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Chapter 6

CHLORINE(Cl2) RESIDUAL DETERMINATION

Section 1:  GENERAL

The main purpose for the chlorination of water supplies and wastewater treatment plant effluents is the destruction of disease‑producing microorganisms.  Chlorine has a variety of other uses in the wastewater treatment plant operation including odor control and fly and ponding control (in trickling filters).  Chlorine can also provide additional wastewater treatment by reacting with ammonia, iron, manganese, sulfide and some organic substances.

Unfortunately, chlorine can cause problems if its use is not controlled very carefully.  When used as a control on the disease‑producing bacteria, the idea is to disinfect and not sterilize the effluent.  Disinfection is the process of killing disease‑producing bacteria.  Sterilization is the process of killing all living organisms.  If an attempt were made to sterilize the effluent, the biological life in the receiving waters would likely be destroyed.

The best method for controlling the disinfection process and preventing harm to aquatic life by over‑chlorination is to maintain a specific chlorine residual level in the effluent.

Section 2:  INTRODUCTION TO CHLORINE

RESIDUAL MEASUREMENT

Chlorine is used to protect the public health by killing the microorganisms found in water which cause diseases.  The chlorine residual test is used to determine the total amount of chlorine present as a residual (the amount of chlorine present after the demand has been satisfied).  Because the residual determines how effective the disinfection process is, it is important to make sure that the residual remains within a specified range.  Too little chlorine will not give adequate disinfection and too much can kill the aquatic life in the receiving waters.





Section 3:  GLOSSARY

Chlorination:  Adding chlorine or chlorine compounds to water for disinfection.

Chlorine:  An element used to kill microorganisms in water.  At room temperature and atmospheric pressure, it is a greenish yellow gas.

Chlorine Demand:  The amount of chlorine used by reactions with  substances that oxidize in the water before chlorine residual can be measured.  It is the difference between the amount of chlorine added to wastewater and the amount of chlorine residual remaining after a given contact time.  Chlorine demand may change with dosage, time, temperature, pH, and the type and amount of pollutants in the water.

Chlorine Dosage:  The amount of chlorine which must be added to produce a desired result (disinfection of the effluent, control of filter flies, ponding and odor).

Chlorine Residual:  The amount of available chlorine present in wastewater after a given contact time (20 minutes at peak flow; 30 minutes at average flow), and under specific conditions including pH and temperature.

Combined Available Chlorine Residual:  The residual consisting of chlorine that is combined with ammonia, nitrogen, or nitrogenous compounds (chloramines).

Free Available Chlorine Residual:  The residual consisting of hypochlorite ions (OCl‑), hypochlorous acid (HOCl) or a combination of the two.  These are the most effective in killing bacteria.

Total Chlorine Residual:  The total amount of chlorine present in a sample.  This is the sum of the free chlorine residual and the combined available chlorine residual.




Section 4:  APPROVED METHODS
The methods approved for the determination of chlorine residual are outlined in the Federal Register 40 CFR Part 136 “Guidelines Establishing Test Procedures for the Analysis of Pollutants” (as amended June 1985).  The approved methods are the iodometric back titrations, the amperometric direct and back titrations, the DPD titration, the DPD colorimetric method (NOTE:  This is not the DPD test kit method) and the Orion 97‑70 chlorine specific ion electrode method.  Wastewater treatment plants which treat only domestic (household) wastes and have a design flow capacity of 40,000 gpd or less may use the Hach Company’s Model CN‑66 Total Chlorine Residual Test Kit.




Section 5:  SAFETY AND HYGIENE

It is important to exercise special caution when handling the chemicals used in the various methods for chlorine residual determination because several of them are highly toxic.  The phenylarsine oxide (PAO) and standard arsenite solution used in the iodometric and amperometric methods are poisonous.  Clean up spills quickly and carefully with disposable rags or towels and be sure to wash hands thoroughly before eating or smoking.  The DPD oxide indicator used in the DPD titrimetric and colorimetric methods is also very poisonous and the same precautions must be exercised in its use.  As with all laboratory testing, handle glassware carefully.  Lab glassware can break easily and leave very sharp pieces of glass.  If breakage does occur, use a good broom and dust pan.  Do not pick up by hand or use a towel or sponge that will be used again.  Keep rubber gloves and safety glasses on hand and use them.  Always use a pipetting bulb.  Never pipette anything by mouth.




Section 6:  SAMPLING

Chlorine in water solutions is not stable.  As a result, its concentration in samples decreases rapidly.  Exposure to sunlight or other strong light, air, or agitation will further reduce the quantity of chlorine present in solutions.  Samples to be analyzed for chlorine cannot be stored or preserved.  Tests must be started immediately after sampling.  Therefore, samples taken for the chlorine residual test must be grab samples only and excessive agitation must be avoided.

SAMPLE CONTAINERS

It is not necessary to use special sampling devices or containers for the chlorine residual test.  However, the sampling container should be capable of collecting samples from a representative sampling point following chlorine contact, and should be made of resistant materials that will not rust or corrode, and which can be easily cleaned.

NOTE:  A long handled aluminum dipper attached to a wooden handle, or an equivalent device, is acceptable for collecting samples.  Do not use coffee cans, bleach bottles, etc.

SAMPLE CONTAINER PREPARATION

All sample collection containers should be cleaned thoroughly on a regular basis (preferably at the end of each day) with soap and water and rinsed well.  It is advisable to acid clean containers on a periodic basis (usually once a week).  This will prevent a buildup of grease and scum which could contaminate the samples.  This is especially important for sampling devices used for samples which are high in solid and/or grease content.  It is recommended that each sample point have its own sampling device. If this is not possible, be sure to clean sampling devices thoroughly between collections. 

Section 7:  SENSITIVITY

Due to the manner in which calculations are set up for the iodometric back‑titration methods using iodine titrant, the test procedures used for these methods can measure the Cl2 residual only between 0.5 and 4.0 mg/L, in 0.5 mg/L increments, unless specialized volumetric glassware is used.  The iodometric back‑titration procedure using a standard iodate titrant can measure residual chlorine levels as low as 0.01, with a burette graduated to 0.01 mL.

The amperometric direct titration can also detect low levels of chlorine residual, but the actual minimum detectable concentration is dependent on the graduations of the PAO dispensing burette and the sensitivity of the microampmeter on the titrator.

Although the approved methods for DPD titration and colorimeter determinations list minimum detectable concentrations of 0.018 mg/L and 0.010 mg/L respectively, the DPD methods should only be used to measure the Cl2 residual between 0.5 and 4.0 mg/L.  Accuracy at lower concentrations can be very difficult to obtain unless testing techniques are very good.

There is no specified minimum detectable limit for chlorine residual using the Hach DR100 DPD chlorine procedure, however, the most reasonable practical limit by extrapolation is 0.05 mg/L.  The accuracy of extrapolated values is suspect.

Although the concentration range specified for the Orion Model 97‑70 chlorine residual specific ion electrode is 0.01 to 20 mg/L as Cl2, the calibration curve below 0.2 mg/L is not linear. Measurements below 0.2 mg/L can be made using a blank correction.  The accuracy of such reading may be suspect.

There is no specified minimum detectable limit for chlorine residual using the Hach CN‑66 and the most practical limit by visual comparison is 0.2 mg/L.

Section 8:  INTERPRETATION

The importance of maintaining the proper chlorine residual in wastewater effluents cannot be overly stressed.  The addition of chlorine is necessary to prevent the spread of waterborne disease‑producing microorganisms, however, too much chlorine can harm beneficial organisms found in receiving waters.  Chlorine residual limits have been established to prevent the spread of disease and harming receiving waters.  The Water Control Board has specified in‑stream chlorine limits of 0.011 mg/L for freshwater and 0.0075 mg/L for saline waters.

The actual permit limitation for facilities discharging to surface waters is based on a calculation specific for each plant and receiving stream. Because of water quality considerations, some plants practicing chlorination for disinfection are required to dechlorinate.  In such cases the limits may vary from non‑detectable concentrations to 0.05 mg/L.  Where water quality consideration have not been determined to be a factor, the established limits of 1.5 to 2.0 mg/L chlorine residual for critical water (defined as those waters which come into close human contact, such as lakes and rivers used for drinking water, shell fishing, and for contact water sports) and 1.0 to 2.0 mg/L for non‑critical water are appropriate.

A range of chlorine residual values should be established for each plant, within allowable limits, and chlorine residuals maintained within this range.  Significant changes from established values usually indicate either inadequate treatment or overtreatment (such as overloading or underloading), or that some adjustment is necessary in the Cl2 dosage.  Extreme variations suggest the need for closer control of chlorine dosages to yield the desired quality of treatment.




Quiz 6.1

1.
What is the main purpose for chlorination of water supplies and wastewater effluents?

2.
What are the definitions of the following terms:  chlorine residual; combined chlorine residual; free available chlorine residual; and, total chlorine residual?

3.
What are the usual minimum and maximum limitations for chlorinated effluents discharging to non-critical waters?  To critical water? 

4.
What are the approved methods for measuring chlorine residual concentrations for compliance with NPDES permit requirements?

Section 9:  IODOMETRIC TITRATION

(IODINE TITRATION):  DESCRIPTION OF TEST

In the presence of an excess of Phenylarsine oxide solution (PAO) and using a starch indicator solution, when iodine is titrated into the sample, the end‑point is shown by the appearance of a blue color.  This blue color means that all of the PAO has completely reacted.  By subtracting the amount of iodine titrated from the amount of PAO originally added, the chlorine residual can be determined.  (A conversion factor must be used in the calculation because the iodine solution is stronger than the PAO solution.)

Section 10:  EQUIPMENT AND REAGENTS

FOR IODINE TITRATION METHOD

REAGENTS

See Appendix B at the end of this chapter for the procedure for the preparation of the reagents used in this method.

1.
Phenylarsine oxide solution (PAO), 0.00564 N*

2.
Standard iodine titrant (I2), 0.0282 N

3.
Potassium dichromate solution (K2Cr2O7), 0.00564 N

4.
Potassium iodide (KI), crystals

5.
Potassium iodide solution (KI), 5% W/V

6.
Acetate buffer solution, pH 4.0

7.
Standard arsenite solution (As2O3), 0.1 N*

8.
Starch indicator

*
THESE CHEMICALS ARE POISONOUS, SO HANDLE WITH EXTREME CAUTION.
EQUIPMENT

1.
250 mL graduated cylinder

2.
5 mL measuring pipettes

3.
500 mL Erlenmeyer flasks

4.
5 mL volumetric pipette

5.
10 mL burette (preferably graduated to 0.01 mL) or

6.
25 mL burette (graduated to 0.1 mL)

7.
Magnetic stirrer and stirring bars*

*Optional Equipment

Section  11:  LABORATORY PROCEDURE
FOR IODINE TITRATION METHOD

1.
Pour 200 mL of sample or dilution into a 500 mL Erlenmeyer flask.

2.
Volumetrically add 5.0 mL 0.00564 N phenylarsine oxide (PAO) solution or sodium thiosulfate solution to the flask.

3.
Stir contents of flask during all chemical additions.

4.
Add approximately 1 g potassium iodide (KI) crystals or 1 mL of 5% KI solution to the flask.

5.
Add 4 mL pH4‑acetate buffer solution (or enough to lower the pH to between 3.5 and 4.2).

6.
Add 1 mL of starch indicator.

7.
Continue stirring and titrate with 0.0282 N iodine solution until the first appearance of blue color that remains after complete mixing.

NOTE:  Be careful not to titrate too fast as this can mean missing the end‑point and inaccurate results.

8.
Record the value of iodine titrant used.

9.
Check the normality of the iodine solution at least daily by completing steps 1‑8 using 200 mL of distilled water.

CALCULATIONS FOR IODINE
TITRATION METHOD

mg/L Cl2 = [mL PAO added ‑ (5 x mL iodine titrated)] x 200/mL sample

EXAMPLE:

mL PAO added = 5 mL

mL iodine titrated = 0.7 mL

mL sample = 200

mg/L Cl2 = [5 ‑ (5 x 0.7)] x 200/200 = [(5 ‑ 3.5) x 200]/200

mg/L Cl2 = (1.5 x 200)/200 = 1.5 mg/L

The amount of iodine used for the titration can be corrected for a non‑standard iodine solution normality by applying a correction factor based on the actual iodine normality.

mg/L Cl2 = [mL PAO added ‑ (5 x mL iodine titrated x CF)] x

200/mL sample

CF = Correction Factor = Actual normality of iodine/0.0282 N

EXAMPLE:

mL PAO added = 5

mL Iodine Titrated = 0.7

mL sample = 200

Actual normality of Iodine = 0.0256

CF = 0.0256/0.0282 = 0.91

mg/L Cl2 = [5 ‑ (5 x 0.7 x 0.91)] x 200/200

mg/L Cl2 = [(5 ‑ 3.18) x 200]/200 = (1.82 x 200)/200 = 1.82

IODINE TITRATION METHOD
Manganese, iron, and nitrite can cause an interference in this method.  However, these can be minimized by buffering the solution to pH 4.0 before adding potassium iodide.  An unusually high concentration of organic matter may cause uncertainty in the end‑point.  If the organic concentration is high and manganese, iron, and nitrite are definitely absent, the end‑point uncertainty can be reduced and precision increased by lowering to pH 1.0 prior to addition of potassium iodide. Sample color and turbidity can interfere by making the starch color change difficult to accurately determine.  Interference from more than 0.2 mg/L nitrite can be controlled by the addition of phosphoric acid‑sulfamic acid reagent.




Quiz 6.2

1.
What reagents are required to perform chlorine residual measurements using the iodometric back titration (iodine titrant) method?

2.
What equipment, apparatus, or instrumentation is required to perform chlorine residual measurements using the iodometric back titration (iodine titrant) method?

3.
What interferences, if any, are there in the iodometric back titration (iodine titrant)  chlorine residual procedure?

4.
What is the chlorine residual of a 200 mL sample which requires 0.8 mL os 0.0282 N  iodine to titrate an excess of 0.00564 N sodium thiosulfate solution?

Section 12: (IODATE TITRANT) - DESCRIPTION OF TEST

In the presence of an excess of PAO and using a starch indicator solution, when iodate solution is titrated into the sample, the end‑point is shown by the appearance of a blue color.  This blue color means that all of the PAO has completely reacted.  By subtracting the amount of iodate titrated for the sample from the amount of iodate titrated for a blank, the chlorine residual can be determined.

EQUIPMENT AND REAGENTS FOR IODOMETRIC BACK TITRATION METHOD REAGENTS

See Appendix B at the end of this chapter for the procedure for the preparation of the reagents used in this method.

1.
Phenylarsine oxide solution (PAO), 0.00564 N*

2.
Sodium thiosulfate solution (Na2S2O3), 0.00564 N*

3.
Standard potassium iodate titrant (KIO3), 0.00564 N*

4.
Potassium dichromate solution (K2Cr2O7), 0.00564 N

5.
Potassium iodide (KI), crystals

6.
Potassium iodide solution (KI), 5% W/V

7.
Standard arsenite solution (As2O3), 0.1 N*

8.
Starch indicator

9.
Phosphoric acid solution, (H3PO4), 1+9

10.
Phosphoric acid‑sulfamic acid solution*

*  THESE CHEMICALS ARE POISONOUS, SO HANDLE WITH EXTREME CAUTION

EQUIPMENT

1.
250 mL graduated cylinder

2.
5 mL measuring pipettes

3.
500 mL Erlenmeyer flasks

4.
5 mL volumetric pipette

5.
10 mL burette (preferably graduated to 0.01 mL) or

6.
25 mL burette (graduated to 0.1 mL)

7.
Magnetic stirrer and stirring bars*

*Optional Equipment

LABORATORY PROCEDURE
FOR IODOMETRIC BACK TITRATION METHOD

1.
Pour 200 mL of distilled water into a 500 mL Erlenmeyer flask and 200 mL of sample or dilution into a second 500 mL Erlenmeyer flask.

2.
Volumetrically add 5.0 mL 0.00564 N phenylarsine oxide (PAO) solution or sodium thiosulfate solution to each flask.

3.
Stir contents of flask during all chemical additions.

4.
Add approximately 0.5 g potassium iodide (KI) crystals or 1 mL of 5% KI solution to each flask.

5.
Add 2 mL of 10% phosphoric acid solution to each flask.

6.
Add 1 mL of starch indicator solution to each flask.

7.
Titrate the flask containing the distilled water, while stirring, with 0.00564 N potassium iodate solution until the first appearance of blue color that remains after complete mixing.

NOTE:  Be careful not to titrate too fast as this can mean missing the end-point and inaccurate results.

8.
Record the value of iodate titrant used.

9.
Repeat steps 7‑8 with the flask containing the sample or sample dilution.

10.
The distilled water titration must be performed at least once daily.  For additional samples, tested on the same day, only the sample titration needs to be performed.

IODOMETRIC BACK TITRATION METHOD

CALCULATIONS
mg/L Cl2 = [(mL Iodate for blank ‑ mL Iodate for sample) x 200/mL Sample

EXAMPLE:

mL Iodate Titrated for blank = 5.3

mL Iodate Titrated for Sample = 3.1

mL Sample = 200

mg/L Cl2 = [(5.3 ‑ 3.1) x 200]/200 = (2.2 x 200)/200 = 2.2 mg/L

INTERFERENCES

Section 13: IODOMETRIC BACK TITRATION METHOD

Manganese, iron, and nitrite can cause an interference in this method.  However, these can be minimized by buffering the solution to pH 4.0 before adding potassium iodide.  An unusually high concentration of organic matter may cause uncertainty in the end‑point.  If the organic concentration is high, and manganese, iron, and nitrite are definitely absent, the end‑point uncertainty can be reduced and precision increased by lowering to pH 1.0 prior to addition of potassium iodide. Sample color and turbidity can interfere by making the starch color change difficult to accurately determine.  Interference from more than 0.2 mg/L nitrite can be controlled by the addition of phosphoric acid‑sulfamic acid reagent.

Quiz 6.3

1.
What reagents are required to perform chlorine residual measurements using the iodometric back titration (iodate titrant) method?

2.
What equipment, apparatus, or instrumentation is required to perform chlorine residual measurements using the iodometric back titration (iodate titrant) method?

3.
What interferences, if any, are there in the iodometric back titration (iodate titrant)  chlorine residual procedure?

4.
What is the chlorine residual of a 200 mL sample which requires 3.8 mL of 0.00564 N potassium iodate to titrate an excess of 0.00564 N sodium thiosulfate solution (an initial blank titration required 5.1 mL of potassium iodate)?

Section 14: AMPEROMETRIC BACK TITRATION

DESCRIPTION OF TEST

The only difference between the amperometric method and the iodometric method is the use of a meter to indicate the end‑point.  When the end‑point has been reached, a change will occur in the electric current flowing through the meter, which is shown by a clockwise movement of the needle on the meter.  In the presence of excess PAO, iodine solution is added until the end‑point is indicated.  By subtracting the amount of iodine titrated from the amount of PAO originally added to the sample, the chlorine residual can be determined.  (A conversion factor must be used in the calculation because the iodine solution is stronger than the PAO solution).

EQUIPMENT AND REAGENTS FOR AMPEROMETRIC BACK TITRATION METHOD REAGENTS

See Appendix B at the end of this chapter for the procedure for the preparation of the reagents used in this method.

1.
Phenylarsine oxide solution (PAO), 0.00564 N*

2.
Standard iodine titrant (I2), 0.0282 N

3.
Potassium dichromate solution (K2Cr2O7), 0.00564 N

4.
Potassium iodide solution (KI), 5% W/V

5.
Acetate buffer solution, pH 4.0

6.
Standard arsenite solution (As2O3), 0.1 N*

*  THESE CHEMICALS ARE POISONOUS, SO HANDLE WITH EXTREME CAUTION.

EQUIPMENT

1.
250 mL graduated cylinder

2.
5 mL measuring pipettes

3.
5 mL volumetric pipette

4.
1 mL burette (preferably graduated to 0.01 mL)

LABORATORY PROCEDURE

FOR AMPEROMETRIC BACK TITRATION METHOD

1.
Prepare amperometric titration apparatus for use according to manufacturer’s instructions.

2.
Pour 200 mL of sample or sample dilution into the container for use with the apparatus.

3.
Add volumetrically 5.0 mL of 0.00564N phenylarsine oxide (PAO) solution to the container.

4.
Add approximately 1 g potassium iodide (KI) crystals or 1 mL of 5% KI solution to the container.

5.
Add 4 mL pH 4.0 acetate buffer solution (or enough to lower the pH to between 3.5 and 4.2).

6.
Titrate, while stirring, with 0.0282 N iodine solution.  The needle on the meter will remain almost stationary until the end‑point is approached.  As the end‑point is approached, each addition of iodine causes a temporary movement of the needle (in a clockwise or up scale direction) with a return to its original position.  The end‑point is reached when a small addition of iodine titrant gives a definite movement of the needle, and the needle does not return quickly to its original position.

7.
Record the volume of iodine titrant used.

8.
Check the normality of the iodine solution at least daily by completing steps 1‑7 using 200 mL of distilled water.

CALCULATIONS

AMPEROMETRIC BACK TITRATION METHOD

mg/L Cl2 = [mL PAO added ‑ (5 x mL iodine titrated)] x 200/mL sample

EXAMPLE:

mL PAO added = 5 mL

mL iodine titrated = 0.5 mL

mL sample = 200

mg/L Cl2 = [5 ‑ (5 x 0.5)] x 200/200 = [(5 ‑ 2.5) x 200]/200

mg/L Cl2 = (2.5 x 200)/200 = 2.5

The amount of iodine used for the titration can be corrected for a non‑standard iodine solution normality by applying a correction factor based on the actual iodine normality.

mg/L Cl2 = [mL PAO added ‑ (5 x mL iodine titrated x CF)] x 200/mL sample

CF = Correction Factor = Actual normality of iodine/0.0282 N

EXAMPLE:

mL PAO added = 5.0

mL Iodine Titrated = 0.5

mL sample = 200

Actual normality of Iodine = 0.0296

CF = 0.0296/0.0282 = 1.05

mg/L Cl2 = [5 ‑ (5 x 0.5 x 1.05)] x 200/200

mg/L Cl2 = [(5 ‑ 2.63) x 200]/200 = (2.37 x 200)/200 = 2.37

INTERFERENCES

AMPEROMETRIC BACK TITRATION METHOD

The presence of nitrogen trichloride or chlorine dioxide will interfere because they titrate partially as free chlorine. Organic chloramines have the same effect.  Free halogens other than chlorine (bromine, iodine and fluorine) interfere by titrating as free chlorine.  Copper and silver cause interference by poisoning the electrode.  Very low temperatures can slow the reaction time, but do not affect the precision of the test.  The violent stirring of some commercial titrators can cause loss of chlorine through volatilization.

Quiz 6.4

1.
What reagents are required to perform chlorine residual measurements using the amperometric back titration method?

2.
What equipment, apparatus or instrumentation is required to perform chlorine residual  measurements using the amperometric back titration method?

3.
What interference, if any, are there in the amperometric back titration chlorine residual procedure?

4.
What is the chlorine residual of a 200 mL sample which requires 0.75 mL or 0.0282 N iodine to titrate an excess of 0.00564 N phenylarsine oxide (PAO) solution?

Section 15: AMPEROMETRIC DIRECT TITRATION

DESCRIPTION OF TEST

When PAO is added to a sample buffered to pH 4.0, the excess iodine in the sample is discharged.  When the end‑point is reached, a change will occur in the electric current flowing through the meter.  This end‑point is indicated by a cessation of counter‑clockwise movement of the needle on the meter.  By reading the volume of PAO used in the titration the chlorine residual is determined.

EQUIPMENT AND REAGENTS

AMPEROMETRIC TITRATION METHOD REAGENTS

See Appendix B at the end of this chapter for the procedure for the preparation of the reagents used in this method.

1.
Phenylarsine oxide solution (PAO), 0.00564 N*

2.
Potassium dichromate solution (K2Cr2O7), 0.00564 N

3.
Potassium iodide solution (KI), 5% W/V

4.
Acetate buffer solution, pH 4.0

5.
Standard arsenite solution (As2O3), 0.1 N*

*  THESE CHEMICALS ARE POISONOUS, SO HANDLE WITH EXTREME CAUTION.

EQUIPMENT

1.
Amperometric titration apparatus

2.
250 mL graduated cylinder

3.
5 mL measuring pipettes

LABORATORY PROCEDURE

AMPEROMETRIC TITRATION METHOD

1.
Prepare amperometric titration apparatus for use according to manufacturer’s instructions.

2.
Pour 200 mL of sample or sample dilution into the container to be used with the apparatus.

3.
Add 1 mL of 5% potassium iodide (KI) solution to the container and mix thoroughly.

4.
Add 1 mL pH 4.0 acetate buffer solution to the container and mix thoroughly.

5.
Titrate, while stirring, with a 0.00564 N phenylarsine oxide (PAO) solution.  The instrument’s meter indicator will deflect counter clockwise or downscale with each increment of titrant added to the container.  As the end-point is approached, the indicator movement will slow.  Titrant increments should also be decreased.  Successive burette readings should be made before each increment addition when the meter indicates the end-point is approaching.

6.
Subtract the last small increment that produces no response in the meter indicator and record the volume of PAO titrant used.

CALCULATIONS FOR AMPEROMETRIC TITRATION METHOD

There are no calculations for this test.  The volume of PAO used for the titration is equal to the mg/L chlorine residual.

INTERFERENCES WITH AMPEROMETRIC TITRATION METHOD

The presence of nitrogen trichloride or chlorine dioxide will interfere because they titrate partially as free chlorine. Organic chloramines have the same effect.  Free halogens other than chlorine (bromine, iodine and fluorine) interfere by titrating as free chlorine.  Copper and silver cause interference by poisoning the electrode.  Very low temperatures can slow the reaction time, but do not affect the precision of the test.  The violent stirring of some commercial titrators can cause loss of chlorine through volatilization.

Quiz 6.5

1.
What reagents are required to perform chlorine residual measurement using the amperometric direct titration method?

2.
What equipment, apparatus or instrumentation is required to perform chlorine residual  measurements using the amperometric direct titration method?

3.
What interferences, if any, are there in the amperometric direct titration chlorine residual procedure?

4.
What is the chlorine residual of a 200 mL sample which requires 2.25 mL or 0.00564 N phenylarsine oxide (PAO) solution to reach the titration end-point?

Section 16: DPD TITRATION ANALYSIS

DESCRIPTION OF TEST

The DPD titration method also uses a color change to determine the chlorine residual.  In the presence of chlorine, the DPD indicator solution has a red color.  The more chlorine that is present, the darker the red color will be.  Ferrous ammonium sulfate (FAS) is used as the titrant in this method.  When the end‑point has been reached, the red color will disappear.  The amount of chlorine present is equal to the amount of FAS titrated.

EQUIPMENT AND REAGENTS FOR DPD TITRATION METHOD REAGENTS

See Appendix B at the end of this chapter for the procedure for the preparation of the reagents used in each of the methods.

1.
Phosphate buffer solution

2.
DPD indicator solution*

NOTE:  The buffer and indicator are commercially available as a combined reagent in stable powder form.

Standard ferrous ammonium sulfate (FAS) titrant (Fe(NH4)2(SO4)2), 0.00282 N

Standard potassium dichromate solution (K2Cr2O7), 0.100 N

Potassium iodide (KI), crystals


Concentrated Phosphoric Acid (H3PO4)


Sulfuric Acid solution (H2SO4), 1+5


Barium diphenylamine sulfonate, ((C6H5NHC6H4‑4‑SO3)2Ba), 0.1% 

*  THIS CHEMICAL IS POISONOUS, SO HANDLE WITH EXTREME CAUTION.

EQUIPMENT


250 mL graduated cylinder


5 mL measuring pipettes


50 mL burette


500 mL Erlenmeyer flask


Magnetic stirrer and stirring bars*

*Optional equipment

LABORATORY PROCEDURE FOR DPD TITRATION METHOD

1.
To a 500 mL Erlenmeyer flask, pipette 5.0 mL phosphate buffer solution.

2.
Add 5.0 mL DPD indicator solution.

3.
Add approximately 1 g potassium iodide (KI) crystals.

4.
Add 100 mL of sample, mix well, and let stand for 2 minutes to allow color to fully develop.

5.
Titrate with standard ferrous ammonium sulfate titrant (FAS) until the red color first completely disappears.

6.
Record volume of FAS titrant used.

7.
Check the normality of the FAS titrant at least weekly against standard potassium dichromate.

DPD TITRATION METHOD 

CALCULATIONS

There should be no calculations necessary for this method.

mg/L Cl2 = mg/L FAS titrant used when the FAS normality is 0.00282 N

INTERFERENCES DPD TITRATION METHOD

The interferences which are likely to be encountered in water are oxidized manganese and high levels of mono‑chloramine.  To correct for this, place 5 mL of phosphate buffer solution and 0.5 mL sodium arsenite solution in the titration flask.  Add 100 mL of sample and mix.  Add about 1 g KI crystals and 5 mL DPD indicator, mix and titrate with FAS solution until red color is discharged.  Use this blank reading in subsequent calculations. Copper up to 10 mg/L is controlled by EDTA in reagents.  Free halogens may react with the DPD indicator and appear as free available chlorine.  As in most tests which depend on color changes, sample color, turbidity, and high concentrations of organic matter may cause some interference.

Quiz 6.6

1.
What reagents are required to perform chlorine residual measurements using the DPD titration method?

2.
What equipment, apparatus or instrumentation is required to perform chlorine residual measurement using the DPD titration method?

3.
What interferences, if any, are there in the DPD titration chlorine residual procedure?

4.
What is the chlorine residual of a 100 mL sample which required 1.85 mL of FAS (ferrous ammonium sulfate) solution to reach the titration end point?

Section 17: DPD COLORIMETRIC

DESCRIPTION OF TEST

In this method, the chlorine residual is determined using a spectrophotometer or filter photometer.  DPD is used as the indicator.  In the presence of chlorine, the DPD indicator solution has a red color.  The more chlorine that is present, the darker the red color will be.  The intensity of the color is measured against known values from a standard curve.  Potassium permanganate is used as the standard for establishing the standard curve because of the difficulty in getting accurate chlorine standards and the ease of handling potassium permanganate.

A modification of this procedure using pre‑measured reagents and a hand‑held direct reading colorimeter is also acceptable for chlorine determinations.

EQUIPMENT AND REAGENTS FOR DPD COLORIMETRIC METHOD REAGENTS

See Appendix B at the end of this chapter for the procedure for the preparation of the reagents used in each of the methods.


Phosphate buffer solution


DPD indicator solution*


Potassium iodide (KI), crystals


Standard potassium permanganate solutions


Appropriate DPD indicator for direct reading colorimeter 

*  THESE CHEMICALS ARE POISONOUS, SO HANDLE WITH EXTREME CAUTION.

EQUIPMENT FOR DPD COLORIMETRIC METHOD

Spectrophotometer (with wavelength of 515 nm and a light path of 1 cm or longer), filter photometer (with a filter having maximum transmission in the wavelength range of 490 to 530 nm and a light path of 1 cm or longer), or direct concentration readout colorimeter which meets the method instrument specifications.


15 mL test tubes


1 cm sample cuvettes


10 mL measuring pipette


1 mL pipettes, graduated to 0.1 mL


250 mL Erlenmeyer flask


Appropriate sample measurement container for direct reading colorimeter

LABORATORY PROCEDURE FOR DPD COLORIMETRIC METHOD

SPECTROPHOTOMETER OR FILTER PHOTOMETER

1.
Set 100%T on spectrophotometer or filter photometer using a distilled water blank, in accordance with manufacturer’s instructions.  (Prepare distilled water blank in the same manner as sample for testing).

2.
Prepare a series of potassium permanganate standards covering the equivalent chlorine range of 0.05 to 4 mg/L.

3.
Place 5 mL of phosphate buffer and 5 mL of DPD indicator reagent in each standard flask.

4.
Add 100 mL of prepared standards and mix thoroughly.

5.
Fill photometer or colorimeter cell from flask and read each standard at 515 nm wavelength.

6.
Plot standard curve of mg/L equivalent chlorine versus %T.

7.
Pipette 0.5 mL phosphate buffer solution into a test tube of appropriate volume.

NOTE:  Test tubes should have a capacity of at least 15 mL and either have a screw‑on cap or be capable of accepting a rubber stopper which does not cause sample to overflow when put in place.

8.
Add 0.5 mL DPD indicator solution by pipette.

9.
Add a few crystals (approximately 0.1 g) of potassium iodide (KI).

10.
Add 10 mL sample, stopper or cap, mix well, and let stand for two minutes to allow color to develop.

11.
Pour into photometer tube (also called a cuvette) and take reading of photometer in %T.

12.
Record reading.

The mg/L Cl2 is read directly from the standard curve prepared by using potassium permanganate (KMnO4) as the standard.

DIRECT CONCENTRATION READOUT COLORIMETER

1.
Set the zero and maximum concentration values according to manufacturer’s instructions using an untreated portion of sample.

NOTE:  Use appropriate sample volume and glassware to ensure that the expected sample concentration falls within the range of the direct reading colorimeter concentration readout.

2.
Measure an appropriate volume of sample or sample dilution into a second sample cell.

3.
Add an appropriate amount of the colorimeter manufacturer’s DPD indicator to the sample cell, stopper or cap, mix well, and let stand for two minutes to allow color to develop.

4.
Place sample cell in sample compartment, depress actuator button and read mg/L concentration from the appropriate meter scale.

5.
If sample concentration is within the mg/L range of the colorimeter, record reading.

6.
If sample concentration exceeds mg/L range of the colorimeter, repeat steps 1-5, as necessary, using a diluted sample.

The mg/L Cl2 is read directly from the meter dial of the direct reading colorimeter.

INTERFERENCES DPD COLORIMETRIC METHOD

The interferences which are likely to be encountered in water are oxidized manganese and high levels of mono‑chloramine.  To correct for this, place 5 mL of phosphate buffer solution and 0.5 mL sodium arsenite solution in the titration flask.  Add 100 mL of sample and mix.  Add about 1 g KI crystals and 5 mL DPD indicator and mix.  Measure the apparent chlorine as manganese and use this blank reading in subsequent calculations.  Copper up to 10 mg/L is controlled by EDTA in reagents.  Free halogens may react with the DPD indicator and appear as free available chlorine.  As in most tests which depend on color changes, sample color, turbidity and high concentrations of organic matter may cause some interferences.  Compensate for color or turbidity in the colorimetric procedure by using an untreated sample blank.

Quiz 6.7

1.
What reagents are required to perform chlorine residual measurements using the DPD colorimetric method?

2.
What equipment, apparatus or instrumentation is required to perform chlorine residual measurements using the DPD colorimetric method?

3.
What interferences, if any, are there in the DPD colorimetric chlorine residual procedure?

Section 18: ORION SPECIFIC ION ELECTRODE

DESCRIPTION OF TEST

The Orion specific ion electrode method uses an electrical measurement similar to pH meter test procedure to determine the chlorine residual.  Samples are prepared for measurement by adding an iodide reagent and an acid reagent.  Chlorine in the sample reacts with iodide under acid conditions to form iodine. The iodine is, in turn, measured by the electrode and indicated on a pH or specific meter as mv or concentration.

EQUIPMENT AND REAGENTS FOR SPECIFIC ION ELECTRODE METHOD REAGENTS

Potassium iodate solution, 100 ppm as Cl2

(Orion Cat. No. 977007)

Potassium iodate standard, 1 mg/L

Iodide reagent (Orion Cat. No. 977010)

Acid reagent (Orion Cat. No. 977011)

Chlorine water (approximately 100 ppm Cl2)

EQUIPMENT


Specific ion or pH meter capable of measuring mv or concentration


Model 97‑70 chlorine specific ion electrode


Voltage source


150 mL beakers


Magnetic stirrer and stirring bars


Optional equipment

LABORATORY PROCEDURE

SPECIFIC ION ELECTRODE METHOD

1.
Turn on and warm up specific ion meter or pH meter according to manufacturer’s instructions.

2.
Check electrode slope at least weekly using the following procedures:


a.
Place 100 mL distilled water, 1 mL iodide reagent, and 1 mL acid reagent in a 150 mL beaker.


b.
Add 1 mL chlorine water to beaker and stir gently for 2 minutes to allow complete reaction.


c.
Place electrode in solution with the reference element submerged.

NOTE:  Do not stir beaker contents during measurements.


d.
Set meter function switch to mv readout and adjust calibration control to achieve 000.00 mv reading.


e.
Add 10 mL chlorine water to the beaker.  Stir gently for 2 minutes to allow complete reaction, then STOP STIRRING.


f.
The meter reading should be approximately 29 mv.  If the reading is less than 26 mv, the electrode instruction manual should be reviewed.

3.
Prepare fresh 1 ppm standard potassium iodate solution.

4.
Using 4 cycle semilogarithmic graph paper, construct a calibration curve with 1 ppm at the center of the logarithmic scale and 000.0 mv at the center of the linear axis.  (The linear range should be from ‑60 to +60 mv.)  Plot one point at 000.0 mv and 1 ppm on the graph and a second point at 29 mv and 10 ppm.  Draw a straight line through these points extending to at least 0.1 ppm.  Use this graph for all chlorine residual measurements.

5.
Place the electrode in the 1 ppm standard so that the reference element is submerged.  DO NOT STIR.

6.
Set meter function switch to mv setting and adjust calibration to read 000.0 mv.

7.
Remove electrode from 1 ppm standard and blot dry.

8.
Transfer 100 mL sample to a 150 mL beaker.

9.
Add 1 mL each of iodide and acid reagents.

10.
Mix contents of beaker thoroughly, then stop stirring and let stand for 2 minutes to allow for complete reaction.

11.
Place the electrode in the prepared sample so that the reference element is submerged.

12.
Record the mv reading from the meter.

13.
Repeat steps 5‑7 every 2 hours to recalibrate the meter.

The mg/L Cl2 is read directly from the standard curve.

Section 19: INTERFERENCES

ION ELECTRODE METHOD
Strong oxidizing agents, including iodate, bromine, cupric ion and oxidized manganese, that can convert iodide to iodine, interfere with the method.  Silver and mercuric ions must be below approximately 10 mg/L.  Chromate ion, an interference in the amperometric methods, does not interfere with this procedure.  Color and turbidity do not interfere with the method.

The electrode slope is unaffected by temperature.  However, because the calibration curve shifts by about 0.2 mv per °C, the standardizing solution should be close to the temperature of the samples.  Maintain the standardizing solution at or near the expected temperature of the samples.

Quiz 6.8

1.
What reagents are required to perform chlorine residual measurements using the Orion chlorine selective ion electrode method?

2.
What equipment, apparatus or instrumentation is required to perfrom chlorine residual measurements using the Orion chlorine selective ion electrode method?

3.
What interferences, if any, are there in the Orion Model chlorine selective ion electrode chlorine residual procedure?

Section 20: HACH MODEL CN‑66

TOTAL CHLORINE RESIDUAL TEST KIT

DESCRIPTION OF TEST

The Hach Company’s Model CN‑66 Total Chlorine Residual Test Kit also uses the DPD reagent to determine total chlorine residual values.  The DPD reagent is packaged in premeasured amounts stored in disposable powder pillows.  The DPD reagent is added to a portion of sample.  If chlorine is present, a pinkish‑red color will develop.  The color produced is visually compared to standard colors representing various concentrations of total chlorine residual.  The total chlorine residual is read from this comparison.

EQUIPMENT AND REAGENTS FOR HACH CN-66 METHOD


Hach Model CN‑66 color wheel and comparator


Sample vials calibrated at 5 mL (2)O


DPD powder pillows, 5 mL sample volume

LABORATORY PROCEDURE FOR HACH CN-66 METHOD

1.
Fill both sample vials to the 5 mL graduation with fresh sample to be tested.

2.
Add the contents of one total chlorine residual DPD powder pillow to one of the vials.

3.
Stopper and mix the vial by inverting several times.

4.
Allow the vial to set for three minutes to develop color.

5.
Place the appropriate DPD chlorine color wheel in the color comparator.

6.
Place the treated sample vial in the right hand (nearest to center) hole of the comparator.

7.
Place the untreated sample vial in the left hand (nearest to edge) hole of the comparator.

8.
Point the comparator towards a diffused outside light or a steady indoor fluorescent light source.

9.
Rotate the color wheel until there is a match of color for the two vials.

10.
Read the total chlorine residual mg/L of the sample from the comparator and record.

11.
Discard samples, wash and rinse all glassware.

The mg/L Cl2 is read directly from the color wheel comparator indicator.

Section 21: INTERFERENCES WITH HACH
CN-66 METHOD

The same interferences apply to this test which are noted for other DPD procedures, however, there are no provisions for compensating for most of these interferences.  As in any procedure using visual color comparison, the individual perceptions of the analysts as well as the condition of the glassware, the color wheel, and the light source, can all affect the results of the test.  Limit the amount of error from these factors by thoroughly cleaning the vials after each use, maintaining the comparator and color wheel, and using a stable and constant light source.

Quiz 6.9

1.
What reagents are required to perform chlorine residual measurements using the Hach CN-66 Test Kit?

2.
What equipment, apparatus or instrumentation is required to perform chlorine residual measurements using the Hach CN-66 Test Kit?

3.
What interferences, if any, are there in the Hach CN-66 Test Kit procedure for chlorine residual?

Section 22: 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 residual chlorine testing, duplicate samples should be run every tenth sample to test for variability.  Quality Control samples with known amounts of chlorine are available from chemical manufacturers.




Answers to Quizzes

Quiz 6.1

1.
What is the main purpose for chlorination of water supplies and wastewater effluents?

The main purpose for chlorination of water supplies and wastewater effluents is the destruction of disease causing organisms.

2.
What are the definitions of the following terms:  chlorine residual; combined chlorine residual, free available chlorine residual; and total chlorine residual?


a.
The amount of available chlorine after a given contact time and under specific conditions;


b.
chlorine residual from chlorine combined with ammonia or other nitrogen compounds; 


c.
hypochlorite and/or hypochlorous acid; and,


d.
the total amount of chlorine available in a sample.

3.
What are the usual minimum and maximum limitations for chlorinated effluents discharging to non‑critical waters?  To critical waters?

1.0 to 2.0 and 1.5 to 2.5
4.
What are the approved methods for measuring chlorine residual concentrations for compliance with NPDES permit requirements?

Iodometric back titrations (iodine and iodate titrants);

Amperometric direct and back titrations;

DPD titration and colorimetric;

Orion Model 97‑70 specific ion electrode;

and Hach CN‑66 test kit (for domestic facilities with design flows less than or equal to 40,000 gpd).

Quiz 6.2
1.
What reagents are required to perform chlorine residual measurements using the iodometric back titration (iodine titrant) method?


a.
Phenylarsine oxide (PAO) or sodium thiosulfate, 0.00564 N;


b.
iodine titrant, 0.0282 N;


c.
potassium iodide (KI) crystals or 5% solution;


d.
pH4‑‑acetate buffer solution;


e.
starch indicator solution;


f.
potassium dichromate, 0.00564 N; and,


g.
Arsenite solution, 0.1 N.

2.
What equipment, apparatus, or instrumentation is required to perform chlorine residual measurements using the iodometric back titration (iodine titrant) method?


a.
250 mL graduated cylinder;


b.
5 mL measuring pipettes;


c.
500 mL Erlenmeyer flasks;


d.
5 mL volumetric pipette;


e.
10 or 25 mL burette; and,


f.
magnetic stirrer (optional)

3.
What interferences, if any, are there in the iodometric back titration (iodine titrant) chlorine residual procedure?

Manganese, iron, and nitrite; 

sample color and turbidity; and,

unusually high concentrations of organic matter.

4.
What is the chlorine residual of a 200 mL sample which requires 0.8 mL of 0.0282 N iodine to titrate an excess of 0.00564 N sodium thiosulfate solution?


1.0 mg/L
Quiz 6.3

1.
What reagents are required to perform chlorine residual measurements using the iodometric back titration (iodate titrant) method?


a.
PAO or sodium thiosulfate, 0.00564 N;


b.
Potassium iodate, 0.00564 N;


c.
KI crystals or 5% solution;


d.
starch solution;


e.
10% phosphoric acid solution;


f.
phosphoric acid‑sulfamic acid solution;


g.
dichromate solution 0.00564 N; and,


h.
arsenite, 0.1 N
2.
What equipment, apparatus, or instrumentation is required to perform chlorine residual measurements using the iodometric back titration (iodate titrant) method?


a.
250 mL graduated cylinder;


b.
5 mL measuring pipettes;


c.
500 mL Erlenmeyer flasks;


d.
5 mL volumetric pipette;


e.
10 or 25 mL burette; and,


f.
magnetic stirrer (optional)
3.
What interferences if any, are there in the iodometric back titration (iodate titrant) chlorine residual procedure?


Manganese, iron and nitrite;


sample color and turbidity; and,


unusually high concentrations of organic matter

4.
What is the chlorine residual of a 200 mL sample which requires 3.8 mL of 0.00564 N potassium iodate to titrate an excess of 0.00564 N sodium thiosulfate solution (an initial blank titration required 5.1 mL of potassium iodate)?


1.3 mg/L

5.
What is the chlorine residual of a 200 mL sample which requires 0.75 mL of 0.0282N iodine to titrate an excess of 0.00564N phenylarsine oxide (PAO) solution?


1.25 mg/L

Quiz 6.4

1.
What reagents are required to perform chlorine residual measurements using the amperometric direct titration method?


a.
PAO, 0.00564 N;


b.
KI, 5% solution;


c.
pH4‑‑acetate buffer solution;


d.
dichromate solution, 0.00564 N; and,


e.
arsenite, 0.1 N.

2.
What equipment, apparatus or instrumentation is required to perform chlorine residual measurements using the amperometric direct titration method?


Amperometric titrator; 250 mL graduated cylinder; and 5 mL measuring pipettes.
3.
What interferences, if any, are there in the amperometric direct titration chlorine residual procedure?


a.
Nitrogen trichloride or chlorine dioxide;


b.
free halogens other than chlorine;


c.
copper and silver;


d.
organic chloramines; and,


e.
very low temperatures.

4.
What is the chlorine residual of a 200 mL sample which requires 2.25 mL of 0.00564 N phenylarsine oxide (PAO) solution to reach the titration end-point?


2.25 mg/L

Quiz 6.5

1.
What reagents are required to perform chlorine residual measurements using the DPD titration method?


a.
N, N‑diethyl‑p‑phenylenediamine (DPD) indicator solution;


b.
phosphate buffer solution;


c.
KI, crystals


d.
barium diphenylamine sulfonate;


e.
ferrous ammonium sulfate (FAS), 0.00282 N; 


f.
concentrated phosphoric acid; and,


g.
sulfuric acid, 1+5

2.
What equipment, apparatus or instrumentation is required to perform chlorine residual measurements using the DPD titration method?


a.
250 mL graduated cylinder;


b.
5 mL measuring pipettes;


c.
500 mL Erlenmeyer flask;


d.
50 mL burette; and,


e.
magnetic stirrer (optional)

3.
What interferences, if any, are there in the DPD titration chlorine residual procedure?


a.
Manganese and high levels of mono‑chloramines;


b.
copper;


d.
color, turbidity, and large concentrations of organic material

4.
What is the chlorine residual of a 100 mL sample which requires 1.85 mL of FAS (ferrous ammonium sulfate) solution to reach the titration end-point?


1.85 mg/L

Quiz 6.6

1.
What reagents are required to perform chlorine residual measurements using the DPD colorimetric method?


a.
DPD indicator solution;


b.
phosphate buffer solution;


c.
KI, crystals; and, 


d.
standard potassium permanganate solutions

2.
What equipment, apparatus or instrumentation is required to perform chlorine residual measurements using the DPD colorimetric method?


a.
15 mL test tubes;


b.
1 cm sample cuvettes;


c.
10 mL measuring pipettes;


d.
1 mL pipettes, graduated to 0.1 mL;


e.
250 mL Erlenmeyer flasks; and,


f.
spectrophotometer or colorimeter

3.
What interferences, if any, are there in the DPD colorimetric chlorine residual procedure?


a.
Manganese and high levels of mono‑chloramines;


b.
copper


c.
free halogens; and,


d.
color, turbidity, and large concentrations of organic material

Quiz 6.7

1.
What reagents are required to perform chlorine residual measurements using the Orion Model 97‑70 chlorine selective ion electrode method?


a.
Potassium iodate solution, 100 ppm;


b.
potassium iodate standard 1 mg/L;


c.
KI solution;


d.
acetic acid reagent; and, 


e.
chlorine water, 100 ppm

2.
What equipment, apparatus or instrumentation is required to perform chlorine residual measurements using the Orion Model 97‑70 chlorine selective ion electrode method?


a.
Specific ion or pH meter;


b.
Orion Model 97‑70 chlorine electrode;


c.
150 mL beakers; and,


d.
magnetic stirrer (optional)

3.
What interferences, if any, are there in the Orion Model 97‑70 chlorine selective ion electrode chlorine residual procedure?


a.
Strong oxidizing agents (iodate, bromine, cupric ion and oxidized


b.
manganese; and,


c.
silver and mercuric ions

Quiz 6.8

1.
What reagents are required to perform chlorine residual measurements using the Hach CN‑66 Test Kit?


DPD powder pillows

2.
What equipment, apparatus or instrumentation is required to perform chlorine residual measurements using the Hach CN‑66 Test Kit?


Hach Model CN‑66 test kit color wheel and comparator; 5 mL sample vials.

3.
What interferences, if any, are there in the Hach CN‑66 Test Kit procedure for chlorine residual?


a.
Manganese and high levels of mono‑chloramines; 


b.
copper;


c.
free halogens;


d.
color, turbidity, and large concentrations of organic material;


e.
glassware and color wheel condition; and


f.
light source variations.
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NOTES:
APPENDIX B

Preparation of Chemicals

At a minimum, hand and eye protection should be used when handling any of the chemicals mentioned in this section.  Before working with any chemical, consult the appropriate Material Safety Data Sheet (MSDS) to determine if other safety precautions are necessary.

CHLORINE RESIDUAL REAGENTS

Iodometric and Amperometric Methods:

I.
Standard Phenylarsine Oxide (PAO) Solution, 0.00564 N


A.
Prepare 0.3 N sodium hydroxide solution (NaOH) by dissolving 12.0 g NaOH in 800 mL distilled water and diluting to 1 liter.


B.
Prepare a 6.0 N hydrochloric acid solution (HCl) by adding 108 mL concentrated HCl to 800 mL distilled water and diluting to 1 liter.  (Caution:  Concentrated HCl fumes can burn eyes and lungs—do not breathe fumes!)


C.
Prepare an approximately 0.00564 N solution of PAO using the following procedures:



1.
Dissolve approximately 0.8 g PAO powder in 150 mL of 0.3 N NaOH solution, and allow to settle.



2.
Decant 110 mL into 800 mL distilled water and mix thoroughly.



3.
Bring to pH 6 to 7 with 6N HCl and dilute to 950 mL with distilled water.  (Caution:  PAO is poisonous.  Wash thoroughly after use and do not ingest.)


D.
Standardization



1.
Accurately measure 5 to 10 mL freshly standardized 0.0282 N iodine solution into a flask and add 1 mL potassium iodide solution (50g KI dissolved and diluted to 1 L with freshly boiled and cooled distilled water.



2.
Titrate with PAO solution, using starch solution as an indicator, until blue disappears.



3.
Normality (N) of PAO = (mL iodine solution x 0.0282)/mL PAO titrated.



4.
Adjust PAO to 0.00564 N and recheck.

II.
Standard Sodium Thiosulfate Solution, 0.00564 N


A.
Prepare a 0.1 N sodium thiosulfate solution by dissolving 25 g Na2S2O3 5H2O in 1000 mL of freshly boiled distilled water.  Store reagent for at least 2 weeks to allow oxidation of any bisulfite ion present.  Add a few mL of chloroform (CHCl3) to minimize bacterial decomposition.



Standardize by one of the following methods:



1.
Iodate Method




a.
Dissolve 3.249 g anhydrous primary standard quality potassium bi‑iodate (KH(IO3)2) or 3.567 g potassium iodate (KIO3) dried at 103 +/‑2°C for 1 hour in distilled water and dilute to 1000 mL to yield a 0.1000 N iodate solution.  Store in a glass stoppered bottle.




b.
Add, with constant stirring, 1 mL concentrated sulfuric acid (H2SO4), 10 mL 0.1000 N iodate solution, and 1 g potassium iodide (KI) to 80 mL distilled water.  Titrate immediately with 0.1 N sodium thiosulfate (Na2S2O3) until the yellow color of the liberated iodine is almost discharged.  Add 1 mL starch indicator solution and continue titration until the blue color disappears.




c.
The normality (N) of the sodium thiosulfate is calculated as follows:  N of Na2S2O3 = 1/mL Na2S2O3 for titration



2.
Dichromate Method




a.
Dissolve 4.904 g anhydrous primary standard grade potassium dichromate (K2Cr2O7) in distilled water and dilute to 1000 mL to yield a 0.1000 N dichromate solution.  Store in a glass stoppered bottle.


B.
For maximum stability of the standard 0.00564 N sodium thiosulfate solution, prepare by diluting an aged 0.1N Na2S2O3 standard solution with freshly boiled distilled water.  Add 10 mg Mercuric iodide and 4 g of sodium borate per liter of solution.  Standardize daily using 0.00564 N potassium dichromate or iodate solution.

III.
Standard Iodine Solution (I2), 0.1 N


A.
Dissolve 40 g potassium iodide (KI) in 25 mL chlorine‑demand‑free water.


B.
Add 13 g resublimed iodine (I2) and stir until dissolved.


C.
Transfer to a 1 liter volumetric flask and dilute to the mark.


D.
Standardization



1.
Volumetrically measure 40 to 50 mL 0.1 N arsenite solution into a flask.



2.
Titrate with 0.1 N iodine solution using starch solution as an indicator.



3.
Just before end‑point is reached, add a few drops of hydrochloric acid solution to liberate sufficient carbon dioxide (CO2) to saturate the solution.



4.
Titrate until blue color first appears and remains.



5.
Normality (N) of iodine = (mL of arsenite solution used x 0.1)/mL of iodine titrated

IV.
Standard Iodine Titrant (I2), 0.0282 N


A.
Dissolve 25 g KI in a bottle of distilled water in a 1L volumetric flask.


B.
Add the correct amount of the exactly standardized 0.1 N iodine solution to yield a 0.0282 N solution.


C.
Dilute to one liter with chlorine‑demand‑free water.


D.
Store iodine solutions in amber bottles or in the dark, and protect from exposure to direct sunlight.  Do not use rubber stoppers; keep iodine from all contact with rubber.


E.
Check titrant normality daily against 0.00564 N PAO or sodium thiosulfate solution.  A procedure for calculating a correction factor for this titrant is given in Appendix C.

V.
Standard Potassium Iodate Titrant (KIO3), 0.00564 N


A.
Dissolve 201.2 mg primary standard grade potassium iodate (KIO3), dried for 1 hour at 103°C, or 183.3 mg primary standard grade anhydrous potassium bi‑iodate (KH(IO3)2V) in distilled water.


B.
Dilute to 1 liter volumetrically.


C.
Store in glass bottles in the dark and protect from exposure to direct sunlight.

VI.
Potassium Iodide Solution (KI), 5% W/V


A.
Dissolve 50 g KI in freshly boiled and cooled distilled water and dilute to 1 liter.


B.
Store in a brown glass‑stoppered bottle in the dark, preferably at 4°C.


C.
Discard when solution becomes yellow.

VII.
Acetate Buffer Solution, pH 4.0


A.
Dissolve 146 g anhydrous sodium acetate (NaC2H3O2 3H2O) in 400 mL distilled water.


B.
CAREFULLY add 458 mL concentrated (glacial) acetic acid.


C.
Dilute to 1 liter with chlorine‑demand‑free water.

VIII.
Standard Arsenite Solution (As2O3), 0.1N


A.
Accurately weigh a dried, cooled stoppered weighing bottle.

NOTE:  Use forceps or tongs—do not handle weighing bottle with fingers.


B.
In weighing bottle, weigh out approximately 4.95 g arsenic trioxide (As2O3).


C.
Transfer without loss to a 1 liter volumetric flask

NOTE:  Do not attempt to brush out remaining arsenic trioxide).


D.
Reweigh bottle and record weight of arsenic trioxide transferred.


E.
Add enough distilled water to moisten the arsenic trioxide.


F.
Add 15 g sodium hydroxide (NaOH) and 100 mL distilled water.


G.
Swirl flask gently until As2O3 is dissolved.


H.
Dilute to 250 mL and saturate the solution with carbon dioxide (CO2) by bubbling CO2 gas through the solution for a few minutes.

NOTE:  This converts the sodium hydroxide (NaOH) to sodium bicarbonate (NaHCO3).


I.
Dilute to the 1 liter mark, stopper, and mix thoroughly.


J.
This solution has an almost indefinite shelf life.

CAUTION:  This solution is highly poisonous and is a suspected cancer causing agent:  handle carefully!

IX.
Starch Indicator


A.
Weigh out 5 g soluble or potato starch.


B.
Add enough distilled water to make a thin paste.


C.
Pour into 1 liter boiling distilled water, stir and let settle overnight.


D.
Transfer clear supernatant into a storage container and preserve by adding 1.25 g salicylic acid, 4 g zinc chloride, or a combination of 4 g sodium propionate and 2 g sodium azide per liter of starch solution.


E.
Some commercial starch substitutes or powder indicators are acceptable.

X.
Phosphoric Acid solution (H3PO4), 1 + 9


A.
Carefully add 100 mL of phosphoric acid (H3PO4), 85%, to 900 mL of freshly boiled distilled water.


B.
Caution should be used when handling this solution, as it can be corrosive.

XI.
Phosphoric Acid—Sulfamic Acid Solution


A.
Dissolve 20 g sulfamic acid (NH2SO3H) in 1 liter of 1 + 9 phosphoric acid (H3PO4).

DPD Titrimetric Method

I.
Phosphate Buffer Solution


A.
Dissolve 24 g anhydrous disodium hydrogen phosphate (Na2HPO4) in 400 to 500 mL distilled water.


B.
Add 46 g anhydrous potassium dihydrogen phosphate (KH2PO4).


C.
Dissolve 800 mg disodium ethylenediaminetetraacetate dihydrate (EDTA) in a separate container.

NOTE:  This chemical is also known as (ethylenediamine) tetraacetic acid sodium salt.


D.
Combine the 2 solutions and dilute to 1 liter.


E.
Add 20 mg mercuric chloride to prevent mold growth.


F.
Caution:  Mercuric chloride is toxic.  Take care to avoid ingestion.

II.
DPD Indicator Solution


A.
Add 8 mL of a 1 + 3 sulfuric acid solution (H2SO4) into 500 mL distilled water.  Prepare by mixing one part concentrated H2SO4 to 3 parts distilled water.  (For example, 5 mL H2SO4 to 15 mL distilled water.)


B.
Add 200 mg EDTA (disodium ethylenediaminetetraacetate dihydrate).


C.
Add 1 g DPD Oxalate (N, N‑Diethyl‑p‑phenylenediamine oxalate).


D.
Dilute to 1 liter and store in a brown glass‑stoppered bottle and discard when discolored.

CAUTION:  The DPD oxalate is poisonous, handle carefully!

III.
Standard Ferrous Ammonium Sulfate (FAS) Titrant, 0.00282 N


A.
Add 1 mL of 1 + 3 sulfuric acid solution (H2SO4) to 500 mL of freshly boiled and cooled distilled water.  Prepare by adding one part concentrated H2SO4 to 3 parts distilled water.


B.
Dissolve 1.106 g ferrous ammonium sulfate (Fe(NH4)2(SO4)2 6H2O)


C.
Dilute to 1 liter.


D.
This standard can be used for 1 month before replacement.


E.
Standardize weekly using the following procedure:



1.
Measure 100 mL of FAS standard solution into an Erlenmeyer flask.



2.
Add 10 mL of 1 + 5 sulfuric acid.  Prepare by adding one part concentrated H2SO4 to 5 parts distilled water.



3.
Add 5 mL concentrated phosphoric acid.



4.
Add 2 mL 0.1% barium diphenylamine sulfonate indicator.  Prepare by dissolving 0.1 g (C6H5NHC6H4‑4‑SO3) Ba in 100 mL distilled water.



5.
Titrate with 0.100N potassium dichromate (see iodometric and amperometric section for preparation directions) to a violet end‑point that persists for 30 seconds.

DPD Colorimetric Method

I.
Phosphate Buffer Solution


(see DPD Titrimetric Method chemicals)

II.
DPD Indicator Solution


(see DPD Titrimetric Method chemicals)

III.
Potassium Permanganate Stack Solution


A.
Dissolve 891 mg potassium permanganate (KMnO4) in distilled water and dilute to 1000 mL.

IV.
Potassium Permanganate Standard Solution


A.
Dilute 10 mL of stock solution to 100 mL in a volumetric flask.


B.
1 mL of the standard solution diluted to 100 mL with distilled water will be equivalent to 1.0 mg/L chlorine residual in a DPD reaction.


C.
Prepare standard solutions by diluting appropriate volumes to 100 mL with distilled water.

If a direct concentration readout colorimeter is used, the DPD and buffer reagents should be prepared or ordered in accordance with the instrument manufacturer’s instructions.  If the Hach DR100 colorimeter is used, the prepared DPD powder pillows used with the Hach direct reading colorimeters may be purchased from the Hach Company at the following address:

Hach Company

P.O. Box 389

Loveland, Colorado  80539

Orion Model 97‑70 Electrode Method

With the exception of the 1 ppm potassium iodate standard and the chlorine water (100 ppm), all of the reagents required for this method can be purchased from Orion Research at the following address:

Orion Research Incorporated

840 Memorial Drive

Cambridge, Massachusetts  02139

I.
Prepare a 1 mg/L iodate standard by volumetrically diluting 1 mL of the 100 ppm iodate standard to 100 mL with distilled water.

II.
Prepare the chlorine water (approximately 100 ppm) by diluting 1 mL hypochlorite solution (household chlorine bleach) to 500 mL with distilled water.

Hach Model CN‑66 Test Kit Method

The DPD indicator powder pillows used in the Hach Model CN‑66 Test Kit may be purchased from the Hach Company at the following address:

Hach Company

P.O. Box 389

Loveland, Colorado  80539

APPENDIX C
Quality Assurance check on 0.0282 N Iodine Solution

A.
Introduction
0.0282 N iodine Titrant decomposes very easily and should be stored in amber bottles and protected from strong light.  It also must be kept from coming into contact with rubber or plastics (such as those used in amperometric titrator pump assemblies).  Experience has shown that the iodine decomposition can be retarded by refrigerating the solution during storage.

Even when taking the above precautionary measures, Iodine still slowly decomposes.  A quality assurance check can be made and a correction factor obtained to compensate for any change in the normality of the solution.  However, if there is any doubt about the quality of the iodine solution, the solution should be checked by standardization or replaced with fresh solution.

B.
Quality Assurance Test


Laboratory Procedure:


1.
Pipette 5.0 mL 0.00564 N Phenylarsine oxide solution (PAO) into a 500 mL Erlenmeyer flask.


2.
Pour in 200 mL distilled water and stir well.


3.
Starch‑iodide End-point:



Add 1.0 mL of starch indicator.  Titrate, while stirring, with the supposed 0.0282 N iodine titrant until the first appearance of blue color that remains after complete mixing.


Amperometric End-point:


Titrate, while stirring, with the supposed 0.0282 N Iodine titrant to the end-point, according to the instructions of the specific titrator used.


4.
Record the volume of iodine titrant used.

C.
Calculation of Normality of the iodine Titrant:

Normality of the iodine titrant (Ni) x Volume (mL) of iodine titrant (Vi) = Normality of PAO (Np) x Volume (mL) of (PAO)


(Vp):  Ni x Vi = Np x Vp

Example:

mL of iodine (Vi) = 1.1

Normality of PAO = 0.00564

mL of PAO (Vp) = 5 mL

Ni x 1.1 mL = 0.00564 x 5 mL = 0.0256

D.
Correction Factor Calculation


Correction Factor = Normality of iodine titrant (Ni)/Proper


Normality of iodine titrant (N)


Example:


Measured Normality of iodine (Ni) = 0.0256


Required Normality of iodine (N) = 0.0282


Correction Factor = Ni/N = 0.0256/0.0282 = 0.91

E.
Determination of Corrected Volume of 0.0282 N iodine

To determine the corrected volume of 0.0282 N iodine to use in the calculation for the iodine back‑titration procedure, the mL of iodine used in the analysis of a chlorinated sample is multiplied by the correction factor.


Example:


Volume of iodine used in sample analysis = 0.7 mL


Correction Factor = 0.91


Corrected volume of iodine = 0.91 x 0.7 mL = 0.64 mL

F.
Calculation of Corrected Chlorine Residual of a Sample


mg/L Cl2 = [(mL PAO added) ‑ (5 x mL iodine used)] x 200/Volume of Sample


Example:


Volume PAO added to sample = 5 mL


Volume 0.0282N iodine used in titration = 0.64 mL


Volume of sample = 200 mL


mg/L Cl2 = [5 ‑ (5 x 0.64)] x 200/200 = 1.8 mg/L

G.
Disclaimer

It must be stressed that this procedure is only meant to be a quick quality assurance check and not a standardization of the iodine solution.  If there is any doubt about the quality of the iodine solution or if the correction factor becomes excessive (less the 0.90 or more than 1.10), the solution should be checked by standardization or replaced with fresh iodine solution.
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