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In May of 2017, I attended a training class to become a certified sampler for Watershed Watch in Kentucky
(lrww.org). I selected a location to sample water during sampling events held in July, September and May each year
(my site is #1499, in the Licking River). During these events, monitors will submit qualitative (such as turbidity and
how high or low the river appears to be) and quantitative data (such as temperature, pH, conductivity and dissolved
O2 levels) on their assigned river location. Additionally, volunteers will collect samples of water that are sent to a
laboratory for Escherichia coli testing. During my certification, I was given a dissolved oxygen water quality test kit
(LaMotte, Model 5860-01) and was shown how to use the kit to test for dissolved oxygen levels in the water. In this
paper, I will write about dissolved oxygen in water, and what chemical processes take place when using this test kit.
About Dissolved Oxygen

The main source of dissolved oxygen (DO) in natural bodies of water is from the atmosphere; the
movement of water on the surface of the water body causes interactions between the water and oxygen molecules.1,2
Another important source is the oxygen produced by aquatic plants during photosynthesis.1,2 In both of these
instances, a chemical phenomenon known as a dipole-induced dipole interaction occurs between the water and
diatomic oxygen molecules, leading to the dissolution of oxygen in water.5 When considering dissolved oxygen
levels in water and the affect it has on aerobically respiring organisms in biological systems, it is important to
consider that the diffusion of O2 in water is affected by temperature, salinity, and atmospheric pressure.1,2,6,7 In
healthy freshwater bodies, the dissolved oxygen content is sufficient for life, as there is a balance between the
addition and removal of O2 molecules.2
What chemical forces take place during the dipole-induced dipole interaction of water and oxygen?
Diatomic oxygen (O2) is nonpolar, yet it dissolves in water (H2O), which is polar.5 In its natural, nonpolar state, the
electron cloud surrounding O2 is symmetrically distributed between the two O molecules. When the O2 molecule
approaches the negatively charged end of the H2O molecule, however, the electron cloud becomes distorted.5 This
distortion results in the electrons moving closer to the end of the O2 molecule that is not near the water molecule –
ultimately leading to a diatomic oxygen molecule that has a temporarily positive side and a temporarily negative
side.5 As a result, the H2O and O2 molecules are weakly attracted to each other, and the gaseous oxygen is dissolved
in liquid water .5 The weak bond between the water and diatomic oxygen molecules results in oxygen that is

dissolved throughout the water, yet can be easily disassociated from the water it is in and utilized by living
organisms for cellular respiration.
With regard to the Licking River, there have been concerns about the DO levels as they are affected by
industry, sewage treatment plants, and residential and commercial establishments.3 A DO reading below 5 ppm is
considered to be stressful or fatal for most species and this has been a matter of concern due to wastewater
discharges in the Licking River1,3, and therefore, it is an important metric to test regularly.
What is the Winkler method?

The process is referred to in the manual as the azide modification of the Winkler method. It does not base
the reading on oxygen (O2), but instead on diatomic iodine (I2)1,10, which is directly proportional to O2 in the sample
being tested. This method was proposed in 1888 by Ludwig Wilhelm Winkler while working on his doctoral
dissertation at Budapest University.10,13 The azide modification was later added to remove interference caused by
nitrites.12 This modified Winkler method has been recognized as a reliable one with which to test dissolved oxygen
in water, with an accuracy of 0.1%.10
The Winkler method is a multi-step process, in which O2 in the water sample is fixed into a manganic
sulfate [Mn2(SO4)3] molecule, which in turn reacts with potassium iodide (KI), ultimately releasing free diatomic
iodine (I2) into the solution. The I2 molecules are directly proportional to the O2 that was in the water sample. The
final step is to titrate sodium thiosulfate (Na2S2O3) into the solution, which turns the solution clear when all of the I2
molecules have been converted to sodium iodide (NaI). When the titration endpoint is reached (the solution is clear),
the reading on the titrator is the final dissolved oxygen reading. 1,11
Analysis of Chemical Reactions

The following five reactions were taken directly from the manual enclosed in my water testing kit, Water
Quality Test Kit Instruction Manual, Code 5860-01.1 I’ve added the state of matter subscripts upon my analysis of
each equation.
The first step in the water testing process is to fill a sample bottle designed specifically for this test with the
water sample. It is important to completely submerge the bottle and tilt it upwards so that air bubbles escape. The
bottle is capped while submerged, removed from the body of water and left closed until the Winkler test is ready to
be done.
Reaction #1:
MnSO4(aq) + 2KOH(aq) → Mn(OH)2(s) + K2SO4(aq)

In this first step, manganous sulfate (MnSO4, referred to in our class as manganese (IV) sulfate)4 is combined with
potassium hydroxide (KOH). This occurs when 8 drops of manganous sulfate solution and 8 drops of alkaline
potassium iodide azide solution are added to the water sample, capped and mixed.1 The manganous sulfate solution
(SDS code 4167) is a solution of 36% manganese sulfate monohydrate (MnSO4·H2O) and water.4,14 The alkaline
potassium iodide azide (SDS code 7166), is a solution of sodium azide (NaN3) 1.05%, potassium iodide (KI) 15%,
potassium hydroxide (NaOH) 70%, and water.4,14
This reaction is a double-displacement reaction, as the cations Mn2+ and K+ switch places.4 It is also a
precipitation reaction, in that a white floc of manganous hydroxide [Mn(OH)2] forms.1,4 Additionally, the solubility
rules dictate that potassium ions (K+) and sulfate ions (SO42-) are soluble, while hydroxides of metals [in this case,
Mn(OH)2] are insoluble.4, Therefore, it can be understood that the potassium and sulfate ions will remain ionic and
suspended in the solution; hence, we can write a net ionic equation for this reaction:
Mn2+ + 2OH- → Mn(OH)2.4
Reaction #2:
4Mn(OH)2(s) + O2(g) + 2H2O(l) → 4Mn(OH)3(s)
This reaction occurs immediately after reaction #1, as the oxygen in the water becomes an oxidizing agent
and reacts with water and manganous hydroxide [Mn(OH)2] to form manganic hydroxide [Mn(OH33]. 1,4 This is a
brown-colored precipitate (see Fig. 1). For every molecule of diatomic oxygen, four molecules of Mn(OH)2 are
converted to Mn(OH)3. This reaction can be considered an oxidation-reduction reaction, as oxygen ultimately acts as
the oxidizing agent by gaining a charge of -2 in the Mn(OH)3 molecule, while Mn(OH)2 is the reducing agent, as the
charge on the manganese ion changes from 2+ to 3+. 4

Figure 1. Solution with manganic hydroxide precipitate. An oxygen reading was unable to be obtained on this sample in July of 2017.

Simultaneous reactions #3 and #4:
Reaction #3:
2Mn(OH)3(s) + 3H2SO4(aq)→Mn2(SO4)3(aq) + 6H2O(l)
In this step, after the precipitate has settled below the shoulder of the bottle, 8 drops of sulfuric acid 1:1
solution is added (SDS code 6141) to the manganic hydroxide solution.1 The sulfuric acid solution contains 64%
H2SO4 and water.14 According to the solubility rules, it is known that sulfates dissolve in water; sulfuric acid is
known as a strong acid, from which all of the H+ ions will dissociate in water.4 In this reaction, the H+ ions react with
the hydroxide ions in the Mn(OH)3 molecule, forming water. There is a product in this reaction, but because all
sulfates are soluble in water, the precipitate from the previous reaction disappears and the products of this reaction
remain dissolved in solution.4 This step is important to note because the conversion of Mn(OH)3 to Mn2(SO4)3 is
considered “fixed,” so that additional oxygen introduced into the sample will not affect the results after this point.1
This is because the reactions from this point are following manganese and iodine to obtain the final reading.
The products are important to the overall reaction, so I will not write a net ionic equation.
Reaction #4:
Mn2(SO4)3(aq) + 2KI(aq) → 2MnSO4(aq) + K2SO4(aq) + I2(g)
Immediately upon the formation of manganic sulfate in reaction #3, reaction #4 occurs, whereby the
Mn2(SO4)3 reacts with the KI that was added to the solution during reaction #1, as part of the alkaline potassium
iodide solution. Because sulfates and 1A elements are soluble, the solution has ionic iodine (I-), which reacts with

ionic Mn3+. 4 An oxidation-reduction reaction takes place, and the iodine becomes oxidized by the manganese,
ending up with a charge of 0 and reverting to its natural state as a diatomic gas (I2). The Mn3+ is reduced to Mn2+.
This reaction can be considered a single-replacement reaction, since one sulfate group is replacing two iodine ions
with relation to the potassium, freeing up the iodine.4 It is a oxidation-reduction reaction, with I- acting as the
reducing agent and being oxidized to a neutral charge, and Mn2(SO4)3 acting as the oxidizing agent – the Mn3+ being
reduced to Mn2+.4 This can be considered a gas-forming reaction as well, as diatomic iodine is a gas.4
The sample will turn a yellow-brown color as a result of the free iodine (see Fig. 2). This color is important for the
final step in this process: titration.

Figure 2. Solution with free iodine, prior to titration. This image is from a water sample taken in September 2017.

Reaction #5:
2Na2S2O3(aq) + I2(g) →Na2S4O6(aq) +2NaI(aq)
At this point, the solution is transferred to a designated titration bottle, and sodium thiosulfate solution (SDS
code 4169) is added to a designated titrator.1 The sodium thiosulfate solution consists of .025N Na2S2O3 and water.14
The titrator has markings that, upon reaching the endpoint, represent the final dissolved oxygen reading; therefore, it
is imperative that the titrator be filled to the designated line before beginning titration. Titration takes place by

adding one drop of .025N Na2S2O3 at a time, swirling the solution after each addition, and observing the color
changes. The LaMotte kit has been designed to enhance the endpoint with a starch indictor, so the direction in this
step is to titrate until the solution reaches a pale yellow color, and then add the starch indicator. Because potassium
compounds are soluble, the thiosulfate ion (S2O32-) is disassociated in solution and is oxidized by the gaseous iodine
(I2) to form a tetrathionate ion (S4O62-). 4,13 This is an oxidation-reduction reaction, whereby I2 behaves as the
oxidizing agent and is reduced, again, to I-.4 This I- bonds with Na+ to form sodium iodide, which is colorless.1 This
reaction is crucial to obtain the dissolved oxygen reading.1
Additionally, it is interesting to note what is occurring with the thiosulfate ion. Na2S2O3 is the reducing
agent in this reaction, as it is oxidized. S2O32- contains two sulfur ions that are +2 each; however, upon the
transformation to S4O62-, the charges of the sulfur ions change in that two of them are neutral (charge 0) and two of
them take on a +5 charge.4,13 This appears to be the result of two thiosulfate ions bonding with each other after being
oxidized by iodine. The purpose of this reaction is to produce ions, so I will not write a net ionic equation for this
step.
Endpoint with Starch Indicator:
The final step of titration is to remove the cap with the titrator still inserted (being sure not to disturb the
titrator), add 8 drops of starch indicator (SDS code 4170) , recap, and continue titration to the endpoint.1 The SDS
sheet for starch indicator does not provide a chemical formula, but the use of starch indicator to identify iodine in
solution is a known practice.5,14 In the presence of free iodine (I2), a solution with starch indicator will turn blue;
when all of the iodine is reduced to form NaI, the solution will turn clear, and the endpoint has been reached.1
Titration with Na2S2O3 is continued, one drop at a time, swirling after each drop, until clear.1 When the solution is
clear, the dissolved oxygen reading is taken from the titrator (see Fig. 3).

Figure 3. Titration bottle with titrator and colorless solution at the endpoint. The dissolved oxygen reading for this sample was 7.8 ppm
in September 2017.
Tracing O2 via Mn Ions to I2

I would like to take a moment to elucidate upon how O2 is considered “fixed” in reaction #3, and how the
oxygen level is read in this test. Let’s rewind to reaction #2, whereby diatomic oxygen in the water sample reacts
with manganous hydroxide and water to create manganic hydroxide. In this reaction, for every molecule of O2, we
have 4 molecules of Mn(OH)3, a 4:1 ratio. In reaction #3, when Mn(OH)3 is converted to Mn(SO4)3, the ratio changes
to 2 molecules of Mn2(SO4)3 for every molecule of O2, so the ratio is now 2:1. In reaction #4, Mn(SO4)3, which is at a
2:1 ratio with O2, is converted to MnSO4 and I2 is released into the solution. The ratio of the MnSO4 and I2 is 2:1,
which is the same ratio as manganic sulfate and oxygen. From this point, the I2 represents the O2 in our sample, and
we obtain the DO reading from the I2. The manganese is the connecting factor, in that the Mn(OH)2 will not form
Mn(OH)3 without the presence of O2 in the water. Ultimately, we trace Mn up to the point that I2 is released, and
then use titration to determine the level of I2.
My Experience with the Winkler Method

I executed two Winkler tests on samples taken from site #1499 in July and September of 2017. For my first
test in July, I was unable to obtain a reading, as the solution does not appear to have reacted with the sulfuric acid,
and the manganic hydroxide precipitate remained in the solution. Although I attempted to move forward with that
test, I was not able to obtain the clear solution needed at the endpoint. The second test that I executed, using the

same chemicals from the same test kit, worked perfectly, and I obtained a DO reading of 7.8 ppm, which is
excellent.
Serendipitously, just prior to sitting down to write this paper, I received my lab results back for both
sampling events (These can be viewed online by going to http://kgs.uky.edu/wwky/main.htm and searching for site
1499). The E. coli levels for the sample in July were considered very high, at 2419.2 MPN/100 mL, whereas E. coli
levels for the September sample were low, at 35 MPN/100 mL.
Escherichia coli are heterotrophic facultative anaerobes, which means they can respire both aerobically
(using oxygen for cellular respiration and to generate ATP) and anaerobically (generating ATP without oxygen).8,9
This means they prefer oxygen when it’s available, but can survive without it.8,9 Why didn’t I get a good reading in
July? It’s reasonable to assume that the oxygen levels were low due to the high E. coli count in the water, but is this
the cause of why my test failed? Since some manganic hydroxide formed, shouldn’t I have received a reading, but
with low oxygen? This remains a mystery, and at this juncture it may be assumed that there was some other kind of
chemical interference that took place in the first test, which may or may not be related to the astronomical levels of
bacteria in the water.
While writing this paper, I marveled at the ingenuity of this method, and how much careful thought Mr.
Winkler must have put into creating it in the late 1800s. Learning about this method underscored for me the
importance of understanding chemistry in order to better understand our world, and in turn, be better stewards of it.
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