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Fundamental 
of 

Environmental Engineering

Chapter 2: Fundamental 
Biological Principles

Biology
Defined as the scientific study of life and living 
things, often taken to include their origin, 
diversity, structure, activities, and distribution.

The ways that organisms are affected by and 
have an effect on the environment including:
- Effects on humans
- Impacts on the environment
- Impacts by humans
- Mediation of chemical transformations in the 
environment
- Application in the treatment of contaminated air, 
water, and soil
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Ecology is the study of structure and function in nature: 
interactions between living things and their nonliving 
(abiotic) environment or habitat.

Prokaryotic and Eukaryotic Cells

Based on cell structure, living organisms can 
be divided into prokaryotes and eukaryotes.

Eukaryotic cells have membrane bound 
organelles; including the membrane-bound 
nucleus (nuclear membrane), mitochondria, and 
chloroplasts (in photosynthetic cells only). 

Prokaryotic cells usually have a quite simple 
internal structure, lacking membrane-bound 
organelles.
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Prokaryotes

Eukaryotes

Feeding Strategies:
- Absorption (uptake of dissolved nutrients).

- Photosynthesis (fixation of light energy in simple 
carbohydrates).

- Ingestion (intake of particulate nutrients).
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Five kingdoms:
- Monera (unicellular procaryoyes that obtain 
nutrients strictly by absorption).

- Protista (mostly unicellular eucaryotes that obtain 
food by absorption, photosynthesis, or ingestion).

- Fungi (mostly multicellular eucaryotes that obtain 
food by absorption).

- Plantae (multicellular eucaryotes that obtain food 
by photosynthesis).

- Animalia (multicellular eucaryotes that obtain food 
by ingestion).
“This system of classification is not without exceptions”
For example, cyanobacteria (blue-greeen algae)

More recently, a three-domain system has been 
proposed in an attempt to resolve this and other 
difficulties with the five-kingdom approach.
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Each kingdom or domain can be further 
subdivided into phyla, classes, orders, families, 
genera, and species.

A species is a group of individuals that possess 
a common gene pool and that can successfully 
interbreed.

Each species is assigned a scientific name 
(genus-species), in Latin, to avoid the confusion 
associated with common names.

The binomial system of nomenclature first 
developed by Linnaeus for plants and animals. 
The genus name is applied to a number of 
related organisms; each different type of 
organism within the genus has a species 
epithet. Genus and species names are always 
used together to describe a specific type of 
organism, whether it be a single cell or a group 
of such cells. For example, the bacterium 
Escherichia coli, or E. coli for short, has a genus 
name, Escherichia, and a species epithet, coli. 
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Ecosystem

Major Organism Groups
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Classification of Bacteria
Classification by physiology

Basic bacterial equation:
Energy source + electron acceptor + carbon 
source + bacteria oxidized and reduced 
products + more bacteria.
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Classification by metabolism :
Carbon source :     Inorganic (CO2)    Autotroph

Organic                Heterotroph

Energy source :     Chemical               Chemotroph
Light                     Phototroph

Electron donor :    Inorganic              Lithotroph
Organic Organotroph

Electron acceptor : Oxygen Aerobic
Nitrate              Denitrifyer
Sulfate              Sulfate reducer

CO2 Methanogen, 
Acetogen

Organic Cl Dehalogenator

Mixotroph – organisms that use either light or 
chemical energy sources

Facultative – organisms that can switch 
energy sources  or electron acceptors

Classification by adaptation to various environments

Oxygen presence            Obligate aerobes
Microaerophiles
Facultative anaerobes
Obligate anaerobes

Temperature Psychrophiles
Mesophiles
Thermophiles
Extreme thermophiles



9

pH Acidophiles
Salinity Halophiles
Pressure Barophiles

Classification by adaptation to various 
environments

Nutrition and Metabolism 

1. Microbial Nutrition
Carbon and Nitrogen

Many prokaryotes require an organic compound of 
some sort as their source of carbon. Bacteria use 
carbon compounds to make new cell material. On 
a dry weight basis, a typical cell is about 50% 
carbon and carbon is the major element in all 
classes of macromolecules.
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After  carbon, the next most abundant element in 
the cell is nitrogen. A typical bacterial cell is about 
12% nitrogen (by dry weight). Nitrogen can be found 
in nature in both inorganic and organic forms. 
However, the bulk of available nitrogen in nature is 
in inorganic form, either as ammonia, nitrate, or N2.

Other Macronutrients: P, S, K, Mg, Ca, Na, Fe



11

Micronutrients (Trace elements)

A simplified view of cell metabolism.
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2. Metabolism

This term is used to refer to all the chemical processes 
taking place within a cell.

Anabolism is the process by which a cell is built up 
from the simple nutrients obtained from its 
environment. Because anabolism results in the 
biochemical synthesis of new cell material, it is also 
called biosynthesis.

Biosynthesis is an energy-requiring process, and 
each cell must thus have a means of obtaining energy. 
Cells also need energy for other functions, such as 
transport and motility. 

Catabolism is the process by which chemicals are 
broken down and energy released. Catabolism, 
biochemical reactions leading to the production of 
usable energy (usually ATP) by the cell. 

3. Energetics
Energy is defined as the ability to do work. Chemical 
energy is the energy released when organic or 
inorganic compounds are oxidized. 

A kilocalorie is defined as the quantity of heat 
energy necessary to raise the temperature of 1 kg 
of water 1 oC.

In microbiology, free energy (G) is defined as the 
energy released that is available to do useful work.
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ΔGo is the free energy value obtained under standard 
conditions: pH 7, 25 oC, all reactants and products 
initially at 1 M concentration. 

If the ΔGo is negative, the reaction will proceed with 
the release of free energy, energy that the cell can 
conserve in the form of ATP. Such energy-yielding 
reactions are called exergonic. However, if ΔGo is 
positive, the reaction requires energy in order to 
proceed, such reactions are called endergonic.
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High Energy Compounds and Energy Conservation

Energy released as a result of oxidation-reduction 
reactions must be conserved for cell functions. In 
living organisms, chemical energy released in redox
reaction is usually conserved in the form of high 
energy phosphate bonds. These compounds then 
function as the energy source to drive energy-
requiring reactions in the cell. 

In phosphorylated compounds, phosphate groups 
are attached via oxygen atoms by ester or anhydride 
bonds.

High Energy Phosphate Groups

-13.8Glucose-6-phosphate
-14.2AMP

Low energy
-31.8ADP
-31.8ATP
-44.8Acetyl phosphate
-52.01,3-Bisphosphoglycerate
-51.6Phosphoenolpyruvate

High energy
Go’ kJ/molCompound
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Adenosine Triphosphate (ATP)
The most important high energy phosphate 
compound in living organisms is ATP. ATP consists 
of the ribonucleoside adenosine, to which three 
phosphate molecules are bonded in series. ATP 
serve as the prime energy carrier in living 
organisms, being generated during exergonic
reactions and being used to drive endergonic
reactions.

iPADPOHATP +→+ 2 ΔGo = -7.3 kcal/mol



16



17



18


