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acetate; anaerobic digestion processes
and, 211t, 298–300, 298f, 299f, 302;
biological phosphorus removal
process, 386, 387–88, 391;
denitrification process, 384;
hydrogen fermentation, 831, 832,
833f, 838, 840, 852f, 855, 856t, 885;
MCRT and, 388; methane
fermentation and production of,
885–86; methanogenic reaction
utilization of, 797, 800; PHA
production, 261–62; VFA
degradation to, 840

acetic acid; anaerobic digestion and
hydrogen production, 831–32;
biological nutrient removal and
BOD:P ratio, 392; hybrid UASB
reactor treatment and removal of,
247; methanogens sensitivity to,
891; nanomembrane fabrication,
980; PHA production, 259, 261

acetogenesis process and acetogens/
acetogenic bacteria; Acetobacterium
woodii, 886t; anaerobic digestion
and hydrogen production, 830,
831–32, 832e; anaerobic digestion
process, 298–300, 298f, 299f;
anaerobic granulation process,
233–34; hydraulic retention time
and, 302; methane fermentation,
885–86; obligate hydrogen-
producing acetogenic bacteria,

298–99, 300, 874, 886t; pH and,
874, 890–91

acidification and surfactant recovery,
641–42

Acidithiobacillus sp.; A. ferrooxidans,
603–5; A. thiooxidans, 603

acidogenesis process and acidogens/
acidogenic bacteria; acid inhibition
during, 874; anaerobic digestion
and hydrogen production, 830, 831,
831e, 840; anaerobic digestion
process, 210t, 211t, 299–300, 299f,
831; methane fermentation, 885–
86; nutrients and, 211t; pH and,
210t, 874, 890–91; toxic
compounds and, 304

acids; adsorption of phosphorous
with AWBs and, 504–5, 525–26;
aerobic processes compared
anaerobic granular sludge
processes, 239; desorption of
phosphorous from AWBs, 502–3;
gravity-fed GAC and membrane
filters system and removal of, 70t,
71; MEUF process and pH, 630–31;
organic materials in rainwater, 41–
42, 54; pH and, 38; refractory
wastewater properties, 653t; SBAC
activation, 723, 724t

Acinetobacter, 279t, 283, 389, 401
Acorus calamus, 355
Acorusgramineus soland, 355
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Actinastrum sp., 815
activated carbon; adsorbent
applications for anionic pollutants
removal, 457, 459t, 460; adsorbent
applications for heavy metals
removal, 595, 596t; adsorbent
applications for pollutant removal,
360–67, 360f, 360t, 361e, 362t, 363t,
364t, 365t, 366f, 367t, 719;
adsorption and TrOC treatment,
27, 538–540; adsorption capacity
of, 512t, 513t; adsorption process
for treatment of surfactant-rich
effluent from MEUF, 616, 643;
applications of, 357; background
organic matter and effectiveness of
adsorption process, 539–540;
biomaterial-based activated
carbons for anion removal, 27,
462–63, 466–67, 468; biosorbent
applications, 464t, 465t, 475t, 479;
biosorbent desorption and
regeneration capacities, 481t, 482;
burning of dead wetland plants and
production of, 338; cattail fiber–
based activated carbon, 360–62,
360f, 362t; characteristics and
properties of, 357–360, 358f, 359t,
360f, 462–63, 463, 719; chemical
activation, 357, 462–63; coal-based
activated carbon, 595; costs
associated with producing, 357; Fe-
modified activated carbon, 366–67,
366t, 367t; granular activated
carbon (GAC), 616, 719; granular
activated carbon (GAC) adsorption
filtration, 56–60, 57f, 57t, 58f, 59t,
596t; granular activated carbon
(GAC)–AFBR systems, 800–801;
granular activated carbon (GAC)
and heavy metal remediation, 596t;
granular activated carbon (GAC)
and recycled water treatment
methods, 16; granular activated
carbon (GAC) biofilters for

stormwater treatment, 96, 97, 98–
100, 99f, 99t, 101; granular
activated carbon and membrane
fouling, 805; gravity-fed granular
activated carbon (GAC) and
membrane filters system, 64–72,
65f, 66t, 67f, 68f, 69t, 70t, 71f; lead
removal with, 585; lignite coal,
475t; lignocellulosic materials–
based activated carbon and removal
of Cd(II), 365–66, 365t; lotus
stalks–based activated carbon, 364–
66, 364t, 365t; MBR–activated
carbon adsorption system, 561;
Mn-modified activated carbon,
362–64, 363t, 364t; phosphorous
adsorption applications, 495, 499;
physical activation, 357, 462–63;
powdered activated carbon (PAC),
14, 596t, 616, 719; powdered
activated carbon and membrane
fouling, 805; powdered activated
carbon use in SAnMBR, 884;
sludge-based activated carbon, 28–
29; sludge-based activated carbon
(SBAC), 719–729, 721–22t, 724–
26t; sources of, 357; stormwater
treatment methods, 90. See also
sludge-based activated carbon
(SBAC)

activated carbon bed (ACB), 697
activated carbon fiber (ACF);
adsorption capacity of, 362t, 512t;
adsorption process for treatment of
surfactant-rich effluent from
MEUF, 616, 643; biosorbent
applications, 465t; heavy metals
remediation, 28, 596t; MEUF–ACF
hybrid process, 28, 616, 644;
properties of, 28, 616

activated sludge/activated sludge
process; anaerobic process
integration with, 249–250;
anaerobic treatment as replacement
for, 209; anammox process use of,
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439–440; ASBR compared to
conventional activated sludge
process, 308; biomass
concentration in, 164; concepts and
applications, 190t; conventional
activated sludge systems, 388–89,
390, 391, 402, 415, 552–53, 553f;
environmental impact of
conventional activated sludge
(CAS) process, 18–19;
environmental impact of
conventional activated sludge
system-ultrafiltration (CAS-UF),
18–19; enzyme production from,
26, 256, 278–285; PHA production
with, 258, 260–62; sludge floc
hydrolysis, 278–281, 279t, 283;
sludge generation by process, 255;
water quality after treatment with
conventional activated sludge
(CAS) process, 19

ADI-AnMBR, 869, 871t
ADI Systems, 297, 869, 871t
adsorbents and adsorption processes;
adsorption capacity of
chlorophenols on various
adborbents, 362t; anionic
pollutants removal, 456; carbon
nanotubes adsorbents, 596;
commercial adsorbents for removal
of anionic pollutants, 457, 459t,
460–61; commercial adsorbents for
removal of phosphorous, 508, 513t;
costs of commercial adsorbents,
456, 461; desalination, 11; heavy
metals remediation, 28, 595–97,
596t, 598–99t, 602, 642–43; low-
cost adsorbents, 597; nanomaterials
applications, 30, 981–83;
phosphorous recovery, 521–22,
522f, 526; phosphorous removal,
494t, 495; renewable organic
sources for, 456; sludge conversion
for use as, 256, 706; surfactant-rich
effluent from MEUF, treatment of,

616, 642–43, 644; TrOC removal,
27, 538–540; wastewater treatment
methods, 17, 162, 163t, 164. See also
activated carbon; activated carbon
fiber (ACF); agricultural by-
product–based biosorbents
(AWBs); biosorbents/biomass-
based adsorbents; sludge-based
activated carbon (SBAC)

advanced oxidation processes
(AOPs); mechanism, 671; textile
wastewater treatment with, 670–71,
671t; TrOC treatment with, 27,
543–44, 565, 680; wastewater
treatment with, 162, 163t, 680

aeration; biological nutrient removal
and, 388; cost of, 239, 868, 880; CW
uses of, 26, 203, 349–351, 350f;
lagoon treatment systems, 198;
natural purification, environmental
water bodies, and water quality,
167; onsite wastewater treatment
systems, 399; POME treatment
systems, 964; reservoir storage of
reclaimed water and water quality,
165–66, 166f; wastewater treatment
processes, 190t; wetlands systems
use of, 203

aerobic biodegradation; kinetics of,
915–925, 916f, 917t, 918e, 921t,
922t, 923t, 924f; moisture content
and composting process, 926–933,
930f, 931f, 932f, 934f, 942–45, 944f;
temperature and, 906, 909, 920,
925–26, 927f, 928f, 942–45, 944f

aerobic treatment processes and
systems; aerobic MBRs and
combination treatment systems,
874; anaerobic-aerobic-oxic–
membrane bioreactor treatment
system, 174, 174f, 175–78, 177f,
179, 874; anaerobic processes
compared to, 235–240, 300, 878–
79; biological treatment systems
and phosphorous removal, 383;
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biomass washout and sludge
bulking, 237, 248; chemical
requirements, 239; conventional
aerobic treatment comparison to
anaerobic, aerobic MBR, and
AnMBR treatments, 874, 875t;
costs associated with, 868;
degradation and detoxifying
capabilities, 237–38, 249–250;
energy efficiency and requirements
of, 239–240, 241–43, 763–64, 764t;
energy utilizing process, 300; feed
loading rate, 236–37; foaming of
surfactants, 238–39; nutrient
requirements for, 239; onsite
wastewater treatment systems, 399,
415; pH control, 239; process
stability, 237; recycling needs and
energy use, 242; sludge generation
by, 255; sludge production from,
236; VOC emissions from, 238;
wastewater treatment methods,
190t

Aeromonas sp.; A. caviae, 260, 604t;
A. hydrophila, 257, 263

aesthetics; first flush runoff, 48;
integrated water management and,
22; iron in water and, 48; storage of
reclaimed water and water quality,
16f, 164–66; stormwater reuse for
toilet flushing and clothes washing
and, 79

Africa; AnMBR research in South
Africa, 869; fossil groundwater
resources in North Africa, 117;
freshwater resources in, 148t;
irrigation with groundwater in, 114,
115f; leakage of water in South
Africa, 749; Modified University of
Cape Town, South Africa (MUCT)
process, 403–4, 403f, 406, 407t, 415;
SAT geo-purification systems in,
216; shale gas exploration and
development in, 129f, 130;
University of Cape Town, South

Africa (UCT) process, 403, 403f,
404, 407t, 415; water shortages in,
147

Agency for Toxic Substances and
Disease Registry, U.S. Department
of Health and Human Services, 589

agricultural by-product–based
biosorbents (AWBs); adsorption
processes mechanisms for
phosphorous removal, 469–499,
498f; advances and innovations in
process, 524–25; advantages and
benefits of using, 496; AWBs
dosage and AWBs adsorption
capacities, 506, 509–11t; contact
time and AWBs adsorption
capacities, 507–8, 509–11t, 525;
desorption of and pH, 499, 500–
501t, 502; desorption of and
regeneration capacities, 499–503,
500–501t, 521–22, 522f, 525–26;
economic and environmental
benefits of use of, 27, 496, 526, 597;
future research recommendations,
525–26; heavy metals remediation,
597, 598–99t; metal-impregnated
biosorbents, 497–98, 504–5, 514–
15, 516, 517t, 525; modified AWBs
adsorption capacity and
performance, 508, 512–13t, 514–16,
517–19t, 525; particle sizes of
AWBs and AWBs adsorption
capacities, 508, 525; pH and
phosphorous removal, 497–98, 499,
503–5, 504f, 509–11t, 525–26;
phosphorous biosorption, factors
that influence, 503–8, 504f, 509–
11t, 525; phosphorous removal/
recovery with, 27, 495–96, 525–26;
quaternization, 497, 515–16, 518–
19t, 525, 526; selection of, 27;
selection of for phosphorous
removal/recovery, 523–24, 524f;
selenium removal with, 478;
thermal activation and
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phosphorous removal, 516, 519t;
unmodified AWBs adsorption
capacity and performance, 508,
512t, 514, 525

agriculture; best management
practices for pollution control,
192t; biofuel production and
competition for land and water
resources, 22; biosolids uses in, 18;
climate change adaptation and
mitigation strategies, 749–750;
climate change adaptation
strategies, 746–47; climate change
impact on, 737–741, 739f; climate-
ready crops, 749; conversion of
agricultural materials into harmless
or valuable products using
nanomaterials, 978; crop
diversification, 749; crop failure
insurance, 750; crop-planting
calendar, adjustments to, 750; crop
yield and climate change, 740; data
collection and management of
water for, 23–24; emerging
contaminants from, concern about,
117–18; energy crops and hydrogen
production, 834–35; environmental
and regional impact of white
biotechnology, 22; environmental
impacts of waster from, 496;
greenhouse gases emissions from,
738–39; land-use management
changes, 750; nanomaterials and
nanotechnologies applications, 30,
977–78; nanomaterials and
nanotechnologies for treatment of
wastes, 978, 979–984; partially-
treated wastewater use for, 755–56;
phosphorous materials-flow
analysis, 756–59, 760f;
photocatalytic treatment of wastes,
978, 980; pollutant concentration in
stormwater runoff, 77; relocation of
crops, 750; sludge disposal on
agricultural fields, 271, 581, 705;

stormwater reuse for, 82t, 84t;
sustainable development and
management and, 965, 968;
temperature increases from climate
change and, 740–41;
vermicomposting use of waste
from, 273t, 275; wastewater from,
electrical energy from with MFCs,
806, 808t, 811; water-related
policies and issues, complexity and
interconnectedness of, 20, 22

Alberto, Tropical Storm, 410, 412,
415

Alcaligenes sp.; A. eutrophus, 256,
257t, 261; A. latus, 259; PHA
production with, 257

alcohols, 653t
algae; algae photosynthesis, algae
biomass, and biofuel production,
203–4, 203e, 204f; biofuel
production from, 29, 790, 812–15,
814t, 816–17, 818; biomass
production and simultaneous
wastewater treatment, 812–15,
814t; carbon dioxide fixation
photosynthesis of, 203, 203e, 204f;
carbon dioxide role in biomass and
lipid production, 817; direct
combustion of algal biomass, 814t;
environmental impacts of biofuels
production from, 816–17;
wastewater contaminants and
environmental risks, 377, 379t;
wastewater treatment methods, 17,
817

alkalines/alkalinity. See bases/
alkalines

almond shells and husk, 462t, 598t
aluminium (Al); first flush runoff, 48,
49f, 55t; GAC adsorption filtration
and removal of, 58, 59t, 60; gravity-
fed GAC and membrane filters
system and removal of, 68, 69t;
membrane filtration and removal
of, 62t, 63; metal-impregnated
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chelate resins, 462; metal-
impregnated/treated biosorbents,
473t, 512t, 513t, 517t; natural
component of AWBs, 505;
rainwater properties, 40t, 45t, 55t,
68; sludge properties, 708

amino acids; acidogenesis process,
831; acidogenesis process and
acidogens/acidogenic bacteria, 831;
anaerobic digestion and, 298–300,
298f, 299f; biological phosphorus
removal process, 386; production
of, 279, 283; proline, 347

amitriptyline, 554, 556, 556–57
ammonia (NH3); anaerobic digestion
processes and, 209, 210t, 300, 303,
874; CWs and removal of, 341, 344;
environmental impacts of, 382; first
flush runoff, 49f, 53, 55t; free
ammonia (FA), 426, 428, 435–36,
436e; GAC adsorption filtration
and removal of, 59t, 60; lagoon
treatment systems and removal of,
195, 196–97, 196f; manufacturing
process, 759; membrane filtration
and removal of, 62t, 64; pH value,
impact on, 891; plant selection for
CWs and, 345–46, 347; rainwater
properties, 38, 39t, 44t, 46, 55t;
relationships among compounds
and formation of fine particles in
the atmosphere, 196–97, 196f;
removal of, factors that affect, 388;
stormwater properties, 85t; swine
operations, ammonia emissions,
and public health and
environmental regulations, 197;
wetlands systems and removal of,
199

ammonia nitrogen/ammoniacal
nitrogen (NH3+N); composting
toilets and elimination of from
effluent, 905; discharge limits, 411,
411t, 420; feces characteristics,
907t; groundwater quality in areas

with and without POME
application, 966t, 967t; nitrogen
elimination applications, 759;
North Cary Water Reclamation
Facility biological nutrient removal
technology performance, 412;
pollutant loads from household
appliances, 904t; reclaimed water
quality criteria, 173f, 177–78, 177f;
refractory wastewater properties,
655

ammonium; anammox process use
of, 420–22, 421f, 422e, 425, 425e,
426–27; CANON process, 430–33,
431e, 431f; SHARON–Anammox
process, 429–430, 429f, 430e, 431;
SNAD process, 432–33, 433f. See
also anaerobic ammonium
oxidation (Anammox)

ammonium dodecyl sulfate (ADS),
634, 634–35

ammonium nitrate, 196–97, 196f,
259, 771t

ammonium nitrogen (NH4+N); BAF
water treatment comparison
between SBCP and commercial
ceramic particles, 712–15, 714f,
715f, 716–17, 717f; CWs and
removal of, 349–351, 350f, 351t,
354t, 355, 356t; CWs and winter
weather, 203; nitrification-
denitrification, 27, 199, 202–3, 340,
341, 347–48, 349–351, 383–84,
383f, 388, 420, 421, 421f, 915; North
Cary Water Reclamation Facility
use of, 413t; wastewater properties,
379t

ammonium sulfate/sulphate, 196–97,
196f, 259, 771t

amphiphilics, 41, 54
amylase, 279, 279t, 283
Anabaena, 812
anaerobic/aerobic fixed-bed
sequencing batch biofilm reactors
(FB-SBBR), 796
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anaerobic-aerobic-oxic–membrane
bioreactor treatment system, 174,
174f, 175–78, 177f, 179, 874

anaerobic-aerobic sludge system,
261–62

anaerobic ammonium oxidation
(Anammox); advantages and
benefits of, 422–23; ammonium
nitrogen conversion to nitrogen
gas, 420–22; applications of, 27,
442–45, 444t; bacteria involved in,
420, 421–22, 422t; biomass yield,
422, 426, 439; costs associated with,
422, 427–28, 430, 431, 442;
discovery and history of process,
420–23; ecological advantages of,
423; historical developments in, 27;
inhibitors/potential inhibitors of,
27, 426, 427, 428, 434–38, 434t,
436e; integration with other
nitrogen removal processes, 428–
433, 429f, 431f, 433f, 443–45, 444t;
limitations of, 445; mechanism,
process, and parameters, 27, 425–
28, 425e, 427e; microbial
physiology and growth
requirements of anammox bacteria,
27, 423–28, 424f, 425e, 427e, 433,
439–440, 441, 442, 445; naming of
process, 421; nitrogen cycle, 421,
421f; nitrogen removal, 27, 420,
439–445, 444t; pH and, 425–26,
428; reactor systems used for, 27,
438–442, 443, 444t; research on and
papers published about, 422, 423f,
443; stoichiometry of, 422, 422e;
temperature and, 425–26, 427–28,
427e

anaerobic/anoxic/oxic process, 400–
401, 400f, 407t

anaerobic attached growth processes;
anaerobic expanded bed reactor,
205, 208, 321f, 322; anaerobic
hybrid reactors, 326–27, 326f;
concepts, types, and applications,

320–21, 321f; down-flow anaerobic
attached growth reactor, 323, 323f;
hydraulic retention time, 320, 322;
solids retention time, 320, 322. See
also anaerobic fluidized bed reactor
(AFBR)/fluidized bed reactor
(FBR); anaerobic packed-bed
reactor (APBR)

anaerobic baffled reactor (ABR);
characteristics, process function,
and applications, 243, 248, 315,
318–19, 318f; hydraulic retention
time, 318; polymer-conditioned
anaerobic sludge and granular
sludge, 248; POME treatment and
methane capture/biogas
production, 968–69; startup time
needed for, 248; wastewater
treatment with, 319

anaerobic batch reactor, 842–44, 855,
856t

anaerobic biofilter, 715–16
anaerobic contact process;
characteristics and functions, 206t,
307–8, 307f; concepts and
applications, 190t; feedstocks, 212t;
hydraulic retention time, 307;
process design and parameters,
312–13e, 312–14, 313f; solids
retention time, 307

anaerobic digestion/treatment
processes; acceptability and
prevalence of use of, 297–98, 867,
878–79; acid inhibition, pH, and
process stability, 874; advances and
innovations in technologies, 298;
advantages and benefits of, 26, 205,
300–301, 315, 332, 867, 878–79;
aerobic processes compared to,
235–240, 300, 878–79; AnMBR
comparison to, 868; biogas
production with, 17–18, 26, 29, 30,
205, 212–13, 249, 255, 298–301,
298f, 299f, 303, 763–64, 764t, 790,
801–2, 816, 818; biomass
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accumulation with, 26, 867, 878–
79; CHP systems use with, 18;
concepts and applications, 26, 297–
98; concepts and process stages,
190t, 205, 298–300, 298f, 299f, 332–
33; conditions for wastewater
treatment, 300; conventional
anaerobic treatment comparison to
aerobic, aerobic MBR, and AnMBR
treatments, 874, 875t;
disadvantages and limitations, 301,
315, 867; Dranco process, 214–15,
214f; efficiency of, 209, 315; effluent
from, anammox treatment of, 432,
433, 438, 443, 444t, 445; effluent
from, properties of, 428t; effluent
from, treatment of to meet water
reuse standards, 867–68, 878;
electricity production from, 815–
16; energy efficiency and
requirements of, 239–240, 241–43,
790, 792–93; energy production
from, 300–301, 790, 818;
environmental benefits of, 17;
feedstocks and types of digesters,
209, 212t, 244; hydraulic retention
time, 209, 211t, 302, 315, 878;
hydrogen production with, 205,
213, 240–41, 298–300, 298f, 299f,
796–97, 830–33, 830e, 831e, 832e,
833f, 857; kinetic model analysis for
performance prediction, 328–332,
328–332e, 329f, 330f, 331f, 332f;
kinetic models and process kinetics,
26; Kompogas process, 215;
limitations of, 878; methane
production from, 297, 298–301,
298f, 299f, 303, 792, 793, 798;
mixing, 209, 211t; monitoring
requirement for, 301; municipal
solid waste treatment case studies,
213–15, 214f, 215f; natural
wastewater treatment with, 25–26;
organic loading rate, 303–4; palm
oil mill effluent treatment, 963–64,

964f; palm oil mill effluent
treatment and methane capture/
biogas production, 968–970, 969f,
970f, 972–73; performance of and
pollutant removal, 209, 210–11t;
pH and, 209, 210t, 300, 301, 302–3,
874, 890–92; process design and
parameters for operations and
performance, 301–4, 332–33;
sludge generation by, 255; solids
retention time, 204, 211t, 242, 303,
304, 878–79; startup time needed
for, 301; sustainable energy
management systems for
wastewater treatment, 793–805,
795f; temperature and, 209, 210t,
250, 301, 302, 867; temperature-
wise two-stage anaerobic digestion,
205; toxic compounds and, 304;
toxicity resistance of, 26; two-stage
anaerobic digestion, 205; types and
applicability, 190t, 205, 206f; types
of reactors associated with, 26;
Valorga process, 215, 215f; Wassa
process, 214; wastewater
characteristics and process
performance, 301–2; wastewater
treatment methods, 190t, 443, 445,
793–805, 795f

Anaerobic Digestion Ultrafiltration
(ADUF) systems, 869, 870t

anaerobic expanded bed reactor, 205,
208, 321f, 322

anaerobic filter reactors; biomass
retention with, 872; characteristics
of, 206t; feedstocks, 212t; hybrid
UASB-filter reactor, 207–8, 246–47,
799, 844; industrial wastewater
treatment with, 885

anaerobic fluidized bed reactor
(AFBR)/fluidized bed reactor
(FBR); advantages and benefits of,
208, 322; anammox process in, 421,
438–39; biogas production with,
801–2; biomass retention with, 793,
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872; characteristics, process
function, and applications, 206t,
208, 208f, 321f, 322, 795f, 799–802;
efficiency and performance of, 800–
802; GAC–AFBR systems, 800–
801; granular SBAC use in, 728–29;
hybrid systems/combined
processes, 805; hydrogen
production with, 843; limitations
of, 208, 322

anaerobic granular sludge technology
and systems; acceptability of
process and increase in interest in,
232, 249–250; advantages and
benefits of, 26, 233–34, 234t, 239–
240, 243, 249; aerobic processes
compared to, 235–240; biomass
washout and sludge bulking, 237,
248; biosolids from, amount of,
232; biosolids from, fertilizer and
soil conditioner uses for, 231–32;
carbon credits, reduction of
greenhouse gas emissions, and, 236,
250; chemical requirements, 239;
composition of anaerobic granules,
232; costs associated with, 235,
236–37, 239–240, 241, 242–43,
249–250; degradation and
detoxifying capabilities, 237–38,
249–250; development of anaerobic
granules, 233–34, 233f, 235;
ecological and economic benefits
of, 239–240, 243; effectiveness of
treatment and promising future of,
231–32, 249–250; energy
consumption, COD
concentrations, and energy self-
sufficiency, 242; energy efficiency
and requirements of, 239–240,
241–43; energy production
associated with, 26, 231, 236, 239–
243, 249; feed loading rate, 236–37,
243; foaming of surfactants, 238–
39; granular seed sludge, 235; heat
for reactor, biogas use for, 231, 236,

239, 240, 241–43; hydraulic
retention time, 238, 243, 247, 250;
hydrogen production with, 240–41,
249; limitations of, 26, 232–35;
membrane bioreactors coupled
with, 249–250; methane production
from, 231, 236, 238, 239–240, 242,
243, 249; nutrient requirements for,
232, 239; operating time for, 235;
pH control, 239; process stability,
237; reactor systems, 26, 243–49;
sludge production from, 236, 250;
startup time needed for, 232–33,
235, 244–45; stressed loading
conditions and startup time, 244–
45; temperature and, 241–42, 250;
VOC emissions from, 238

anaerobic hybrid reactors, 326–27,
326f

anaerobic lagoons, 194–95, 323–26,
324f, 325e, 325f

anaerobic membrane bioreactors
(AnMBRs), 872; advantages and
benefits of, 30, 328, 868, 878–79,
888, 893; anaerobic microbes
growth in, 868, 874, 878–79;
AnMBR comparison to anaerobic,
aerobic, and aerobic MBR
treatments, 875t; biogas
production, operational parameters
for, 888–893; biogas production
with, 30, 802–5, 868, 881–84, 885–
893; biogas production with,
research recommendations to
optimize, 893–95; biomass
retention with, 868, 878–79, 881–
82; characteristics, process
function, and applications, 327–28,
328f, 795f, 802–5; commercial
applications, 30; concepts and
fundamentals, 868–878, 869;
conventional anaerobic processes
comparison to, 868; costs
associated with, 880, 894–95;
development and evolution of,
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868–69, 870–71t; economic
viability of, 868, 880, 883, 894–95;
efficiency of removal of
contaminants by, 879–880; energy
consumption of external
configurations, 872; environmental
and economic advantages of, 30;
evolution of membrane and process
design, 29–30; hybrid AnMBR
systems, 874, 876t, 877–78t; hybrid
systems/combined processes, 805;
hydraulic retention time, 802, 804,
868, 878, 879, 888, 892–93;
industrial wastewater treatment
with, 803, 869, 880–85; limitations
of, 328, 868; membrane cleaning
and antifouling mechanism, 804–5;
membrane fouling issues, 30, 804–
5, 868, 891–92, 894–95; membrane
types, 872; methane recovery
efficiency of, 803–4; methane
recovery with, 802–5; methanogens
growth in, 868, 881–84; municipal
wastewater treatment with, 878–
880; pH and, 874, 890–92; process
design and configurations, 869,
872–78, 873f, 875t, 876t, 877–78t;
research recommendation, 893–95;
size of, 868; sludge production
from, 888, 892–93; solids retention
time, 802, 804, 868, 878–79, 882,
888, 892–93; submerged anaerobic
membrane bioreactors
(SAnMBRs), 803, 872, 873f, 879–
880, 883–84, 888, 889–890, 891–92,
893–95; temperature and, 867, 871,
880, 883, 888–890

anaerobic migrating blanket reactor
(AMBR), 243, 249, 315, 319–320,
319f, 320e

anaerobic/oxic (Phoredox) process,
400–401

anaerobic packed-bed reactor
(APBR); anaerobic hybrid reactor
compared to, 326; biogas

production with, 793; biomass
washout issues, 321; characteristics,
process function, and applications,
321, 321f; feedstocks, 212t;
hydrogen production with, 843;
limitations of, 321, 326; types of,
843

anaerobic reactor systems;
acceptability and prevalence of use
of, 209; anaerobic attached
microbial expanded bed reactor,
206t; anaerobic migrating blanket
reactor (AMBR), 243, 249;
characteristics of, 206t; fixed-film
reactors, 205–6, 206f, 212t; granular
sludge systems, 26, 243–49; internal
circulation (IC) reactor, 243, 248;
plug-flow reactors, 209, 212t, 214–
15, 214f, 389. See also anaerobic
baffled reactor (ABR); anaerobic
filter reactors; continuous stirred
tank reactor (CSTR); expanded
granular sludge bed (EGSB)
reactor; upflow anaerobic sludge
blanket/bed (UASB) reactor

anaerobic sequencing batch biofilm
reactor (ASBbR), 794–96

anaerobic sequencing batch reactor
(ASBR); AMBR compared to, 319–
320; bacterial growth rate and
hydrogen production, 844–48,
845–48e; characteristics and
functions, 308, 308f, 794–97, 795f;
concepts and applications, 243,
248; efficiency of, 308, 794;
feedstocks, 212t; hydrogen
production with, 796–97, 842;
organic loading rate, 248; UASB
compared to, 248

anaerobic sludge blanket processes;
anaerobic migrating blanket reactor
(AMBR), 243, 249, 315, 319–320,
319f, 320e; concepts, types, and
applications, 315; hydraulic
retention time, 315. See also
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anaerobic baffled reactor (ABR);
expanded granular sludge
bed (EGSB) reactor; upflow
anaerobic sludge blanket/bed
(UASB) reactor

anaerobic suspended growth
processes; anaerobic contact
process, 190t, 206t, 212t, 307–8,
307f, 312–13e, 312–14, 313f;
completely mixed process, 305–7,
305f, 306f, 309–11, 309–11e, 310f,
313; concepts, types, and
applications, 305; conventional
anaerobic reactor, 311–12, 311–
12e, 311f, 314–15, 314–15e;
hydraulic retention time, 305–7;
process design and parameters,
309–15, 309–15e, 310f, 311f, 313f;
solids retention time, 305–7. See
also anaerobic sequencing batch
reactor (ASBR)

androsterone, 554, 556
animal waste and wastewater;
anaerobic lagoons for treatment of,
194; anaerobic suspended growth
processes for treatment of, 305;
anammox process for treatment of,
444t; AnMBR treatment of, 869,
876t, 891; cow dung, 272, 274, 275;
CWs for treatment of, 341;
electrical energy from with MFCs,
882–83; feedstocks and types of
digesters, 212; fertilizer
applications, 758, 771; hydrogen
production with, 836t, 840, 842;
methane emission from, 738;
nitrogen load from, 761; phosphate
concentrations in, 758;
vermicomposting use of, 272, 274,
275, 276, 277. See also swine waste
and wastewater

anion-exchange resins; adsorbent
applications for removal of anionic
pollutants, 27, 459t, 460–61, 483;
biosorbent desorption and

regeneration, 479, 482;
phosphorous removal, 495, 496

anionic pollutants; adsorbents and
adsorption processes to remove,
456; biosorbents for removal of, 27,
461–479, 462t, 464–65t, 472–73t,
474–75t, 482–83; commercial
adsorbents for removal of, 457,
459t, 460–61; discharge limits, 455;
environmental impacts of, 27, 455,
456, 457, 458t; health hazards
related to, 27, 455, 456–57, 458t;
permissible limits for drinking
water, 456–57, 458t; remediation
technologies, 455–56; renewable
organic sources for adorption of,
456; sources of, 455, 456; toxic
anions removal with biosorbents,
469–471, 472–73t; toxic metal
complex anions removal with
biosorbents, 471, 474–75t, 476–79,
476f

anionic surfactants, 616, 619, 627,
628–29, 641. See also sodium
dodecyl sulphate (SDS)

anions and anionic metal complexes;
adsorption of phosphorous with
AWBs and, 507, 525; co-existence
of pollution and metal cations and
efficiency of MEUF, 641; first flush
runoff, 53; industrialization and
increase in, 27; rainwater
properties, 37–38, 43, 46

anode ceramic-corrosion-cell fillers,
717–18

anoxic treatment processes, 190t
anthropogenic compounds, 238
antibiotics; AnMBR for removal of,
879–880; combined toxicity of in
the environment, 534;
heterogeneous photocatalysis
degradation of, 690, 691t;
inhibitory effects of on anammox
process, 437–38; refractory
wastewater properties, 654, 655; RO
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and removal of, 542; UASB-MBR
for removal of, 805

apartments, water efficiency measures
and metering individual, 21t

Aphanothece halophytica, 604t
apple peels, 500t, 502, 507, 517t, 521–
22

appliances; wastewater effluent from,
903–4, 904t; water efficiency
measures, 21t

aquatic treatment systems, 190–91t,
193t, 198–204, 200t, 202t, 204f. See
also constructed wetlands (CWs)

aquifers; seawater intrusion into, 117,
118–19, 120–21, 376, 393; soil/
aquifer/riverbank (SAT) geo-
purification systems, 190–91t, 215–
220, 216f, 218f, 219t; storage and
recovery of desalinated water, 14

aquifer treatment systems, 25–26
Argentina; Guaraní Aquifer System,
112–13, 114; shale gas exploration
and development in, 129–130

Arizona, 216, 216f
arsenic (As); adsorption process for
removal of, 599t; arsenate [As(V)],
457, 459t, 460, 475t, 477–78;
arsenite [As(III)], 457, 459t, 475t,
477–78; bioadsorbents for removal
of, 475t, 477–78, 483; biosorbent
desorption and regeneration
capacities, 479, 480t, 481t, 482; co-
existence of anions and efficiency
of MEUF, 641; commercial
adsorbents for removal of, 459t,
460; CWs and removal of, 354;
disposal of, 583; environmental
impacts of, 27–28, 457, 471, 588;
first flush runoff, 50t, 51t, 52t, 53;
health hazards related to, 27–28,
457, 458t, 471, 477, 589–590;
heterogeneous photocatalysis
treatment, 694; industrial waste
properties, 579; membrane
filtration and removal of, 63;

MEUF and removal of As(V), 626,
628, 637, 640, 641; MEUF
membrane type and removal of As
(V), 640; pH, MEUF, and removal
of, 631; Pourbaix diagram of, 586–
88, 587f; prevalence of water
contamination with, 477;
properties, occurrences, and forms,
580t, 582–83, 589; rainwater
properties, 37–38, 46, 59t, 68;
regulation of and permissible
limits for drinking water, 458t,
583, 590; sludge-based ceramic
particles properties, 710t; sludge
properties, 708t; sources of waste
and contamination, 589;
stormwater properties, 85t;
surfactant concentration, S/M
ratio, and removal of, 628

Arthrobacter nicotianae, 604t
artificial neural network (ANN)
modeling; activation function, 852,
852e; artificial neuron, structure of,
850, 850f; back propagation
algorithm, 853–54, 853–54e, 855;
concepts and applications, 849–
850; feedback networks, 851;
hydrogen production optimization
with, 849, 855, 856t; multi-layer
perceptrons, 850–52, 851f, 852f;
procedure for and flow chart of
steps, 852–55, 853–55e, 853f;
recurrent type network, 850–51;
sigmoid function, 852, 852e; types
of neural networks, 850f

Asia; anaerobic treatment plants in,
297; freshwater resources in, 148t;
irrigation with groundwater in, 114,
115f; shale gas resources in, 129f;
water shortages in, 147

Aspergillus niger, 280, 282, 283, 470,
472t

assessment tools and models, 6, 24
atrazine, 536t, 538, 539, 540, 543, 544,
547t, 555t
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Australia; air quality and air pollution
sources and distribution, 36–37, 47;
aquifer recharge projections for,
109; Border Rivers, Queensland,
116; building sustainability index
(BASIX) scheme for water and
energy efficiency, 20; chromium in
water, sources of, 583–84; coal-bed
methane (CBM), coal seam gas
(CSG), and shale gas production
and groundwater resources, 126–
27, 130–33, 135; constructed
wetlands use in, 340; estimated roof
area of average dwelling, 53; Great
Artesian Basin, 110, 117, 130–33,
131f, 135; groundwater
management policy and practice
case studies, 112–14, 130–35, 131f;
groundwater overallocation in, 120;
lead consumption and recycling in,
585; mercury contamination in,
585; mineral resource extraction
and groundwater management
policies and legislation in, 122,
126–27, 130–35, 135; Murray-
Darling Basin, 110, 130–31, 131f,
133–35; non-renewable
groundwater resources in, 117;
programs for roof water and
stormwater harvesting in, 75–76;
rainwater harvesting for alternative
water supply, 25, 35; rainwater/
stormwater water quality
guidelines, 9; rainwater tank
locations and characteristics, 36–
37, 37f, 43; Southern Coalfield
mining and groundwater
management in, 123–25, 124f;
stormwater harvesting for
alternative water supply, 25, 75–76;
stormwater quality guidelines, 10t;
stormwater runoff, volume of, 75;
topography of Sydney basin, 36;
water and energy efficiency
measures, 20, 21t, 23; water

demand projections for cities in, 75;
Water Efficiency Labeling and
Standards scheme, 23; water quality
guidelines, 11; water rights,
entitlements, and allocations, 119–
120; water shortages and
restrictions in, 75; wetlands systems
for wastewater treatment in, 199.
See also rainwater harvesting and
tanks

Australian Drinking Water
Guidelines (ADWG); first flush
runoff properties compared to, 48–
53, 49f, 50t, 51t, 52t, 54, 55t;
rainwater properties compared to,
25, 35, 37–38, 46–47, 54, 55t, 68;
stormwater reuse and quality
parameters, 81, 83–86, 85t

Australian Guidelines for Water
Recycling, Stormwater Harvesting
and Reuse – Phase 2, 77, 79–81, 80t

Austria, Dranco process solid waste
anaerobic digestion treatment in, 215

Auxenochlorella protothecoides, 813,
814t

2,2’-azino-bis(3-ethylbenzthiazoline-
6-sulphonic acid) (ABTS), 548–
550, 549t

Azobacter vinelandii, 259–260

Bacillus sp.; B. amyloliquifacience,
695t; B. coagulans, 838;
bioaugmentation and biosorbents
for heavy metal remediation, 604t;
B. licheniformis, 279t, 281, 284–85,
604t; B. megaterium, 257t, 281,
604t; B. stearotherm ophilus, 279t,
281; B. subtilis, 604t; B.
thuringiensis, 281, 604t; enzyme
production from, 281; PHA
production with, 257

Bacillus thuringiensis (Bt) based bio-
pesticides; commercial uses of, 264;
cost of production of, 264; crop
properties after use of, 263–64;
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entomotoxicity, 263–64, 265–69,
270; fermentation processes, 264–
69; formulation development, 269–
270; growth and development of,
263–64; medium ingredients, 264;
oxygen transfer and fermentation
process, 266–67, 269; raw materials
for production, cost of, 264; sludge
use for production of, 26, 256;
success of biopesticides, 264; UV
sensitivity of, 264, 270; wastewater
and wastewater sludge use for
production of, 263–270

back propagation algorithm, 853–54,
853–54e, 855

bacteria; anammox bacteria, 420,
421–22, 422t; anammox bacteria
microbial physiology and growth
requirements, 423–28, 424f, 425e,
427e, 433, 439–440, 441, 442, 445;
genetically-engineered bacteria and
PHA production, 262–63;
heterogeneous photocatalysis
deactivation, 694–96, 695t; onsite
wastewater treatment systems and
removal of, 377, 378; stormwater
properties and quality criteria, 25,
83t, 101; wastewater properties,
379t; wastewater treatment
measures and removal of, 163t;
wastewater treatment methods, 17

banana peel and stem; biosorbent
applications, 456, 474t, 477, 598t;
biosorbent desorption and
regeneration capacities, 500t, 521–
22, 522f; modifications for better
adsorption capacity and
performance, 519t; phosphorous
adsorption applications, 496, 497,
499, 504, 515–16

Bangladesh, arsenic pollution and
disposal in, 477, 583, 589

Bardenpho process and Modified
Five-Stage Bardenpho process,
401–2, 401f, 407t, 415

barium (Ba), 710t
bases/alkalines; adsorption of
phosphorous with AWBs and, 504–
5, 525–26; aerobic processes
compared anaerobic granular
sludge processes, 239; anaerobic
digestion processes and alkalinity,
209, 210t, 301, 302–3, 304;
biological nutrient removal and
alkalinity, 390; desorption of
phosphorous from AWBs, 502–3;
MEUF process and pH, 630–31;
SBAC activation, 723, 724–25t, 727

BASIX (building sustainability index)
scheme for water and energy
efficiency, 20

bathing, washing, and showering;
anaerobic baffle technology use for
water from, 319; chromium in
water from, 583–84; discharge
volume and pollutant loads from,
903–4, 904t; greywater sources, 16;
water budget analysis for district
water cycle, 157t; water efficiency
measures, 20, 21t, 23

Belgium, Dranco process solid waste
anaerobic digestion treatment in,
214

bezafibrate, 554, 555t
Bifidobacterium, 831, 886t
bioaugmentation; heavy metals
remediation, 28, 603; SAnMBR
process and antibiotic-rich
wastewater treatment, 879–880

BioDenipho process, 410, 411, 413
biodiversity, 115–16, 741
bioenergy. See energy
biofilm and biofilm processes;
anaerobic attached growth
processes, 320, 322; anaerobic
fluidized bed reactor, 208, 322;
anaerobic processes, 237; fixed-bed
biofilm reactor (up-flow biofilter/
up-flow biofilm reactor), 436, 442,
444t; fixed-film reactors, 205–6,

1008 INDEX

 Green Technologies for Sustainable Water Management 

 D
ow

nl
oa

de
d 

fr
om

 a
sc

el
ib

ra
ry

.c
om

 b
y 

3.
14

5.
14

7.
4 

on
 0

6/
02

/2
4.

 C
op

yr
ig

ht
 A

SC
E

. F
or

 p
er

so
na

l u
se

 o
nl

y;
 a

ll 
ri

gh
ts

 r
es

er
ve

d.
 



212t; hybrid UASB-filter reactor,
207–8, 246–47, 799, 844

biofilters; GAC biofilters for
stormwater treatment, 96, 97, 98–
100, 99f, 99t, 101; hybrid UASB-
filter reactor, 207–8, 246–47, 844;
operation and maintenance of, 91;
performance of, 91, 95; stormwater
treatment methods, 11, 12t, 86, 87t,
88–90, 89t, 95, 101; Turramurra
stormwater harvesting scheme case
study, 91–93, 92f

biogas/biofuel; advantages and
benefits of production and use of,
17–18, 886–87; algae cultivation for
production of, 29, 790, 812–15,
814t, 816–17, 818; algae
photosynthesis, algae biomass, and
production of, 203–4, 203e, 204f;
anaerobic degradation and
production of, 830, 830e; anaerobic
migrating blanket reactor and
production of, 319, 319f, 320e;
anaerobic treatment processes and
production of, 17–18, 26, 29, 30,
205, 212–13, 249, 255, 298–301,
298f, 299f, 303, 763–64, 764t, 790,
801–2, 816, 818; AnMBR and
production of, 802–5, 868, 881–84,
885–893; AnMBR and production
of, research recommendations to
optimize process, 893–95; AnMBR
operational parameters for
production of, 888–893; bio-
ethanol production, 22; biogas
energy recovery and net carbon
sequestration process, 29, 815;
conversion of waste to and use of,
17–18, 763–64, 764t; electricity
generation from, 236, 239–240,
763–64, 764t; energy in, harnessing
of, 18; excess capacity for external
sources, 18; expanded granular
sludge bed reactor, 317f, 318; HRT,
SRT, and production of, 892–93;

organic matter, generation of
energy from, 17, 239–240, 763–64,
764t, 790; pH and production of,
890–92; POME treatment and
methane capture/biogas
production, 968–970, 969f, 970f,
972–73; production of and
competition for land and water
resources, 22; production potential
of wastewater, 790–93, 791t;
substitute for fossil fuel–based
energy with, 29; temperature and
production of, 888–890; upflow
anaerobic sludge blanket reactor,
315–16, 316f; wetlands systems and
production of, 201

biohydrogen. See hydrogen/
biohydrogen

bioleaching and heavy metals
remediation, 28, 603–5, 603–5e,
607t

biological aerated filter (BAF), 710–
17, 713f, 714f, 715f, 717f

biological/biochemical oxygen
demand (BOD); anaerobic granular
sludge treatment and, 237;
anaerobic process performance
and, 301–2; AnMBR for removal of,
884; BAF water treatment
comparison between SBCP and
commercial ceramic particles, 716–
17; biological nutrient removal and,
401–2; biological nutrient removal
and BOD:P ratio, 392; CWs and
removal of, 342, 344; groundwater
quality in areas with and without
POME application, 964, 966t, 967t;
industrial wastewater properties,
884; natural wastewater treatment
and disposal technologies, 193t,
197; North Cary Water
Reclamation Facility use of, 413t,
414; reclaimed water quality
criteria, 173f; removal of, factors
that affect, 388–89; SAT treatment
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and removal of, 217; wastewater
properties, 17, 379t, 389–390;
wastewater treatment costs and,
774–75; wastewater treatment
measures and removal of, 190t,
379–380; wetlands systems and
removal of, 200

biological nutrient removal; chemical
backup systems for, 391–92; factors
that affect, 388–391; nitrogen
removal, 383–84, 383f, 400–408,
400f, 401f, 403f, 404f, 405f, 406f,
407–8t, 420 (see also anaerobic
ammonium oxidation
[Anammox]); North Cary Water
Reclamation Facility biological
nutrient removal technology case
study, 410–15, 411t, 412t, 413t, 414t;
operational issues associated with,
391–93; phosphorous removal, 384–
88, 385f, 387f, 391, 392–93, 400–
408, 400f, 401f, 403f, 404f, 405f,
406f, 407–8t; treatment processes
and systems for, 400–408, 400f,
401f, 403f, 404f, 405f, 406f, 407–8t

biological treatment processes;
greywater treatment methods, 16;
industrial wastewater treatment
with, 680, 881–82; phosphorous
removal, 492, 495; phosphorous
removal with, 493–94t; refractory
wastewater treatment methods,
653–54; wastewater treatment
methods, 161. See also biological
nutrient removal

biology/biological properties of water
systems; assessment tools and
models for, 24; CWs and removal
of, 338, 339–340; storage of
reclaimed water and water quality,
16f, 164–66; stormwater properties,
25, 77; wastewater treatment
measures and removal of, 162

biomass; accumulation for longer
mean cell retention time, 237; as

adsorbents for anion removal,
preparation and utilization of, 27;
algae photosynthesis, algae
biomass, and biofuel production,
203–4, 203e, 204f; anaerobic
granulation and retention of, 237;
anaerobic treatment processes and
accumulation of, 26, 867, 878–79;
anammox process and production
of, 422, 426, 439; AnMBR and
retention of, 868, 878–79, 881–82;
CW biomass and energy
production, 356–57; EGSB and
retention of, 872; FBR and
retention of, 793, 872; hybrid
UASB-filter reactor, 246; mass
balance for anaerobic suspended
growth processes, 309–15, 309–15e,
310f, 311f, 313f; MBR and retention
of, 793; MBR biomass
concentration, 554f, 557; Monod
kinetic model analysis, 330–32,
330–32e, 331f, 916; substrate and
biomass rate of change in UASB
reactor, 330–32, 330–32e, 331f,
332e, 332f; UASB and retention of,
793, 872; wastewater treatment
with biomass utilization, biogas
energy recovery, and net carbon
sequestration process, 29, 815;
wetlands systems production of,
201

biopesticides, 264. See also Bacillus
thuringiensis (Bt) based bio-
pesticides

bioplastics, 256
biopolymers; adsorbent recycling and
use of, 479; biodegradability of and
adsorption applications, 479;
bioplastics from, 256; biosorbent
applications, 470–71, 478; food
packaging materials, 978–79;
gravity-fed GAC and membrane
filters system and removal of, 70t,
71–72; molecular weight
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distribution of rainwater organic
matter, 41–43, 53–54, 54f; pH and
membrane fouling from, 891–92.
See also polyhydroxyalkanoates
(PHA)

bioprecipitation, 28, 605–6, 607t
BIOREK system, 870–71t
Bioscan Engineering A/S, 870t
biosorbents/biomass-based
adsorbents; advantages and benefits
of, 456; anionic nutrients removal,
463–69, 464–65t; anionic pollutants
removal with, 27, 461–479, 462t,
464–65t, 472–73t, 474–75t, 482–83;
biomaterial-based resins for anion
removal, 27, 461–62, 462t; chemical
activation of biomasses, 357, 462–
63; costs associated with, 456, 479;
desorption of and regeneration
capacities, 479–482, 480–81t, 483,
499–503, 500–501t, 521–22, 522f,
525–26; future research
recommendations, 483; heavy
metals remediation, 28, 602, 604t;
metal-impregnated biosorbents,
462, 463, 463f, 466, 470, 471, 472t,
477, 481t, 482, 483, 497–98, 500t,
504–5, 514–15, 516, 517t, 525;
modified biosorbents adsorption
capacity and performance, 461–
479, 464–65t, 472–73t, 474–75t,
508, 512–13t, 514–16, 525; pH and
biosorption process, 503–5, 504f,
509–11t, 525, 601; physical
activation of biomasses, 357, 462–
63; toxic anions removal with, 469–
471, 472–73t; toxic metal complex
anions removal with, 471, 474–75t,
476–79, 476f; waste materials used
for, 456; wastewater treatment
methods, 17. See also agricultural
by-product–based biosorbents
(AWBs)

biostimulation, 28, 603
biosurfactants, 28, 605

biotoilets. See composting toilets/
biotoilets

bisphenol A, 534, 535t, 540, 541, 544,
545, 546t, 548, 550–51, 555t, 556,
558, 561, 563, 564t

bisphenol B, 546t
Blackmans Swamp Creek stormwater
harvesting project case study, 76,
83, 94

blackwater; anaerobic pretreatment
of, 764; characteristics and
properties of, 938; discharge
volumes from household
appliances, 903–4, 904t; OWDTS
and reduction of, 904–5; pollutant
loads of, 903–4, 906; treatment and
reuse of, 189

boiler units, water quality
requirements of, 5

Border Rivers, Australia, 116
boron; algae cultivation and removal
of, 812; boron-doped diamond film
electrode, 655–56, 657f, 671;
membrane filtration and removal
of, 63

Botryococcus braunni, 812, 814t, 815
brackish water, 14
bran, wheat and rice, 258, 264, 456,
474t, 476, 835

brass fittings, 64, 68, 71
Brazil; anaerobic treatment systems
use in, 209; Guaraní Aquifer
System, 112–13, 114; mercury
waste and contamination in, 591;
wetlands systems in, 201

brewery waste and wastewater; AFBR
for treatment of, 799; anaerobic
granular sludge treatment of, 232,
235, 237; brewery yeast, 276, 456,
470, 472t, 791t; EGSB treatment of,
246; electrical energy from with
MFCs, 810; energy potential in,
791t; hydrogen production with,
835, 842; UASB treatment of, 244,
798; vermicomposting use, 274
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bromide, 16
bromoform, 540
brown water; anaerobic pretreatment
of, 764; resource potential and
treatment costs of partial streams,
782–84, 783t, 784t; sources of, 768;
wastewater partial stream
separation and recovery/recycling
resources, 768, 769t, 770t. See also
feces

building blocks, 41, 54, 70t, 71
building materials. See construction
materials

building sustainability index (BASIX)
scheme for water and energy
efficiency, 20

Burkholderia sacchari, 257
butyric acid; anaerobic digestion and,
300; anaerobic digestion and
hydrogen production, 831–32, 840;
hybrid UASB reactor treatment and
removal of, 247; methanogens
sensitivity to, 891; PHA
production, 261

cadmium (Cd); adsorption capacity of
lignocellulosic materials and removal
of Cd(II), 365–66, 365t; adsorption
process for removal of, 596t, 597,
598t; anaerobic digestion processes
and, 304; bioaugmentation and
biosorbents for heavy metal
remediation, 604t; bioleaching, 605;
bioprecipitation and removal of, 605;
biostimulation and removal of, 603;
biosurfactants and removal of, 605;
chelating precipitation and removal
of, 594; CWs and removal of, 354;
environmental impacts of, 588; first
flush runoff, 50t, 51t, 52t, 53;
groundwater quality in areas with
and without POME application,
966t, 967t; industrial waste
properties, 579; lotus stalks–based
activated carbon and removal of

Cd(II), 364–66, 364t, 365t;
membrane filtration and removal of,
63; metal-cyanide complexes,
adsorption of, 470; metal-
impregnated/treated biosorbents,
472t; MEUF and removal of, 637;
pH, MEUF, and removal of, 630–31;
properties, occurrences, and forms,
580t; rainwater properties, 46, 59t,
68; SAT treatment and removal of,
217; sludge-based ceramic particles
properties, 710, 710t; sludge
properties, 271, 706, 708, 708t;
stormwater irrigation and hazards
from, 79; stormwater properties, 85t;
surfactant concentration, S/M ratio,
and removal of, 630;
vermicomposting and reduction
of, 272

caffeine, 535t, 543
calcium (Ca); algae cultivation and
removal of, 812; CWs and removal
of, 354; first flush runoff, 50t, 51t,
52t, 55t; hydrogen production and,
839; metal-impregnated/treated
biosorbents, 473t, 475t, 514, 515,
517t; natural component of AWBs,
505; rainwater properties, 37–38,
39t, 43, 44t, 46, 55t; stormwater
properties, 85t; wastewater
properties, 16; wastewater
properties as resources, 754,
764–65

Caldicellulosiruptor sp., 838
California; anaerobic digesters for
biogas production in, 18; Palo Alto
Water Reclamation Master Plan,
189; St. Helena lagoon system case
study, 198

Canada; shale gas production in, 128–
130, 129f; TrOCs in surface waters
in, 535–36t

cancer-therapy drugs, 987
Candidatus Anammoxoglobus
propionicus, 422t, 423
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Candidatus Brocadia, 423, 426–27;
Ca. B. anammoxidans, 422t, 426–
28, 437; Ca. B. caroliniensis, 421,
422t; Ca. B. fulgida, 422t, 423; Ca.
B. sinica, 422t, 426, 437

Candidatus Jettenia asiatica, 422t
Candidatus Kuenenia stuttgartiensis,
422, 422t, 423, 425, 426–28

Candidatus Scalindua, 426–27; Ca. S.
brodae, 422t, 423; Ca. S. profunda,
422, 422t; Ca. S. sorokinii, 422t; Ca.
S. wagneri, 422t

Canna generalis, 355
CANON (Completely Autotrophic
Nitrogen Removal over Nitrite),
430–33, 431e, 431f, 440, 443,
444t, 445

carbamazepine, 535t, 537t, 539, 543–
44, 545, 546t, 548, 550, 554, 555t,
556, 558, 563

carbon; biofilter with embedded
carbon source and rainwater/
stormwater treatment measures,
11; biosorbent applications, 479;
capture and sequestration, 29, 192t,
815; coal-based carbon membrane,
667; hydrogen production and, 839;
sludge as source of, 26, 266; sludge
properties, 18; titanium dioxide/
carbon electrocatalytic membrane,
655, 656f, 664–67, 665t, 666t, 668–
670, 671, 671f

carbonaceous biochemical oxygen
demand (CBOD), 388

carbon cloths, 469
Carbon Credit (Certified Emission
Reduction), 236, 250

carbon dioxide (CO2); algae biomass
and lipid production, role in, 817;
algae photosynthesis and fixation
of, 203, 203e, 204f; algal biofuels
and production and recycling of,
816–17; anaerobic processes and
production of, 205, 297, 300–301,
303; anammox process use of, 422,

426, 438; emissions from anammox
process, 423; emission sources, 738;
global warming potential of, 818;
impact of emissions, 738; increase
in emission of, 737, 739f; methane
fermentation and production of,
816–17, 885–86; sinks, 738; soil
productivity and emissions of, 740

carbon nanotube (CNT) membranes,
981

carbon nanotubes (CNTs), 596, 695t,
976, 977, 982, 983–84, 985

carbon-to-nitrogen (C/N) ratio;
anaerobic biofilter process, 716;
anaerobic digestion processes and,
209, 211t; hydrogen production,
839

carboxyl/carboxyl groups, 358, 360t,
361, 363t, 364, 364t, 466, 478, 595,
595e

Carrousel Biological Oxidation
Process, 402

case studies; Blackmans Swamp
Creek stormwater harvesting
project, 76, 83, 94; Dan Region
Project SAT geo-purification
system, 218–19, 218f; Denham
Springs pond system, 198; district
water cycle management principles,
25; Great Artesian groundwater
management policy and practice,
110, 130–33, 131f, 135; Greenway
Park stormwater harvesting
scheme, 76, 81, 82t, 83t, 90, 93–94,
93f; Guaraní Aquifer System
groundwater management policy
and practice, 112–13, 114; Lincoln
CW systems case study, 204;
municipal solid waste anaerobic
digestion treatment, 213–15, 214f,
215f; Murray-Darling Basin
groundwater management policy
and practice, 130–31, 131f, 133–35;
Muskegon SAT geo-purification
system, 219–220, 219t; North Cary
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Water Reclamation Facility
biological nutrient removal
technology, 410–15, 411t, 412t,
413t, 414t; Pichola Lake Basin
climate change impact, 741–45,
742e, 743–44e, 744t, 745t, 746f,
747f; Polson lagoon system, 197; St.
Helena lagoon system, 198;
Turramurra stormwater harvesting
scheme, 76, 79, 80t, 81, 83, 84t, 85t,
88, 89t, 90, 91–93, 92f; Umatilla
River Basin groundwater
management policy and practice,
113–14; wastewater materials flow
analysis, 765–770, 766t, 768t, 769t,
770t; Xi’an Siyuan University water
management, 25, 168–179, 169f,
171t, 172f, 173t, 174f, 174t, 175f,
176f, 177f, 178f, 180

cassava wastes and wastewater, 272,
598t, 835, 836t, 842

catalase (CAT), 345, 346
cathode ceramic-corrosion-cell fillers,
717–18

cationic surfactants, 616, 619, 627,
629. See also cetylpyridinium
chloride (CPC)

cations; adsorption of phosphorous
with AWBs and, 507; co-existence
of pollution and metal cations and
efficiency of MEUF, 640; first flush
runoff, 53; ion exchange process,
595; modifications to AWBs with,
514–16; rainwater properties, 37–
38, 43, 46

cattail and cattail fiber–based
activated carbon, 345, 359t, 360–62,
360f, 362t

celestolide, 555t
cellulase/cellulose; biomaterial-based
resins, 461–62, 462t; biosorbent
applications, 475t; biosorbent
desorption and regeneration
capacities, 479, 480t, 482; enzyme
production, 279t, 282, 283–84;

hydrogen production with, 834;
properties and structure of, 282,
461; refractory wastewater
properties, 653t; sludge properties,
706, 707t

centralized waste water treatment
systems, 20, 149–150, 152–53, 189,
375, 377–78, 380, 415

ceramic-corrosion-cell fillers, 717–18
ceramic membranes, 639, 872
ceramic particles; BAF water
treatment comparison between
SBCP and, 712–15, 713f, 714f, 715f;
characteristics of, 709t, 710, 711f,
712f; production and applications
of, 708–9; raw materials for
production, 709. See also sludge-
based ceramic particles (SBCP)

Ceratophylum demersum, 202t, 348t
cerium (Ce); Ce(III)-loaded orange
waste gel, 507, 511t, 515; metal-
impregnated chelate resins, 462;
metal-impregnated/treated
biosorbents, 498f, 514, 515, 517t

Certified Emission Reduction
(Carbon Credit), 236, 250

cetylpyridinium chloride (CPC);
adsorption process for removal of,
643, 644; co-existence of anions
and efficiency of MEUF, 641; co-
existence of pollution and metal
cations and efficiency of MEUF,
640; initial metal feed
concentration and efficiency of
process, 632–33; membrane type
and CMC, 639; MEUF–ACF hybrid
process and removal efficiency of,
644; pH and MEUF, 630–31;
phenol removal with, 619; pressure,
permeate flux, and retention, 624;
reduction in use of and reduction in
CMC, 635–38; removal of, 643, 644;
surfactant to metal molar ratio and
surfactant concentration, 627–28,
636; temperature and CMC, 634
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cetyltrimethyl ammonium bromide
(CTAB), 470, 472t, 628, 631, 632,
634, 635–36, 637, 641

Chaetocero scalcitrans, 812
charcoal; activated wheat straw
charcoal, 466; adsorption process
for treatment of surfactant-rich
effluent from MEUF, 643;
biosorbent applications, 456, 464t,
465t; biosorbent applications of
activated charcoal, 469

Charlotte, North Carolina (CNC)
process, 406, 406f, 408f, 415

chelate resins; adsorbent applications
for removal of anionic pollutants,
27, 462, 483; biosorbent desorption
and regeneration, 479, 482;
biosorbents and arsenic removal,
475t, 478; metal-impregnated
chelate resins, 462; metal
impregnation for preparation of,
462, 463f; preparation of, 462

chelating agents, 636, 641–42
chelating precipitation, 594
chemical industries; anaerobic
granular sludge treatment of
wastewater from, 237, 244, 245–46;
EGSB treatment of wastewaters for,
246; hydrogen production with
wastewater from, 835;
nanomaterials and
nanotechnologies applications, 977;
wastewater characteristics from, 17;
wastewater from, electrical energy
from with MFCs, 807t; water
quality requirements of, 5

chemical oxidation, 360, 615, 642
chemical oxygen demand (COD);
algae cultivation and removal of,
812–15, 814t; anaerobic process
performance and, 301–2; anaerobic
sequencing batch reactor and
removal of, 248; anammox process
and removal of, 443, 445; AnMBR
for removal of, 879–880, 881, 882–

83, 884–85, 887–88; BAF water
treatment comparison between
SBCP and commercial ceramic
particles, 712–15, 714f, 715f, 716–
17, 717f; biodegradability of feces
and, 907–15, 908e, 909e, 912f, 914f,
919; CWs and removal of, 342, 344,
354t, 355, 356t; ECMR for removal
of, 658–661, 661f, 662, 662e, 664–
67, 665t, 667f, 668–69; electricity
generation from, 763–64; energy
consumption, COD
concentrations, and energy self-
sufficiency, 242; energy production
potential of, 790–93, 791t; feces
characteristics, 907–9, 907t, 919–
920; hybrid UASB reactor
treatment, 247; industrial
wastewater properties, 881, 882–83,
884–85; kinetics of aerobic
biodegradation, 916, 917t; moisture
content, composting process, and,
929–932, 931f; pH impact on
removal of, 891; plant selection for
CWs and, 346, 347; pollutant loads
from household appliances, 903–5,
904t; reclaimed water quality
criteria, 177–78, 177f; refractory
wastewater properties, 654;
SHARON–Anammox process and
removal of, 437; SNAD and
removal of, 432–33, 433f, 437;
wastewater partial stream
separation and recovery/recycling
resources, 766–770, 766t, 768t,
769t, 770t; wastewater properties,
17, 428t, 790–93, 791t; wastewater
treatment costs and, 774; wetlands
systems and, 200, 201

chemicals/chemistry in water
systems; assessment tools and
models for, 24; CWs and removal
of, 338, 339–340; rainwater tank
hazards, 36t; storage of reclaimed
water and water quality, 16f, 164–66;
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stormwater properties, 25, 77, 85t;
stormwater reuse hazards, 79, 83;
wastewater properties, 379t, 767–68;
wastewater treatment measures and
removal of, 162

chemical treatment processes;
greywater treatment methods, 16;
heavy metals remediation, 28;
metal removal/immobilization
processes, 271; nitrogen removal
with, 420; phosphate removal with,
382–83; phosphorous removal, 492;
phosphorous removal with, 493t,
494t; thermo-chemical technology,
520–21, 520f; wastewater treatment
methods, 161; wet-chemical
technology, 520–21, 520f

Chile, 477, 589
China; activated carbon from
wetlands plants, process for, 357;
anaerobic treatment plants in, 297;
anaerobic treatment systems use in,
209; arsenic in water in, 477, 589;
biofuel production in, 204;
bioleaching research in, 605;
constructed wetlands use in, 342,
344, 345; green, blue, renewable,
and non-local water for irrigation
in, 116, 117f; irrigation with
groundwater in, 114, 115f; TrOCs
in surface waters in, 535–36t; water
quality standards, 173, 173t, 342,
344, 347; water tables data in, 116;
WWTP life cycle energy
consumption and recycled water
reuse, 19; Xi’an Siyuan University
water management, 25, 168–179,
169f, 171t, 172f, 173t, 174f, 174t,
175f, 176f, 177f, 178f, 180

chitin and chitinase, 266, 269, 279t,
479

chitosan; anaerobic granulation
process enhancement with, 245;
biosorbent applications, 456, 465t,
468–69, 470, 471, 472t, 473t, 474t,

475t, 478; biosorbent desorption
and regeneration capacities, 480t,
481t; chemically-assisted primary
sedimentation with, 18; chitosan-
coated silica, 471

Chlamydomonas reinhardtii, 812,
814t

chloramphenicol, 437–38
Chlorella sp., 812, 815, 817; C. kessleri,
814t; C. protothecoides, 814t; C.
pyrenoidosa, 813, 814t; C. vulgaris,
817; C. zofingiensis, 815

chloride; algae cultivation and
removal of, 812; anaerobic
digestion processes and, 304; first
flush runoff, 50t, 51t, 52t, 55t;
rainwater properties, 37–38, 40t,
43, 44t, 46, 55t; stormwater
properties, 85t; wastewater
properties, 16

chlorine/chlorination; anaerobic
granular sludge treatment and
chlorinated organic compounds,
237–38, 244; disinfection of RO
feed water, 13–14; disinfection of
stormwater with, 11; hazards
related to, 653t; residual chlorine
and water quality criteria, 9, 10t;
trihalomethane formation, 697

chloroform, 304, 540, 541, 635
chlorophenols, 548
Chlorophyceae, 812
chromate; co-existence of pollution
and metal cations and efficiency of
MEUF, 640; environmental and
human health impacts related to,
457; feed metal concentration and
efficiency of MEUF process, 632–
33; MEUF–ACF hybrid process
and removal of, 644; MEUF and
removal of, 622, 635, 637, 638, 639;
MEUF operating pressure and
removal of, 625; MEUF retentate
pressure and removal of, 624; pH,
MEUF, and removal of, 630, 632;
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production of, 590; surfactant
concentration, S/M ratio, and
removal of, 627–28

chromium (Cr); adsorption process
for removal of, 596t, 598t, 599t;
anaerobic digestion processes and,
304; bioaugmentation and
biosorbents for heavy metal
remediation, 604t; bioprecipitation
and removal of, 605; biosorbent
desorption and regeneration
capacities, 479, 480t, 482;
commercial adsorbents for removal
of, 459t; Cr(III) hazards and
biosorbents for removal of, 471,
476–77; Cr(VI) hazards and
biosorbents for removal of, 471,
474t, 476–77, 476f, 483; CWs and
removal of, 354; electrodialysis and
removal of, 600; environmental
impacts of, 27–28, 471, 588; feed
metal concentration and efficiency
of MEUF process, 632; Fe-modified
activated carbon and removal of
Cr(VI), 366–67, 366t, 367t; first
flush runoff, 50t, 51t, 52t, 53; health
hazards related to, 27–28, 458t, 471,
590; heterogeneous photocatalysis
treatment, 694; hydroxide
precipitation and removal of, 593;
industrial waste properties, 579; ion
exchange for removal of, 584; lime
softening for removal of, 584; mass
flow in wastewater treatment plant,
585, 585f; membrane filtration and
removal of, 63; metal-impregnated/
treated biosorbents, 515; MEUF
and removal of, 635, 637; pH,
MEUF, and removal of, 631;
photocatalysis/physical chemical
operations, 698t; Pourbaix diagram
of, 586–88, 587f; properties,
occurrences, and forms, 580t, 583,
590; rainwater properties, 37–38,
46; regulation of and permissible

limits for drinking water, 458t, 583;
removal/recovery of, 583–84, 584f;
reverse osmosis for removal of, 584;
SAT treatment and removal of, 217;
sludge-based ceramic particles
properties, 710, 710t; sludge
properties, 706, 708t; sources of
waste and contamination, 583–84,
590; stormwater properties, 85t;
surfactant concentration, S/M ratio,
and removal of, 628;
vermicomposting and reduction of,
272

Citrobacter sp., 841; C. freundii, 838;
C. intermedius, 838

clathrate desalination, 15t
Clean Water Act, 9, 187, 192t
climate change; adaptation strategies,
29, 738, 739f, 745–750; causes of,
737; concept and definition of
climate change, 737; GCMs and
groundwater resources predictions,
108–10; greenhouse gases
emissions and, 737, 738–39, 739f,
789, 815, 818; groundwater
management and, 25, 107–10;
impact on agriculture, 737–741,
739f; impact on water resources, 29,
737–741, 739f; mitigation
strategies, 29, 738, 739f, 747–750;
Pichola Lake Basin case study, 741–
45, 742e, 743–44e, 744t, 745t, 746f,
747f; predictions about and
projections of, 737–38, 750–51;
sustainable water management and,
4; temperature increases from, 737,
739f, 740–41

clofibric acid, 543–44, 545, 547t, 555t
clomazone, 691t, 693
Clostridium sp.; anaerobic
microorganisms, 886t; C. aceticum,
886t; C. acetobutylicum, 838;
C. acetobutyricum JM, 838;
C. beijerinckii, 838; C. butyricum,
838, 840; C. fruendii, 838;
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C. pasteurianum, 838;
C. saccharoperbutylacetonicum
N1-4(ATCC13564), 838;
C. sporoshaeroides, 838;
C. thermocellum, 838; hydrogen
fermentation, 831, 832, 833f, 838

clothes washing. See laundry and
clothes washing

clozapine, 556–57
coagulation/coagulation techniques;
anionic pollutants removal, 455–
56; concepts and mechanisms, 600;
heavy metals remediation, 28, 600–
602, 642; lead removal with, 585;
recycled water treatment methods,
16; seawater treatment for RO
plants, 14; sludge and biogas
production, 18; surfactants removal
with, 642; wastewater treatment
methods, 162, 163t, 164

coal-based activated carbon, 595
coal-based carbon membrane, 667
coal-bed methane (CBM), coal seam
gas (CSG), and shale gas
production and groundwater
resources, 25, 110, 121–22, 125–
133, 126f, 127f, 128f, 129f, 135

coal mining and groundwater
resources, 25, 110, 121–25, 124f,
130–33, 135

coal power plants, 274
Coal Seam Gas Water Management
Policy, 126–27

cobalt (Co); algae cultivation and
removal of, 812; anaerobic
processes and, 303; bioprecipitation
and removal of, 605–6; feed metal
concentration and efficiency of
MEUF process, 632; hydrogen
production and, 839; MEUF and
removal of, 638; pH, MEUF, and
removal of, 631; sludge properties,
708t; surfactant concentration, S/M
ratio, and removal of, 628–29

cocoa shell, 598t

coconut shells, husks, and coir pith;
adsorption capacity of, 362t;
biosorbent applications, 456, 464t,
465t, 466, 468, 470, 472t, 473t, 475t,
477, 598t; biosorbent desorption
and regeneration capacities, 480t,
481t, 482, 499, 501t, 503; coconut
granular activated carbon, 467;
modifications for better adsorption
capacity and performance, 517t,
519t; phosphorous adsorption
applications, 497, 504, 505, 507

coliform bacteria; anaerobic lagoons
and reduction in, 324; composting
toilets and health risk assessment,
933–38, 935f, 936f, 937t, 938f, 939f;
disinfection treatment for removal of,
65; membrane filtration and removal
of, 62t, 63–64, 65; North Cary Water
Reclamation Facility biological
nutrient removal technology case
study, 411t; rainwater properties, 9t,
45t, 46–47; rainwater tank hazards,
36t; reclaimed water quality criteria,
173f, 177f, 178; stormwater
properties, 81, 85t, 101; stormwater
treatment measures and removal of,
88, 89t, 99t; temperature and
formation of, 934–36, 935f, 936f, 943;
wetlands systems and removal of,
204. See also Escherichia coli (E. coli)

collagen fiber, 465t, 468, 471, 473t,
481t

Colombia, anaerobic treatment
systems use in, 209

Colorado, SAT geo-purification
systems in, 216f

combined heat and power (CHP)
systems, 18, 816

commercialization, green
technologies development and,
5–6, 5f

Commonwealth Scientific and
Industrial Research Organization
(CSIRO), 132
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Completely Autotrophic Nitrogen
Removal over Nitrite (CANON),
430–33, 431e, 431f, 440, 443,
444t, 445

composting sludge, 28, 705, 706
composting toilets/biotoilets;
advantages and benefits of, 30;
biodegradation of feces, amount
and character of compost, and
design and operation of, 912–925;
decomposition of feces and urine,
30; design and operation of, 30,
905–6, 906f, 941–952, 944f, 948f,
951t; dimensions of, 951–52, 951t;
drying rates, 945–48, 946e, 947e,
948e, 948f; health risk assessment,
933–38, 935f, 936f, 937t, 938f, 939f;
kinetics of aerobic biodegradation,
915–925, 916f, 917t, 918e, 921t,
922t, 923t, 924f; moisture content
and composting process, 926–933,
930f, 931f, 932f, 942–45, 944f; as
OWDTS component, 30, 904–5;
sawdust use in, 905–6, 906f;
temperature and composting
process, 909, 920, 925–26, 927f,
928f, 942–45; toxicity assessment,
938–941, 940f, 941f; water-loading
rate, 904, 945; withdrawal of
compost from the system, 933,
937–38, 937t, 943, 949–951, 950e,
951e. See also sawdust

computer displays, 977
conductivity/electrical conductivity;
first flush runoff, 48, 50t, 51t, 52t,
55t; MEUF and, 640–41; rainwater
properties, 9t, 39t, 55t; stormwater
properties and quality criteria, 85t;
vermicomposting and level of, 272,
276

Confederated Tribes of the Umatilla
Indian Reservation (CTUIR),
113–14

conflicts over water, sustainable water
management and, 3

conservation, integrated water
management and, 22

constructed wetlands (CWs);
acceptability and prevalence of use
of, 26, 199, 367–68; advantages and
benefits of, 198–99, 338, 341t, 343t;
aeration of, 26, 203, 349–351, 350f;
aerobic processes in, 339–340; algae
photosynthesis, algae biomass, and
biofuel production, 203–4, 203e,
204f; anaerobic processes in, 339–
340; applications of, 338–39, 341–
42, 343–44; biomass material,
energy production from, 356–57;
chemical/biochemical reaction
processes, 339; clogging issues, 203;
concepts and fundamentals, 339–
344, 340f, 341t, 343f, 343t; design
of, 26, 199, 202, 338; disadvantages
and limitations, 341t, 343t;
enhancing techniques for, 26, 338,
344, 348–355, 350f, 351t, 355f, 366–
68; filtration processes, 339–340;
free-water-surface CWs, 191t, 339,
340–42, 340f, 341t, 396–97, 397f;
greywater treatment methods, 16;
historical development of, 340;
horizontal-flow CWs, 343f, 349,
351t, 353f, 354t; hybrid CWs, 352–
53, 353f, 354t; intermittent
operation protocol, 349–351, 351t;
nitrogen removal, 199–200, 201,
202–3, 202t, 339–340, 341, 344,
347–48, 348t, 349–351, 350f, 351t,
354–56, 354t, 356t; operation and
maintenance of, 26, 91, 338; oxygen
availability in, 349–352;
performance of, 201–4, 202t, 204f,
338; phosphorous removal, 201,
202–3, 202t, 339–340, 341, 344,
347–48, 348, 348t, 354–56, 356t,
494t; plant allocation and
configuration for, 353–55; plant
harvesting, 355–56; plant
reclamation and recycling, 26, 338,
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344, 355–367, 355–368; plant
selection and seasonal temperature
variations, 354, 356t; plant selection
for, 26, 338, 344, 345–48, 348t, 353–
55, 367–68; plants role in, 338;
pollutant removal in, 199–203, 338,
339–340, 341, 344, 345–355, 348t,
350f, 351t, 354t; productivity of,
198; sedimentation processes, 339–
340; separations mechanisms, 339;
septic tank effluent treatment with,
396–97, 397f, 398t; stormwater
treatment methods, 12t, 86, 87t,
88–90, 95, 101; substrate, 339, 340f,
342–44, 343f; subsurface-flow
CWs, 191t, 193t, 199, 203, 204, 339,
342–44, 343f, 343t, 349, 352–53,
353f, 354t, 396–97, 397f; success of,
338; surface-flow CWs, 199, 352–
53, 353f, 354t; sustainability of CW
wastewater treatments, 338–39,
344, 367–68; transformations
mechanisms, 339; vertical-flow
CWs, 191t, 342–44, 349, 350f, 351t,
352–53; wastewater treatment
methods, 17, 26, 191t, 199–204;
water hyacinth use, 199, 200–201,
200t, 355; wavy subsurface- and
vertical-flow CWs, 203; winter
temperatures and performance of,
341, 342–43, 355, 356t

construction activities; stormwater
reuse for, 82t; water budget analysis
for district water cycle, 157t

construction materials; arsenic sludge
incorporation into, 583; phase
change material (PCM), 718–19;
sludge-based ceramic particles
applications, 718–19; sludge
recycling and production of,
28, 255, 706, 708; ultra-
lightweight ceramic (ULWC),
718–19

consumption systems; feedback on
water consumption to users, 21t;

water and energy efficiency
measures, 19–20, 21t, 23

continuous stirred tank reactor
(CSTR); anammox process in, 435,
444t; biomass retention with, 869;
characteristics of, 206t; concepts
and applications, 243, 247–48, 869,
872; feedstocks, 212t; granule
formation, 247–48; hydraulic
retention time, 842–43, 869;
hydrodynamics in, 247; hydrogen
production with, 842–43; industrial
wastewater treatment with, 881,
885; organic loading rate and
sludge loading rate, 247–48; POME
treatment and methane capture/
biogas production, 968–69;
SHARON process in, 430; solids
retention time, 869

Contois kinetic model, 332, 332e, 332f
cooling towers; stormwater reuse for,
77, 94; water budget analysis for
district water cycle, 157t, 158

copper (Cu); adsorption process for
removal of, 596t, 597, 598t, 599t;
algae cultivation and removal of,
812; anaerobic processes and, 303;
bioaugmentation and biosorbents
for heavy metal remediation, 604t;
bioleaching, 605; bioprecipitation
and removal of, 605; biostimulation
and removal of, 603; biosurfactants
and removal of, 605; chelating
precipitation and removal of, 594;
co-existence of anions and
efficiency of MEUF, 641; co-
existence of pollution and metal
cations and efficiency of MEUF,
640; CWs and removal of, 354;
effects of on anammox process,
437; electrodialysis and removal of,
600; feed metal concentration and
efficiency of MEUF process, 633;
first flush runoff, 50t, 51t, 52t, 53,
55t; GAC adsorption filtration and
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removal of, 58, 59t, 60; gravity-fed
GAC and membrane filters system
and removal of, 68, 69t, 71;
groundwater quality in areas with
and without POME application,
966t, 967t; hydrogen production
and, 839; hydroxide precipitation
and removal of, 593; industrial
waste properties, 579; membrane
filtration and removal of, 62t, 63;
metal-cyanide complexes,
adsorption of, 470; metal-
impregnated/treated biosorbents,
472t, 482, 515; MEUF–ACF hybrid
process and removal of, 644; MEUF
and removal of, 622–23, 636;
MEUF retentate pressure and
removal of, 624; natural component
of AWBs, 505; pH, MEUF, and
removal of, 630–31; properties,
occurrences, and forms, 580t;
rainwater properties, 40t, 45t, 55t,
68; rainwater/stormwater
treatment measures and removal
of, 11; SAT treatment and removal
of, 217; sludge-based ceramic
particles properties, 710, 710t;
sludge properties, 271, 706, 708t;
stormwater properties, 77, 78t, 85t;
surfactant concentration, S/M ratio,
and removal of, 628;
vermicomposting and reduction of,
272

co-precipitation technique, 455–56
corn cob, stover, and stalks;
biosorbent applications, 462t, 467,
473t, 474t, 475t, 476–77, 477–78,
478, 598t; composition and
properties of, 462t; energy crops
and hydrogen production, 834–35;
modifications for better adsorption
capacity and performance, 519t

corrosion; distillation processes and
resistance to, 13; orthophosphate,
corrosion inhibitor uses of, 38;

sulfur corrosive properties, costs
related to, 765

Corynebacterium glutamicum, 604t
costs. See pricing and costs
cotton seed hulls, 456, 462t
cotton stalks, 456, 465t, 474t, 480t,
501t, 518t

covered in-ground anaerobic reactor
(CIGAR), 968–69, 969f

crab shells, 475t, 479, 505, 508
crystallization, 492, 493t, 495f,
520–22, 520f, 522f, 523, 526

Cupriavidus necator, 256, 259,
261, 263

current density, 658, 661f, 662, 662e
cyanide; anaerobic digestion
processes and, 304; applications of
and wastewaters from operations
using, 470; biosorbents for removal
of, 470, 472t, 483; commercial
adsorbents for removal of, 459t;
environmental impacts of, 653t;
health hazards related to, 458t, 470,
653t; metal-cyanide complexes,
adsorption of, 470; permissible
limits for drinking water, 458t;
refractory wastewater properties,
655; regulations on concentrations
in wastewater, 470

Cyanidium caldarium, 817
cyanobacteria, 263
Cyanobacteria, 812
Cyperus papyrus, 202t, 348t
Czech Republic, constructed wetlands
use in, 344

dairy wastewater; algae cultivation in
for wastewater treatment and
biofuel production, 813, 814t, 815;
anaerobic treatment of, 326;
AnMBR for treatment of, 881;
AnMBR treatment of, 870t, 876t;
biogas production with, 794; CWs
for treatment of, 341, 344;
hydrogen production with, 835,
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837t; PHA production with, 260;
toxic compounds in simulated, 304;
vermicomposting use of, 275, 276,
277

data collection and analysis;
assessment tools and models for,
24; management decisions based
on, 23–24; monitoring systems for
data collection, 23–24

date palm fibers and waste, 499, 500t,
502, 506, 507

date pits/stones, 474t, 476, 500t, 502
decentralized wastewater
management, 19, 24, 150, 152–53,
187–88, 189, 190–92t, 193t, 220–23.
See also onsite wastewater
treatment systems (OWTSs)

deep bed filters, 96–97, 99t
deficits. See shortages and scarcity of
water

Delft University of Technology and
SHARON process, 429–430, 429f,
430e, 431, 443, 444t

demand management, 6, 7–8t
denitrifying phosphate accumulating
organisms (DPAOs), 386

Denmark, AnMBR research in, 870–
71t

desalinated water; advances and
innovations in technologies, 11, 14,
15t; as alternative water supply,
748–49; aquifer storage and
recovery, 14; brackish water as
feedstock, 14; characteristics and
fit-for-purpose treatment and
applications, 11, 13–15; co-location
of facilities near power plants or
WWTPs, 14; concepts and
applications, 748–49; cost of, 11, 13,
14; expansion of use of, 4–5, 749;
green technological developments
for, 11, 13–14, 15t; management of
from treatment to use, 11, 13t;
stormwater as feedstock, 14;
sustainable water management and

use of, 2; treatment of before use of,
4–5. See also reverse osmosis (RO)

dewvaporation, 15t
diazepam, 555t
diazinon, 536t, 540
dichloroacetic acid, 541
dichlorophenoxyacetic acid, 540
diclofenac, 534, 535t, 537t, 539, 540,
543–44, 547t, 550, 551, 552, 555t,
558, 563, 564t, 698, 698t

diethyltoluamide (DEET), 555t
diphenhydramine, 544
diseases, climate change and, 740–41
dishwashers, 16, 20, 21t
disinfection treatments; coliform
bacteria removal, 65; rainwater/
stormwater disinfection, 11, 65, 72;
RO feed water, disinfection of, 13–
14; stormwater disinfection, 81, 82t,
83t, 90; thermal disinfection and
destruction of pathogens, 933;
TrOC by-products from, removal
of, 538–39, 544, 556t; wastewater
treatment methods, 161, 162, 163t.
See also UV (ultraviolet) light

dissolved oxygen (DO); CANON
process, 431, 432; CW intermittent
aeration strategy, 349–351, 350f;
groundwater quality in areas with
and without POME application,
966t, 967t; heterogeneous
photocatalysis and, 28, 686–87;
inhibitory effects of on anammox
process, 436–37; MBR and, 554f,
558; North Cary Water
Reclamation Facility biological
nutrient removal technology case
study, 412, 413; photocatalytic
treatment processes and, 28

dissolved solids and total dissolved
solids (TDS); first flush rainwater
runoff, 50t, 51t, 52t, 53, 55t;
rainwater properties, 37–38, 39t,
43, 44t, 46, 55t; reclaimed water
quality criteria, 173f, 177f, 178;
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stormwater properties, 85t;
wastewater treatment measures and
removal of, 162, 163t

distillation processes; green
technological developments for, 11,
13; mercury removal with, 586

distribution systems; data collection
and decisions about, 23–24; leakage
and losses, reduction in, 22–23,
749; water and energy efficiency
measures, 19, 20

district water cycle management;
anaerobic-aerobic-oxic–membrane
bioreactor treatment system, 174,
174f, 175–78, 177f, 179; concept of
district water cycle, 149–153, 179;
design of system, 25, 169–175, 169f,
171t, 172f, 173t, 174f, 174t, 175f;
environmental water bodies/
landscaping lakes, natural
purification, and water quality, 166–
68, 167f, 170, 171t, 172, 172f, 174–
78, 175f, 176f; materials balance
analysis, 25, 156, 156f, 159–160,
159e, 160e, 172–74, 172e, 172f, 173e,
174t, 179; materials balance model,
155–56, 156f; models of systems,
153–56, 153f, 154f, 155f, 156f;
natural purification, 25; pollution
prevention strategies, 25; quality
control treatment technologies,
161–68, 163t, 166f, 167f; quality of
water and prevention of quality
deterioration, 25, 160–61;
socioeconomic benefits of, 178–79;
storage of water and water quality,
164–66, 166f; wastewater as
resource in, 149, 154–56, 154f, 155f,
156f; water budget analysis, 25, 156–
59, 157t, 158e, 159e, 169–170, 169e,
169f, 171t, 179; Xi’an Siyuan
University water management case
study, 25, 168–179, 169f, 171t, 172f,
173t, 174f, 174t, 175f, 176f, 177f,
178f, 180

diuron, 536t, 543
Dorr-Oliver, Inc., 869
down-flow anaerobic attached
growth reactor, 323, 323f

Doxil, 987
drainage and disposal systems, 19, 20
Dranco (Dry Anaerobic Composting)
process, 214–15, 214f

drinking water; anionic pollutants,
permissible limits for, 456–57, 458t;
arsenic, permissible limits for, 458t,
583, 590; chromium, permissible
limits for, 458t, 583; lead,
permissible limits for, 584;
management of all water systems as
a whole, 2; planning and design of
water and wastewater systems,
149–156, 153f, 154f, 155f, 156f

droughts; climate change and changes
in precipitation patterns, 738, 739–
740, 748; data collection and
management of, 23–24; sustainable
water management and, 3

dry-sensitized solar cell (DSSC), 984
dyes; dyeing wastewater, ECMR
treatment of, 670–72, 671t, 672f;
enzymatic membrane reactor for
removal of, 562–63, 564t; SAnMBR
for removal of, 883–84; SBAC
water treatment for removal of,
727–28

dye-sensitized photocatalysts, 679

earthworms; Allolobophora
caliginosa, 274, 275; Allolobophora
chlorotica, 275; Allolobophora
longa, 274; Allolobophora nocturna,
274; Bimastos eiseni, 274;
Dendrobaena octaedra, 274;
Dendrobaena rubida, 274; Eisenia
andre, 275, 276–77; Eudrilus
eugeniae, 271–72, 273t, 274, 275,
276, 278; Lampito mauritti, 273t,
274; Lumbricus terrestris, 273t, 275,
276; Megascolex megascolex, 273t,
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274, 275, 276; Perionyx excavatus,
272, 274, 275, 276, 278; Pheretima
elongate, 273t, 274, 275, 276;
species for vermicomposting, 272–
73, 273t; tiger worms Eisenia fetida,
272, 273, 273t, 274, 275, 276–77,
278. See also vermicomposting
biotechnology

East Asia, irrigation with
groundwater in, 114, 115f

ecological conditions and habitats;
anammox process, eco-friendliness
of, 423; assessment tools and
models for, 24; integrated water
management and, 22, 111; mining
and pit lakes, 122–23; water-related
policies and issues, complexity and
interconnectedness of, 20, 22; white
biotechnology, competition for
land and water resources, and, 22

economics; allocation decisions and
sustainable water management, 4;
AnMBRs, economic viability of, 30,
868, 880, 883, 894–95; balance
sheet classification and distribution
of cost centers, 784–85, 785t;
demand management and, 6, 7–8t;
distribution systems efficiency
measures, 19; district water cycle
management benefits, 178–79;
environmental issues and, 3; green
technologies and, 4; green
technologies development and, 5–
6, 5f; harsh economic climate and
treatment systems, 337;
infrastructure maintenance and, 3;
integrated water management and,
22; investments in infrastructure
and sustainable water management,
3–4; quantitative assessment of
technical, economic,
environmental, and social
considerations, 24; sustainable
development and management
and, 829, 965, 968; sustainable

water management and, 2, 3, 3f, 4,
965; wastewater-borne resources,
economic value of, 29, 753, 765,
770–72, 771t, 786; wastewater
partial stream separation and
materials flow management, 765–
770, 766t, 768t, 769t, 770t, 786;
wastewater resource potential and
treatment costs of partial streams,
782–84, 783t, 784t; water-related
policies and issues, complexity and
interconnectedness of, 20, 22. See
also pricing and costs

ecosystems; biodiversity in, 115–16,
741; groundwater availability and,
25, 110, 111, 114–16, 115–16;
groundwater-dependent
ecosystems (GDEs), 115–16;
services and benefits, 115–16;
stormwater harvesting impacts, 76;
subsurface groundwater dependent
ecosystems, 116; sustainable water
management and damage to, 3;
wastewater treatment methods, 26.
See also constructed wetlands
(CWs)

educational campaigns; sustainable
water management and
implementation of, 2; water saving
practices as focus of, 749

efficiency/water efficiency, 23;
building sustainability index
(BASIX) scheme for water and
energy efficiency, 20; consumption
systems efficiency measures, 19–20,
21t, 23; distribution systems
efficiency measures, 19, 20;
drainage and disposal systems
efficiency measures, 20; issues
related to low water-use efficiency,
337; leakage and losses, reduction
in, 22–23, 749; water-related
policies and issues, complexity and
interconnectedness of, 20, 22

effluent disposal processes, 191t
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eggshell waste and powder, 272, 497,
500t, 502, 504, 506, 507, 517t, 522

Eh-pH (Pourbaix) diagrams of heavy
metals, 586–88, 587f

Eichhornia crassipes, 200, 202t, 348t
electricity; anaerobic treatment
processes, hydrogen formation, and
production of, 212–13; anaerobic
treatment processes, methane
combustion in microturbine, and
production of, 212–13; anaerobic
treatment processes and
production of, 815–16; biological
hydrogen and electricity
production with MFCs, 811; energy
loss during conversion of methane
to, 805; generation from biogas,
236, 239–240, 763–64, 764t;
generation from POME, 968–970,
969f, 970f, 972–73; resource savings
with biobased over conventional
production of, 815–16. See also
microbial fuel cells (MFCs)

electrobath reactor, 717–18
electrocatalytic membrane reactor
(ECMR); advantages of, 675;
application of for industrial
wastewater treatment, 28; concepts
and mechanisms, 28, 651–52, 672–
74e, 672–75; design and operating
parameters, 658–661, 659–660e,
661f; dyeing wastewater, treatment
of, 670–72, 671t, 672f; efficiency
and performance of, 652;
electrochemical oxidation and
membrane separation processes,
28, 651–52, 673; industrial
wastewater treatment with, 661–
672, 674–75; kinetic analysis, 661–
63, 662e; liquid hourly space
velocity, 661–63, 662e, 666–67,
667f; membrane fouling issues, 28;
membrane materials and types, 28,
652, 655–58, 656f, 657f, 658f;
membrane preparation with

nanocatalysts, 652; membrane self-
cleaning and antifouling
mechanism, 652, 673–74, 673–74e,
675; oily wastewater, treatment of,
663–67, 663t, 665f, 665t, 666t, 667f;
operating costs, 28; pH and, 659–
660, 659–660e, 661f; phenolic
wastewater, treatment of, 667–670,
669f; residence time, 659, 661f,
669–670, 669f; temperature and,
660, 661f; tubular carbon
membranes, 652, 655

electrocatalytic oxidation/
electrochemical oxidation;
advantages of, 651; costs associated
with, 651, 652; ECMR integration
of membrane separation and, 28,
651–52, 673; industrial wastewater
treatment with, 651;
pharmaceutical compounds
removal with, 544

electrochemical treatments and
processes; dyeing wastewater
treatment with, 671; heavy metals
remediation, 615, 642; oily
wastewater treatment with, 663–64;
surfactants removal with, 642

electrocoagulation (EC) technique;
anionic pollutants removal, 455–
56; heavy metals remediation, 581;
oily wastewater treatment with, 664

electrode spacing, 658–59
electrodialysis; heavy metals
remediation, 600; wastewater
treatment methods, 162, 163t

electrolyte; concentration in
wastewaters and MEUF, 637–38;
concentrations in wastewater and
ECMR, 659

electronics industries, water quality
requirements of, 5

endocrine disrupting compounds
(EDCs); adverse health and
environmental effects of, 534, 537t;
AnMBR for removal of, 879;
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blackwater properties, 938;
detection of in water, 533; MBR
system and removal of, 552–53,
555t, 558; oxidation processes and
removal of, 544; wastewater
properties, 16, 768; wastewater
treatment for removal of, 768. See
also specific compounds

endogenous respiration and aerobic
biodegradation of toilet waste, 910,
915–18, 916f, 917t

energy; aerobic process energy
efficiency and requirements, 239–
240, 241–43, 763–64, 764t;
anaerobic granulation and
bioenergy production, 26, 231, 236,
239–243, 249; anaerobic processes
energy efficiency and requirements,
239–240, 241–43, 790, 792–93;
anaerobic treatment as renewable
energy source, 300–301, 790, 818;
bioenergy generation, 29, 789–790,
790, 818; bioenergy recovery
plants/biorefineries, 818; building
sustainability index (BASIX)
scheme for water and energy
efficiency, 20; combined heat and
power (CHP) systems, 18, 816;
consumption rate projection for
growth in population, 789;
consumption systems efficiency
measures, 19–20, 21t, 23; CW
biomass and energy production,
356–57; demand for sustainable
and renewable sources, 29, 829,
857; demand management and, 6,
7–8t; desalination and energy
recovery devices, 14; distribution
systems efficiency measures, 19;
efficiency of extraction from
wastewater, 792–93; electricity
generation from POME, 968–970,
969f, 970f, 972–73; energy density
of wastewater, 792; Gibbs free
energy, 792, 793; global energy

crisis, biohydrogen as solution to,
829–830; integrated water
management and, 22; localized and
networked treatment systems and
power generation, 19;
nanomaterials and
nanotechnologies applications, 30,
976–77, 984–85, 986t; optimization
of WWTP processes and energy use
and production, 18–19; organic
matter, generation of energy from,
17, 239–240, 763–64, 764t, 790;
palm oil mills, energy efficiency at,
957, 958–960, 959f; phase change
material (PCM), 718–19; recycled
water reuse and life cycle energy
consumption, 19; renewable energy
research, 829–830, 857; sludge
recycling and energy generation,
28; sustainable energy management
systems for wastewater treatment,
793–815; sustainable water
management and, 2, 3f; wastewater,
potential energy available in, 790–
93, 791t; wastewater properties as
resources, 790, 818; water-related
policies and issues, complexity and
interconnectedness of, 20, 22; white
biotechnology, competition for
land and water resources, and, 22.
See also biogas/biofuel; fossil fuel–
based energy

energy crops and hydrogen
production, 834–35

Energy Information Administration,
U.S., 128

engineering, water-supply, 22
Enhanced Biological Phosphate
Removal (EBPR), 385–88, 385f, 387f

Enterobacteriaceae, 886t. See also
Escherichia coli (E. coli)

Enterobacter sp.; biosorbent
applications, 604t; E. aerogenes,
838; E. cloacae, 838; hydrogen
fermentation, 838

1026 INDEX

 Green Technologies for Sustainable Water Management 

 D
ow

nl
oa

de
d 

fr
om

 a
sc

el
ib

ra
ry

.c
om

 b
y 

3.
14

5.
14

7.
4 

on
 0

6/
02

/2
4.

 C
op

yr
ig

ht
 A

SC
E

. F
or

 p
er

so
na

l u
se

 o
nl

y;
 a

ll 
ri

gh
ts

 r
es

er
ve

d.
 



Enterococcus faecalis, 694, 695t, 696
entomotoxicity (Tx), 263–64, 265–69,
270

environmental impacts and issues;
agricultural wastes, hazards related
to, 496; algal biofuels, impacts of
production of, 816–17; of ammonia
(NH3), 382; anionic pollutants,
hazards related to, 27, 455, 456,
457, 458t; AnMBR advantages, 30;
arsenic, hazards related to, 27–28,
457, 471, 588; cadmium, hazards
related to, 588; chlorine, hazards
related to, 653t; chromium, hazards
related to, 27–28, 471, 588; cyanide,
hazards related to, 653t; demand
management and, 6, 7–8t; district
water cycle management benefits,
178–79; economics and, 3; failed
septic systems, environmental risks
from, 377, 378; green technologies
and, 4; green technologies
development and, 5–6, 5f; heavy
metals, impact of, 27–28, 588–89,
615, 653t; integrated water
management and, 22; lead, hazards
related to, 27–28, 588; mercury,
hazards related to, 27–28, 588;
methane recovery, 815; microbial
fuel cells impacts, 816;
nanomaterials and
nanotechnologies applications for
environmental protection, 30;
nitrate, hazards related to, 457,
458t; nitrogen pollution, 377, 379–
380, 379t, 382, 419; optimization of
WWTP processes and, 18–19; palm
oil mills and POME, 30, 955, 956–
57, 963–65, 968; perchlorate,
hazards related to, 469; phenols,
hazards related to, 653t; phosphate,
hazards related to, 457, 458t, 467;
phosphorous pollution, 377, 379–
380, 379t, 384, 491–92; plastics
waste, concerns about, 256; pricing

water and, 21t; public awareness of
and calls for treatment standards,
337; quantitative assessment of
technical, economic,
environmental, and social
considerations, 24; refractory
wastewater, hazards related to, 653,
653t; selenium, hazards related to,
457, 458t, 471; stormwater
harvesting impacts, 76, 90, 91;
stormwater irrigation
environmental hazards, 79; sulfates,
hazards related to, 653t; sulfides,
hazards related to, 653t;
surfactants, hazards related to,
653t; sustainable development and
management and, 965, 968;
sustainable water management and,
2, 3, 3f; TrOCs, hazards related to,
27, 533, 534, 537t, 538; wastewater
contaminants and environmental
risks, 16, 377, 378, 379t; water-
related policies and issues,
complexity and interconnectedness
of, 20, 22; white biotechnology
impact and, 22

Environmental Planning and
Assessment Act 1997, 127

Environmental Protection Act 1994,
127

enzymatic membrane reactor (EMR),
561–63, 562f, 564t

enzymes; activated sludge use for
production of, 26, 256, 278–285,
279t; antioxidant activities in CW
plants, 346; hydrogen production,
832–33, 833f, 840–41;
immobilization of and stability
against thermal and chemical
reactions, 550–51, 561–63; lysis-
cryptic growth process, 278–79,
281; redox-mediators, 548–550,
549t; sludge floc hydrolysis, 278–
281, 279t, 283; TrOC degradation
with enzymatic treatment
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processes, 544–551, 546–47t, 549t,
565

erythromycin, 540
Escherichia coli (E. coli); disinfection
performance and testing for, 91;
electrical energy from with MFCs,
806; heterogeneous photocatalysis
deactivation, 694, 695t, 696;
hydrogen fermentation, 838; PHA
production with, 257, 259, 262–63;
PHB production with, 263;
quantum dots and detection of,
979; reduction in concentration
and effectiveness of disinfection,
81; sources of, 81; stormwater
properties and quality criteria, 9,
10t, 81, 83, 83t, 85t; stormwater
treatment measures and removal
of, 11, 83t, 87t, 88, 99t; testing for
and measurement of, 81

esterification process wastewater, 244
17 ß-estradiol, 535t, 537t, 538, 543,
544, 545, 546t, 554, 555t, 556, 557,
558, 563, 564t

estriol, 535t, 537t, 545, 555t, 563, 564t
estrone, 535t, 542, 544, 545, 546t,
555t, 557, 558

ethanol, 22, 204f, 812, 816, 831, 834,
838, 840, 981

17 α-ethinylestradiol, 535t, 537t, 538,
545, 546t, 555t

ethylenediaminetetraacetic acid
(EDTA), 563, 597, 599, 642

eucalyptus bark, 595
Eudorina sp., 817
Euglena sp., 813, 814t
Europe; chromium in water, sources
of, 583; constructed wetlands use
in, 340, 344, 352; freshwater
resources in, 148t; lead
consumption in, 585; lead waste
and contamination in, 585;
mercury contamination in, 585;
municipal solid waste anaerobic
digestion treatment case studies,

213–15, 214f, 215f; shale gas
resources in, 129f; waste and energy
policies in, 214; wetlands systems
for wastewater treatment in, 199

eutrophication; impact of, 345, 491–
92; increase in, 196; nitrate and, 377,
458t, 463; nitrite and, 463; nitrogen
and, 379t, 382, 419; phosphate and,
458t, 463, 467; phosphorous and,
377, 379t, 384, 491–92; prevention
of, 170, 495–96, 495f, 516

evaporation losses, 22–23
evapotranspiration, 4
exopolysaccharides and heavy metal
sequestration, 602

expanded granular sludge bed
(EGSB) reactor; acceptability and
prevalence of use of, 234–35, 249;
biogas production with, 317f, 318;
biomass retention with, 872;
characteristics, process function,
and applications, 243, 245–46, 315,
317–18, 318f; chemical wastewater
treatment with, 245–46; efficiency
of, 234–35; hybrid systems/
combined processes, 805; organic
loading rate, 317–18; recycling
needs and energy use, 242; UASB
efficiency compared to, 246, 318

explosives and explosives
manufacturing, 653t, 799, 802

extracellular polymeric substances
(EPS); activated sludge process and,
278, 283; ASBBR and formation of,
795–96; biofilm and anaerobic
attached growth processes, 320;
exopolysaccharides and heavy metal
sequestration, 602; hydrogen-
producing granules formation and,
241, 247; membrane fouling and,
804, 805, 892, 893

extraction treatments, 615, 642

Falkenmark Index, 147–49, 148t
fats. See oils, fats, and greases
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feast and famine fermentation,
258–59

feces; biodegradability of, 907–12,
908e, 909e, 912f, 919;
biodegradation of feces and
amount and character of compost,
30, 912–925; characteristics of,
906–12, 907t; COD of, 907–9, 907t,
908e, 909e; mass unit
characteristics of, 909–12, 910e,
911e, 912f; pollution load of, 907,
907t; production rate per adult per
day, 915. See also brown water

FEFLOW model, 121
fenoprop, 539, 546t
Fenton process, 544
fertilizers; anaerobic granular sludge
biosolid use as, 231–32; animal
waste and wastewater use as, 758,
771; biostimulation and heavy
metals remediation, 603; land-use
management changes and use of,
750; nitrogen use in, 759–763, 762t;
nitrous oxide sources, 738–39;
phosphorous-bearing AWBs use as,
495f, 503; phosphorous use in, 756–
58, 760f; potassium use as, 754, 763;
price for and material-specific
prices of components, 770–72,
771t; recycled phosphorous
fertilizers, 522–23; resource
economy and recovery/recycling
from wastewater, 765; sludge
disposal on agricultural fields, 271;
treatment of sludge using
vermicomposting before use as, 26,
256, 270–78, 273t

fibre filters, 96, 99t, 100f
filtration; greywater treatment
methods, 16; mercury removal
with, 586; packed-bed filtration,
189, 191t; seawater treatment for
RO plants, 14; stormwater
treatment methods, 11, 12t;
surfactants removal with, 642;

wastewater treatment methods,
161, 162, 163t, 190t, 193t

Finland, Wassa process solid waste
anaerobic digestion treatment in, 214

firefighting; stormwater reuse for, 77,
82t, 94; stormwater water quality
guidelines, 10t; water budget
analysis for district water cycle,
157t, 158

fixed-bed reactor; anammox process
in, 439; concepts and applications,
190t; fixed-bed biofilm reactor
(up-flow biofilter/up-flow biofilm
reactor), 436, 442, 444t

flame retardant technology, 983–84
flocculation; bioflocculants from
sludge, 256; concepts and
mechanisms, 601; heavy metals
remediation, 28, 600–602; sludge
and biogas production, 18; starch-
based flocculant, 800–801

floods/flooding; assessment tools and
models for forecasting, 24; climate
change and changes in
precipitation patterns, 738, 739–
740; data collection and
management of, 23–24; sustainable
water management and, 3

Florida, greywater/rainwater reuse in,
189

fluidized bed reactor. See anaerobic
fluidized bed reactor (AFBR)/
fluidized bed reactor (FBR)

fluoride; beneficial uses for, 456;
biosorbent desorption and
regeneration capacities, 481t;
biosorbents for removal of, 470–71,
473t, 483; commercial adsorbents
for removal of, 459t, 460; health
hazards related to excess intake of,
456–57, 458t, 470; permissible
limits for drinking water, 458t;
sources of, 456; stormwater
properties, 85t; WHO limits on
amounts in drinking water, 457
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fluoxetine, 547t, 555t
fly ash, 274, 598t, 599t
food; biogas production from food
waste, 17; climate change
adaptation strategies and food
security, 746–47; ecosystem
services, 115–16; food security and
groundwater availability, 25, 110,
114; water as constraint on
expanding food supplies, 114–15

food industry; anaerobic granular
sludge treatment of, 232, 235;
anaerobic granular sludge
treatment of wastewater from, 237,
244; AnMBR for treatment of
wastewater from, 881; CWs for
treatment of wastewater from, 341,
344; enzyme production from
waste from, 281–82; food
packaging materials, 978–79;
hybrid AnMBR system for
treatment of wastewater from, 876t;
hydrogen production with
wastewater from, 835, 836t, 837t,
838, 840, 842; nanomaterials and
nanotechnologies applications, 30,
978–79; oily wastewater properties,
663t; UASB treatment of
wastewater from, 798;
vermicomposting use of waste
from, 273t, 274, 275, 276–77;
wastewater characteristics from,
17, 881; water quality requirements
of, 5

food-to-microorganism ratio, 388–89
formaldehyde, 238
forward osmosis, 11, 15t
fossil fuel–based energy; biofuels as
substitute for, 29; reduction in need
for, 14, 829; resource savings with
biobased over conventional
production of, 815–16, 857; white
biotechnology and reduction in use
of, 22

fossil groundwater, 116–17

fracking process and groundwater
management, 25, 110, 121–22, 125–
130, 126f, 127f, 128f, 129f

France; mercury contamination in,
585; TrOCs in surface waters in,
535–36t; Valorga process solid
waste anaerobic digestion
treatment, 215

freeze desalination, 15t
French Polynesia, Valorga process
solid waste anaerobic digestion
treatment in, 215

freshwater; limitations on natural
sources of, 4–5, 537; sustainable
management of, 608; water cycle
and, 149, 150–51; worldwide
renewable freshwater availability,
147–49, 148t

Freundlich isotherm model; activated
charcoal and adsorption of nitrite,
469; SBAC and adsorption of dyes,
728; wetlands plant–based
activated carbon, 361, 361e, 363–
64, 364t, 365, 365t, 367, 367t

fuel cells; CHP system types, 18;
hydrogen fuel cells, hydrogen
storage, and nanomaterials, 976,
985, 986t; microbial fuel cells, 29,
213, 790, 793, 805–11, 806f, 807–9t,
816, 818

fungi; filamentous fungi, 280–81, 282,
283; sludge floc hydrolysis use of
fungal cultures, 279–281;
wastewater treatment methods, 17

gas lift reactor, 439, 441
Gaussian kernel, 742, 742e, 744
gemfibrozil, 552, 555t
general circulation models (GCMs);
availability of, 109; development
and purpose of, 108–9;
downscaling models using kernal
regression, 29; downscaling models
using kernel regression, 741–45,
742e, 743–44e, 744t, 745t, 746f,
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747f; groundwater management
policy development based on, 114,
135; groundwater resources
predictions and climate change
scenarios, 108–10; potential
predictor selection, 742;
precipitation prediction with, 29;
sources of data, 741

genistein, 545
Geological Survey, U.S. (USGS), 114,
120–21

geo-purification systems, 190–91t,
215–220, 216f, 218f, 219t

Germany; anaerobic treatment plants
in, 297; constructed wetlands use
in, 352; Dranco process solid waste
anaerobic digestion treatment, 215;
lead waste and contamination in,
585; nitrogen materials-flow
analysis, 754, 759–763, 762f;
phosphorous materials-flow
analysis, 754, 756–59, 760f;
potassium fertilizer exports, 763;
SAT geo-purification systems in,
216f, 217; TrOCs in surface waters
in, 535–36t; wastewater treatment
costs, 772–784, 774e, 775e, 776f,
778t, 779t, 780t, 781–82e, 781t,
782t, 783t, 784t

Gibbs free energy, 792, 793
glibenclamide, 555t
glucose; anaerobic degradation of
phenols, 244; biological phosphorus
removal process, 386, 391; bioplastics
from, 257t; biostimulation and heavy
metals remediation, 603; hydrogen
production with, 832, 833f, 834, 840,
855, 856t

glycogen-accumulating organisms
(GAOs), 386–88, 387f

gold; hydrogen production and gold
nanoparticles, 842; MEUF and
removal of, 637; surfactant
concentration, S/M ratio, and
removal of, 628

GRACE (Gravity Recovery and
Climate Experiment), 107, 135

Granular Activated Carbon (GAC)
adsorption filtration, 56–60, 57f,
57t, 58f, 59t

grass/vegetated swales, 12t, 86, 87t, 90
Grau second-order multi-component
substrate removal model, 329–330,
329–330e, 330f

greases. See oils, fats, and greases
Great Artesian Basin (GAB),
Australia, 110, 117, 130–33, 131f,
135

Great Artesian Basin Bore
Rehabilitation Program
(GABBRP), 132–33

Great Artesian Basin Consultative
Council, 132

Great Artesian Basin Coordinating
Committee (GABCC), 131, 132–33

Great Artesian Basin Water Resource
Assessment program, 132

Greece; lead waste and contamination
in, 585; TrOCs in surface waters in,
535–36t

Green Chemistry principles, 496
greenhouse gases; agriculture,
emissions for, 738–39; algal
biofuels and reduction in, 816–17;
anaerobic digesters and reduction
of, 17; anaerobic granular systems,
carbon credits, and reduction of
emissions of, 236, 250; anaerobic
pond for POME treatment,
emissions from, 964, 969; climate
change and, 737, 738–39, 739f, 789,
815, 818; impact of emissions, 738–
39, 789, 815, 818; increase in
emission of, 737, 739f;
nanomaterials and
nanotechnologies for removal and
remediation, 981–83; palm oil mill
emission reduction initiatives, 30,
955–56, 968; transportation,
emissions for, 738; water and
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energy efficiency measures and
reduction in output of, 23; wetland
and aquatic treatment systems and
reduction of, 203–4; white
biotechnology and reduction in, 22

green technologies; advances in, xiii;
advantages and benefits of, xiii, 2, 4,
31; concepts and principles of, xiii,
4–6; framework in the development
of, 5–6, 5f; Green Chemistry
principles, 496; heavy metals
bioremediation, 28, 582, 602–9,
608f; nanomaterials and
nanotechnologies applications,
976–79; need analysis, 4–5;
promotion of, 2; resource economic
potential and implementation of,
29; resource-economic potential
and implementation of, 753;
restraint for establishment and
implementation of, 20, 22;
sustainable water management and,
4, 608–9, 608f

Greenway Park stormwater
harvesting scheme case study, 76,
81, 82t, 83t, 90, 93–94, 93f

Grethlein, Hans E., 868–69, 870t
greywater; characteristics and fit-for-
purpose treatment and
applications, 16; discharge volumes
and pollutant loads from household
appliances, 903–4, 904t; OWDTS
and separation of higher-load and
lower-load greywater, 904–5;
resource potential and treatment
costs of partial streams, 782–84,
783t, 784t; sources of, 16, 769;
treatment and reuse of, 189, 749;
wastewater partial stream
separation and recovery/recycling
resources, 769, 769t, 770t

greywater treatment methods;
biological treatment processes, 16;
chemical treatment processes, 16;
constructed wetlands (CWs), 16;

filtration, 16; membrane bioreactor
(MBR), 16; microfiltration (MF),
16; sequencing batch reactor (SBR),
16; ultrafiltration (UF), 16

gross pollutant traps (GPTs), 86, 87t,
90, 93, 93f, 94

groundwater; biodiversity in, 115–16;
case studies of management policy
and practice, 112–14, 130–35, 131f;
climate change and sustainable
management of, 25, 107–10; coal
bed methane and shale gas
production and, 25, 110, 121–22,
125–133, 126f, 127f, 128f, 129f, 135;
coal mining and, 25, 110, 121–25,
124f, 130–33, 135; as common
property resource, 111–12;
conductivity, 116; demand
management green technology
opportunities for, 7–8t; depletion
and degradation challenges, 116–
18; discharge of treated water for
replenishment of, 608–9, 608f;
distribution of global water, 107,
108f; ecosystems and availability of,
25, 110, 111, 114–16, 115–16;
ecosystem services, 115–16;
environmentally sustainable level
of take (ESLT), 134; falling water
tables, data on, 116; food security
and availability of, 25, 110, 114;
fossil groundwater, 116–17; GCMs
and groundwater resources
predictions, 108–10; global water
cycle component, 25, 107, 108f;
green, blue, renewable, and non-
local water for irrigation, 116, 117f,
135; green-blue analysis of water
availability, 110; heavy metals in,
579, 581; hydrologic budget/
balance, 111–12; integrated water
resources management principles,
111; interconnected surface water
and groundwater systems, 108f,
110, 119–121, 119f; irrigation use
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of, 110, 111, 113–16, 115f;
limitations on amounts available,
4–5, 537; measurement of volumes
with satellite technologies, 25, 107,
110–11; mineral resource
extraction and, 121–133, 135;
models as tools for sustainable
management, 118–121, 119f, 135;
nitrate contamination, prevalence
of, 463; non-renewable
groundwater, 116–17, 135; peak
water and unitization concept, 111,
114, 116–17; quality of in areas with
and without application of POME,
965, 966t; recharge calculations and
averages, 109; recharge losses with
municipal treatment plants, 376;
recharge of with onsite treatment
systems, 376; reduction in water
losses, 22–23; renewable
groundwater, 116, 117f, 135; risk
management strategy for, 25, 110,
118–19; safe yield/perennial yield,
112; seawater intrusion into
aquifers, 117, 118–19, 120–21, 376,
393; stress on worldwide resources,
107, 111, 135–36; subsurface
groundwater dependent
ecosystems, 116; sustainability of
resources, definition of, 109;
sustainable diversion limits (SDLs),
134–35; sustainable management
and health of, 2; sustainable
management and over-extraction
of, 3, 110; sustainable management
of, 25, 107–18, 135–36; sustainable
yield, 112, 119–120, 134;
wastewater contaminants and
environmental risks, 377; water
supply role of, 111–13

Guaraní Aquifer Sustainable
Development and Environmental
Protection Program, 113

Guaraní Aquifer System, South
America, 112–13, 114

halogenated wastes/compounds, 244,
793, 882

Halomonas boliviensis, 257
hardness/water hardness; first flush
runoff, 48, 49f, 55t; rainwater
properties, 9t, 38, 39t, 44t, 46, 55t;
stormwater properties and quality
criteria, 79, 80t, 85t

hazelnut shells, 456, 598t
health and human health risks;
anionic pollutants, hazards related
to, 27, 455, 456–57, 458t; arsenic,
hazards related to, 27–28, 457, 458t,
471, 477, 589–590; chromium,
hazards related to, 27–28, 458t, 471,
590; composting toilets and health
risk assessment, 933–38, 935f, 936f,
937t, 938f, 939f; cyanide, hazards
related to, 458t, 470, 653t; fluoride,
hazards related to excess intake of,
456–57, 458t, 470; heavy metals,
impact of, 27–28, 581, 589–592,
615, 653t; lead, hazards related to,
27–28, 590–91; mercury, hazards
related to, 27–28, 591–92; nitrate,
hazards related to, 377, 419, 457,
458t, 463, 466; nitrite, hazards
related to, 419, 458t, 468; nitrogen,
nitrogen compounds, and human
health risks, 377, 379t, 419;
perchlorate, hazards related to,
458t, 469; phenols, hazards related
to, 653t; refractory wastewater,
hazards related to, 653, 653t;
selenium, hazards related to, 457,
471, 478; stormwater irrigation
hazards, 79; stormwater quality
criteria for public health risk
management, 10t, 81, 82t, 83t, 84t,
94–96; TrOCs, hazards related to,
27, 533, 534, 537t, 538; wastewater
contaminants, health risks from,
16, 376–78, 379t

health care; nanodiagnostics, 987–88;
nanodrugs, 987; nanomaterials and
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nanotechnologies applications, 30,
985, 987–88

heat; anaerobic treatment processes,
methane combustion in
microturbine, and production of,
212–13; waste heat energy, 14, 15t,
18, 21t, 816

heterogeneous photocatalysis (HP);
advantages of, 680; applications of,
680, 690–97, 691–92t, 693e, 695t,
698–99; bacteria deactivation, 694–
96, 695t; concepts, fundamentals,
and mechanisms, 679–682, 681e,
681f; dissolved oxygen and, 28,
686–87; efficiency of and
operational parameters, 28; heavy
metals remediation, 693–94, 693e;
hybrid systems/combined
processes, 28, 697–98, 698t; kinetics
of photocatalytic reactions, 28,
688–690, 688–690e; light intensity
and, 28, 686; nitrate reduction,
696–97; operational parameters,
683–87, 685–86e, 685f;
optimization methodology, 687–88;
organic compounds degradation,
684, 690–93, 691–92t; pH and, 28,
685–86, 685–86e; photocatalyst
composition and characteristics,
684, 685f; photocatalyst loading, 28,
683–84; photocatalytic reactors,
682–83, 682f; pollutant
concentration and, 28, 684;
principles for water reclamation by,
28; process efficiency, 687–88;
semiconductor use in, 679, 680–82,
681e, 681f; shading effect, 684;
temperature and, 28, 687; titanium
dioxide role in, 680–82, 681e, 681f,
683–87, 685–86e, 685f, 690–98,
691–92t, 695t; wastewater reusue
and, 680

heterotrophic bacteria/biomass;
growth of and aerobic
biodegradation of toilet waste, 908–

9, 908e, 909e, 910, 915–18, 916f,
917t, 918e, 932; hydrogen
production, 841; initial
concentration of, 919

high retention membrane bioreactor
(HRMBR), 560

Hivre Bazaar, India, 114
HMX (high melting explosive, or
octahydro-1,3,5,7-tetranitro-
1,3,5,7-tetrazocine), 802

holmium (Ho), 462, 463f
homogeneous photocatalysts, 679
humic substances/humic acid (HA);
flocculation of HA–bound heavy
metal complexes, 601; gravity-fed
GAC and membrane filters system
and removal of, 70t, 71;
heterogeneous photocatalysis
treatment of, 684; molecular weight
distribution of rainwater organic
matter, 41–42, 53–54, 54f;
nanomaterials for removal of, 982;
PEUF process use of, 599;
vermicomposting and level of, 276,
277

Hunter Valley mining and pit lake,
123, 125

hybrid UASB-filter reactor, 207–8,
246–47, 799, 844

hydraulic loading/hydraulic loading
rates; natural wastewater treatment
and disposal technologies, 193t;
onsite wastewater treatment
systems, 410; reservoir storage of
reclaimed water and water quality,
167–68; stormwater irrigation and
hazards from, 79; wetlands systems,
200, 200t

hydraulic retention time (HRT);
anaerobic attached growth
processes, 320, 322; anaerobic
baffled reactor, 318; anaerobic
contact process, 307; anaerobic
digestion process, 209, 211t, 302,
315, 878; anaerobic granular sludge
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treatments, 238, 243, 247, 250;
anaerobic sludge blanket processes,
315; anaerobic suspended growth
processes, 305–7; AnMBR process,
802, 804, 868, 878, 879, 888, 892–
93; biological nutrient removal and,
390; continuous stirred tank
reactor, 842–43, 869; Kompogas
process, 215; North Cary Water
Reclamation Facility use of, 414t;
onsite wastewater treatment
systems, 414t; rainwater tanks,
water quality, and, 46; reservoir
storage of reclaimed water and
water quality, 167–68, 170;
wetlands systems, 200–201, 202

hydrocarbons, 77, 705, 773–74
hydrochlorothiazide, 555t
hydrodynamic cavitation, 698, 698t
hydrogenases, 832–33, 832e, 839,
840–41, 842

hydrogen/biohydrogen; advantages
and sustainability of biohydrogen,
829–830, 857; anaerobic
fermentative production, 240–41,
830, 857; anaerobic granular sludge
processes and, 240–41, 249;
anaerobic processes and
production of, 205, 213, 240–41,
298–300, 298f, 299f, 796–97, 830–
33, 830e, 831e, 832e, 833f; artificial
neural network modeling to
optimize production of, 849–856,
850f, 851f, 852e, 852f, 853–55e,
853f, 856t; biochemical processes,
29; biochemistry of production of,
832–33, 832e, 833f; biological
hydrogen and electricity
production with MFCs, 811;
biological parameters, 29;
bioreactor configurations, 29, 842–
44, 855, 856t, 857; conversion of
organic compounds to, 213, 240;
cost of, 29; energy yields by
bioreactor type, 843, 844;

fermentative biohydrogen
production, 29; future research
recommendations, 857; global
energy crisis, biohydrogen as
solution to, 829–830; granulation of
hydrogen-producing bacteria and
CSTR, 247–48; inoculum types,
838–39; kinetic models and process
kinetics, 29; kinetics of production
of, 844–48, 845–48e; methane
fermentation and production of,
885–86; microbiology of
production of, 830–32, 831e, 832e;
nanoparticles and production of,
841–42; nutrients and, 839;
parameters for production of, 29,
833–842, 849; pH and, 839–840,
842, 855, 856t; photosynthesis and
production of, 830; renewable
sources of, 240–41; substrate
concentration, 845–48, 845–48e,
855, 856t; substrate types, 833–38,
836–37t; surfactants and, 841, 842;
sustainability of, 29; temperature
and, 855, 856t; temperature and
production of, 841, 842; wastewater
treatment for, 29; water role in
production of, 830

hydrogen fuel cells, hydrogen storage,
and nanomaterials, 976, 985, 986t

hydrogen peroxide, 544, 671, 671t
hydrogen sulfide, 165, 166f, 300, 654
Hydrogeosphere model, 121
hydrological water cycle, 25, 149,
150–51

hydrologic budget/balance, 111–12
hydrolysis process; aerobic
biodegradation of toilet waste, 908,
915–18, 916f, 917t; anaerobic
conversion of substrate to
hydrogen, 830; anaerobic digestion
process, 298–300, 298f, 299f, 302,
874; methane fermentation, 885;
nutrients and, 211t; pH and, 210t,
890–92
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hydrolytic and fermenting
microorganisms, 302, 874, 886t

hydroxide precipitation, 592–93, 593f
1-hydroxybenzotriazole (HBT), 548–
550, 549t

hydroxyzine, 556–57

ibuprofen, 535t, 537t, 538, 540, 541,
542, 543, 544, 547t, 554, 555t, 557,
558

India; anaerobic treatment plants in,
297; anaerobic treatment systems
use in, 209; arsenic disposal in, 583;
arsenic in water in, 477, 589;
climate change, adaptation
strategies in, 738; climate change
impacts on agriculture in, 739–740;
crop yield and climate change, 740;
droughts in, 740, 748; green, blue,
renewable, and non-local water for
irrigation in, 116, 117f; Hivre
Bazaar groundwater management
policy, 114; irrigation with
groundwater in, 110, 114, 115f;
mercury contamination in, 585;
monsoon season in, 739–740;
Pichola Lake Basin climate change
impact case study, 741–45, 742e,
743–44e, 744t, 745t, 746f, 747f;
precipitation patterns, climate
change and changes in, 739–740;
precipitation projections in, 29;
rainwater harvesting in, 748; soil
productivity in, 740; water
shortages in, 740; water tables data
in, 116

indomethacin, 552, 555t
Indonesia; economic benefits of palm
oil industry in, 955; land
application of POME, regulation of,
963, 964–65; national effluent
standards in, 964; palm oil mills in,
30; palm oil production in, 955,
956; renewable energy market in,
970

Indonesian Sustainable Palm Oil
(ISPO), 957

industrial by-product–based
adsorbents, 597, 598–99t

industrial waste and wastewater;
activated sludge use for PHA
production, 262; AFBR for
treatment of, 801–2; anaerobic
granular sludge treatment of, 232,
237, 244; anammox process for
treatment of, 432, 433, 443–45, 444t;
AnMBR for treatment of, 803, 869,
880–85; Bt biopesticide production
with, 265; characteristics/properties
of, 17, 428–29, 428t, 432, 437, 438,
880–82; ECMR treatment of, 28,
661–672, 674–75; electrical energy
from with MFCs, 806, 807–8t;
energy production potential of,
790–93, 791t; enzyme production
from, 281–82; GAC–AFBR system
for treatment of, 800–801; heavy
metals in, 579, 581, 581f; hybrid
AnMBR system for treatment of,
876t; hydrogen production with,
835–38, 836–37t; mercury
contamination, 585; nanomaterials
and nanotechnologies for treatment
of, 979–984; oily wastewater, ECMR
treatment of, 663–67, 663t, 665f,
665t, 666t, 667f; phenolic
wastewater, ECMR treatment of,
667–670, 669f; photocatalytic
treatment processes, 980; refractory
organic compounds in, 246, 651,
652–55, 653t; SNAD process
treatment of, 433; sustainable water
management and, 608–9, 608f;
treatment methods, 17, 651, 796,
798–99, 799, 881; vermicomposting
use of, 273t, 274, 275, 276–77. See
also specific industries

industries; biofuel production and
competition for land and water
resources, 22; chemical from,
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detection in water, 533;
groundwater depletion and
industrial pollution, 117–18;
nanomaterials and
nanotechnologies applications, 30;
rainwater water quality guidelines,
9; stormwater water quality
guidelines, 10t; water budget
analysis for district water cycle,
157t, 158; water efficiency
measures, 21t; water quality
requirements of, 5; water-related
policies and issues, complexity and
interconnectedness of, 20, 22

infrastructure, investments in and
sustainable water management, 3–4

inorganic carbon, 422
inorganic materials/pollutants; sludge
properties, 706, 708t; treatment
methods for removal of, 16–17;
wastewater properties, 16

insecticides, 584, 668, 693
insects, climate change and, 740–41
insurance, crop failure, 750
integrated water resources
management (IWRM), 22, 111

Intergovernmental Panel on Climate
Change, 109, 737

internal circulation (IC) anaerobic
reactor, 243, 248

International Association of
Hydrogeologists (IAH) Australia,
111

intraparticle diffusion, 499
ion exchange; anionic pollutants
removal with, 455, 460–61; arsenic
removal with, 482; biosorbent
desorption and regeneration, 479,
482; chromium removal with, 476,
476f, 584; concept of, 595; heavy
metals remediation, 28, 581, 595,
595e, 601, 615, 642; lead removal
with, 585; mercury removal with,
586; MEUF, surfactant
concentration, and, 629–630;

neutral salts and desorption of
phosphorous from AWBs, 502;
nitrogen removal with, 420;
phosphate removal with, 382–83,
502; phosphorous removal with,
494t, 496–97, 498f, 499; surfactants
removal with, 642; wastewater
treatment for recycled water, 5, 16,
17, 162, 163t; water quality and, 5

ionic surfactants, 618, 629
iopromide, 543–44
Iran, 117f
iron (Fe); aesthetics and water
containing, 48; algae cultivation
and removal of, 812; anaerobic
processes and, 303; bioleaching,
603–5, 604e, 607t; bioprecipitation
and removal of, 605; biostimulation
and removal of, 603; CWs and
removal of, 354; electrodialysis and
removal of, 600; Fe(III)-loaded
orange waste gel, 511t; Fe-modified
activated carbon and removal of Cr
(VI), 366–67, 366t, 367t; Fe-only
hydrogenases, 833; ferrite processes
and TrOC removal, 544; first flush
runoff, 48, 49f, 54, 55t; GAC
adsorption filtration and removal
of, 58, 59t, 60; gravity-fed GAC and
membrane filters system and
removal of, 68, 69t; hydrogen
production and, 839; hydrogen
production and hematite iron
nanoparticles, 842; Iron coated
lignocellulose pellets, 982–83;
membrane filtration and removal
of, 62t, 63; metal-impregnated
chelate resins, 462; metal-
impregnated/treated biosorbents,
463f, 467–68, 473t, 475t, 478, 479,
481t, 482, 497, 498f, 501t, 505, 506,
511t, 512t, 513t, 514–16, 517t;
nano-scale zerovalent iron and
zerovalent iron, 982; natural
component of AWBs, 505; [Ni-Fe]
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hydrogenases, 833, 839; pH,
MEUF, and removal of, 631;
rainwater properties, 37, 40t, 45t,
55t, 68; sludge properties, 706, 707t,
708, 708t; stormwater irrigation
and hazards from, 79; stormwater
properties, 79, 80t, 83t, 101

iron slags, 598t
irrigation; green, blue, renewable, and
non-local water for, 116, 117f;
Greenway Park stormwater
harvesting scheme case study, 76,
81, 82t, 83t, 90, 93–94, 93f;
greywater use for, 16, 749;
groundwater pumping for, 110,
111, 113–16, 115f; heavy metals in
water used for, 615; rainwater water
quality guidelines, 9; saline
irrigation water, 16; stormwater
quality criteria for public health
risk management, 81, 82t, 83t, 84t;
stormwater reuse for, 77, 79–81,
80t, 82t, 94; stormwater water
quality guidelines, 10t, 81, 82t, 83t;
sustainable irrigation concepts,
114–16; treated wastewater used
for, 149, 157t, 161–62; Turramurra
stormwater harvesting scheme case
study, 76, 79, 80t, 81, 83, 84t, 85t,
88, 89t, 90, 91–93, 92f; water budget
analysis for district water cycle,
157t, 158; water efficiency
measures, 21t

Isochrysis galbana, 812
Israel, Dan Region Project SAT geo-
purification system case study,
218–19, 218f

Italy, lead waste and contamination
in, 585

jackfruit, 598t
Japan; activated sludge use for PHA
production, research on, 262;
anaerobic treatment plants in, 297;
AnMBR research in, 869; arsenic in

water in, 477; mercury waste and
contamination in, 592; Wassa
process solid waste anaerobic
digestion treatment, 214

Joint UK Land Environment
Simulator (JULES), 109

kaolinite and kaolinite clay, 597
Ken's Foods, 871t
kernel regression, 29, 741–45, 742e,
743–44e, 744t, 745t, 746f, 747f

ketoprofen, 535t, 539, 550, 555t, 556,
558, 691t

kitchen sinks; chromium in water
from, 583–84; discharge volume
and pollutant loads from, 903–4,
904t; greywater source and uses, 16

kitchen wastes; lead waste from, 585;
vermicomposting use of, 273t, 275,
276

Klebsiella aerogenes recombinants,
257t

Klebsiella pneumoniae, 695t
Kompogas process, 215
Korea, TrOCs in surface waters in,
535–36t

Kubota Corporation, 869
Kubota Submerged Anaerobic
Membrane Biological Reactor
(KSAMBR), 869, 871t

Kyoto Protocol, 236, 250

laccase, 544–45, 548–551, 548f, 549t,
561–63, 564t

Lacticoccus lactis, 261
Lactobacillus sp., 831; L. delbrueckii,
261; L. lactis, 261; L. rhamnosus,
695t

lactone, 358, 360t, 361, 363t, 364, 364t
lagoon treatment systems/ponds;
advantages and disadvantages,
193t, 196–97; anaerobic lagoons,
194–95, 323–26, 324f, 325e, 325f;
case studies, 197–98; concepts and
applications, 25–26, 190–91t, 193t,
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194; costs associated with, 194;
performance and pollutant removal
with, 190–91t, 194–95; winter
temperatures and performance of,
196

lakes. See surface water/reservoirs
land application; natural wastewater
treatment and disposal
technologies, 193t; POME
application in oil palm plantations,
963, 964–65, 965f, 966t; sludge
disposal on agricultural fields, 271,
581, 705

landfills and solid waste; anaerobic
granular sludge treatment of solid
waste, 240; arsenic sludge disposal
in into, 583; capping landfills and
bioconversion of methane, 240;
ethanol conversion from solid
waste, 816; hydrogen production
with solid wastes, 835; landfill
leachate, anammox granules from,
424–25, 424f; landfill leachate,
anammox process for treatment of,
430, 432, 433, 437, 441, 443, 444t;
landfill leachate, AnMBR for
treatment of, 803; landfill leachate,
CWs for treatment of, 199, 341,
344, 349; landfill leachate, electrical
energy from with MFCs, 809t;
landfill leachate, energy production
potential of, 791t; landfill leachate,
properties of, 428t, 438, 443;
municipal solid waste anaerobic
digestion treatment case studies,
213–15, 214f, 215f; prevalence of
use of landfills for solid waste
disposal, 443; sludge and organic
waste disposal in landfills, 235, 236,
250, 581, 705

land filtration, 26
land management; climate change
and land-use management changes,
750; sustainable water management
and, 4

Langmuir-Hinshelwood model, 688–
690, 688–690e

Langmuir isotherm model; activated
charcoal and adsorption of nitrite,
469; biomass-based activated
carbon and phosphate uptake, 468;
biosorbents and adsorption of
As(V), 477–78; biosorbents and
adsorption of Se(IV), 479; chitosan-
coated silica, 471; copper-
imgregnated neem leaves and
adsorption of Cr(VI), 477; SBAC
and adsorption of dyes, 728;
wetlands plant–based activated
carbon, 361, 361e, 363–64, 364t,
365, 365t, 367, 367t

lanthanum (La); La(III)-loaded
orange waste gel, 507, 510t; metal-
impregnated chelate resins, 462,
463f; metal-impregnated/treated
biosorbents, 463f, 468, 473t, 498,
498f, 499, 500t, 503, 512t, 514, 515,
517t

laundry and clothes washing;
anaerobic baffle technology use for
water from, 319; chromium in
water from, 583–84; discharge
volume and pollutant loads from,
903–4, 904t; greywater source and
uses, 16, 769; lead waste from, 585;
reclaimed water use for, 158;
stormwater reuse for, 77, 79, 81,
82t, 94; water and energy efficiency
measures, 20, 21t, 23; water budget
analysis for district water cycle,
157t

leach field (subsurface wastewater
infiltration system), 381–82, 394f,
395–96

lead (Pb); activated carbon for
removal of, 585; adsorption process
for removal of, 597, 598t;
bioaugmentation and biosorbents
for heavy metal remediation, 604t;
bioleaching, 605; chelating
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precipitation and removal of, 594;
coagulation for removal of, 585;
CWs and removal of, 354;
environmental and human health
impacts related to, 48;
environmental impacts of, 27–28,
588; first flush runoff, 48, 49f, 54,
55t; flocculation of HA–bound
heavy metal complexes, 601; GAC
adsorption filtration and removal of,
58, 59t, 60; gravity-fed GAC and
membrane filters system and
removal of, 68, 69t, 72; groundwater
quality in areas with and without
POME application, 966t, 967t;
health hazards related to, 27–28,
590–91; industrial waste properties,
579; ion exchange for removal of,
585; media filtration for removal of,
585; membrane filtration and
removal of, 63, 63t, 64–65; metal-
cyanide complexes, adsorption of,
470; metal-impregnated/treated
biosorbents, 472t; MEUF and
removal of, 635; nanomaterials for
removal of, 981–82; pH, MEUF, and
removal of, 632; Pourbaix diagram
of, 586–88, 587f; properties,
occurrences, and forms, 580t, 584–
85; rainwater properties, 37, 40t, 45t,
46, 55t, 64, 68; rainwater tank
hazards, 36t; regulation of and
permissible limits for drinking water
and soil, 584; removal of, 585;
reverse osmosis for removal of, 585;
sand filtration for removal of, 585;
sludge-based ceramic particles
properties, 710, 710t; sludge
properties, 706; sources of waste and
contamination, 585, 590–91;
stormwater properties, 85t, 101;
surfactant concentration,
S/M ratio, and removal of, 630;
vermicomposting and reduction
of, 272

leaks and water losses, 22–23, 749
life cycle assessment (LCA), 18–19,
816

ligand exchange; arsenic removal
with, 482; fluoride removal with,
471; neutral salts and desorption of
phosphorous from AWBs, 502;
phosphorous removal with, 497–
98, 498f; polymeric ligand exchange
(PLE) resin, 460–61, 466, 468

lignin peroxidase (LiP), 544–45, 548,
551

lignite coal, 475t
lime softening, 584
linuron, 555t
lipase, 279, 281–82, 283, 830
lipid peroxidation, 346–47
Listeria monocytogenes, 695t
lithium-ion batteries, 976–77, 985
logistic model, 845–48, 846–48e
loosestrife, 359t, 360f
losses/evaporation losses, 22–23
lotus stalk and lotus stalks–based
activated carbon, 359t, 360f, 364–
66, 364t, 365t

Louisiana, Denham Springs pond
system case study, 198

low-impact development, 188
Ludzack-Ettinger (MLE) process,
400–401

Luedeking-Piret model, 848, 848e
lutetium (Lu), 462, 463f
lysozyme (muramidase), 279t, 281

macrophytes, 198, 199, 200, 201, 202t,
347–48, 348t

magnesium (Mg); algae cultivation
and removal of, 812; anaerobic
processes and, 303; fertilizer price
and material-specific prices of
components, 771t; first flush
runoff, 50t, 51t, 52t, 55t; hydrogen
production and, 839; natural
component of AWBs, 505; pH,
MEUF, and removal of, 631;
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rainwater properties, 37–38, 39t,
43, 44t, 46, 55t; stormwater
properties, 85t; wastewater
properties as resources, 754, 764–
65

magnesium ammonium phosphate
(MAP), 771–72

magnetic separation, 494t
Malaysia, 956
management/water management;
assessment tools for, 24; complexity
and interconnectedness of water-
related policies and issues, 20, 22–
24; governance and delivery of
water, key areas for, 22, 23t;
integrated water resources
management principles, 22, 111;
public awareness of environmental
issues and calls for treatment
standards, 337; trends and future
research needs, 22–24, 23t. See also
sustainable water management

manganese (Mn); algae cultivation
and removal of, 812; CWs and
removal of, 354; first flush runoff,
48, 49f, 55t; GAC adsorption
filtration and removal of, 58, 59t,
60; gravity-fed GAC and
membrane filters system and
removal of, 68, 69t; industrial waste
properties, 579; membrane
filtration and removal of, 62t, 63;
Mn-modified activated carbon,
362–64, 363t, 364t; rainwater
properties, 40t, 45t, 55t, 68; sludge-
based ceramic particles properties,
710; stormwater properties, 101

manganese peroxidase (MnP), 544–
45, 548

materials balance analysis, 25, 156,
156f, 159–160, 159e, 160e, 172–74,
172e, 172f, 173e, 174t, 179

materials flow management;
principles of and sustainable
resource management, 29, 753;

recycled water and, 29, 753;
wastewater partial stream
separation and materials flow
management, 765–770, 766t, 768t,
769t, 770t, 786

mean cell residence time (MCRT),
388, 389, 390

mechanical vapor compression
(MVC), 13

media filtration; high-rate media
filtration, 72, 73f; lead removal
with, 585; onsite wastewater
treatment systems, 400, 415;
stormwater treatment methods, 90

mefenamic acid, 535t, 552, 555t
Membrane Anaerobic Reactor
System (MARS), 869, 870t

membrane bioreactor (MBR);
acceptability and prevalence of use
of, 554, 868; activated carbon
adsorption–MBR system, 561;
advantages of, 164, 868; aerobic
MBR comparison to anaerobic,
aerobic, and AnMBR treatments,
874, 875t; aerobic MBRs and
combination treatment systems,
874; anaerobic-aerobic-oxic–
membrane bioreactor treatment
system, 174, 174f, 175–78, 177f,
179, 874; anammox process in,
438–39, 440–41, 443, 444t; biomass
concentration in, 554f, 557;
biomass retention with, 793;
characteristics and functions, 441,
551–54, 551f, 552f, 553f; costs
associated with, 553; DO and, 554f,
558; economic climate and use of,
337; effectiveness of treatment with,
164, 337, 552–54, 558, 868, 874;
environmental impact of, 18–19;
external MBR, 18–19; granular-
based anaerobic processed coupled
with, 250; greywater treatment
methods, 16; high retention
membrane bioreactor, 560;
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immersed MBR, 18–19; integrated
membrane processes for TrOC
removal, 558–564, 564t, 565; MBR–
NF/RO treatment system, 559,
559f, 565; membrane fouling issues,
250, 804–5; nitrogen (N), 874;
osmotic membrane bioreactor,
559–561; pH and, 554f, 557–58;
promising future of, 164; quality
and reliability of effluent for
discharge or reuse, 164, 552–54,
558, 874; size of, 553, 868; solids
retention time, 553, 554f, 557;
startup time needed for anammox
process, 441; temperature and,
554f, 558; TrOC treatment with, 27,
539, 551–58, 554f, 555–56t, 565;
wastewater treatment methods, 17,
164, 250. See also anaerobic
membrane bioreactors (AnMBRs)

membrane distillation, 11
membrane reactor; enzymatic
membrane reactor (EMR), 561–63,
562f, 564t; heavy metals
remediation, 581. See also
electrocatalytic membrane reactor
(ECMR); membrane bioreactor
(MBR)

Membrane Sewage Treatment System
(MSTS), 869

membrane technology and
membrane-based separation
processes; anionic pollutants
removal, 455; chemical cleaning of
membranes, 620–22; costs
associated with, 56, 455; direct
filtration, 162, 163t, 164; ECMR
integration of electrochemical
oxidation and membrane-based
separation, 28, 651–52, 673;
gravity-fed GAC and membrane
filters system, 64–72, 65f, 66t, 67f,
68f, 69t, 70t, 71f; heavy metals
remediation, 28, 597, 599–600, 601,
615–16, 642; limitations of, 455;

membrane fouling from DOC, 64,
68; membrane fouling issues, 620–
22, 651, 652; membrane-
photocatalytic systems, 683; oily
wastewater treatment with, 663–64;
phosphorous removal with, 494t;
rainwater treatment methods, 56,
60–64, 60t, 61f, 62–63t, 63t, 72–73,
73f; stormwater treatment
methods, 11, 96, 97–98, 98f, 99t;
TrOC treatment with, 27, 540–43,
541f, 565; wastewater treatment
methods, 16–17, 161, 162, 163t,
164, 651

mercury (Hg); adsorption process for
removal of, 596t, 599t; chelating
precipitation and removal of, 594;
CWs and removal of, 354;
distillation and removal of, 586;
environmental impacts of, 27–28,
588; filtration and removal of, 586;
first flush runoff, 50t, 51t, 52t, 53;
health hazards related to, 27–28,
591–92; heterogeneous
photocatalysis treatment, 693–94,
693e; industrial waste properties,
579; ion exchange for removal of,
586; mass flow in wastewater
treatment plant, 586, 586f;
membrane filtration and removal
of, 63; nanomaterials for removal
of, 982, 983; Pourbaix diagram of,
586–88, 587f; precipitation and
removal of, 586; properties,
occurrences, and forms, 580t, 585,
591; rainwater properties, 37–38,
46, 68; removal of, 586, 586f;
sludge-based ceramic particles
properties, 710t; sludge properties,
706, 708t; sources of
contamination, 585; sources of
waste and contamination, 591–92;
stormwater properties, 85t;
vermicomposting and reduction of,
272
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mesophilic conditions and organisms;
anaerobic digestion process, 210t,
302; anaerobic granular sludge
treatment, 239, 242, 246; AnMBR
process, 867, 871, 880, 883, 888–
890; biogas production and, 888–
890; hydrogen production and, 841;
temperature, composting process,
and, 925–26, 927f, 929f, 943;
Valorga process, 215; Wassa
process, 214

metabolic products, 26
metabolism, water, 167
metallic membranes, 872
metals/heavy metals; anaerobic
processes and, 303, 304; costs
associated with wastewater
treatment and, 765; definition of
and list of heavy metals, 579, 580t;
efficiency of removal of, 579;
environmental impacts of, 27–28,
588–89, 615, 653t;
exopolysaccharides and heavy
metal sequestration, 602; feed metal
concentration and efficiency of
MEUF process, 632–33; first flush
runoff, 48, 49f, 50t, 51t, 52t, 53, 54,
55t; flow of heavy metals to waste,
579, 581, 581f; health hazards
related to, 27–28, 581, 589–592,
615, 653t; hydrogen production
and nanoparticles, 842; inhibitory
effects of on anammox process,
437; low metal concentrations,
treatment of wastewater
containing, 636; metal-
impregnated biosorbents, 462, 463,
463f, 466, 470, 471, 472t, 477, 481t,
482, 483, 497–98, 500t, 504–5, 514–
15, 516, 517t, 525; pH and removal
of, 195; Pourbaix diagrams of, 586–
88, 587f; properties, occurrences,
regulations, and disposal of arsenic,
chromium, lead, and mercury, 582–
88; rainwater properties, 37, 40t,

45t, 46, 64; rainwater/stormwater
properties, 9; sludge properties,
271, 579, 581, 581f; sources of, 579,
581, 581f, 615; stormwater
properties and quality criteria, 10t,
25, 77, 85t, 101; stormwater reuse
hazards, 79; stormwater treatment
measures and removal of, 11, 88,
99t; wastewater properties, 16, 17,
271, 579, 581, 615, 622

metals/heavy metals remediation;
adsorption, 17, 28, 470, 595–97,
596t, 598–99t, 602, 642–43; algae
cultivation, 812; anaerobic lagoons,
194–95; bioaugmentation, 28, 603;
bioleaching, 28, 603–5, 603–5e,
607t; bioprecipitation, 28, 605–6,
607t; bioremediation/green
technologies, 28, 582, 602–9, 608f;
biosorption, 28, 602, 604t;
biostimulation, 28, 603;
biosurfactants, 28, 605; chemical
precipitation, 28, 581, 592–94, 593f,
594f, 601, 615, 642; coagulation, 28,
600–602, 642; constructed
wetlands, 339–340, 344; effluent
quality after wastewater treatment,
regulation of, 622; electrochemical
processes, 615, 642;
electrocoagulation technique, 581;
extraction treatments, 642;
filtration, 642; flocculation, 28,
600–602; GAC adsorption
filtration, 58, 60, 596t; gravity-fed
GAC and membrane filters system,
68, 71, 72; heavy pollution
surcharges for wastewater
treatment, 773–74; heterogeneous
photocatalysis treatment, 693–94,
693e; ion exchange, 28, 581, 595,
595e, 601, 615, 642; lagoon
treatment systems, 194–95; lotus
stalks–based activated carbon, 364–
66, 364t, 365t; membrane filtration,
28, 62–63t, 63, 64–65, 597,

INDEX 1043

 Green Technologies for Sustainable Water Management 

 D
ow

nl
oa

de
d 

fr
om

 a
sc

el
ib

ra
ry

.c
om

 b
y 

3.
14

5.
14

7.
4 

on
 0

6/
02

/2
4.

 C
op

yr
ig

ht
 A

SC
E

. F
or

 p
er

so
na

l u
se

 o
nl

y;
 a

ll 
ri

gh
ts

 r
es

er
ve

d.
 



599–600, 601, 615–16; membrane
reactor, 581; nanotechnologies,
581, 982; oxidation processes, 615,
642; phytoremediation, 28, 606–8,
607f; reduction processes, 642;
reverse osmosis (RO), 642; sludge-
based ceramic particles properties,
709–10, 710t; sludge properties,
705, 706, 708t; strategies and
technologies for, 28, 581–82, 591–
608, 615–16; vermicomposting
biotechnology, 28, 271, 272, 276–
77, 606; wastewater properties as
resources, 754. See also micellar
enhanced ultrafiltration (MEUF)

metal working industries; electroplat-
ing industries, wastewaters from,
636, 637; oily wastewater
properties, 663t; salts in
wastewaters from, 637–38;
wastewater characteristics from, 17

methane (CH4); anaerobic granular
sludge treatment conversion of
waste into, 231, 236, 238, 239–240,
242, 243, 249; anaerobic processes
and production of, 297, 298–301,
298f, 299f, 303, 792, 793, 798;
AnMBR methane recovery
efficiency, 803–4; coal-bed methane
(CBM), coal seam gas (CSG), and
shale gas production and
groundwater resources, 25, 110,
121–22, 125–133, 126f, 127f, 128f,
129f, 135; electricity, energy loss
during conversion to, 805; emission
sources, 738; energy density of
wastewater and production of, 792;
environmental impact of recovery
of, 815; evaporator condensate,
methane production from, 882–83;
factors in yield of, 242;
fermentation processes and
production of, 874, 885–86, 893–
95; global warming potential of,
818; HRT, SRT, and production of,

892–93; impact of emissions, 738,
815; increase in emission of, 737,
739f; natural gas replacement with,
818; pH and fermentation
processes, 890–92; POME
treatment and methane capture/
biogas production, 968–970, 969f,
970f, 972–73; recovery of, methods
and technologies, 815; sinks, 738;
temperature and fermentation
processes, 888–890; transport of
biomethane, 816; uses for, 231;
wastewater as source of, 790–93,
791t. See also biogas/biofuel

Methanococcus mazei, 886t
methanogens; acid inhibition and
growth of, 874, 883–84, 885, 891;
ammonia and, 209, 210t; anaerobic
treatment and growth of, 793;
AnMBR and growth of, 868, 881–
84; conditions for growth of, 209;
dehalogenation process and, 237–
38; hydraulic retention time and,
302; methanogenesis process, 298–
300, 298f, 299f, 790, 792, 793, 874,
885–86, 890–92; methanogenic
archaea, 874, 886t; nutrients and,
211t, 303; pH and, 209, 210t, 300,
302–3, 874, 890–92; polymer-
assisted granulars, 245;
temperature and, 246; toxic
substances on, impact on, 881–82;
UASB granule formation, 797

methanol; anaerobic processes
reactions, 204f, 238, 244, 246;
bioplastics from, 257t, 259;
denitrification process, 384, 429;
heavy metals remediation, 693–94;
methane from, 247

Methanosaeta, 801
Methanosarcinaceae, 801
Methanosarcina sp., 797; M. barkeri,
886t

Methanothrix sp., 797; M. soehngenii,
886t
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methemoglobinemia, 377, 379t, 419,
457, 466

methoxychlor, 545
Methylobacterium sp.; M. extorquens,
257t; M. organophilum, 259; M.
rhodesianum, 257t

metronidazole, 545
Mexico, 117f
micellar enhanced ultrafiltration
(MEUF); anionic surfactants, 616,
619; cationic surfactants, 616, 619;
chemical cleaning of membranes,
620–22; co-existence of anions and
efficiency of, 641; co-existence of
pollution and metal cations and
efficiency of, 640; concentration
polarization (CP), 622–23, 623, 629,
630; concepts and mechanisms, 28,
597, 616, 617–19, 617f, 618f, 644;
conductivity and, 640–41; costs
associated with, 597, 641; critical
micelle concentration (CMC), 616,
617–18, 619–620, 620f, 627–630,
633–35, 641; critical micelle
concentration (CMC) and type of
membrane, 639–640; critical micelle
concentration (CMC), reduction of,
635–38; cross-flow velocity, 626;
efficiency of metal removal, 597,
644; gel concentration, 629, 638;
heavy metals remediation, 28, 597,
616; initial metal feed concentration
and efficiency of process, 632–33;
limitations of, 616; limitations of,
strategies for overcoming, 641–42;
low metal concentrations, treatment
of wastewater containing, 636;
membrane fouling issues, 620–22,
626; membrane nominal molecular
weight limit and permeate flux, 623;
membrane types and molecular
weight cut-off (MWCO), 638–640;
MEUF–ACF hybrid process, 28,
616, 644; micelle aggregation layer
(MAL), 624, 625, 627; micelles, 617–

19, 617f, 618f; nonionic surfactant,
619; operating parameters for, 622–
641; permeate flux, 622–24, 625,
627, 628–29, 633, 634, 636, 639, 641;
pH and, 630–31; pressure and
permeate flux, 623–24; recovery of
surfactants, 597, 599, 642; relative
flux, 623; retentate, 597, 599, 623,
624, 629, 633, 641–42; retentate
pressure, 624; surfactant recovery,
597, 599, 641–42; surfactant-rich
effluent from, treatment of, 616,
642–43, 644; surfactant role in, 616,
617–19, 617f, 644; surfactant
selection for heavy metal
remediation, 597, 617–19;
surfactant to metal molar ratio and
surfactant concentration, 597, 627–
630, 636; temperature and, 633–35;
transmembrane pressure/operating
pressure, 624–27, 639. See also
cetylpyridinium chloride (CPC);
sodium dodecyl sulphate (SDS)

micelles, reverse, 841
Michealis-Menten kinetic model, 792
Michigan, Muskegon SAT geo-
purification system case study,
219–220, 219t

Micractinium sp., 815
microbial desalination cells, 11
microbial fuel cells (MFCs);
applications of technology to
different wastewater streams, 806–
11, 807–9t; biological hydrogen and
electricity production with, 811;
complete mixing flow pattern, 811;
concepts and mechanisms, 213,
805–11, 806f; construction of, 816;
environmental impacts of, 816;
plug flow flow pattern, 811; voltage
measurement and Gibbs free
energy, 793; wastewater treatment
and electricity production, 29, 213,
790, 805–11, 818

Microbial Load Index (MLI), 245
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Micrococcus luteus, 604t
microfiltration (MF); characteristics of
membranes, 17; greywater treatment
methods, 16; membranes for
AnMBRs, 872; stormwater treatment
methods, 97; wastewater treatment
methods, 17, 162, 163t, 164

microorganisms; anaerobic granular
formation from, 232; anaerobic
granular sludge treatment and
reduction of, 231; anaerobic
microorganisms and anaerobic
digestion, 26, 298–300, 298f, 299f,
301, 797, 801, 831, 868, 874, 886,
886t, 889, 892; AnMBR and growth
of, 868, 874, 878–79;
bioaugmentation and biosorbent
applications, 603, 604t; bioleaching,
603–5, 607t; food-to-
microorganism ratio, 388–89;
heavy metals remediation, 603–8,
607t; inhibitory effects of heavy
metals on, 437; mesophilic
microorganisms and composting
process, 925–26, 927f, 929f, 943;
PHA production, 256–58, 257t; pH
impact on, 890–92; sludge as source
of, 26; syntrophic species and and
relationships/reactions, 232, 233–
34, 234t, 339; thermophilic
microorganisms and composting
process, 925–26, 942, 943;
vermicasts microbial population,
275–76; wastewater treatment
measures and removal of, 161, 162;
wetlands systems and removal of,
202. See also methanogens

Middle East, 114, 115f, 216
mineral resources, groundwater
management and extraction of,
121–133, 135

mineral salts. See salts/mineral salts
and total dissolved salts (TDS)

mining industry; coal mining and
groundwater resources, 25, 110,

121–25, 124f, 130–33, 135; NF
membranes for treating wastewater
from, 600; vermicomposting use of
waste from, 274

mixed-liquor recycle from the anoxic
zone (MLRAX), 390

mixed-liquor recycle from the oxic
zone (MLROX), 390

mixed liquor recycles (MLR), 390
mixed liquor suspended solid
(MLSS); anaerobic contact process,
313–14, 314e; biological nutrient
removal, 389, 390; MBR system
and, 553, 557, 558; recycle rate, 401;
recycling of, 403

mixed liquor volatile suspended
solids (MLVSS); anaerobic
sequencing batch reactor, 248;
AnMBR production, 888; food-to-
microorganism ratio, 388–89; mass
balance for anaerobic suspended
growth processes, 314–15, 314–15e

MODFLOW models, 119, 120–21,
133; MODFLOW-2005, 121;
MODFLOW-SURFACT, 121;
MODFLOW-USG, 121, 133;
MODHMS, 121

Modified Five-Stage Bardenpho
process, 401–2, 401f, 407t, 415

Modified University of Cape Town,
South Africa (MUCT) process,
403–4, 403f, 406, 407t, 415

moisture; aerobic biodegradation,
composting process, and, 906;
aerobic biodegradation,
composting process, and moisture
content, 914, 921–24, 921t, 925,
926–933, 930f, 931f, 932f, 934f,
942–45, 944f; feces characteristics,
906–7, 907t; optimum range for
moisture content, 926–29, 932, 942;
regulation of in composting toilet,
926–28

molasses; bioplastics from, 257t;
bioprecipitation process and heavy
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metals remediation, 605–6; Bt
biopesticide production with, 264,
270; hydrogen production with
wastewater from, 835, 836t, 842;
PHA production with, 258, 261,
263

molybdenum; algae cultivation and
removal of, 812; anaerobic
processes and, 303; hydrogen
production and, 839; membrane
filtration and removal of, 63;
properties, occurrences, and forms,
580t; SAT treatment and removal
of, 217

monitoring systems and technologies,
23–24

Monod kinetic model; biomass and
substrate rate of change, 330–32,
330–32e, 331f; hydrogen
production process, 845, 845e;
hydrolysis and aerobic growth, 916,
917t; substrate COD concentration
and energy production, 792

monomers; acidogenesis process,
210t, 211t, 299–300, 299f, 304;
anaerobic digestion and, 298–300,
298f, 299f

Montana, Polson lagoon system case
study, 197

montmorillonite, 597
Morocco, wetlands systems in, 200
moxifloxacin, 691t, 693
mulberry shoot powder, 470, 472t
Mulder, Arnold, 421
Multi-Criteria Analysis (MCA), 24
multiple effect distillation (MED),
11, 13

multistage flash (MSF) system, 11, 13
Municipal Separate Storm Sewer
System (MS4), 9

munitions specific waste, 802
muramidase (lysozyme), 279t, 281
Murray-Darling Basin (MDB),
Australia, 110, 130–31, 131f,
133–35

Murray-Darling Basin Authority
(MDBA), 131, 133–35

mustard tuber wastewater, 808t, 811
Myriophyllum mattogrossense, 346

Nadaraya-Watson formula, 742, 742e
Nanochloropsis, 812
nanocomposite membranes, 14
nanofiltration (NF); advantages and
benefits of, 599; characteristics of
membranes, 17; heavy metals
remediation, 599–600; MBR–NF/
RO treatment system, 559, 559f,
565; membrane technology, 30;
membrane types and molecular
weight cut-off (MWCO), 540–43;
operating pressure and cross-flow
velocity, 542–43; osmotic
membrane bioreactor–NF system,
559–561; pH of feed solution, 542;
temperature of feed solution, 542;
TrOC removal with, 539, 540–43,
541f, 565; wastewater treatment
methods, 17, 162, 163t

nanomaterials and nanotechnologies;
adsorbents and adsorption
processes, 30, 981–83; agricultural
applications, 30, 977–78, 979–984;
applications for, 30; carbon
nanotubes, 596, 695t, 976, 977, 982,
983–84, 985; chemical industries
applications, 977; classification of,
975; definition of, 975; emerging
contaminants from, concern about,
117–18; energy production and
storage applications, 30, 976–77,
984–85, 986t; environmental
benefits of, 30; flame retardant
technology, 983–84; food industry
applications, 30, 978–79; green
process and engineering
applications, 976–79; health care
applications, 30, 985, 987–88;
heavy metals remediation, 581;
hydrogen production and
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nanoparticles, 841–42; industrial and
agricultural wastes treatment appli-
cations, 978, 979–984; nanoclay, 979,
983–84; nanocubes, 975; nanofilms,
975; nanorods, 975; nanotubes, 975,
976, 977, 981, 982, 984; nanowires,
975, 976–77; phenomena effects and
properties, 975; pollution removal
and remediation applications, 30,
976, 980, 981–83; quantum dots, 975,
979; sustainable society and, 975–76,
988; water treatment applications,
30, 980–83

nanomembrane-consisted filtration
(NF), 980–81

naphthalene, 655, 665t
naproxen, 535t, 539, 543, 547t, 550,
555t, 556

natural gas replacement with
methane, 818

natural wastewater treatment and
disposal technologies; comparison
of treatment technologies, 193t;
concepts and major categories, 25–
26, 188–193, 190–92t, 193t; costs
of, 193t, 217; decentralized
wastewater management, 187–88,
220–23; effectiveness of treatment
with, 190–91t, 193t, 337–38;
geo-purification systems, 190–91t,
215–220, 216f, 218f, 219t;
implementation strategies and
future perspectives, 220–23, 221t;
lagoon treatment systems, 190–91t,
193t, 194–98, 196f; natural wetland
and aquatic treatment systems,
190–91t, 193t, 198–204, 200t, 202t,
204f. See also anaerobic digestion/
treatment processes; constructed
wetlands (CWs)

Nebraska, Lincoln CW systems case
study, 204

neem cake and leaves, 272, 474t, 477
Neochloris oleoabundans, 813, 814t
neodymium (Nd), 462, 471, 473t

Netherlands/Holland; anaerobic
treatment plants in, 297; Delft
University of Technology and
SHARON process, 429–430, 429f,
430e, 431, 443, 444t; Gist-Brocades
plant and anammox research, 421;
SAT geo-purification systems in,
216f, 217; Valorga process solid
waste anaerobic digestion
treatment, 215; Wassa process solid
waste anaerobic digestion
treatment, 214

neutrals; anaerobic digestion
processes and, 302–3; gravity-fed
GAC and membrane filters system
and removal of, 70t, 71; neutral
salts and desorption of
phosphorous from AWBs, 502–3,
526

New York, New York City
Comprehensive Water Reuse
Program, 189

New Zealand, constructed wetlands
use in, 340

nickel (Ni); adsorption process for
removal of, 596t, 597, 598t; algae
cultivation and removal of, 812;
anaerobic processes and, 303;
bioleaching, 605; bioprecipitation
and removal of, 605; biosurfactants
and removal of, 605; co-existence of
pollution and metal cations and
efficiency of MEUF, 640;
conductivity and removal with
MEUF, 640–41; CWs and removal
of, 354; feed metal concentration
and efficiency of MEUF process,
632; first flush runoff, 50t, 51t, 52t,
53; hydrogen production and, 839;
hydrogen production and nickel
nanoparticles, 842; industrial waste
properties, 579; membrane
filtration and removal of, 63; metal-
impregnated/treated biosorbents,
515; MEUF and removal of, 636,
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638, 640; [Ni-Fe] hydrogenases,
833, 839; pH, MEUF, and removal
of, 631; properties, occurrences,
and forms, 580t; rainwater
properties, 37–38, 46, 68; SAT
treatment and removal of, 217;
sludge-based ceramic particles
properties, 710t; sludge properties,
706; stormwater properties, 85t;
surfactant concentration, S/M ratio,
and removal of, 628–29

nitrate; activated carbon for removal
of, 457, 459t; anaerobic digestion
processes and, 304; biosorbent
desorption and regeneration
capacities, 480t; biosorbents for
removal of, 463–67, 464t; co-
existence of anions and efficiency
of MEUF, 641; commercial
adsorbents for removal of, 459t,
460; conversion to gaseous
nitrogen, 760; environmental
impacts of, 457, 458t; first flush
runoff, 50t, 51t, 52t, 53, 55t; GAC
adsorption filtration and removal
of, 59t, 60; health issues related to
water polluted with, 377, 419, 457,
458t, 463, 466; heterogeneous
photocatalysis reduction, 696–97;
membrane filtration and removal
of, 62t, 64; North Cary Water
Reclamation Facility use of, 414;
onsite wastewater treatment
systems and removal of, 377, 378;
permissible limits for drinking
water, 458t; pollutant loads
from household appliances,
904t; prevalence of groundwater
contamination, 463; rainwater
properties, 38, 39t, 44t, 46,
55t; sources of, 456; stormwater
properties, 85t; surface
water contamination with,
effects of, 377; US EPA limits on
amounts in drinking water, 457;

wetlands systems and removal of,
199–200

nitric oxide (NO), 425, 425e
nitrification-denitrification, 27, 199,
202–3, 340, 341, 347–48, 349–351,
383–84, 383f, 388, 420, 421, 421f,
915

nitrite; anammox process use of, 27,
420–22, 425, 425e, 426–27, 428;
biosorbents for removal of, 465t,
468–69; CANON process, 430–33,
431e, 431f; first flush runoff, 50t,
51t, 52t, 53, 55t; free nitrous acid
(FNA), 428, 435–36, 436e; GAC
adsorption filtration and removal
of, 59t, 60; health issues related to
polluted water, 419, 458t, 468;
inhibitory effects of on anammox
process, 434–35, 434t; membrane
filtration and removal of, 62t, 64;
moisture content, composting
process, and formation of, 930,
931f, 932; permissible limits for
drinking water, 458t; prevalence of
water contamination with, 468;
rainwater properties, 38, 44t, 46,
55t; SHARON–Anammox process,
429–430, 429f, 430e, 431; SNAD
process, 432–33, 433f; sources of,
468; stormwater properties, 85t

nitrogen (N); algae cultivation and
removal of, 812–15, 814t; anaerobic
processes and, 303; AnMBR for
removal of, 879; applications of,
760–61, 762t; biological nutrient
removal case study, 410–15, 411t,
413t; biological removal of, 383–84,
383f, 400–408, 400f, 401f, 403f,
404f, 405f, 406f, 407–8t, 420 (see
also anaerobic ammonium
oxidation [Anammox]); chemical
removal measures, 420; composting
toilet, aerobic biodegradation, and,
915, 943–44; concern about
pollution from, 419–420; CWs and
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removal of, 199–200, 201, 202–3,
202t, 339–340, 341, 344, 347–48,
348t, 349–351, 350f, 351t, 354–56,
354t, 356t; cycle, 421, 421f;
discharge limits, 419–420;
environmental impacts of, 377,
379–380, 379t, 382, 419; feces
characteristics, 907t; fertilizer
applications, 759–763, 762t;
fertilizer price and material-specific
prices of components, 771t;
German materials-flow system,
754, 759–763, 762f; health issues
related to polluted water, 377, 379t,
419; heavy pollution surcharges for
wastewater treatment, 773–74;
hydrogen production and, 839;
increase in pollution from, 419;
lagoon treatment systems and
removal of, 195; nitrification and
oxygen consumption, 933;
nitrification-denitrification, 27,
199, 202–3, 340, 341, 347–48, 349–
351, 383–84, 383f, 388, 420, 421,
421f, 915; physical removal
measures, 420; pollutant loads from
household appliances, 903–5, 904t;
reclaimed water quality criteria,
173f, 177–78, 177f; recovery and
recycling of from wastewater, 759–
763, 762f; refractory wastewater
properties, 653t; removal of
through anammox process
integration with other nitrogen
removal processes, 428–433, 429f,
430e, 431f, 433f, 443–45, 444t;
sludge properties, 18, 266, 706,
707t; stormwater irrigation and
hazards from, 79; stormwater
properties, 77, 78t, 85t, 86;
stormwater treatment measures
and removal of, 11, 86, 87t, 88, 89t,
99t; vermicomposting and level of,
272, 274, 276–77; wastewater
partial stream separation and

recovery/recycling resources, 766–
770, 766t, 768t, 769t, 770t, 786;
wastewater properties, 17, 379t,
428t; wastewater properties as
resources, 754, 759–763, 818;
wastewater treatment costs and,
775; wastewater treatment
measures and removal of, 27, 161,
163t, 190t, 379–380, 382, 420; water
treatment measures and removal
of, 420; wetlands systems and
removal of, 199, 200, 201–3, 202t

nitrogen gas, 27, 420–22, 425
nitrous oxide (N2O), 737, 738–39,
739f

Nocardia erythropolis, 604t
nonionic surfactant, 619, 629, 635–37
non-potable water; district water
cycle materials balance model, 155–
56, 156f; rainwater reuse and
quality guidelines, 9, 35, 72, 75–76,
189; stormwater reuse and quality
guidelines, 10t, 77, 79–81, 80t, 82t,
94–96; treated wastewater used for,
149, 157t, 189; water budget
analysis for district water cycle,
156–59, 157t, 158e, 159e; water
efficiency measures and recycled
water use, 21t

nonylphenol, 535t, 537t, 539, 546t,
551, 552–53, 554, 555t, 556, 561

nonylphenol ethoxylates, 553, 557,
635

North America; freshwater resources
in, 148t; wetlands systems for
wastewater treatment in, 199

North American Treatment Wetland
Database (NADB), 341

North Carolina; Charlotte, North
Carolina (CNC) process, 406, 406f,
408f, 415; North Cary Water
Reclamation Facility biological
nutrient removal technology case
study, 410–15, 411t, 412t, 413t,
414t; Orange Water and Sewer
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Authority (OWASA) process, 405–
6, 405f, 406, 408f, 415; permit limits
for for water reclamation facility,
411, 411t; swine operations,
ammonia emissions, and public
health and environmental
regulations, 197

North Cary Water Reclamation
Facility biological nutrient removal
technology case study, 410–15,
411t, 412t, 413t, 414t

Norway, constructed wetlands use in,
352

NSW Aquifer Interference Policy, 122
nuclear energy and resources, 19, 789
nutrients; aerobic processes
compared anaerobic granular
sludge processes, 239; algae
cultivation and removal of, 812–15,
814t; anaerobic processes and, 209,
211t, 301, 303; AnMBR for removal
of, 879–880; biological removal
case study, 410–15, 411t, 412t, 413t,
414t; biological removal of, 383–88,
383f, 385f, 387f; biological removal
of, factors that affect, 388–391;
biological removal of, operational
issues associated with, 391–93;
biological removal treatment
processes and systems, 400–408,
400f, 401f, 403f, 404f, 405f, 406f,
407–8t; hydrogen production and,
839; macrophytes and uptake of,
200, 201, 202t, 347–48, 348t;
natural wastewater treatment and
disposal technologies, 193t, 337–38;
onsite wastewater treatment
systems and removal of, 376, 377,
378; phased isolation ditch (PID)
technology and removal of, 410–15;
recovery and recycling of, 30, 31;
recovery of through recycled water,
16; recovery of through reuse of
biosolids, 18; removal of, factors
that affect, 388–391; removal

processes, 11, 26; slime and
microbial growth from, 6, 79;
sludge properties, 265, 266, 270–71,
706; stormwater properties, 9, 10t,
25, 77, 79, 85t, 101; stormwater
treatment measures and removal
of, 88, 89t; vermicasts micro- and
macro-nutrients, 275–76;
wastewater treatment measures and
removal of, 161, 162, 379–380, 382–
83; wetlands systems and removal
of, 200, 201–4, 202t

nut shells and hulls, 456, 462t, 473t,
477, 598t

oak chips and leaves, 462t, 477
oat hulls, 462t
Oceania, freshwater resources in, 148t
octadecylamine acetate (ODA), 631,
640, 641

octadecyltrimethyl ammonium
bromide (OTAB), 619

octadecyl trimethyl ammonium
chloride (OTAC), 634–35

odors; anaerobic treatment processes
and, 301; composting toilets and,
905, 930, 931, 932, 941, 942, 945–
46; recycled water storage and, 165;
refractory wastewater properties,
653t, 654

ofloxacin, 543–44, 555t
oil palm empty fruit bunch–based
carbon and activated carbon, 362t

oil palm plantations; agricultural
practices at, 955; condition of and
sustainable management, 30, 955–
56; EFB mulching and EFB/POME
co-composting at, 961, 962f, 963f,
971, 971f, 972–73, 972t;
groundwater quality in areas with
and without application of POME,
965, 966t; growth of palm oil
demand and growth of plantations,
956; increase in productivity of land
on, 956; land application of POME
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in, 963, 964–65, 965f, 966t; number
of, 956; oil palm lifespan and
productivity yields, 956; ownership
of, 956; productivity and land
application of POME in, 964–65,
965f; soil characteristics of, 30, 955,
961; sustainable practices at, 955

oils, fats, and greases; biogas
production from, 17; bioplastics
from, 257t; ECMR treatment
of oily wastewater, 663–67,
663t, 665f, 665t, 666t, 667f;
enzyme production from, 281–82;
PHA production with, 258, 259,
260; refractory wastewater
properties, 653t; sludge
properties, 706, 707t; wastewater
properties, 17

OLAND (Oxygen-Limited
Autotrophic Nitrification
Denitrification), 430

onsite wastewater differentiable
treatment system (OWDTS);
advantages and benefits of, 905;
concept and principles of, 30, 903–
5, 904f; design of, 30, 906; operation
of, 30, 906. See also composting
toilets/biotoilets

onsite wastewater treatment systems
(OWTSs); advantages and benefits
of, 26, 376; applications of, 378–79,
415; biological nutrient removal,
383–88, 383f, 385f, 387f; biological
nutrient removal, factors that
affect, 388–391; biological nutrient
removal, operational issues
associated with, 391–93; biological
nutrient removal systems, 400–
408, 400f, 401f, 403f, 404f, 405f,
406f, 407–8t, 415; concepts,
features, and types, 375–76; costs
associated with, 376, 380; design
and installation of, 376–77, 380–
83; ecologically and economically
attractive features of, 376;

effectiveness of treatment with,
376; evolution and history of, 26,
376, 377–78; failed septic systems,
environmental risks from, 377,
378; mounded and filled systems,
396, 398t; North Cary Water
Reclamation Facility case study,
410–15, 411t, 412t, 413t, 414t;
nutrient removal processes, 26;
performance of, 26; phased
isolation ditch (PID) technology
and nutrient removal removal,
410–15; pollutants of concern
in effluent from, 376, 377, 378,
379t; principles of, 380–83;
public health issues related to
discharge from, 376–78, 379t;
selection, sizing, and installation
of systems, 409–10; septic tanks
and conventional treatment
systems, 318, 376, 377, 378, 381,
382, 393–97, 394f, 397f, 398t, 415;
site evaluation and soil properties
for, 376–77, 409–10; stormwater
impacts on, 392; subsurface
wastewater infiltration system
(leach field), 381–82, 394f, 395–96;
treatment processes and systems
for, 393–408, 394f, 397f, 398t, 400f,
401f, 403f, 404f, 405f, 406f, 407–8t;
types of, 26

orange waste, juice, and peel;
biosorbent applications, 456, 462,
473t, 475t, 478, 504, 507, 598t;
biosorbent desorption and
regeneration capacities, 481t, 500t,
501t, 521–22; metal-impregnated
orange waste gel, 498, 500t, 504;
modifications for better adsorption
capacity and performance, 517t;
saponified orange juice residue
(SOJR), 462, 463f; selection of for
AWBs, 524; Zr(IV)-loaded orange
waste gel, 471, 481t, 482, 501t, 507,
521–22
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Orange Water and Sewer Authority
(OWASA) process, 405–6, 405f,
406, 408f, 415

Oregon Water Resources
Commission, 113

Oregon Water Resources
Department, 113

organic carbon; first flush runoff, 51t;
GAC adsorption filtration and
TOC, 56, 57, 58f, 99t; gravity-fed
GAC and membrane filters system
and DOC, 64–65, 67–68, 68f, 69t,
70t, 71, 71f, 72; inhibitory effects of
on anammox process, 438;
membrane filtration and TOC, 62t,
63, 99t; membrane fouling from
DOC, 64, 68; rainwater properties,
45t, 46; stormwater treatment
measures and removal of, 99t;
vermicomposting and reduction of,
272, 277

organic compounds/micro-
pollutants; aerobic treatment of,
763–64, 764t; algae cultivation and
removal of, 812; anaerobic
treatment of, 763–64, 764t; AnMBR
for removal of, 879–880;
biodegradation of, 255;
categorization of matter in raw and
treated rainwater, 70t, 71–72;
conversion to hydrogen, 213, 240;
costs associated with wastewater
treatment and, 765; CWs and
removal of, 339–340, 341;
degradation of recalcitrant and
toxic, 237–38, 249–250, 683;
gravity-fed GAC and membrane
filters system and removal of, 70t;
heterogeneous photocatalysis
treatment of, 684, 690–93, 691–92t;
hydrophilic organic compounds,
70t, 71; hydrophobic organic
compounds, 70t, 71; inhibitory
effects of on anammox process,
438; lagoon systems and air

pollution, 196–97, 196f; membrane
filtration and removal of, 16–17;
nanomaterials and
nanotechnologies for removal of,
980–82; refractory wastewater
properties, 654–55; relationships
among compounds and formation
of fine particles in the atmosphere,
196–97, 196f; renewability of water
resources and pollution from, 755;
resource potential of, calculation of,
764; sludge properties, 270–71, 706,
707t; solubilization of and MEUF,
28; wastewater properties, 379t,
767–68; wastewater properties as
resources, 754, 763–64, 764t;
wastewater treatment costs and,
774

organic materials/waste; aerobic
treatment of, 763–64, 764t;
anaerobic degradation of and
biogas production, 830, 830e;
anaerobic granular sludge
treatment conversion of organic
waste into methane, 231; anaerobic
process performance and
wastewater characteristics, 301–2;
anaerobic treatment of, 763–64,
764t; AnMBR for treatment of,
803–4; background organic matter
and effectiveness of activated
carbon adsorption process, 539–
540; biogas production from, 17,
239–240, 763–64, 764t, 790;
categorization of matter in raw and
treated rainwater, 70t, 71–72; CWs
and removal of, 339–340, 344, 347;
gravity-fed GAC and membrane
filters system and removal of, 70t,
71–72; landfills for disposal of
organic waste, 236; membrane
fouling from, 68; molecular weight
distribution of rainwater organic
matter in Sydney rain tanks, 41–43,
41t, 42t, 43t, 53–54, 54f;
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nanomaterials and
nanotechnologies for removal and
remediation, 30; natural wastewater
treatment and disposal
technologies, 337–38; refractory
wastewater properties, 654;
stormwater properties, 25, 101;
stormwater reuse hazards, 79;
treatment methods for removal of,
16–17; wastewater properties, 16,
379t; wastewater treatment costs
and, 774; wastewater treatment
measures and removal of, 161, 162,
163t

Organisation of American States
(OAS), 113

ornamental water bodies. See
recreation and recreational/
decorative water bodies

orthophosphate; corrosion inhibitor
uses of, 38; first flush runoff, 50t,
51t, 52t, 53, 55t; GAC adsorption
filtration and removal of, 59t, 60;
membrane filtration and removal
of, 62t, 64; rainwater properties, 38,
39t, 44t, 46, 55t

Oscilatoria, 812
osmotic membrane bioreactor
(OMBR), 559–561

oxalic acid, 545, 660, 665t, 666t, 684,
693–94, 696, 698t

oxidative stress, 346
oxygen; availability of in CWs, 349–
352, 350f. See also dissolved oxygen
(DO)

Oxygen-Limited Autotrophic
Nitrification Denitrification
(OLAND), 430

oxygen utilization rate (OUR);
biodegradability of feces and, 907,
908, 926; heterotrophic biomass
calculation, 919; kinetic parameter
estimations for aerobic
biodegradation, 920–21, 923–24,
923t, 924f; moisture content,

composting process, and, 929–933,
932f, 934f; temperature and, 926,
927f, 928f, 929f

oxyracycline, 438
oyster shells and oyster shell powder,
498, 505, 516

ozonation reactor (OR), 697
ozone layer and ozone depletion, 737,
816

ozone/ozonation; disinfection of RO
feed water, 14; disinfection of
stormwater with, 11; wastewater
treatment methods, 162, 671, 671t

packed-bed filtration, 189, 191t
packed-bed reactors. See anaerobic
packed-bed reactor (APBR)

Pakistan, 116, 117f
palm fibers and waste, 499, 500t, 502,
506, 507

palm kernel/palm kernel oil;
bioplastics from, 257t; kernel
processing to make oil, 958–59,
958f

palm oil; crude palm oil (CPO)
production, 955; global demand for
and growth of industry, 956; oil
palm lifespan and productivity
yields, 956; POME generated per
ton of COP, 955; processing steps,
957–960, 958f, 959f, 960f;
productivity levels of, 955, 956;
sustainability and the palm oil
industry, 965, 968–973, 969f, 970f,
971f, 972f; sustainable industry
practices, promotion of, 957; yield
of CPO from fresh fruit bunches,
955, 958. See also oil palm
plantations

palm oil mills; anaerobic granular
sludge treatment of wastewater
from, 237; boiler ash waste, 955,
958, 960–61, 960f, 960t, 961f; boiler
unit efficiency initiatives, 957, 971–
72; condition of and sustainable
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management, 30, 955–56; crude
palm oil (CPO) production, 30;
decanter solids waste, 955, 958,
960f, 960t, 961; energy and water
consumption efficiency at, 957,
958–960, 959f, 960t, 961–62, 968–
970, 969f, 970f, 972; environmental
impact of and risks from, 30, 955,
956–57, 963–65, 968; fiber waste,
955, 958–961, 960f, 960t, 961f, 971;
fresh fruit bunch (FFB)/empty fruit
bunch (EFB) waste from, 30, 955,
957, 958, 960f, 960t, 961–62, 961f,
962f, 963f, 969–973, 971f, 972t;
greenhouse gas emission reduction
initiatives, 30, 955–56, 968; increase
in efficiency at, 956–57; PLC
implementation at, 957; power
generation efficiency at, 957;
recycling biomass waste from, 955,
958, 959f, 961f, 962f, 963f; shell
waste, 955, 958–961, 960f, 960t,
961f, 971; sterilizer unit efficiency
initiatives, 957, 971–72; sustainable
management of, 956–57; waste and
co-products management at, 30,
957, 958–963, 959f, 960f, 960t, 965,
968–973; zero-waste concept and
sustainable management, 30, 970–
73, 971f, 972t. See also oil palm
plantations

palm pith carbon, 362t
paracetamol, 555t, 557
Paraquay, Guaraní Aquifer System,
112–13, 114

paroxetine, 555t
pathogens; anaerobic granular sludge
treatment and reduction of, 231;
anaerobic lagoons and reduction in,
324; anaerobic processes and
removal of, 301, 302; composting
toilets and health risk assessment,
933–38, 935f, 936f, 937t, 938f, 939f;
CWs and removal of, 339–340;
lagoon treatment systems and

removal of, 194; onsite wastewater
treatment systems and removal of,
376, 377, 378; SAT treatment and
removal of, 217; sludge properties,
705, 706; stormwater irrigation
hazards, 79; stormwater reuse and
reduction in exposure to, 81, 84t;
stormwater reuse and removal of,
79, 81, 82t, 83t; stormwater reuse
for toilet flushing and clothes
washing and exposure to, 79;
stormwater treatment measures
and removal of, 88–90, 89t; thermal
disinfection and destruction of,
933; treatment methods for
removal of, 16–17, 81, 82t;
wastewater properties, 16, 379t;
wetlands systems and removal of,
204

peanut shells, 462t, 475t, 477, 479
pecan shells, 462t
pentachlorophenol (PCP), 247, 547t,
800

perchlorate; activated carbon for
removal of, 457, 459t, 460;
biosorbent desorption and
regeneration capacities, 480t;
biosorbents for removal of, 469–
470, 472t; commercial adsorbents
for removal of, 459t; environmental
impacts of, 469; health hazards
related to, 458t, 469; permissible
limits for drinking water, 458t, 469

peroxidase (POD), 345, 346
personal care products. See
pharmaceutical products and
personal care products

pesticides/herbicides; activated
carbon adsorption and removal of,
538–39; advanced oxidation
processes and removal of, 543–44,
680; algae cultivation for
photoremediation of, 812;
detection of in water, 533, 536t;
enzymatic degradation of, 544–551,
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546–47t, 547t, 548f; heterogeneous
photocatalysis degradation of, 690,
691t, 693; high-pressure membrane
filtration and removal of, 540–43;
MBR system and removal of, 555t;
nanomaterials and efficiency of,
978; sludge conversion for use as
biopesticides, 256; stormwater
properties, 77. See also Bacillus
thuringiensis (Bt) based bio-
pesticides; biopesticides

pests, climate change and, 740–41
petrochemical/petroleum/refinery
industries; anaerobic treatment of
wastewaters from, 249, 326;
AnMBR for treatment of
wastewater from, 803, 884; CWs for
treatment of wastewater from, 341;
oily wastewater properties, 663t;
phenolic wastewater properties,
668; wastewater characteristics
from, 17; wastewater
characteristics/properties, 17, 652,
653t, 654, 655, 884

Petroleum (Onshore) Act 1991, 127
pH; acetogens and, 874, 890–91;
aerobic processes compared
anaerobic granular sludge
processes, 239; anaerobic digestion
processes and, 209, 210t, 300, 301,
302–3, 874, 890–92; anammox
process and, 425–26, 428; AnMBR
and, 874; AnMBR process, 890–92;
AWBs adsorption capacities and,
503–5, 504f, 509–11t, 525; biogas
production and, 890–92; biological
nutrient removal and, 386, 387,
390; biosorbent desorption and,
499; biosorption processes and,
503–5, 504f, 509–11t, 525, 601;
earthworm sensitivity to, 274;
ECMR and, 659–660, 659–660e,
661f; first flush runoff, 50t, 51t, 52t,
55t; groundwater quality in areas
with and without POME

application, 966t, 967t;
heterogeneous photocatalysis and,
28, 685–86, 685–86e; hydrogen
production and, 839–840, 842, 855,
856t; MBR and, 554f, 557–58;
membrane fouling and, 891–92;
metal removal and, 195;
methanogens and, 209, 210t, 300,
302–3, 874; MEUF process and,
630–31; microorganisms, impact of
pH on, 890–92; NF feed solution,
542; phosphorous removal and,
497–98, 499, 503–5, 504f, 509–11t,
525–26; photocatalytic treatment
processes and, 28; rainwater
properties, 9t, 38, 39t, 44t, 46, 47,
55t; RO feed solution, 542; sludge
properties, 707t; stormwater
properties and quality criteria, 9,
10t, 83, 85t; vermicomposting and
reduction of, 272, 274; wastewater
properties, 428t

pharmaceutical industries; AFBR for
treatment of wastewater from, 801–
2; AFBR treatment of wastewater
from, 799; anaerobic granular
sludge treatment of wastewater
from, 237, 244; anaerobic treatment
of wastewaters from, 326; AnMBR
for treatment of wastewater from,
884–85; BAF water treatment
comparison between SBCP and
commercial ceramic particles, 716–
17, 717f; disposal of wastewater
without treatment, 884–85; hybrid
anaerobic systems to treat
wastewater from, 885; UASB
treatment of wastewater from, 798–
99; wastewater characteristics/
properties, 17, 437, 445, 652, 653t,
654, 884–85; water quality
requirements of, 5

pharmaceutical products and
personal care products; activated
carbon adsorption and removal of,
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538–540; advanced oxidation
processes and removal of, 543–44,
680; adverse health and
environmental effects of, 534, 537t;
AnMBR for removal of, 879;
blackwater and pharmaceutical
residues, 938; detection of in water,
533, 535t; emerging contaminants
from, concern about, 117–18;
enzymatic degradation of, 544–551,
546–47t, 547t, 548f; enzymatic
membrane reactor and removal of,
561–63, 564t; high-pressure
membrane filtration and removal
of, 540–43; MBR system and
removal of, 551–58, 554f, 555t;
nanomaterials use in, 117–18;
pharmaceutical active compounds
(PhACs), 16; stormwater
properties, 77; wastewater
properties, 767–68; wastewater
treatment for removal of, 767–68.
See also antibiotics; endocrine
disrupting compounds (EDCs)

phase change material (PCM), 718–19
phased isolation ditch (PID)
technology, 410–15

phenazone, 544
phenols/phenolics; activated carbon
and removal of, 360–64, 360t, 362t,
363t, 364t; adsorption capacity of
chlorophenols on various
adborbents, 362t; anaerobic
digestion processes and, 304;
anaerobic granular sludge
treatment and degradation of, 238,
244; cattail fiber–based activated
carbon and removal of, 360–62,
360t, 362t; ECMR treatment of
phenolic wastewater, 667–670,
669f; hazards related to, 653t;
photocatalysis/physical chemical
operations, 698t; refractory
wastewater properties, 653t, 667–
68; stormwater properties, 77

phenyl urea herbicides, 544
phenytoin, 544
phosphate; AWBs (unmodified)
adsorption performance, 508, 512t;
biosorbent desorption and
regeneration capacities, 480t, 481t,
499–503, 500–501t; biosorbents for
removal of, 465t, 467–68; co-
existence of anions and efficiency of
MEUF, 641; commercial
adsorbents for removal of, 459t,
460; environmental impacts of, 457,
458t, 467; fertilizer price and
material-specific prices of
components, 771, 771t; permissible
limits for drinking water, 458t; pH
and biosorbent desorption, 499,
502; removal methods and
technologies, 382–83, 502; sludge
production from elimination of,
775, 775e; sources of, 456

phosphoric acid, 357, 358f, 706, 723,
724t

phosphorous (P); adsorption process
for recovery of, 521–22, 522f, 526;
aerobic biodegradation of toilet
waste, 915; algae cultivation and
removal of, 812–15, 814t; anaerobic
processes and, 303; AnMBR for
removal of, 879; availability of, 756;
AWBs (modified) adsorption
performance, 508, 512–13t, 514–16,
517–19t; AWBs (unmodified)
adsorption performance, 508, 512t,
514, 525; AWBs adsorption
capacities, factors that influence,
503–8, 504f, 509–11t, 525; AWBs
adsorption processes mechanisms,
469–499, 498f; AWBs desorption
and regeneration capacities, 499–
503, 500–501t, 521–22; AWBs for
removal/recovery of, 27, 495–96,
525–26; AWBs for removal/
recovery of, selection of, 523–24,
524f; biological nutrient removal
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case study, 410–15, 411t, 413t;
biological removal of, 384–88, 385f,
387f, 391, 392–93, 400–408, 400f,
401f, 403f, 404f, 405f, 406f, 407–8t;
chemicals removal of, 385, 391–92;
commercial adsorbents for removal
of, 508, 513t; costs associated with
recovery and mining of, 523; CWs
and removal of, 201, 202–3, 202t,
339–340, 341, 344, 347–48, 348,
348t, 354–56, 356t; environmental
impacts of, 377, 379–380, 379t, 384,
491–92; feces characteristics, 907t;
fertilizer applications, 756–58, 760f;
fertilizer price and material-specific
prices of components, 771, 771t;
forms of in aqueous solutions, 492,
492f; function and uses of, 491;
German materials-flow system,
754, 756–59, 760f; heavy pollution
surcharges for wastewater
treatment, 773–74; hydrogen
production and, 839; importance
of, 756; lagoon treatment systems
and removal of, 195; nanomaterials
for removal of, 982–83; natural
wastewater treatment and disposal
technologies, 193t; onsite
wastewater treatment systems and
removal of, 377, 378; pH and
removal of, 497–98, 499;
phosphorous concentration and
AWBs adsorption capacities, 505–
6, 509–11t; pollutant loads from
household appliances, 903–5, 904t;
reclaimed water quality criteria,
173f, 177–78, 177f; recovery and
recycling of from wastewater, 756–
59, 760f; recovery of, barriers for,
522–23; recovery of, drivers and
importance of, 492, 495–96, 516;
recovery of, methods and
technologies, 520–22, 520f, 522f,
526; regulations on discharge of,
491–92; removal and recovery from

wastewater, 27, 492; removal
methods and technologies, 492–96,
494–94t, 495f; rock reserves and
mining, 27, 492, 495f, 496, 516, 525,
756; SAT treatment and removal of,
217, 219t, 220; sludge production
from elimination of, 775, 775e;
sludge properties, 18, 266, 706,
707t; sources of, 491; stormwater
irrigation and hazards from, 79;
stormwater properties, 77, 78t, 79,
80t, 85t, 86; stormwater treatment
measures and removal of, 86, 87t,
88, 89t, 99t; surface water
contamination with, effects of, 377;
thermal activation of AWBs and
removal of, 516, 519t;
vermicomposting and increase of,
272, 274, 276; wastewater partial
stream separation and recovery/
recycling resources, 766–770, 766t,
768t, 769t, 770t, 786; wastewater
properties, 17, 379t, 389–390, 428t,
491–92; wastewater properties as
resources, 754, 756–59, 818;
wastewater treatment costs and,
775; wastewater treatment
measures and removal of, 161, 163t,
190t, 379–380, 382–83, 389–390;
wetlands systems and removal of,
200, 201–3, 202t

photocatalysis/photocatalytic
treatment processes; concepts and
mechanisms, 679; industrial and
agricultural wastes treatment
applications, 671, 978, 980; light
intensity and, 28; nanomaterials
and nanotechnologies applications,
978, 980; photocatalysis/physical
chemical operations, 697–98, 698t;
photocatalytic membrane reactors,
683; photocatalytic oxidation, 16;
photocatalytic reactors, 682–83,
682f; types of, 679. See also
heterogeneous photocatalysis (HP)
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photodegradation, 679
photoelectrochemical (PEC) process,
977

photosynthesis, 346, 830
Phragmites australis (Phragmites
communis), 202t, 345, 346, 347,
348, 348t, 359t, 360f

physical characteristics and
properties; CWs and removal of,
338, 339–340; storage of reclaimed
water and water quality, 16f, 164–
66; stormwater properties, 25, 77,
85t, 101; wastewater treatment
measures and removal of, 162, 164

physical treatment methods; heavy
metals remediation, 28;
intraparticle diffusion, 499;
nitrogen removal, 420; nitrogen
removal with, 420; phosphate
removal with, 382–83;
phosphorous removal, 492, 494t

phytoestrogens, 533
phytoremediation processes;
concepts and principles of, 606;
heavy metals remediation, 28, 271,
606–8, 607f; phytodegradation,
606; phytoextraction, 606;
phytostabilization, 607–8;
phytostimulation, 607, 607t;
phytovolatilization, 607

Pichola Lake Basin climate change
impact case study, 741–45, 742e,
743–44e, 744t, 745t, 746f, 747f

pine wood, bark, and sawdust;
biosorbent applications, 464t, 466,
499, 504, 505, 506, 511t; biosorbent
desorption and regeneration
capacities, 500t; composting toilet
use of sawdust, 940; modifications
for better adsorption capacity and
performance, 518t, 519t;
modifications for better AWBs,
516, 518t, 519t; thermal activation
of and phosphorous removal, 516,
519t

pink water, 799
pistachio hulls, 456
Pistia stratiodes, 202t, 348t
Pistia stratiotes, 355
Planctomycetes 'Brocadiales';
anammox process use of, 420, 421–
22, 422t; microbial physiology and
growth requirements, 423–28, 424f,
425e, 427e, 433, 439–440, 441, 442,
445; nitrite inhibitory effects on,
434–35, 434t

plankton, 164–65, 654
plants; allocation and configuration of
for CWs, 353–55; antioxidant
activities in CW plants, 346; biofilter
vegetation management, 91;
burning of dead wetland plants, 338;
climate conditions and adaptability,
345; common types used for CWs,
345; CW vegetation management,
91; Denham Springs pond system
case study, 198; first experiments
with use of for wastewater
treatment, 199; harvesting of in
CWs, 355–56; lipid peroxidation,
346–47; macrophytes, 198, 199, 200,
201, 202t, 347–48, 348t; natural
purification, environmental water
bodies, and water quality, 167;
oxidative stress, 346;
photosynthesis, 346; pollutant
tolerance and pollutant removal
capacity of, 201, 202t, 345–48, 348t;
proline, 347; rainwater tank
hazards, 36t; reclamation and
recycling of, 26, 338, 344, 355–367,
355–368; seasonal temperature
variations and selection of, 354,
356t; selection of for CWs, 26, 338,
344, 345–48, 348t, 353–55, 367–68;
water hyacinth, 199, 200–201, 200t,
355. See also phytoremediation
processes

plastics; biodegradable types of, 262;
eco-friendly types, importance of
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development and production of,
256; environmental impact of and
risks from, 256; food packaging
materials, 978–79; nanomaterials
applications for photo-degradation
of, 980; petrochemical-derived
types, 256; plasticizers as
wastewater properties, 767–68;
residues derived from in sludge,
705; volume of nondegradable
waste, 256. See also bioplastics

plug-flow anaerobic reactors, 212t,
389

point-of-use water treatment
technologies, 24

policies and regulations; complexity
and interconnectedness of water-
related policies and issues, 20, 22–
24; establishment and updating of,
31; governance and delivery of
water, key areas for, 22, 23t; green
technologies and, 2; sustainable
water management and
implementation of, 2

politics and political issues; demand
management and, 6, 7–8t;
sustainable water management and,
4; water-related policies and issues,
complexity and interconnectedness
of, 20, 22

pollution; best management practices
for control of, 187, 192t; CWs and
removal of, 199–203, 338, 339–340,
341, 344, 345–355, 348t, 350f, 351t,
354t; district water cycle and
prevention of, 25; heavy pollution
surcharges for wastewater
treatment, 773–74, 775;
management of water systems and,
1; nanomaterials and
nanotechnologies for removal and
remediation, 30, 976, 980, 981–83;
natural bodies of water for removal
of, 167; non-point source pollution
control, 187; plant tolerance to and

removal capacity for plant selection
for CWs, 201, 202t, 345–48, 348t;
pricing water and, 21t; public
awareness of environmental issues
and calls for treatment standards,
337; renewability of water resources
and, 755; sewage discharge in
surface waters in developing
countries, 1; stormwater irrigation
hazards, 79; stormwater properties,
76–77, 78t, 85t; wastewater
treatment and prevention of, 753–
54; water quality deterioration and,
537–38; white pollution, 980

pollution, air; lagoon systems and air
pollution, 196–97, 196f; Sydney air
pollution sources and distribution,
36–37, 47

poly-3-hydroxybutyrate (PHB), 257–
58, 257t, 259, 260–61, 261–62, 263

poly-3-hydroxyvalerate (PHV),
261–62

polyacrylonitrile membranes, 564t
polyamide membranes, 639
polychlorobiphenyls (PCBs), 238
polyethersulfone (PES) membranes,
540, 564t, 639, 872

polyethylene glycol (PEG)
membrane, 639

polyethylene terephthalate
wastewater, 244

Polygonum orientale, 359t, 360f, 363–
64, 363t, 364t

polyhydroxyalkanoates (PHA);
biological phosphorus removal
process, 385–86, 385f; chemical
diversity of, 257–58, 257t; cost of
production of, 256, 259, 261;
fermentation processes, 258–59;
individual bacterial systems, 258,
259–261; media choices for
production of, 257t, 258;
microorganisms involved in
production of, 256–58, 257t; mixed
or co-culture systems, 258, 261–62;
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potential for future uses of, 256;
research on bacterial production of,
256; sludge use for production of,
26, 256–263

polymer enhanced ultrafiltration
(PEUF); advantages of, 599;
concepts and mechanisms, 599;
heavy metals remediation, 597, 599;
polymeric agents for, 599

polymeric membranes, 872
polymers; anaerobic digestion and
complex organic polymers, 298–
300, 298f, 299f; anaerobic
granulation process enhancement
with, 245, 248, 797–98;
biodegradable types of, 256; flame
retardant technology, 983–84;
nanocomposite materials, 977,
983–84. See also
polyhydroxyalkanoates (PHA)

polyphosphate accumulating
organisms (PAOs), 385–88, 385f,
391, 401, 405–6, 414

polystyrene, 980
polysulfone/polysulfonate
membranes, 60t, 66t, 562, 631, 632,
634, 639

polyvinyl alcohol/polymide
membranes, 540

polyvinyl chloride (PVC), 980
polyvinylidene fluoride (PVDF)
membranes, 562–63, 872

ponds. See lagoon treatment systems/
ponds

pools and spas, 20, 157t
population; energy consumption rate
projection for growth in, 789;
growth rate of world population, 1,
75, 789; water supply and use
patterns and, 1, 75

potable water; cross-connection risks
when plumbing recycled water into
buildings, 79, 81; district water
cycle materials balance model, 155–
56, 156f; increase in demand for,

187; rainwater water quality for, 25;
stormwater reuse for and quality
parameters, 81, 83–86, 85t, 94;
water budget analysis for district
water cycle, 156–58, 157t, 158e;
water efficiency measures and
recycled water use, 21t

Potamogeton spp.; P. crispus, 355,
356t; P. maackianus, 354–55;
P. pectinatus, 202t, 348t

potassium (K); algae cultivation and
removal of, 812; fertilizer
applications, 754, 763; fertilizer
price and material-specific prices of
components, 771t; first flush
runoff, 50t, 51t, 52t, 55t; German
potassium fertilizer exports, 763;
hydrogen production and, 839;
importance of, 763; rainwater
properties, 37–38, 39t, 43, 44t, 46,
55t; recovery and recycling of from
wastewater, 763; stormwater
properties, 85t; vermicomposting
and level of, 272, 274, 276–77;
wastewater partial stream
separation and recovery/recycling
resources, 766–770, 766t, 768t,
769t, 770t; wastewater properties,
16; wastewater properties as
resources, 754, 763

potassium hydroxide (KOH), 357,
723, 724–25t, 727

poultry litter and wastewater, 201,
211t, 275, 595

Pourbaix (Eh-pH) diagrams of heavy
metals, 586–88, 587f

power plants, co-location of
desalination facilities near, 14

pravastatin, 555t
precipitation; climate change and
changes in patterns for, 738, 739–
740; global water cycle component,
107, 108f; Pichola Lake Basin
climate change impact case study,
741–45, 742e, 743–44e, 744t, 745t,
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746f, 747f. See also rainwater;
stormwater

precipitation techniques; agents for,
765; anionic pollutants removal,
455–56; bioprecipitation, 605–6,
607t; chelating precipitation, 594;
chemical precipitation and heavy
metals remediation, 28, 581, 592–
94, 593f, 594f, 601, 615, 642;
chemical precipitation and
phosphate removal, 382–83;
hydroxide precipitation, 592–93,
593f; mercury removal with, 586;
phosphorous recovery, 520–22,
520f, 522f, 523, 526; phosphorous
removal, 492, 493t, 495f; sulfide
precipitation, 592, 593–94, 594f;
surface precipitation of
phosphorous, 498, 499, 502;
surfactant recovery, 641–42;
surfactants removal with, 642;
wastewater treatment methods, 17

pricing and costs; balance sheet
classification and distribution of
cost centers, 784–85, 785t; cost-
reflective pricing, 21t; fertilizer
price and material-specific prices of
components, 770–72, 771t; heavy
pollution surcharges, 773–74, 775;
negative externalities included in,
21t; perceptible market value and
importance of a resource, 754;
pollution-dependent costs, 781–82,
781–82e, 782t; stormwater
treatment systems life cycle cost
analysis, 90–91; tariff structure and
water saving practices, 749;
wastewater-borne resources, costs
associated with, 765; wastewater
budget and allocation of costs, 775–
781, 776f, 778t, 779t, 780t, 781t;
wastewater charges, basis for, 773–
74; wastewater resource potential
and treatment costs of partial
streams, 782–84, 783t, 784t;

wastewater treatment costs, 753,
765, 772–784, 774e, 775e, 776f,
778t, 779t, 780t, 781–82e, 781t,
782t, 783t, 784t; white
biotechnology, competition for
land and water resources, and, 22

probiotic wastewater, 835, 836t, 842
progesterone, 543
programmable logic controller (PLC);
North Cary Water Reclamation
Facility use of, 411, 412, 414; palm
oil mill implementation of, 957

proline, 347
Propionibacterium, 261
propionic acid; anaerobic digestion
and, 300; anaerobic digestion and
hydrogen production, 831–32, 840;
biological nutrient removal and
BOD:P ratio, 392; Bt biopesticide
production, 269–270; hybrid UASB
reactor treatment and removal of,
247; methanogens sensitivity to,
891; PHA production, 261, 261–62

propionyl CoA, 261–62
propoxur, 545
propranolol, 543–44
propyphenazone, 555t
protease; alkaline protease, 284–85; Bt
biopesticide production, 265, 266,
269; characteristics and properties
of, 282–83; production of, 278, 279,
279t, 282–83, 284–85

Protection of the Environment
Operations Act 1997, 122

protozoan pathogens, 16, 83t, 163t,
379t

Pseudomonas spp.; bioaugmentation
and biosorbents for heavy metal
remediation, 604t; P. aeroginesae,
260; P. aeruginosa, 257t, 282, 695t,
696; P. denitrificans, 257t; PHA
production with, 257; P. oleovorans,
257t; P. putida, 257t, 604t

psychrophilic conditions; anaerobic
granular sludge treatment, 241–42,
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250; AnMBR process, 880, 888–
890; biogas production and, 888–
890

pulp-paper industries; algae
cultivation in effluents from for
wastewater treatment and biofuel
production, 813; anaerobic
granulation treatment process use,
237–38, 244; AnMBR for treatment
of wastewater from, 803, 882–83;
chlorinated organic compounds
from, 237–38, 244; CWs for
treatment of wastewater from, 341;
methane production from
evaporator condensate, 882–83;
PHA production from activated
sludge from, 262; sludge-based
activated carbon from sludge from,
727; treated wastewater used for,
162; UASB treatment of, 244;
UASB treatment of wastewater
from, 798; vermicomposting use of
sludge from, 273t, 274, 275, 276–77;
wastewater characteristics/
properties, 17, 282, 882–83

purification and purified water;
environmental water bodies/
landscaping lakes, natural
purification, and water quality,
166–68, 167f, 170, 171t, 172, 172f,
174–78, 175f, 176f; industrial needs
for, 5; nanomaterials and
nanotechnologies for, 30; natural
purification, 25; renewability of
water resources and, 755; value of
water and level of purity, 755–56;
water cycle and, 150–51

pyruvate, 832, 833f; pyruvate:
ferredoxin oxidoreductase, 832–33;
pyruvate:formate lyase, 832–33

quality/water quality; district water
cycle management, 25, 160–61;
environmental pollution and
deterioration of, 537–38;

environmental water bodies/
landscaping lakes, natural
purification, and water quality,
166–68, 167f, 170, 171t, 172, 172f,
174–78, 175f, 176f; first flush runoff
rainwater, quality and
characteristics of, 25, 47–54, 47t,
49f, 50t, 51t, 52t, 54f, 55t; industrial
water needs and, 5; public
awareness of environmental issues
and calls for treatment standards,
337; rainwater, quality and
characteristics of, 6, 9, 9t, 25, 35–47,
36t, 39–40t, 41f, 42f, 43f, 44–45t, 54,
55t; regulations for control of, 5;
storage of water and, 164–66, 166f;
stormwater, quality and
characteristics of, 6, 9, 10t, 25, 76–
81, 78t, 80t, 81, 83–86, 85t, 94–96;
sustainable water management and,
4; water use and, 755

quarternization, 515–16
quaternary ammonium, amine, and
amino compounds and
quarternization, 461–62, 467, 469–
470, 477–79, 497, 515–16, 518–19t,
525, 526

radioactive materials, 789
rainwater; catchment area properties
and quality of, 9, 9t; characteristics
and fit-for-purpose treatment and
applications, 6, 9–11; demand
management green technology
opportunities for, 8t; desalinated
water feedstock use of, 14;
expansion of use of, 4–5; harvesting
of as alternative water supply, 25,
35, 748; management of all water
systems as a whole, 2; non-potable
uses of, 35, 72, 75–76; potable
purposes for, 25; programs for roof
water and stormwater harvesting in
Australia, 75–76; public opinion
and acceptability of treated
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stormwater, 75; quality and
characteristics of first flush runoff
rainwater, 25, 47–54, 47t, 49f, 50t,
51t, 52t, 54f, 55t; quality and
characteristics of harvested
rainwater, 6, 9, 9t, 25, 35–47, 36t,
39–40t, 41f, 42f, 43f, 44–45t, 54, 55t;
regulations and management
practices, 9; storage of rainwater
and treated water, protoype for, 72–
73, 73f; sustainable water
management and use of, 2;
treatment and reuse of, 4–5, 25, 75–
76, 189; treatment of to allow
unrestricted use of, 35

rainwater harvesting and tanks; first
flush devices, 53; first flush runoff
quality and characteristics, 25, 47–
54, 47t, 49f, 50t, 51t, 52t, 54f;
locations and characteristics of
tanks, 25, 36–37, 37f, 43; molecular
weight distribution of rainwater
organic matter in first flush, 53–54,
54f; molecular weight distribution
of rainwater organic matter in rain
tanks, 41–43, 41t, 42t, 43t;
programs for, 75–76; residence
time of water in tank for the
duration between storm events and
water quality, 41, 42, 42t; residence
time of water in tank over a long
period with intermittent rain and
water quality, 41, 42–43, 43t; size of
tank and water quality, 46, 48;
storage of rainwater and treated
water, protoype for, 72–73, 73f;
treatment of water before use, 54;
water quality and characteristics,
25, 35–47, 36t, 39–40t, 41f, 42f, 43f,
44–45t, 68; water quality
comparison of various sources, 54,
55t

rainwater treatment technologies and
systems, 56–72; disinfection
treatments, 11, 65, 72; GAC

adsorption filtration, 56–60, 57f,
57t, 58f, 59t; gravity-fed GAC and
membrane filters system, 64–72,
65f, 66t, 67f, 68f, 69t, 70t, 71f; high-
rate media filtration, 72, 73f;
membrane filtration, 56, 60–64, 60t,
61f, 62–63t, 63t, 72–73, 73f; sand
filtration, 56

Ralstonia eutropha, 256, 260, 263
RDX (royal demolition explosive, or
hexahydro-1,3,5-trinitro-1,3,5-
triazine), 802

reactive oxygen species (ROS), 346–
47

recreation and recreational/
decorative water bodies; greywater
use for, 16, 189; integrated water
management and, 22; mining and
pit lakes, 122–23; rainwater reuse
for, 189; stormwater water quality
guidelines, 10t; water budget
analysis for district water cycle,
157t

recycled water; advantages and
benefits of use of, 19; characteristics
and fit-for-purpose treatment and
applications, 16–19; cross-
connection risks when plumbing
into buildings, 79, 81; demand
management green technology
opportunities for, 8t; district water
cycle materials balance model, 155–
56, 156f; expansion of use of, 4–5,
149, 187, 581, 749; green
technologies to support use of, 4,
19–20; life cycle energy
consumption and recycled water
reuse, 19; materials balance
analysis, 156, 156f, 159–160, 159e,
160e, 172–74, 172e, 172f, 173e,
174t, 179; materials flow
management and, 29, 753; MBR
effluent, quality and reliability of
for discharge or reuse, 552–54, 874;
rainwater/stormwater purposes, 25;
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renewability of water resources
and, 755; source separation/partial
stream separation, 29, 753, 755–56,
764, 765–770, 766t, 768t, 769t, 770t,
786; sustainable water management
and use of, 2, 75, 537–38, 608–9,
608f, 867; treatment methods, 16;
treatment of before use of, 4–5, 538,
749; TrOCs in, impacts of and
concerns about, 533–34, 537–38;
wastewater reusue and
heterogeneous photocatalysis, 680;
wastewater treatment stages for
wastewater reuse, 161–64, 163t;
water budget analysis for district
water cycle, 156–59, 157t, 158e,
159e; water efficiency measures, 21t

redox-mediators, 548–550, 549t
reduction processes; heavy metals
remediation, 615, 642; surfactants
removal with, 642

reed; biosorbent applications, 456,
464t, 465t, 466, 467, 469–470, 472t;
biosorbent desorption and
regeneration capacities, 501t, 502;
modifications for better adsorption
capacity and performance, 518t,
519t; phosphorous adsorption
applications, 496, 497, 504, 505,
506, 507, 515; Phragmites australis
(Phragmites communis), 202t, 345,
346, 347, 348, 348t, 359t, 360f; plant
selection for CWs, 355, 356t

refractory wastewater; biological
characteristics, 654–55; biological
treatment processes, 653–54;
characteristics/properties of, 652–
55, 653t; chemical characteristics,
654; energy production from, 792–
93; environmental impacts of, 653,
653t; GAC–AFBR system for
treatment of, 800; health hazards
related to, 653, 653t; industrial
wastewater properties, 246, 651,
652–55, 653t; physical

characteristics, 654; sources of, 652,
653t

reservoirs. See surface water/
reservoirs

resources; concentration of in
wastewater and effective utilization
or recycling of, 756; demand for
and prices for raw materials, 754;
dilution of and usability of, 756;
economic value of wastewater-
borne resources, 29, 753, 765, 770–
72, 771t, 786; essential vs. non-
essential, 754; importance and
perceptible market price of, 754;
integrated water management and,
22; mineral resource extraction and
groundwater, 121–133, 135;
organic compounds, calculation of
resource potential of, 764;
renewable vs. non-renewable, 754;
resource economy and recovery/
recycling from wastewater, 765,
786; sludge properties, 18, 28, 255–
56, 706, 707t, 708, 729; sustainable
water management and, 2, 3f;
wastewater properties as resources,
753–765, 760f, 762f, 764t, 790, 818

response surface methodology
(RSM), 660, 661f, 849

reverse micelles, 841
reverse osmosis (RO); advances and
innovations in process, 11; anionic
pollutants removal with, 455;
chromium removal with, 584;
concepts and mechanisms, 600;
cost of, 11; disinfection of feed
water prior to, 13–14; fouling and
scaling mechanisms and control
measures, 14; green technological
developments for, 13–14; heavy
metals remediation, 600, 615, 642;
lead removal with, 585; limitations
of, 600; MBR–NF/RO treatment
system, 559, 559f, 565; membrane
improvement, 13–14; membrane
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types and molecular weight cut-off
(MWCO), 540–43; nanocomposite
membranes, 14; operating pressure
and cross-flow velocity, 542–43;
osmotic membrane bioreactor–RO
system, 559–561; pH of feed
solution, 542; point-of-use
treatment using, 24; prevalence of
use of, 11; salinity of feed solution,
542; surfactants removal with, 642;
sustainable water management and
use of, 75; temperature of feed
solution, 542; TrOC removal with,
540–43, 541f, 565; wastewater
treatment methods, 17, 162, 163t;
water quality and, 5

rhamnolipids, 605
Rhodobacter sp., 259; R. sphaeroides,
841

Rhodopseudomonas palustris, 257,
259

Rhodospirilium sp., 259
rice bran, straw, and husks;
biosorbent applications, 464t, 466,
472t, 474t, 475t, 476, 477, 479, 598t,
599t; Bt biopesticide production,
264; characteristics and properties
of activated carbon from, 359t;
composition and properties of,
462t; enzyme production, 283;
PHA production, 258; rice grain-
based spentwash, 260–61;
vermicomposting biotechnology,
272

rice mill waste and wastewater, 283,
808t, 811

risk management; composting toilets
and health risk assessment, 933–38,
935f, 936f, 937t, 938f, 939f;
composting toilets and toxicity
assessment, 938–941, 940f, 941f;
concept and process of, 118; cross-
connection risks between
stormwater and sewage networks,
77; cross-connection risks when

plumbing recycled water into
buildings, 79, 81; groundwater-
related risks, 25, 110, 118–19; palm
oil mills and POME, 30, 963–65,
968; stormwater quality criteria for
public health risk management, 10t,
81, 82t, 83t, 84t, 94–96

risperidone, 556–57
roads, pollutant concentration in
stormwater runoff, 77, 78t

rotating biological contactor (RBC),
205, 439

rotating biological contractor (RBC),
441

Roundtable of Sustainable Palm Oil
(RSPO), 957, 968

roxithromycin, 555t
rubber wood, 474t, 480t
runoff, global water cycle component,
107, 108f

Saccharomyces, 806
Salmonella ssp., 204, 377, 695t, 937,
939f

salts/mineral salts and total dissolved
salts (TDS); electrolyte
concentration in wastewaters and
MEUF, 637–38; first flush runoff,
50t, 51t, 52t, 53, 55t; neutral salts
and desorption of phosphorous
from AWBs, 502–3, 526; rainwater
properties, 37–38, 39–40t, 43, 44–
45t, 46, 55t; refractory wastewater
properties, 654; SBAC activation
with inorangic salts, 727; SBAC
activation with inorganic salts,
725–26t; stormwater properties,
85t; wastewater treatment measures
and removal of, 162

samarium (Sm), 462, 463f
sand filtration; lead removal with,
585; rainwater treatment methods,
56; recycled water treatment
methods, 16; stormwater treatment
methods, 12t, 86, 87t, 98–100, 99f
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Saudi Arabia, 116, 117f
sawdust; bacterial tolerance of, 905–6,
914, 914f, 932; biosorbent
applications, 456, 464t, 465t, 466,
468, 474t, 598t; biosorbent
desorption and regeneration
capacities, 479, 501t; biotoilet use
of, 905–6, 906f; decomposition of,
914, 931–32; length of time for use
in biotoilet, 915; modifications for
better adsorption capacity and
performance, 519t; moisture
content of and the composting
process, 921–24, 921t, 925, 926–
933, 930f, 931f, 932f, 942–45, 944f;
phosphorous adsorption
applications, 497, 507; thermal
activation of and phosphorous
removal, 516, 519t; toxicity
assessment, 938–941, 940f, 941f;
types of sawdust used in
composting toilets, 940; volume of
sawdust matrix, estimation of, 948–
950, 948e, 949e

scallop shells, 505, 508
scandium (Sc), 462, 463f
Scenedesmus sp., 812, 815, 817; S.
obliquus, 812; S. quadricauda, 812

Schizochytrium limacinum, 812
seawater; coagulation and filtration
techniques for RO plants, 14;
intrusion into coastal aquifers, 117,
118–19, 120–21, 376, 393;
sustainable water management and
use of seawater RO, 75

SEAWAT model, 119
sedimentation processes; chemically-
assisted primary sedimentation, 18;
sludge and biogas production, 18;
stormwater treatment methods, 11,
12t, 86, 90, 94; wastewater
treatment methods, 161

Seidel, Käthe, 199, 352
selenium (Se); biosorbents for
removal of, 475t, 478–79;

commercial adsorbents for removal
of, 459t; environmental impacts of,
457, 458t, 471; first flush runoff,
50t, 51t, 52t, 53; health hazards
related to, 457, 471, 478; hydrogen
production and, 839; membrane
filtration and removal of, 63;
permissible limits for drinking
water, 458t; properties,
occurrences, and forms, 580t;
rainwater properties, 37–38, 46, 68;
SAT treatment and removal of, 217;
selenate [Se(VI)], 457, 459t, 478–
79; selenite [Se(IV)], 457, 459t,
478–79

septic tanks and conventional
treatment systems, 26, 318, 376,
377, 378, 381, 382, 393–97, 394f,
397f, 398t, 415

sequencing batch reactor (SBR);
advantages and benefits of, 439;
anammox process in, 426, 435–36,
438–440, 443, 444t; CANON
process in, 431–32; economic
climate and use of, 337;
effectiveness of treatment with, 337;
greywater treatment methods, 16;
nutrient removal with, 383; onsite
wastewater treatment systems, 400,
415; PHA production using, 262;
SHARON process in, 430; startup
time needed for anammox process,
439–440

settling tanks and basins, 11, 12t, 94
sewage; contamination levels, 187;
contamination of stormwater
drainage system with, 77, 83;
discharge of in surface waters in
developing countries, 1

sewage systems and treatment plants;
alternatives to, 903; criticism of and
drawbacks to for developing
countries, 903; water use by, 903

shale gas, coal-bed methane (CBM),
and coal seam gas (CSG)
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production and groundwater
resources, 25, 110, 121–22, 125–
133, 126f, 127f, 128f, 129f, 135

SHARON (Single reactor High
activity Ammonia Removal Over
Nitrite), 429–430, 429f, 430e, 431,
443, 444t

shortages and scarcity of water;
Australia, water shortages and
restrictions in, 75; causes of, 1–2;
climate change and, 740;
Falkenmark Index for evaluation,
147–49, 148t; groundwater
depletion and degradation
challenges, 116–18; increase in, 1,
147, 187, 337, 790, 867; worldwide
problem of, 147–150, 148t, 537–38,
609; worldwide renewable
freshwater availability, 147–49,
148t

silicon (Si), 357, 708
silver (Ag); first flush runoff, 50t, 51t,
52t, 53; membrane filtration and
removal of, 63; metal-impregnated/
treated biosorbents, 472t; NF
membranes for recovery of, 600;
rainwater properties, 37–38, 46, 68

simazine, 539
Simultaneous partial Nitrification,
Anammox and Denitrification
(SNAD), 432–33, 433f, 443, 444t,
445

simvastatin, 554, 556
Singapore, 149
Single reactor High activity Ammonia
Removal Over Nitrite (SHARON),
429–430, 429f, 430e, 431, 443, 444t

Single-stage Nitrogen removal using
Anammox and Partial nitrification
(SNAP), 430

slaughterhouse wastewater, 211t, 214,
244, 246, 265, 275, 324, 791t, 798,
803, 805, 876t

sludge; activated carbon production
from, 28–29, 719–729, 721–22t,

724–26t; aerobic processes and
production of, 236, 255;
agricultural fields, disposal on, 271,
581, 705; amount generated, 255;
anaerobic granular processes and
production of, 236, 250; anaerobic
processes and production of, 255;
anammox process and production
of, 423; AnMBR production of, 888,
892–93; Bt biopesticide production
with, 264; carbon resource from for
PHA production, 256; ceramic
particle production from, 28–29,
708–19, 709t, 710t, 711f, 712f, 713f,
714f, 715f, 717f, 729;
characteristics/properties of, 18,
705, 706–8, 707t, 708t; composition
and properties of, 255–56, 266,
270–71; cost associated with
treatment and disposal of, 255, 297;
disposal of, 28, 235, 236, 250, 581,
705–6; electrical energy from with
MFCs, 882; generation of by
WWTPs, 255, 270; heavy metals
properties of, 271, 579, 581, 581f;
increase in production of, 705, 729;
MBR system production of, 553;
phosphate/phosphorous
elimination, quantity of sludge
from, 775, 775e; primary sludge,
705, 706, 707t; processing,
treatment, and disposal of, 255,
270–71; production of and biogas
production, 18; quantity of,
concerns related to, 28; resources in
and recycling of, 18, 28, 255–56,
706, 707t, 708, 729; secondary
sludge, 705, 706, 707t; setteability
and foam problems, 390; surplus
sludge production, calculation of,
774, 774e; toxicity of, 706;
treatment of before use on
agricultural fields, 271; types of,
705; value-added products from,
26, 255–56, 285 (see also specific
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products). See also activated sludge/
activated sludge process

sludge-based activated carbon
(SBAC); applications for water
treatment, 727–29; chemical
activation for production of, 719–
720, 723–27, 724–26t; granular
SBAC, 728–29; physical activation
for production of, 719, 720–23,
721–22t; powdered SBAC, 727–28;
production of, 28–29, 719–727

sludge-based ceramic particles
(SBCP); applications of, 708–9, 729;
biological aerated filter (BAF)
applications, 710–17, 713f, 714f,
715f, 717f; characteristics of, 709–
10, 709t, 710t, 711f, 712f, 729;
construction materials application,
718–19; efficiency of filtering by,
710, 729; electrobath reactor
application, 717–18; heavy metals
properties of, 709–10, 710t;
manufacturing process, 709;
production of, 28–29, 708–9; safety
of, 709–10, 710t; sludge–fly ash
ceramic particles, 709–10, 709t,
710t, 712–16

Small and Decentralized Wastewater
Management Systems (Crites and
Tchobanoglous), 187–88

Smart Approved WaterMark scheme,
20

SNAD (Simultaneous partial
Nitrification, Anammox and
Denitrification), 432–33, 433f, 443,
444t, 445

SNAP (Single-stage Nitrogen removal
using Anammox and Partial
nitrification), 430

social concerns and issues; demand
management and, 6, 7–8t; district
water cycle management benefits,
178–79; green technologies and, 4;
green technologies development
and, 5–6, 5f; integrated water

management and, 22; public
opinion and acceptability of treated
stormwater, 75; public opinion and
acceptability of water management
decisions, 24, 31; quantitative
assessment of technical, economic,
environmental, and social
considerations, 24; sustainable
development and management
and, 965; sustainable water
management and, 2, 3, 3f, 4; water-
related policies and issues,
complexity and interconnectedness
of, 20, 22; white biotechnology,
attitudes toward competition for
land and water resources, 22. See
also health and human health risks

sodium; first flush runoff, 50t, 51t,
52t, 55t; hydrogen production and,
839; rainwater properties, 37–38,
39t, 43, 44t, 46, 55t; stormwater
properties, 85t; wastewater
properties, 16

sodium dodecyl benzene sulphonate
(SDBS), 628, 635–36

sodium dodecyl sulphate (SDS), 643;
feed concentration and CP, 623,
629–630; heavy metals removal and
MEUF process, 597; membrane
type and CMC, 639–640; pH and
MEUF, 630–31; recovery of, 597,
599; reduction in use of and
reduction in CMC, 635–38;
surfactant to metal molar ratio and
surfactant concentration, 627–630,
636; temperature and CMC, 634

sodium hydroxide (NaOH); chemical
activation of SBAC, 723, 724t;
desorption of phosphorous from
AWBs, 500–501t, 502–3, 521, 522;
hydroxide precipitation, 592–93,
593f; regeneration of biosorbents,
479–482, 480–81t

soil; anaerobic granular sludge
biosolid use as soil conditioners,
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231–32; climate change and soil
productivity, 740; heavy metals
contamination of, 588–89; lead,
permissible limits for agricultural
soil, 584; oil palm plantations soil
characteristics, 30, 955, 961;
phosphorous-bearing AWBs use as
soil conditioners, 503; soil/aquifer/
riverbank (SAT) geo-purification
systems, 190–91t, 215–220, 216f,
218f, 219t

solar energy, 14
solar light, 682–83
solids retention time/sludge retention
time (SRT); anaerobic attached
growth processes, 320, 322;
anaerobic contact process, 307;
anaerobic digestion process, 878–
79; anaerobic digestion processes,
204, 211t, 242, 303, 304; anaerobic
suspended growth processes, 305–
7; AnMBR process, 802, 804, 868,
878–79, 882, 888, 892–93;
continuous stirred tank reactor,
869; MBR system, 553, 554f, 557;
North Cary Water Reclamation
Facility use of, 412, 414t

solid waste. See landfills and solid
waste

sorbic acid, 269–270
South America; freshwater resources
in, 148t; Guaraní Aquifer System,
112–13, 114; shale gas resources in,
129f

South Asia, irrigation with
groundwater in, 114

soybean-processing wastewater;
hybrid AnMBR system for
treatment of, 876t; hydrogen
production with, 837t, 838

soybeans; hulls, anionic pollutants
removal with, 456; hulls, biosorbent
applications for, 462t, 467, 475t,
478; hulls, modifications for better
adsorption capacity, 518t; milk

residue, selection of for AWBs, 524;
productivity yield of, 956; soya/soy
flour and Bt production, 264, 265,
268, 270

Spain; mercury contamination in,
585; TrOCs in surface waters in,
535–36t

spas and pools, 20, 157t
Sphaerotilus natans, 257t
Spirulina, 812
sponge, 14
staged multi-phase anaerobic
(SMPA) reactor system, 249

Staphylococcus xylosus, 604t
starch and starchy wastewater; Bt
biopesticide production with, 264,
265–66, 270; electrical energy from
with MFCs, 882; PHA production
with, 258, 261; wheat starch
wastewater, 870t, 876t

steel slags, 598t, 599t
steroid hormones, 533, 534, 537t, 543,
545, 549t

storage, storage systems, and storage
capacity; aquifer storage of
desalinated water, 14; gardens on
urban storage rooftops, 20; green
technologies development
objectives, 20; water balance
analysis and, 6; water quality
during storage, 164–66, 166f

stormwater; bacteriological properties
of, 25, 85t, 101; best management
practices for, 192t; biological
properties of, 25, 85t; catchment
area properties and quality of, 77,
78t; chemical properties of, 25, 77,
79, 83, 85t; concept and definition
of, 76–77; demand management
green technology opportunities for,
8t; disinfection treatments, 11, 81,
82t, 83t, 90; expansion of use of, 4–
5; harvesting of as alternative water
supply, 25, 75–76; heavy metals in,
10t, 25, 77, 79, 85t, 101;
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management of all water systems as
a whole, 2; non-potable reuse of, 77,
79–81, 80t, 82t; organic materials
in, 25, 101; physical properties of,
25, 77, 85t, 101; pollutants in, 76–
77, 78t, 85t; potable reuse of, 81,
83–86, 85t, 94; quality/
characteristics and fit-for-purpose
treatment and applications, 6, 9–11,
10t, 12t, 25, 76–81, 78t, 80t, 81, 82t,
83t, 94–96; quality criteria for
public health risk management, 10t,
81, 82t, 83t, 84t, 94–96; regulations
and management practices, 9; reuse
purposes for, 25; sewage
contamination in stormwater
drainage system, 77, 83; sustainable
water management and use of, 2;
treatment of before reuse of, 4–5,
75–76, 77, 79, 84, 86–101. See also
rainwater

stormwater harvesting; advantages
and benefits of, 75–76, 91, 101;
Blackmans Swamp Creek
stormwater harvesting project case
study, 76, 83, 94; disinfection
treatments, 81, 82t, 83t; energy
consumption savings per unit of
water supplied, 76; Greenway Park
stormwater harvesting scheme case
study, 76, 81, 82t, 83t, 90, 93–94,
93f; non-potable reuse of
stormwater, 77, 79–81, 80t, 82t, 94–
96; pollutants in stormwater, 76–
77, 78t, 85t; potable reuse of
stormwater, 81, 83–86, 85t, 94;
programs for, 75–76; public
opinion and acceptability of treated
stormwater, 75; quality criteria and
fit-for-purpose treatment and
applications, 25, 77, 79–81, 80t, 81,
82t, 83t, 94–96; treatment of before
reuse of, 75–76, 77, 79, 84, 86–101;
Turramurra stormwater harvesting
scheme case study, 76, 79, 80t, 81,

83, 84t, 85t, 88, 89t, 90, 91–93, 92f;
UV light disinfection of
stormwater, 81, 82t, 83t, 90, 91, 93,
93f; volume of stormwater runoff,
75

stormwater treatment technologies
and systems; biofilters, 11, 12t, 86,
87t, 88–90, 89t, 91, 95, 101;
constructed wetlands (CWs), 12t,
86, 87t, 88–90, 91, 95, 101;
conventional treatment systems,
86–96, 87t, 89t, 92f, 93f, 101; deep
bed filters, 96–97, 99t; fibre filters,
96, 99t, 100f; filtration, 11, 12t;
GAC biofilters, 96, 97, 98–100, 99f,
99t, 101; grass/vegetated swales,
12t, 86, 87t, 90; gross pollutant
traps (GPTs), 86, 87t, 90, 93, 93f,
94; high-rate treatment
technologies, 96–101, 98f, 99f, 99t,
100f; life cycle cost analysis, 90–91;
membrane filtration, 11, 96, 97–98,
98f, 99t; operation and
maintenance of, 90–91, 95;
performance of, 100–101, 100f;
sand filtration, 12t, 86, 87t, 98–100,
99f; sedimentation processes, 11,
12t, 86, 90, 94; selection of
appropriate system, 101; settling
tanks and basins, 11, 12t, 94;
treatment train configuration, 86

Stover-Kincannon model (original
and modified), 328–29, 328–29e,
329f

Streptococcus sp., 831, 886t
Streptomyces rimousus, 604t
stygofauna, 116
submerged anaerobic membrane
bioreactors (SAnMBRs), 872, 873f

submerged membrane photocatalytic
reactor (SMPR), 697

substoichiometric titanium dioxide
membrane, 656–57, 658f, 670

substrate; anaerobic conversion of to
hydrogen, 830–33, 831e, 832e, 833f;
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anaerobic granule development
and substrate conversion rate, 234;
anaerobic migrating blanket
reactor, 319; biomass and substrate
rate of change in UASB reactor,
330–32, 330–32e, 331f, 332e, 332f;
C/N ratio and degradation of, 211t;
COD concentration and energy
production, 792; constructed
wetlands, 339, 340f, 342–44, 343f;
diffusion of, avoidance of, 237;
enzyme production, 278–285;
feedstocks and types of digesters,
209, 212t, 244; hydrogen
production, kinetics of production,
844–48, 845–48e; hydrogen
production, types for, 833–38, 836–
37t; mixing and anaerobic process,
211t; Monod kinetic model
analysis, 330–32, 330–32e, 331f,
916; nammox process, 425–27;
nutrient requirements for
anaerobic and aerobic processes,
329; PHA production, 256, 257t,
258–263; removal rate model
analysis, 328–330, 328–330e, 329f,
330f; solids retention time and, 304;
substrate concentration and
hydrogen production, 845–48,
845–48e, 855, 856t;
vermicomposting biotechnology,
272–73, 273t, 274, 275, 277

subsurface wastewater infiltration
system (leach field), 381–82, 394f,
395–96

sugar beet pulp, 456, 464t, 466–67
sugarcane bagasse and pith, 456, 462t,
464t, 465t, 466–68, 501t, 504, 506,
507, 515, 517t, 518t, 521–22, 524,
598t, 599t

sugars; amount generated per ton of
COP, 955, 963; anaerobic digestion
and, 298–300, 298f, 299f; anaerobic
pond for POME treatment,
greenhouse gas emissions from,

964, 969; anaerobic treatment and
methane capture/biogas
production, 968–970, 969f, 970f,
972–73; anaerobic wastewater
treatment, 963–64, 964f; biological
treatments with land application,
963; biological treatments without
land application, 963–64, 964f;
bioplastics from, 257t; Bt
biopesticide production with, 264;
characteristics and properties of,
955, 962–63; EFB/POME co-
composting at plantations, 961,
962f, 963f, 971, 971f, 972–73, 972f;
electricity generation from, 968–
970, 969f, 970f, 972–73; energy
crops and hydrogen production,
834–35; environmental impact of
and risks from, 30, 955, 963–65,
968; greenhouse gas emission
reduction initiatives, 968;
groundwater quality in areas with
and without application of, 965,
966t; hydrogen production with,
833, 836t, 837t; land application in
oil palm plantations, 963, 964–65,
965f, 966t; PHA production with,
258, 261, 262; production of, 955,
957–58, 961–62; sources of, 962;
sustainable management of, 955–
56, 965, 968–973, 969f, 970f, 971f,
972f; utilization of, 955, 963; zero-
waste concept and sustainable
management, 30, 970–73, 971t,
972t

sulfamethoxazole, 535t, 538, 540, 542,
543–44, 547t, 555t, 558

sulfate/sulphate; anaerobic digestion
processes and, 304; anaerobic
granular sludge treatment, 246; first
flush runoff, 50t, 51t, 52t, 55t;
hazards related to, 653t; moisture
content, composting process, and
concentrations of, 930, 931f, 932;
rainwater properties, 37–38, 40t,
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43, 45t, 46, 55t; refractory
wastewater properties, 654;
stormwater properties, 85t

sulfide/sulphide; anaerobic digestion
processes and, 304; anaerobic
processes and, 303; hazards related
to, 653t; refractory wastewater
properties, 653, 653t, 654, 655;
sulfide precipitation, 592, 593–94,
594f

sulfonic acid groups and ion
exchange process, 595, 595e

sulfur bacteria, 933
sulfuric/sulphuric acid; chemical
activation of biomasses, 463, 465t;
pH control with, 265–66;
phosphorous mining applications,
756; SBAC activation, 723, 724t,
726t

sulfur/sulphur; algae cultivation and
removal of, 812; anaerobic
processes and, 303; corrosive
properties, costs related to, 765;
nanomaterials for removal of, 981;
vermicomposting biotechnology
studies using sulfur residues, 274;
wastewater properties as resources,
754, 764–65

sunflower stalks, 456
surface water/reservoirs; demand
management green technology
opportunities for, 7t;
environmental water bodies/
landscaping lakes, natural
purification, and water quality,
166–68, 167f, 170, 171t, 172, 172f,
174–78, 175f, 176f; global water
cycle component, 108f; green, blue,
renewable, and non-local water for
irrigation, 116, 117f; green-blue
analysis of water availability, 110;
interconnected surface water and
groundwater systems, 108f, 110,
119–121, 119f; limitations on
amounts available, 4–5, 537;

natural bodies of water for removal
of pollution, 167; Pourbaix (Eh-
pH) diagrams of heavy metals,
586–88, 587f; reduction in water
losses, 22–23; sewage discharge into
in developing countries, 1; storage
of reclaimed water and water
quality, 164–66, 166f; sustainable
diversion limits (SDLs), 134–35;
sustainable water management and
health of, 2; wastewater
contaminants and environmental
risks, 377, 378, 379t

surfactant-based separation
techniques, 28, 622, 644. See also
micellar enhanced ultrafiltration
(MEUF)

surfactants; adsorption process for
treatment of surfactant-rich
effluent from MEUF, 616, 642–43,
644; anionic surfactants, 616, 619;
biosurfactants, 605; cationic
surfactants, 616, 619; classification
of, 619; co-existence of anions and
efficiency of MEUF, 641; co-
existence of pollution and metal
cations and efficiency of MEUF,
640; concept and definition of, 605,
616, 619; costs associated with, 597,
641; critical micelle concentration
(CMC), 616, 617–18, 619–620,
620f, 622, 627–630, 633–35, 641;
critical micelle concentration
(CMC), reduction of, 635–38;
foaming in aerobic processes
compared anaerobic granular
sludge processes, 238–39; hazards
related to, 653t; heavy metals
remediation, 605; hydrogen
production with reverse micelles,
841, 842; kraft point, 634;
membrane type and CMC, 639–
640; MEUF limitations, strategies
for overcoming, 641–42; MEUF
process and pH, 630–31; MEUF
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role of, 616, 617–19, 617f, 644;
nonionic surfactant, 619; recovery
of and MEUF process, 597, 599,
641–42; reduction in use of and
reduction in CMC, 635–38;
refractory wastewater properties,
653, 653t, 655; removal of,
processes for, 642–43, 644;
selection of for MEUF, 597, 617–19;
sludge properties, 705; stormwater
properties, 77; surfactant to metal
molar ratio (S/M), 627–630;
surfactant to metal molar ratio and
surfactant concentration, 627–28,
636. See also cetylpyridinium
chloride (CPC); sodium dodecyl
sulphate (SDS)

suspended solids and total suspended
solids (TSS); AnMBR for removal
of, 879–880; CWs and removal of,
339–340, 341, 342, 344; first flush
runoff, 48, 49f, 55t; GAC
adsorption filtration and removal
of, 58, 59t; gravity-fed GAC and
membrane filters system and
removal of, 72; membrane filtration
and removal of, 62t, 63, 64–65;
natural wastewater treatment and
disposal technologies, 193t, 197;
North Cary Water Reclamation
Facility biological nutrient removal
technology case study, 411, 411t;
North Cary Water Reclamation
Facility use of, 413t; rainwater
properties and quality criteria, 9, 9t,
10t, 38, 39t, 44t, 46, 55t; reclaimed
water quality criteria, 173f;
refractory wastewater properties,
654; SAT treatment and removal of,
217; stormwater properties and
quality criteria, 9, 77, 78t, 79, 80t,
85t, 101; stormwater treatment
measures and removal of, 86, 87t,
88, 89t, 99t; wastewater properties,
17, 389; wastewater treatment

measures and removal of, 161, 162,
163t; wetlands systems and removal
of, 203

sustainability/sustainable
development and management;
concept and definition of, 965, 975;
economic growth and, 829, 965;
environmental responsibility and,
965, 968; nanomaterials and a
sustainable society, 975–76, 988

sustainable water management;
advantages and benefits of, 3–4, 31;
allocation decisions and, 4;
assessment tools and models as
basis for decisions about, 24;
concepts and need analysis of, 2–4;
factors affecting development and
their interdependencies, 2, 3f; focus
of strategies for, xiii, 4; green
technologies and, 4, 608–9, 608f;
heavy metals bioremediation and,
582; importance of, 231; objectives
of, 20, 22; public opinion and
acceptability of decisions about, 24,
31

Sweden; Wassa process solid waste
anaerobic digestion treatment, 214;
water quality guidelines, 11

swimming pools and spas, 20, 157t
swine waste and wastewater; algae
cultivation in for wastewater
treatment and biofuel production,
814t, 815; ammonia emissions and
public health and environmental
regulations, 197; anaerobic digester
effluent from, anammox treatment
of, 433, 444t; anaerobic digester
effluent from, properties of, 428t,
432; anammox bacteria, 421;
anammox process for treatment of,
444t; ASBR for treatment of, 796;
characteristics/properties of, 428t,
432, 437, 438; CWs for treatment
of, 341; energy production potential
of, 791t; feedstocks and types of
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digesters, 212t; hybrid AnMBR
system for treatment of, 876t; PHA
production with, 258, 259–260;
SNAD process treatment of, 433,
444t; UASB treatment of, 244

Switzerland, Kompogas process solid
waste anaerobic digestion
treatment, 215

syringaldehyde (SA), 548–550, 549t

Tahiti, Valorga process solid waste
anaerobic digestion treatment in,
215

Taiwan; anammox granules from
landfill leachate WWTP in, 424–25,
424f; nitrogen discharge limits in,
420; SNAD process use in, 433

tea leaves waste and fungus, 456, 464t,
466, 474t, 476, 477, 478

technical aspects and issues; green
technologies and, 4; green
technologies development and, 5–
6, 5f; quantitative assessment of
technical, economic,
environmental, and social
considerations, 24; sustainable
water management and, 4

temperature; agriculture impacts
from increases in, 740–41;
anaerobic digestion processes and,
209, 210t, 250, 301, 302, 867;
anammox process and, 425–26,
427–28, 427e; AnMBR process, 867,
871, 880, 883, 888–890; AWBs
adsorption capacities and, 505,
509–11t; biogas production and,
888–890; biological nutrient
removal and, 386, 387–88; climate
change and increase in global mean
temperatures, 737, 739f, 740–41;
composting process and, 906, 909,
920, 925–26, 927f, 928f, 942–45,
944f; CW plant selection and
seasonal temperature variations,
354, 356t; CWs performance and

winter temperatures, 341, 342–43,
355, 356t; ECMR and, 660, 661f;
greenhouse gases emissions and,
738–39, 739f; heterogeneous
photocatalysis and, 28, 687;
hydrogen production and, 841, 842,
855, 856t; lagoon system
performance and winter
temperatures, 196; MBR and, 554f,
558; MEUF process and, 633–35;
NF feed solution, 542;
photocatalytic treatment processes
and, 28; RO feed solution, 542;
storage of reclaimed water and
water quality, 164–65; thermal
activation of AWBs and
phosphorous removal, 516, 519t;
thermo-chemical technology, 520–
21, 520f

tetracycline/tetracycline
hydrochloride/oxyracycline, 437,
438

textile industries; AFBR for treatment
of wastewater from, 801; AFBR
treatment of wastewater from, 799;
anaerobic treatment of wastewaters
from, 249, 326; AnMBR for
treatment of wastewater from, 883–
84; chromium use by, 590; dyeing
wastewater, ECMR treatment of,
670–72, 671t, 672f; dyes, enzymatic
membrane reactor for removal of,
562–63, 564t; dyes, SAnMBR for
removal of, 883–84; dyes, SBAC
water treatment for removal of, 727–
28; FB-SBBR for treatment of
wastewater from, 796; GAC–AFBR
system for treatment of wastewater
from, 800–801; oily wastewater
properties, 663t; phenolic wastewater
properties, 668; treated wastewater
used for, 162; UASB treatment of
wastewater from, 798; wastewater
characteristics/properties, 17, 282,
652, 653t, 883–84
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Thailand, 200
thermal vapor compression (TVC),
13

thermophilic conditions and
organisms; anaerobic digestion
process, 210t, 302; anaerobic
granular sludge treatment, 241,
246, 246–47, 250; AnMBR process,
867, 871, 880, 883, 888–890; biogas
production and, 888–890; Dranco
process, 214–15, 214f; hydrogen
production and, 841; Kompogas
process, 215; temperature,
composting process, and, 925–26,
942, 943; Wassa process, 214

Thiobacillus ferrooxidans, 604t
thorium (Th), 604t
tin (Sn), 462
titanium (Ti); metal-impregnated
chelate resins, 462;
substoichiometric titanium dioxide
membrane, 656–57, 658f, 670;
titanium/doron-doped diamond
electrocatalytic membrane, 655–56,
657f

titanium dioxide (TiO2);
heterogeneous photocatalysis
operational parameters, 683–87,
685–86e, 685f; heterogeneous
photocatalysis use of, 680–82, 681e,
681f, 690–98, 691–92t, 695t;
photocatalyst compostion and
characteristics, 684, 685f; pH values
for ECMR, 659–660, 659–660e;
properties of, 655; titanium
dioxide/carbon electrocatalytic
membrane, 655, 656f, 664–67, 665t,
666t, 668–670, 671, 671f

TNT (trinitrotoluene), 802
toilet paper, 905, 945
toilets; discharge volume and
pollutant loads from, 903–4, 904t;
dual flush, 20; non-water carriage
toilets, 903–4, 905. See also
composting toilets/biotoilets

toilets, water for and from; anaerobic
baffle technology use for water
from, 319; chromium in water
from, 583–84; greywater for
flushing, 16, 189; rainwater reuse
for, 189; stormwater reuse for
flushing, 77, 79, 81, 82t, 94;
stormwater water quality
guidelines, 10t; water budget
analysis for district water cycle,
157t, 158; water efficiency
measures, 23

tonalide, 535t, 543, 555t
total solids (TS); biodegradability of
feces and, 907, 912–15, 913f; feces
characteristics, 907, 907t; mass unit
characteristics of feces, 909–12,
910e, 911e, 912f; moisture content,
composting process, and, 929–932,
931f; pollutant loads from
household appliances, 903–5, 904t

toulene, 698t
toxicity; anaerobic treatment
processes and resistance to, 26;
composting toilets and toxicity
assessment, 938–941, 940f, 941f;
TrOC toxicity effects, 27, 533–34

trace organic contaminants (TrOCs);
activated carbon adsorption and
removal of, 27, 538–540; AnMBR
for removal of, 879–880; classes of,
533; environmental impacts of, 533,
534, 537t, 538; enzymatic
degradation of, 544–551, 546–47t,
549t, 565; health hazards related to,
533, 534, 537t, 538; integrated
membrane processes for removal
of, 558–564, 564t, 565; membrane
bioreactor treatment and removal
of, 27, 539, 551–58, 554f, 555–56t,
565; membrane filtration and
removal of, 27, 540–43, 541f, 565;
mixtures of, toxicity of, 534;
oxidation processes and removal of,
27, 543–44; prevalence of water
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contamination with, 533, 534, 535–
36t; sources of, 533; toxic effects of,
27, 533–34; treated wastewater as
pathway to aquatic environment,
534; treatment processes and
systems for removal of, 27, 538–
558; water reuse and concerns
about, 533–34, 537–38

Trapa natans husk and Fe-modified
husk–based activated carbon, 359t,
360f, 366–67, 366t, 367t

tree bark, bark fiber, and stems;
energy crops and hydrogen
production, 834–35; heavy metals
adsorption applications, 595;
modifications for better adsorption
capacity and performance, 518t;
phosphorous adsorption
applications, 498, 507. See also pine
wood, bark, and sawdust

trichloroacetic acid, 541
trickling filters, 190t, 242, 799
triclosan, 535t, 537t, 550, 551, 555t,
561

trihalomethane, 538–39, 544, 556t,
697, 698t

turbidity; first flush runoff, 48, 49f, 54,
55t; GAC adsorption filtration and
removal of, 58, 59t; gravity-fed
GAC and membrane filters system
and removal of, 67, 68f, 69t, 72;
membrane filtration and removal
of, 62t, 63, 64–65; rainwater
properties, 9t, 38, 39t, 44t, 46, 55t,
64; rainwater properties and quality
criteria, 9, 10t; refractory
wastewater properties, 654;
stormwater properties and quality
criteria, 9, 83, 83t, 85t, 101;
stormwater treatment measures
and reduction in, 86, 87t, 89t, 99t

turbines, 18
Turramurra stormwater harvesting
scheme case study, 76, 79, 80t, 81,
83, 84t, 85t, 88, 89t, 90, 91–93, 92f

Typha spp.; T. latifolia, 200, 202t,
348t; T. orientalis, 359t, 360f

ucides shells, 474t, 475t
ultrafiltration (UF); concepts and
mechanisms, 597, 615–16; costs
associated with, 616; environmental
impact of conventional activated
sludge system-ultrafiltration (CAS-
UF), 18–19; greywater treatment
methods, 16; heavy metals
remediation, 597, 599, 615–16;
membranes for AnMBRs, 872;
operating pressure, 625;
stormwater treatment methods, 97;
surfactant recovery, 641–42;
wastewater treatment methods, 17,
162, 163t, 164; water quality and, 5.
See also micellar enhanced
ultrafiltration (MEUF)

Ultra Flo hollow fibre microfiltration
membrane, 60–64, 60t, 61f, 62–63t,
64–72, 65f, 66t, 67f, 68f, 69t, 70t, 71f

ultra-lightweight ceramic (ULWC),
718–19

Umatilla County Critical
Groundwater Taskforce (UCGT),
113

Umatilla County Planning
Commission, 113

Umatilla River Basin, Oregon, 113–14
United Kingdom (UK); anaerobic
treatment plants in, 297; coal
mining and groundwater resources
in, 124; ecosystem services study in,
115–16; mercury contamination in,
585; TrOCs in surface waters in,
535–36t

United Nations Development
Programme (UNDP); anaerobic
digestion facilities as energy supply
source, 212; Global Environment
Facility (GEF) of, 112–13

United Nations Food and Agriculture
Organization, 583
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United Nations Framework
Convention on Climate Change,
748

United States (US); anaerobic
treatment plants in, 297; arsenic in
water in, 477, 589; coal-bed
methane (CBM), coal seam gas
(CSG), and shale gas production
and groundwater resources, 126;
coal mining and groundwater
resources in, 124; constructed
wetlands use in, 340, 341–42; green,
blue, renewable, and non-local
water for irrigation in, 117f;
mercury waste and contamination
in, 591; mineral resource extraction
and groundwater management
policies and legislation in, 135;
municipal solid waste anaerobic
digestion treatment studies, 213–
14; shale gas production in, 128–
130, 128f, 129f; TrOCs in surface
waters in, 535–36t; water tables
data in, 116

U.S. Department of Health and
Human Services, Agency for Toxic
Substances and Disease Registry,
589

U.S. Environmental Protection
Agency (US EPA); anionic
pollutants, permissible limits for
drinking water, 457, 458t; arsenic,
regulation of and permissible limits
for drinking water, 458t, 583;
chromium, permissible limits for
drinking water, 458t, 583; lead,
permissible limits for drinking
water, 584; nitrate limits in
drinking water, 457, 458t;
phosphorous discharge levels, 492;
time-temperature requirements for
composting process, 933

University of Cape Town, South
Africa (UCT) process, 403, 403f,
404, 407t, 415

up-flow anaerobic fluidized bed
reactor. See anaerobic fluidized bed
reactor (AFBR)/fluidized bed
reactor (FBR)

upflow anaerobic sludge blanket/bed
(UASB) reactor; acceptability and
prevalence of use of, 207, 234–35,
249; advantages and benefits of,
441–42, 843–44; anaerobic hybrid
reactor compared to, 326;
anammox process in, 427, 439,
441–42, 443, 444t; ASBR compared
to, 248; biogas production with,
315–16, 316f, 798; biomass and
substrate rate of change, 330–32,
330–32e, 331f, 332e, 332f; biomass
retention with, 793, 872; biomass
washout problems with, 248;
characteristics, process function,
and applications, 190t, 206–8, 206t,
207f, 243–45, 315–17, 316f, 441–42,
795f, 797–99; costs associated with,
207; efficiency and performance of,
209, 234–35, 797, 799; EGSB
efficiency compared to, 246, 318;
energy consumption, COD
concentrations, and energy self-
sufficiency, 242; feedstocks, 212t,
244; granule formation, 244–45,
316, 797–98; hybrid reactor
compared, 326f; hybrid systems/
combined processes, 799; hybrid
UASB-filter reactor, 207–8, 246–47,
799, 844; hydraulic design of, 317,
317e; hydrodynamics in, 247;
hydrogen production with, 843–44;
industrial wastewater treatment
with, 885; limitations of, 244, 326,
844; organic loading rate, 244–45,
248, 315, 317e; polymer-assisted
granulation process, 245, 797–98;
recycling needs, lack of, 242;
startup time needed for, 207, 244–
45; stressed loading conditions and
startup time, 244–45
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up-flow biofilter/up-flow biofilm
reactor (fixed-bed biofilm reactor),
436, 442, 444t

uranium (U), 604t
urban water districts, 149. See also
district water cycle management

urine/yellow water; anaerobic
pretreatment of, 764; composting
toilets and decomposition of, 30;
resource potential and treatment
costs of partial streams, 782–84,
783t, 784t; sources of, 768;
wastewater partial stream
separation and recovery/recycling
resources, 767–68, 768t, 770t, 786

Uruguay, Guaraní Aquifer System,
112–13, 114

UV (ultraviolet) light; Bt biopesticide
sensitivity to, 264, 270; disinfection
of stormwater with, 11, 81, 82t, 83t,
90, 91, 93, 93f; disinfection
performance and E. coli testing, 91;
industrial wastewater treatment
with, 671; photocatalytic reactors,
682–83, 682f; point-of-use
treatment using, 24; TrOC removal,
543–44

valeric acid; anaerobic digestion and
hydrogen production, 831–32;
PHA production, 261

Vallisneria spiralis, 356t
Valorga process, 215, 215f
vapor compression, 11, 13
verapamil, 556–57
vermicomposting biotechnology;
applications of, 277–78; concepts
and principles of, 271–72, 606;
earthworm Eudrilus eugeniae, 271–
72, 273t, 274; earthworm species
for, 272–73, 273t; ecologically and
economically sustainable
technology, 271, 277–78; heavy
metals remediation, 28, 271, 272,
276–77, 606; micro- and macro-

nutrients and microbial population
in vermicasts, 275–76; moisture
and, 274–75; pH and, 272, 274;
sludge use for, 26, 256, 270–78;
studies on, 273–74; temperature
and, 275; tiger worms Eisenia
fetida, 272, 273, 273t, 274; waste
types for, 272–73, 273t, 274, 275.
See also earthworms

veterinary medicine, emerging
contaminants from, concern about,
117–18

Virginia Initiative Plant (VIP)
process, 404–5, 404f, 406, 408f, 415

viruses; compost removal and
infection risk, 937–38, 939f;
disinfection treatments, 16, 64, 83t;
onsite wastewater treatment
systems and removal of, 377, 378;
stormwater reuse guidelines, 82t,
83t; wastewater properties, 16, 379t;
wastewater treatment measures and
removal of, 163t, 980

volatile fatty acids (VFA);
acidogenesis process, 210t, 211t,
299–300, 299f, 304, 840; anaerobic
digestion and hydrogen
production, 831–32; anaerobic
digestion processes and, 209, 210t,
298–300, 298f, 299f, 874; biological
nutrient removal and BOD:P ratio,
392; biological phosphorus removal
process, 385–87, 385f, 387f, 391,
401, 405–6; hybrid UASB reactor
treatment and removal of, 247;
hydrogen production and, 831–32,
840–41; methanogens sensitivity to,
874, 883–84, 885, 891; PHA
production, 261; pH value, impact
on, 891

volatile organic compounds (VOCs);
emissions of during aerobic
processes compared anaerobic
granular sludge processes, 238;
nanomaterials and
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nanotechnologies for removal and
remediation, 981–83; restrictions
on emissions, 238

volatile solids (VS); biodegradability
of feces and, 907, 912–15, 913f;
feces characteristics, 907, 907t;
mass unit characteristics of feces,
909–12, 910e, 911e, 912f; moisture
content, composting process, and,
929–932, 931f; sludge properties,
707t

Volta, Alessandro, 297

walnut shells, 456, 477
Wassa process, 214
wastewater/municipal wastewater;
AnMBR for treatment of municipal
wastewater, 878–880;
characteristics and fit-for-purpose
treatment and applications, 16–19;
characteristics/properties of, 16–17,
271, 379t, 389, 389–390, 428–29,
428t; closed-loop urban
management system for, 187;
community point-source
wastewater discharges, 187; costs
associated with wastewater-borne
resources, 765; economic value of
wastewater-borne resources, 29,
753, 765, 770–72, 771t, 786; effluent
quality after wastewater treatment,
regulation of, 622; energy density
of, 792; energy production potential
of, 790–93, 791t; heavy metals
properties of, 16, 17, 271, 579, 581,
581f, 615, 622; hybrid AnMBR
system for treatment of municipal
sewage, 876t; hydrogen production
with, 835–38, 836–37t; low-impact
development and management of,
188; management of all water
systems as a whole, 2; materials
flow analysis, 765–770, 766t, 768t,
769t, 770t; non-potable uses for
treated wastewater, 149, 157t;

planning and design of water and
wastewater systems, 149–156, 153f,
154f, 155f, 156f; primary treatment
before AnMBR treatment, 878–
880; public opinion and
acceptability of treated wastewater,
75; resource potential and
treatment costs of partial streams,
782–84, 783t, 784t; resources in and
recycling of, 753–765, 760f, 762f,
764t, 790, 818; source separation/
partial stream separation, 29, 753,
755–56, 764, 765–770, 766t, 768t,
769t, 770t, 786; water as resource
from, 755–56

wastewater treatment; balance sheet
classification and distribution of
cost centers, 784–85, 785t; budget
and allocation of costs, 775–781,
776f, 778t, 779t, 780t, 781t;
centralized treatment systems, 20,
149–150, 152–53, 189, 375, 377–78,
380, 415; costs of, 193t, 772–784,
774e, 775e, 776f, 778t, 779t, 780t,
781–82e, 781t, 782t, 783t, 784t;
criteria for sustainable technology,
188–89; decentralized wastewater
management, 19, 24, 150, 152–53,
187–88, 189, 190–92t, 193t, 220–23;
energy recovery mechanisms, 29,
790; goals of, 188–89, 193t; natural
treatment systems, 25–26, 187–222;
pollution prevention and, 753–54;
public awareness of environmental
issues and calls for treatment
standards, 337; reuse of after, 5;
selection of appropriate system,
188; stages of for wastewater reuse,
161–64, 163t; sustainable energy
management systems for, 793–815;
sustainable water management and,
3, 608–9, 608f; technologies and
systems for water reuse, 16–17

wastewater treatment plants
(WWTPs); bioenergy recovery
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plants/biorefineries role of, 818; co-
location of desalination facilities
near, 14; energy use and production
and optimization of processes, 18–
19; environmental impact and
optimization of processes, 18–19;
groundwater recharge losses with,
376; life cycle energy consumption
and recycled water reuse, 19;
localized and networked treatment
systems and power generation, 19;
planning and design of water and
wastewater systems, 149–156, 153f,
154f, 155f, 156f; sludge generation
by, 255, 270; treatment byproducts
collection and use by, 17–18

Water Act 2007, 133–34, 135
Water Amendment Act 2008, 133, 135
water bodies. See recreation and
recreational/decorative water
bodies; surface water/reservoirs

water budget analysis, 25
water celery, 354–55
water collection and supply systems;
demand management and, 6, 7–8t;
supply-driven water supplies, 6;
water balance analysis and, 6

water cycle; artificial water cycle built
by humans, 151–52; concept of,
149; district water cycle concept,
149–153; freshwater resources
maintained by, 149; global water
cycle, 25, 107, 108f, 149;
hydrological water cycle, 25, 149,
150–51. See also district water cycle
management

WaterGap Global Hydrology Model
(WGHM), 109

water heaters/water heating, 21t
water hyacinth (WH), 199, 200–201,
200t, 355, 456

Water Management Act 2000, 122
water resources; allocation decisions
and sustainable water management,
4; alternative water supplies,

identification of, 2; alternative
water supplies, shifting from
conventional resources to, 75;
assessment tools and models for
supply forecasting, 24; best
management practices for, 187,
192t; biofuel production and
competition for land and water
resources, 22; characteristics and
fit-for-purpose treatment and
applications, 6, 9–19; climate
change impact on, 29, 737–741,
739f; complexity and
interconnectedness of water-related
policies and issues, 20, 22–24;
demand for and pressure on, 147–
150, 148t, 537–38, 609, 790;
demand management, 6, 7–8t;
failures in management of, 20, 22;
Falkenmark Index for evaluation of
availability of, 147–49, 148t; global
amounts of water, 1; governance
and delivery of water, key areas for,
22, 23t; green-blue analysis of water
availability, 110; importance of,
755; management of all water
systems as a whole, 2; planning and
design of water and wastewater
systems, 149–156, 153f, 154f, 155f,
156f; quantity of water and supply-
driven water supplies, 6; quantity of
water and sustainable water
management and, 4; renewability
of, 755; supply-driven water
supplies, 6; value of, 755–56; water
balance analysis, 6; water use
patterns and sustainability of, 1. See
also freshwater; groundwater;
quality/water quality; seawater;
shortages and scarcity of water;
surface water/reservoirs

water treatment; green technologies
to support advances in, 4;
nanomaterials and
nanotechnologies for, 30, 980–83;
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point-of-use treatment
technologies, 24; treatment train
configuration, 86

weather forecasting, 750
wetlands; advantages and benefits of,
198–99; characteristics of, 198;
classification of, 198; clogging
issues, 203; natural wetland and
aquatic treatment systems, 25–26,
190–91t, 193t, 198–204, 200t, 202t,
204f; performance of, 201–4, 202t,
204f; productivity of, 198. See also
constructed wetlands (CWs)

wheat bran, straw, stalk, and residue;
activated wheat straw charcoal, 466;
biosorbent applications, 456, 464t,
465t, 466, 467, 474t, 476;
biosorbent desorption and
regeneration capacities, 480t, 482,
501t, 502; Bt biopesticide
production, 264; energy crops and
hydrogen production, 834–35;
modifications for better adsorption
capacity and performance, 518t;
PHA production, 258;
phosphorous adsorption
applications, 497, 506, 515;
vermicomposting biotechnology,
272

whey; AnMBR treatment of, 881, 887;
Bt biopesticide production with,
264; feedstocks and types of
digesters, 212t; hydrogen
production and, 838; hydrogen
production with, 837t, 840; PHA
production with, 258, 261, 262;
PHB production with, 263

white biotechnology, 22
wind energy, 789
wood chips, particles, and residue;
biosorbent applications, 462t;
biosorbent desorption and
regeneration capacities, 502;
intraparticle diffusion and

phosphorous removal, 499;
modifications for better adsorption
capacity and performance, 517t,
518t, 519t; phosphorous adsorption
applications, 496, 499, 507

World Bank, 112–13
World Health Organization (WHO);
anionic pollutants limits for
drinking water, 457, 458t; arsenic
limits in drinking water, 458t, 590;
fluoride limits in drinking water,
457, 458t; lead limits for
agricultural soil, 584; mercury
limits, 585; nitrate limits in
drinking water, 457, 458t; recycled
water standards, 201

Xi’an Siyuan University water
management case study, 25, 168–
179, 169f, 171t, 172f, 173t, 174f,
174t, 175f, 176f, 177f, 178f, 180

yeasts; biostimulation and heavy
metals remediation, 603; brewery
yeast, 276, 456, 470, 472t, 791t;
wastewater treatment methods, 17

yellow water. See urine/yellow water

zeolites, 14, 512t, 513t, 597, 668, 711,
801, 982

zinc (Zn); adsorption process for
removal of, 596t, 598t, 599t; algae
cultivation and removal of, 812;
bioaugmentation and biosorbents
for heavy metal remediation, 604t;
bioleaching, 605; bioprecipitation
and removal of, 605–6;
biosurfactants and removal of, 605;
co-existence of pollution and metal
cations and efficiency of MEUF,
640; CWs and removal of, 354;
effects of on anammox process,
437; feed metal concentration and
efficiency of MEUF process, 633;
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first flush runoff, 50t, 51t, 52t, 55t;
flocculation of HA–bound heavy
metal complexes, 601; GAC
adsorption filtration and removal
of, 58, 59t, 60; gravity-fed
GAC and membrane filters system
and removal of, 68, 69t, 71;
groundwater quality in areas
with and without POME
application, 966t, 967t; hydrogen
production and, 839; industrial
waste properties, 579; membrane
filtration and removal of, 63,
63t; metal-impregnated/treated
biosorbents, 464t, 466–67, 473t,
482, 499, 501t, 504, 507, 514, 517t;
MEUF and removal of, 635, 636;
natural component of AWBs,
505; pH, MEUF, and removal of,
630–31; properties, occurrences,

and forms, 580t; rainwater
properties, 40t, 45t, 55t;
sludge-based ceramic particles
properties, 710t; sludge properties,
706; stormwater properties, 85t;
surfactant concentration, S/M ratio,
and removal of, 628, 630

zinc chloride (ZnCl2); chemical
activation of biomasses, 357, 463,
464t, 466–67, 468, 473t, 481t, 482,
499, 501t, 504, 507; chemical
activation of SBAC, 725–26t, 727

zirconium (Zr), 513t; metal-
impregnated chelate resins, 462;
metal-impregnated/treated bio-
sorbents, 464t, 466, 468, 471, 473t,
475t, 498, 514, 517t; Zr(IV)-loaded
apple peels, 500t, 502, 507, 521–22;
Zr(IV)-loaded orange waste gel, 471,
481t, 482, 500t, 501t, 507, 515, 521–22
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