
A
 
Air/gas injection, 133
 
Algae, 24, 35
 
Adhesion of microorganisms, 46-9
 

interacting forces, 49-55
 
quality of surface, 58-60
 

Adsorbed layers, 55-7
 

B 
Bacteria, 23-4, 36-8
 

aerobic, 36
 
anaerobic, corrosive, 24
 
classification, 37-8
 
colonies, 42-4
 
growth,67-9
 
iron depositing, 24, 37
 
nitrifYing, 24, 37
 
slime-forming, 23, 36
 
Spore-forming, 24, 36
 
sulphate reducing, 24, 37
 

Barnacles, 4
 
Biocide
 

choice, 95, 96
 
classification,
 

oxidising, 99-100
 
non-oxidising, 100-01
 

desired qualities, 88
 
dosing strategies, 89-94
 
immobilised, 121
 
interaction with microorganisms,
 

86-7
 
microbial response, 97-8
 
microbial transport, 122
 
removal ofbiofouling, 123
 

Biocides
 
amines, 120
 
chlorine, 101-05
 

effect of pH, 102
 
effectiveness, 103
 
environmental problems, 104-5
 
storage, 104
 

chlorine dioxide, 105-07
 
qualities, 106
 

DBNPA, 2, 2- dibromo-3­
nitrilepropionamide, 118-9
 

formaldehyde. 117
 
glutaraldehyde, 114-17
 
effect of pH, 115
 
effectiveness, 115-7
 

hydrogen peroxide, 118
 
organo-sulphur compounds, 120-1
 
ozone, 107-14
 

advantages, 108
 
chemistry, 110-2
 
effectiveness, 113-4
 

Biodispersants, 127-8
 
Biotllms. 1,23-76
 

corrosion effects, 73-4
 
establishment (summary), 62-3
 
formation, 29-31
 
industrial conditions, 61-2
 
influencing factors, 22
 
growth, 13-7, 67-9
 
industrial, 181-200
 
interacting forces, 49-55
 
interaction with particles, 64-7
 
metabolism, 41-3
 
modelling, 73
 
morphology, 98
 
removal, 17
 
stability, 69-72
 
structure, 69-72
 
surface importance, 45-6
 
problems, 2
 
removal, 17, 123-7
 

using chlorine, 124-5
 
using hydrogen peroxide, 125
 
using peracetic acid, 126
 
using potassium permanganate,
 

126
 
Bacillus, 28
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control,
 
chemical, 84-128
 
requirements, 88-9
 
dosing, 89-94
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Biofouling (Continued)
 
effectiveness, 95-8
 
physical, 129-47
 
combined physical and chemical,
 

147-50
 
costs, 4, 74-6
 
factors affecting, 22
 
interacting forces, 49-51
 
industrial problems, 2-3
 
measurement, 174-5
 
modelling, 73
 

Boundary layer, 8
 
Brownian motion, 11
 
Brush and cage system, 133
 

c 
Capital cost, 75
 
Chlorine, 101-5
 
Chlorine dioxide, 105-7
 
Cleaning, 3
 

off-line, 155-8
 
manual, 157
 
jetting, 157
 
drilling, 157
 
rodding, 157
 
high temperature sterilisation, 157
 
osmotic shock, 157
 

Clostridia, 28
 
Coating surfaces, 138-41
 
Cooling water, 197-9
 
Corrosion, influence of biofIlms, 73-4
 

D 
(DBNPA), 2, 2 Dibromo-3­

nitrilepropionamide, 118-9
 
Darwin's theory, 26
 
Dechlorination, 105
 
Deposition, 12
 
Diffusivity, 12
 
Drag force, 10
 

E 
Eddy diffusion, 11
 
EPRI,61
 
Extracellular polymers, 28
 

EPS, 44
 

F 
Fick's law, 12
 
Flagella, 27
 
Flexible tubes, 137
 
Fluid flow, 7-11
 

Reynolds number, 7-11
 
laminar flow, 8-10
 
turbulen t flow, 8-10
 

Fluid head, 10
 
Fluidised beds, 137-8, 187-190
 
Food industry, 195-6
 
Forces,
 

interacting, 49-55
 
van der Waals, 50-1
 
DLVO,51-5
 

Friction factor, 10
 
Fouling
 

Allowance, 21
 
measurement, 174-5
 
mechanisms, 20, 64
 
particulate, 64-7
 

Fungi, 24, 34-5
 

G
 
Gamma rays, 129
 
Glutaraldehyde, 114-7
 

biocidal properties, 118
 
effect of pH, 115
 

Gram-positive bacteria, 25
 
Gram-negative, bacteria, 25
 
Ground water, 182, 193-4
 
Growth, 12
 

H 
Heat transfer, 18-21
 

resistance, 20-1
 
Housekeeping, 84
 
Hydrogen peroxide, 118
 
Hydroids,4
 
Hypobromous acid, 109
 

Ice crystals, 143
 
Inserts, 134-7
 
Industrial,
 

problems, 2
 

Industrial (Continued)
 
conditions, 61
 
biofouling, 181-200
 

L 
Laboratory monitoring, 169-174
 
Laminar flow, 8-10
 
Laminar sublayer, 13
 
Legioella pneutllophila, 199
 

M 
Macroorganisms, 1
 

deposition, growth, removal, 12-8
 
Mass transfer, 11-2
 
Matrix formation, 44-5
 
Membrane ftltration, 190-3
 
Mesosomes, 28
 
Metabolism, 41-3
 
Microorganisms, 1
 

adhesion to surfaces, 46-9
 
classification, 31
 
deposition, growth, removal, 12-7
 
interaction with biocides, 86-7
 
resistance to biocides, 86
 
pH effects, 39-40
 

Microbiology, 26-9
 
Microbial,
 

accumulation, 2
 
adhesion, 46-9
 
appendages, 27
 
cell structure, 25-9
 
growth requirements, 38-41
 
interdependence, 33-4
 
nutrient requirements, 31-32, 41
 
metabolism, 41-3
 
matrix formation, 44-5
 

Monitoring
 
off-line, 161-5
 
process plant, 165-9
 
laboratory, 169-74
 
measurement techniques, 174-5
 
accuracy, 176-7
 

Mussels, 4
 

N 
Nutrients, 14-6, 41
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Industrial (Continued)
 
conditions, 61
 
biofouling, 181-200
 

Laboratory monitoring, 169-174
 
Laminar flow, 8-10
 
Laminar sublayer, 13
 
LegioeU,1 pneumophila, 199
 

M 
Macroorganisms,
 

deposition, growth, removal, 12-8
 
Mass transfer, 11-2
 
Matrix formation, 44-5
 
Membrane filtration, 190-3
 
Mesosomes, 28
 
Metabolism, 41-3
 
Microorganisms, 1
 

adhesion to surfaces, 46-9
 
classification, 31
 
deposition, growth, removal, 12-7
 
interaction with biocides, 86-7
 
resistance to biocides, 86
 
pH effects, 39-40
 

Microbiology, 26-9
 
Microbial,
 

accumulation, 2
 
adhesion, 46-9
 
appendages, 27
 
cell structure, 25-9
 
growth requirements, 38-41
 
interdependence, 33-4
 
nutrient requirements, 31-32, 41
 
metabolism, 41-3
 
matrix formation, 44-5
 

Monitoring
 
off-line, 161-5
 
process plant, 165-9
 
laboratory, 169-74
 
measurement techniques, 174-5
 
accuracy, 176-7
 

Mussels, 4
 

N 
Nutrients, 14-6, 41
 

o 
OtI-line cleaning, 155-8
 
Operating costs, 74-6
 
Organo-sulphur compounds,
 

120-1
 
Osmosis, 28
 
Osmotic shock, 157
 
Ozone, 107-14
 

cooling water treatment, 108
 
chemistry, 110-2
 
biocide, 112-4
 

p 
Paper manufacture, 196-7
 
Particle/biofilm interaction, 64-7
 
Percolating filters, 184-7
 
Physical control of biotouling,
 

129-47
 
air/gas injection, 133-4
 
brush and cage system, 133
 
coating, 138-41
 
flexible tubes, 137
 
fluidised beds, 137-8
 
gamma rays, 129
 
high voltage capacitance, 146
 
ice crystals, 143
 
inserts,
 

static, 134-6
 
oscillating, 136-7
 

polymer fibres, 141-3
 
scraped surface, 146-7
 
sponge rubber balls, 130-3
 
ultrasound, 143-5
 
ultraviolet light, 129
 

Pseudomonas jluorescmce, 18
 

Pili,27
 
Pressure head, 10
 
Process plant monitoring, 165-9
 
Prokaryote cells, 25
 
Protozoa, 24
 

R 
Reciprocating scraped surface,
 

146-7
 
Ribosomes, 28
 
Robbins device, 163
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5
 
Sea mats, 4
 

Sea squirts, 4
 

Serpulid worms, 4
 

Slimes, 1
 
Spores, 28-9
 
Stalks, 27
 
Steralisation,
 

high temperature, 94
 
osmotic shock. 94
 

Surface water, 182
 
Surfaces,
 

adsorbed layers, 55-8
 
importance, 45-6
 
microbial adhesion, 46-9
 
quality, 58-61
 

T 

Taprogge system, 130
 
Temperature,
 

effect on biofilm growth, 19
 
Test data accuracy, 176-7
 

Thermal resistance, 20
 
Toxic metal ion release, 57
 
Trickle filters, 184-7
 
Turbulent flow, 8~ 10
 

U 
Ultraviolet radiation, 84, 129
 
Ultrasound, 143-6
 

v
 
van der waals forces, 50-5
 
Velocity profile, 9
 

Viscous sub-layer, 8
 

w 
Water
 

cooling, 197-200
 
distribution, 194-5
 
industry, 181-95
 
quality, 32-3, 95
 
treatment, 183-93
 

Wettability theory, 51-5
 




