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4500-I        IODINE*#(1)

4500-I  A.        Introduction

1.  Uses and Forms
 Elemental iodine is not a natural constituent of natural waters. Iodine may be added to

potable and swimming pool waters as a disinfectant. For wastewaters, iodine has had limited
application. Use of iodine generally is restricted to personal or remote water supplies where
ease of application, storage stability, and an inertness toward organic matter are important
considerations. Some swimming pool waters are treated with iodine to lessen eye burn among
swimmers and to provide a stable disinfectant residual less affected by adverse environmental
conditions. 

Iodine is applied in the elemental form or produced in situ by the simultaneous addition
of an iodide salt and a suitable oxidant. In the latter case, an excess of iodide may be
maintained to serve as a reservoir for iodine production; the determination of iodide is
desirable for disinfectant control (see Iodide, Section 4500-I). 

Elemental I2 can undergo hydrolysis to form hypoiodous acid (HOI), which can
dissociate to form hypoiodite (OI–) under strongly basic conditions. Hypoiodous
acid/hypoiodite ion may further disproportionate to form iodate. In the presence of excess
iodide, iodine may react with iodide to form tri-iodide ion (I3

–). The rate and the extent to
which these reactions may occur depend on pH and the concentration of iodide in the
solution. Basic conditions favor formation of hypoiodite and iodate. Acidic conditions and
the presence of iodide favor formation of iodine and tri-iodide ion. Thus, the relative
concentrations of these iodine species in the resulting solution can be quite variable.
Hypoiodous acid/hypoiodite also can act as an iodinating agent, reacting with organic
compounds to form iodinated organic compounds. Elemental I2, hypoiodous acid, hypoiodite
ion, and tri-iodide ion are considered active iodine. There is no generally accepted method
for the determination of each of these species individually. Most analytical methods use the
oxidizing power of all forms of active iodine for its determination and the results usually are
expressed as an equivalent concentration of elemental iodine. The effects of iodate or
dissolved organic iodine on these methods have not been thoroughly investigated. 

2.  Selection of Method
 For potable and swimming pool waters treated with elemental iodine, both the

amperometric titration and leuco crystal violet colorimetric methods give acceptable results.
However, oxidized forms of manganese interfere with the leuco crystal violet method. Where
the iodide and chloride ion concentrations are above 50 mg/L and 200 mg/L, respectively,
interference in color production may occur in the leuco crystal violet method and the
amperometric method is preferred. However, because of the extreme sensitivity of the leuco
crystal violet method, this interference may be eliminated by sample dilution to obtain
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halogen ion concentrations less than 50 mg/L. 
For wastewaters or highly polluted waters, organic constituents normally do not interfere

with either the amperometric or leuco crystal violet procedures. Determine which of the
methods yields the more acceptable results, because specific substances present in these
waters may interfere in one method but not in the other. Certain metallic cations such as
copper and silver interfere in the amperometric titration procedure. Iodate, which is a
naturally occurring species of iodine in marine waters, will also interfere in the amperometric
titration by reacting with excess iodide under acidic conditions to form I2 and/or I3

–. The rate
of the reaction is most pH-dependent between pH 3 and 5. Thus, the magnitude of this
interference may depend on the concentration of iodate present and the analytical conditions.
The leuco crystal violet method is relatively free of interference from these and other cations
and anions with the exceptions noted previously. 

For waters containing iodine coexisting with free chlorine, combined chlorine, or other
excess oxidants, of the methods described only the leuco crystal violet method can determine
iodine specifically. This condition occurs in the in-situ production of iodine by the reaction of
iodide and excess oxidant. Under these conditions, the amperometric method would continue
to titrate the iodine produced in a cyclic reaction until exhaustion of the oxidant. 

4500-I  B.        Leuco Crystal Violet Method

1.  General Discussion
 The leuco crystal violet method determines aqueous iodine present as elemental iodine

and hypoiodous acid. Excess common oxidants do not interfere. While the method utilizes
the sum of the oxidative power of all forms of active iodine residuals, the results are
expressed as the equivalent concentration of iodine. The method also is capable of
determining the sum of iodine and free iodide concentrations; the free iodide concentration
can be determined by difference (see Iodide, Section 4500-I–). 

a.  Principle: Mercuric chloride added to aqueous elemental iodine solutions causes
essentially complete hydrolysis of iodine and the stoichiometric production of hypoiodous
acid. The compound 4,4′,4′′-methylidynetris (N,N-dimethylaniline), also known by the
common name of leuco crystal violet, reacts instantaneously with the hypoiodous acid to
form crystal violet dye. The absorbance of this dye is highly pH-dependent. The maximum
absorbance is produced in the pH range of 3.5 to 4.0 and is measured at a wavelength of 592
nm. Below a pH of 3.5, the absorbance drops precipitously. Above a pH of about 4.7, the
excess leuco crystal violet in the sample precipitates and masks the absorbance of the crystal
violet dye. Accurate pH control is essential to maximize precision. The absorbance follows
Beer’s law over a wide range of iodine concentrations and the developed color is stable for
several hours.

 In the presence of certain excess oxidants such as free chlorine or chloramines, the
iodine residual will exist exclusively in the form of hypoiodous acid. The leuco crystal violet
is relatively insensitive to the combined forms of chlorine while any free chlorine is
converted to chloramine by reaction with an ammonium salt incorporated in the test reagents.
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All the hypoiodous acid is determined. As hypoiodous acid, the weight concentration value
found, expressed as an equivalent elemental I2 concentration, is equal to twice that of an
elemental I2 solution of the same weight concentration. 

b.  Interference: Oxidized forms of manganese interfere by oxidizing the indicator to
crystal violet dye and yield apparent high iodine concentrations.

 Iodide and chloride ion concentrations above 50 mg/L and 200 mg/L, respectively,
interfere by inhibiting full color production. Dilute the sample to eliminate this interference. 

Combined chlorine residuals normally do not interfere provided that the test is completed
within 5 min after adding the indicator solution. Eliminate interference from free chlorine by
adding an ammonium salt buffer to form combined chlorine. 

c.  Minimum detectable concentration: 10 µg I as I2/L.

2.  Apparatus
a.  Colorimetric equipment: One of the following is required:
1)  Filter photometer, with a light path of 1 cm or longer, equipped with an orange filter

having maximum transmittance near 592 nm. 
2)  Spectrophotometer, for use at 592 nm, with a light path of 1 cm or longer. 
b.  Volumetric flasks, 100-mL, with plastic caps or ground-glass stoppers.
c.  Glassware: Completely remove reducing substances from glassware or plastic

containers, including containers for storage of reagent solutions (see Section 4500-Cl.D.2d).

3.  Reagents
a.  Iodine-demand-free water: See Section 4500-I–.B.3a. Prepare all stock iodine and

reagent solutions with iodine-demand-free water.
b.  Stock iodine solution: Prepare a saturated iodine solution by dissolving 20 g elemental

iodine in 300 mL water. Let stand several hours. Decant iodine solution and dilute 170 mL to
2000 mL. Standardize solution by titrating with standard sodium thiosulfate (Na2S2O3)
titrant as described in Section 4500-Cl.B.3b and  c or amperometrically as in Section
4500-I.C.

 Calculate iodine concentration: 

mg I as I2/mL = normality of iodine solution × 126.9

Prepare a working solution of 10 µg I as I2/mL by appropriate dilution of the
standardized stock solution. 

c.  Citric buffer solution, pH 3.8: See Section 4500-I–.B.3c.
d.  Leuco crystal violet indicator: See Section 4500-I–.B.3d.
e.  Sodium thiosulfate solution: See Section 4500-I–.B.3 f.
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4.  Procedure
a.  Preparation of temporary iodine standards: For greater accuracy, standardize working

solution immediately before use by the amperometric titration method (Method C). Prepare
standards in the range of 0.1 to 6.0 mg I as I2/L by adding 1 to 60 mL working solution to
100 mL glass-stoppered volumetric flasks, in increments of 1 mL or larger. Adjust these
volumes if the measured iodine concentration of working solution varies by 5% or more from
10 µg I as I2/mL.

 Measure 50.0 mL of each diluted iodine working solution into a 100-mL glass-stoppered
volumetric flask. Add 1.0 mL citric buffer solution, gently swirl to mix, and let stand for at
least 30 s. Add 1.0 mL leuco crystal violet indicator and swirl to develop color. Dilute to 100
mL and mix. 

b.  Photometric calibration: Transfer colored temporary standards of known iodine
concentrations to cells of 1-cm light path and read absorbance in a photometer or
spectrophotometer at a wavelength of 592 nm against a distilled water reference. Plot
absorbance values against iodine concentrations to construct a curve that follows Beer’s law.

c.  Color development of iodine sample: Measure 50.0 mL sample into a 100-mL
volumetric flask and treat as described for preparation of temporary iodine standards, ¶ 4a.
Match test sample visually with temporary standards or read absorbance photometrically and
refer to standard calibration curve for the iodine equivalent.

d.  Samples containing >6.0mg I as I2/L: Place approximately 25mL water in a 100-mL
volumetric flask. Add 1.0mL citric buffer solution and a measured volume of 25mL or less of
sample. Mix and let stand for at least 30s. Add 1.0mL leuco crystal violet indicator, mix, and
dilute to mark. Match visually with standards or read absorbance photometrically and
compare with calibration curve from which the initial iodine is obtained by applying the
dilution factor. Select one of the following sample volumes to remain within optimum iodine
range: 

    Iodine
     mg/L

Sample Volume
     Required
           mL  

  6.0–12.0          25.0 
12.0–30            10.0 
   30–60            5.0 

 
e.  Samples containing both chlorine and iodine: For samples containing free or

combined chlorine and iodine, follow procedure given in ¶ 4c or d above but read absorbance
within 5 min after adding leuco crystal violet indicator.

f. Compensation for turbidity and color: Compensate for natural color or turbidity by
adding 5 mL Na2S2O3 solution to a 50-mL sample. Add reagents to sample as described
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previously and use as blank to set zero absorbance on the photometer. Measure all samples in
relation to this blank and, from calibration curve, determine concentrations of iodine.

5. Bibliography
 BLACK, A.P. & G.P. WHITTLE. 1967. New methods for the colorimetric determination of

halogen residuals. Part I. Iodine, iodide, and iodate. J. Amer. Water Works Assoc. 59:471.

4500-I  C.        Amperometric Titration Method

1.  General Discussion
 The amperometric titration method for iodine is a modification of the amperometric

method for residual chlorine (see Section 4500-Cl.D). Iodine residuals over 7 mg/L are best
measured with smaller samples or by dilution. In most cases the titration results represent
free iodine because combined iodine rarely is encountered. 

a.  Principle: The principle of the amperometric method as described for the
determination of total residual chlorine is applicable to the determination of residual iodine.
Iodine is determined using buffer solution, pH 4.0, and potassium iodide (KI) solution.
Maintain pH at 4.0 because at pH values less than 3.5 substances such as oxidized forms of
manganese interfere, while at pH values greater than 4.5, the reaction is not quantitative.
Adding KI improves the sharpness of the end point.

b.  Interference: Free chlorine and the interferences described in Section 4500-Cl.D.1b
also interfere in the iodine determination.

2.  Apparatus
 See Section 4500-Cl.D.2a through d. 

3.  Reagents
 With the exception of phosphate buffer solution, pH 7.0, all reagents listed for the

determination of residual chlorine in Section 4500-Cl.D.3 are required. Standardized
phenylarsine oxide solution (1 mL = 1 mg chlorine/L for a 200-mL sample) is equivalent to
3.58 mg I as I2/mL for a 200-mL sample. 

4.  Procedure
a.  Sample volume: Select a sample volume that will require no more than 2 mL

phenylarsine oxide titrant. For iodine concentrations of 7 mg/L or less, take a 200-mL
volume; for iodine levels above 7 mg/L, use 100 mL or proportionately less diluted to 200
mL with water.

b. Free iodine: To the sample add 1 mL KI solution and 1 mL acetate buffer, pH 4.0
solution. Titrate with phenylarsine oxide titrant to the end point described in Section
4500-Cl.D.4.

5.  Calculation
 Calculate the iodine concentration by the following equation: 

WWW.KPATCO.COM

5



Standard Methods for the Examination of Water and Wastewater

© Copyright 1999 by American Public Health Association, American Water Works Association, Water Environment
Federation

where: 
                  A =   mL phenylarsine oxide titration to the end point. 

6.  Bibliography
 MARKS, H.C. & J.R. GLASS. 1942. A new method of determining residual chlorine. J. Amer.

Water Works Assoc. 34:1227. 

4500-I–        IODIDE*#(2)

4500-I–  A.        Introduction

1.  Occurrence
 Iodide is found in natural waters at concentrations ranging from 40 µg I–/L in coastal

surface seawater to <1 µg I–/L in deep ocean water and fresh water. Higher concentrations
may be found in brines, certain industrial wastes, and waters treated with iodine. Iodide is
thermodynamically unstable relative to iodate in oxygenated waters. 

2.  Selection of Method
 The leuco crystal violet method (B) is applicable to iodide concentrations of 50 to 6000

µg/L. The catalytic reduction method (C) is applicable to iodide concentrations of 80 µg I–/L
or less. The voltammetric method (D) is the most sensitive method. It can be used for
samples with iodide concentrations of 0.13 to 10.2 µg I–/L. It is also species-specific. It is
insensitive to iodate, iodine, and most organic iodine compounds. It requires minimal sample
manipulation, aside from an occasional dilution for samples with high concentrations of
iodide. Thus, the concentrations of iodide in many types of water samples may be determined
directly with the voltammetric method. 

The choice of method depends on the sample and concentration to be determined. The
high chloride concentrations of brines, seawater, and many estuarine waters will interfere
with color development in the leuco crystal violet method. In the presence of iodine, the
leuco crystal violet method gives the sum of iodine and iodide. Iodide may be determined by
the difference after concentration of iodine has been estimated independently (see Section
4500-I). In the catalytic reduction method, As(III), under acidic conditions, is a strong
reducing agent and will reduce the oxidized forms of iodine to iodide. Thus, this method
measures not only iodide, but also the sum of all the inorganic iodine species including
iodide, iodate, hypoiodous acid, hypoiodite ion, and elemental iodine. Because iodate is the
thermodynamically stable form of dissolved iodine in oxygenated natural waters and is
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frequently the dominant species of dissolved iodine, the catalytic reduction method is likely
to overestimate the concentration of iodide. This method works well only under exactly
reproducible conditions. 

4500-I–  B.        Leuco Crystal Violet Method

1.  General Discussion
a.  Principle: Iodide is selectively oxidized to iodine by the addition of potassium

peroxymonosulfate, KHSO5. The iodine produced reacts instantaneously with the colorless
indicator reagent containing 4,4′,4′′-methylidynetris (N,N-dimethylaniline), also known as
leuco crystal violet, to produce the highly colored crystal violet dye. The developed color is
sufficiently stable for the determination of an absorbance value and adheres to Beer’s law
over a wide range of iodine concentrations. Absorbance is highly pH-dependent, and must be
measured within the pH range of 3.5 to 4.0 at a wavelength of 592 nm. Accurate control of
pH is essential for maximum precision. (See Section 4500-I.B.1a.) Follow the general
principles for quality control (Section 4020).

b.  Interference: Chloride concentrations greater than 200 mg/ L may interfere with color
development. Reduce these interferences by diluting sample to contain less than 200 mg
Cl–/L.

2.  Apparatus
a.  Colorimetric equipment: One of the following is required:
1)  Filter photometer, providing a light path of 1 cm or longer, equipped with an orange

filter having maximum transmittance near 592 nm. 
2)  Spectrophotometer, for use at 592 nm, providing a light path of 1 cm or longer. 
b.  Volumetric flasks: 100-mL with plastic caps or ground-glass stoppers.
c.  Glassware: Completely remove any reducing substances from all glassware or plastic

containers, including containers for storing reagent solutions (see Section 4500-Cl.D.2d).

3.  Reagents
a.  Iodine-demand-free water: Prepare a 1-m ion-exchange column of 2.5 to 5 cm diam,

containing strongly acid cation and strong basic anion exchange resins. If a commercial
analytical-grade mixed-bed resin is used, verify that compounds that react with iodine are
removed. Pass distilled water at a slow rate through the resin bed and collect in clean
container that will protect the treated water from undue exposure to the atmosphere.

 Prepare all stock iodide and reagent solutions with iodine-demand-free water. 
b.  Stock iodide solution: Dissolve 1.3081 g KI in water and dilute to 1000 mL; 1 mL = 1

mg I–.
c.  Citric buffer solution, pH 3.8:
1)  Citric acid: Dissolve 192.2 g C6H8O7 or 210.2 g C6H8O7⋅H2O and dilute to 1 L with
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water. 
2)  Ammonium hydroxide, 2N: Add 131 mL conc NH4OH to about 700 mL water and

dilute to 1 L. Store in a polyethylene bottle. 
3)  Final buffer solution: Slowly add, with mixing, 350 mL 2N NH4OH solution to 670

mL citric acid. Add 80 g ammonium dihydrogen phosphate (NH4H2PO4) and stir to dissolve. 

d.  Leuco crystal violet indicator: Measure 200 mL water and 3.2 mL conc sulfuric acid
(H2SO4) into a brown glass container of at least 1-L capacity. Introduce a magnetic stirring
bar and mix at moderate speed. Add 1.5 g 4,4′,4′′-methylidynetris
(N,N-dimethylaniline)*#(3) and with a small amount of water wash down any reagent
adhering to neck or sides of container. Mix until dissolved.

 To 800 mL water, add 2.5 g mercuric chloride (HgCl2) and stir to dissolve. With mixing,
add HgCl2 solution to leuco crystal violet solution. For maximum stability, adjust pH of final
solution to 1.5 or less, adding, if necessary, conc H2SO4 dropwise. Store in a brown glass
bottle away from direct sunlight. Discard after 6 months. Do not use a rubber stopper. 

e.  Potassium peroxymonosulfate solution: Obtain KHSO5 as a commercial product,†#(4)
which is a stable powdered mixture containing 42.8% KHSO5 by weight and a mixture of
KHSO4 and K2SO4. Dissolve 1.5 g powder in water and dilute to 1 L.

f.  Sodium thiosulfate solution: Dissolve 5.0 g Na2S2O3⋅H2O in water and dilute to 1 L.

4.  Procedure
a.  Preparation of temporary iodine standards: Add suitable portions of stock iodide

solution, or of dilutions of stock iodide solution, to water to prepare a series of 0.1 to 6.0 mg
I–/L in increments of 0.1 mg/L or larger.

 Measure 50.0 mL dilute KI standard solution into a 100-mL glass-stoppered volumetric
flask. Add 1.0 mL citric buffer and 0.5 mL KHSO5 solution. Swirl to mix and let stand
approximately 1 min. Add 1.0 mL leuco crystal violet indicator, mix, and dilute to 100 mL.
For best results, read absorbance as described below within 5 min after adding indicator
solution. 

b.  Photometric calibration: Transfer colored temporary standards of known iodide
concentrations to cells of 1-cm light path and read absorbance in a photometer or
spectrophotometer at a wavelength of 592 nm against a water reference. Plot absorbance
values against iodide concentrations to construct a curve that follows Beer’s law.

c.  Color development of sample: Measure a 50.0-mL sample into a 100-mL volumetric
flask and treat as described for preparation of temporary iodine standards, ¶ 4a. Read
absorbance photometrically and refer to standard calibration curve for iodide equivalent.

d.  Samples containing >6.0mg I–/L: Place approximately 25mL water in a 100-mL
volumetric flask. Add 1.0mL citric buffer and a measured volume of 25mL or less of sample.
Add 0.5mL KHSO5 solution. Swirl to mix and let stand approximately 1min. Add 1.0mL
leuco crystal violet indicator, mix, and dilute to 100mL. 
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Read absorbance photometrically and compare with calibration curve from which the
initial iodide concentration is obtained by applying the dilution factor. Select one of the
following sample volumes to remain within the optimum iodide range. 

    Iodide
     mg/L

Sample Volume
      Required
           mL  

  6.0–12.0
12.0–30   
   30–60

         25.0
         10.0
           5.0 

e.  Determination of iodide in the presence of iodine: On separate samples determine (1)
total iodide and iodine, and (2) iodine. The iodide concentration is the difference between the
iodine determined and the total iodine-iodide obtained. Determine iodine by not adding
KHSO5 solution in the iodide method and by comparing the absorbance value to the
calibration curve developed for iodide.

f.  Compensation for turbidity and color: Compensate for natural color or turbidity by
adding 5 mL Na2S2O3 solution to a 50-mL sample. Add reagents to sample as described
previously and use as the blank to set zero absorbance on photometer. Measure all samples in
relation to this blank and, from the calibration curve, determine concentrations of iodide or
total iodine-iodide.

5.  Bibliography
 BLACK, A.P. & G.P. WHITTLE. 1967. New methods for the colorimetric determination of

halogen residuals. Part I. Iodine, iodide, and iodate. J. Amer. Water Works Assoc. 59:471.

4500-I–  C.        Catalytic Reduction Method

1.  General Discussion
a.  Principle: Iodide can be determined by using its ability to catalyze the reduction of

ceric ions by arsenious acid. The effect is nonlinearly proportional to the amount of iodide
present. The reaction is stopped after a specific time interval by the addition of ferrous
ammonium sulfate. The resulting ferric ions are directly proportional to the remaining ceric
ions and develop a relatively stable color complex with potassium thiocyanate.

 Pretreatment by digestion with chromic acid and distillation is necessary to estimate the
nonsusceptible bound forms of iodine. 

b.  Interferences: The formation of noncatalytic forms of iodine and the inhibitory effects
of silver and mercury are reduced by adding an excess of sodium chloride (NaCl) that
sensitizes the reaction. Iodate, hypoiodous acid/hypoiodite ion, and elemental iodine
interfere. Under acidic conditions, As(III) may reduce these forms of inorganic iodine to
iodide and include them as iodide in the subsequent detection of iodide.
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2.  Apparatus
a.  Water bath, capable of temperature control to 30 ± 0.5°C.
b.  Colorimetric equipment: One of the following is required:
1)  Spectrophotometer, for use at wavelengths of 510 or 525 nm and providing a light

path of 1 cm. 
2)  Filter photometer, providing a light path of 1 cm and equipped with a green filter

having maximum transmittance near 525 nm. 
c.  Test tubes, 2 × 15 cm.
d.  Stopwatch.

3.  Reagents
 Store all stock solutions in tightly stoppered containers in the dark. Prepare all reagent

solutions in distilled water. 
a.  Distilled water, containing less than 0.3 µg total I/L.
b.  Sodium chloride solution: Dissolve 200.0 g NaCl in water and dilute to 1 L.

Recrystallize the NaCl if an interfering amount of iodine is present, using a water-ethanol
mixture.

c.  Arsenious acid: Dissolve 4.946 g As2O3 in water, add 0.20 mL conc H2SO4, and
dilute to 1000 mL.

d.  Sulfuric acid, H2SO4, conc.

e.  Ceric ammonium sulfate: Dissolve 13.38 g Ce(NH4)4(SO4)4⋅4H2O in water, add 44
mL conc H2SO4, and make up to 1 L.

f.  Ferrous ammonium sulfate reagent: Dissolve 1.50 g Fe(NH4)2(SO4)2⋅6H2O in 100 mL
distilled water containing 0.6 mL conc H2SO4. Prepare daily.

g.  Potassium thiocyanate solution: Dissolve 4.00 g KSCN in 100 mL water.
h.  Stock iodide solution: Dissolve 261.6 mg anhydrous KI in water and dilute to 1000

mL; 1.00 mL = 200 µg I–.
i.  Intermediate iodide solution: Dilute 20.00 mL stock iodide solution to 1000 mL with

water; 1.00 mL = 4.00 µg I–.
j.  Standard iodide solution: Dilute 25.00 mL intermediate iodide solution to 1000 mL

with water; 1.00 mL = 0.100 µg I–.

4.  Procedure
a.  Sample size: Add 10.00 mL sample, or a portion made up to 10.00 mL with water, to a

2- × 15-cm test tube. If possible, keep iodide content in the range 0.2 to 0.6 µg. Use
thoroughly clean glassware and apparatus.

b.  Color measurement: Add reagents in the following order: 1.00 mL NaCl solution, 0.50
mL As2O3 solution, and 0.50 mL conc H2SO4.
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 Place reaction mixture and ceric ammonium sulfate solution in 30°C water bath and let
come to temperature equilibrium. Add 1.0 mL ceric ammonium sulfate solution, mix by
inversion, and start stopwatch to time reaction. Use an inert clean test tube stopper when
mixing. After 15 ± 0.1 min remove sample from water bath and add immediately 1.00 mL
ferrous ammonium sulfate reagent with mixing, whereupon the yellow ceric ion color should
disappear. Then add, with mixing, 1.00 mL KSCN solution. Replace sample in water bath.
Within 1 h after adding thiocyanate read absorbance in a photometric instrument. Maintain
temperature of solution and cell compartment at 30 ± 0.5°C until absorbance is determined. If
several samples are run, start reactions at 1-min intervals to allow time for additions of
ferrous ammonium sulfate and thiocyanate. (If temperature control of cell compartment is not
possible, let final solution come to room temperature and measure absorbance with cell
compartment at room temperature.) 

c.  Calibration standards: Treat standards containing 0, 0.2, 0.4, 0.6, and 0.8 µg I–/10.00
mL of solution as in ¶ 4b above. Run with each set of samples to establish a calibration
curve.

5.  Calculation

 

6.  Precision and Bias
 Results obtained by this method are reproducible on samples of Los Angeles source

waters, and have been reported to be accurate to ±0.3 µg I–/L on samples of Yugoslavian
water containing from 0 to 14.0 µg I–/L. Follow general principles for quality control
(Section 4020). 

7.  Bibliography
 ROGINA, B. & M. DUBRAVCIC. 1953. Microdetermination of iodides by arresting the catalytic

reduction of ceric ions. Analyst 78:594.
 DUBRAVCIC, M. 1955. Determination of iodine in natural waters (sodium chloride as a

reagent in the catalytic reduction of ceric ions). Analyst 80:295. 

4500-I–  D.        Voltammetric Method

1.  General Discussion
a.  Principle: Iodide is deposited onto the surface of a static mercury drop electrode

(SMDE) as mercurous iodide under an applied potential for a specified period of time. The
deposited mercurous iodide is reduced by a cathodic potential scan. This reaction gives rise
to a current peak at about −0.33 V relative to the saturated calomel electrode. The height of
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the current peak is directly proportional to the concentration of iodide in solution, which is
quantified by the method of internal standard additions.

b.  Interferences: Sulfide can interfere. Remove it as hydrogen sulfide by acidifying the
sample and then purging it with air. Adjust pH of sample back to about pH 8 before analysis.

2.   Apparatus
a.  Voltammetric analyzer system, consisting of a potentiostat, static mercury drop

electrode (SMDE), stirrer, and plotter, that can be operated in the cathodic stripping square
wave voltammetry-SMDE mode with adjustable deposition potential, deposition time,
equilibration time, scan rate, scan range, scan increment, pulse height, frequency, and drop
size.

 A saturated calomel electrode is used as the reference electrode through a salt bridge. 
b. Glassware: Wash glassware and other surfaces contacting the sample or reagents with

10% (v/v) HCl (low in iodide); thoroughly rinse with reagent water (see Section 1080) before
use.

3.   Reagents
 Use chemicals low in iodide whenever available. 
a.  Oxygen-free water: Remove oxygen in reagent water (see Section 1080) by bubbling

it with argon gas while boiling it for 20 min in an erlenmeyer flask. Let water cool while
argon bubbling continues. Tightly stopper flask and store water under nitrogen. Prepare water
immediately before use.

b.  Alkaline pyrogallol solution: Dissolve 30 g pyrogallol in 200 mL oxygen-free water.
Dissolve 120 g potassium hydroxide (KOH) in 400 mL oxygen-free water. Mix 300 mL
KOH solution with 100 mL pyrogallol solution.

c.  Sodium sulfite solution, 1M: Dissolve 1.26 g sodium sulfite, Na2SO3, in oxygen-free
water and dilute to 10 mL.

d.  Sodium sulfite solution, 0.1M: Dilute 5.0 mL 1M sodium sulfite solution to 50 mL.
Prepare fresh daily.

e.  Oxygen-free argon gas: Bubble argon gas (at least 99.99% pure) through a series of
three traps containing, respectively, alkaline pyrogallol solution, 0.1M sodium sulfite
solution, and oxygen-free water.

f.  Standard iodide solution: Dry several grams potassium iodide, KI, in an oven at 80°C
overnight. Dissolve 1.660 g dried KI in reagent water (see Section 1080) and dilute to 500
mL. Dilute 5 mL solution to 500 mL, and dilute 5 mL of the latter solution to 500 mL.

g.  Polyethylene glycol p-isooctylphenyl ether (PEG-IOPE) solution, 0.2%: Dilute 0.2 mL
commercially available reagent*#(5) to 100 mL in reagent water (see Section 1080).

4.  Procedure
a.  Sample measurement: Transfer 10 mL sample, 0.05 mL PEG-IOPE solution, and 0.2

mL 1M Na2SO3 solution (which also acts as the supporting electrolyte in fresh-water
samples) to polarographic cell containing a magnetic stirrer. Purge solution with oxygen-free
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argon gas for 1 min. Set electrode at SMDE mode. Record a voltammogram in the cathodic
stripping square wave voltammetry mode under the following conditions: deposition
potential, −0.15 V; deposition time, 60 s; equilibration time, 5 s; scan rate, 200 mV/s; scan
range, 0.15 to −0.6 V; scan increment, 2 mV; pulse height, 20 mV; frequency, 100 Hz; and
the largest drop size. Measure magnitude of current peak above baseline at center of peak at
an applied potential of about −0.33 V relative to saturated calomel electrode in the
voltammogram.

b.  Internal standard additions: Add 0.1 mL 2 µM standard KI solution to the cell. Purge
solution with oxygen-free argon gas for 0.5 min. Record a voltammogram under conditions
described in ¶ 4a and  again determine magnitude of current peak. Repeat procedure twice,
for a total of three additions.

c.  Blank determination: Determine method reagent blank by treating reagent water as a
sample.

5.  Calculation
 For the jth addition of the standard KI ( j  = 0, 1, 2, 3), compute the following variables: 

Y j = Ij (Vx + jVs + Vc)

Xj = jVsCs

where: 
                Ij  =   height of jth peak, nA, 
                Vx =   sample volume, mL, 
                Vs =   volume of standard KI added during each internal addition, mL, 
                Vc =   total volume of PEG-IOPE solution and sodium sulfite added during analysis,
mL, and 
                Cs =   concentration of iodide in standard KI solution, nM. 

Determine slope, B, and intercept, A, of line relating Y j to Xj by linear least squares method.
Calculate concentration of iodide in sample as: 

where: 
                Cx =   concentration of iodide, nM, and other terms are as defined above. 

If there is a reagent blank, subtract the reagent blank from Cx to get true concentration in
sample. 
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Multiply Cx (or blank-corrected Cx) by 0.1269 to obtain concentration in µg/L. 

6.  Precision
 In one laboratory, using seawater samples with a concentration of iodide of about 6 µg

I/L, the precision was about ±5%. Follow general principles of quality control as in Section
4020. 
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Endnotes
1 (Popup - Footnote)
* APPROVED BY STANDARD METHODS COMMITTEE, 1997.
2 (Popup - Footnote)
* APPROVED BY STANDARD METHODS COMMITTEE, 1997.
3 (Popup - Footnote)
* Eastman chemical No. 3651 or equivalent.
4 (Popup - Footnote)
† Oxone, E.I. duPont de Nemours and Co., Inc., Wilmington, DE, or equivalent.
5 (Popup - Footnote)
* Triton X-100, Catalog No. T9284, Sigma-Aldrich Corp., P.O. Box 14508, St. Louis, MO
63178.
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