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The Five Steps

TH E FIVE STEPS OF
ANALY S I S

•

Sampling and Sample Preservation

•

Sample Preparation

•

Use of Standards

•

Procedure

•

Calculations and Interpretation

Sample Collection

Sample Preservation

•

•

Some tests must be performed on-site

•

Some tests can wait – if this is the case, the sample may need to be preserved

The sample is usually the greatest limiting factor in obtaining a true or representative result.

– Temperature
– pH adjustment
– Proper temperature
– Filtration
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Sample Preparation

Use of Standards

•
•
•
•
•

•

Filtration
Dilution
Distillation
Digestion
pH adjustment

What is a standard?
– Solution containing a known amount of a specific substance
– Example – 1.00mg/L iron standard

Use of Standards

Use of Standards

•

•

How are standards used?
– Accuracy check
– Instrument calibration

Standard Solutions
– Verify technique, chemistry, and instrumentation
– Am I running the test correctly?
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Use of Standards

Use of Standards

•

•

Standard Additions
– Identifying interferences and percent recovery
– Is my sample compatible with the test?

Calibration Standards
– Used to prepare a standard curve

mg/L

ABS

Procedure

You Have the Answer – Now What?

•

•

Make sure that the procedure is correct for:
– Analyte
– Type of sample
– Concentration range

What does the answer mean?
– Interpretation of results is relative to the investigation!
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You Have the Answer - Now What?

What’s the Question?

•
•

• Regulations or Permits

The test was run to ask a question.
Results of the test help answer the question.

– Am I in compliance?

• Process control
– Is my plant operating correctly?
– Is it time for preventative maintenance?

• Problems and Troubleshooting
– What is wrong with my system?
– How can I fix it?

pH
MEASUREMENT

THE FIVE STEPS OF
ANALYS I S
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pH - Take Home Messages

pH Measurement - Outline

•
•
•

•
•
•
•

pH is an electrochemical measurement, useful in many applications.
As with many electrochemical analyses, pH requires frequent calibration to achieve accurate results.
Proper probe maintenance is essential.

Introduction to pH and electrochemistry
Understanding pH
Measuring pH
Probe care and maintenance

INCONVENIENCE: Calibrations

INCONVENIENCE: Temperature

•

•

Calibration should be performed before each use.

Temperature Affects Results
– pH - Temperature compensation
– ISE - No temperature compensation
• Standards and samples must be analyzed at the same temperature.

mV

Conc
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pH Theory

Understanding pH

•
•

pH is a measurement of the relative acidity of an aqueous solution
pH is a measurement of hydrogen ion concentration

pH Theory

pH Theory

•
•

•

Acid - increases the hydrogen ion (H+) concentration in a solution
Base - increases the hydroxide ion (OH-) concentration in a solution

pH is defined as the negative log of the molar hydrogen ion concentration in aqueous solution
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pH Scale

pH Application

•
•

•

pH is a negative logarithmic function
Each decrease in pH unit = 10X increase in acidity

pH monitoring is essential to many applications
– Change in the chemical nature of a system will often be reflected by a change in pH

– Solution at pH4 is 10X more acidic than solution at pH5
– Solution at pH 4 is 100X more acidic than pH6 solution

0

10X

4 5 6

7

14

100X

How Does a pH Probe Work?

Measuring pH

•

Probe measures hydrogen ion concentration
– Two electrodes in probe - sensing half-cell, reference half-cell
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Reference Half-Cell

METER

•

Reference
Half-Cell

Ion Sensing
Half-Cell

Dispenses reference solution which completes circuit for meter
– Meter measures mV

Ag/AgCl
Wire

Internal Filling
Solution
Reference
Electrolyte
Salt Bridge
Junction

Sensing Half-Cell

Sensing Half-Cell

pH 7 Solution
H+ conc the same
both inside and
outside glass bulb
*No potential
develops

Hydrogen ion concentration
fixed at pH 7

H+

H+
H+

H+

H+
H+

pH 4 Solution
H+ conc 1000x
greater outside glass
bulb
*Potential develops

H+
H+

+
H+ H

H+

Hydrogen ion concentration fixed
at pH 7

H+

1000H+
H+

H+

H+

H+

H+

H+
1000H+
1000H+

1000H+

H+

+
H+ H

H+

H+

H+

1000H+
1000H+

1000H+
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Calibration

Sensing Half-Cell

•

pH 10 Solution
H+ conc 1000x
greater inside glass
bulb
*Potential develops

Hydrogen ion
concentration fixed at pH
7

H+

1000H+
H+
H+

H+

mV

H+

+
H+ H

Calibration
•

A calibration curve allows the meter to convert a measured millivolt potential into a pH reading.

H+

H+
H+
pH

Calibration

The optimal slope for pH is –59.16 mV/decade.
– + 1% to 10%
+180

mV

0

-180
4

7

10

pH
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Maintenance

Probe Care and Maintenance

New Probe

•
•
•
•
•

Calibrate
•

•

New probe
Calibration
Measurement/Storage
Troubleshooting
Cleaning

Calibrate pH meters daily using two or three buffer solutions

Condition new pH probe in pH 7 buffer for
approximately 30 minutes before initial use

4.0

7.0

10.0

10

7/29/2019

Measurement

Troubleshooting

•
•
•

•

mV reading in pH 7 buffer

•

Response time

•

Slope

Place probe into sample, stir, and wait for readings to stabilize
Rinse and dry between measurements
Storage between measurements
– Sample or solution of similar ionic strength to sample
– pH7 buffer

– Should read 0  30 mV in pH 7 buffer
– May require cleaning if slow in buffered solution
– Optimal slope is –59.16 mV/decade

Cleaning
•

Slow response may indicate need for cleaning
– Alternate soaking in dilute hydrochloric acid and dilute sodium hydroxide
– Rinse with deionized water
– Condition in pH 7 buffer before use

pH
MEASUREMENT
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Dissolved oxygen

Dissolved Oxygen

47

48

What is Oxygen

Gas Theory
•

Oxygen is a gas composing 20% of the atmosphere.

•
•

Gas molecules move about very rapidly through the air, in all
directions
Gases don’t stop when they hit a liquid, such as water
Depending on factors such as temperature and pressure, a certain
amount of the gas will dissolve in a liquid.

49
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Factors Affecting DO
•

•

•

Factors Affecting DO

Temperature
– Water at a lower temperature will hold more oxygen than water
at a higher temperature
Pressure
– The higher the barometric pressure, the more oxygen the water
can hold
– Elevation also affects pressure – the lower the elevation, the
higher the pressure
Salinity
– The higher the salinity, the less oxygen water can hold
– High levels of dissolved solids can interfere with the
electrochemical measurement of DO (but can be corrected for)

Why Measure Dissolved Oxygen?
• Important indicator of water quality
– BOD testing for WW
– Environmental waters

• Related to:
–
–
–
–

DO Saturation tables
provide DO
saturation
concentration based
on temperature and
pressure

Why is DO Important?
•
•

Aerobic bacteria must have
oxygen to survive.
Control of DO levels is critical to
the operation of a wastewater
treatment plant.

Water pollution
Water treatment processes
Chemistry of metals
Biological activity
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Why measure DO in WWTP?
•
•
•
•
•

History of DO Measurements

Monitoring O2 Concentration in Aeration Basins
Optimizing Nitrification and Denitrification Process
Optimizing Energy Usage with Plant Blowers
Monitoring Plant Effluent
Optimizing Aerobic Digestion

• Winkler titration test first developed

1888

• Clark membrane oxygen electrode invented

1956

1960’s

2003

2012

DO Meter and Electrode

•
•
•
•
•
•

DO meter and probe are used to measure dissolved
oxygen concentration electrochemically.
Ease of use
Limits exposure to chemicals
Safe disposal of samples
Fast
Accurate measurement in colored samples or samples
containing suspended solids

• First Galvanic DO sensors developed
• Hach LDO introduced

• Hach LDO 2nd Generation introduced

How does Hach LDOTM Work?
•
•
•

Luminescent technology even though complex, can be easily explained
LDO measures ‘light life span’ and temperature
The probe software correlates these measurements to DO concentration

3D Correlation or Calibration Surface

[O2]

Life span of
luminescence

Temperature
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How does Hach LDOTM Work?

Hach LDOTM Technology

•
•
•
•
•

•
•
•

Blue light is transmitted to the sensor
The luminescent molecules in the sensor are excited by the blue light
The molecules relax emitting red light
The red light is detected by the probe
A red LED is used as a reference point
Photo Diode
The Life Span of Luminescence
is the time required for the molecules to
relax from their excited state.

O2 molecules in the sample diffuse into the luminescent material of the sensor
The O2 molecules quench the excitation of the luminescent molecules
Life span becomes shorter with higher O2 concentration (ms timescale)

Transmitted
Blue Light

Clear, Gas Impermeable
Substrate

Luminescent
Molecules
Oxygen (O2)

Reference Red LED

Gas Permeable
Luminescent Layer

Life
Span

O2 Concentration

Emitted Red Light

Hach LDOTM Technology

1,2

How Does HachLDO™ Work?

•

Normed Intensity

Excitation pulse

1
0,8

Sensor

Emisson profile s

0,6
0,4

t1

0,2

t2

Photo Diode

without O2
with O2

Sensor
cap

•

When oxygen contacts the
luminescent chemical, the
intensity of the red light
decreases
The amount of time it takes for
the material to relax is reduced

Probe
Sensor
Photo Diode

Time [µs]

0
0

20

40

60

80

100

Oxygen

Luminophor
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How Does HachLDO™ Work?

How Does HachLDO™ Work?

• The higher the
oxygen
concentration, the
less red light that is
given off by the
sensor.

• The intensity of the red
light is not what’s being
measured.
• What’s being measured is
the time it takes after
excitation for red light to
be given off.

Red Emission
Light

Sensor
Photo Diode

– Lifetime of luminescence

Oxygen Concentration

How does LDO™ work ?

Probe

How does LDO™ work ?
LDO™ Sensor

1,2

LDO™ Sensor

Normierte Intensität
1,2

Normierte Intensität
1,0

Excitation
Pulse

1,0

Excitation Pulse

Sensor

0,8

0,6

Photo Diode

Sensor
cap

0,8

Sensor

Emission Profile
0,6

Photo Diode

without O2

0,4

t1

0,4

Sensor
cap

0,2
Zeit [us]

0,2
0,0

Zeit [us]

0
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20
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70

80
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100

0,0
0

10
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How Does HachLDO™ Work?

How does LDO™ work ?
1,2

Intensity (normed)

•

LDO™ Sensor

Excitation
Pulse
Emission profile

1,0

•
Sensor

0,8

without O2

0,6

Photo Diode
0,4

Sensor
cap

•

A red LED is also present in the
probe.
Between flashes of the blue LED, a
red LED of known intensity, is
flashed on the sensor.
The red LED acts as an internal
standard (or reference) for a
comparison to the red light given off
by the luminescent chemical.

Probe
Sensor
Photo Diode

t1

0,2

with O2

t2

Time [us]

0,0
0

10

20

30

40

50

60

70

80

90

100

Oxygen

Why is this a Big Deal?
• Simple Operation and
Maintenance
– Only one replacement part
– Inexpensive sensor cap is
simple to replace quickly

CONDUCTIVITY
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Conductivity – Take-Home Messages

Conductivity - Outline

•
•
•

•
•
•
•

Conductivity is an electrochemical method of analysis.
The measurement of conductivity is based on the ability of a water to conduct an electrical current.
Conductivity measurement provides an estimate of a water’s TDS.

Introduction to Conductivity
Theory of Conductivity Measurement
Conductivity vs. TDS
Measurement Techniques

Why is Conductivity Important?

Traditional TDS Method

•
•

•

Can provide estimate of total dissolved solids (TDS) in an aqueous sample
TDS is a primary measurement of water quality in many applications
– Drinking water
– Irrigation water

Traditional gravimetric TDS is time consuming - requires a balance, volumetric glassware and drying
oven
– Filter known volume of sample
– Place in oven
– Dry sample to a constant weight
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Conductivity and TDS

Conductivity - Outline

•

•
•
•
•

Water conductivity can easily and quickly provide a suitable estimate of TDS for most applications.
– Place probe into sample and obtain reading nearly immediately

Introduction to Conductivity
Theory of Conductivity Measurement
Conductivity vs. TDS
Measurement Techniques

Theory of Conductivity Measurement

Theory of Conductivity Measurement

•

•

What is conductivity?
– Conductivity is the measurement of a solution’s ability to conduct an electrical current.

Pure water is a very poor conductor of electricity.
– Pure water has a high resistance to electrical current or flow.

Pure Water
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Theory of Conductivity Measurement

What are Ions?

•

•

The higher the concentration of ions (from salts) in the water, the better the water conducts
electricity.

An ion is an atom or molecule that has an electrical charge, either positive or negative.
– Cation – ion with positive charge
– Anion – ion with negative charge

Salt Water

What are Ions?

Where do Ions Come From?

•

•

Ions in solution are also known as electrolytes, since their presence allows conductance.

Ions come from soluble or partially soluble ionic compounds that have dissolved in an aqueous
solution.
– Salt – NaCl
– Ferric chloride – FeCl3
– Potassium permanganate – KMnO4
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What are Some Common Ions?

What is NOT an Ion?

CATIONS
Calcium (Ca2+)
Magnesium (Mg2+)
Sodium (Na+)
Iron (Fe2+)
Aluminum (Al3+)

•

ANIONS
Chloride (Cl– )
Nitrate (NO3– )
Sulfate (SO42– )
Phosphate (PO43– )
Bicarbonate(HCO3 –)

Most organic materials such as oils, phenols, alcohols and sugars do not form ions and are unable to
conduct electrical current (no conductivity).

Sugar Water

Conductivity Applications

Conductivity Applications

•

•

Conductivity is easy to measure and is useful in a wide range of applications.
–
–
–
–

Drinking Water
Wastewater
Environmental Water (Irrigation Water)
Boiler/Cooling Water

Conductivity can be related to:
–
–
–
–

Chemical purity of water
Amount of dissolved solids in a solution
Efficiency of various treatment processes
Salt concentration in brine
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How is Conductivity Measured?

How is Conductivity Measured?

•

•

A conductivity probe measures the resistance in a solution.

A voltage is applied between the two electrodes immersed in the test solution, and the voltage drop
caused by the resistance of the solution is used to calculate its conductivity.

How is Conductivity Measured?

Conductivity Units

•
•

•

The basic unit of measure for conductivity is the siemen (or mho)

•

Typical ranges in aqueous solution

Small voltage drop = High conductivity (or low resistivity)
Large voltage drop = Low conductivity (or high resistivity)

– The unit mho is the reciprocal of ohm (unit of resistance)
– Millisiemens per cm - mS/cm
– Microsiemens per cm - mS/cm
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Conductivity - Outline

Measuring TDS

•
•
•
•

•

Introduction to Conductivity
Theory of Conductivity Measurement
Conductivity vs. TDS
Measurement Techniques

TDS measurement expresses the total ion concentration in grams/liter (g/L) or milligrams/liter
(mg/L).
– Probe does not identify individual ions
– It measures the sum total of the concentrations of the ionic components of the solution

TDS versus Conductivity

TDS versus Conductivity

•

In general: TDS = 0.5 X Conductivity

•

TDS is nearly equivalent to NaCl concentration when using 0.5 conversion factor – but not all
solutions are composed of NaCl

•

This is an empirical factor chosen because of its simplicity and suitability for a wide variety of
applications.

•

Most natural waters have a factor closer to 0.65 because NaCl is not the only salt in solution

– Need to know temperature and ionic characteristics of a sample to select a more precise factor
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TDS versus Conductivity

TDS versus Conductivity
•
•

200

In reality, the combination of ions present in natural waters gives a factor closer to:
TDS = 0.65 X Conductivity
Current Hach conductivity meters can be programmed to accept either factor (or a completely
different factor)

150
mg/L TDS
as NaCl

100
50

100

200

300
400
EC µS / cm

500

600

Conductivity - Outline
•
•
•
•

TDS versus Conductivity
200

Introduction to Conductivity
Theory of Conductivity Measurement
Conductivity vs. TDS
Measurement Techniques

mg/L TDS 150
as NaCl
vs mg/L 100
Actual TDS
50

100

200

300
400
EC µS / cm

500

600
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Calibration

Temperature Compensation

•

•
•
•

•
•

Calibration required periodically due to aging of the probe electrical components or when a new
probe is installed.
Calibrate using a standard solution with similar conductivity and temperature to a typical sample.
Can also calibrate by adjusting the cell constant.

Conductivity is affected by sample temperature.
Relate conductivity measurements to a reference temperature: 25 °C (most common)
A temperature compensation circuit adjusts the measurement value to what it would be at the
reference temperature.

Temperature Compensation

Sample Measurement

•

•
•
•

Solution temperature is measured by a thermistor in the conductivity probe
– Automatic temperature compensation for both conductivity and TDS measurements.

Place probe into sample, being sure that the end of the probe is completely submerged in sample.
Agitate the probe to remove air bubbles.
Wait for a stable reading.

Temp Sensor
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Probe Storage

Probe Maintenance

•
•

•
•

Probe should be stored dry
When resuming use of the probe after storage, allow time for rewetting.

Rinse and dry probe between measurements to avoid contamination
A dirty probe will affect measurement accuracy – probe may be cleaned with a strong detergent
solution or by dipping in a 1:1 hydrochloric acid solution followed by a thorough rinse with DI water.

Conductivity – Take-Home Messages
•
•
•

Conductivity is an electrochemical method of analysis.
The measurement of conductivity is based on the ability of a water to conduct an electrical current.
Conductivity measurement provides an estimate of the TDS in a water.

CONDUCTIVITY
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Fluoride

What is Fluoride
•

Fluoride, is an inorganic, monatomic (consisting of one atom) anion (negatively charged) of
fluorine with the chemical formula F− . Fluoride is the simplest anion of fluorine.

•

Fluorine a Halogen. The 13th most abundant element in the earth’s crust. PeriodicTableBlack

•

Fluoride occurs naturally in some ground waters

•

Fluoride compounds are salts that form when the element, fluorine, combines with minerals
in soil or rocks.

•

Some fluoride compounds, such as sodium fluoride and fluorosilicates, dissolve easily into
ground water as it moves through gaps and pore spaces between rocks.

•

Most water supplies contain some naturally occurring fluoride.

•

Fluoride also enters drinking water in discharge from fertilizer or aluminum factories.

•

Also, many communities add fluoride to their drinking water to promote dental health.

Autodesk.JPG
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Fluoride Background

113

•

Fluoridation was named as one of the Ten Great Public Health Achievements in the 20th
Century by the Centers for Disease Control and Prevention (CDC Morbidity and Mortality Weekly
Report, April 2, 1999).

•

Water fluoridation was first implemented in 1945, and in 1951.

•

January 25, 1945 Grand Rapids Michigan adds Fluoride.

•

National Research Council (NRC) National Academy of Sciences (NAS) Us Surgeon General, AWWA
and the ADA recommended that communities Implement water fluoridation.

•

USHHS recommended a range of 0.7 to 1.2 mg/l (temperature dependent) 1962 Drinking Water
Standards.

•

In 2011 USHHS recommended changing the standard to 0.7 mg/L

•

In 2012 the CDC and the USHHS reported that 210.6 million people in the US had access to
fluoridated water.

•

By the year 2004, water fluoridation was being practiced in more than 60
countries for almost 405 million people.

Fluoride Background

114
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Regulatory fluoride

Fluoride benefits, importance, Controversy
• Fluoridation is a cost-effective and practical form of preventing tooth decay.
•

Fluoridation benefits all, regardless of age, income, education, or socioeconomic status.

• Economic benefits…40 to 65% reduction in dental work.
• The CDC estimates that every $1 invested in water fluoridation yields an approximate $38 in
savings from dental treatment costs in most cities.
• Opponents of community water fluoridation have challenged its safety and effectiveness.
- Violation of religious freedom
- Abuse of police power
- Infringement of personal choice
- An unsafe measure or nuisance

• Fluoridation has withstood legal challenges for over 65 years.

•

Fluoridation of public water supplies is not mandated by the US Environmental Protection Agency
(USEPA) or any other federal agency in the United States.

•

The decision to Fluoridate is to be made by each individual state or local municipality.

•

in 1975 a National Interim criteria with the MCL varying from 1.4 to 2.4 mg/L based on annual ambient temperature
was promulgated.

•

In 1986, the USEPA established the current regulatory basis for fluoride in drinking water with a MCL of 4mg/L and
a SMCL of 2 mg/L. The MCLG and MCL for fluoride are both 4 mg/L. This concentration is the level below which a
lifetime of exposure is not expected to cause health problems associated with skeletal fluorosis.

•

In general, an exceedance of the 4 mg/L MCL must meet the Tier 2 public notification requirements. (Notice as
Soon as Practical, Within 30 Days)

•

An exceedance of the 2 mg/L SMCL must meet the Tier 3 public notification requirements.
(Annual Notice)

•

US PHS recommends a fluoride concentration of 0.7 mg/L (parts per million [ppm]) to maintain caries prevention
benefits and reduce the risk of dental fluorosis.
Public Health Reports/ July- August 2015/ Volume 130

•

0.7 mg/L adopted by the State of Washington March 9, 2016 and into effect May 9, 2016
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Fluoride sampling and collection

Fluoride Chemical reactions

Federal Register / Vol. 77, No. 97 / Friday, May 18, 2012 / Rules and Regulations

Chemical Reactions (Ion-Selective Electrode Method )
The Ion-Selective electrode method requires an ISE Meter and an
electrode system consisting of a silver/silver chloride reference
electrode and a standard fluoride ionselective electrode. Fluoride
measurement is accomplished when a voltage potential is established
across the lanthanum fluoride crystal on the end of the electrode; this
potential is in direct proportion to the fluoride concentration of the
sample. The meter is calibrated with fluoride standards bracketing the
expected range.

•
•
•

CFR requires a polyethylene plastic container to grab a Fluoride sample.
No preservation is required
Maximum holding time is 28 days.

Hach Fluoride method 10225 for Spadns 2

and method 8029 for Spadns

•

Collect samples in clean glass or plastic bottles.
- This test is sensitive to small amounts of contamination. Glassware must be very clean
(acid rinse before each use). Repeat the test with the same glassware to make sure that
the results are accurate.

•

Samples can be kept for up to 28 days.

•

Let the sample temperature increase to room temperature before analysis.

HQD Portable Meters

Remember that the sample is the greatest limiting factor in obtaining a true or representative result

Intellical™ ISEF12101 Fluoride (F-) Ion Selective Electrode
117

118
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Fluoride Distillation

Fluoride Distillation Apparatus

Distillation removes common interferences to the colorimetric methods. It is a typical
requirement by the EPA to distill the sample for reporting. The customer should check with
their local EPA reporting regulations.

Fluoride Distillation

Prerequisite—prepare the distillation solution:
1. Measure 60 mL of deionized water into a 250-mL, glass Erlenmeyer flask.
2. With constant stirring, add 120 mL of concentrated sulfuric acid. Caution:
The mixture will become very hot. Put the flask in an ice bath to decrease the
temperature of the solution.

119
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Analytical Considerations
•
•

Sample collection and preservation
Sample Preparation

•

Running the test

– Distillation
– Analytical system
– Methodology

•

Sample Collection
•
•

The analysis is only as good as the sample.
Collect a representative sample following correct sampling protocol for the
test and the type of sample being measured.

– Fluoride samples may be stored in clean glass or plastic
bottle for at least 28 days. No preservation necessary.
– Warm samples to room temperature before analysis.

Proof of accuracy
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Sample Preparation
• Most interferences can be eliminated by distilling the sample
from an acid solution
• Distillation is typically required when reporting fluoride values.

Electrochemical - ISE

Ion Selective Electrode
• Method: Direct Reading with Fluoride
Ion Selective Electrode.
• Analytical Range: 0.01 mg/L – Saturation
• USEPA Method 340.2 for Drinking Water
and Wastewater
• Distillation Required for Reporting
• Standard Methods: 4500-F C

Summary of Method
• The ISE measurement of free fluoride ions in an aqueous solution.
• The measurement involves an electrochemical measurement of the
differential potential developed across a fluoride ion sensitive element
which has been bonded to a conventional electrode system.
• The electrode is a complete electrochemical cell consisting of a doublejunction reference electrode and a fluoride sensing electrode.
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Summary of Method

METER

• Fluoride measurement is accomplished when a voltage
potential is established across the lanthanum fluoride crystal
on the end of the electrode.

Reference
Half-Cell

Ion Sensing
Half-Cell

– this potential, is in direct proportion to the fluoride activity of the
sample.
• Activity: Concentration, Temperature, Ionic Strength

Ag/AgCl
Wire

– The meter is calibrated with fluoride standards bracketing the expected
range.
– The concentration may be read directly from the meter.
– A total ionic strength adjustment buffer (TISAB) is used to:
– eliminate interferences in the test
– adjust the pH to an optimum value
– introduce sufficient sodium chloride to mask variations in ionic
strength.

Internal Filling
Solution

LaF3
Crystal

Analytical Issues

• Method Performance
– Method detection limit (MDL)
– Precision
– Reproducibility

•
•
•
•
•

F- F- F

F- F- F- F- F-

Reference
Electrolyte
Salt Bridge
Junction

Method Performance
•
•
•

MDL is 0.02 mg/L
Precision - Lab Technique Dependent
Reproducibility – Approximately 2%

Set-up and Checking Electrode Performance
Calibration
Temperature
Interferences
Ionic Strength Adjusting Buffer
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Common Interferences for Drinking Water

Set-up & Checking the Electrode Performance
• Conditioning The Electrode

• Direct Interference

– Before use, condition the electrode by soaking it in a 10 ppm
fluoride standard for five minutes.

– Hydroxide Ion
• pH Adjustment into 5-7 range

• Checking The Fluoride Electrode

• pH

– A quick probe response check can be made by verifying
proper electrode slope. One method is to place the probe in
a fluoride solution, then increase the fluoride concentration
by a factor of 10.
– A one-decade increase should decrease the potential by about
58 mV.
– Proper operation also is verified by a calibration curve with a
slope of -58 ±3 mV/decade. A calibration curve is usually the
first step for a series of analyses;

– pH < 5.0 the association of H+ and F- reduces the amount of free F-

• Aluminum and iron can complex free F• Indirect – Can bind the LaF3 crystal
– Phosphate, citrate, bicarbonate

Storage of the Fluoride Electrode
• The fluoride electrode can be stored dry in air or in a fluoride
standard solution (without TISAB).
• If your measurements are being performed at very low levels
(below 10-5 M…..0.02 mg/L), it will speed electrode response
to leave the electrode in a low fluoride standard or condition it
in a low standard before use.
• If the electrode will not be used again for a period of time, dry
storage is best.

Temperature and Ionic Strength
•

System has no automatic temperature correction (ATC)

•

The ionic strength of the standards and samples must be normalized for best accuracy.

– Calibration standards and samples must be at the same temperature for best accuracy

– Replace the electrode cap over the membrane to protect it.
– For long periods of storage, drain the internal filling solution and rinse
the electrode interior.
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Total Ionic Strength Adjusting Buffer (TISAB or ISA)
•

TISAB solutions that are added to the sample are used extensively.
– Normalize ionic strength of samples and calibration standards
– Adjust pH into region of 5-7
– Chelates aluminum and iron which can complex with fluoride thereby reducing
amount of free ions.

Total Ionic Strength Adjusting Buffer (TISAB or ISA)
• Hach has formulated a powdered TISAB which is added to the
sample as a solid.
– The powdered TISAB does not dilute the original sample, or decrease the
true fluoride concentration.
– The powdered TISAB is available as pre-measured powder pillows for 25
mL of solution or as bulk powder.
– sodium chloride for ionic strength
– glacial acetic acid for pH adjustment
– CDTA (cyclohexane-diaminetetraacetic acid) to chelate aluminum and
iron

.

.

Proof of Accuracy

Find Procedures and Technical Information and Support

• Standard Solutions
– Known standards in the range of the sample.
– Proves
• Analytical System
• Laboratory Technique

• Standard Additions (spiking or known additions)
– Proves analytical system and laboratory technique
– Determines recovery of actual analyte

• www/hach.com
• Online Catalog
• Support
• Technical Training Schedule

• Checks for interferences
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Hach Technical Consulting Services
•

Technical Support
– Phone: 800-227-4224
– E-mail: techhelp@hach.com
– Chat

•

Hach Technical Training Center
– Loveland, Colorado
– Regional Training Program
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