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Free energy. 60-74
 

acid. base reactions. 88, 92-93
 
of formation, 61-71
 
redox reactions, 322-328, 330-332
 
table of values, 64. 444-445
 

Fructose. 38
 
Fulvic acid. 232-240
 

Galvanic cell. 325-326. 364-366
 
Galvanic series. 366-368
 
Galvanized pipe. 364-366. 378
 
'Gas constant, inside back cover
 
Geochemical cycle, 7-8
 
Gibbs free energy. see Free energy
 
Gibbsite. 269. 270
 
Glass electrode, 418-420
 
Glucose. 38
 
Groundwater composition, 6-7. 248, 287
 
Growth rate. 414-415
 
Guntelberg approximation. 78. 107
 

Hardness, 22. 197. 199, 203-204, 220,
 
223-224, 227. 284-287. 298
 

Heat of reaction, 44, 61, 64. 71-74
 
Henry's law, 162. 165
 
HTH, 321-322. 387
 
Humic acid, 232-233
 
Humic substances. 231-241, 403
 

characteristics. 231-234
 
complexes with metals. 225-226, 230-241
 
reactions with chlorine. 403
 

Humin. 232
 
Hydrazine, 393. 398
 
Hydrochloric acid:
 

species concentration, 102-104. 107
 
titration curve. 136-139
 

Hydrocyanic acid, pC-pH diagram, 114-119
 
Hydrogen bromide, 37-38
 
Hydrogen electrode. 327-330
 
Hydrogen iodide. 37
 
Hydrogen peroxide. 34-36. 43-44
 
Hydrogen sulfide:
 

distribution diagram, 135
 
rate of dissociation. 94-95
 

Hydronium ion. 87
 
Hydroxoaluminum complexes, 200, 209-210,
 

213-214
 
Hydroxocobalt(II) complexes. 215-217
 
Hydroxoiron(III) complexes. 205-206, 215
 
Hydroxolead(II) complexes. 214-215
 
Hydroxomercury(Il) complexes, 211-212
 
Hydroxyapatite, 25. 301-304
 
Hydroxylamine, 393. 398
 
Hyperion, 307-308
 
Hypochlorous Acid:
 

distribution diagram, 135. 388
 
pC-pH diagram, 119-121, 123-125
 

Hypolimnion. 158, 410
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Indian Creek reservoir. 410
 
Indicator electrode. 414 - 416
 
Induction period. 302-303
 
Inert complexes, 200
 
Instability constant. 201
 
Insulation, 377
 
Iodine. 37, 43-44
 

distribution diagram. 389
 
predominance area diagram, 357
 

Ion exchange. 138
 
Ionic strength:
 

calculation. 75-76
 
definition. 75
 
effect on acid and base. 107-108. 122-125
 
effect on activity coefficients, 75-82
 
relationship to specific conductivity. 76-77
 
relationship to total dissolved solids, 76
 

Ionization fractions, 134 -135
 
monoprotic acids, 134-135. 431-432
 

table of values, 431
 
multiprotic acids, 135. 432-434
 

Ion pairs, 200
 
Iron:
 

carbonate solubility, 271-279
 
complexes. 205-206. 215
 
corrosion. 368-371. 373-374, 382
 
importance in waters. 378
 
in ground waters, 378
 
hydroXide solubility, 215. 264-268.
 

271-279
 
pE-pC diagrams. 344 -348
 
pE-pH diagrams. 358-363
 
phosphate solubility. 251, 310-312
 
redox reactions, 24-25. 69, 344-348,
 

378-386.391-392
 
kinetics, 382-386
 

removal from water, 378
 
IUPAC convention, 328
 

Junction potential, 415-416
 

Kaolinite. 146
 
Kinetics, see Chemical kinetics
 

Labile complexes. 200
 
Lactose. 403-404
 
Langelier index, 289-292, 295, 298. 376
 
Lead hydroxide complexes, 214-215
 
Legumes. 407
 
Ligand. 197-200
 
Lime, 147, 159. 254-256
 
Liquid junction. 415-416
 
Local action cell. 365-366
 

Magnesium ammonium phosphate
 
solubility, 306-310
 

Magnesium calcium carbonate. 283
 
Magnesium carbonate solubility, 256-258
 
Magnesium hydroxide solubility, 254 -256
 
Makereth electrode. 424-425
 
Maxwell-Boltzmann theory. 42
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Mean activity coefficient. see Activity
 
coefficient
 

Mercuric chloride complexes. 204-205.
 
206-208
 

Mercuric hydroxide complexes. 211-212
 
Metal plating waste. 147 -148
 
Metaphosphates. 300
 
Methane fermentation. 409. 411-413
 
Methylamine. 399
 
Methyl orange acidity. 177
 
Methyl orange alkalinity. 173
 
Michaelis-Menten constant. 39-40. 53-54
 
Microcystis. 407
 
Microorganisms:
 

catalysis by. 404-405
 
effect on natural waters. 13-14
 
growth rate. 414-415
 
yield. 412-414
 

Mineral acidity. 177
 
Molecular collision. 25-26
 
Mole fraction. 66
 
Monochloramine. 28-30. 321. 387. 393~399
 

Monochloremethylamine, 399
 
Monod equation. 53-54
 
Monomolecular reaction. 36
 

Natural water composition:
 
effect of agriculture, 9
 
effect of complexes. 217-220. 227-231.
 

238-241
 
effect of man. 8-9
 
effect of microorganisms. 13-14
 
effect of photosynthesis. 13
 
effect of wastes. 10-13
 
pH buffers. 146-147
 

Nernst equation. 331-338. 339. 342-343.372. 
414-417. 419-421
 

Neutral solution. 92
 
Nickel determination. 224
 
Nitrate. 70. 405-411. 413. 415
 
Nitrate reduction, 405-407
 
Nitric acid. 92-93. 104-106
 
Nitrification. 25. 146. 159. 248. 392. 405. 410
 
Nitrilotriacetic acid (NTA). 226-231.
 

237-238. 240-241
 
Nitrite oxidation. 392
 
Nitrogen cycle. 405-407
 
Nitrogen dioxide decomposition. 37
 
Nitrogen fixation. 405-407
 
Nitrogen system. pE-pC diagram. 405-408
 
Nitrogen trichloride. 393-399
 
Nucleation. 244-245. 302-303
 

heterogenous. 244 - 245
 
homogenous. 244-245
 

Ocean. see Seawater
 
Ohm's Law. 367-368
 
Organic carbon determination. 48
 
Organic phosphates. 299-300
 
Orientation effect. 26-27
 
ORP. see Oxidation reduction potential
 
Orthophenanthroline. 322
 

Orthophosphates. 46. 300
 
Orthophosphoric acid. 45. 300
 
Oxalic acid. 403
 
Oxidation reduction potential (ORP):
 

measurement. 422
 
table of values. 328-329
 

Oxidation reduction reactions. see Redox
 
reactions
 

Oxidizing agent. 319
 
Oxygen electrode. 424-425
 
Oxygen transfer. 46-47
 
Ozone. 319
 

Partial pressure. 66
 
Passivation. 375
 
Passive metals. 366
 
pC-pH diagrams. 114-133
 

acid and base mixtures. 132 -133
 
ammonia system. 121-123
 
ammonium acetate. 132-133
 
hydrocyanic acid. 114-119
 
hypochlorous acid. 119-121. 123-125
 
ionic strength effect. 122 -125
 
iron system. 264 - 267. 271-279
 
multiprotic acid-base systems. 125-132
 
phosphoric acid. 130-132
 
succinic acid. 129-130
 
temperature effects, 122
 

pE and pEO:
 
analogy to pH. 339-340
 
definition. 338-342
 
electron activity. 338 -339
 
relationship to equilibrium constant.
 

339-343
 
relationship to free energy. 339-343
 
relationship to standard electrode
 

potential. 339-343
 
table of values. 328-329. 450-451
 

Peat. 235
 
pE-pC diagrams. 343-363
 

iron. 344 -348
 
method of construction. 344-347
 
nitrogen system. 405-408
 

pE-pH predominance area diagrams. 
348-363
 

bromine. 354-357
 
chlorine. 349-354
 
iodine. 357
 
iron. 358-363. 378-382
 

Percent available chlorine. 321-322
 
'Periodic table. inside front cover
 
Permanganate value. 320-321
 
Phase transformation. 302-304
 
pH. operational definition. 419-420
 
pH buffers. 139. 146-156
 

buffer intensity. 149-156. 373
 
acetic acid. 153-155
 

calculation of pH. 147 -149
 
in natural waters. 146-147
 

pH calculation: 
qcetic 1~~~'14s3odium hydroxide mixture. 

acid and base mixtures. 13E
 
hydrochloric acid. ammonia
 

143-145
 
strong acid and strong base
 

136-139
 
strong acid and weak base
 

139-145
 
strong base and weak acid
 

139-145
 
Phenanthroline. I. 10. 97. 199
 
Phenol. I. 10. 400-401
 
Phenol phthalein acidity, 177
 
Phenol phthalein alkalinity. I' 
Phenyl arsine oxide. PAO. 421
 
pH measurement. 418-420
 
pH meter. 174. 418-420
 
phosphates. 298-312 .
 

aluminum phosphate preClp
 
279-282
 

calcium phosphate precipitc
 
251. 299-305
 

classification. 299-300
 
concentration in water. 299.
 
condensed phosphates. 45

equilibrium constants. 300

hydroxyapatite. 25. 301-304
 
importance in waters. 298-2
 
iron phosphate precipitation
 
magnesium ammonium phOl
 

precipitation. 306-310
 
metaphosphates. 300
 
organic phosphates. 299-3CM
 
orthophosphates. 46. 300
 
polyphosphates. 227. 299-3(1
 

hydrolysis. 45-47. 299
 
removal from wastewater. 21
 

302-305
 
sodium tripolyphosphate. 2
 
structure. 300
 

Phosphoric acid:
 
buffer. 148-149
 
distribution diagram. 135
 
pC-pH diagram. 130-132
 

Photosynthesis. 13. 156. 404
 
pH scale basis. 1. 10. 89. 92
 
Poisoned electrode. 422
 
Polarization. 422-424
 
Polyphosphates. 299-301
 
Polysulfides. 392
 
Potassium chromate indicato
 
Potentiometer. 415
 
Potentiometric measuremen
 

414-422
 
Precipitation. 244-247
 
Precipitation kinetics, 244-2
 

agglomeration. 246-247
 
aging. 246
 
calcium carbonate. 244-2
 
calcium phosphates. 302

effect of particle size. 246
 
ripening, 246-247
 

Precipitation potentiaL 292
 



acid and base mixtures. 136-145
 
hydrochloric acid. ammonia mixture.
 

143-145
 
strong acid and strong base mixture.
 

136-139
 
strong acid and weak base mixture.
 

139-145
 
strong base and weak acid mixture.
 

139-145
 
Phenanthroline. I. 10. 'i!l. 199
 
Phenol. I. 10. 400-401
 
Phenol phthalein acidity. 177
 
Phenol phthalein alkalinity. 174
 
Phenyl arsine oxide. PAO. 425-426
 
pH measurement. 418-420
 
pH meter. 174. 418-420
 
phosphates. 298-312
 

aluminum phosphate precipitation.
 
279-282
 

calcium phosphate precipitation. 25. 147.
 
251. 299-305
 

classification. 299-300
 
concentration in water. 299. 301
 
condensed phosphates. 45-47. 299
 
equilibrium constants. 300-301
 
hydroxyapatite. 25. 301-304
 
importance in waters. 298-299
 
iron phosphate precipitation. 310-312
 
magnesium ammonium phosphate
 

precipitation. 306-310
 
metaphosphates. 300
 
organic phosphates. 299-300
 
orthophosphates. 46, 300
 
polyphosphates, 227. 299-301
 

hydrolysis. 45-47. 299
 
removal from wastewater. 281-282.
 

302-305
 
sodium tripolyphosphate. 299, 300
 
structure. 300
 

Phosphoric acid:
 
buffer. 148-149
 
distribution diagram. 135
 
pC-pH diagram. 130~ 132
 

Photosynthesis. 13. 156. 404
 
pH scale basis. L 10. 89. 92
 
Poisoned electrode. 422
 
Polarization. 422-424
 
Polyphosphates.299-301
 
Polysulfides. 392
 
Potassium chromate indicator. 151
 
Potentiometer. 415
 
Potentiometric measurements.
 

414-422
 
Precipitation. 244-247
 
Precipitation kinetics. 244-247
 

agglomeration. 246-247
 
aging. 246
 
calcium carbonate, 244-247
 
calcium phosphates. 302-305
 
effect of particle size. 246- 247
 
ripening. 246-247
 

Precipitation potential. 292-295
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Predominance area diagram:
 
bromine system. 354-357
 
chlorine system. 349-354
 
iodine system. 357
 

Propylene. 36
 
Protective oxides. 375
 
Proton condition. 97 -101
 

acid. 97
 
from mass and charge balances. 100-101
 
phosphoric acid. 98
 
salt. 97
 
sodium bicarbonate. 98
 

Proton hydration. 87
 
Proton reference level, 97
 
Proton transfer. 86-88
 
Pyrite. 378-386
 
Pyrophosphate phosphohydrolase. 46
 
Pyrophosphoric acid. 45. 300
 

Radioactive decay, 36
 
Rain:
 

acid raid. 8
 
composition. 5-6
 

Rate laws. 27-36. 59-60
 
Reaction mechanism. 36-40
 
Reaction order. 28-36
 
Reaction quotient. 67-70.73,75.323.
 

331-332
 
Reaction rate. see Chemical kinetics.
 

reaction rate
 
Recarbonation. 174.288
 
Redox equilibria. 322-338
 

Nernst equation. 331-338.339.342-343.
 
372.414-417.419-421
 

oxidation half-reactions. 317
 
pE-pC diagrams. 343-363
 
reduction half-reactions. 317
 

Redox potential:
 
formal potential. 336
 
relationship to free energy. 324-328.
 

330-332
 
table of values. 328-329. 450-451
 

Redox reactions:
 
balancing half-reactions. 316-318
 
biological electron acceptors. 407-412
 
biological redox reactions. 404-414
 
equivalent weight. 319-322
 
importance in waters. 316
 
stoichiometry. 316-322
 

Reducing agent. 319
 
Red water. 370
 
Reference electrode. 415-418
 
Respiration. 156. 409. 412
 
Rhizobium, 407
 
River water composition. 217-220
 
Rust. 363
 

Saccharase. 38-40
 
Sacrificial anode. 378-379
 
Salt bridge. 415
 
Salting out coefficient, 79-82
 
Salting out effect, 79-82
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Saturated calomel electrode, 415-417
 
Saturation index, see Langelier index
 
Scaling, 287-295, 307-310, 376-377
 
Seawater:
 

cadmium solubility in, 264
 
composition, 3, 7, 217-220, 264
 
oxygen activity coefficient in, 80-82
 

Sequestering agent, 227
 
Siderite, 379-382
 
Silica, adsorption of cobalt on, 215-217
 
Silicates, contribution to alkalinity,
 

190-192, 290
 
Silver chloride, 26-27, 250-251
 
Silver chromate, 250-251
 
Silver cyanide solubility, 258-262
 
Silver electrode, 416
 
Sludge rising. 410
 
Snow composition, 5-6
 
Soda ash, 154, 159
 
Sodium acetate, 27
 
Sodium hydroxide solution:
 

species calculation, 106-107, 108
 
titration curve, 136-139
 

Sodium hypochlorite, 321. 387
 
species calculation. 110-114
 

Sodium sulfite, 46-47
 
Sodium thiosulfate, 324-328, 330-331
 
Sodium tripolyphosphate, 299, 300
 
Softening, 147, 156, 159, 174, 243, 271.
 

287-289,298,299 
Solubility:
 

aluminum hydroxide, 268-270
 
aluminum phosphate, 279-282, 310
 
cadmium hydroxide. 254-256, 262-264
 
calcium carbonate, 254, 256-258, 282-298
 

closed system, 284-285
 
complex effect, 295-298
 
open system, 285-287
 

calcium fluoride, 250
 
calcium phosphates, 299-305
 
common ion effect, 247, 252-253
 
competing ligand effect. 270-282
 
complexation effect, 262-282
 
conditional solubility product, 253-254,
 

306-310
 
equilibria, 243-312
 

characteristics, 243-244
 
eqUilibrium calculations, 247-298
 
importance in waters, 243
 
log concentration diagrams, 254-258
 

ferric hydroxide, 215, 264-268
 
ferric phosphate, 251
 
ferrous carbonate, 271-279
 
ferrous hydroxide, 268, 271-279
 
ferrous phosphate, 310-312
 
magnesium ammonium phosphate,
 

306-310
 
magnesium carbonate, 256-258
 
magnesium hydroxide, 254-256
 
silver chloride, 250-251
 
silver cyanide, 258-262
 

stannous fluoride, 252-253
 
weak acid salts, 258-262
 
weak base salts, 258-262
 

Solubility product. 248-251
 
definition, 248-249
 
measurement. 310-312
 
relationship to solubility, 249-251
 
table of values, 249, 301. 449
 

Solvent levelling effect, 88-89
 
Specific conductivity, 76-77
 
Specific ion electrodes, 220
 
Spectroscopy, 220
 
Standard electrode potential. 328, 450-451
 

IUPAC convention, 328
 
table of values, 328-329, 450-451
 

Standard free energy of formation, see Free
 
energy of formation
 

Stannous fluoride solubility, 252-253
 
Stoichiometric coefficient, 62-63, 65
 
Struvite, 306-310
 
Succinic acid, 129-130
 
Sucrose hydrolysis, 38
 
Sulfate reduction, 409, 410-411
 
Sulfide oxidation, 24, 70
 
Sulfuric acid, 125
 

enthalpy of formation, 74
 
titration curve, 138-139
 

Surface water composition, 6-7, 9, 217-220
 
Swamping electrolyte, 202
 
Sweep floc, 213-214
 
Synthetic detergents, 45-46, 227, 299
 

Tenorite, 220-221
 
Thermodynamics, 60-82
 
Thiobacillus ferrooxidans, 385
 
Thiobacillus thiooxidans, 385
 
Threshold odor number, 400-401
 
Threshold treatment. 299
 
Ti tration curve:
 

carbonate system, 166-183
 
strong acid, strong base, 136-139
 
weak acid, strong base, 139-143
 

Total dissolved solids, 76
 
Transition complex, 41-42
 
f3-tricalcium phosphate, 301. 303-305
 
Trichloramine, 393-399
 
2,4,6, Trichlorophenol. 403
 
Trihalomethanes, 402-403
 
Tripolyphosphoric acid, 45, 300
 
Tubercules, 363, 370
 

V'ant Hoff equation, 72-73, 92, 122, 251
 
Vivianite, 310-312
 
Voltmeter, 415
 

Wastewater:
 
effect on natural water, 10-13
 
phosphate removal. 281-282, 302-305
 

Water:
 
conditioning, 167,287-289,291-292
 
hydrogen bonding, 2
 

ionization, 87
 
rate of reaction, 93-94
 

ion product. 88, 448
 
effect of temperature, 92-9
 

properties, 1-3
 
redox stability, 349
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ionization, 87 
rate of reaction, 93-94 

ion product. 88, 448 
effect of temperature, 92-93 

softening, 147, 156, 159, 174,243,271, 
287 -289, 298, 299 

stabilization, 167 
Winkler method, 82, 324-325, 333-334 

properties, 1-3 
redox stability, 349 X-Ray crystallography, 312 




