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Figures in bold type are page numbers of chapters

Acid, * inhibited ”, for rust removal, 27
Acidity and alkalinity of water, and pH,
57, 301-302
Actinomycetes, destruction, 32
Activated carbon, see Carbon, activated
Activated silica, see Silica, activated
Aeration, 21-28
and flocculation, 74
laboratory control, 28
principles, 21-24
and removal of iron and manganese,
28, 211
for taste and odour control, 45
Aerators, cascade type, 25
clogging, 27
design, 24
diffused-air type, 25
operation and maintenance, 26
spray tvpe, 24
waterfall type, 25
Agitators, mechanical, see Flocculators
Algae, 16, 34, 352-353, 359, 360-371
and aeration, 22, 27, 28
control, 27, 28, 31, 34, 36-45
and filtration, 95, 352
prevention, 88
and sedimentation, 88
Alkalinity, 57
bicarbonate, 220, 302, 303
and carbon dioxide, 22, 200, 201
carbonate, 220, 302, 303
caustic. 302, 303
and chlorination, 136, 160
and coagulation, 64, 66, 305, 315-316
and corrosion, 200, 201, 203, 312
hydroxide, 304, 305
interference in fluoride test, 334
methyl orange, 300-301, 307
and pH, 57, 302, 306, 307
phenolphthalein, 301-302
sodium, 304, 3035
tests, 300-305
and total hardness, 304
Alkyl benzyl sulfonates, limits allowable,
174, 180

Alum, in coagulation and flocculation,
58-60
in lime-soda softening, 224
properties, 257
See also Sodium aluminate
Aluminium sulfate, see Alum
Ammonia, for disinfection of water, 155-
158
properties, 257
Ammonium hydrate, see Ammonium
hydroxide
Ammonium hydroxide, properties, 257
Anions, 56, 268
Antichlor, 145
Aquatic vegetation, control, 34-35
Arsenic, limits allowable, 173, 181
Atomic weights, 268, 270

Bacteria, 16, 32, 175-180, 340, 353
coliform, 177-181, 340, 344-352
tests, 344-352
plate count, 341-344
removal by filtration, 94, 132, 344
Bacteriological quality, 176
standards, 177-180, 181
Barium, limit allowable, 173
Baumé, scale, 62
Bentonite, in coagulation and floccula-
tion, 65
Biochemical oxygen demand, limit indica-
tive of pollution, 181
Bleach, liquid, see Sodium hypochlorite
Bleaching powder, see Chloride of lime
Brine disposal, in base-exchange softening,
236
in softening by electrodialysis, 241
Brine wastes, 31
Buffered dilution water, preparation, 350

Cadmium, limits allowable, 173, 181
Calcite, see Calcium carbonate
Calcium, limit allowable, 174

Calcium bicarbonate, and hardness, 220
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Calcium carbonate, in coagulation and
flocculation, 65
and hardness, 220
stability test, see Marble test
Calcium chloride, and hardness, 220
Calcium hydroxide, see Lime, hydrated
Calcium hypochlorite, for disinfection of
mains, 162
for disinfection of reservoirs and tanks,
164, 165
for disinfection of water, 150
for home disinfection of water, 170
Calcium oxide, see Quicklime
Calcium sulfate, and hardness, 220
Carbon, activated, properties, 257
storage and handling, 48
in taste and odour control, 48-52, 293
computation of doses, 49, 50, 51
Carbon chloroform extract, limits allow-
~ able, 174, 181
Carbon dioxide, in lime-soda softening, 226
computation of doses, 230
in regeneration of base -exchange units,
186
in softening and demineralization, 223
in taste and odour control, 36
test, 306
Catchment areas, 11-12
Cations, 56, 268
Caustic soda, see Sodium hydroxide
Chemical equations, 268-273
Chemical oxygen demand, limit indicative
of pollution, 181
Chemicals used in water treatment, pro-
perties, 257-260
See also under names of individual
chemicals
Chloride of lime, for disinfection of mains,
162 ‘
for disinfection of reservoirs and tanks,
164, 165
for disinfection of water, 149
for home disinfection of water, 169
Chlorides, and base-exchange softening,
235
as indicators of pollution, 337-338
interference in fluorides test, 334
limit allowable, 174
test, 337-339
Chlorinated copperas, in coagulatlon and
flocculation, 63
in iron and manganese remova,l, 213,217
Chlorinated lime, see Chloride of lime
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Chlorination, 134-171
and aeration, 24, 28
break-point, see Chlorination, free-
residual
and colour, 325
combined-residual, 137
emergency, 165-167
free-residual, 31, 137-143, 158-160
laboratory control, 167-168
and lime-soda softening, 227
limitations, 143
marginal, 31, 154
principles, 136
procedures, 154-167
and turbidity, 325
uses, 136
Chlorinators, leaks, 145, 147, 149
operation, 145-149
Chlorine, in corrosion control, 204
in destruction of disease organisms, 175
for disinfection of mains, 161, 163
for disinfection of reservoirs and tanks,
164, 165
for disinfection of water, 136-168
effective concentrations, 142
free-residual, 137-143, 158-160, 317-318
for home disinfection of water, 169
interference in fluoride test, 335
in iron and manganese removal, 213, 215
poisoning, antidote, 145
precautions, 144-145, 157
preparation of solutions, 150-152, 323
in pretreatment of water for filtration, 95
reactions, 139, 140
in regeneration of filter beds, 212
solutions, preparation, 170, 323-324
standardization, 324-325
in taste and odour control, 30-32, 37-39,
46-47
tests, 317-323
for treatment of filter sand, 121
Chlorine-ammonia, for disinfection, 155-
158
for taste and odour control, 47
Chlorine-demand test, 323-325
Chlorine dioxide, for disinfection of water,
160-161
for taste and odour control, 47
Chlorophenolic compounds, removal, 30
Chromium, limits allowable, 173, 181
Clays, in coagulation and flocculation, 65
in taste and odour control, 65
See also Bentonite; Fuller’s earth
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Coagulants, 59-68
storage and handling, 69-72
Coagulation, and alkalinity, 64, 66, 305,
315-316
controlling factors, 74-75
and corrosion, 207-208
double, 61
and flocculation, 54-78
and lime-soda softening, 224-225
test, 312-316
and turbidity, 66, 286, 315
Coliform organisms, 177-181, 340, 344-352
membrane-filter test, 347-352
MPN index, 178-180, 181, 347
standard test, 344-347
Colloids, 55
Colour, and chlorination, 143, 155, 325
and coagulation, 316
and filtration, 95, 287
and flocculation, 316
interference in fluoride test, 335
Jimits allowable, 174, 180
in stored water, 16
test, 286-287
units of measurement, 286
Combining weights, 268, 269-272
Compounds involved in water treatment,
molecular weights and combining
weights, 272
See also under names of individual
compounds
Conversion factors, 261-267
See also Unit equivalents
Copper, limits allowable, 174, 180
Copper sulfate, application methods,
blower, 44
box, 41, 42
burlap bag, 41
spray, 43
for control of micro-organisms, 27
for “iron bacteria ” control, 33
in pretreatment of water for filtration, 95
in taste and odour control, 36-45
Copperas, chlorinated, see Chlorinated
copperas
in coagulation and flocculation, 63
and hardness, 220
in iron and manganese removal, 213, 217
in lime-soda softening, 224, 225
Corrosion, and aeration, 22, 28
and alkalinity, 200, 201, 203, 312
and carbon feeding, 49
caused by electrolysis. 206
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Corrosion (continued)
and coagulation, 207-208
control, 196-208
and hardness, 297
indications, 198
and main capacity, 198, 199
and oxygen, 22, 197-198
and pH, 312, 316
of plumbing systems, 204-206
prevention, 21, 22, 28, 238
theory, 196-198
Crenothrix, see * Iron bacteria ”
Cross-connexions, 251
Cyanide, limits allowable, 173, 181

2,4-D in control of aquatic vegetation,
35
Dakin’s solution, for home disinfection
of water, 169
Dead-end mains, 251
Deaerators, 199
Deep-water sampling kit, 19, 20
Demineralization, costs, 241, 242
by distillation, 222, 241-242
by electrodialysis, 222, 240-241
by freezing, 222, 242
ion-exchange, 239-240
procedures, 222
See also Iron and manganese, removal;
Softening
Detergents, see Alkyl benzyl sulfonates
Diatomaceous earth, see Filters, diato-
maceous-earth
Diffusers, 25, 27
Diseases, water-borne, 174-176, 340
Disinfection, of mains, 161-164
of reservoirs and tanks, 164
of water, by boiling, 168
by chlorination, 136-170
in the home, 168-171
by iodine, 170
by ozone, 134
by potassium permanganate, 171
by ultraviolet light, 135
Dissolved gases, concentration, 21
Distribution systems, operation,
252
Doses, computation of, 256
Dry Ice, for “ iron bacteria ” control, 33

251-

Eau de Javelle, see Sodium hypochlorite
Electrolytes, 56, 268
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Flements involved in water treatment,
atomic weights, valences and com-
bining weights, 270

See also under names of individual
elements

Epsom salts, see Magnesium sulfate

Feeders, carbon, 49
dry, 71
fluoride, 190-191
calibration, 192
operation, 71
solution, 70
Ferric chloride, in coagulation and floc-
culation, 64
in iron and manganese removal, 213, 217
Ferric sulfate, in coagulation and floccula-
tion, 64
in iron and manganese removal, 213,
217
in lime-soda softening, 224, 225
Ferrous sulfate, see Copperas
Files, treatment-plant, 245
Filter alum, see Alum
Filters, and algae, 95, 352
Baylis cotton-plug, 125, 126
chemical treatment of sand, 121
diatomaceous-earth, 129-132
operation, 130
rate of filtration, 130
gravity, see Filters, rapid sand
laboratory control, 132-133
mechanical, see Filters, rapid sand
pressure, 127-128
rapid sand, 99-127
agitators, 110, 116
air wash, 111
care of gravel, 123
care of sand, 118
design, 99-101, 102, 103
filter bed, 101-108
rate of filtration, 100, 113-115
high-velocity wash, 108-109
loss-of-head indicators, 113
mechanical rakes, 111
operation, 113-127
rate controllers, 112, 114
specifications for gravel, 107
specifications for sand, 101-104
surface wash, 110, 116
underdrains, 107
valves and piping, 113
wash-water troughs, 112
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Filters (continued)
for removal of iron and manganese, 216
sand expansion, 109, 117
sand specifications, 104-107
slow sand, 94-99
design, 96 :
laboratory control, 99
operation, 97-99
pretreatment, 95
rate controllers, 96
rate of filtration, 96, 98
washing, 99
Filtration, 94-133
and colour, 95, 287
in lime-soda softening, 227
and plate count, 341
record form, facing 245
and sedimentation, 90
and turbidity, 95, 123, 125, 131, 132,
286
Fish-kills, by alkalinity from sludge, 227
by copper sulfate, 40
from decreased oxygen, 44
Flash-boards, 18
Flash mixing, 54-55, 72
Floc, characteristics, 79
detection, 77-78, 124-125
Flocculation, basins, 72-73
suspended-solids contact, 89
and coagulation, 54-78
and colour, 316
equipment, 72-74
inadequate, correction, 75-77
laboratory control, 78
and lime-soda softening, 225
test, 312-316
and turbidity, 315
Flocculators, 73
Flowing-through period, 80
salt test for, 91-93
Fluoridation, 183-195
chemicals, 187-189
storage, 189
costs, 194-195
laboratory control, 193
operation, 192-193
practice, 187-192
Fluorides, computation of doses, 192
costs, 194
distillation, 335-336
excess, removal, 186
limits allowable, 173, 181
precautions in handling, 191
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Fluorides (continued)
properties, 188, 189
storage, 189
test, 331-337
use in fluoridation, 187-188
See also Fluosilicic acid; Sodium silico-
fluoride
Fluosilicic acid, costs, 194
use in fluoridation, 187-189
Fuller’s earth, in coagulation and floccula-
tion, 65
Fungi, 34, 353

Gram-equivalent weight, 273
Grease, limit indicative of pollution, 181
Gypsum, see Calcium sulfate

Hardness, carbonate and non-carbonate,
220, 430
and corrosion, 297
degrees, 221
test, 295-297
Hydrochloric acid, in regeneration of base-
exchange units, 196
Hydrogen-ion concentration, see pH
Hydrogen sulfide, removal, 22, 28
Hydrogen sulfite, odour, 29
Hypochlorites, for disinfection, 149-154,
162-163
preparation of solutions, 150-152

Industrial wastes, 52
“ Inhibited ” acid, for rust removal, 27
In-service training of operators, 247-248
Intakes, multiple-level, 17
Todine, for home disinfection of water, 170
Ionization, 56, 268
Iron, interference in fluoride test, 334
limits allowable, 174, 180, 209
and manganese, removal, 209-218
and aeration, 28, 211
by chlorination, 213, 215
by contact beds, 214
by filters, 216
in filtration plants, 217-218
by ion-exchange softeners, 216
laboratory control, 218
practice, 211-217
principles, 210
by sedimentation, 216
See also Softening
staining from, 203, 326
tests, 326-329
“Iron bacteria ”, control, 33
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Jar test, see Coagulation test
Javelle water, see Sodium hypochlorite

Laundry bleach, see Sodium hypochlorite
Lead, limits allowable, 173, 181, 205
toxic effects, 205
Leptothrix, see “ Iron bacteria”
Lime, chlorinated, see Chloride of lime
hydrated, in coagulation and floccula-
tion, 67
in corrosion control, 203
computation of dose, 206, 207
quicklime equivalent, 68
in softening and demineralization, 224
in iron and manganese removal, 215
recovery from sludge in lime-soda
softening, 227
slaked, see Lime, hydrated
slaking process, 67
in softening and demineralization, 223-
233
computation of dose, 227-229
unslaked, see Quicklime
Lime-soda softening, see Softening
Limewater, preparation, 299
Lye, soda, see Sodium hydroxide

Magnesium, limit allowable, 174
test, 297-300
Magnesium bicarbonate, and hardness, 220
Magnesium carbonate, and hardness, 220
Magnesium chloride, and hardness, 220
Magnesium+sodium sulfate, limits allow-
able, 174, 180
Magnesium sulfate, and hardness, 220
Maintenance, records of, 245
Manganese, interference in fluoride test,
335
limits allowable, 174, 209
staining from, 329, 330
test, 329-330
See also Iron and manganese, removal
Marble test, conventional, 311-312
with Enslow stability indicator, 310-311
Metaphosphates, in corrosion control, 201
Methaemoglobinaemia, infantile, from
nitrates in water, 173
Micro-organisms, enumeration, 355-359
identification, 359-372
and tastes and odours, 30, 32-34, 37-39,
292
Microscopic examination of water, 354-355
Microstrainers, 133
Mine wastes, 57
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Minerals in natural waters, 219-221
Molecular weights, 272
MPN index, 178-180, 347

limits allowable, 178-179, 181

Nitrates, as cause of infantile methaemo-
globinaemia, 173
limits allowabls, 173, 181
Nitric acid, for rust removal, 27
Nitrogen, limit indicative of pollution, 181

Odour, code, 288-289
and micro-organisms, 292
tests, 287-295
See also Tastes and odours
Odour-free water generator, 290, 291
Oil-well wastes, 31
Operators, in-service training, 247-248
instructions for, 250
number required, 248-250
qualifications, 246-247
Organic pollutants, see Carbon chloroform
extract
Orthotolidine test, 321-323
Orthotolidine-arsenite test, 317-321
Oxidation and reduction, 269
Oxygen, solubility, 22, 23
See also Aeration
Ozone, cost, 135
for disinfection of water, 134
in taste and odour control, 52, 135

Paper-mill wastes, 30
Personnel, 246-250
pH, 56
and acidity and alkalinity of water, 57,
‘ 301-302
and chlorination, 136, 140, 141, 160
and corrosion, 312, 316
determination, 306-310
limits allowable, 174
and manganese staining, 330
Phenolic compounds, control, 30, 47
limits allowable, 174, 181
Plankton control, 34, 36-45
Plate count, 341-344
Pollution, and bacteriologic examinations,
339, 344
control, 30, 175-177
indicators, 181, 337-338, 372-373
limits allowable, 177-180, 181"
and microscopic examination, 372-373
in stored waters, 16, 17
and taste, 295

Postchlorination, 155
Potability, substances affecting, 173, 174
Potassium bicarbonate, and alkalinity, 220
Potassium carbonate, and alkalinity, 220
Potassium chloride, and salinity, 220
Potassium nitrate, and salinity, 220
Potassium permanganate, for home dis-
infection of water, 171
in iron and manganese removal, 213, 215
in regeneration of filter beds, 212, 214
Potassium sulfate, and salinity, 220
Prechlorination, 154
Protozoa, 34, 353

Quality standards, see Standards of water
quality ‘
Quality of water in distribution systems,
252>
Quicklime, in coagulation and flocculation,
67
hydrated lime equivalent, 68
in_softening and demineralization, 224

Radicals, 268
Radioactivity, limits allowable, 181, 182
Records, 244-245 ’
Reservoirs, application of activated car-
bon, 50
control, 14-20
disinfection, 164

Salt, common, see Sodium chloride
Salt test, see Sodium chloride test
Sampling, for alkalinity test, 300 B
for chlorine-demand test, 323
for coagulation and flocculation test, 312
for colour test, 286
for fluoridation control, 193
for hardness test, 296
for iron test, 326
for laboratory tests, 279
for marble test, 311
for membrane-filter test for coliform
organisms, 348, 349-350
for microscopic examination of water,
353, 354-355
for odour test, 288
for pH determination, 308
in reservoirs, 19-20
for residual-chlorine test, 319
for standard plate count, 341-342
for standard test for coliform bacteria,
344
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Sampling (continued)
for taste test, 295
for turbidity test, 280
Sampling kit, deep-water, 19, 20
Scales, for chemicals, 69
Sedimentation, 79-93
basins, 26, 80-84
design, 81-84, 85
dimensions, 80-81
displacement efficiency, 80, 92
flowing-through period, 80
in lime-soda softening, 225
operation, 84-90
sludge, 83, 88
slurry level, 90
surface overflow rate, 81
laboratory control, 90
and lime-soda softening, 225
in stored water, 16
Selenium, limits allowable, 173, 181
Self-purification in stored water, 14, 16
Silica, activated, in coagulation and floc-
culation, 62
in lime-soda softening, 224, 225
preparation, 62
Silting, 18
Sludge, determination of depth, 88
disposal, in lime-soda softening, 227
in flocculation, 225
removal, from sedimentation basins,
84, 88
storage space, in sedimentation basins, 83
Soda-ash, see Sodium carbonate
Sodium aluminate, in coagulation and
flocculation, 61
in lime-soda softening, 224, 225
Sodium bicarbonate, and alkalinity, 220
Sodium carbonate, and alkalinity, 220
in coagulation and flocculation, 66
in corrosion control, 203, 238
computation of dose, 206
and hardness, 220
in softening and demineralization, 223,
224, 225
computation of doses, 227-229
Sodium chloride, in regeneration of base-
exchange softening units, 237
in regeneration of zeolite units, 213
and salinity, 220
storage, 236
for treatment of filter sand, 122
Sodium chloride test for flowing-through
period, 91-93

Sodium hexametaphosphate, in lime-soda
softening, 226
Sodium hydroxide, in corrosion control,
238
in regeneration of base-exchange units,
186
in regeneration of ion-exchange de-
mineralization units, 239
dose, 240
in treatment of filter sand, 121
Sodium hypochlorite, for disinfection of
reservoirs and tanks, 164
for disinfection of water, 149
Sodium nitrate, and salinity, 220
Sodium silicate, in coagulation and floccu-
lation, 62
in corrosion control, 202, 238
Sodium silicofluoride, costs, 194
use in fluoridation, 187-189
Sodium sulfate, and salinity, 220
Softening, base-exchange, 222, 223-238
materials, 234, 238
procedure, 235-238
benefits, 221
with carbonaceous materials, 238
and corrosion prevention, 238
and demineralization, 219-243
ion-exchange, 222, 233, 235
for iron and manganese removal, 216
units of measure, 235
lime-soda, 222-233
chemicals used, 224
in contact basins, 89, 225
doses, 227-230, 231-233
laboratory control, 230-233, 304
practice, 224
and magnesium, 298
with organic resins, 238
and removal of excess fluorides, 186
soap saved by, 221
zeolite, 233, 234, 235
for iron and manganese removal, 214
See also Iron and mangansse, removal
Softening-reactions test, 230-233, 316-
317
Solutions, computation of strength, 254-
255
normal, 272-273
preparation, 70, 254-255, 273
standard, see Solutions, normal
Sources of water supply, protection, 11-13
Specific gravity, computation, 62
Springs, protection, 13
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Standards of water quality, 172-182
bacteriological, 176-180, 181
indicators of pollution, 181
radioactivity, 182
substances affecting health, 172, 181
substances affecting potability, 173, 174,
180
toxic substances, 172, 173, 181
for treated water, 172-180
for water sources, 180-182
Stirring equipment, 313, 314
Storage of water, 14, 16-18
Stratification, 14
Sulfates, and base-exchange softening, 235
limit allowable, 174
Sulfuric acid, in coagulation and ﬂoccula-
tion, 60, 61
in lime-soda softening, 226
in regeneration of ion-exchange soften-
ing units, 239
Superchlorination, see Chlormatlon free-
residual
Surfactants, see Alkyl benzyl sulfonates
Suspended-solids contact basins, 89-90
Synura, control, 41
odour, 29, 359

Tanks, covered, 252
for dissolving, 69
solution-storage, 70
Taste test, 295
Tastes and odours, from algae, 34, 352, 369
from brine wastes, 31
chlorinous, 31, 142, 143
control, 22, 29-53, 65, 293
from industrial wastes, 52
from paper-mill wastes, 30
from phenolic compounds, 30
from plankton, 34
prevention, 30-45
sources, 30, 352
Thermocline, 15
Total solids, limits allowable, 174, 180

OPERATION AND CONTROL OF WATER TREATMENT PROCESSES

Toxic substances, limits allowable, 173
Training of operators, in-service, 247-248
Tricalcium phosphate, in removal of excess
fluorides, 186
Turbidimeter, Baylis, 281
Jackson, 280, 281-283
St Louis, 281, 283-286
Turbidity, and chlorination, 143, 325
and coagulation, 66, 286, 315
and filtration, 95, 123, 125, 131, 132, 286
and flocculation, 315
interference in fluoride test, 335
limits allowable, 174, 180
tests, 279-286

Ultraviolet light, for disinfection of water,
135
Unit equivalents, area, 262
energy and heat, 266
length, 261-262
linear speed, 265
mass and weight, 262-263
power, 266
pressure, 264-265
rate of flow and filtration, 264, 266
specific weight and concentration, 265
temperature, 267

Valences, 268, 270

Water Analyzer, Taylor, 278
Weeds in stored water, 18
Wells, and aeration, 28

protection, 13

removal of “iron bacteria ”, 33
Whiting, see Calcium carbonate

Zeolites, in iron and manganese removal,
214
in softening and demineralization, 233,
234, 235
Zinc, limits allowable, 174, 180



