Lecture No.4 Environmental Chemistry (E 210) Prof. Dr. Makia M. Al-Hejuje
Hydrosphere

Water and the Hydrosphere

Water, with a simple chemical formula of H,0, is a vitally important substance in all parts of
the environment. Water covers about 70% of Earth’s surface. It occurs in all spheres of the
environment—in the oceans as a vast reservoir of saltwater, on land as surface water in lakes
and rivers, underground as groundwater, in the atmosphere as water vapor , in the polar
icecaps as solid ice .

Energy and matter are carried through various spheres of the environment by water .Water
leaches soluble constituents from mineral matter and carries them to the ocean or leaves
them as mineral deposits some distance from their sources.

Aquatic Life

The living organisms (biota) in an aquatic ecosystem may be classified as either autotrophic
or heterotrophic. Autotrophic organisms utilize solar or chemical energy to fix elements from
simple, nonliving inorganic material into complex life molecules that compose living
organisms . Algae are the most important autotrophic aquatic organisms because they are
producers that utilize solar energy to generate biomass from CO, and other simple inorganic
species.

Heterotrophic organisms utilize the organic substances produced by autotrophic organisms
as energy sources and as the raw materials for the synthesis of their own biomass.
Decomposers (or reducers) are a subclass of the heterotrophic organisms and consist of
chiefly bacteria and fungi , which ultimately break down material of biological origin to the
simple compounds originally fixed by the autotrophic organisms.

The ability of a body of water to produce living material is known as its productivity.
Productivity results from a combination of physical and chemical factors. High productivity
requires an adequate supply of carbon (CO,) , nitrogen (nitrate) , phosphorus
(orthophosphate) , and trace elements such as iron.

Water of low productivity generally is desirable for water supply or for swimming.
Relatively high productivity is required for the support of fish and to serve as the basis of the
food chain in an aquatic ecosystem. Excessive productivity results in decay of the biomass
produced, consumption of dissolved oxygen , and odor production , a condition called
eutrophication .

The Characteristic of bodies of water :

The physical condition of a body of water strongly influences the chemical and biological
processes that occur in water. Surface water occurs primarily in streams, lakes, and
reservoirs. Wetlands are flooded areas in which the water is shallow enough to enable
growth of bottom-rooted plants. Estuaries are arms of the ocean into which streams flow.
The mixing of fresh and salt water gives estuaries unique chemical and biological properties.
Estuaries are the breeding grounds of much marine life, which makes their preservation very
important .Water’s unique temperature-density relationship results in the formation of



distinct layers within non flowing bodies of water, as shown in Figure 1 .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. 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. In the hypolimnion, bacterial action on biodegradable
organic material may cause the water to become anaerobic (lacking dissolved oxygen). As a
consequence, chemical species in a relatively reduced form tend to predominate in the
hypolimnion.
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Fig.(1) ; Stratification of a lake .

The layer between epilimnion and hypolimnion, is called the thermocline. During the
autumn, when the epilimnion cools, a point is reached at which the temperatures of the
epilimnion and hypolimnion are equal. This disappearance of thermal stratification causes
the entire body of water to behave as a hydrological unit, and the resultant mixing is known
as overturn. An overturn also generally occurs in the spring. During the overturn, the
chemical and physical characteristics of the body of water become much more uniform, and
a number of chemical, physical, and biological changes may result. Biological activity may
increase from the mixing of nutrients. Changes in water composition during overturn may
cause disruption in water-treatment processes.



Gases in water

Dissolved gases—O, for fish and CO, for photosynthetic algae—are crucial to the welfare of
living species in water. Some gases in water can also cause problems, such as the death of
fish from bubbles of nitrogen formed in the blood caused by exposure to water
supersaturated with No.
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Fig.(2) :Major aquatic environment processes .
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Oxygen in Water

Without an appreciable level of dissolved oxygen, many kinds of aquatic organisms cannot
exist in water. Dissolved oxygen is consumed by the degradation of organic matter in water.
Many fish kills are caused not from the direct toxicity of pollutants but from a deficiency of
oxygen because of its consumption in the biodegradation of pollutants.

Most elemental oxygen comes from the atmosphere, which is 20.95% oxygen by volume of
dry air. Therefore, the ability of a body of water to re-oxygenate itself by contact with the
atmosphere is an important characteristic. Oxygen is produced by the photosynthetic action
of algae, but this process is really not an efficient means of oxygenating water because some
of the oxygen formed by photosynthesis during the daylight hours is lost at night when the
algae consume oxygen as part of their metabolic processes. When the algae die, the
degradation of their biomass also consumes oxygen. The solubility of oxygen in water
depends upon water temperature, the partial pressure of oxygen in the atmosphere, and the
salt content of the water.



If organic matter of biological origin is represented by the formula {CH,0}, the
consumption of oxygen in water by the degradation of organic matter may be expressed by
the following biochemical reaction:

{CHZO} + 02 —> C02 + Hzo

The temperature effect on the solubility of gases in water is especially important in the case
of oxygen . The solubility of oxygen in water decreases from 14.74 mg/l at 0°C to 7.03 mg/I
at 35°C. At higher temperatures, the decreased solubility of oxygen, combined with the
increased respiration rate of aquatic organisms, frequently causes a condition in which a
higher demand for oxygen accompanied by lower solubility of the gas in water results in
severe oxygen depletion.

Dissolved oxygen (DO) frequently is the key substance in determining the extent and kinds
of life in a body of water. Oxygen deficiency is fatal to many aquatic animals such as fish.
The presence of oxygen can be equally fatal to many kinds of anaerobic bacteria.
Biochemical oxygen demand, BOD refers to the amount of oxygen utilized when the
organic matter in a given volume of water is degraded biologically. Carbon dioxide is
produced by respiratory processes in water and sediments and can also enter water from the
atmosphere. Carbon dioxide is required for the photosynthetic production of biomass by
algae and in some cases is a limiting factor. High levels of carbon dioxide produced by the
degradation of organic matter in water can cause excessive algal growth and productivity.

Water acidity and carbon dioxide in water

Acid-base phenomena in water involve loss and acceptance of H* ion . Many species act as
acids in water by releasing H" ion, others act as bases by accepting H*, and the water
molecule itself does both . An important species in the acid-base chemistry of water is
bicarbonate ion, HCOj3', which may act as either an acid or abase:

HCOy «—— COy” + H’
HCO; + H «— CO,(aqg) + H,0O

Acidity as applied to natural water and wastewater is the capacity of the water to neutralize
OH' ; it is analogous to alkalinity, the capacity to neutralize H*. Acidity generally results
from the presence of weak acids, particularly CO,, but sometimes includes others such as
H,PO,, H,S, proteins, and fatty acids. Acidic metal ions, particularly Fe**, may also
contribute to acidity. From the pollution standpoint, strong acids are the most important
contributors to acidity.



Carbon Dioxide in Water

The most important weak acid in water is carbon dioxide, CO,. Because of the presence of
carbon dioxide in air and its production from microbial decay of organic matter, dissolved
CO, is present in virtually all natural waters and wastewaters. Rainfall from even an
absolutely unpolluted atmosphere is slightly acidic due to the presence of dissolved CO..
Carbon dioxide, and its ionization products, bicarbonate ion (HCO3') , and carbonate ion
(CO5%) have an extremely important influence upon the chemistry of water. Many minerals
are deposited as salts of the carbonate ion. Algae in water utilize dissolved CO, in the
synthesis of biomass. The equilibrium of dissolved CO, with gaseous carbon dioxide in the
atmosphere,

COy(water) «— CO,(atmosphere)

and equilibrium of CO5* ion between aquatic solution and solid carbonate minerals,

MCOj4(slightly soluble carbonate salt) «—— M," + CO5*

have a strong buffering effect upon the pH of water . Carbon dioxide is only about 0.037%
by volume of normal dry air. As a consequence of the low level of atmospheric CO,, water
totally lacking in alkalinity (capacity to neutralize H™) in equilibrium with the atmosphere
contains only a very low level of carbon dioxide. However, the formation of HCO; and
CO5* greatly increases the solubility of carbon dioxide. High concentrations of free carbon
dioxide in water may adversely affect respiration and gas exchange of aquatic animals. It
may even cause death and should not exceed levels of 25 mg/l in water.

A large share of the carbon dioxide found in water is a product of the breakdown of organic
matter by bacteria. Even algae, which utilize CO, in photosynthesis, produce it through their
metabolic processes in the absence of light. As water seeps through layers of decaying
organic matter while infiltrating the ground, it may dissolve a great deal of CO, produced by
the respiration of organisms in the soil.

Later, as water goes through limestone formations, it dissolves calcium carbonate because of
the presence of the dissolved CO,:

CaCOs(s) + CO,(aq) + H,0 «—> Ca™* + 2HCO;

This process is the one by which limestone caves are formed . The concentration of gaseous
CO; in the atmosphere varies with location and season.

Although CO, in water is often represented as H,COg, the equilibrium constant for the
reaction
COy(aqg) + H,O «— H,COs

The predominant species formed by CO, dissolved in water depends upon pH . This is best
shown by a distribution of species diagram with pH as a master variable as illustrated in
Figure 3.



The CO,- HCO3; -CO3; system in water may be described by the equations,

CO, + H,0 <> HCO3 +H'
HCO; «<— CO3” +H’
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Fig(3): Distribution of species diagram for the CO,—HCO5;—CO4” system in water.

Alkalinity

The capacity of water to accept H+ ions (protons) is called alkalinity. Alkalinity is important
in water treatment and in the chemistry and biology of natural waters. Frequently, the
alkalinity of water must be known to calculate the quantities of chemicals to be added in
treating the water. Highly alkaline water often has a high pH and generally contains elevated
levels of dissolved solids. These characteristics may be detrimental for water to be used in
boilers, food processing, and municipal water systems.

AlKkalinity serves as a pH buffer and reservoir for inorganic carbon, thus helping to determine
the ability of a water to support algal growth and other aquatic life, so it can be used as a
measure of water fertility. Generally, the basic species responsible for alkalinity in water are
bicarbonate ion, carbonate ion, and hydroxide ion:

HCO; + H" — CO, + H,0
CO5% + H" — HCO;
OH +H' = H,0

Other, usually minor, contributors to alkalinity are ammonia and the conjugate bases of
phosphoric, silicic, boric, and organic acids.



General Questions:

Q1: Relate aquatic life to aquatic chemistry. In so doing, consider the following: autotrophic
organisms, producers, heterotrophic organisms, decomposers, eutrophication, dissolved
oxygen, biochemical oxygen demand.

Q2: Discuss how thermal stratification of a body of water may affect its chemistry.

Q3: Draw the distribution of species diagram for the CO,~HCO3—CO5> system in water.

Q4:What is the basic species responsible for alkalinity in water , answer with chemical
equations .

Q5: Write short assay about the relationship between carbon dioxide and the water acidity.



