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EFFECT OF MICRO-ORGANISMS IN COOLING WATER ECOSYSTEM

Anil S. Patel, J. B. Tiwari & Sateesh Gore, Electron Industries Ltd.

Water is nature’s most wonderful, most abundant and most useful compounds. Of the many essential elements for the existence of human beings, animals and plants, water is rated to be of the greatest importance. Without food human can survive number of days, but water is such an essential element that without it can not. It is essential that two third of the human body is constituted of water. 

Water is equally essential for the running of industries. Every industries need water for cooling purpose either small or big quantities. Examples of some huge consumptions are steel, rayon, paper, atomic energy, textiles, chemicals, ice etc. At present majority of recirculating cooling system draw make up water from municipal supplies or from wells, in which the numbers of microorganisms are small. Open systems, however, continuously take in dust and wind borne microbes, which gives a certain amount of nourishment, proliferate rapidly, leading to a number of undesirable effects that can interfere with efficient cooling. 

Nutritional Requirements:

Microorganisms composed of about 75% water, 10-15% Protein and two percent minerals, along with lesser amounts of other organic compounds including carbohydrates, lipids and nucleic acids. Two mechanisms are used by micro- organisms to obtain energy. First Aerobic respiration in which specific organic compounds are oxidized completely to carbon dioxide and water, with molecular oxygen serving as the electron receptor.

C5H11O5.CHO + 6O2 = 6 CO2 + 6 H2O

In anaerobic respiring micro-organisms sulphate, sulphite, thiosulphate accepts electron, and is reduced to hydrogen sulphide. There is third type of respiration, aerobic fermentation, used by cellulolytic bacteria to obtain energy from Cellulose. In this process a carbohydrate in the presence of oxygen is degraded in several different compounds of lower molecular weight instead of being oxidized completely to carbon-dioxide. An instance of the use of a single organic compounds for complete metabolism is the degradation of cellulose within the woo- den structural members of cooling towers by the fungus Poria negrescans.

Bacteria:

Bacteria is one of the important part of cooling water ecosystem and plays an important role during the control of various physico chemical and microbiological parameters. Some of the bacteria elaborate profuse gelatinuous capsules, which are sticky, and thus can accumulate mud and other debris into masses that clog screens
and impede circulation in heat exchangers. They also degrade cellulose, corrode steel, damage concrete basins and generate objectionable odours.

MICROORGANISMS IN AQUOUS COOLING WATER SYSTEM

BACTERIA

Genus

Type

Usual Order of Prevalence

Spore Forming

Gram Reaction

Undesirable Effects

Pseudomonas

Aerobic

1

No

-

Slime

Aerobacter

Aerobic

2

No

-

Slime

Flavobacterium

Aerobic

3

No

-

Slime

Desulfovibro

Sulphate Reducer

4

No

-

Pitting Odour

Bacillus

Anaerobic

5

Yes

+

Negligible

Clostridium

Sulphate Reducer

6

yes

+

Cellulolytic Odour

Sarcina

Anaerobic

7

No

+

Negligible

Escherichia

Enteric

8

No

-

Negligible

ALGAE

Division

Genus

Type

Usual Order of Prevalence

pH Range

Undesirable Effects

Blue Green

Oscillatoria

Filamentous

1

6.0-9.0

Slime

Green

Chlorella

Unicellular

2

4.5-9.3

Fouling

Green

Ulothrix

Filamentous

3

6.0-8.9

Coats Fill

Diatom

Melosira

Filamentous

4

6.0-8.9

Fouling

Diatom

Fragilaria

Filamentous

5

6.0-8.9

Fouling

Green

Scenedesmus

Unicellular

6

6.0-7.9

Negligible

Diatom

Navicula

Unicellular

7

6.0-7.9

Slime

Blue Green

Anacystis

Capsulated

8

6.0-7.9

Slime, Odour

Green

Chlorococcum

Unicellular

9

8.0-8.9

Slime

Formation of Slime:

Aerobacter produces a more extensive slime capsule than pseudomonas. In general the level and intensity of slime is not dependent on the type of micro-organisms, but the availability of the nutrients. Acetobacter xylinium produces slime layer of pure cellulose. This species is not very common in the cooling water. Most of the slime encountered in the cooling ecosystem are composed of polysaccharides.

The formation of voluminous capsules is associated in some bacteria with low temperature (4-20OC), but in most they form when environment is nutritionally deficient. A capsule may contain more than one bacterium, but on the average the volume of slime is about four time that of single bacterium. In addition to serving as a binding agent for accumulations of dirt, slime if unchecked can form sticky films on surfaces where heat is exchanged, plug screens and water tubes, and initiate under deposit corrosion.

Degradation of Cellulose:

Cellulolytic bacteria found in cooling water include Pseudomonas, Desulfovibrio, and less frequently, Bacillus and Clostridium. These bacteria are seldom implicated as the primary agents in the decay of wooden cooling towers, although they are frequently associated with wood rotting.

Corrosion and Odours: 

In cooling Systems electro-chemicals corrosion occurs most often in fould areas, and majority of instances is attributable to Desulphovibrio desulfuricans.

Starkey has postulated the following steps in the cathodic depolarization theory of anaerobic corrosion by Sulphate reducing bacteria:

8H2O = 8H+ + 8 OH
4 Fe + 8H+ = 4Fe ++ + 8H
SO4— + H2S = H2S + 2H2O +2OH-
Fe++ + H2S = FeS +2H+
3Fe++ +6OH = 3Fe(OH)2
4Fe + SO4— + 4H20 = FeS + 3Fe(OH) +2OH-

Class

Genus or Species

usual Order of Prevalence

Spore Forming

Desirable Effects

Basidomycetes

Poria Negriscans

1

Yes

White-rot

Basidomycetes

Peniophora Mollis

2

Yes

White-rot

Basidomycetes

Poria Montricola

3

Yes

Brown-rot

Basidomycetes

Polia Oleraceae

4

Yes

Brown-rot

Fungi Imperfecti

Bisporomyces

5

Yes

Soft-rot

Fungi Imperfecti

Phiolophora

6

Yes

Soft-rot

Fungi Imperfecti

Cytosporella

7

Yes

Soft-rot

Ascomycetes

Chaetomium

8

Yes

Soft-rot

Crenothrix, Leptothrix, and Gallionella, the so called iron bacteria, are frequently mentioned, but seldom seen in cooling systems. They oxidize ferrous to ferric ion, which then precipitates as the hydrous oxide mixed with mucilaginous secretion, producing a voluminous brown slime.

Algae:

Algae are often visible as green, felt like mats in internal sections of cooling towers that are wet and accessible to sunlight. These are less trouble making and controlled by microbiocides. Gene- rally four species found in cooling towers: Oscillatoria (30%), Chlorella (28%), Ulothrix (24%) and Scenedesmus (14%) Filamentous and Colonial algae coat splash packing and interior structural members of cooling towers, thus interfering with formation of drop- lets that is required for intimate contact between water and air. Algal growth also prevent the rain of water from wetting film packing and forming thin films. Both of these effect decrease the rate of heat rejection in an evaporating cooling water ecosystems.

Fungi:

Cellulolytic fungi attack fibers of cellulose in wooden cooling towers, and if allowed to grow unchecked, can virtually destroy the structure. Wood is approximately 50% cellulose and hemicellulose, with about 30% lignin, which serves as a binder and matrix for fibres of cellulose.

Fungi imperfecti are usually the cause of soft-rot but a few genera of the Ascomycetes class have also been isolated on occasion from redwood cooling towers. In wood that is continuously red fungal hyphae ramify through cell cavities, penetrating fibers and cell transversely.

Four Species of Basidiomycetes are the most prevalent cellulolytic fungi in cooling towers, all of which produces an insidious internal decay, or pocket rot. Brown rot is caused by Poria monticola and poria oleaceae.

