Aquatic Microbiology and Ecology

Introduction

1. A feature of most natural water is that they contain a wide variety of micro-organisms forming a balanced ecological system.

2. The type and numbers of the various groups of micro-organisms present are related to water quality and other environmental factors.

3. In the treatment of organic wastewater, micro-organisms play an important role and most of the species found in wastewater are harmless to man.

4. A number of micro-organisms are responsible for a variety of diseases and their present in water poses a health problem.

5. It is therefore necessary to develop an understanding of the basic principle of microbiology and thus gain an appreciation of the role of micro-organisms in water quality control.

Types of Metabolism

A basic classification can be made in relation to whether or not an organism requires an external source of organic matter.

Autotrophic Organisms - are capable of synthesizing their organic requirements from inorganic matter and can thus grow independently of external organic.

1. Photosynthesis – many plants can utilize inorganic carbon and ultraviolet radiation to produce organic matter and oxygen

     light

6 CO2 + 6 H2O 
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2. Chemosynthesis – chemical energy of inorganic compounds is utilized to provide the energy for synthesis of organic. 

2 NH3 + 3 O2 
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 2 HNO2 + 2 H2O + energy

Heterotrophic Organisms – require an external source of organic matter and are of three main types.

1. Saprophobes which obtain soluble organic matter directly from the surrounding environment or by extra-cellular digestion of insoluble compounds. Food requirements can range from a simple organic compound to a number of complex carbon and nitrogen compounds together with additional growth factors.

2. Phagotrophes, some time term holozoic forms, can utilize solid organic particles.

3. Paratrophes obtain organic matter from the tissues of other living organisms and are thus parasitic.

Organisms differ from their requirements for oxygen,
Aerobes require the presence of free oxygen, 

Anaerobes exist in the absence of free oxygen,

Facultative forms have a preference for one form of oxygen environment but can live in the other environment if necessary.

In terms of temperature requirements, 


Psychrophilic, which live at temperature close to 0 oC,

Mesophilic, by far the most common, living within 15-40 oC,

Termophilic, living within the range 50-70 oC,

Some other organisms will be found growing actively at any temperature between (0-70) oC.

Types of Microorganism

By definition, microorganisms are those organisms too small to be seen by the naked eye and there are large numbers of aquatic organisms in this category.

1. Procaryotes – small ( < 5 m ) simple cell structures with rudimentary nucleus and one chromosome. Reproduction is normally by binary fission, e.g., bacteria, actinomycetes, and blue green algae.

2. Eucaryotes – larger ( > 20 m ) cells with a more complex structure and containing many chromosomes. Reproduction may be asexual or sexual and quite complex life cycle may be found, e.g., fungi, most algae and protozoa.

3. Viruses – simplest form of organism.

Viruses

· The simplest form of organism ranging in size from about 0.01 to 0.3 m

· Consist essentially of nucleic acid and protein

· Parasitic which cannot grow outside another living organism

· Sewage effluents normally contain significant numbers of viruses

· Disinfection processes will usually inactivate viruses.

Bacteria

· The basic unit of plant life

· Single-cell organisms which utilize soluble food

· Operate either as autotrophes or as heterotrophes

· They range in size from 0.5 to 5 m

· Reproduction by binary fission

· Generation time may be as short as 20 minutes

· Some bacteria can form resistant spores in unsuitable environment conditions but can be reactivated on the return of suitable conditions

· Prefer at more or less neutral pH

· Play a vital role in the natural stabilization processes

· Widely utilized for the treatment of organic wastewater.
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Fungi

· Aerobic multi-cellular plants

· More tolerant to acid conditions and drier environment

· Protein content is somewhat lower than the bacteria

· Their nitrogen requirement is less

· Capable of degrading highly complex organic compounds

· Some are pathogenic in man

· Present in polluted water and biological treatment plants, particularly in conditions with high C:N ratios

· Responsible for tastes and odors in water supplies.

[image: image1.wmf]®


Actinomycetes

· Similar to fungi in appearance with a filamentous structure

· Cell size close to bacteria

· Present in soil and water

· Nearly all aerobic

· Responsible for taste and odor problem in water

Algae

· All photosynthetic plants

· Mostly multi-cellular, although some types are unicellular

· As a producers of organic matter in an aquatic environment

· Inorganic compounds, e.g., CO2, ammonia, nitrate and phosphate provide the food source to synthesize new algae cells and to produce oxygen

· In the absence of sun light, algae operate on a chemo-synthetic basis and consume oxygen

· May be green, blue-green, brawn or yellow

· As single cells, may be motile with the aid of flagella, non motile, or as multi-cellular filamentous forms

· Algae and bacteria do not compete for food but have a symbiotic relationship, in which the algae utilize the end products of bacterial decomposition of organic matter and produce oxygen to maintain an aerobic system

· In the absence of organic input, algae growth depends upon the mineral content of the water, e.g., CO2 from bicarbonates
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Protozoa

· Unicellular organisms 10-100 m in length

· Reproduce by binary fission

· Most are aerobic heterotrophes 

· Often utilize bacterial cells as their main food source

· Cannot synthesize all the necessary growth factors and rely on the bacteria to provide these items

· Some time play an important role in biological waste treatment processes

· Four types of protozoa, i.e., sarcodina, mastigophora, ciliata, and sporozoa.
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Higher Forms of Life

· More complex macro-organisms

· Many are visible to the naked aye

· These include rotifers and crustaceans

· These provide important food supplies for fish

· Sensitive to many pollutant and to low DO levels

Nomenclature

Example:

1. Salmonella paratyphi, a member of the Salmonella genus – the bacteria specifically responsible for paratyphoid

2. Entamoeba histolytica, the amoebic protozoan responsible for amoebic dysentry

3. Phytoplankton, drifting aquatic micro-organism of plant origin

4. Zooplankton, drifting aquatic micro-organism of animal origin

5. Nekton, are free swimming groups

6. Neuston, are surface swimming types

7. Benthos, are bottom-living groups.

Microbiological Examination

1. Optical microscope has a maximum magnification of about 1000 x with a limit of resolution of about 0.2 m

2. Electron microscope has a magnification of around 50.000 times with a limit of resolution of about 0.01 nm

3. A plat count using nutrient agar medium

4. Special membrane filter papers with a pore size such that bacteria can be separated from suspension. The bacteria retained on paper then placed in contact with an absorbent pad containing appropriate nutrient medium and incubated.

Ecological Principles

1. In all communities of living organisms the various form of life are interdependent to a greater or a lesser extent

2. The interdependence is essentially nutritional, exemplified by the cycle of organic productivity, and carbon and nitrogen cycles.

3. A biological community and environment in which it is found, form an ecosystem and the science of such system is known as ecology.

4. The autotrophes in an ecosystem, i.e., green plant and some bacteria, are term producers since they synthesize organic matter from inorganic constituents

5. Heterotrophic animals are known as consumers since they require ready-made organic food

6. Heterotrophic plants are termed decomposers since they break down the organic matter in dead plants and animals
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