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ENVIRONMENTAL CHEMISTRY OF WATER

« Aquatic Chemistry
 Metal lons and Calcium in Water

» Oxidation-Reduction - Complexation and Chelation and Water
Interactions with Other Phases
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Important Properties of Water

Property

Effects and Significance

Excellent solvent

Highest dielectric constant
of any commeon liqud

Higher surface tension than
any other liquid

Transparent to visible and
longer-wavelength frac-
tion of ultraviolet light

Maximum density as a
liquid at 4°C

Higher heat of evaporation
than any other material

Higher latent heat of fusion
than anv other liguad
except ammonia

Higher heat capacity than
any other liquid except
ammonia

Transport of nutnients and waste products, making
biological processes possible 1n an aqueous medium

High solubility of i1omic substances and their iomiza-
tion 1n solution

Controlling factor in physiology; governs drop and
surface phenomena

Colorless, allowing light required for photosynthesis
to reach considerable depths i bodies of water

Ice floats: vertical circulation restricted in stratified
bodies of water

Determines transfer of heat and water molecules
between the atmosphere and bodies of water

Temperature stabilized at the freezing point of water

Stabilization of temperatures of orgamisms and geo-
graphical regions




THE PROPERTIES OF WATER, A UNIQUE SUBSTANCE 84049 8ale ¢sloJl o bas

Water has a number of unique properties that are essential to life and that determine its
environmental chemical behavior.

Many of these properties are due to water’s polar molecular structure and its ability to form
hydrogen bonds.
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SOURCES AND USES OF WATER: THE HYDROLOGIC CYCLE

« The world’s water supply is found in the five parts of the hydrologic cycle.

« About 97% of Earth’s water is found in the oceans.

« Another fraction is present as water vapor in the atmosphere (clouds).

« Some water is contained in the solid state as ice and snow in snowpacks, glaciers, and
the polar ice caps.

« Surface water is found in lakes, streams, and reservoirs. Groundwater is located in
aquifers

« underground.

« There is a strong connection between the hydrosphere, where water is found, and the
lithosphere, or land; human activities affect both.
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The water that humans use is primarily fresh surface water and groundwater, the sources of
which may differ from each other significantly.
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THE CHARACTERISTICS OF BODIES OF WATER ) calada il U"-’L"";

The physical condition of a body of water strongly influences the chemical and biological
processes that occur in water.

Surface water is found primarily in streams, lakes, and reservoirs.

Wetlands are productive flooded areas in which the water is shallow enough to enable
growth of bottom-rooted plants.

Estuaries constitute another type of body of water, consisting of arms of the ocean into

which streams flow. The mixing of fresh and salt water gives estuaries unique chemical and
biological properties.
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THE CHARACTERISTICS OF BODIES OF WATER ) calada il U"-’L"";

Estuaries are the breeding grounds of much marine life, which makes their preservation very
important.

Water’s temperature-density relationship results in the formation of distinct layers within
nonflowing bodies of water. During the summer a surface layer (epilimnion) is heated by
solar radiation and, because of its lower density, floats upon the bottom layer, or
hypolimnion.

This phenomenon is called thermal stratification. When an appreciable temperature
difference exists between the two layers, they do not mix, but behave independently and
have very different chemical and biological properties.

Area¥I AL 0] lgde Blasd! Jazm bos cdoyoed! SUSEIN cpo dovall Blo go Hg¥l Oiluas dad

dledl Oiloebauall 515 Braie i (95T J) i3S slall Bly> domyd o A8l (355
counadidl gladil Jady (Whadl Adddall) duselawd! Aidall oseud cimall Jsad SIS BuSI)I
(! didglall) ddaudl didall G99 gilal ¢lgiOLS’ (olasel g

o Byl Ay § Bgoehe B8 I 095 Lauks L6yl sl Byallall 008 C3yas
dxzr 9l 909 4l ailas- lagly Jiiune S O Aaiy b cOlzilen Y Logdld coidalall

g=q oo * o



The epilimnion, which is exposed to light, may have a heavy growth of algae.

As a result of exposure to the atmosphere and (during daylight hours) because of the
photosynthetic activity of algae, the epilimnion contains relatively higher levels of dissolved
oxygen and generally is aerobic.

Because of the presence of O,, oxidized species predominate in the epilimnion.

In the hypolimnion, consumption of O, by bacterial action on biodegradable organic material
may cause the water to become anaerobic. As a consequence, chemical species in a
relatively reduced form tend to predominate in the hypolimnion,
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The chemistry and biology of the Earth’s vast oceans are unique because of the ocean’s
high salt content, great depth, and other factors. Oceanographic chemistry is a discipline in
its own right.

The environmental problems of the oceans have increased greatly in recent years because

of ocean dumping of pollutants, oil spills, and increased utilization of natural resources from
the oceans.
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Stratification of a lake B pal) s o a8

Photosynthesis

Epilimnion

Relatively high dissolved, O,, chemical species in oxidized forms

Thermocline

Hypolimnion Relatively low dissolved O, chem-
' ical species in reduced forms

Exchange of chemical
species with sediments
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Aquatic Chemistry:
Many aquatic chemical processes are influenced by the action of algae and bacteria in water.

Algal photosynthesis fixes inorganic carbon from HCOj ion in the form of biomass
(represented as {CH,0}), in a process that also produces carbonate ion, CO;%.

Carbonate undergoes an acid-base reaction to produce OH- ion and raise the pH, or it reacts
with Ca?* ion to precipitate solid CaCOs,.

Most of the many oxidation-reduction reactions that occur in water are mediated (catalyzed) by
bacteria. For example, bacteria convert inorganic nitrogen largely to ammonium ion, NH,*, in
the oxygen-deficient (anaerobic) lower layers of a body of water.
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Aquatic Chemistry: 1dled! £ buosSV!

Near the surface, where O, is available, bacteria convert inorganic nitrogen to nitrate ion, NO;".

Metals in water may be bound to organic chelating agents, such as pollutant nitrilotriacetic
acid (NTA) or naturally occurring fulvic acids.

Gases are exchanged with the atmosphere, and various solutes are exchanged between
water and sediments in bodies of water.
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Several important characteristics of unpolluted water should be noted.

One of these is gas solubility. Since it is required to support aquatic life and maintain water
guality, oxygen is the most important dissolved gas in water.

Dissolved Oxygen (DO): Water in equilibrium with air at 25°C contains 8.3 milligrams per liter
(mg/L) of dissolved O,,.

« DO is the measurement of oxygen dissolved in water and available for fish and other aquatic
life.

« Indicates health of an aquatic system. Can range from 0-18 ppm.

« Most natural water systems require 5-6 ppm to support a diverse population.

« Varies with time of day, weather, temperature
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This Figure summarizes important aspects of aquatic chemistry applied to environmental
chemistry. slauS e dinaodl LSLa)) slasSl (o doge ilg JSadN 1 asls

As shown in this figure, a number of chemical phenomena occur in water. Many.&guhtic
chemical processes are influenced by the action of algae and bacteria in water.
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Gas exchange with the atmosphere
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co, % chelatio, {CH,0} + O,(g) + CO;

- . Eﬂ;-+ Hzﬂ AC]d'hHEE-‘HEU; + OH

= -Cd** PR

c Ca* + co? Lrecipitation, c,co (s)

ki 2. . Microbial

'!; 2(CH,0} + SO, + 2H* —_———*

= H,S(g) + ZH,0 + 2C0,(g)

NH} Leaching Uptake




Alkalinity: Alkalinity refers to the capability of water to neutralize acid.
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Buffering capacity — resistance to pH changes.

Common natural buffer: CO; (carbonates — like limestone). (ST 9ydgl!
Protects aquatic life. Jie) ©lg2ySJI rdaSladl duaplall w}d: :ﬁﬁ:‘
Commonly linked to water hardness. Al Bl oo
In natural systems: 50 — 150 mg/L as CaCOs. sl s Bole dady3
Effects of pH on Various Buffers CaCO, U/ piko 150-50 :édumndall dalasYI 3

Mixture of an acid (or base) and its conjugate base (or acid)
chemical equilibrium:

CO, + H,0 « H,CO,

H,CO; « HCO; + H*

HCO, « CO.% + H*

CO, + H,0 < H,CO; <> HCO, + H* <> CO2 + 2 H*



OH- is a strong base.

HCO; is a weak acid

more OH- than HCOg, it completely neutralizes it and just have OH-

more HCO5 than OH-, then it partially neutralizes it and detect only HCO4

« Water with low alkalinity are very susceptible to changes in pH.
« Water with high alkalinity are able to resist major shifts in pH.

« As increasing amounts of acid are added to a water body, the pH of the water decreases,
and the buffering capacity of the water is consumed.
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Acidity as applied to natural water systems is the capacity of the water to neutralize OH-

Acidity generally results from the presence of weak acids such as H,PO,, O,, H,S, proteins,
fatty acids, and acidic metal ions, particularly Fe3*,

Al(H,0) 3* + H,0O > Al(H,0)s0H2" + H,0*
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