please contact Turtle Tough

Note: Turtle Tough's TT-MA-TOT can be added after 
the initial time of commissioning although it is generally 
recommended for this module to be supplied complete 
as part of the initial package used for installation since 
Turtle Tough can then prewired, preconfigure and test 
the TT-MA-TOT as part of the supplied package. 

turtletoughsensors.com

Extent of ionization of ammonia as a function of pH at various temperatures



Turtle Tough pH, ORP and Ion Selective (ISE) Sensors without Preamplifiers (Tinned leads only)  
to TT-MA-pH pH/ORP Transmitters and TT-MA-ISE Ion Selective Transmitters

Turtle Tough pH, ORP and Ion Selective (ISE) Sensors with Preamplifiers to TT-MA-pH-X pH/ORP 
Transmitters and TT-MA-ISE-X Ion Selective Transmitters

Connection Diagrams

turtletoughsensors.com

Note 1: The TT-MA-pH transmitter can be used for  
either pH or ORP measurement and wiring connections 
are the same for both pH and ORP sensors (only the 
Parameter No. 03 needs to be changed/toggled to 
select between the two input types). For ORP sensors 
select mV as the input type in P03.

Note 2: For TT-MA-ISE the ion measurement type 
(ammonium, fluoride, nitrate, calcium.. etc) must be 
defined at time of purchase an cannot be changed 
after receipt of transmitter (see label on TT-MA-ISE 
for which ion measurement type is supported for that 
given unit).

Note 3: Depending upon the TC ordered it may be 
necessary to change the parameter 04 from PT1000 
(default) to PT100 (selectable).

Note 1:  The TT-MA-pH transmitter can be used for 
either pH or ORP measurement and mwiring connec-
tions are the same for both pH and ORP sensors (only 
the Parameter No. 03 needs to be changed/toggled to 
select between the two input types). For ORP sensors 
select mV as the input type in P03

Note 2: For TT-MA-ISE the ion measurement type  
(ammonium, fluoride, nitrate, calcium..etc) must be 
defined at time of purchase an cannot be changed  
after receipt of transmitter (see label on TT-MA-ISE 
for which ion measurement type is supported for that 
given unit).

Note 3: Depending upon the TC ordered it may be 
necessary to change the parameter 04 from Pt1000 
(default) to Pt100 (selectable). The wiring is identical 
whether Pt100/Pt1000 are used.

Note 4: Mating pH/ORP/ISE sensor must have the 
appropriate type of preamplifier integrated inside the 
sensor or using an external preamplifier in a waterproof 
J-Box to interface with the TT-MA-pH-X or TT-MA-ISE-X 
transmitter. These TT-MA-pH-X & TTMA-ISE-X are 
different hardware from the TT-MA-pH and TT-MA-ISE 
transmitter that can directly interface pH/ORP/ISE 
sensors WITHOUT preamplifiers. The software and 
functionality is identical for both types of TT-MA 
transmitter; the only difference is whether the sensor 
to interface must or must not have a preamplifier. The 
maximum recommended cable length for sensors with 
preamplifiers is 300 feet (in conduit).

Turtle Tough  
Cable colour coding

Instrument Terminal
value

TT-MA-pH/ISE  
Terminal number

Red
pH/ISE Sensor (-)  
a.k.a Reference

1

Clear
pH/ISE Sensor (+)  

a.k.a mV
2

Black Pt100 or Pt1000 4

Black Pt100 or Pt1000 5

Turtle Tough  
Cable colour coding

Instrument Terminal
value

TT-MA-pH/ISE  
Terminal number

Green +5V Power (Green) 1

White White pH/ISE Sensor
mV Signal 2

Black -5V Power (Black) 3

Yellow TC (Yellow) 4

Blue & Red
TC (Blue) & Common–

Ground–Reference (Red)
5



This calibration method should not need to be performed  
frequently. All new ammonium ion selective sensors should 
have a 2-point calibration performed unless you wish to use 
the factory defined 2-point slope calibration (all new system 
have this done automatically). 

This two-point calibration determines the sensitivity or slope 
of each sensor, which is then stored in the analyser. Subse-
quent 1-point offset calibrations can be made using only the 
offset option. An offset calibration must be performed after 
every 2-point calibration.

Note: Details for the 1-point calibration are given in the proceed-
ing page. The “hold” feature is automatically activated each time 
that any 2-point or 1-point Calibration is performed. This means 
that the last process value will continue to be sent via the analog 
4-20 ma and Modbus digital output before entering the calibration 
mode. This is the default behavior and can only be modified at the 
turtle tough factory if this is not desired.

Set-up requirements
• Two 250ml glass or plastic beakers (Preferably heavy 

enough so that the ISE sensor does not tip over the beaker)
• Low ammonium standard solution (low ppm)
• High ammonium standard solution (high ppm)

Parameter No. 01 is a “lock” which must be set to ‘Off’ to 
change any parameter, including the temperature, offset and 
slope calibrations.

Calibrate the ion selective sensor using the Up and Down keys. 

To perform a 2-point slope calibration using the ‘Mode’ key 
select ‘Offset’ and adjust the reading the Up/Down keys  
until  the display shows the correct value for the first Low ISE  
standard. Next use the ‘Mode’ key to select ‘Slope’ and use the 
Up/Down keys until the display reads the second desired value 
for the second High ISE standard. 

After this 2-point slope calibration is performed it is always 
necessary to perform a production ‘Offset’ calibration to  
ensure agreement with grab sample analysis. 

The exact values for these low and high ammonium standard 
solutions will depend upon your exact needs. The last page of 
this addendum details a typical ammonium calibration standard 
formulation. Alternative customized recommend may be made 
by the Turtle Tough factory should your application require it.

Important notes about calibration
• Fill a 250ml glass beaker with enough standardization 

solution such that the entire tip of the ammonium sensor 
will be submersed.

• Please read sheet on the cleaning procedure for this ion  
selective sensor. The cleaning procedure should usual-
ly be performed when transferring a sensor in or out of  
solution. Sensors can also be cleaned before being placed 
into different concentration standardization solutions 
and/or grab sample solutions. Cleaning is only required if 
fouling appears on the ISE membrane or on the reference 
junction. If no contamination is apparent, then the simple 
rinsing procedure can be used. 

• Thoroughly rinse the sensors with DI water and gently blot 
dry with a clean paper towel. Be careful not to scratch or 
damage the sensitive ammonium ion selective membrane

• Allow a minimum of 3–5 minutes for the sensor to 
stabilize once it has been removed from the process and 
placed into the low standard solution (low ppm).

• Allow a minimum of 3–5 minutes for the sensor to stabilize 
between the low and high calibration solutions (low ppm 
to high ppm).

Note: You can view the sensor slope resulting from a 2-point  
calibration with parameter p15 and the sensor offset resulting 
from a 2-point calibration with parameter p14. If you perform 
a 1-point grab sample Offset subsequently the offset (p14) will 
change whereas the sensor Slope (p15) will remain from your 
2-point slope calibration.

Ammonium sensor  
Two-point calibration
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The correct method to adjust for sensor drift!
Only use “Offset” function in the Calibrate Menu. It can be 
performed as frequently as may be required. When the  
ammonium sensor has been calibrated by the 2-point method 
previously described only a “single point” grab sample offset 
calibration should be required thereafter. 

The “Hold” feature is automatically activated each time that any 
2-point or 1-point calibration is performed. This means that the 
last process value will continue to be sent via the analog 4-20 
ma and modbus digital output before entering the calibration 
mode. This is the default behavior and can only be modified at 
the turtle tough factory if this is not desired.

Set-up requirements
• Two 250ml glass or plastic beakers 

(Preferably heavy enough so that the Process grab sample 
solution

Parameter No. 01 is a “lock” which must be set to ‘Off’ to 
change any parameter, including the temperature, offset and 
slope calibrations.

Calibrate the ion selective sensor using the Up and Down keys. 

To perform a 1-point slope calibration using the ‘Mode’ key 
select ‘Offset’ and adjust the reading the Up/Down keys until 
the display shows the correct value in accordance with the 
concentration determined by analysis of the grab sample. 
The ISE sensor should be left in service for the production 
1-point ‘Offset’ calibration. All settings are stored in EEProm 
so unit can be powered down without loss of configuration or  
calibration. 

A grab sample should be taken from the process and anal-
ysed by an alternate method for ammonium ion concentra-
tion. There are a variety of ways to perform the grab sample  
analysis including the commonly employed portable photom-
eters.

In cases where there is significant turbidity in the sample, a 
dilution scheme may be advisable for best results. This grab 
sample determined concentration of the process sample (by 
whatever method employed) will then be entered into the 
standardize menu as further described below. Using this  
recommended procedure, the online ammonium sensor 
can be standardized and be in agreement with the grab  
sampling method chosen without ever having to remove the 
sensor from process service. Alternative customized recom-
mend may be made by the Turtle Tough factory should your  
application require it.

Important notes about 1-point “standardize”  
calibration
• The sensor should be left in service and obtain a stable 

reading with the process solution. It is not necessary in 
any way to remove the sensor from service to perform a 
1-point grab sample offset “Standardize” calibration.

• There is a time averaging (dampen) function that is set in the 
TT-MA-ISE at the turtle tough factory. 

• This value is configurable for both the extent of time averaging 
for the measure and calibrate modes separately. If you find 
that you wish to have more or less time averaging than what 
is provided on your unit at present, contact them factory for  
assistance with this.

• These values cannot be modified in the field but rather 
need to be changed at the turtle tough factory. The preset  
values are fine for the vast majority of users and applica-
tions although they can be modified upon request without 
incurring any cost.

Ammonium sensor  
One-point offset calibration
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Cleaning and  
maintenance of a 
Turtle Tough  
Ammonium sensor
Before a major 2-point calibration is 
performed the sensor may need to be 
cleaned each time. The frequency of 
cleaning will depend on the process  
water and build up of process reagents 
on the probe tip.

Note: Any noticeable deposits on the tip 
of the sensor will result in a less accurate 
calibration and measurement.

Cleaning
1. Thoroughly rinse the sensor tip with 
DI water. Gently blot the sensor tip dry.

2. The ammonium sensor tip can be 
cleaned with isopropyl alcohol to  
remove any oily or waxy build-up. No 
other solvents or reagents should be 
used without contacting Turtle Tough to  
ensure that it is suitable.

3. Scrape the entire reference area clean 
with a sharp blade or Stanley knife. This 
reference is solid-state and cannot be 
damaged with ordinary cleaning tech-
niques. Do not scratch the membrane.

4. Once the reference junction has 
been cleaned the entire sensor tip can 
be soaked in either the low or high 
standardization solution. After allowing  
sufficient time for conditioning before 
proceed to perform a 2-point calibration.

5. Any calibration high standard solution 
can serve as conditioning solution for 
extended storage. Do not allow sensor 
to be exposed to air for prolonged pe-
riods of time as this will cause the ref-
erence junction to become dehydrated 
(meaning that a reconditioning period 
will be required to restore it to normal 
operation). Always store sensor in high 
standard solution when not in service in 
process. The cap should be filled with a 
calibration standard sealed onto sensor 
tip with Teflon tape.

Miscellaneous
The decimal place on the display 
with automatically move as appropriate 
based upon the ppm value of the  
sensor reading. Note that the display will  
always auto range from 0.00 to 9.99, 
00.0 to 99.9 and 000 to 999ppm.

Your analogue and digital MODbus 
output will, however, be defined as  
selected in parameter P09. This means 
that your output may be maxed out and not  
reflect the exact process reading if you 

selected too low a range for your output 
scaling in P09.

Do not to allow air bubbles to get 
trapped near the ammonium ion  
selective membrane. This is will cause  
erroneous readings and drift. In some 
cases air bubbles may become entrapped 
within the ISE sensor itself. A firm shake 
down of the sensor should alleviate any 
internal air bubbles and proper installation 
of the sensor (including having the line 
be completely full and degassed) will 
ensure that there are no air bubbles on 
the measuring tip. Contact Turtle Tough 
factory for details regarding optimal  
process installation approaches.

The ammonium sensor is comprised of a 
high-impedance ion selective membrane 
system. 

Care should be taken not to move or 
touch the cable once a value is being 
stabilized. Touching the sensor cable can 
cause a noisy signal that may result in  
erroneous values and calibrations.  For best  
results the sensor cable should be run in  
conduit. 

For noisy environments and/or lon-
ger cable runs a preamplifier should 
be employed either integral to the  
sensor or else an external preamplifier 
in a waterproof J-Box assembly. In some 
cases, it may be desirable to both use 
a preamplifier and to run the cable in 
conduit (for rather noisy environment 
or else in combination with longer cable 
runs or both).

Procedures for preparation of 
ammonium standard solutions
Materials

• Ammonium Chloride - CAS # 12125-
02-9 (Analytical/Reagent Grade or 
better, brand new sealed dry bottle 
preferred)

• Magnesium Chloride Hexahydrate - 
CAS # 7791-18-6  
(Commercial Grade OK)

• 1 litre Volumetric Flask  
(minimum one each) 

• 5 litre volumetric flask (one each)
• 1ml, 5ml, 10ml, 50ml volumetric 

pipette
• 1 litre plastic bottles with air-tight 

sealing cap (5 each recommended, 
minimum 2 each)

• DI water  
(15 megaohms or higher resistivity grade) 

- Ensure that all glassware is clean and 
dry before proceeding.

- Thoroughly clean each volumetric 
flasks after preparing any solution with 
DI Water.

- Solution prepared from this procedure 
will stay good for 1 year from date of 
manufacture if stored in an sealed, pl 
Turtle Tough bottle in cool, dry location 
away from light.

Stock solution preparation 
procedures
Preparation of 1.0 Molar Magnesium 
Chloride stock solution (Do this first!)
1. Measure out 203.3 grams of magnesium 

chloride hexahydrate per litre of stock 
solution (1,016 grams per 5L).

2. Place this magnesium chloride into a 
litre volumetric flask.

3. Dilute with DI water to 5 litre mark. 
Mix solution well until all magnesium 
chloride is dissolved.

4. Seal 5 litre volumetric flask with glass 
stopper.

Preparation of 10,000 ppm Ammonium 
stock solution:
1. Measure out 29.654 grams of  

ammonium chloride salt.
2. Place this ammonium into 1 litre  

volumetric flask.
3. Dilute with DI water to the 1 litre 

mark. Mix solution well until it is 
completely homogeneous.

4. Transfer this 10,000 ppm ammonium 
stock solution to a 1 litre plastic 
bottle and label appropriately.

Ammonium calibration solution 
preparation procedures
Preparation of 1 each litre of 50ppm 
Ammonium Standard Ion Solution with 1 
Molar Magnesium Chloride background

1. Draw 5.0ml of 10,000ppm ammonium 
stock solution and transfer to a 1 litre 
volumetric flask.

2. Dilute with 1.0 Molar magnesium 
chloride stock solution to the 1litre 
mark. Mix solution well until it is 
completely homogeneous.

3. Transfer this 50 ppm ammonium 
calibration solution to a 1 litre plastic 
bottle and label appropriately.

Preparation of 1 each litre of 500ppm 
Ammonium Standard Ion Solution with 1 
Molar Magnesium Chloride background

1. Draw 50.0ml of 10,000 ppm ammonium 
stock solution and transfer to a 1litre 
volumetric flask.

2. Dilute with 1.0 Molar magnesium 
chloride stock solution to the 1litre 
mark. Mix solution well until it is 
completely homogeneous.

3. Transfer this 500ppm ammonium 
calibration solution to a 1litre plastic 
bottle and label appropriately.
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