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Why Use ISE’s?

= Responsive over a wide concentration range
= Not affected by color or turbidity of sample

= Rugged and durable

= Rapid response time

= Real time measurements

= Low cost to purchase and operate

= Easy to use




Why Use ISE’s?

= There are many types of ISE applications:
« Ammonia in wastewater

Residual chlorine in water or wastewater

Chloride in wastewater

Cyanide in water or wastewater

Fluoride in water

Nitrate in drinking water or wastewater

Nitrite in water

Sulfide in wastewater




Why Use ISE’s?

= EPA approved methods

 Acidity * Fluoride

» Alkalinity » Total Kjeldahl Nitrogen (TKN)
« Ammonia * Nitrate

« Bromide * Dissolved Oxygen/BOD

» Chloride  pH

* Residual Chlorine » Sulfide

« Cyanide




New EPA ISE Approvals

= Nitrate in wastewater

* 0.1 ppm as N detection limit

* Direct calibration and read method
= Chloride in wastewater

* 1.8 ppm detection limit

* Direct calibration and read method
= Sulfide in wastewater

* 0.003 ppm detection limit

* Direct calibration and read method
= Cyanide (total) in wastewater

* 0.2 ppm detection limit

* Direct calibration and read method




New EPA ISE Approvals

= 40 CFR Part 122, 136, et al.
= Nitrate (as N) in wastewater
* SM 4500-NO,-D
= Sulfide in wastewater
« SM 4500-S>G
 ASTM D4658-03
= Chloride in wastewater
- ASTM D512-89(99)(C)
= Cyanide (total) in wastewater
« SM 4500-CN- F
« ASTM D2036-98A

SM = Standard Methods for the Examination of Water and Wastewater, 20t Edition
ASTM = Annual Book of Standards, Volumes 11.01 and 11.02, D19 Water
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What Are ISE’s?

= Electrodes are devices which detect species
in solutions

= Electrodes consist of a sensing membrane in
a rugged, inert body




How Do ISE’s Work?

= If two solutions are separated by an ion-permeable membrane, they will
equilibrate:
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How Do ISE’s Work?

= If the membrane is permeable to only
one species, a charge quickly
develops which opposes further
movement

= The charge is proportional to the
difference in concentration on the
two sides

= The total number of ions that diffuse
is very small




How Do ISE’s Work?

= The reference electrode completes the circuit to the
sensing electrode (ISE)

= Reference electrodes have a small leak to establish
contact with the sample

= The reference solution (usually KCI) in contact with the
reference keeps the reference potential constant
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How Do ISE’s Work?

wolt Meter
= The ISE meter measures the El
voltage potential (mV)
difference between the sensing g
electrode and the reference Feference Sensing
electrode Electrade Electrode

Current Flowe
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= ISE meters report concentrations
 No manual calibration curves are required

= ISE meters generate sophisticated curves which are held in the
meter’s memory

* Run standards

* Run unknowns
 Read results
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Types Of Sensing Electrodes

= Glass Membrane
= Solid State

* Liquid Membrane
= Gas Sensing
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Glass Membrane Electrodes

m pH
= Sodium
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Glass Membrane Electrodes

= The sensing element is a special
type of glass

« Combination or half-cell electrodes

= Store glass membrane electrodes
wet in storage solution

.- . — Fill Hal
= Recondition when sluggish Refarence 1 HEe
Cuter Filling _
Salution
Internal Filling Solution
\
AgtAgCl
| — Cerarmic Junction

=ensing Bulb
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Glass Membrane Electrodes

= Example: Sodium
* 0.02 detection limit

* Available in combination or half-
cell versions

* Ross or Ag/AgClI references
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Types Of Sensing Electrodes

= Solid State

)= ionplus Sure-Flow

Chioride
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Solid State Electrodes

* Bromide * Fluoride

= Cadmium = lodide

= Chloride = Lead

= Chlorine = pH

= Copper = Silver

* Cyanide = Thiocyanate
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Solid State Electrodes

Sensing element is a solid crystalline material
Store combination electrodes in dilute standard
Store half-cell electrodes dry

Polish solid state electrodes to rejuvenate

— Electrode Baody

H—— Electrical

lan Connection

Sensitive
Arag

LB TN

b T
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Solid State Electrodes

= Example: Chlorine

« EPA approved for drinking
water or wastewater

* 0.01 detection limit
« Combination electrode or
half-cell
alectrade
——body
ralgrance
alement -

sansing
alemeani
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Chlorine ISE Calibration

= Dilute 100 ppm standard to bracket range of samples with at least a
ten fold concentration difference between standards

= Can calibrate with multiple standards

= Add 1 ml of iodide reagent and 1 ml of acid reagent to diluted
aliquot of standard, mix, then add DI water

= Slope range: 26-30 mV
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Chlorine ISE Hints

= Do not use bleach as standards, only as slope check

= Polish reference element with polishing strip when response is
sluggish

= Polish platinum sensing surface only as last resort
= Gentle stirring is acceptable during calibration and measurement
= Store Chlorine ISE dry
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Fluoride ISE Slope Check

= Place electrode in 100 mis of 1ppm standard w/TISAB I

= Record mV reading, rinse electrode

= Place electrode In 100 mis of 10 ppm standard w/TISAB I
= Record mV reading

= Slope range: 54-60 mV
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Fluoride ISE Hints

= Store electrode in 100 ppm standard

= Flush fill solution weekly

= Polish electrode when response is sluggish or slope is low
= Polish with fluoridated toothpaste/water for 30 seconds
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Types Of Sensing Electrodes

* Liquid Membrane
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Liquid Membrane Electrodes

= Ammonium

= Calcium

= Chloride

* Fluoroborate
= Nitrate

= Nitrite

= Perchlorate

= pH

= Potassium

= Surfactant

= Water Hardness
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Liquid Membrane Electrodes

= Sensing membrane is an ion carrier
dissolved in a soft plastic

= Store electrodes in dilute standard

Electrical
Contact

for short-term LﬂDdU_IE
ousing
= Store module dry in vial for long-
term Internal i Internal Aqueous
Reference HEfEI’EnE:E
Element(AgCl) Salution
lon Selective
—— Membrane
Thermo
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Liquid Membrane Electrodes

= Example: Nitrate
« EPA approved for drinking water or wastewater
* 0.1 ppm detection limit
» Available in combination or half-cell versions
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Gas Sensing Electrodes

Ammonia
Carbon dioxide
Nitrogen dioxide
Oxygen

§ NICranio
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Gas Sensing Electrodes

= Gas sensing electrodes work by Inner Body el E\
measuring the pH change caused by & S —
diffusion of the gas through a Elatrant
hydrophobic but porous membrane Filling — 4
. g
= Store in dilute standard for short Solution ﬁ
]
term ,.E Cuter Body
= Store dry for long term 7
5
:
—y—— Mermbrane
Thermo
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Gas Sensing Electrodes

= Example: Ammonia
« EPA approved for wastewater
* 0.01 ppm detection limit
« Combination electrode
 Replaceable membranes

innear
body —
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Electrode Structure

Ag/AgCI Ref

pH Internal Fill Sol
\\ NH, IFS, NH,Cl

N Permeable - I e
Membrane T T
pH Sensing

NH, diffusion Glass
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Reference Electrodes

= Reference electrodes are critical to getting good results

e The reference chosen must match the internal reference in the
sensing electrode which is typically Ag/AgClI

« Any change in reading at the reference junction will be interpreted
as a change in the sample concentration: liquid junction potential
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Reference Electrodes

= A reference electrode with a sleeve-type liquid junction is
highly recommended

= The filling solution should be:
* High in ionic strength and equitransferent
* Nonreactive and noninterfering with sample
* Don’t use KCI solutions for low levels of CI- or K*
- Ag* containing solutions will react with sulfides, proteins, etc.
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Liquid Junction Potentials

= There is a “liquid junction” between K+ CI-
the solution inside the reference
electrode and the sample
= If the positive and negative ions in K+* CI
the fill solution do not diffuse at the K+ CI°
same rate, a potential develops

K* Cr

K* CI
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How Are ISE’s Used?

* Direct measurement
* Incremental methods
= Titrations

= Gran methods
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Direct Measurement

= Preferred method in most cases:
 Many samples with similar backgrounds
* High volume of samples
» Wide range of concentrations
- Easy

37 SCIENTIFIC



Direct Measurement

= Calibrate by comparison with known standards
= Read by preparing calibration curve or using ISE meter
* Precision is +/- 2%
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Direct Measurement

= Two-point calibration for linear
portion of curve ol etechode

= Low-level measurements require ~ f’:{g““ﬂ" .
non-linear multi-point calibration 40 ‘
or blank correction Sy 10-foid change

1 1

PpPpm fluoride as F-
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Incremental Methods

= Known addition
= Analate addition
= Known subtraction
= Analate subtraction
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Known Addition

= A technique which adds a known amount of the species
being measured into the sample

= This incremental method eliminates the need for a separate
calibration curve for each sample

= Single, double, or multiple known additions possible
= 2-4 times more accurate than direct read
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Known Addition

= Known addition is preferred when:
 Number of samples is small
« Backgrounds vary and cannot be fixed
« Working at very low levels
« Excess complexing agent is present
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Method Interferences

= Complexing agents may be present
* Fluoride may be complexed by aluminum
= pH of sample may be in wrong range
« Ammonia may be present as ammonium ion
= lonic background varies from sample to sample
» Chloride in ground water samples which vary in background
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Method Interferences

= Many method interferences can be overcome by using
lonic Strength Adjusters

= |ISA’s are added to samples and standards to maintain
constant background

= ISA’s minimize ionic strength differences
= [SA’s can complex interferences
= ISA’s can adjust pH to proper range
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Method Interferences

= |SA example o

 Ammonia ISA adjusts Bpocing
pH to proper range for 104
conversion to

ammonia bo

AMNMoMmUum
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Troubleshooting Sequence

= Meter

= Standards

= Reference electrode
= Sensing electrode

= Sample

= Technique
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Meter Troubleshooting

= Use meter shorting cap or strap
* Reading should be 0 +/- 0.2 mV
* Use meter self-test procedure

47 SCIENTIFI C



Measurement Variables

= Concentration range
= lonic strength

= Temperature

n pH

= Stirring

= Interferences

= Complexation
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Making Accurate Measurements

= Maintain a constant reference potential
= Adjust ionic strength

= Remove method interferences

= Remove electrode interferences

= Operate at a constant temperature

= Stir standards and samples gently

= Bracket sample with standards

49 SCIENTIFIC



Thermo Scientific

= Contact us for any technical questions!

= Orion Products
* Technical Service: (800) 225-1480
* Technical Service fax: (978) 232-6015
 Web site: www.thermo.com/water
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SCIENTIFIC Thank You!

The world leader in serving science




