Chapter 3
TABLE OF CONTENTS

pH


Page

Section 1: pH Introduction

2

Section 2: Application of pH

2

Section 3: Glossary

3

Section 4: pH Determination - Application Methods

3

Section 5: Safety and Hygiene

4

Section 6: Sampling

4-5

Section 7: Interpretations

6

Quiz 3.1

6

Section 8: Determination of pH

7-9

Quiz 3.2

9

Section 9: QA/QC

10

Answers to Quizzes

11-12

Appendix A: References

Appendix B: Preparation of Buffer Solutions

Appendix C: Sample Calibration Bench Sheet

Appendix D:  Method Checklist pH

Chapter 3

pH

Section 1: pH INTRODUCTION

pH is a mathematical expression of the intensity of the acid or alkaline condition of a sample.  The term “pH” is defined as the negative logarithm of the hydrogen ion concentration, and is generally represented with a scale from 0 to 14 pH units.

Water is made up of both hydrogen ions (H+) and hydroxyl ions (OH‑).  The usual chemical symbol of water is H2O, however, it can also be written as H+OH- showing that these two different ions are always present.  Because water is made up of these two ions, any solution which contains water (called an aqueous solution) always has both hydrogen ions and hydroxyl ions.  The pH scale is a means of showing which ion has the greater intensity.

At a pH of 7.0, the intensities of hydrogen and hydroxyl ions are equal and the solution is said to be pH neutral.  When the pH is less than 7.0, the intensity of the hydrogen ions is greater than that of the hydroxyl ions and the solution is said to be acidic.  When the pH is greater than 7.0, the hydroxyl ions have the greater intensity and the solution is referred to as alkaline or basic.

Section 2: APPLICATION OF pH

pH monitoring and control is important in the operation of those municipal wastewater treatment plants that use biological methods of secondary treatment and those using chemical treatment processes such as chlorination.  In addition, pH control of sewage in collection systems and in certain sludge treatment processes is essential.  pH measurement is also required as part of many other analyses including alkalinity and acidity.

All treatment processes have their own optimum range of pH.  The pH analysis is used to determine if the process is operating within the acceptable range of pH.  Although different processes have varying ranges, generally wastewater organisms in biological treatment systems function best at pH values of from 6.5 to 8.0.  Chlorination is most effective at low pH, and wastewater in sewage collection systems should be maintained at a value close to 7.0.





Section 3: GLOSSARY

Buffer:  Any substance in a solution which reduces the change of pH upon the addition of a strong acid or base.

Buffer Capacity:  The amount of strong acid or base needed to change the pH value of a 1 liter sample by one pH unit.  It is a measure of the capacity of water or wastewater to resist changes in pH.

Hardness:  The concentration of calcium and magnesium salts in water.  Hardness is a term originally referring to the soap-consuming power of water.  As such, it is sometimes also taken to include iron and manganese.

pH:  A measure of the degree of acidity or alkalinity of a sample.  pH is the negative logarithm of the hydrogen ion concentration expressed in pH units from 0 to 14.




Section 4: pH DETERMINATION - APPROVED METHODS

Although a rough measure of pH can be obtained through the use of color indicators, the only method approved for use in all wastewater treatment plants is the glass electrode method with a pH meter.




Section  5: SAFETY AND HYGIENE

When doing the pH test, the concerns for safety involve wastewater hazards, broken glass and electrical shock.

Precautions related to wastewater hazards include the following:

1.
Cover all cuts and wear good quality latex gloves when in direct contact with raw wastewater.

2.
Wash hands frequently, and always wash hands prior to eating or smoking.

3.
Clean up all spills of wastewater or buffers immediately.

4.
Wear a protective smock, apron, or lab coat, and surgical or rubber gloves when working in the laboratory to protect clothes and skin.

5.
Dispose of all broken or cracked glassware immediately.  This material should be deposited in a separate container labeled “sharps” that cannot be punctured and prevents others from reaching into the container.

6.
When collecting sample, remember basic water safety rules. Always wear an approved PFD especially around moving water.

7.
Generally, good house keeping practices help to keep the work environment safer.




Section 6:  SAMPLING

Only grab samples may be taken for pH measurement.  Composite samples are not acceptable due to the time delay in the compositing process.  It is very important that samples be well mixed and representative of the plant flow.

SAMPLE PRESERVATION

Because the pH can change after the sample has been collected, the pH must be measured as soon after collection as possible. There is no approved method of sample preservation for pH samples.  If the time lag between sample collection and testing exceeds 30 minutes, the samples should be discarded and fresh samples collected.

SAMPLE CONTAINERS

Special sampling devices or containers are not required for the pH test.  However, the type of container used should be capable of collecting samples from well‑mixed areas of tanks and/or pipes and be made of resistant materials that will not rust or corrode, and which can be easily cleaned.  Polyethylene, polypropylene or glass are typical of the types of containers used.

A long handled aluminum dipper attached to a wooden handle, or an equivalent device, is acceptable for collecting samples.  Do not use containers such as coffee cans that can corrode or rust.

SAMPLE CONTAINER PREPARATION

All sample collection containers should be cleaned thoroughly with soap and water on a regular basis (preferably at the end of each day) and rinsed well.  It is recommended that each sampling point have its own sampling device in order to prevent cross-contamination.  For example, influent and effluent samples should not be collected in the same container.  Between sample collections, the sample containers should be rinsed thoroughly and allowed to dry.

Section 7: INTERPRETATIONS

In general, the most effective range of pH values for biological treatment process wastes are 6.8‑7.2.  The “Normal” range for pH values, however, is between 6.5 and 8.0, depending on such factors as the pH of the municipality’s water supply and the discharges of industries contributing to the system.  It should be noted that what is “Normal” for one plant is not necessarily “Normal” for another, and each operator must determine which range works best for his/her plant and adjust accordingly.

Values outside the established “Normal” range indicate that a condition exists which can yield poor effluent quality.  In addition, changes in pH can indicate impending problems.  Attention to the pH values over time and to the presence of any significant changes made on frequently collected samples from designated and established locations in the plant will help to ensure maintenance of efficient biological treatment and a well stabilized final effluent.

pH is also useful in maintaining safe conditions in a wastewater collection system. Many compounds change form (and physical characteristics) based on changes in solution pH, such as hydrogen sulfide (H2S).  It has been shown that reduced sulfides will remain as unobjectionable HS- at a basic pH, but will be converted to the objectionable and dangerous H2S as pH values decrease.

The effectiveness of many chemical treatment processes depends heavily on pH control.  The removal of metals by industrial waste operators is based on pH adjustment and metal-hydroxide precipitation.  The addition of chlorine for the disinfection of wastewater effluent is more efficient at lower pH values.




Quiz 3.1

1.
A pH of 5.5 would indicate that the sample is _____________.

2.
What is the acceptable range of pH values for wastewater to be treated by biological methods?

3.
What type of sample must be used for pH measurements?

4.
What is the recommended holding time for pH samples?

5.
What is the approved method for pH measurement for compliance with NPDES permit requirements?

Section 8: DETERMINATION OF pH
DESCRIPTION OF METHOD

Although the analysis of pH by the electrometric procedure is one of the simplest tests performed in the wastewater laboratory, there are many possible sources of error in the analysis.  The method steps include calibrating the meter, placing the electrodes in a well‑mixed sample and reading the results directly from the pH meter.

EQUIPMENT AND REAGENTS

EQUIPMENT

1.
Beakers, polyethylene or Teflon preferred

2.
pH meter, readable to at least 0.1 pH unit

3.
electrodes:  one glass and one calomel reference or one combination electrode

4.
magnetic stirrer and stirring bars

5.
Thermometer if pH meter cannot measure temperature

REAGENTS

1.
Distilled Water

2.
pH buffer solutions:  pH 4, 7, and 10

The pH tests do not require a large number of chemicals to be prepared and all of these reagents can be purchased from scientific suppliers in ready‑to‑use form.  If the buffer solutions must be prepared from scratch, the procedures described in Appendix B are recommended for pH 7, pH 4, and pH 10 buffer solution preparation.

LABORATORY PROCEDURE

Because of the variation in procedure between the numerous makes and models of pH meters currently available, it is impossible to provide specific instructions for the correct operation of all instruments.  In each case, follow the manufacturer’s instructions for preparing the electrodes and operating the instrument.

GENERAL (COMMON) PROCEDURAL STEPS
Calibration

1.
Turn pH meter on and allow instrument to warm up.

2.
Measure the temperature of the standard buffer solutions and adjust the meter temperature compensation dial as necessary.  Record temperatures.  If an automatic temperature compensating electrode is used, disregard this step as well as step 10.

3.
Remove electrode(s) from storage solution, rinse with distilled water and carefully blot electrode(s) dry with a high quality laboratory tissue.

4.
Place electrode(s) in pH 7.0 buffer solution and measure the pH of the buffer while gently stirring solution.  A magnetic stirring device is helpful, but not required.

5.
Adjust the pH meter reading to 7.0, if necessary, then place the instrument in standby mode.

6.
Remove the electrode(s) from the pH 7.0 buffer solution, rinse thoroughly with distilled water and blot dry.

7.
Place the electrode(s) in a second buffer with a pH value at least 2 pH units higher or lower than the pH 7.0 buffer solution.  Usually pH 4.0 and pH 10.0 buffers are used for this part of the calibration.

NOTE:  The second buffer solution should be chosen so that the expected pH of the sample falls between the first and second buffers.

8.
Measure the pH of the second buffer solution while stirring, adjust meter reading as necessary and place instrument in standby mode.  This is generally called the “slope”.

9.
Remove the electrode(s) from the second buffer solution, rinse thoroughly with distilled water and blot dry.

Sample Analysis

10.
Determine sample temperature, record and adjust the meter temperature compensation dial, as necessary.

11.
Place electrode(s) in sample, then measure and record sample pH while stirring the sample.

12.
Place instrument in standby mode and remove electrode(s) from sample, rinse thoroughly with distilled water and carefully blot dry.

13.
When all samples have been tested, place electrode(s) in tap water or pH 7.0 buffer solution for storage and shut off meter.

PRECAUTIONS

1.
Replace buffer solutions daily.  To avoid faulty instrument calibration, replace working buffer solutions at least once per week with commercially prepared stock buffer or freshly prepared buffer solutions.  Prepare fresh stock buffer solutions at least once every four weeks.  For best results, buffer solutions should be discarded after each use.

2.
If possible, pH meter, buffer solutions, and samples should all be the same temperature since extreme temperature variations can give erroneous results.

3.
Watch for erratic results arising from cracked electrodes, faulty connections or fouling of electrodes with grease and/or solids residue.  The two point calibration will help detect a faulty electrode.  If a reasonably accurate value for the second buffer cannot be obtained after the meter has been standardized against the first buffer, then it is likely that one, if not both, of the electrodes is faulty and must be replaced.

INTERFERENCES

The glass electrode is relatively free from interferences due to color, turbidity, colloidal matter, oxidants, reductants or high salinity, except for a sodium error at a high pH.  This error at a pH above 10 may be reduced by using special “low sodium error” electrodes.

Since both pH, itself, as well as the measurement of pH are temperature dependent, it is important that temperature compensation be performed on all samples and that temperatures of buffers and samples be as similar as possible.

PRECISION AND ACCURACY

The precision and accuracy attainable with any given pH meter will depend on the type and condition of the instrument and the care used in standardization and operation.

With proper care and use, a precision of +/‑0.01 pH unit and an accuracy of +/‑0.05 pH unit can be achieved with many models of pH meter.  However, +/‑ 0.1 pH unit represents the limit of accuracy under normal conditions.  For this reason, report pH values to the nearest 0.1 pH unit.




Quiz 3.2

1.
What reagents are required to perform pH measurement using the electrometric method?

2.
What equipment, apparatus or instrumentation is required to perform pH measurement using the electrometric method?

3.
What interferences, if any, are there in the electrometric pH procedure?




Section 9:  QA/QC

A Quality Assurance/Quality Control program is required by the NPDES permit.  Quality Assurance (QA) is a set of operating principles that must be followed during sample collection and analysis.  Lab bench sheets must be maintained that document when the sample was collected, how it was preserved, and what results were obtained.

Quality Control (QC) includes any testing which is done to prove that the results are reliable.  One of every ten samples analyzed should be a Quality Control check.  This may include duplicate samples, spike samples, reagent blank analyses and known QC samples obtained from outside sources.

Duplicate sample analysis involves analyzing the same sample twice and comparing the results.  The closer the results, the more accurate the analysis.  Results should not differ by more than 10%.  Spike sample analysis involves adding known amounts of analyte to a sample and calculating the percent recovery.  These are discussed further in Chapter 10.

In pH testing, buffers must be checked daily and duplicate samples should be run on every tenth sample.  Quality Control samples with a known pH are available from chemical manufacturers.  A sample calibration bench sheet is included in Appendix C.




Answers to Quizzes

Quiz 3.1

1.
A pH of 5.5 would indicate that the sample is ___________.

Acidic

2.
What is the acceptable range of pH values for wastewater to be treated by biological methods?

6.8 - 7.2

3.
What type of sample must be used for pH measurements?

Grab sample
4.
What is the recommended holding time for pH samples?

Samples should analyzed immediately after collection.  In no case should the pH analysis be done after 30 minutes holding time.

5.
What is the approved method for pH measurement for compliance with NPDES permit requirements?

Electrometric (meter) method.

Quiz 3.2

1.
What reagents are required to perform pH measurement using the electrometric method?

Distilled Water and pH buffer solutions: pH 4, 7, and 10

2.
What equipment, apparatus or instrumentation is required to perform pH measurement using the electrometric method?


a.
Beakers, polyethylene or Teflon preferred


b.
pH meter, readable to at least 0.1 pH unit


c.
electrodes:  one glass and one calomel reference or one combination electrode


d.
magnetic stirrer and stirring bars


e.
Thermometer if pH meter cannot measure temperature

3.
What interferences, if any, are there in the electrometric pH procedure?

Sodium error at a high pH.  This error at a pH above 10 may be reduced by using special “low sodium error” electrodes.  Temperature compensation must be performed on all samples, and temperatures of buffers and samples should be as similar as possible.

APPENDIX A

References

Standard Methods for the Examination of Water and Wastewater, APHA‑AWWA‑WEF, 18th Edition, 1992, Method 4500-H.

Methods for Chemical Analysis of Water and Wastes, U.S. EPA‑600/4‑79‑020, March 1979.

NOTES:
APPENDIX B

Preparation of Buffer Solutions

pH 6.86 Buffer Solution

Prepare by dissolving 3.387 g potassium dihydrogen phosphate (KH2PO4) and 3.533 g disodium hydrogen phosphate (Na2HPO4) in freshly boiled and cooled distilled water and dilute to 1000 mL.

pH 4.00 Buffer Solution

Prepare by dissolving 10.12 g potassium hydrogen phthalate (KHC8H4O4) in distilled water and dilute to 1000 mL.

pH 10.01 Buffer Solution

Prepare by dissolving 2.092 g sodium bicarbonate (NaHCO3) and 2.640 g sodium carbonate (Na2CO3) in distilled water and dilute to 1000 mL.

The wide‑range pH indicator solution used in the Hach Model 17‑N pH test kit may be purchased from the Hach Company at the following address:

Hach Company

P.O. Box 389

Loveland, Colorado  80539

1-800-227-4224

NOTES:
APPENDIX C

Sample Calibration Bench Sheet

Daily Calibration Quality Control (for the Month/Year) 



Cal.
Slope
Check
Check


Date
Std.
Std.
Std.
Result
Temp.
Tech.
Time


1
10.00
7.00
4.00









2
10.00
7.00
4.00









3
10.00
7.00
4.00









4
10.00
7.00
4.00









5
10.00
7.00
4.00









6
10.00
7.00
4.00









7
10.00
7.00
4.00









8
10.00
7.00
4.00









9
10.00
7.00
4.00









10
10.00
7.00
4.00









11
10.00
7.00
4.00









12
10.00
7.00
4.00









13
10.00
7.00
4.00









14
10.00
7.00
4.00









15
10.00
7.00
4.00









16
10.00
7.00
4.00









17
10.00
7.00
4.00









18
10.00
7.00
4.00









19
10.00
7.00
4.00









20
10.00
7.00
4.00









21
10.00
7.00
4.00









22
10.00
7.00
4.00









23
10.00
7.00
4.00









24
10.00
7.00
4.00









25
10.00
7.00
4.00









26
10.00
7.00
4.00









27
10.00
7.00
4.00









28
10.00
7.00
4.00









29
10.00
7.00
4.00









30
10.00
7.00
4.00









31
10.00
7.00
4.00











Chapter 3 - 1

_933398758

_933398760

_947484610

_933398761

_933398759

_933398756

_933398757

_933398754

