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suggests ways to determine the pH of many materials
found in museum objects. Descriptions of general
measurement procedures are included, along with a
comparison of various methods and measuring devices.
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What is pH?

pH is a measure of acidity or alkalinity.

More precisely, pH is a measure of the hydrogen ions (Hi
in a solution, expressed as the negative logarithm base
10 (logio) of the activity or effective concentration of H,
measured in moles per litre (mol/L). Because the activity
of a solute in dilute solutions is very close to 1, the formula
for calculating pH is usually expressed in H concentration
instead of activity (Galster 1991, p. 5):

pH = -logio [Hf]

where the square brackets [J represent concentration in
moles per litre.

The pH of aqueous solutions is commonly expressed
as a value between 0 and 14, with pH 0 corresponding to
100 mol/L of H and pH 14 corresponding to iO’ molJL
of H. This scale is derived from the ionic product (Kw)
of water, which is 10-14 (mol/L)2:

H20 H ÷ OH
= [H][ OHI = i-’ (mol/L)2

Pure water has equal concentrations
of H and hydroxide ions (OH-),
both being iO- mol/L. This
corresponds to pH 7 and,
because pure water is neutral,
pH 7 is therefore neutral pH.

_____________________

Acidic solutions have a higher

____________________

concentration of H than of
OH-, hence a pH less than 7.
Conversely, alkaline solutions

______________________

have a higher concentration
of OH- than of H, hence
a pH greater than 7.

Table 1 shows the pH values

____________________

of some common solutions.

Note that this pH scale (i.e. 0—14)
is meaningful only in the context
of dilute aqueous (water) solutions.
Although the concept of pH is not

___________________

limited to aqueous solutions, other

_____________________

self-dissociating solvents, such as
alcohol, require a different scale
(Galster 199l,p. 11).

Why is pH Important
in Conservation?

The pH of an object can provide information about its
history and condition, and guide its treatment and handling.
The determination of pH is therefore one of the most
common analyses in conservation.

Given that pH is defined as a measure of H concentration
in solution, theoretically the “pH” of an absolutely dry
material or object has no meaning (Chamberlin 1961).
However, since most materials of concern in conservation
absorb water, and contain water at ambient relative
humidity, H is present in solution and pH is a
meaningful concept.

The pH value of an object provides an indication of
other properties of interest or concern in conservation.
For example, pH is a fundamental indicator of material
stability. The pH of an object provides information that
can be used to:
• assess the condition of the object
• develop treatment strategies
• monitor the progress of a treatment
• evaluate the suitability of products used for treatment,

storage, or display
• determine the rate of degradation of a material

Table 1. Hydrogen ion concentration [H9
and approximate pH of some common liquids*

[WI in moles per litre pH Common liquids

0.00000000000001 1 X i’ 14 Very alkaline
0.0000000000001 1 x 1013 13 Household lye, Drano

0.000000000001 1 x 10-12 12 Chlorine bleach
0.00000000001 1 x 10h1 11 Ammonia

0.0000000001 1 x 10b0 10 Milk of magnesia
0.000000001 1 x i0 9 Calcium carbonate
0.00000001 1 x 10-8 8 Baking soda, Ottawa tap water, seawater, pool water
0.0000001 1 x i07 7 Neutral

Pure water, human saliva, blood

0.000001 1 x l0 6 Pure rain, egg yolk
0.0000 1 1 x i0 5 Bananas, beer
0.0001 1 x i0 4 Apples, oranges
0.001 1 x io 3 Vinegar
0.01 1 x 10-2 2 Lemon juice
0.1 1x101 1 Veryacidic
1.0 1 x io-° 0 Battery acid

* Values taken from the CRC Handbook of Chemistry and Physics (CRC Press 2005a) and Water on the
Web (waterontheweb .orglunder/waterquality/ph html).

1



Measuring pH

Determining the pH of an object is a common analysis
in conservation, and most conservation laboratories are
equipped with appropriate devices. There are a variety of
ways to conduct measurements, but most involve extraction
of water-soluble materials from the object. What and how
much is extracted determines the pH value.

The fundamental principles of and basic procedures
for reliable and repeatable pH measurements can be
found in various standards (Appendix 1) as well as in
the conservation literature, e.g. the Paper Conservation
Catalogue (AIC-BPG 1994), and the Textile Conservation
Catalogue (AIC-TSG 1995). In practice, many different
devices and methods are used for a wide range of
applications. The examples described in Appendix 2,
taken from CCI’s conservation treatment and
research laboratories, illustrate some applications
and equipment use.

Although pH measurement is generally simple and
straightforward, the constraints imposed by artifacts
can complicate the process. Many factors must therefore
be considered before attempting to measure the pH of
a museum object.

Considerations Prior to Measuring pH

Measuring the pH of an object requires the extraction
of water-soluble ions, which is an irreversible process.
For example, carrying out the extraction may require the
removal of a sample from the object. Even if the analysis
can be carried out directly on the object, a test area must
be exposed to water and may suffer irreversible change,
such as the formation of tide-lines (Dupont 1996; Eusman
1995), deformation of the substrate layers, migration of
non-water-fast colorants, and blanching and swelling
of coatings. On a microscopic level, water extraction
alters the internal environment of the test material
by solubilizing selected compounds. And when the
measurements are complete, the results are not really
the “true” material pH, but are, at best, correlated
to it (Strli 2005). Given these potential problems,
it is important to consider the reliability and
usefulness of pH measurement, and choose
the most appropriate method.

The following factors should always be considered
prior to measuring the pH of an artifact.

• Is pH measurement necessary? — Will the results
influence the way the object is handled (e.g. choice
or priority of treatment, storage conditions, impact on
other objects in the collection, means of documenting
the condition or stability of the object). Is it worth
altering the object or removing a sample from it
to obtain this information?

• How reliable do the results need to be? — Are
techniques and equipment available to carry out the pH
measurement? What are the limitations of the methods and
equipment to be used? How reliable is the result? How will
the uncertainty of the result influence the choice of action?

• To what extent is the area or sample to be tested
representative of the entire object?

• What variables could influence the pH values? — Does
the test area absorb water or repel it? Are there surface
coatings, adhesives, and/or local contaminants that could
affect pH values? Is the surface pH of the object the same
as the internal pH of the object? If not, which value is of
most importance to the object or choice of treatment?
(See the next section “Factors that Influence pH Results”
for further discussion of this issue.)

• Is the method of measurement reproducible? — Could
someone else repeat the measurements and obtain the same
results based on the details recorded?

Factors that Influence pH Results

As with any analysis, it is necessary to be aware of the
factors that can influence the results of pH measurements.

Water quality
The quality and pH of the water used for extraction
are critical to the reliability of the measured pH value.
Standard methods typically require at least Type II or
III water (ASTM 2001a), i.e. distilled or deionized water,
with a pH between 6.5 and 7.2.

The theoretical pH value of pure water is 7.0, but the
measured value is typically between 5.8 and 6.2. This
discrepancy arises because deionized or distilled water has
a low concentration of soluble ions (10-14 mol/L) and low
electrical conductivity (i.e. high electrical resistance). It is
also easily contaminated by atmospheric gases, sample
containers, and potassium chloride leakage from the
reference electrode during measurement. The measured
value can usually be increased to 6.4—6.8 if carbon
dioxide is removed from the pure water by boiling
or bubbling with nitrogen.

The addition of an ionic strength adjuster or a neutral
salt solution such as 0.1M potassium chloride (KCI) to
distilled or deionized water can increase the concentration
of dissolved ions and improve the reliability of pH
measurement. Calibrating the electrode with a low
ionic-strength buffer can also help (Patko 1986;
Illingworth 1981).

Although determining the pH of water prior to its use
for extraction is not easy, it is important. Not only will
the pH value confirm that the water is appropriate for
use in the measurement, but it will provide a reference
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for comparison and serve as a good indicator of minute
quantities of acidic or alkaline contaminants in the
water supply or containers

Extraction duration
The longer the period of extraction, the more ions are
extracted. Most standards recommend an extraction period
of 1 hour for paper and textiles, and longer for non-absorbent
materials such as adhesives. For measurements in situ, the
extraction duration is usually dictated by the absorbency of
the material, or how long the water droplet can remain on the
surface for measurement. In such cases the time required
to obtain a stable reading should be recorded. Appendix 1
summarizes the recommended extraction times for
various materials

Sample-to-water ratio
The ratio of sample weight to water volume affects the
concentration of the extracted materials. Standard methods
therefore specify ratios of sample weight to water volume
for different materials (Appendix 1). To ensure that pH
results are reproducible, it is important to employ these
ratios. Note that it is not the actual weight of the sample
or volume of water that is important, but rather the
relative amounts. Any deviations from the standard
should be recorded.

Water temperature
Water temperature influences the type and amount
of material extracted, and consequently the pH
value measured. To eliminate the need for temperature
compensation, water should be conditioned to room
temperature (22—25°C) for both extraction and
pH measurement. Also, it is important that the
electrodes used for measurement have been
calibrated at room temperature.

Solution ionic strength and composition
The ionic strength and composition of a solution
influence the reliability of the measured pH values.
High concentrations of electrolytes or water-soluble
organic compounds (greater than 0. 1M) decrease the
precision and accuracy of the pH values unless the
electrode has been standardized in a medium of the
same composition (ASTM 2001b; Bates 1981).
Low-ionic-strength solutions such as purified water
can also yield unreliable results, especially when less
sensitive devices such as pH papers and some hand-held
meters are used to conduct the measurement. In some
cases, errors can be quite large. To ensure that pH
measurements are as reliable as possible, use sensitive
electrodes that have been calibrated in buffers of
ionic strength similar to that of the test solutions
(Illingworth 1981; Kopelove et a!. 1989).

Interfering substances
The formation of a coating on the pH-sensing membrane or
the blockage of the reference junctions by the test sample

can interfere with pH measurements, Thick suspensions
or slurries such as adhesives or solutions with protein,
powder, dirt, or soil typically cause these problems.
Sodium ions (Naj may also be a problem. “Sodium error”
results from the sensitivity of the older generation of glass
combination membranes to both H” and Na”. A solution
of 0.1M Na in a highly alkaline solution (e.g. sodium
hydroxide) can lower the pH by 0.4 to 0.5 units. Some
manufacturers of these older electrodes provide a standard
curve for correcting sodium error. Newer electrodes,
which are essentially impermeable to Na, do not
have this problem (Boyer 1993, p. 32).

Sample contamination
Samples can be contaminated through poor handling
practices or impurities in the environment. To prevent
this problem, keep materials for pH testing in a clean and
dust-free environment, and handle them only with forceps
or clean gloves.

Water samples can be contaminated during pH
measurement if the filling solution in an electrode
diffuses into the water through the junction. While this
will not affect the pH of the sample, it will interfere with
any subsequent elemental analyses required for the solution
sample (e.g. identification of soluble components in wash
water). To avoid this type of contamination, always
conduct pH measurements after elemental analyses
or use a separate sample.

Sample solutions and water can also become contaminated
by microbial growth, which will affect their pH, if they are
stored for long periods.

Electrode maintenance and calibration
To provide reliable results, electrodes must be in good
condition and be properly calibrated. Be sure to maintain
and clean electrodes according to the manufacturers’
guidelines. Be sure to hydrate the pH-sensing bulb before
use if an electrode is used less than once per month. Replace
the filling solution with fresh solution if an electrode takes
more than 1—2 minutes to respond. Calibrate electrodes
frequently using fresh buffers to ensure early detection of
problems and to eliminate systematic errors due to drifting.
Further discussion on electrode maintenance and calibration
can be found in Appendix 3.

Containers
Contamination of samples from glassware or storage
containers is a major source of error in pH measurement.
The use of clean containers and glassware is therefore
critical.

Always wash new glassware, rinse it free of detergents,
and condition it by soaking in distilled or deionized water
for at least 48 hours. Set apart containers and any other
apparatus used for pH measurements and do not use them
for any other purpose. Use disposable polypropylene tubes
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or bottles and borosilicate glass containers for sample
solution storage, pH extraction, and pH measurements.
Do not use soda glass vessels as these can leach alkaline
contaminants. If the detergent used to clean glassware
is highly alkaline, rinse the glassware with dilute acid
to neutralize the alkali and rinse and soak it in deionized
or distilled water prior to use for pH extraction.

The cleanliness of glassware can be tested by using it
to determine the pH of deionized water. If the measured
value is 5.8—6.8, the glassware is free of pH contaminants.

Devices for Measuring pH

Devices for measuring pH can be based on electrometric
(also known as potentiometric) or colorimetric methods.
Electrometric devices determine H concentrations by
measuring the potential difference between the test solution
and an internal reference. Examples include pH meters
equipped with different forms of liquid- and gel-filled
glass membrane combination electrodes (Figures 1—5) and,
more recently, ion-selective field effect transistor (ISFET)
pH meters and electrodes (Figure 6). Colorimetric devices
indicate pH through the colour change of a variety of weak
acids and bases in response to changing H concentration.
Examples include pH papers, pens, and indicating solutions
(Figures 7—9). Electrometric devices are more reliable than

Figure 1. Orion multi-channel benchtop meter ion
analyser equipped with a ROSS combination electrode.

Figure 2. Orion portable pH meter and gel-filled
combination electrodes for measuring the pH

of treatment solutions and wash water.
Figure 3. Orion ROSS flat-surface, combination
semi-microelectrode and glass microelectrode.
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Figure 4. Piccolo hand-held meter
for measuring the pH of dye baths.

colorimetric devices, and are more suited for quantitative

analysis. Colorimetric devices are suitable for semi-
quantitative determinations or for estimations.

Electrometric devices
The most commonly used electrometric device for routine
pH measurement is a glass combination electrode, which
consists of a H-sensitive glass membrane and a reference
electrode. The reference electrode is separated from the

test solution by a semi-permeable membrane or a ceramic
junction, which allows contact without mixing. When
the electrode is immersed in a test solution, a potential
difference is created between the H-selective glass
membrane and the reference electrode. This potential
difference is proportional to the concentration of H.
The measured potential is calculated according to
the Nernst equation:

Emeasure Eref — RT/nF x 2.3031 log1o[H]

where R is the gas constant (8.3 14 I/K mol’);
T is the absolute temperature in kelvin; F is the
Faraday electrochemical constant (96487 C mol’);
and n = 1 for a univalent species such as H. From this
expression it can be seen that the potential difference is
temperature dependent. pH measurements must therefore
be corrected for temperature. This can be done by ensuring
that calibration of the electrodes and measurements of
pH are performed at the same temperature. Today, most
electrodes are combination electrodes, and contain the
pH-sensing electrode and the reference electrode in a
single probe. Many electrodes and meters have a
built-in temperature compensation capability.

Most H-sensing electrodes are designed to produce
0 mV at pH 7, and a change of 1 pH unit should
produce a change of 59 mV at 25°C, with acidic
solutions having positive potentials and alkaline
solutions having negative potentials. To calibrate
an electrode, use standard buffer solutions at 25°C
(CRC Press 2005c, p. 8-41):

pH 4.01 0.05M potassium hydrogen phthalate
pH 6.86 0.025M disodium hydrogen phosphate

+ 0.025M potassium dihydrogen phosphate
pH 10.01 0.025M sodium bicarbonate

+ 0.025M sodium carbonate

The pH-sensing glass is very thin. As a result, the electrode

bulb is very fragile and requires great care during handling.

To keep the glass electrode functioning properly, keep the
pH-sensing membrane and the ceramic junction hydrated,
clean, and free of blockage. Solutions containing protein,

fats, oil, fine particles or colloids, or adhesives are
problematic for glass electrodes.

The procedure for determining pH using a glass
combination electrode is detailed in Appendix 3.

The other type of electrometric device, ISFET pH meters
and probes (Figure 6), are quickly gaining popularity.
These were developed for in vivo monitoring, and use a
silicon semiconductor as the pH sensor. The use of these
transistors reduces the size of the pH sensor, decreases
the price of the unit, and widens the possibilities of pH
measurement to different environments and applications
(Down et al. 2005; Gaister 1991, p. 189; Bergveld and
Sibbald 1988, Ch. 10). Some of these electrodes contain

Figure 5. Hanna waterproofpH meter
for underwater pH monitoring.

Figure 6. Ion-selective field effect transistor (ISFET)
meter, Model 1Q240 equipped with a microprobe.
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Figure 8. pHpens — Chlorophenol Abbey pens
(photo courtesy of Preservation Technologies)

and Universal pH crayons.

reference and temperature sensors so that pH readings are
automatically temperature corrected. They can be stored
dry, need very little maintenance, and can be easily cleaned
with a toothbrush. They are available
in different formats: flat, slanted,
or small-diameter (microprobe).
The microprobe allows
measurement of volumes of
liquid as small as 50 pL. ISFET

________________

electrodes are typically rugged
and less expensive than traditional
analytical pH meters and glass
electrodes, and preliminary
testing has shown that they give

________________

comparable results with acidic
textiles (Vuori and Tse 2004).

Colorimetric devices
Colorimetric devices include pH
indicator solutions, pH strips, and

pens. The pH indicators in these devices are organic dyes
that exhibit different colours at different H concentrations.
These indicators may be water-soluble or soluble in
organic solvents. Note that water-soluble indicators leave
a permanent mark on test substrates, and should not be
used directly on artifacts. pH strips are made from paper
impregnated with pH-sensitive dyes whereas pH pens
incorporate the dyes directly in the pen media. Some
common acid—base indicators are listed in Table 2.

Colorimetric devices provide semi-quantitative
results, and are meant only for estimating pH. Because
the colour change usually occurs within a range of pH,
visual evaluation will not provide precise values even
when a combination of indicators is used. In principle,
the best combination of pH papers can provide an accuracy
of only 0.3—1 pH unit when evaluated visually (Lawn and
Pritchard 2003). Better precision can be achieved if the
colour of the indicator is measured instrumentally using
a colorimeter (Strlié et al. 2004).

Comparison of devices
Electrometric methods are generally more reliable and
less subjective than colorimetric methods (Flynn 1961;
Mattock 1966). This discrepancy becomes greater

Figure 9. Hach water test kit for
Figure 7. ColourpHast pH strips for in situ determining the pH of wash baths.

determination of the pH of an artifact.

Table 2. Common acid—base indicators (CRC Press 2005b, pp. 8-18, 8-19)

Indicator pH range Colour below range Colour above range
(acid region) (alkaline region)

Methyl orange 3.2—4.4 Red Yellow

Chlorophenol red 5.2—6.8 Yellow Red

. . 5.6—7.2 Yellow Red
Ahzarin

11.0—12.4 Red Purple

Turmeric 7.4—8.6 Yellow Red

Phenolphthalein 8.2—10.0 Colourless Bright pink

Thymol blue 8.0—9.6 Yellow Blue

Thymolphthalein 9.4—10.6 Colourless Blue
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with low-ionic-strength solutions.
When accuracy and sensitivity
to small changes are important,
such as in research and certain
analytical applications, a pH
meter with a combination
electrode should be used.
However, this may not be
possible or practical when
dealing with real objects. In

____________

many situations, pH papers and
pens are sufficiently informative.
Several studies have compared

_____________

various methods and devices
for pH measurement of paper
(Brandis 1993; King 1970;
Saverwyns 2002; Strliè et
al. 2004, 2005; Yasue 1992),
barkcloth (Thompson and

___________

Norton 1999), and textiles
(Vuori and Tse 2004), and

___________

have identified some of
their strengths and
weaknesses.

All pH measurement devices
have advantages and limitations.
The choice of which to use depends on the object and
the circumstances. While precision is always important,
it may not be the determining factor. For example, it
may be sufficient to know that a paper product is acidic
as opposed to neutral or alkaline, which would mean
that a precision of ±1—2 pH units would be acceptable.
It is therefore important to determine how precise
the pH results need to be before selecting a
measurement device.

Table 3 summarizes the strengths and weaknesses
of six groups of pH measurement devices in terms
of accuracy, convenience, flexibility, ease of maintenance,

and cost, and Table 4 (p. 8) summarizes their uses and
limitations. Information about suppliers and prices can
be found in Appendix 4.

Standard Methods for Measuring pH

pH results will be reliable and reproducible only
if proper extraction and measurement techniques are
followed. Standard methods are developed with this
in mind, and provide guidelines for:
• sample handling
• sample sizes
• sample-to-water ratio
• extraction time
• water quality
• condition of glassware
• maintenance of the electrodes
• data reporting

Appendix 1 lists some of the standard methods for pH
measurement of paper, textiles, adhesives, and leather.
Whenever possible (i.e. sufficient amounts of sample can
be sacrificed), these standard methods should be used.

Methods for Determining
the pH of Objects

Avoiding damage to an historic object is always
considered to be more important than determining its
pH. Historic objects thus impose many constraints on pH
measurement. Standard methods are often unsuitable due
to limited sample availability, lack of homogeneity of the
substrate, and the need to avoid any risk of water staining
during the extraction process. However, by modifying the
standard methods and being flexible within the guidelines,
it is usually possible to obtain reasonably reliable and
reproducible pH results. Note that all deviations from
standards must be carefully documented.

There are many ways to obtain meaningful pH values
of objects, but all require sample extraction. Since
proper extraction is essential, always keep in mind
the following factors:
• duration of extraction
• ratio of the sample weight to the volume of water
• water absorbency or porosity of the sample

Measuring the pH of wash water
If an object can be wet-cleaned (i.e. immersed in water),
measuring the pH of the initial soak bath will provide

Table 3. Comparison of pH measurement devices

Flexibility

Accuracy Convenience (can be used Ease of
Cost

on a variety maintenance

of substrates)

pH meters
and glass 5 2 5 2

to
combination
electrodes

ISFET meters 5(?)
and probes need more 4 5 4 $$$$

testing

Hand-held
4 4 3 2 $$

meters

pH kits with
2 2 1 5 $$$

indicators

pHpapers 2 5 3 5 $

pHpens 1 5 1 5 $

Note: This information is based on CCI experience. The ratings are the author’s evaluation, ranging from

Excellent (5) to Poor (1). The pH result obtained using an Orion EA940 multi-channel benchtop meter

(ion analyser) with ROSS combination pH electrode was the accuracy benchmark to which the other

devices were compared.
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Table 4. Uses and limitations of pH measurement devices

Advantages/Uses Disadvantages/Limitations

Analytical pH meters and conthi,uztion electrodes (glass and ISFET) — Figures 1—3, 6

• quantitative measurements larger benchtop pH meters are not convenient for on-site
• most reliable and sensitive measurements
• flat-surface electrodes are flexible in accommodating various meter and electrodes are expensive (more than CANs 1000)

sample formats (surface measurements or solutions) and • gel-filled combination electrodes and ISFET probes can
solution volumes become sluggish with use or age, and may retain “memory”

• “microelectrodes” and “semi-microelectrodes” are useful for after immersion in strongly alkaline solutions
small volumes • glass electrodes, especially glass microelectrodes, are very

• gel-filled electrodes require less maintenance than liquid-filled fragile, easy to break, and expensive to replace
electrodes, although the latter are easier to clean • glass electrodes require regular maintenance and proper

• epoxy body electrodes are more rugged than glass body electrodes calibration for reliable results
• ISFET microelectrodes are useful, reliable, and suitable for small

samples (1 mg/50 jL of extract), adhesives, gels, and viscous
materials

• ISFET electrodes require very little maintenance
• glass microelectrodes are useful for measuring the pH of ink

lines or small samples; the volume required is as low as 5 pL

Hand-held pH meters — Figures 4 and 5

• convenient and rugged, suitable for field work and in situ • less sensitive than analytical electrodes
treatment monitoring • not always reliable in weakly buffered or low-ionic-strength

• affordable (CAN$l00—1000) solutions
• quite reliable, depending on the quality of the meter and • not always flexible in sample format and solution volume

the solutions being measured • flat-head electrodes are not readily available
low batteries result in incorrect readings

Colourfast pH papers — Figure 7

• inexpensive and easy to use • can give erroneous results when used directly on a substrate
• colour will not transfer onto artifact with insufficient moisture or contact time, or if strips are old
• provide a good pH estimate for non-coloured solutions when • may leave a water stain on the substrate

the correct pH range is used • unreliable in low-ionic-strength solutions
• reliable with highly acidic or highly alkaline substrates • often require multiple testing with different strips

or solutions to determine the correct pH range strip to use
• useful for checking pH of conservation products

pH kits with colour comparators — Figure 9

• reliable with highly acidic or highly alkaline solutions expensive (CAN$ 1000 with all the indicators and
• require very little maintenance colour comparators)
• convenient • not flexible in sample format (solutions only)

• solution volume determined by the capacity of the cuvette
• cannot be used with coloured solutions
• colour judgment is subjective
• inreliable in low-ionic-strength solutions

Abbey (chlorophenol) pH pens — Figure 8

• inexpensive • not useful on coloured surfaces
• quick (very useful for determining the acidity of a large • results are crude estimates (do not provide information

volume of materials) on level of acidity or alkalinity)
• good for checking the acidity of conservation products • can determine that an object is not acidic, but cannot

distinguish whether it is neutral or alkaline
• leave a stain after drying
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a reasonable estimate of the extracted pH of the object.
Similarly, the pH of the final rinse bath will indicate
how effective the wet cleaning was in flushing out soluble,
acidic materials. However, for these pH measurements to
be meaningful, it is essential to use distilled or deionized
water for wet cleaning. Tap water or calcified water is
unsuitable because it has significant amounts of dissolved
salts that will influence the pH. For example, the pH of tap
water in the CCI lab ranges between 7.8 and 8.2. Where
possible, the ratio of the object weight to water volume,
and the washing (i.e. extraction) time, should approximate
the standard guidelines for the material(s) (Appendix 1).
The pH of the wash water can be measured using any
suitable device. Note that any variations from standard
guidelines (e.g. a longer or shorter immersion time)
should be recorded along with the pH value.

Measuring surface pH
For historic objects that cannot be immersed in water, the
above technique is not an option. For these objects, surface
pH measurements can sometimes be used — a method that
is particularly suitable for paper. However, keep in mind
that surface pH is seldom the main concern in conservation
applications. Internal pH has a much greater bearing on
the stability of the material being tested. Surface pH
measurements also carry a risk of leaving tide-lines
or causing certain surface layers to blanch, and they
are not always reliable for absorbent materials.

Flat-surface combination electrodes
The standard method for measuring surface pH
(Appendix 1) was designed by the papermaking
industry (Huber 1964; Ray 1972), where knowledge of the
surface pH of paper is crucial to certain printing processes,
analyses must be quick, and damage to the test materials is
not a concern. The method involves placing an impervious
material such as Mylar polyester film beneath the paper
and adding a drop of water on top. After 2—10 minutes of
extraction, the pH of the water drop is measured using a
flat-surface electrode (AIC-BPG 1994). The volume of
water can vary from 50 to 100 pL per drop, depending on
the type and shape of surface electrode being used and the
absorbency of the test material. A pipettor (Figure 13) or a
graduated 1-mL disposable syringe is useful for dispensing
very small drops of water. If the water is readily absorbed
into the paper, the extraction time can be reduced to
30 seconds.

For surface pH measurements to be reproducible, it
is essential to be consistent in the volume of water and
the extraction time used. With glass electrodes, it is also
important to avoid direct contact of the glass membrane
with the substrate surface, as this will affect the results.
With less absorbent substrates, the surface tension of
the water droplet can keep the pH-sensing membrane
totally covered by water without touching the substrate
(Figure 10). With absorbent materials, direct contact
with moistened substrate may be inevitable.

Surface pH measurement works reasonably well with
non-absorbent materials. However, results may be erroneous
for absorbent materials, where the quantity of water varies as
it is absorbed into the substrate (Saverwyn et al. 2002) and
more than the surface region may be extracted. Surface pH
measurement methods have also been found to give results
that are consistently too low, although this could be due to
direct contact of the pH-sensing membrane with the paper
surface (Strlié et al. 2004).

Surface pH measurements are affected by coatings, sizings,
surface contaminants, water absorbency of the substrate,
duration of extraction, and quantity of water used for
the extraction (Saverwyn et al. 2002; Huber 1972). The
measured surface pH value can therefore differ greatly
from the extracted or bulk pH value of the same sample.
For example, surface pH measurements of gelatin-sized
papers were found to be consistently lower than their
extracted pH values (Strli et al. 2004). Surface pH
measurements are therefore meaningful in conservation
only when the interest is strictly on the condition of
surfaces that are not readily penetrated by water (e.g.
paintings, coated papers, painted textiles, etc.). For very
absorbent materials, surface pH values are closer to the
extracted pH, but the results tend to be inconsistent and
ambiguous because of the variable amount of water being
absorbed (Saverwyn et al. 2002). Surface pH measurements
of absorbent materials such as paper and textiles are often
unreliable because of these factors.

Colourfast pH indicator strips
Paper and textile conservators often use narrow-range
colourfast pH indicator strips to measure surface pH.
Note that it is important to use only strips that are
designated colourfast, as the dyes on other pH indicator
strips may be fugitive and can stain the artifact. For
the following procedures, all pieces of Mylar polyester

Water droplet

Substrate Substrate

Correct
pH sensing surface not in

contact with substrate

Incorrect
pH sensing surface in
contact with substrate

Figure 10. Surface pH measurement — position
offlat-surface electrode relative to substrate.
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film and pH indicator strips should be approximately
5 cm by 5 cm.

To carry out the pH measurement, place a piece of Mylar
polyester film underneath the object and wet the test area
with a small drop of water. After 30 seconds of extraction,
place a piece of colourfast pH indicator on the wetted
surface, add a similar size piece of Mylar polyester film on
top of the strip, and apply pressure using a finger or weight.
After 30 seconds (for paper), remove the pH indicator strip
and match its colour with the accompanying colour chart to
obtain the pH measurement. For textiles, a longer contact
time (1 minute or longer) and/or greater pressure are
sometimes needed to obtain reproducible results
(AIC-BPG 1994).

For artifacts that are very absorbent or at risk of
forming tide-lines when exposed to droplets of water,
the procedure can be modified as follows. Place a piece
of Mylar polyester film underneath the object. Wet the
colourfast pH strip with distilled or deionized water;
remove the excess water by shaking or blotting, and place
the moistened indicator strip in contact with the artifact.
Add a piece of Mylar film on top of the strip, and apply
pressure with a finger or weight for 1—2 minutes to ensure
contact between the strip and the artifact. Remove the pH
indicator strip and match its colour with the colour chart
to obtain the pH measurement. The strips can be used as
manufactured or cut into narrower strips to further reduce
the risk of tide-lines.

The pH indicator strip method works best with artifacts
that are very acidic or very alkaline. In conditions close
to neutrality (pH 6—8), or where there is very little water-
extractable material (which leads to a low-ionic-strength
solution), this method can be ambiguous or unreliable.
Indicator strips are also unsuitable if the colorant on the
artifact is not water-fast, in which case it will bleed into
the pH strip and interfere with the colour reading. Old
pH strips can also give erroneous results.

Micro-extraction
An alternative procedure for artifacts that cannot be
immersed in water is the “micro”-extraction method.
In this case, small fragments, loose pieces or fibres, or
small samples from inconspicuous areas of the object are
removed and the soluble materials extracted with deionized
water using sample-to-water ratios and extraction times
that follow the corresponding standards for each material
(Appendix 1). The minimum extraction volume depends
on the type of electrode used for measurement. Volumes
as low as 1 jtL can be used for glass combination
microelectrodes (Strli et al. 2005), 50 jiL for ISFET
microelectrodes (Figure 6), and 400 pL for Orion ROSS
flat-surface electrodes (Figure 3). The micro-extraction
method is the most useful procedure for obtaining a
reliable pH value for an object. It works especially well
if the object is acidic (Saverwyn et al. 2002) or alkaline.

To carry out this procedure, weigh sample fragments or
loose fibres (Figure 11) into disposable microcentrifuge
tubes (0.5 mL or 1.5 mL, Figure 12), add a proportional
amount of deionized water, and extract with water for
1 hour or more. Known volumes of water can be delivered
with a pipettor (Figure 13). The pH of the extract can be
measured using an ISFET microprobe, a glass combination
microelectrode, or a narrow-range colourfast pH strip.

The micro-extraction method has been used successfully
for measuring the pH of leather fragments (Calnan 1996),
and for paper and textiles. Paper samples as small as
30—50 jg or 0.8-mm-diameter circles combined with as
little as 2 jtL of water have given reliable pH measurements

Figure 11. Textile fragments used for micro-extraction (1 mg).

i
Figure 12. Micro-extraction in disposable

microcentrifuge tubes.

Figure 13. Disposable Eppendorf-type micropipettes.
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(Saverwyn et al. 2002; Strliè et al. 2004). Vuori and Tse
(2004) used the micro-extraction technique and an ISFET
microprobe to determine the pH of acidic and neutral
textile fragments and fibres weighing as little as 1 mg, and
came up with results that correlated well with pH values
obtained from larger sample sizes and extraction volumes
(0.5 g textile: 25 mL water).

It is important to bear in mind that the results obtained
are for the local area sampled. The results will represent
the whole object only if it is homogeneous in nature and
condition. It is important to recognize this limitation
when results are interpreted.

Addition of neutral salts
during extraction (Scallan’s method)
When measuring the pH of paper, soluble salts are
sometimes added to the water used for extraction
(Flynn 1961; Scallan 1990). This procedure improves
the extraction of acidic ions from within the cellulose
fibre wall. Typically, the pH is measured after 1 hour of
pure water extraction. The salt (e.g. NaCl, KC1, or KNO3),
in an amount equivalent to 0.1M, is then added to the water
and the extraction is allowed to continue for an additional
hour, after which the pH is measured again. The pH values
determined before and after the addition of the salt are often
different since the rate and quantity of water-extractable
ions are different. It is therefore important to note which
procedure was used when comparing pH values.

Scallan’s method can be used in other conservation
applications to determine whether proper extraction has
occurred. The procedure is especially useful for situations
where the pH readings are likely to be ambiguous, e.g. if
there is very little water-extractable material (low-ionic-
strength), if extraction is very slow due to density of the
substrate, or if the material being tested is hydrophobic
(e.g. synthetic polymers) or coated by a hydrophobic
layer. When the addition of NaCl was investigated for
micro-extraction pH measurement of textiles (Vuori
and Tse 2004), the results showed that the addition of
salt greatly decreased the time required for the soluble
compounds to be extracted, especially for near-neutral
(pH 5—6) silk fabrics.

Polymer-coated carbon microelectrodes
Non-destructive micro- or nano-sampling techniques are
becoming increasingly important in the analysis of historic
objects. To meet this need, a new nano-electrode has been
developed and tested for measuring the pH of historic
papers. This electrode is made from polyaniline-coated
glassy carbon (Zhang et al. 2002), with a separate
silver/silver chloride reference electrode. Together with a
custom-made stand and electrode holder, the device is able
to measure pH directly on an object, or using samples as
small as 0.8 mm in diameter, or 5—10 pig of paper fibres,
wetted with 1 piL of water. The results obtained with this
microelectrode show good correlation to those obtained
using conventional devices. It promises to be easily
adapted for routine use in the near future, and may
even be reduced in size to nanometre dimensions
(Strliè et al. 2005).

Recording and Reporting Results

Detailed recording is an important — but often
neglected — part of the pH measurement process.
Instead of simply recording the pH value
(e.g. “the pH of the object is 3.8”), the report
should show:
• how and where the sampling was done
• the method of measurement, e.g. type of meter

and electrodes, indicator, pH strips, or pens
• the method of extraction, e.g. whether the water

was applied directly on the object or indirectly
on pH strips

• the sample-to-water ratio or how much water
was used for surface extraction

• the extraction time or duration of contact
• the quality (method of purification, e.g. distilled,

deionized, or reverse osmosis, etc.) and pH of
the water

• whether or not the measurement was repeated
and, if so, how many times

By including this information, the record will provide
an indication of the reliability and precision of the
measurement, and allow others to repeat the procedure
and verify the results.
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Appendix 1. Standard Methods for Measuring pH

Material Standard Description Sample-to- Extraction
water ratio time (h)

(g:mL)

Aqueous American Society for Testing “Standard test method for pH — —

solution and Materials (ASTM) of aqueous solutions with
E70-97, Vol. 15.05 the glass electrode”

Water ASTM 1293-99, Vol. 11.01 “Standard test methods for pH — —

of water”

Water ASTM 5464-93 “Standard test methods for pH — —

(reapproved 2001), of water of low conductivity”
Vol. 11.01

Leather ASTM D2810-01, Vol. 15.04 “Standard test method for pH 1:20 4—18
of leather”

Leather American Leather Chemists’ “pH of cold water extract 1:20 1
Association, Method of ground leather”
Booklet, 1954, Method D35

Leather Micro-extraction Modified method for extraction 1:50 1
of smaller samples (Larsen et al.
1996)

Adhesive ASTM D1583-61, Vol. 15.06 “Hydrogen ion concentration for 2:10 48+
dry adhesive film”; adhesive
is ground into powder rather
than cut into_pieces

Textile-wool ASTM D2 165-94 “pH of aqueous extracts of 10:100 2
(reapproved 2000), wool and similar animal fibre”; with agitation
Vol. 7.01 5-mm fibres, room-temperature

extraction

Textiles Canadian General Standards “Textiles — Determination of 1:50 1
Board (CAN/CGSB) 4.2 pH of the aqueous extract”
No. 74-M91 or ISO 3071:
1980

Textiles American Association of “pH of the water extract from 10:250 10 mm
Textile Colourists and bleached textiles”; extraction
Chemists (AATCC) by boiling
81-1989 RA 34

Paper Technical Association of the “pH of paper extracts — Cold 1:70 1
Pulp and Paper Industry extraction method”
(TAPPI) T509 om-02 or
ASTM D778-97 (Cold),
Vol. 15.09

Paper ISO 6588 (1981) “pH of paper extracts — Cold 2:100 1
extraction method”

Paper TAPPI T529 om-99 “Surface pH measurement 1 drop 2—10 mm
of paper” (or less if

the reading
is stable)

Paper TAPPI T435 om-02 “pH of paper extracts — Hot
or ASTM D778-97 extraction method”; extraction 1:70 1
(Hot), Vol. 15.09 by boiling
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Appendix 2. Applications of pH Measurement
in Conservation Treatments and Research

Conservation treatments
Works on paper
A flat-surface gel-filled combination electrode can be used with a portable pH meter (see Figure 2 and “Products and
Suppliers”) to measure the surface pH of artifacts and to verify the quality of the paper products in contact with objects.
A bulb gel-filled combination electrode can be used to measure the pH of solutions for washing, deacidification, bleaching,
and enzyme treatments.

Enzymes are often used in conservation to remove proteinaceous or starch-based adhesives or stains, and for de-sizing
backing fabrics. Since the pH of solutions or poultices determines the effectiveness of a particular enzyme, their use requires
reliable pH measurements of treatment buffer solutions. An analytical pH meter and combination electrodes can be used to
measure the pH of enzyme and buffer solutions.

Textiles
A pH meter with a combination electrode and a Hach water test kit (see Figure 9 and “Products and Suppliers”) with colour
comparators have both been used to measure the pH of rinse water to monitor the completion of the washing process.

The Piccolo hand-held meter (see Figure 4 and “Products and Suppliers”) works very well for monitoring the pH
of a dye bath, which is crucial for certain dyestuffs. The long narrow probe allows it to be inserted into various types
of dye containers; it is rugged and convenient for these highly coloured media.

pH measurements are used to determine the completeness of rinsing following local bleaching with highly alkaline sodium
borohydride solutions. Colourfast pH test strips have been used directly on the artifact following localized bleaching of
unprimed canvas supports with sodium borohydride (Daly Hartin et al. 1999) (see Figure 7 and “Products and Suppliers”).

A pH meter with a combination electrode (see Figure 2 and “Products and Suppliers”) can be used to measure the pH
of test samples in cases where direct surface measurements cannot be made. The pH results can help in determining
rinsing protocols for artifacts (Vuori et al. 2000).

An ISFET pH meter (see Figure 6 and “Products and Suppliers”) with a microprobe is useful for measuring the pH
of adhesives, gels, and viscous materials — samples that are problematic for glass membrane electrodes. A slanted flat-
surface probe that can be used for surface measurement is also available. The microprobe can measure very small volumes
of extract (50 jL) from very small textile fragments and fibres. Its reliability is comparable to a pH meter and analytical
glass combination electrode (Vuori and Tse 2004). The device is further described in “Devices for Measuring pH” (p. 4).

Leather
pH measurement is one of a number of methods that can be used to document the condition of deteriorated leather
(Calnan et al. 1991; Larsen et al. 1996). With acidic leather, determining the pH of the leather before and after aluminum
alkoxide treatment is useful for monitoring the success of the treatment. Because of limited sample sizes, micro-extraction
followed by measurement using a semi-microelectrode or a narrow-range colourfast pH test strip is sometimes used.
The micro-extraction technique is further described in “Methods for Determining the pH of Objects” (p. 7).

Paintings and polychrome
pH measurement is used during the preparation of resin soaps, buffers, and gels for cleaning. A very inexpensive
hand-held pH meter serves the purpose.

Archaeological artifacts
Archaeological conservators monitor the pH of metal artifacts after acid stripping to remove corrosion products, and
neutralization. During this step, pH papers or hand-held pH meters are used to test the rinse water to ensure that all acids
have been removed. On-site underwater pH monitoring of metal objects is necessary to determine the risk of corrosion.
For this, a rugged, portable, and waterproof pH meter and electrode, custom modified for underwater measurements, is used
(Figure 5). The difficulties in obtaining a meaningful pH in underwater environments are outlined by Stewart et al. (1997).

Conservation product check
For verifying the pH of products used for storage and mounting, pH pens (Figure 8), such as the Abbey Chlorophenol pens,
are useful. They can rapidly determine if the surface and/or interior of the product is acid-free (McCrady 1993, 1995).
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Appendix 2. Applications of pH Measurement
in Conservation Treatments and Research (cont.)

Conservation research and materials testing
pH measurements can be used to characterize the state of deterioration, to assess the level of risk for experimental materials,
to evaluate the effectiveness of treatments, and to determine the suitability or compatibility of materials used for treatments,
storage, or display.

pH is one of the most important indicators for paper permanence (Begin et al. 1998, 1999; StrliC et al. 2004;
Canadian Permanent Paper Standard), as both acidity and alkalinity can contribute to the deterioration of cellulose.
Acidic environments catalyse hydrolysis and are damaging to the physical and chemical properties of paper, and highly
alkaline environments promote oxidation and alkaline degradation (Malesic et al. 2002; Tse et al. 2002). This also applies
to cellulosic textiles and other materials whose structural component is cellulose (Strlié and Kolar 2005).

pH measurements are used to monitor the extent of acid removal during washing for both paper and cellulosic textiles, to
assess the effectiveness of deacidification, and to determine how treated cellulosic materials (paper and textiles) withstand
natural and artificial aging (Tse et al. 2002). When evaluating iron gall ink treatments, microelectrodes (Figure 3) have been
used to measure the pH of ink lines before and after treatment. Their accuracy is equivalent to the typical analytical-grade
glass electrode. In studies on poly(vinyl acetate) and acrylic adhesives, and evaluation of tapes and heat-set tissues, the
pH of various products at different artificial aging periods serves as a key indicator of the stability and suitability of
the products for use in conservation (Down et al. 1996, 2005). ISFET meters and microprobes (Figure 6) have been
invaluable for adhesive testing.

pH is a commonly used criterion for selecting suitable conservation products. In general, acidic products are unacceptable
because acidity indicates inherent instability of the material, e.g. acidic papers. Acid pH may also indicate that the material
will release acids that will lead to degradation of organic materials, corrosion of metals (Selwyn 2004), or reactions with
alkaline inorganic materials. Alkaline products are generally not used for proteinaceous materials such as silk, wool, skins,
leather, or photographic collections with albumin or gelatin coatings, or for materials containing alkaline-sensitive colorants
(Standards 1996; Wilhelm 1993). In general, only analytical-grade meters and electrodes are used for research, analysis,
and product testing (Figures 1—3).

Appendix 3. Measuring pH using Glass Combination Electrodes

pH measurements of objects require the extraction of water-soluble materials from the substrate of interest. The
sample-to-water ratios and extraction times of materials commonly found in collections are described in Appendix 1.

Standard procedures for measuring the pH of aqueous solutions are described in detail in ASTM E70-97. The steps for
determining the pH of an extract using a glass combination electrode are summarized below:

Filling solution
Before conducting a pH measurement, always check the level of filling solution in the test electrode. If it is low, fill it with
solution as specified by the manufacturer. ROSS electrodes (Orion Research), for example, require a special type of filling
solution; the use of the wrong filling solution could ruin the electrode, If the electrode has not been used, or was sluggish in
responding when immersed in buffers, replacing the filling solution can improve the response. Make sure that the opening
to the fill-hole is uncovered during pH measurement. Gel-filled electrodes do not require this step.

Hydration of the pH membrane
If an electrode has not been used for an extended period, or if it has been improperly stored, the pH-sensing membrane
should be allowed to re-hydrate before use. To accomplish this, soak the electrode in a storage solution, a pH 7 buffer,
or a KC1 solution for at least 30 minutes prior to calibration.
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Appendix 3. Measuring pH using Glass Combination Electrodes (cont.)

Calibration of pH meter and electrode
Calibration with buffers is not only a necessary step for ensuring reliable measurements, it is also an easy way to detect
any problems arising from the meter or the electrode. Remove the electrode from the storage or buffer solution. Rinse it
with deionized or distilled water, and gently wick away excess rinse water using a clean tissue; do not wipe the pH-sensing
glass membrane. Pour fresh standard buffer (pH 4, 7, or 10 is commonly used) into a small clean container such as a
disposable polystyrene beaker (5 or 10 mL). Immerse the electrode in the standard buffer.

The buffer chosen for calibration should have a pH within 2 units of the pH of the test solution. A properly functioning
electrode will give a pH reading within ±0.05 pH unit of the known value of the buffer. When a two-point calibration is
used, the two buffers chosen should bracket the pH of the sample. For example, if the sample has an approximate pH
of 4.6, then pH 7 and 4 buffers should be used for calibration.

Keep in mind that the pH of a buffer is temperature dependent. Manufacturers often include a table which shows the
pH variation of the buffer with temperature. The pH of an organic alkaline buffer is especially sensitive to temperature.
Therefore, it is important that the temperature of the buffers used for calibration be close to the temperature of the sample
solutions. Alkaline buffers should also be fresh, as they absorb carbon dioxide from ambient air and slowly lose their
buffering capacity.

A two-point calibration is usually recommended. For acidic extracts, calibration should be done first with a pH 7 buffer
and then with a pH 4 buffer. For alkaline extracts, calibration should be done first with a pH 7 buffer and then with a
pH 10 buffer. The slope of the calibration should be between 95% and 105%. A slope outside of this range indicates
that either the meter or the electrode is not performing properly.

For low-ionic-strength solutions, such as water samples or objects with very few water-extractable components,
low-ionic-strength buffers (Orion pure water test kit) are needed to obtain reliable pH values. Measuring the pH
of water is described in “Water quality” (p. 2).

pH measurement
After standardization in buffer(s), rinse the electrode well with distilled or deionized water, blot it dry, and immerse it
in the sample solution. Wait until the pH meter reaches a steady reading and record the pH value. For low-ionic-strength
solutions, it may take some time to come to a steady reading. For multiple measurements, rinse the electrode and immerse
it in pH 7 buffer between measurements. This will avoid errors as a result of “memory” from the electrode.

For substrates containing calcium or magnesium carbonate, the low solubility of these compounds and the lack of
equilibrium with atmospheric carbon dioxide because of short extraction time can result in errors in pH determination
(Strliè et al. 2004). To obtain a reliable pH reading, i.e. where the carbonates are in equilibrium with the carbon dioxide in
the water, extended extraction (more than 24 hours) or extended fibrillation of the paper fibres is recommended. pH values
determined using these modified procedures are typically 1—2 units below those obtained from standard extraction methods.

Temperature correction
pH values are temperature dependent, and many pH meters have built-in temperature correction to give reliable pH
readings. Some of these devices require that the temperature probe be immersed in the same solution as the electrode
for the temperature correction to be functional; others require that the “temperature correction” feature be turned on before
calibration and measurement. The alternative is to let the extract achieve a temperature of 22—25°C as specified for most
standard buffers.

Electrode care and maintenance
Most combination electrodes are delicate and expensive, and require proper care according to the manufacturer’s
specification to remain functional. In general, glass membrane electrodes should be stored in electrode storage solutions.
Avoid extended immersion in distilled/deionized water or in highly alkaline solutions. Extensive use of glass membrane
electrodes in protein or adhesive solutions can cause clotting of the reference junction. This is a common cause of slow
electrode response. Blocking of the junction may be removed by soaking the electrode overnight in 0.1M nitric acid.
For removal of protein buildup, a protease enzyme solution such as pepsin may be required. These specialized cleaning
procedures should be detailed in the manufacturers’ literature. The new generation of ISFET electrodes does not suffer
from these problems. Their rugged sensors can be cleaned by brushing with a toothbrush, and they can also be stored dry.
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Appendix 4. Applications and Cost of Selected pH Measurement Devices

pH measurement Price (CAN$ Minimum volume Canadian suppliers Applications and
devices used at CCI in 2005) of extract and sample comments

format

Orion’ EA940 $7000 — • Fisher • used in combination with
multi-channel • Canlab ROSS flat-surface electrodes
benchtop meter • Canadawide • suitable for research
ion analyser purposes

Orion 230A $980 — • Fisher • very light and portable
portable pH meter • Canlab • “ready” indicator light comes

• Canadawide on too soon, so reading may
be taken prematurely

ROSS flat-surface $707 • 0.2 mL in a small • Fisher • typically used in combination
combination spot testing dish • Canlab with an Orion EA940
electrode • Canadawide multi-channel benchtop

meter ion analyser
• results are reliable and suitable

for research purposes

Orion standard $200 • 3 mL in a 5-mL • Fisher • typically used in combination
bulb combination disposable beaker • Canlab with an Orion 230A pH meter
gel-filled electrode • Canadawide • results are very similar to those

with ROSS flat-surface electrode

Orion economy $280 • 0.2 mL in a small • Fisher • very slow response
flat-surface spot testing dish • Canlab • seems to have memory,
combination • Canadawide especially after immersion
gel-filled electrode in highly alkaline solutions
(older electrode) • very slow to return to pH 7

in buffer

Orion gel-filled $224 • 0.5 mL in • Fisher • quick response
semi-microelectrode microcentrifuge tubes • Canlab • results are similar to

(1 .5-mL capacity) • Canadawide those with ROSS electrode
• can accommodate very small

volume of solution in
microcentrifuge tube

• requires larger volume of liquid
that 1Q240 ISFET microprobe

Glass microelectrode $490 • 0.5 jiL • Microelectrodes, • very useful for measuring pH
Inc. of ink lines or small areas

• thin glass body is very fragile

1Q2402 pH meter $766 • 0.05 mL in • Canadawide • stainless steel body with silicon
Microprobe with $428 microcentrifuge tubes chip, i.e. no glass to break
ISFET sensor • 0.2 mL in a small • 3-in-i electrode (reference, pH,
Slant-tip surface pH $428 spot testing dish and temperature sensor) stores
probe ISFET sensor dry, i.e. is low maintenance

• probes can be used in viscous
liquids and semisolids, and can
be cleaned with a toothbrush

• meter is lightweight and portable
• readings drift when meter is

plugged into an extension
cord instead of directly
into an outlet
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Appendix 4. Applications and Cost of Selected pH Measurement Devices (cont.)

pH measurement Price (CAN$ Minimum volume Canadian suppliers Applications and
devices used at CCI in 2005) of extract and sample comments

format

Piccolo hand-held $277 • 3 mL in a 5-mt. • Canadawide • slightly more expensive than
pH meter by Hanna disposable beaker • Fisher has similar pHep 1-type meter, but it can

hand-held meters accommodate smaller volumes
priced at than the pHep 1 and the readings
$85—350 are more reliable (compared to

Orion ROSS electrode)
• quick response
• useful for monitoring pH

of dye baths

pHep 1 hand-held pH $100 • at least 10 mL of • Canadawide • readings drift when battery
meter or pH checker solution; depth • Fisher has similar is low

of 3 cm hand-held meters • cannot read small
priced at volumes of solution
$ 100—200 • accuracy is better than that

obtained with pH papers

Hach pH test kit -$1000 • at least 2.5 mL • Hach • expensive
with colour with all the of solution • Anachemia • readings are quite subjective
comparator pH colour • similar kits • suitable for wash water,

comparator available from buffered solutions, and
discs Fisher and high-ionic-strength solutions,

Canadawide but not for highly
coloured solutions

• ambiguous results with
low-ionic-strength or
highly coloured solutions

ColorpHast pH strips $29 for 100 strips • Fisher • results are not that reliable for
(different pH ranges) • Canlab low-ionic-strength solutions

. Canadawide or viscous media, which may
require up to 10 mm for the
colour to fully develop

• addition of neutral salt
(e.g. KC1 or NaC1) to extract
may increase accuracy

Wide range of pH $44 for 200 strips • Canadawide • not very useful
paper; pH 0—14 • streaking
(IT Baker) • colour ambiguous

Abbey pH pens US$5.95 • Abbey • colour is yellow below pH 6.8,
(chlorophenol red) Publications Inc. red to purple above that level

• Bookmakers • results make it difficult to
distinguish between neutral
and alkaline pH

• results provide no information
about the level of acidity or
alkalinity

• leaves a pennanent mark

1. Thermal Electron Corporation (Orion), www.thermo.com (accessed November 8, 2006).

2. IQ Scientific, www.pHmeters .com (accessed November 8, 2006).
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Appendix 5. Special Considerations in Calculations with pH Values

pH is a logarithmic function, so a change of 1 pH unit represents a 10-fold change in concentration. Calculations
involving pH values therefore require careful attention.

Consider the following facts:
A pH 3 solution contains 1 x i0- (or 0.00 1) mol/L of H.
A pH 6 solution contains 1 x 10-6 (or 0.000001) mol/L of H.
Therefore, a pH 3 solution has 1000 times more H per litre than a pH 6 solution.

Calculations using pH values, especially when averaging them, must take this into consideration.

Example 1
Suppose we have the following pH values:

4.0,4.5,5.0, 3,5, 5.5

and want to know the average pH.

By simply averaging the given values, we arrive at an average pH of 4.50, i.e.:

averagepH =(4.0+4.5+5.0+3.5+5.5)÷5
=4.50

However, if we first convert the pH values to [H9 (moles of H per litre) and then average the values, we arrive
at an average pH of 4.04, i.e.:

pH 4.0 = 1 x iO- (or 0.0001) mol/L of H
pH 4.5 = 1 x iO- (or 0.000032) molIL of H’
pH 5.0 = 1 x i05 (or 0.00001) mol/L of H
pH 3.5 = lx iO (or 0.00032) molILofH
pH 5.5 = 1 x105 (or 0.0000032) mol/L of H”

average [H”'] = (0.0001 + 0.000032 + 0.00001 + 0.00032 + 0.0000032) ÷ 5
= 0.000092 mol/L of H”

average pH = -log10 0.000092
= 4.04

From Example 1 we can see that if a series of pH values differ substantially from one another, i.e. by more than 1 pH unit,
simply averaging the pH values yields a different result than is obtained if the pH values are first converted to concentration
units and then averaged.

On the other hand, if the pH values to be averaged are similar (less than 1 pH unit difference), simply averaging them
may give a reasonably accurate result, as illustrated in Example 2.

Example 2
Suppose we have the following pH values:

pH = 4.0,4.5,4.2,4.4,3.9

and want to know the average pH.

By simply averaging the given values, we arrive at an average pH of 4.20, i.e.:

average pH = (4.0 + 4.5 + 4.2 + 4.4 + 3.9) ÷ 5
= 4.20
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Appendix 5. Special Considerations in Calculations with pH Values (cont.)
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Abbey pH pens
BookMakers
Tel.: 301-604-7787
E-mail: bookmakers @earthlink.net
Web: www.bookmakerscatalog .com!

ColorpHast pH strips and pH buffers
Fisher Scientific
Tel.: 1-800-234-7437
Web: www.fisherl.com

Eppendorf adjustable volume automatic
pipettors (20-25-50 and 100-200-250 pL)
Brinkman Instrument
Tel.: 905-826-5525 or 1-800-263-8715
E-mail: canada@brinkmann.com
Web: www.brinkmann .comlindex .asp
or
Canadawide Scientific
Tel.: 1-800-267-2362
Web: canadawide .ca/
or
Fisher Scientific
Tel.: 1-800-234-7437
Web: www.fisherl .com

ISFET (non-glass) pH meters and electrodes
1Q240 benchtop/portable pH meter with stainless
steel microprobe or slant surface probe
Canadawide Scientific
Tel.: 1-800-267-2362
Web: canadawide .cal
or
Orion 610 (portable) or 620 (benchtop) non-glass pH meter
and Orion 61-57 pHuture or 61-66 pHuture triode electrode
Thermo Electron Corporation
Tel.: 1-800-225-1480
Web: www.thermo.com!

Hach pH test kit
Anachemia Science
Tel.: 1-800-361-0209
Fax: 888-438-9777
Web: www.anachemia.com

MI-4152 micro-combination pH electrode
Microelectrodes, Inc.
40 Harvey Road
Bedford NH 03 110-6805
USA
Tel.: 603-668-0692
Web: www.microelectrodes.com

Orion EA940 multi-channel benchtop
meter (ion analyser) with ROSS flat-surface
combination pH electrode
Fisher Scientific
Tel.: 1-800-234-7437
Web: www.fisherl.com

Orion pure water test kit
(Orion product number 700001)
pH ionic strength adjuster (pHISA) and low-ionic-strength
buffers for determination ofpH ofpure water
Canadawide Scientific
Tel.: 1-800-267-2362
Web: canadawide.ca/

Piccolo hand-held pH meter by Hanna
Canadawide Scientific
Tel.: 1-800-267-2362
Web: canadawide .ca/

Polypropylene snap-cap microcentrifuge
tubes (0.5 and 1.5 mL)
Fisher Scientific
Tel.: 1-800-234-7437
Web: www.fisherl.com

Polystyrene disposable beakers (5, 10,20, 50 mL)
Fisher Scientific
Tel.: 1-800-234-7437
Web: www.fisherl.com
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