Standard M ethods for the Examination of Water and Wastewater

4500-H*  PH VALUE*#(1)

4500-H* A. Introduction

1. Principles

Measurement of pH is one of the most important and frequently used tests in water
chemistry. Practically every phase of water supply and wastewater treatment, e.g., acid-base
neutralization, water softening, precipitation, coagulation, disinfection, and corrosion control, is
pH-dependent. pH is used in akalinity and carbon dioxide measurements and many other
acid-base equilibria. At a given temperature the intensity of the acidic or basic character of a
solution isindicated by pH or hydrogen ion activity. Alkalinity and acidity are the acid- and
base-neutralizing capacities of awater and usually are expressed as milligrams CaCOg per liter.

Buffer capacity is the amount of strong acid or base, usually expressed in moles per liter, needed

to change the pH value of a1-L sample by 1 unit. pH as defined by Sorenson! is- log [H*]; it is
the *‘intensity’’ factor of acidity. Pure water isvery slightly ionized and at equilibrium theion
product is

[H*][OHT] = K,, 1
=1.01 x 10714 a 25°C
and
[H*] = [OH]
=1.005 x 10~/
where;

[H*] = activity of hydrogen ions, moles/L,
[OH™] = activity of hydroxyl ions, moles/L, and
K,, = ion product of water.

Because of ionic interactionsin al but very dilute solutions, it is necessary to use the
“‘activity’”’ of anion and not its molar concentration. Use of the term pH assumes that the activity

of the hydrogen ion, a*, is being considered. The approximate equivalence to molarity, [H*]
can be presumed only in very dilute solutions (ionic strength <0.1).

A logarithmic scale is convenient for expressing awide range of ionic activities. Equation 1
in logarithmic form and corrected to reflect activity is:
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(-10919 ay+) + (-1091g apy-) = 14 (2
or
pH + pOH = pK,,

where:
pHT#(2) = log,y a+ and

POH = log;q agy- -

Equation 2 states that as pH increases pOH decreases correspondingly and vice versa because
pK,, is constant for a given temperature. At 25°C, pH 7.0 is neutral, the activities of the hydrogen

and hydroxyl ions are equal, and each corresponds to an approximate activity of 10~/ moles/L.
The neutral point is temperature-dependent and ispH 7.5 at 0°C and pH 6.5 at 60°C.

The pH value of a highly dilute solution is approximately the same as the negative common
logarithm of the hydrogen ion concentration. Natural waters usually have pH valuesin the range
of 4to 9, and most are dlightly basic because of the presence of bicarbonates and carbonates of
the alkali and alkaline earth metals.

2. Reference
1. SORENSON, S. 1909. Uber die Messung und die Bedeutung der Wasserstoff ionen
Konzentration bei Enzymatischen Prozessen. Biochem. Z. 21:131.

4500-H™* B. Electrometric Method

1. General Discussion

a. Principle: The basic principle of electrometric pH measurement is determination of the
activ ity of the hydrogen ions by potentiometric measurement using a standard hydrogen
electrode and areference electrode. The hydrogen electrode consists of a platinum electrode
across which hydrogen gasis bubbled at a pressure of 101 kPa. Because of difficulty initsuse
and the potential for poisoning the hydrogen electrode, the glass electrode commonly is used.
The electromotive force (emf) produced in the glass electrode system varies linearly with pH.
This linear relationship is described by plotting the measured emf against the pH of different
buffers. Sample pH is determined by extrapolation.

Because singleion activities such as a,,™ cannot be measured, pH is defined operationally on
a potentiometric scale. The pH measuring instrument is calibrated potentiometrically with an
indicating (glass) electrode and a reference electrode using National Institute of Standards and
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Technology (NIST) buffers having assigned values so that:
pHE = - 10g;ga+

where:
pHE = assigned pH of NIST buffer.

The operational pH scale is used to measure sample pH and is defined as:

L = ph, + FE = E)
! 2.303 RT

where:
pH, = potentiometrically measured sample pH,
F = Faraday: 9.649 x 104 coulomb/mole,
E, = sampleemf, V,
E. = buffer emf, V,
R = gas constant; 8.314 joule/(mole °K), and
T = absolute temperature, °K.

NOTE: Although the equation for pH, appearsin the literature with a plus sign, the sign of emf
readings in millivolts for most pH meters manufactured in the U.S. is negative. The choice of
negative sign is consistent with the [IUPAC Stockholm convention concerning the sign of
electrode potential .12

The activity scale gives values that are higher than those on Sorenson’ s scale by 0.04 units:

pH (activity) = pH (Sorenson) + 0.04

The equation for pH, assumes that the emf of the cells containing the sample and buffer is due
solely to hydrogen ion activity unaffected by sample composition. In practice, samples will have
varying ionic species and ionic strengths, both affecting H* activity. Thisimposes an
experimental limitation on pH measurement; thus, to obtain meaningful results, the differences
between E, and E should be minimal. Samples must be dilute aqueous solutions of simple
solutes (<0.2M). (Choose buffers to bracket the sample.) Determination of pH cannot be made
accurately in nonagqueous media, suspensions, colloids, or high-ionic-strength solutions.

b. Interferences: The glass electrode isrelatively free from interference from color, turbidity,
colloidal matter, oxidants, reductants, or high salinity, except for a sodium error at pH > 10.
Reduce this error by using specia ‘‘low sodium error’’ electrodes.
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pH measurements are affected by temperature in two ways. mechanical effects that are
caused by changesin the properties of the electrodes and chemical effects caused by equilibrium
changes. In the first instance, the Nernstian slope increases with increasing temperature and
electrodes take time to achieve thermal equilibrium. This can cause long-term drift in pH.
Because chemical equilibrium affects pH, standard pH buffers have a specified pH at indicated
temperatures.

Always report temperature at which pH is measured.

2. Apparatus

a. pH meter consisting of potentiometer, a glass electrode, a reference electrode, and a
temperature-compensating device. A circuit is completed through the potentiometer when the
electrodes are immersed in the test solution. Many pH meters are capable of reading pH or
millivolts and some have scale expansion that permits reading to 0. 001 pH unit, but most
instruments are not that precise.

For routine work use a pH meter accurate and reproducible to 0.1 pH unit with arange of 0
to 14 and equipped with a temperature-compensation adjustment.

Although manufacturers provide operating instructions, the use of different descriptive terms
may be confusing. For most instruments, there are two controls: intercept (set buffer, asymmetry,
standardize) and slope (temperature, offset); their functions are shown diagramatically in Figure
4500-H*:1 and Figure 4500-H*:2. The intercept control shifts the response curve laterally to
pass through the isopotential point with no change in slope. This permits bringing the instrument
on scale (0 mV) with apH 7 buffer that has no change in potential with temperature.

The slope control rotates the emf/pH slope about the isopotential point (0 mV/pH 7). To
adjust slope for temperature without disturbing the intercept, select a buffer that brackets the
sample with pH 7 buffer and adjust slope control to pH of this buffer. The instrument will
indicate correct millivolt change per unit pH at the test temperature.

b. Reference electrode consisting of a half cell that provides a constant electrode potential.
Commonly used are calomel and silver: silver-chloride electrodes. Either is available with
several types of liquid junctions.

The liquid junction of the reference electrode is critical because at this point the electrode
forms a salt bridge with the sample or buffer and aliquid junction potential is generated that in
turn affects the potential produced by the reference electrode. Reference el ectrode junctions may
be annular ceramic, quartz, or asbestos fiber, or the sleeve type. The quartz type is most widely
used. The asbestos fiber typeis not recommended for strongly basic solutions. Follow the
manufacturer’ s recommendation on use and care of the reference electrode.

Refill nonsealed electrodes with the correct electrolyte to proper level and make sure junction
is properly wetted.

c. Glass electrode: The sensor electrode is abulb of specia glass containing a fixed
concentration of HCI or a buffered chloride solution in contact with an internal reference
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electrode. Upon immersion of anew electrode in a solution the outer bulb surface becomes
hydrated and exchanges sodium ions for hydrogen ions to build up a surface layer of hydrogen
ions. This, together with the repulsion of anions by fixed, negatively charged silicate sites,
produces at the glass-solution interface a potential that is afunction of hydrogen ion activity in
solution.

Several types of glass electrodes are available. Combination el ectrodes incorporate the glass
and reference electrodes into asingle probe. Usea‘*low sodium error’’ electrode that can operate
at high temperatures for measuring pH over 10 because standard glass el ectrodes yield
erroneously low values. For measuring pH below 1 standard glass electrodes yield erroneously
high values; use liquid membrane el ectrodes instead.

d. Beakers. Preferably use polyethylene or TFE*#(3) beakers.

e. Sirrer: Use either amagnetic, TFE-coated stirring bar or a mechanical stirrer with inert
plastic-coated impeller.

f. Flow chamber: Use for continuous flow measurements or for poorly buffered solutions.

3. Reagents

a. General preparation: Calibrate the electrode system against standard buffer solutions of
known pH. Because buffer solutions may deteriorate as aresult of mold growth or contamination,
prepare fresh as needed for accurate work by weighing the amounts of chemicals specified in
Table 4500-H+:1, dissolving in distilled water at 25°C, and diluting to 1000 mL. Thisis
particularly important for borate and carbonate buffers.

Boil and cool distilled water having a conductivity of less than 2 nmhos/cm. To 50 mL add 1
drop of saturated KCl solution suitable for reference electrode use. If the pH of this test solution
is between 6.0 and 7.0, use it to prepare all standard solutions.

Dry KH,PO, at 110 to 130°C for 2 h before weighing but do not heat unstable hydrated
potassium tetroxal ate above 60°C nor dry the other specified buffer salts.

Although ACS-grade chemicals generally are satisfactory for preparing buffer solutions, use
certified materials available from the National Institute of Standards and Technology when the
greatest accuracy is required. For routine analysis, use commercially available buffer tablets,
powders, or solutions of tested quality. In preparing buffer solutions from solid salts, insure
complete solution.

Asarule, select and prepare buffer solutions classed as primary standardsin Table
4500-H+:1; reserve secondary standards for extreme situations encountered in wastewater
measurements. Consult Table 4500-H+:11 for accepted pH of standard buffer solutions at
temperatures other than 25°C. In routine use, store buffer solutions and samplesin polyethylene
bottles. Replace buffer solutions every 4 weeks.

b. Saturated potassium hydrogen tartrate solution: Shake vigorously an excess (5 to 10 g) of
finely crystalline KHC4H,Og with 100 to 300 mL distilled water at 25°C in a glass-stoppered

bottle. Separate clear solution from undissolved material by decantation or filtration. Preserve for
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2 months or more by adding one thymol crystal (8 mm diam) per 200 mL solution.
c. Saturated calcium hydroxide solution: Calcine awell-washed, low-alkali grade CaCOin a

platinum dish by igniting for 1 h at 1000°C. Cool, hydrate by slowly adding distilled water with
stirring, and heat to boiling. Cool, filter, and collect solid Ca(OH), on afritted glass filter of

medium porosity. Dry at 110°C, cool, and pulverize to uniformly fine granules. Vigorously shake
an excess of fine granules with distilled water in a stoppered polyethylene bottle. Let temperature
come to 25°C after mixing. Filter supernatant under suction through a sintered glass filter of
medium porosity and use filtrate as the buffer solution. Discard buffer solution when atmospheric
CO, causes turbidity to appear.

d. Auxiliary solutions: 0.1N NaOH, 0.1N HCI, 5N HCI (dilute five volumes 6N HCI with one
volume distilled water), and acid potassium fluoride solution (dissolve 2 g KF in 2 mL conc
H,S0O, and dilute to 100 mL with distilled water).

4. Procedure

a. Instrument calibration: In each case follow manufacturer’s instructions for pH meter and
for storage and preparation of electrodes for use. Recommended solutions for short-term storage
of electrodes vary with type of electrode and manufacturer, but generally have a conductivity
greater than 4000 mmhos/cm. Tap water is a better substitute than distilled water, but pH 4 buffer
isbest for the single glass electrode and saturated KCl is preferred for a calomel and Ag/AgCl
reference electrode. Saturated KCl isthe preferred solution for a combination electrode. Keep
electrodes wet by returning them to storage solution whenever pH meter is not in use.

Before use, remove electrodes from storage solution, rinse, blot dry with a soft tissue, place
ininitial buffer solution, and set the isopotential point ( 2a above). Select a second buffer within
2 pH units of sample pH and bring sample and buffer to same temperature, which may be the
room temperature, afixed temperature such as 25°C, or the temperature of a fresh sample.
Remove el ectrodes from first buffer, rinse thoroughly with distilled water, blot dry, and immerse
in second buffer. Record temperature of measurement and adjust temperature dial on meter so
that meter indicates pH value of buffer at test temperature (this is a slope adjustment).

Use the pH value listed in the tables for the buffer used at the test temperature. Remove
electrodes from second buffer, rinse thoroughly with distilled water and dry electrodes as
indicated above. Immersein athird buffer below pH 10, approximately 3 pH units different from
the second; the reading should be within 0.1 unit for the pH of the third buffer. If the meter
response shows a difference greater than 0.1 pH unit from expected value, ook for trouble with
the electrodes or potentiometer (see 5a and 9 5b below).

The purpose of standardization isto adjust the response of the glass electrode to the
instrument. When only occasional pH measurements are made standardize instrument before
each measurement. When frequent measurements are made and the instrument is stable,
standardize less frequently. If sample pH values vary widely, standardize for each sample with a
buffer having a pH within 1 to 2 pH units of the sample.
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b. Sample analysis: Establish equilibrium between electrodes and sample by stirring sample
to insure homogeneity; stir gently to minimize carbon dioxide entrainment. For buffered samples
or those of high ionic strength, condition electrodes after cleaning by dipping them into sample
for 1 min. Blot dry, immerse in afresh portion of the same sample, and read pH.

With dilute, poorly buffered solutions, equilibrate electrodes by immersing in three or four
successive portions of sample. Take afresh sample to measure pH.

5. Trouble Shooting

a. Potentiometer: To locate trouble source disconnect electrodes and, using a short-circuit
strap, connect reference electrode terminal to glass electrode terminal. Observe change in pH
when instrument calibration knob is adjusted. If potentiometer is operating properly, it will
respond rapidly and evenly to changes in calibration over awide scale range. A faulty
potentiometer will fail to respond, will react erratically, or will show a drift upon adjustment.
Switch to the millivolt scale on which the meter should read zero. If inexperienced, do not
attempt potentiometer repair other than maintenance as described in instrument manual.

b. Electrodes: If potentiometer is functioning properly, look for the instrument fault in the
electrode pair. Substitute one electrode at a time and cross-check with two buffers that are about
4 pH units apart. A deviation greater than 0.1 pH unit indicates a faulty electrode. Glass
electrodes fail because of scratches, deterioration, or accumulation of debris on the glass surface.
Rejuvenate electrode by alternately immersing it three times each in 0.1N HCI and 0.1N NaOH.
If thisfails, immersetip in KF solution for 30 s. After reguvenation, soak in pH 7.0 buffer
overnight. Rinse and store in pH 7.0 buffer. Rinse again with distilled water before use. Protein
coatings can be removed by soaking glass electrodes in a 10% pepsin solution adjusted to pH 1 to
2.

To check reference electrode, oppose the emf of a questionable reference el ectrode against
another one of the same type that is known to be good. Using an adapter, plug good reference
electrode into glass electrode jack of potentiometer; then plug questioned electrode into reference
electrode jack. Set meter to read millivolts and take readings with both electrodes immersed in
the same electrolyte (KCI) solution and then in the same buffer solution. The millivolt readings
should be 0 £ 5 mV for both solutions. If different electrodes are used, i.e., silver: silver-chloride
against calomel or vice versa, the reading will be 44 + 5 mV for a good reference electrode.

Reference electrode troubles generally are traceable to a clogged junction. Interruption of the
continuous trickle of electrolyte through the junction causes increase in response time and drift in
reading. Clear a clogged junction by applying suction to the tip or by boiling tip in distilled water
until the electrolyte flows freely when suction is applied to tip or pressure is applied to the fill
hole. Replaceable junctions are available commercially.

6. Precision and Bias
By careful use of alaboratory pH meter with good el ectrodes, a precision of £0.02 pH unit
and an accuracy of +0.05 pH unit can be achieved. However, 0.1 pH unit represents the limit of
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accuracy under normal conditions, especially for measurement of water and poorly buffered
solutions. For this reason, report pH values to the nearest 0.1 pH unit. A synthetic sample of a
Clark and Lubs buffer solution of pH 7.3 was analyzed electrometrically by 30 laboratories with
a standard deviation of £0.13 pH unit.
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Endnotes

1 (Popup - Footnote)
* APPROVED BY STANDARD METHODS COMMITTEE, 1996.

2 (Popup - Footnote)
T p designates - log, of anumber.

3 (Popup - Footnote)
* Teflon or equivalent.
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