AP Biology Lab 12
Dissolved Oxygen |

& Primary Productivity
Lab Activity |
Student Study Guide

BACKGROUND

Oxygen, found in both aquatic and terrestrial environments, is neces-
sary to the metabolic processes of virtually all life forms. Dissolved
oxygen, therefore, is an important indicator of water quality.

Aquatic and terrestrial environments do not have the same ability to
hold oxygen. If an equal volume of air and very cold water were com-
pared, it would be found that the air contained over 95% more oxy-
gen than the water. In addition, water’s ability to hold dissolved oxy-
gen rapidly decreases as the temperature of the water increases. Be-
cause water does not hold oxygen as efficiently as air, respiration and
organic degradation easily deplete its dissolved oxygen concentra-
tion. The only way to avoid complete anoxia is for oxygen to be re-
plenished from the atmosphere and from the biological activity in the

Eutrophic: aquatic environment.

“well nourished”, an environ-

ment where high nutrient Untreated emissions from sewage treatment plants are often respon-

concentrations lead to high sible for oxygen depletion. The organic composition of this waste re-

plant growth. quires a great deal of oxygen as it decomposes; areas near municipal
treatment facilities are often monitored for their dissolved oxygen

Oligotrophic: content because of this.

An environment where low

nutrient concentration leads Other factors also affect the dissolved oxygen content of a body

to low plant growth. of water:

Temperature: As the temperature of the water increases, the concen-
tration of the dissolved oxygen decreases. As a result, there is a sea-
sonal fluctuation in dissolved oxygen concentration in a body
of water.

Wind: Oxygen is mixed into the water as wind blows across the sur-
face. On windless nights, oxygen depletion can be so severe that it
can cause substantial fish kills.

Turbulence: As water runs its course in a stream or riverbed, oxygen
is mixed in at the water flow and is agitated by various obstructions
such as rocks, fallen trees, and waterfalls. A great deal of variation in
dissolved oxygen concentration can be observed through dissolved
oxygen measurements taken along a course of a stream or river.

. i : : © 2002 WARD’S Natural Science Establishment
Copymaster. Permission granted 1o make unlimited copres for use i any onc l % ‘
school building. For educational use only. Not for commereial use of resale, All Rights Reserved

250-7110



o

DID YOU KNOW?
The most productive systems,
in terms of primary produc-
tion, in the world are: open
oceans, tropical rainforests,
savannas, and tropical sea-
sonal forests.

o

DID YOU KNOW?
The primary production of
the world’s oceans has been
measured and mapped in
considerable detail using the
oxygen method.

Trophic State: The amount of nutrients, such as calcium or nitrates,
in the water determines how much life can be sustained in the aquatic
environment, which affects the amount of oxygen used or released in
the water. There are two classifications: eutrophic or oligotrophic. An
eutrophic body of water is one that has a fluctuating dissolved oxy-
gen content from varying amounts of activity of the life in the body of
water, and is always rich in nutrients. An oligotrophic body of water
is always rich in oxygen content but is poor in plant nutrients. The
oxygen content is constant because there isn’t much variation in life
activity that could cause serious depletion.

Although standards for dissolved oxygen vary, it has been found that
a concentration of dissolved oxygen less than 4 ppm (parts per mil-
lion) is stressful to most forms of aquatic life. The ideal range for an
adequate game fish population of bass, pike, or walleye, for example,
is about 8 to 15 ppm.

Primary Production

Energy accumulated by plants is termed production or, more specifi-
cally, primary production, since it is the first and basic form of energy
storage. All production in an ecosystem stems from the energy in or-
ganic substances that autotrophs, or primary producers, create from
inorganic raw materials. The flow of energy through a community
starts with the fixation of sunlight by plants (photosynthesis), which in
itself demands the expenditure of energy. All of the sun’s energy that is
assimilated, or the total photosynthesis that occurs, is termed gross pri-
mary production. Since plants, like other organisms, must overcome the
tendency of energy to disperse (entropy), free energy (available to do
work) must be expanded for production as well as for other biological
functions such as maintenance and reproduction. The energy required
for this is provided by a reverse of the photosynthetic process called
respiration. The energy remaining after respiration and stored as or-
ganic matter is termed net primary production, or plant growth.

Primary Production Measured by the Oxygen Method

Two bottles with a given concentration of phytoplankton are sus-
pended at the depth from which the samples were obtained. The
“dark” bottle is wrapped in electrical tape, aluminum foil, etc., to ex-
clude light; the “light” bottle is clear. A quantity of oxygen propor-
tional to the total organic matter fixed (gross production) is produced
by photosynthesis in the light bottle. At the same time, some of the
oxygen is being utilized in respiration. The amount of oxygen left is
proportional to the amount of fixed organic matter remaining after
respiration (net production). The quantity of oxygen in the light bot-
tle indicates the net photosynthesis, or net primary production.

In the dark bottle, oxygen is utilized but not produced. By determin-
ing the initial oxygen measurement taken from a control bottle, and
subtracting it from the amount left at the end of the run, usually 24
hours, allows you to determine the quantity of oxygen utilized
(respiration). The amount of oxygen in the light bottle added to the
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amount used in the dark bottle provides an estimate of total photo-
synthesis, or gross production.

Respiration = Initial Bottle — Dark Bottle

Net Primary Production = Light Bottle — Initial Bottle

Gross Production = (Light Bottle — Initial Bottle) + (Initial Bottle -
Dark Bottle)

This equation can be shortened to read:

Gross Production = Light Bottle — Dark Bottle

but without the Initial Bottle test neither Respiration or Net Primary
Production can be learned.

In a modified version of this method, the bottles can represent the |
whole aquatic ecosystem, with the light bottle representing the day- |
time and the dark bottle representing the night. The oxygen content i
of the water is measured every two to three hours over a 24-hour pe- |
riod, providing the rise and fall of oxygen during the day and night |
Limnologists are scientists that can be plotted on a diurnal curve.

who study water movements
(currents, waves, seiches),
light, heat, sedimentation
rates, and other physical phe-
nomena in lakes and other
inland waters.

Still another modification of the light and dark bottle method suited
for terrestrial communities involves measuring the amount of carbon
dioxide produced. A transparent plastic bag is placed over a sample.
Air is drawn through the enclosure and passed over carbon dioxide- |
absorbent materials. The same procedure is conducted with a dark |
plastic bag. The amount of carbon dioxide produced under the dark |
bag is a measure of respiration; under the transparent bag is the
quantity of carbon dioxide equivalent to the amount of photosynthe-

sis minus the amount of respiration. The two results added together
indicate gross production.

Conversion of Oxygen Data to Carbon

Limnologists prefer to express primary production in terms of carbon
fixed rather than oxygen evolved. Oxygen values, therefore, are often
converted to carbon. One method assumes that 1 mole of oxygen is
released for each mole of carbon dioxide that is fixed, as implied in
the simple photosynthetic formula. The molecular weights, 44 for car-
bon dioxide and 32 for oxygen, are used to convert oxygen evolved to
carbon dioxide consumed: 44/32 = 1.375.

A measure of oxygen production over time provides a means of cal-
culating the amount of carbon that has been found in organic com-
pounds over a period of time. For each milliliter of oxygen produced,
approximately 0.536 milligrams of carbon has been fixed.

Oxygen Cycle

Oxygen, free in the atmosphere and dissolved in water, is a byprod- |
uct of photosynthesis. Life-forms (microorganisms, plants, animals) |
use oxygen in respiration and return it to the air and water in the |
form of raw carbon dioxide. The carbon dioxide is utilized by various
microbes and green plants as an essential raw material for carbohy-
drate synthesis.
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DID YOU KNOW?
Every time you open a bottle
of soda pop, you see Henry’s
Law in action. In releasing the
pressure in the bottle, you
lower the solubility of CO,,
hence it comes out of solution
as bubbles.

Photosynthesis
Plants and microorganisms such as anaerobic phototrophic bacteria,
cyanobacteria, green protists, etc., sustain all life on earth by trans-

forming the energy of sunlight and carbon dioxide into food and
oxygen:

Visible light
12HO + 6CO» * CeH1206 + 602 + 6HLO
Chlorophyll

Dissolved Gases

Surface waters in contact with a mixture of gases and water vapor
absorb some of its components. There are five important gases dis-
solved in aquatic environments; all have biological and physiochemi-
cal functions, but they differ from one another in behavior and origin.
Nitrogen, oxygen, and carbon dioxide are especially important; nitro-
gen and oxygen are the most abundant constituents of the atmos-
phere, about 78% and 21% respectively, at sea level. Water vapor is
present in varying amounts up to 3% by volume.

Some oxygen goes into solution if the water is undersaturated. It is
about one-fourth as abundant in the air as nitrogen but is more than
twice as soluble. The amount of oxygen absorbed depends on tem-
perature, salinity, and pressure. Cold water absorbs more oxygen
than does warm water, salinity decreases solubility, and pressure in-
creases it.

Most gases obey Henry’s Law, which states that at a constant tem-
perature, the amount of gas absorbed by a given volume of liquid is
proportional to the pressure in atmospheres that the gas exerts. Car-
bon dioxide, however, may combine with various cations upon enter-
ing natural waters to become more abundant than the precepts of
Henry’s Law dictate. It is found both in free and combined states.
With the following formula, the amount of an atmospheric compo-
nent found dissolved in an aquatic environment can be predicted.

c=Kxp

¢ = Concentration of the gas that is absorbed
K = Solubility factor (differs from gas to gas)
p = Partial pressure of the gas

Effect of Altitude: With an increase in altitude to a more rarefied at-
mosphere, the value of p in the formula decreases. Therefore, solubil-
ity, expressed as the amount of gas dissolved at equilibrium with the
air, lessens.

Effect of Temperature: With p constant and temperature altered, the
solubility decreases as temperature rises. The inverse relationship
demonstrates that cold water can hold more gas in solution than
warm water.
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DID YOU KNOW?
Domestic sewage refers to
waste water containing impu-
rities from households. When
sewage enters a body of wa-
ter, microorganisms begin to
decompose the organic mate-
rial. Oxygen is consumed as
microorganisms use it in their
metabolism, which can
quickly deplete the available
oxygen in the water.

Effect of Salinity: The occurrence of various minerals in solution
lowers the solubility of the gas. The reduction of saturation values of
gases in seawater, when compared with distilled water, is approxi-
mately 20%. Seawater is about 35% salinity; converted to parts per
million or milligrams per liter, it is about 35,000. Inland waters are
“pure”, with 0% salinity in parts per thousand.

Relative Saturation: Gas saturation is quantified on the basis of equi-
librium at the boundary of the surface of the water and the atmos-
phere. Gas solubility is the ratio of its concentration in the solution to
its concentration above the solution.

Assaying Dissolved Oxygen in Aqueous Solutions

It is possible to determine the amount of oxygen in water with the
Winkler titrametric method. The procedure involves the addition of
alkaline iodide and manganous sulfate to a water sample. Man-
ganous hydroxide is produced and, upon acidification, is converted
to a manganese compound by the oxygen in the water sample. The
compound immediately reacts with the iodide to release iodine,
which colors the water a dark yellow. The quantity of free iodine is
equivalent to the amount of oxygen in the sample. The amount of io-
dine is quantified by titration with sodium thiosulfate until an end-
point is reached, signified by the sample losing its color. The Winkler
method’s precision range is 0.1 to 0.6%.

Steps in Winkler Method

1. Production of manganous hydroxide in the water sample to
which manganous sulfate is introduced when KOH plus KI
are added:

MnSO, + 2KOH = Mn(OH): + K350,

2. Oxidation of manganous hydroxide to manganic hydroxide by
the dissolved oxygen in the sample:

2Mn(OH); + Oy + 2H,O — 2Mn(OH),

3. Conversion of manganic hydroxide to manganic sulfate when
concentrated sulfuric acid is added:

2Mn(OH); + 4H:50, —* 2Mn(504): + 8H,O

4. Replacement of iodine in an iodide (KI) by sulfate, releasing
free iodine:

2Mn(OH), + 4KI —™ 2MnS0; + 2K;50; + 21,
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5. Titration of the iodine solution with sodium thiosulfate until all

free iodine combines into sodium iodide. Often, starch indicator

i is added to the sample to make it easier to see the titration end-

point. The endpoint is marked by the disappearance of the
purple color:

4Naz5:03 + 2I; — 2Nas5,0; + 4Nal

Procedure Notes

All steps involving sulfamic acid should be performed by
the instructor. Wear appropriate personal protection
equipment, including chemical splash goggles, face
shield, nitrile rubber gloves, and acid-resistant apron,
and perform the procedure under a ventilated fume hood
within a 15-second walking distance of an eyewash sta-
tion. Read the MSDS before performing this procedure.

o )

DID YOU KNOW?
Fish in waters containing ex-
cessive dissolved gases may
suffer from “gas bubble dis-
ease”. The bubbles block the
flow of blood through blood
vessels causing death.

e Do not leave water samples in open air for extended periods of
time; the dissolved oxygen concentration will approach 100%
saturation.

e Normally encountered levels of iron, copper, chromate, nitrite,
nitrate, sulfite, sulfide, chlorine, hypochlorite, hardness, salinity,
dissolved gases, acids, or alkalis will not interfere with the dis-
solved oxygen determination in fresh water, seawater, or munici-
pal wastewater.

¢ No correction is required for temperature, barometric pressure,
or salinity.

e Excessive alkalinity (pH more than 10), occurring in certain in-
dustrial wastes, can cause erroneous results. If you observe this,
have your instructor add 10% hydrochloric acid to the sample to
neutralize it, and repeat the test procedure.

e Excessive acidity will also cause erroneous results. If the pH of
the sample is less than 2, neutralize with 2% sodium hydroxide
solution and repeat the test procedure.

* Your instructor may have collected water samples for the class to
use, or you may have to collect your own samples. Collect sam-
ples carefully. Do not leave the sample in. open air or allow it to
become agitated; a change in gaseous content will develop. Col-
lect surface water samples in narrow-mouthed bottles with caps.
Avoid entraining or dissolving atmospheric oxygen. Use of a

ey
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DID YOU KNOW?

| The factors that limit primary .
productivity in an aquatic
system are usually some
combination of the availabil-

ity of nutrients, light, and/or

| grazing by zooplankton.

S e S o N

Kemmerer-type sampler for streams and ponds of moderate
depth is recommended. Bleed the sample from the bottom of the
sampler through a tube extending to the bottom of the sample
bottle. Fill the bottle to overflowing (overflow approximately 10
seconds) and prevent turbulence and formation of bubbles while
filling.

Samples should be analyzed for dissolved oxygen immediately after
sampling. Samples may be stored for a few hours after manganous
sulfate solution, alkali-iodide solution, and H>SO, are added and the
samples mixed. Keep samples out of strong sunlight.
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