LOW CONCENTRATI ON WASTEWATER TREATMENT SYSTEM AND PROCESS RELATED

APPLI CATIONS [01] This application clainms the benefit of U S. Provisional
Pat ent Apwbi2eatdossz7No. 61/ 224,01 1 filed on July 8, 200PcTwise@h/oks1her eby
incorporated by reference in its entirety. BACKGROUND OF THE | NVENTI ON
Field of the Invention [02] This invention relates to a system and net hod
for wastewater treatnent, and in particular to a system and net hod for

treating.| i S t S ans. SGriptio f d Art
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extrenely inportant aspect of increasing the quality of life and

conservati r. The problens associated with sinply
dischargkhggag@{gkgﬁg%M?ﬁﬁ&%ter sources such as rivers, |akes and oceans,
the standard practice up until about_a half century ago, are apparent - the
bi ol ogi c1] andhie mertieaon@aimssthe rhsaefé pfabat ddovisioap] PripnteAppliGaon AN udi ng
the spread of infectious di seases and exposure to carcinogenic chem cals.
Ther ef or €l/2%B81 lelit on Julyeh 28Nhtwipcloodesdby iheorporeted by edferanto insiysergmetyr angi ng
from the ubi qui tous nunici pal wastewater treatnment facilities, where

sani t ar yBAGKGERO@UND OFOrMBONRENTIOpopul ations is cl eaned, to specialized
i ndustrial wastewater treatnent processes, where specific pollutants in

wast ewat g1 SO ¥ALA@YS 1 ndustrial applications nust be addressed. [04]
Wastewater treatnment facilities typically use multiple treatnment stages
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treat ment.”” Bi ol ogl cal "oxidation s a we nown secondary treatment step

used to renove the majority of the wastewater :
particular to a syste%n and n¥ethod or treating low concentration wastewater streams.

Description of Related Art

[03] Effective handling of domestic sewage and industrial wastewater is an extremely
important aspect of increasing the quality of life and conservation of clean water. The
problems associated with simply discharging wastewater in water sources such as rivers,
lakes and oceans, the standard practice up until about a half century ago, are apparent -
the biological and chemical wastes create hazards to all life forms including the spread of
infectious diseases and exposure to carcinogenic chemicals. Therefore, wastewater
treatment processes have evolved into systems ranging from the ubiquitous municipal
wastewater treatment facilities, where sanitary wastewater from domestic populations is
cleaned, to specialized industrial wastewater treatment processes, where specific
pollutants in wastewater from various industrial applications must be addressed.

[04] Wastewater treatment facilities typically use multiple treatment stages including
preliminary treatment, secondary treatment and tertiary treatment. Biological oxidation is
a well known secondary treatment step used to remove the majority of the wastewater

contaminants. Commonly, effluent from biological oxidation and/or other secondary



contam nants. Commonly, effluent from biol ogical oxidation and/or other
secondarytreat nent processes still contains |evels of contam nants that
requi res wonphewse2reat nent such as tertiary treatnment fecTiusedw/onsnpval .
[05] Biologically refractory and biologically inhibitory organic and

i norgani c conpounds are present in certain industrial and sanitary

wast ewater streans to be treated. Various attenpts have been made to

address treatnent of su bi al ogi cal ly refr.actory and.biql ogi cal |
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powder ed activated carbon to adsorb and subsequently renove biologically

r ef r act otugh ap &reqryitisainecat for theihfemiavaly or gani ¢ conpounds. [06] One portion
of certain wastewater treatnent processes that is operationally

cost i nt el¥Si veBiohgitallys refnactorgnmudl boflogiedllyt iivEbifodyowrgamic eatdr dhorgasic of
contam nants from wastewater that has been treated by aeration or other
secondar yorRf AGEs e preshi in&eMainiifUUStrEY ShE it Veadieeietitieh@y eslbd @eatéerti ary
treatment, such as adsorption and filters, a need exists for nore efficient
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associated wth cgnventlonal processes. SUWRARY O TH I NVENTT ON [07] In

accordance,with o r nore enhodi ts, the_.i,nvention rel at to_ a.system

and et nod 51l AP G PRgFE, o ms™ 2PN ST Refile ge &6 e

enbodi ments, the invention rel ates tg a nmethod for treating wastewater
é
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wastewater, with adsorbent material in a mxing zone for a tinme sufficient
f or adsowst hiokegishlly oribiey argesicfoomponinds. wast ewat er ont o the adsor bent

mat eri al ; separating and renoving a najor portion of the wastewater fromthe
m xture [@] One portion of certain wastewater treatment processes that is operationally cost-

intensive involves the removal of relatively low concentrations of contaminants from
wastewater that has been treated by aeration or other secondary processes. While various
systems have been employed for tertiary treatment, such as adsorption and filters, a need
exists for more efficient and lower cost tertiary treatment without the limitations and

disadvantages associated with conventional processes.

SUMMARY OF THE INVENTION
[07] In accordance with one or more embodiments, the invention relates to a system
and method of treating wastewater.
[08] In accordance with one or more embodiments, the invention relates to a method
for treating wastewater including:

mixing wastewater, and in certain embodiments, low concentration wastewater,
with adsorbent material in a mixing zone for a time sufficient for adsorption of

contaminants from the wastewater onto the adsorbent material;



wast ewat er and adsorbent material; passing the adsorbent material having
contam nants adsorbed thereon and a m nor portion of the wastewater to a

bi ol ogi cavonegewsnat i on reactor; retaining the adsor benPCratSerioalizand

wast ewat er in suspension in the biological regeneration reactor for a
period of time that is sufficient to allow m croorganisns in the biol ogical
regeneration reactor to biologically act on at | east a portion of the
adsor bed contam nants; di schargi ng bi ol .ogi a I¥Vtreat egrﬁvvater ef fluent from
e bi ol 0g1 CarPRBLRRGPSEY B PeAdTUPt PRI IE Ly NG Risbonbr JEdaTRE o bent
material to the m xing zone. [09] In accordance with one or nore

enbodi mewesewatppandpdsoibpfin#teliadt es to a system for treatment of wastewater,
and in certain enbodi nents, |ow concentration wastewater. The system

i ncl udes a m passigg zlonelshdenngatarindstvengatoptamindngs adsarbed dsaedremtd ammtreni al
inlet and a discharge outlet. The system further includes an adsorbent

mat er i al p&ebh bf M@ vaR@wlatel W 8 bEPAcAté@Reraaterdaawi;ng a slurry inlet in
comuni cation with the discharge outlet of the m xing zone, a treated water

outlet, and are?ﬂﬁlhg%@%&s%?b&@%%é}?ﬂtan&%ﬂéw%er%téu {ensibAGn SHS bRITb A4t O

i ncl udes an adsorbent material biological regeneration reactor system

havi ng a, b0l oai.cal £ egenerath op reagt ot ideliding d sontaninated adsor bent
mat eri al Enlet 1 comuhidattoR wth 1 He conttam na]t Sd adSOENENTS Hat &r i al
outlet of the adsorbent material settljng and |iquid separation zone, a
bi ol ogi c'adpfq;lqa EgeReraiien saconty Siologifalst dfetdrat SPARSD P bt AARHER ] al
outlet in communication wth the adsorbent material inlet of the mxing
zone. [ 10fontamiggietdr dance with one or nore enbodi nents, the invention rel ates
to a system

discharging biologically treated water effluent from the biological regeneration

reactor; and
recycling regenerated adsorbent material to the mixing zone.

[09] In accordance with one or more embodiments, the invention relates to a system
for treatment of wastewater, and in certain embodiments, low concentration wastewater.
The system includes a mixing zone having a wastewater inlet, an adsorbent material inlet
and a discharge outlet. The system further includes an adsorbent material settling and
liquid separation zone having a slurry inlet in communication with the discharge outlet of
the mixing zone, a treated water outlet, and a contaminated adsorbent material outlet.
The system also includes an adsorbent material biological regeneration reactor system
having a biological regeneration reactor including a contaminated adsorbent material inlet
in communication with the contaminated adsorbent material outlet of the adsorbent
material settling and liquid separation zone, a biologically treated water outlet, and a
regenerated adsorbent material outlet in communication with the adsorbent material inlet

of the mixing zone.



for treatnment of wastewater, and in certain enbodi nents, |ow concentration
wast ewat er. The system conprises a high flux adsorption systemand a | ow

fl ux adsowbenti/awes2eri al bi ol ogi cal regeneration reactor PeyatSeono/04t3e7 hi gh
flux adsorption systemincludes an inlet for receiving wastewater, a source
of adsorbent material for contacting the wastewater and adsorbi ng

contam nants fromthe wastewater, a quuid outlet for discharging a mjor
portion % thf recej ved st ewat er tBﬁi has en. contackﬁd bé)the adsor bent
materi al ! lmd T cadgBr &t WaterPAF < OFH’PCDF%rt Y VERRM Y Y s b rBEHD

mat eri al havi ng adsorbed contam nants and a minor portion of the received
wast ewat & tregteent ghwrptaw gl Ao He sertaa eatbodimats Iy iceptentad@hwAHEVHAL 1 eact or
systemis for nmaintaining the adsorbent nmaterial having adsorbed

cont am nélmg system sompestsi 0highdiuxaadserptiod sgftemi angd & lvet flus adsfrbéntingaieridlo al | ow
m croorgani sms to digest adsorbed organic contam nants. The adsorbent

mat eri al bigipicabicpaheri@geieedtat §y@rnt. EBEd Wikh Slyis beBrptisd Hdem mchided agingal
regeneration reactor having an inlet for receiving adsorbent naterial with

adsor bedg; qg&eﬁqh%%tst%wfa{e? M BEcAd8 QaREHNne TRLE5d1 8br Cotith@ineOhe thRteRiagh f 1 uX

adsor ption syst a m xed |quor outlet and an adsorbent materi al outlet
i n conmmuni the saqurc rbent nat the hi gh
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will be described in_ further det Iom1and with reference to
at t achedPYHP %raqueéfwwﬁwrd@%téﬂ@ gengronfastestty the adgopbang makeri ;?é‘fiems and

met hods of the present invention. In the figures, which are not intended to
be drawnan dsedbrt, newdiisi putlear fog odpdmeging t prtiegt jmiterdalr Aavdng i sdsotheilous
figures is represented by a like nuneral. In the figures: [12] FIG 1 is a
schemat i condiraign@maadl aamimenipoaive d&fi thk ogietald waastaer. SYist Bw fak ngs@abent

material biological regeneration reactor system is for maintaining the adsorbent material

having adsorbed contaminants in suspension for a period of time that is sufficient to

allow microorganisms to digest adsorbed organic contaminants. The adsorbent material

biological regeneration reactor system includes a biological regeneration reactor having

an inlet for receiving adsorbent material with adsorbed contaminants from the adsorbent

material outlet of the high flux adsorption system, a mixed liquor outlet, and an adsorbent

material outlet in communication with the source of adsorbent material of the high flux

adsorption system.

BRIEF DESCRIPTION OF THE DRAWINGS
[11] The invention will be described in further detail below and with reference to the
attached drawings all of which describe or relate to apparatus, systems and methods of

the present invention. In the figures, which are not intended to be drawn to scale, each



bi ol ogi cal reactor which contains one or nore zones wth adsorbent materi al
in suspension; [13] FIG 2 is a schematic diagram of an enbodi nent of a
syst em f owotzoaawsent of wast ewat er usi ng adsor bent nat ePCaluszonoa4i3idl ogi cal
react or upstream of a nenbrane operating systemused in the present
invention to regenerate and/or reactivate adsorbent material; [14] FIG 3
is a schematic di agram of a wastewater treatnent systemincluding an
enbodi nent .of a dsor hent mat rlal treat men em hav

i g 2B b B CR Bt B RO REY oF PO STt BT FYY 3 THEGHRET g Tz one
that is integrated with a | ow fl ux adsorbent material biological

r egener atiediguredact or havi ng a bi ol ogi cal regeneration reactor and a
menbrane operating system [15] FIG 4 is a schenmatic diagramof a

wast ewat H2] t r EEi.neista sohstmetiv idiegrandiofig racthbighe bialagiead seadtantysteat esingh
treatment system having a m xi ng zone and anot her enbodi nent of an

adsor bensiormaicr | BhctsetwHithGoafths! bl sRPArRhELRVIZODNAsdB&it hitdriat 6gr at ed
with a low flux adsorbent naterial nenbrane biol ogi cal regeneration

react or;s&?,gl]mdﬁl(i 5 is a schematic diagramof a wastewater treatnent
systeminctuding a high flux adsorbent mat erial treatnent systemthat IS
i nt egrat ot dsor.hen

b1 of 5g1 el ehiSher 3§ orrePR e rErr s of eimBgimel o EEHER tor dRafperh sy
wast ewat er treatnment systemincludjng a further errbodl msnt of a high flux
adsor benMaEYEFT HHNE ke, tmalgEpleip ¢ i iglogieal FRREIGF PPl Ch 2amPBRF AP ux
adsorbent material biological regeneration reactor; £18] FIG 7 is a
schemat i epeddtagr syrieor used pn geepresdit awyenyen tq eegtenfﬁgtemé osweactivataadenrbiénig t o
one enbodi nent of the present invention including irradiation of primary
sol i ds; matkrial;

[14] FIG. 3 is a schematic diagram of a wastewater treatment system including an
embodiment of a high flux adsorbent material treatment system having a mixing zone and
an adsorbent material settling and liquid decanting zone that is integrated with a low flux
adsorbent material biological regeneration reactor having a biological regeneration
reactor and a membrane operating system;

[15] FIG. 4 is a schematic diagram of a wastewater treatment system including a high
flux adsorbent material treatment system having a mixing zone and another embodiment
of an adsorbent material settling and liquid separation zone that is integrated with a low
flux adsorbent material membrane biological regeneration reactor;

[16] FIG. 5 is a schematic diagram of a wastewater treatment system including a high
flux adsorbent material treatment system that is integrated with another embodiment of a

low flux adsorbent material biological regeneration reactor;



[19] FIG 8 is a schematic diagramof a process flow for treating

wast ewat er accordi ng to anot her enbodi nent of the present invention

i ncl udi ngworoadiosat27on of primary solids. DETAI LED DESCRPPTIUSE) 1064 BHE

| NVENTI ON [ 20] As used herein, "biologically refractory conmpounds” refer to
t hose types of chem cal oxygen demand ("COD') conpounds (organic and/or
inorganic) in wastewater that are difficult to biologically break down when

contacte I.o- Oor anlsns The "biologically refractor ounds" can
ove vy D7 Bl €8 iR P Biagtaim et eSS e vt R IR A o
mldly refractory to those that are highly refractory. [21] "Biologically

i nhi bi t ofitheberpbediensnt efeg bigh flyxtadserbertonpeurdicatraeny ahistemhel/ s integiaedani c)
in wastewater that inhibit the biological deconmposition process. [22]

" Bi ol ogi withlayow dilix|adSorheamstedd il oeidil gegeneragomydaetogr gani cs such as hunman
and ani mal waste, food waste, and inorganics, such as ammoni a and

phosphor p8$- bEERJ is anpletndiz. didgtah of @@Rbcedd flowFenir€ding Qi @antddaseiding ref ers
to a measure of the capacity of the waste to consume oxygen during a

chemi cal torcﬁé%ﬂbgﬂlrﬁmbf {h%zngnéstm?t 1h96nttllaﬁ iethdl ir%lé?i‘on%‘f ﬁﬁia?y g@fdrseafndand the

oxi dation of 1norganic ch cals such as a n|a and |tr|
measur e des i i aII l-abi | e 0g |tor and
bi ol ogi c Bﬁy re ralcs:taos?lﬁler%%%pcg%ﬁrl Offlzpﬁ $%@ o alngx’Yas{%@l 618?%% oxygen
demand conpounds that are biol ogically degr dable over period of 5 days.
[25] "M% Oﬁeaﬁalg ﬁﬁlgyewdaﬁp@é?qt&yeﬂy 100 mc}@ﬁ@ wragiatin ofprebeelidhd ot her
subst ances, both dissolved and suspended, present in wastewater being
treat ed; "m xed | i quor vol atile suspended solids,” or "M.VSS," neans the
active mcrobes in the MSS;

DETAILED DESCRIPTION OF THE INVENTION

[20] As used herein, “biologically refractory compounds” refer to those types of
chemical oxygen demand (“COD”) compounds (organic and/or inorganic) in wastewater
that are difficult to biologically break down when contacted with micro-organisms. The
“biologically refractory compounds” can have varying degrees of refractory nature,
ranging from those that are mildly refractory to those that are highly refractory.

[21] “Biologically inhibitory compounds” refer to those compounds (organic and/or
inorganic) in wastewater that inhibit the biological decomposition process.

[22] “Biologically labile” means easy-to-digest, simple organics such as human and
animal waste, food waste, and inorganics, such as ammonia and phosphorous-based
compounds.

[23] “COD” or “Chemical Oxygen Demand,” refers to a measure of the capacity of
the waste to consume oxygen during a chemical reaction that results in the oxidation of

organic matter and the oxidation of inorganic chemicals such as ammonia and nitrite.



and "m xed |iquor" means the conbi ned m xture of wastewater, MSS and
M.VSS. [26] "Adsorbent"” or "adsorbent material s" as used herein neans one
or nore ovOogravmeb®r activated carbon, includi ng granul aPcaaisemanedizar bon
that has been treated to provide affinity to predeterm ned chem cal
species, nmetals or other conpounds found to be present in the wastewater
that is to be treated; granular iron-based conpounds, e.g., iron oxide

conposites;. synthetic .resins;. and gr | ar. al um no-silicate conposites.

[27] " subOPamerye iadudcs bioGgisatly sy pipTosieiidpBipicossand, olgirally ~ of
descri bifré? t he presence of adsorbent material in effluent passing from one
sect i on fragiosyeanepaungds.anot her, e.g., from a biol ogi cal reactor containing
suspended adsorbent material to a nenbrane operating system refers to

i mting[2dhe aDst refersads biolendal matyegen dempak spmgotmlist thet aenbiolgecabper at i ng
systemto an anount that does not adversely effect the requisite efficacy

of the ngsphidaBR dvel b patiddsr PdBgess therein. For instance, in certain
enbodi ments, "substantially free" or "substantially prevented" refers to

retaini ”gs?t opsh @ btesﬁs%%/ﬁ&}ﬂ Qe o <X spr edaher st aRUm |

adsorbent material t ed in a given systemwthin the biol ogical
reactor Qr._one o .e bi gl ogical reaction, zone i.n further enhodi nents,
at 1 oast rnaltesobuiTay SoBlel 8 peohBg R B PRl ah bbb SRS TR about
95% by volune, and in yet stil] further enbodi ments at |east about 99% by
vol une. Hereevelatilg suspgr dﬁ%hda%pp?reé\fﬂa}’g& By hACtSF GliFRPSS akhy MESS:¢ he ar

based upon the teachings herein that these percentages are nerel
i |1 ust r auid/anixedhqeun meansythd spehticd gniswrd efcwatewdtere INBEhgnd ML | i nmit ed
to the type of nenbrane(s) used and their resistance to abrasion, the
requi si t Regf f fAdwibegtiabi tydsoibeat phadedl€r as need dieraim tmeihs ageoobentre rodt eri al
to be used in a given system and other factors. [28] This invention is
di r ect edghuinaadiRMREsarbdiE 3hdBdhg DY Stu@FBacastedRbMOAShat has been treated to
provide affinity to predetermined chemical species, metals or other compounds found to
be present in the wastewater that is to be treated; granular iron-based compounds, e.g.,
iron oxide composites; synthetic resins; and granular alumino-silicate composites.
[27]  “Substantially free” or “substantially prevented” in the context of describing the
presence of adsorbent material in effluent passing from one section of a system to another,
e.g., from a biological reactor containing suspended adsorbent material to a membrane
operating system, refers to limiting the amount of adsorbent material passing to the
membrane operating system to an amount that does not adversely effect the requisite
efficacy of the membrane filtration process therein. For instance, in certain embodiments,
“substantially free” or “substantially prevented” refers to retaining at least about 80% by
volume of the predetermined amount of adsorbent material to be used in a given system

within the biological reactor or one or more biological reaction zones, in further

embodiments, at least about 90% by volume and in still further embodiments at least



"Wastewater" as used herein, for instance, as influent streans 101, 201,
301, 401, 501, 601 or 701, defines any water to be treated such as surface
wat er, grwordinveser, and a stream of wastewater from i n@gStUS2@0/041317
agricultural and munici pal sources, having pollutants of biodegradable
material, inorganic, |abile organic conpounds capabl e of being deconposed
by bacteria, biologically refractory conpounds, and/or biologically
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bi ol ogical solids, and inert naterial and organics, |nclud|ng b|olog|cally
i nhi bi t oH9waYfd- ptemlb@teomprw@% |b&son659%ﬁﬁ11@@rmkﬂbn@|tbalaétabw i yonbiheory and
refractory organics may include synthetic organic chem cals, such as

pol yel ectendiiygscherain diatrgrese preeritages sre @ty illvstodtogi ol day ﬂarthldpiehding oand
refractory organi cs include polychlorinated bi phenyls, polycyclic aromatic

hydr ocar faofss ineRIdiH R moh atedd db BRNE e Pf HHedbirdhe (D NGed M dy/ Gblraedifiaiedo
di benzof urans. Endocri ne dlsruptlng conpounds are also a class of

bi ol ogi calhyod, ll%h’slgfté/ eﬁ%@ntrcﬁlafd i e A SRH LS YU B é‘cﬁ@rb%ﬁtf R&krifiQ5 TONe

systenms i n organisms and are the environnent. Exanpl es of

endocring_ di tln cl.ude: al kyl phenolics, such as nonyl pheno
used forgren§V|nénggPy§% Méﬁfﬁggqﬁﬁ 3t al hor nonesand synt hetic steroids

found in ntraceptlves h as 17-b-estradiol, estrone, testosterone,

et hynyl G811 adilol VPRGN oY HUFCkalh] BEIOrSa RaRIEr $OFGhand  Baed

i nclude: high strength wastewater; |ow strength wastewater; and |eachate

f rom | andWistpwaterfiaasewssd rhagﬁnalfgblrb@nw,@atleﬂuqn@ strearory €0 bi200s 381, 400 hao1,

exanpl es of pollutants in wastewater include: flame retardants, solvents,

st abi | i zebIsor pol, wefiher amatvedr b pheeyted s@EPCBs Jurfade axdters grduud anger, pod ynucl ear

aromati ¢ conpounds (PNAs); pharnaceuticals, petroleum petrochem cal

product Sgtiream of wastewater from industrial, agricultural and municipal sources, having
pollutants of biodegradable material, inorganic, labile organic compounds capable of
being decomposed by bacteria, biologically refractory compounds, and/or biologically
inhibitory compounds, flowing into the wastewater treatment system.
[29] Wastewater from industrial and municipal sources typically contains biological
solids, and inert material and organics, including biologically inhibitory and refractory
organics. Examples of biologically inhibitory and refractory organics may include
synthetic organic chemicals, such as polyelectrolyte treatment chemicals. Other
biologically inhibitory and refractory organics include polychlorinated biphenyls,
polycyclic aromatic hydrocarbons, polychlorinated dibenzo-p-dioxin, and polychlorinated
dibenzofurans. Endocrine disrupting compounds are also a class of biologically
inhibitory and refractory organics which can affect hormone systems in organisms and

are found in the environment. Examples of endocrine disrupting compounds include:

alkylphenolics, such as nonylphenol used for removing oil as well as natural hormones



petrochem cal byproducts; cellul ose; waste products fromthe pul p and paper
i ndustry, phosphorous; phosphorous conpounds and derivatives; and

agri cul t uwel2oobesi2cal s such as those derived from or usedTUS2@00d1LCE
fertilizers, pesticides, and herbicides. [31] Wastewater from i ndustri al
and mnuni ci pal sources may al so contain trace constituent conpounds that
originate during the water treatnent process and are subsequently difficult
to renove., Exanpl.es of .trace canstituents introduce uring.the water

{F eat mont i rSHELS s HErie T J8ahPHEEEPSEn e N 1 BEBUR P A ne
(NDMA) which may be rel eased fromproprietary cationic and anionic resins.
[32] As fgstesteronpcatiynyl poididncent rati on wastewater” refers to wastewat er
having a | ow concentration of biologically labile (i.e., easy-to-digest)

or gani ¢ BOhpoOtias exahpleh of svakewaters trabe trhated midludenthighegitbngneestewati;on t hat
typically supports a biological treatnent systemin a conventiona
secondar vt k@it Blas@Watee Mkl aclate &dnACdndiat.edwsietdgRy agdabé @Rafelacesses
or a nenbrane biological reactor. In addition, as used herein, "low

concentr ahi AR MRSLLVBRE 'éxarﬂgﬂgy dePollthhY &R ERsthRler Sh@u Ot AMERAR fid, O

bi ol ogi cal oxidation in a traditional treatnent biological systemas the
wastewater is t J.ow i n.strength, or .cont aj onpounds. that _are not easily
by ol og1 calTyTucaflidts RiEgiEaRhel SERAL e IRRIES SR udfl 200 1
bi o- deconposi.tion, biologically inhibitory conpounds, and/or _biologically
et act ORYTRHAERAN b N AP HAEICOHIH. { S TinPEIBFmifel REGFHRY be
oxi di zed biologically, or require nmuch | onger residence tines than that
whi ch i spatsasheraichlybypraducayicelluloses wistd prgidoeth froa det pon angdspagen infd8gy. |1 n
addition, as used herein, "effluent subjected to upstream wast ewater
t r eat menpliosglesrensa|physpheans w@hfpourdy arfdr derivatieesd andrapgcudmi ashbmiradl sueh any
| at er - devel oped wastewater treatnent systens. The "effluent subjected to
upst r eamasdecailv8d from or used to produce fertilizers, pesticides, and herbicides.
[31] Wastewater from industrial and municipal sources may also contain trace
constituent compounds that originate during the water treatment process and are
subsequently difficult to remove. Examples of trace constituents introduced during the
water treatment process include nitrosamines, such as N-nitrosodimethylamine (NDMA)
which may be released from proprietary cationic and anionic resins.
[32] Asused herein, “low concentration wastewater” refers to wastewater having a low
concentration of biologically labile (i.e., easy-to-digest) organic compounds, which is
lower than the influent feed concentration that typically supports a biological treatment
system in a conventional secondary treatment system such as an activated sludge aeration
processes or a membrane biological reactor. In addition, as used herein, “low
concentration wastewater” includes influents that are not amenable to biological

oxidation in a traditional treatment biological system as the wastewater is too low in

strength or contains compounds that are not easily biologically degraded. They can also



treatnment” can be derived fromwastewater that was subjected to prelimnary
and/or primary treatnent processes, and secondary treatmnent processes,
e.g., actwoavadosi2zadge aerati on processes or nenbrane biporage@alo4rgact ors,
and generally has a | ow concentration of biologically labile (i.e.,
easy-to-digest) organi c conpounds, which would not typically be sufficient
to support a biological reaction in nobst conventional secondary treatnent
systens such as activated sludge aeration processes or ne ane .bi ol ogi cal
" act or sCoNAHN SCRITRIUHE. S Lot BRDEP RN AL P A oot sy o o1
the present invention that "effluent subjected to upstream wastewater

t r eat mentempaiingds. fandon biclegicallyasiractery ¢raeppuadshios @t @mbigntionef dhesgpyvhich
conventional or |ater-developed tertiary treatnments. For instance, in
certai n ewtst ewatoe be toxebtaderivlopmeily.i driregyireeffithu bomigerf residencet ttmesd thay thateat ment
system can contain contam nants | evels that exceed the nmandated di scharge

| evel s, @aARhsyeMicall huanbleadn tdokicdaixedhtiby sydiemsyst em and net hod of the
present invention. In further enbodi nents, the "effluent subjected to

upstr eannest ENaialont LEMIBREin, CRATRA: YBfdctdo luh@Math RadiEREY¥: SERALALT ON

systemin which substantially all solids have been renoved, such as one or

more of SELLICT Sicatl AL Sol BENST 20L1 drsenaralion, devicess dagti !
further %ﬁ%ogﬁnenes, el ueh su%jec ed to ups FéamvadPewat er YT &5t nent
can include wastewater that has been %ﬁbjected to a primary separation

(13 H p
syst em f YRHOWRET BYFAPSHAPEITBN. [[89] "TTHUGEnStuFc e t BINEECRI sttt
facilities use multiple treatnment stages to clean water so that it may be
saf el y rtasmseid dantlee Bevadsirom wastewatsudint agas| svbgestedr foy prebimingyl asdfosans.
Presently, many sanitary sewage treatnment plants include a prelimnary
t r eat menpriphigseeatmemhprobessec hadisealndamamstiaest prioechs¢sO ergenmti@atedrshelgobj ect s
(e.g., bar screens), and a sand or grit channel where sand, grit and stones
settle. QMR IR8EARAL or membrane biological reactors, and generally has a low
concentration of biologically labile (i.e., easy-to-digest) organic compounds, which
would not typically be sufficient to support a biological reaction in most conventional
secondary treatment systems such as activated sludge aeration processes or membrane
biological reactors. In addition, it is also contemplated in certain embodiments of the
present invention that “effluent subjected to upstream wastewater treatment” is effluent
that has also been subjected to one or more conventional or later-developed tertiary
treatments. For instance, in certain wastewater treatment facilities, effluent from a
tertiary treatment system can contain contaminants levels that exceed the mandated
discharge levels, and such effluent can be treated by the system and method of the present
invention. In further embodiments, the “effluent subjected to upstream wastewater
treatment” can be derived from a primary separation system in which substantially all

solids have been removed, such as one or more of settlers, clarifiers or other solid

separation devices. In still further embodiments, “effluent subjected to upstream
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systens also include a primary stage where certain fats, greases and oils
float to the surface for skimm ng, and heavier solids settle to the bottom
and are swbzenuesly treated in an aerobi c or anaerobi cPdirgssteien4t3n7 di gest
bi omass and reduce the | evels of biological solids. [35] After prelimnary
and/or primary treatnment, the wastewater is then sent to a secondary

bi ol ogi cal activated sludge treatnent phase. Biological treatnent of

wast ewater i s w del racticed. Wastewater. is coomonly.treated with waste
act | vat el SPYGe TRIRh; EF1 BRAidgaNFVas B A e RBL UGN by P |
within a treatnent tank. Activated sludge processes involve aerobic

bi ol ogi c¥fpakaiipnsysip follpwed bydrradiaBen.t ank, typically fol l owed by a
clarifier/settling tank. Settled sludge is recycled back to the aeration
tank in Bddler Int genemal nvvadtew aer wmekemenat facibtixedsd ingliple semsmendgages ab ictkmn
concentration to digest the contam nants. Sonme alternatives avail able for
di sposal wefer X GRaSt Bia9-t%obdféls reRa@d, in®) bsli&s of Ralevdectbud 1ke€ M@ks, langi ted to
i ncineration, disposal in a landfill, or use as fertilizer if there are no

toxi ¢ cOFRANRN Predetfdy, hidn} NGnASHALLRUE! BN mEAN %Q%’c‘lﬁ&”ta?gf&iliﬁgnﬂ s such

as air or pure oxygen is added to the m xed I1quor. Oxygen is typically

. reatmen ase 11 1C ecrranical means. arg use O It ¢ large o CIS (€.&., DA
oi ther oreEaPiohst T iRiRaBerh R bR SR I R AR T RN ™ ¢
Bi ol ogical oxidation is ty n met hod

i cal he | opest cost oxidati
avai | abl BTG SR PSBH GRATIC Clw@mﬁﬂwé?rﬁssa% TG SIoHET BT c SEBREANBE such
as anmoni a and phosphorous conpounds, from wastewater and is the nost
wi del y usystentsr dse aahedesy prierary otagaashesougesaindoist greasest and oils Hodli ol bgi cal |y
treatabl e organi c conpounds. WAstewaters that contain conpounds entirely
r esi st angurfaoe boskieanimppand iheaviebkaidsgiettdd ky thenbodoirhonyd acmpaisagientlgnd/ or
biologically refractory conpounds nmay not be adequately
treated in an aerobic or anaerobic digester to digest biomass and reduce the levels of
biological solids.
[35] After preliminary and/or primary treatment, the wastewater is then sent to a
secondary biological activated sludge treatment phase. Biological treatment of
wastewater is widely practiced. Wastewater is commonly treated with waste activated
sludge, in which biological solids are acted upon by bacteria within a treatment tank.
Activated sludge processes involve aerobic biological treatment in an aeration tank,
typically followed by a clarifier/settling tank. Settled sludge is recycled back to the
aeration tank in order to maintain an adequate mixed liquor suspended solids
concentration to digest the contaminants. Some alternatives available for disposal of
excess bio-solids, e.g., sludge, include but are not limited to incineration, disposal in a
landfill, or use as fertilizer if there are no toxic components.

[36] In the aeration tank, an oxygen-containing gas such as air or pure oxygen is added

to the mixed liquor. Oxygen is typically used by the bacteria to biologically oxidize the
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treated by a conventional sinple biological wastewater treatnment system
These conpounds can only be acted upon by the bacteria during a hydraulic
ret enti orwoi2og/on92Mi n t he specific treatnent tank. Becamsg/ush@olysiaul i c
retention tinme is generally insufficient for biological oxidation of a
sufficient quantity of the biologically inhibitory conpounds and/ or
biologically refractory conpounds, it is likely that sone portion of these
recal ci trant. conpounds not . be adequately treated or destroyed and can
base. ¢ hr BaGHE S PEHHR AT A cuBS, ARG S FTBRRy Mo s PP Sy CHiESe 08 pr o
to discharge in either an effluent or excess residual sludge. [37] The

m xed | i yasewer fegdnt Bidlegiral nexidatioat isoiypicaky the, faveast |69ste@ﬁ184t§name od
clarifier/settling tank where sludge, including concentrated m xed |iquor
suspendeavaslable ds rens@tetdremibpolirtants ayd sddet noeghinlyi @mgssnds swasiseonmonie. ,

di scharged, to off-site disposal, or circulated back to the aeration tank
However , arldaplesipRerolidiCompsiiaem aadewaoNaid & headsst Wides Wiedl ttgtfialt

oxi dation systenms use a different treatnent nmethod to renove the solids

fromt hﬁse;)én%r%# YGRS eRhfk WA tamiddied Gl idl ibﬁ&l@%iﬁ:ﬁﬁf\&ﬂebt@ﬂlet &34ni€ a&)n@%u’h@@' aced

with a ane operating system or anoth it operation su as a

dissolveﬁ/indu ed a{r flotation devh%?. h !' ui effluent fr

The |i g mt he
0 { th ) d Gt fohib R .
clarifier P& EITHY t @ME™ SPEPATI RS SV St &/’ 8Pt s SO VEdH RaLCed °a5 % Y ot at i on

device is_either dischargeg)ot given further treatnment prior to discharge.
The sol i BEINREY CHPROPEH AN THIRPIENS ETEFIONY EAPPAHISS &Rt B ridaevA'e¥ are
returned to the aeration tank as return activated sludge in order to retain
an adequagaed diyc eneomyeitgonabfsimalet biolegi¢al whdewatelt digatn8mtresypent. i obhese t hi s
return activated sludge is periodically renoved fromthis recycle |ine,
known ascamsivadachn watyebe attedgponity tederctdria doingr ohydifelic osteitnr @ineon of
bacteria in the mxed |liquor. This waste activated sludge is then disposed
of in a piRketerdpbatd (RNt tank. Because the hydraulic retention time is generally

insufficient for biological oxidation of a sufficient quantity of the biologically inhibitory

compounds and/or biologically refractory compounds, it is likely that some portion of

these recalcitrant compounds may not be adequately treated or destroyed and can pass

through a treatment process unchanged or only partially treated prior to discharge in

either an effluent or excess residual sludge.

[37] 'The mixed liquor effluent from the aeration tank typically enters a

clarifier/settling tank where sludge, including concentrated mixed liquor suspended solids,

settles by gravity. Settled biomass is wasted, i.e., discharged, to off-site disposal, or

circulated back to the aeration tank. However, based on the wastewater and economic

needs, some biological oxidation systems use a different treatment method to remove the

solids from the wastewater effluent. The clarifier/settling tank can be replaced with a

membrane operating system, or another unit operation such as a dissolved/induced air

flotation device. The liquid effluent from the clarifier/settling tank, operating system or

12



[38] One recent advance in conventional industrial biological wastewater
treatnent plant technol ogy includes the addition of powdered activated
carbon paw0i20116®5920 t he m xed |iquor. In biological treaCrarskolpooBesses
utilizing powdered activated carbon, the organics can be adsorbed onto the
activated carbon and remain within the treatment tank for a hydraulic
retention tine that is simlar to the sludge residence tine and therefore
undergo hoth sor pt.ive. and extended biaqglogical treatpent that result in
onhanced® SRR U PCSRgr Ay S THERt obf S o M vipshgpron
conpounds. In these processes, certain organic and inorganic conpounds are
physi cal toydisdwgenedhe solidsethgyppaemoyed fiom Pwvilarisentigpiseragation dayidsore
particles. At |least a portion certain of these conpounds are then

bi ol ogi cehirged 6y thedaiatice. gnk asxkeudie edivatedasiudgr obocleptocasia, andadegngtet he
extended tinme that it is present in the system and the remainder is

adsor bedcamrentelitivg hAbge@riwi fhel $18teatt BYAE @drtiar SoMiswReitn lattivafedNasd@disf rom
the system [39] Powdered activated carbon has been used in conventi onal

b ol 01 Cilidaical abyad! @it ShidPEFLRGIRI kidien BDhIE Yoh@iAARQI0. Rl ghgabcally

i nhibitory and biologically refractory conpounds, thereby providing an
effluent_with _ |ower concentrations of t.he ol lyut.ants. I nclusi,on of

pouder ed” el i BRHER B KR HEN T Geird fafSor hif Hade at iyt

of operational benefits. The cargon provi des the advantages of a suspended
medi a bi BFBEISEATedf &bt REAECHYEESMARMT ch i ncl ude i ncreased pol lutant renoval
and increased tolerance to upset conditions. Additionally, the carbon

al | ows t B8] bi Ghogecsat hgvangpiibiconysatignd bidestogli bigldgjcat efasigetatsr yiraabngibunds t o
adsorb onto the surface of the carbon and to be exposed to the biology for
a si gni f plaantekcndlogg atclyates ithel additioh g pdvederdédn aetivaaslv earboro pattickds odoothie c al
treatnment system thereby providing benefits simlar to that of a fixed

film sysg@md 1uer.Caf Bigbelab Be@heAt\SrotQkest iAW dPEl LltivaR8Chitos, &kl ai ns
of bacteria that are

organics can be adsorbed onto the activated carbon and remain within the treatment tank
for a hydraulic retention time that is similar to the sludge residence time and therefore
undergo both adsorptive and extended biological treatment that result in enhanced
removal of certain biologically inhibitory or refractory compounds. In these processes,
certain organic and inorganic compounds are physically adsorbed to the surface of the
powdered activated carbon particles. At least a portion certain of these compounds are
then biologically degraded, e.g., oxidized in an aerobic process, during the extended time
that it is present in the system, and the remainder is adsorbed and discharged with the
activated carbon when it is wasted from the system.

[39] Powdered activated carbon has been used in conventional biological treatment
plants because of its ability to adsorb biologically inhibitory and biologically refractory
compounds, thereby providing an effluent with lower concentrations of these pollutants.

Inclusion of powdered activated carbon in the mixed liquor provides a number of
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nore capabl e of digesting the biologically inhibitory organic materi als.
The fact that the carbon is continuously recycled back to the aeration tank
wi th t he wetarmosxri vat ed sl udge, i.e., the sludge resi @#cmas2a10/@i31Treans
that the bacteria can work on digesting the biologically inhibitory organic
conpounds adsorbed onto the surface of the carbon for a period of tine

| onger than the hydraulic detention tinme of the biol ogical treatnent

system This. progess.alsq . results in.biological regeneration of the carbon
and al | oHRErHABAL RERTHS o IMErEN RIS IPERTFRSC N POVIRASE® K of ORI PRNRDI ¢ ory
and biologically refractory conpounds than it could in a sinple packed bed
car bon f biplagicak yisaiEanisysemyshica iaflyde iegeased reHeghe RMevahlage dRerRtsedr
costly physical regeneration of the carbon once the adsorption capacity of
t he car boterarsedax lnpses centlitidive Additbomllynthe erbwnadld wi itltpuloiol ogamallglisobiads or b
certain conpounds and therefore provide an effluent that is free of or has
a subst asid @blogichR uaR@ 0P RE@PbUREsit6 BdRLL 6MINBY Rdtack datheala€bdidndttb @at abl e
by conventional biol ogical oxidation or otherwi se entirely resistant to

bi 0- decopngslid {Pfhe Hil6 ﬂ@x”zp's%nfffcaﬁﬂ}km QYRES: BGE MM §da CaLRARSYSTem i s
of fered by Sienens wat%r Technol ogi es ufnder the trademark "PACT(r)."[40]

Hovever, bi%ﬁ%‘i%‘é? 8Dt RL.0LR9 h%fe{%%‘(%{%td{‘n aﬂ%leﬁ%sﬁﬁﬁ%} D 2 figed FApd
I norgani ¢ “conpounds occurs on aCll vat ed carpbon I n powder orm Wast i ng
of excess solids is required. In additjon, the powdered activated carbon is
di schar gRASHH-orthe REoPh aleralitys P leca oo o eeddmpiins of bisGEoPRtEC ang
must, therefore, be continually replaced. The primary node of contam nant
renoval mareacapAdT Of Higsytsngetie beologisdhypinhibiorywnghnia muscronsafye faghibei da of
bi ol ogi cal regeneration of organics adsorbed on the powdered activated
car bon; tdieorpowdetitouslgtrecsateddbaclardibn abatiowtank etidi the detiuh dckhieatsy siuége,f or a
sufficient period of tine for biological regeneration to be the primary
treatmenfe  the sludge residence time, means that the bacteria can work on digesting the
biologically inhibitory organic compounds adsorbed onto the surface of the carbon for a
period of time longer than the hydraulic detention time of the biological treatment system.
This process also results in biological regeneration of the carbon and allows the carbon to
remove significantly more biologically inhibitory and biologically refractory compounds
than it could in a simple packed bed carbon filter system which would also require
frequent replacement or costly physical regeneration of the carbon once the adsorption
capacity of the carbon is exhausted. The carbon in the mixed liquor can also adsorb
certain compounds and therefore provide an effluent that is free of or has a substantially
reduced concentration of compounds that are not treatable by conventional biological
oxidation or otherwise entirely resistant to bio-decomposition. One example of a known

powder activated carbon system is offered by Siemens Water Technologies under the

trademark “PACT®.”
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mechani sm [41] Increasingly, sanitary wastewater is being treated using
menbr ane bi ol ogi cal reactor technol ogy, which offers inproved effl uent

qual ity, wozndaldos27physi cal footprint (nore wastewater eam/useomwnesied per
unit area), increased tolerance to upsets, inproved ability to process
hard-to-treat wastewaters and a variety of other operational advantages.
For exanple, wastewaters containing high total di ssol ved solids can
experien tlin robI n a c nven clarifier/settling tank and
Fequt r ool D] gntip et Fis sy RIS e B e ROl QSR Bevi cos
such as a dlssolvedllnduced air flotation deV|ce or sonme other solids
renpval <3BRawds PesuEy en theypgtivatedesemhoana nsiveles dpran| WasEag 1ob escesh isphidiaite t he
settling problens experienced with clarifier/settling tank systens, they
of t en pregeintd. plrobdditren,ahe pendead excfivatbd ngrbamds flipamrpe {rhat thdgreaghemsccur i n
conventional systens using clarifiers. Menbrane fouling may be the result
of ext rapeedss Wi theatho®iliof BRI mubathefdsid] be tsMubg rdplRel - dmen of

t he blologlcal life forms in the m xed |iquor suspended solids,
accumul a fgﬁrﬂ&rfﬁmﬁé%’fﬂb&nt&‘iﬁhﬁh{ AURowCR 2P RET® s ted?ylss&ﬁbf an%ﬁﬁleq by
i nor gani erials 42] I'n addition, to date, nbr ane bi ol ogi cal reactors

have not bee i.ze a owde red ctlvate carb
addi tion® %(garr% HHCUOBeoefﬁB)lrm)ergecaﬁ r%geYlFraB(%n roer a%{% i va e car%e mor ﬁergﬂrface
water treatnent systens that utilize nenbranes for fl|f[l‘§@| on. However it

has beenaqtlé@@fit@abqnhébe PR @reéﬂla&tédw&#&n 151 &Rdt HrEakeds ips thensystrgh Agr 2

menbr anes and powdered activated carbon have problenms with the carbon
abr adi ngsutheientepbrieched tmd fhebioagieh (seenvaatont ks bsl thygipngaandrerménsul i ng
the nenbranes. [43] Industrial wastewater that nust be treated prior to
di schar gmedhaniseuse often include oily wastewaters, which can contain
emul si fied hydrocarbons. O ly wastewaters can
[41] Increasingly, sanitary wastewater is being treated using membrane biological
reactor technology, which offers improved effluent quality, a smaller physical footprint
(more wastewater can be treated per unit area), increased tolerance to upsets, improved
ability to process hard-to-treat wastewaters and a variety of other operational advantages.
For example, wastewaters containing high total dissolved solids can experience settling
problems in a conventional clarifier/settling tank and requires significantly more difficult-
to-operate solids separation devices such as a dissolved/induced air flotation device or
some other solids removal system. However, while membrane biological reactors
eliminate the settling problems experienced with clarifier/settling tank systems, they
often present problems of membrane fouling and foaming that do not occur in
conventional systems using clarifiers. Membrane fouling may be the result of extra-
cellular polymeric compounds that result from the break-down of the biological life

forms in the mixed liquor suspended solids, accumulation of organic materials such as

oils, or by scaling caused by inorganic materials.
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cone froma variety of industries including steel and al um numindustries,
chem cal processing industries, autonotive industries, laundry industries,
and crudewoi2b1pnostact i on and petrol eum refini ng i ndust r iPES/USABLOBUBEUSSEed
above, a certain amount of nonemulsified oils and ot her hydrocarbons nay be
removed in primary treatnment processes, where floating oils are skimred
fromthe top. However, biol ogical secondary wastewater processes are

gener al | np} oyed to renpve the remajnin ils fromwastewater, .typically
TheCar st earoidigity & M BerORTEn bl R laTers Hiybeeh Wiy o cal
hydr ocarbons remai ning after primary treatnent can include |ubricants,
cutting $Iunasiallyavigh pgrdaied acgivatge carhog additwge| Therp d1as Pgen|spme uskefosene,
jet fuel, and the |ike. These hydrocarbons typically nust be renoved prior
t o di schpowderaf adtivetedabeboniimsotideevaerviqaomenystons et selizf meimbranat & i n t he
industrial process. In addition to governnental regulations and ecol ogi cal

concer nsijlt@iibh c HoMevére MM abecdf repdieedr tRifahébe ROrTyeds ARl @RS Ay SOmB@sing
benefits, as adequately treated wastewater may be used in many industri al

processeseAhng!l Ll F%jﬁer%t@‘ébt%%%rca%cﬁlaﬁi{?% oIeHE Svit e "GO EDFRGH AEOT Y

di scharge concerns. her types of wastewater that nust be treated

i ncl udes corp)t ani na %d Qﬁjocess wat romao ustrial Iprocesses such as
mem rane? arb { car b a

e on perm nent?r lfu 11 a%crf/%f foiuﬁg %he m nes
manuf act Uuri ng o ar raceutt CE"§M NV RMRRUS 29980 agricur o ar® product s

ORI e e T T e s e
reactors in the treatnent of oily/industrial wastewater has been very slow
to devel oty wasienhierdwehitlh camicanenaaeelsgiadbhedrecateasci Qiledvasitewatess |caand
chem cal fouling of the nenbranes. Testing of industrial/oily wastewater
treat ed ¢oma fivanmaranetoodlindiscrl indadingrstdedh\vind galpaiier eédlustries, chemical
processing industries, automotive industries, laundry industries, and crude oil production
and petroleum refining industries. As discussed above, a certain amount of non-
emulsified oils and other hydrocarbons may be removed in primary treatment processes,
where floating oils are skimmed from the top. However, biological secondary
wastewater processes are generally employed to remove the remaining oils from
wastewater, typically the dissolved and emulsified oils, though some free oil may exist.
Typical hydrocarbons remaining after primary treatment can include lubricants, cutting
fluids, tars, grease, crude oils, diesel oils, gasoline, kerosene, jet fuel, and the like. These
hydrocarbons typically must be removed prior to discharge of the water into the
environment or reuse of the water in the industrial process. In addition to governmental
regulations and ecological concerns, efficient removal of the remaining hydrocarbons
also has benefits, as adequately treated wastewater may be used in many industrial

processes and eliminate raw water treatment costs and reduce regulatory discharge

concerns.
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activated carbon added to the m xed |iquor indicated the sane treatnent
advant ages as observed in conventional biological wastewater treatnent

syst ens iwoOl2odioego2powder ed activated carbon. It was al seCmatSedonhst7 t he
advant ages of using a nmenbrane biol ogical reactor can al so achieved. A

si de- by-si de conpari son of nenbrane biol ogical reactors with and w thout
the addition of powlered activated carbon denonstrated that the nenbrane

bi ol ogi c re or mﬁt owder ed acti vat ed carbon rovided.tr at nent

oty ant ag) oc TSP BN G o T AT BF B P En b SRS i e
activated carbon. Additionally, the nmenbrane biol ogical reactor w thout the
car bon aWaict flom o Wdpsirigl fre¢essastsuely ap pupafastupag e@g pbargfaceliticals) yaEPUSr gani cs
and extra cellular polyneric conmpounds fouling the nenbranes. However,
testing gmmmhgymdbmbhpbdaned&ghﬁiﬁﬁ%ﬁipe$MEbaddHﬂﬁdﬂ9gﬁanmdmdewmmgjvated
carbon provided a very viable biological wastewater treatnent system the
car bon hadwélhes gediedlerdsesaiteef f ect of a significant anount of abrasion to
and non-reversible fouling of the nenbranes. This abrasion and

non-r eve[ﬁﬂ bl @oﬁl%kélﬂgd el e ARkang nl% glctap &R tin Ithe tRLSnGY rem
bei ng very costly to oper dt e, because of theSignificantly decreased life
ing fr

expect anc. a ne C quen
T it oney e o PELP BRF Baf P B\ S0F e ERoPImal AR ¥ Bl

t r eat ment used to renove the najorlt of the wastewater contam nants,
as it isPrtoglﬁﬁEaPﬁiSWf“ﬁg Vi3l @pdthymisal a5 b JACHUERF b  TFSURE (Heat t he

organi ¢ conpounds in the wastewater. In addition, to a | esser extent, a
bi ol ogi cadusiyisi@ln wastcwhicn ticatgdie & oreentirprsy gm&caédmhl@,mm)owdﬁ@dof t he
i norgani ¢ contam nants that can either be oxidized (e.g., amoni a,
phosphat &siyvateddiaghoa ddded le the mieddjquor icheatdaethabamehedttynttadearbagerass. | f
it is absorbed by the biomass it is ultinmately discharged with the waste
act i vat eghsshdA8 - conventional biological wastewater treatment systems including powdered
activated carbon. It was also noted that the advantages of using a membrane biological
reactor can also achieved. A side-by-side comparison of membrane biological reactors
with and without the addition of powdered activated carbon demonstrated that the
membrane biological reactor with powdered activated carbon provided treatment
advantages as compared to the membrane biological reactors without activated carbon.
Additionally, the membrane biological reactor without the carbon addition was very
difficult to operate because of dissolved organics and extra cellular polymeric compounds
fouling the membranes. However, testing further demonstrated that while the addition of
powdered activated carbon provided a very viable biological wastewater treatment
system, the carbon had the deleterious effect of a significant amount of abrasion to and

non-reversible fouling of the membranes. This abrasion and non-reversible fouling was

significant enough to result in this system being very costly to operate, because of the
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[47] Notw t hstandi ng the advances and devel opments in biol ogical oxidation
processes and ot her secondary treatnents, many secondary treatnment systens
are not capablwosi27adequately treating the wastewat er f@ea/usgolbiosi3oyi ca
oxi dation al one. Wastewater effluent that has been subjected to secondary
treatment sonetimes does not have sufficiently Iow levels of organic and/or
i norgani c contam nants to allow discharge or reuse in conpliance with
regul atory limts. Accordgﬁgl , tertiary treatnent steps are offen

Foqui r ec EFRBI HERRT O FRFEIArY T st HERPTSE p oI G P SB B as sage
of effluent that has been subject to secondary treatnent through one or
nore adsBePEAEY-col urms, incl udi ng adsorbent naterial such as activated
carbon, commonly known as "polishing.”" Qher tertiary treatnment processes
can incl 46¢ phsditivgal Heolsgicalndaidatibn eaf nemstevedtd tentontrhodyugh ssvendary nor e
filters, coal escers, UV oxidation, chem cal oxidation, other tertiary
treat mentreAnshteiep Used t€ QBRbNAtHOMa@rity RESHe SYBlcilor ddavRVIALnts, eEis
tertiary treatnment systens are often | arge and/ or expensive to operate. A

key reas icfaﬂ{{' tHelBasP E&sl?lg%aiti%n et FBRABXNE D5Ge 10 the CRPYROLARHRINGE & thkar y

treatment systens I1s that the entire secondary treathent effluent having a

reIativeIXMIo c0ﬂ§$ﬂ¥ﬁation f con% subst ant i al ortion
0

am nants. or
ther eof . “Are e B3 nEd R SRR O b rerd v o0 i F3PMG S o

the present invention obviate the drawbacks of. exié%%ng t?%tiary,treatnent
syst ens, PARANCTFOEMMET 22 ADBE i@}ﬁ@or@@wm@taan%% tHatithehRe BEIdSEd as a
secondary or tertiary treatnent system particularly when the wastewater to
be treat @i an@mohignwpkaspbaiedr adhieemtonds tbeawaaser or qaB(le apherbpd by dhe biomasntion is
directed to an inproved wastewater treatnent process and system for
t r eat i nglfat wabsebat ey ths i @asss itiaultiagels didcbavgedivithshatwhae adtovatddalidge] uent

[47] Notwithstanding the advances and developments in biological oxidation processes

and other secondary treatments, many secondary treatment systems are not capable of

adequately treating the wastewater feed by biological oxidation alone. Wastewater

effluent that has been subjected to secondary treatment sometimes does not have

sufficiently low levels of organic and/or inorganic contaminants to allow discharge or

reuse in compliance with regulatory limits. Accordingly, tertiary treatment steps are

often required.

[48] Conventional tertiary treatment steps often include passage of effluent that has

been subject to secondary treatment through one or more adsorbent columns, including

adsorbent material such as activated carbon, commonly known as “polishing.” Other

tertiary treatment processes can include passing the secondary treatment effluent through

one or more filters, coalescers, UV oxidation, chemical oxidation, other tertiary treatment

system, or a combination of these systems. However, these tertiary treatment systems are

often large and/or expensive to operate. A key reason for the problematic size and
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flowrate, i.e., high flux, in a biological treatnment systemthat has a | ow
flux. This is achieved by adsorbing the contamnants in the high flux

st ream orwo 2adsos2ent materi al and then biol ogically regemarsatiofngi3and/ or
reactivating the adsorbent material in a suspended nedi a nmenbrane

bi ol ogi cal regeneration reactor system This systemis particularly useful
for the processing of | ow concentration wastewater that is not particularly
sui tabl e for convention bi ol ogi cal wast ewat er t}tlreat ment hecause of the

| ow | evef PGPS IOy FHLnR tett%%?{ PEAESRp OGS, 15 [t 1ths AEe SePAYE HEHP Nt s,
the wastewater treatnent process and system for | ow contam nant )

concent r gtlue lwagtgemléttvq%s lays epgengation plegqntaipipants ot frenpstanfial ppstionn whi ch
a substantial portion of effluent that has been subjected to secondary

t r eat nenthesntl/aor subjdeero thpettreamerits.eat nent i s exposed to a high flux
adsorbent material treatnent, and a mnor portion having a relatively

hi gher |p9gl he @wtramaﬂarthethwksef lied paRerithievadiar bienkte e elrhwbacks of
subjected to a | ow flux adsorbent bi olpogi cal regeneration treatnment system

to regenglialf tABHPHSAIMBSNy R Siddah Lrsh e}'HB%dﬁﬁ{e%ttse;rB%@fag Et@ﬁ’t%!tt%ran

treat nent of "“wast ewat er of the present I nvention rehends a treat nment

system whi ch ji ncl udes st.em
i nt egratl%ed e tR @ sefonda ?fxggt 3 lrflrt%% n%enﬁﬁsg“ a CUI"Tr(J‘/gYVc%tI} Pty aesnee ar|t8n

reactor. gtyene%ﬁ t he high flux adsorbent material tr eat ment system
i ncl udes fb'i‘i"ea IS RPW CQRFINUBNY WEHBWAC or i xi ng | ow concentrati on
wast ewat er, or ot her wastewater containi ng COI'TpOUﬂdS entirel Yy resistant to
bi o- deco[ﬁ@bm Thonrespitdhegitioal ib yikephd b taoriynpeevedovirrdesyatent¢asmeny ploegsiscal |y
refractory compounds, or a conbination of these, with adsorbent materi al
and decamtd sygtelm o tebaeifi§ laveidtewas figam thed hiased floenaentindli anthefinfluent
contam nants. [53] The adsorbent material having contam nants fromthe | ow
concent r A Qfte, i.e., high flux, in a biological treatment system that has a low flux. This is
achieved by adsorbing the contaminants in the high flux stream onto adsorbent material
and then biologically regenerating and/or reactivating the adsorbent material in a
suspended media membrane biological regeneration reactor system. This system is
particularly useful for the processing of low concentration wastewater that is not
particularly suitable for conventional biological wastewater treatment because of the low
level of biologically labile compounds.
[51] In certain embodiments, the wastewater treatment process and system for low
contaminant concentration wastewater is useful as a tertiary treatment system, in which a
substantial portion of effluent that has been subjected to secondary treatment and/or other
upstream treatment is exposed to a high flux adsorbent material treatment, and a minor
portion having a relatively higher level of contaminants adsorbed on the adsorbent

material is subjected to a low flux adsorbent biological regeneration treatment system to

regenerate the adsorbent material.
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wast ewat er adsorbed on its surface and/or on the surface of pore walls is
passed to a |l ow flux adsorbent material biological regeneration reactor in
whi ch bi avogbt#los9zrcr o or gani sns degrade organi ¢ and cePCRIUS2010043aNi C
contam nants and provi de an adsorbent nmaterial with | ower concentrations of
t hese conpounds such that it can be reused as a fresh adsorbent. In certain
enbodi nents in which the biological reactor is an aerobic biol ogical

react or ing a source of ox n to suppart aerobic.m cro-organi sns, the
b1 o 091 cllr ofef sBRem ik med G SRl B vl e GhakoPRar gargon
contam nants in the wastewater are netabolized generally into carbon

di oxi de eMEPTARANGP 2 tERERAY ShitdIradych ckidppy BighffhgmdsprberfaayieBariteatragdr i al |
and the regenerated adsorbent material is recycled to the high flux

adsor bensysteat ertéghted medt artaw fley stienbenAintaervdbiolediyal regemetation fréagroradsor bent
mat eri al bi ol ogi cal reactor could be an anaerobi c biol ogical regeneration
reactor ganeteMhefllQph Mt @&R6Ment MaHAD deM@RhS sysleitin€liddshencc opRUNASItt 0 be
adsorbed onto the adsorbent material are nore easily degraded in an

anaer obi g & SR Aor [miding! HVACEREARIGS WabRwARE, BF ofRE Sy AT NEHAnink e

present i1 nvention enpl0ys a system i ncluding a suspended nedi a nenbrane

bi ol ogi cal £&AGL oh,; BYSEEM, PYCH; a5 &, arandl af, Actl yated, carbon, acration
react or, “TOr9"0%R %y a' EMr ane operati ng  SySPed i PCh Yaddgrhent
material is substantially prevented fromentering the nmenbrane operating

system H¥/eRiorqgady siaReryPENPERds o RUFABRYNAREN 00 8% 2With g derd

i ncorporated by reference herein. [55] In one preferred enbodi nent, the
present inateanak dndrdepandingdmwiceettloentinayipg reditcad aenqsnaieansoficentagdinangs. t he st eps
of : m xing adsorbent material with | ow concentrati on wastewater; settling
t he adsofB¢nt That @isodent deaeandli hgviag obdhenidase D vihagldvwheconatgratioant act ed
by the adsorbent material; treating the adsorbent material having adsorbed
wastewater adsorbed on its surface and/or on the surface of pore walls is passed to a low
flux adsorbent material biological regeneration reactor in which biological micro-
organisms degrade organic and certain inorganic contaminants and provide an adsorbent
material with lower concentrations of these compounds such that it can be reused as a
fresh adsorbent. In certain embodiments in which the biological reactor is an aerobic
biological reactor having a source of oxygen to support aerobic micro-organisms, the
biological reaction includes biological oxidation, wherein organic contaminants in the
wastewater are metabolized generally into carbon dioxide and water. Excess biomass is
removed from the adsorbent material, and the regenerated adsorbent material is recycled
to the high flux adsorbent material treatment system. Alternatively, the low flux
adsorbent material biological reactor could be an anaerobic biological regeneration

reactor system, for instance, in embodiments in which the compounds to be adsorbed

onto the adsorbent material are more easily degraded in an anaerobic reactor.
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contam nants in a biological regeneration reactor; treating m xed |iquor
fromthe biological reactor, including mxed |iquor suspended solids and

m xed volwoi2ba/dosraor suspended solids, that is substan®caiusgomioes1pf
adsorbent material, in a nenbrane operating systen renoving excess bionass
fromthe adsorbent material; and recycling the adsorbent material to the
step of mxing it with the |Iow concentration wastewater in a high flux
adsor ben terial treatnment system Advantageously, the decanted

Super nat Bl i o iaeng’ sl BPBRLIDACTr. PEWCEACNER Y UAP S evat or
Accor di ngl %/ t he bi ol ogi cal regeneration reactor and the nmenbrane operating
syst em apysteahprdydiag rosuspemied gpedia mneyplane bilegisd SACtOhSsysiInuREChos fhe
total |ow concentration wastewater effluent previously subjected to

upst r eangngat asivated wahongeragion rgrcosefdlowed Ay costmbfahe opéragng sys&inment i s

t hereby provided for | ow concentrati on wastewater, especially as conpared

t o convewhicAnadsottnt i @at¢rislr eatsaBintRySt Fx_msel&ew hréve @ii@ntd ahe agbinbahed
carbon adsorption colums typically utilized for polishing wastewater

di schar ggd {[iRMR1e3e CANGALYbEL A BN PARMG o NeGHibGY R TB0ESERD CRhICH is

regenerate thé dadsorbent material with energy Intensive regeneration

processes 8“89n§§?h%}r8%£}k9 eneration or steamregeneration. [56] The | ow
concent r AT 61 WasteWat er “tr eat ment system of the present invention includes
adsor benltf material which in certain preferred enbodinents is g[r anul ar

act i vat eP tar Bofi® PIRICHRE HrOORBRRNTY S PEFSEANY HHIPEPTPYIGYS S rigraHRent
conpounds in | ow concentrations. The adsorbed organi cs are subsequently
exposed procdssoinolydingl thei steps of: gamixing ddsokentomatdrigk vaiths devweerncentragional

bi ol ogi cal reactor for a period of time that is much | onger than the

typi cal Wwydewatkt; Gettlesd theneigorbemematarigl @actnaing ac totheatved re@mpbiap the haefrs. The
| ow concentration wastewater treatnent system and process of the present

i nvent i OfbRAGEDY NtAd @8sdrb@R anBRESANCaGUTRRUAS Heh P Mt afalIndesoftrat has

been subjected to
contaminants in a biological regeneration reactor; treating mixed liquor from the
biological reactor, including mixed liquor suspended solids and mixed volatile liquor
suspended solids, that is substantially free of adsorbent material, in a membrane operating
system; removing excess biomass from the adsorbent material; and recycling the
adsorbent material to the step of mixing it with the low concentration wastewater in a
high flux adsorbent material treatment system. Advantageously, the decanted supernatant
includes a substantial portion of low concentration wastewater. Accordingly, the
biological regeneration reactor and the membrane operating system are employed to treat
only a small portion of the volume of the total low concentration wastewater effluent
previously subjected to upstream treatment in prior art processes. A cost-effective
treatment is thereby provided for low concentration wastewater, especially as compared

to conventional tertiary treatment systems such as granular activated carbon adsorption

columns typically utilized for polishing wastewater discharged from a secondary
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upstream wast ewater treatnent. Accordingly, when enployed as a tertiary
treatnment system the |ow concentration wastewater treatnent system and
process oVotha/qsesent invention all ows organi c contan ramits2a10/0bB81EXpOsed
to bacteria for a longer period of time than could nornmally be achi eved
based on the flux of the upstream wastewater treatnents in conventiona
secondary treatnent systens. Thus, the tine for biological reaction, for

i nstance, bi ol ogi cal_oxidation in enbodi nents i ich the m cro-organi snms
e aer obramBHCRags dTrent SEUREY ol Fos R Redtisorg e e B Sid8Tenl
regeneration rather than the energy intensive systens typically enployed to
r egener alERSiyE apasngtiatige progatsetsuch b oot Jiregenaraifinmy sfeam i8e&nerdtiong much nore
cost effective regeneration system [57] In accordance with one or nore
enbodi nef®$, The ldbwwonosrtenbn avastawatas tresteteer systaat ofethie prgsdngé nmwedntiohe
present invention includes adsorbent material which in certain preferred

enbodi MefcRideSadioaRHl @bteaial Wiizh 86l cadlif pReferddl @foddhei® iLevMpgIsCIGivaedanged
to adsorb organi c conmpounds in | ow concentrations. The | ow concentration

wast ewat efb4ealiTRAL 5YSh&E 90deRr A558d Of LhGB §38Rk LOMBRIHAin low

concentrates these organic conpounds ‘fromthe effl"uent that has been

subj ect eqt Lo, RS CARVERL ARl daeat mento AGkerdiong] Vo pien.eploved as a
tertiary treatnent systeem e f'ow concentriati ogn ‘Wwastewat er ¢ reat rent
system and process _ of the sent invention allows_organics_.to be exposed

pr
to bact ePigaNFRP K2 1QWGRK ﬁ?é‘?‘%%‘& raterigl Rlolpgispl 1epiPigion drigrt i HEneeR ‘sved

based on the flux of the upstream wastewater treatnments in conventiona
t erti ar ymuelelpngerthas thettgpisal hydrpulic eesidsope pokiis Bianglag pettvatad, caltipadilterhe ti me
for biological reaction, for instance, biological oxidation in enbodi nents
i n whi chThdhBwit@icenteat@any Sisyakdrarcagnabisgsthacihe pracesd of thel psdsamtinedntipnl onger
than coul d be achieved in a biological reactor treating the entire influent
flow..  concentrates these organic compounds from the effluent that has been subjected to
upstream wastewater treatment. Accordingly, when employed as a tertiary treatment
system, the low concentration wastewater treatment system and process of the present
invention allows organic contaminants to be exposed to bacteria for a longer period of
time than could normally be achieved based on the flux of the upstream wastewater
treatments in conventional secondary treatment systems. Thus, the time for biological
reaction, for instance, biological oxidation in embodiments in which the micro-organisms
are aerobic bacteria, is substantially increased. The use of biological regeneration rather
than the energy intensive systems typically employed to regenerated granular activated
carbon in polishing filters, is a much more cost effective regeneration system.
[57] In accordance with one or more embodiments, the low concentration wastewater
treatment system of the present invention includes adsorbent material which in certain

preferred embodiments is granular activated carbon, in one or more vessels arranged to

adsorb organic compounds in low concentrations. The low concentration wastewater
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[58] In addition, in accordance with one or nore enbodi nents, the | ow
concentration wastewater treatnent system and process of the present

i nvent i orwoges/@s®eor bent material such as granul ar acti varasg2canbon t o
adsorb the contam nants fromthe | ow concentrati on wastewater, e.g., a ful
flow | ow concentrati on wastewater streamfroma secondary treatnent system
and transfers the adsorbent nmaterial having the adsorbed contamnants into
arelatively small menbrane biol.ogi cal reactor.systen1havin§ an_arr.angenent
simlar Er%at%ﬁ‘ét TEYBP o} BF eSOt alfic r RERNE r NEGU BT SR B dTSH ¥§2HENdi ng
and commonl yowned PCT applicati on nunber PCT/US 10/ 38644, which is

i ncor por GRTERPURES HOM the elﬂg‘lleéllt &rié das her suRjeptet tPUIRRiRaa WIpCNAleh &eatment.

W0 09085252, which is also incorporated by reference herein. The organic
conpoundActdrdinglyr evleas empbged st heeidso tisaemienresly gemalthadew béancegiatiah| y
treated in a suspended nedi a nenbrane biol ogical reactor system and

accor di nghytewitvi atRMehthe/sRELEd procéBalf théPreedtitiif@nios BvAL efgahlcguwo avd
organic load fromthe upstream wastewater treatnent system 1n enbodi nents

i N whi chetfie. SSRERAS FBMioRodBIRLARE (R-Ah AOL AR nbSRGE Ve SHRVEbAsSd 3R
aerobic system the biomass™is supplied wmth the requisite oxygen for

bi ol ogi cgl, ff?&'o?%%é Qe YR LA AL Fo O enford eyl i ferflarh b fidzer ands or
ot her source. n enrpodl ntSS I'n I C he suspende I’T'eal a e r%me
bi ol ogi cal reactor systemis an gnaerobic biolegical reactor, the systemis
oper at ed®&nd@roPelisBinges el t iToHS 16 HAAdPOBICHFY) 1a¥GIPAdECT HERBShpounds.
A relatively small menbrane biol ogical reactor systemcan thus treat the
or gani ¢ biomgsahdsidatert inggrebgskimseintin imhidhothe coiaierrepzise a deolipdadiegh | ux
stream of effluent subjected to upstream wastewater treatnent. [59] In
addi ti onis sehithtiatlgribagen tearboslildnbatashieted hea pictsged] reavv@ntrdéading alieeat@scr i bed
as tertiary systens and processes for treating effluent fromone or nore
upstr eamnfluent flow..
[58] In addition, in accordance with one or more embodiments, the low concentration
wastewater treatment system and process of the present invention uses adsorbent material
such as granular activated carbon to adsorb the contaminants from the low concentration
wastewater, e.g., a full flow low concentration wastewater stream from a secondary
treatment system, and transfers the adsorbent material having the adsorbed contaminants
into a relatively small membrane biological reactor system having an arrangement similar
to the membrane biological reactor system described in co-pending and commonly-
owned PCT application number PCT/US10/38644, which is incorporated herein by
reference, and in PCT Publication Number W0O/09085252, which is also incorporated by
reference herein. The organic compounds that are adsorbed on the adsorbent material are
biologically treated in a suspended media membrane biological reactor system, and

accordingly obviates the need to treat the entire wastewater flow and organic load from

the upstream wastewater treatment system. In embodiments in which the suspended
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wast ewat er treatnent processes, including primary and/or secondary
processes, it will be appreciated by a person of ordinary skill in the art
t hat the wo=0ammsend net hods of the present invention caoThS2enpkoyed to
treat wastewater effluent directly fromcertain processes having | ow
concentrations of organics, for instance, which would not effectively
support the biology in a conventional biological reactor. [60] FIG. 1 and

2 are representations. of suspended nedi a nmenprane bi gl qgi cal .reactor

Syat o BGTAGBTEORGT Diofreigl S BA SRR 1t AR AGY B SR R IpasdnoTITEnt | on
for treating | ow concentration wastewater, and in particular, for

r egener aVithghamsueteraaaen Vo binlpeicah oxidanen Rutushizadl REWKNEEC BAMaM ANt s
adsorbed thereon in a high flux adsorption step. These systens, described
in PCT agiffuseraniden otharseurc®CTi ei8badih@864i4 valndh ihe fcHendad imeclz mombNuaber
WO 09085252, provide for use of adsorbent material such as granul ar

acti vat esiofidaPreatdr 8y iOg SilerdbaabiloNzi@y sdaidt, RS by seai Pdperatb® Thdeane
operating system In particular, the systens include a separation subsystem

t hat substapiial dohaRiRY 8Bt SnRASHRLRGNHe JFRIL Ao Q%&@SSAP&létﬁewg%mQE”bf ane
operating system and thereby abrading, fouling gr ot herwi se danmagi ng the

menbr anes t%erein. 611 Re{erﬂ now to FLG .1, a vastewater tyeatnent
mbrané lhlol Cal, Ieqclor oys e%} can.t Uy treat the ORgaNiC compy unds_ t are
syst em 106" EScHMRIT ATV deitt &8" M8 dai ng' a0 ogi Cal T eatt ot “syst em
102 upstream of a nenbrane operatin ystem 104. |In certain enbodi nents,
bi ol 0gi CRIESSAR Y CEYRSPBRRADAN (e MHEHeI s SErPb “BIBnoH e BadtBFa T essel
I n addi ti onal enbodi nents, biological reactor system 102 includes a
pl ural i t yagé¢wieotlrengineatl react or vessel s, one biol ogi cal reactor vesse
divided into separate sections, or a plurality of biological reactor
vessel s B0ire br adalitionofwhilei ceftaioaambaeidéents dé chel pre@ens apantdrearsefetdrined.asThe
i ndi vidual reactor vessels or segregated sections are referred to herein
gener al | ¥tasy as\RicRlsOGhE protRaGt AN 12 BN IWRS bE¥ad € nore upstream
wastewater treatment processes, including primary and/or secondary processes, it will be
appreciated by a person of ordinary skill in the art that the systems and methods of the
present invention can be employed to treat wastewater effluent directly from certain
processes having low concentrations of organics, for instance, which would not
effectively support the biology in a conventional biological reactor.
[60] FIGs. 1 and 2 are representations of suspended media membrane biological
reactor systems suitable for integration with the system of the present invention for
treating low concentration wastewater, and in particular, for regenerating and/or
reactivating adsorbent material having contaminants adsorbed thereon in a high flux
adsorption step. These systems, described in PCT application number PCT/US10/38644
and in PCT Publication Number WO/09085252, provide for use of adsorbent material

such as granular activated carbon in a biological reactor system upstream of a membrane

operating system. In particular, the systems include a separation subsystem that
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treatment operations using the suspended nedi a nmenbrane biol ogi cal reactor
systens, adsorbent material along with mcro-organisns are nmaintained in
suspensi owoi2n114105920f t he bi ol ogi cal reaction zones or aPsuhsed0ofithe tota
nunber of biol ogical reaction zones. The nenbrane operating system 104 is
mai nt ai ned substantially free of adsorbent material using one or nore of
the separation subsystens descri bed herein. An influent wastewater stream

106 is introduced froma, primary treatment .system a. prelimnary screening
system  DIPSRBILDREUT® FIsBUhCB TPHGk GUE Py IAR Pas B TREUE QREFDRE YR ur ¢ her
enbodi nents, the influent wastewater stream 106 can be previously treated
wast ewat @i therey abragdings fouliamer etheyivissrdamseingghe megrangsa essial ogi cal
reactors, including, but not limted to, aerobic biological reactors,
anoxi ¢ bi6dl ogRefalringencw dpsE1Gc dnta wasiesatet owatmeac spiten Kquweswbemagtidadly ch
reactors, or any nunber of other types of biological treatnent systens
capabl e @dpihibdlingidiad bbislegicaidicagtonkgadth Cl0aNehsirbark &F taanBmerdde dipeRiting Sone
i norgani ¢ conpounds. [ 62] The bi ol ogical reactor(s) and/or certain

bi ol ogi C%’steh‘?@éﬁ.orln?&ﬂﬁﬁ SRBodIBeN@! bioWkiday PERR syReR] 96 GludesaCtifgss,

including but not imted to aerobic bi"ol ogical reactors, anoxic brfol ogical

react or sy, pnaey 00l IOLAST Gl BEEH oL Dy FANLL NOYS L) QWL SaEpLs. oo
sequenci ng Bat ch Teactors, tricklrng fitters, or nurber ot her types

of biological treatpent syste capabl e of biqlogically degrading. organic
and i n oBFRAPH GBHNRbEISHHTD AR GANC: CBRPUUREISS IFBIPT Froaladividen,  t he
bi ol ogi cal reactor(s) and/or certain biological reactor zones used herein
can be ofntasppaiezsechenss papplugality abbielagicad (rapondewds opive ot aknaf hichlcann
conjunction with the suspension system For exanple, the vessel may have a
Cross seibd didd iatoepofiteaseytisirapEhe Budohidas reictauleade]s @l deigpiohied!sectiquar e,
rectangle, or any irregular shape. In sone

are referred to herein generally as a biological reaction zone. During wastewater

treatment operations using the suspended media membrane biological reactor systems,

adsorbent material along with micro-organisms are maintained in suspension in all of the

biological reaction zones or a subset of the total number of biological reaction zones.

The membrane operating system 104 is maintained substantially free of adsorbent

material using one or more of the separation subsystems described herein. An influent

wastewater stream 106 is introduced from a primary treatment system, a preliminary

screening system, or as a direct flow of previously untreated wastewater. In further

embodiments, the influent wastewater stream 106 can be previously treated wastewater,

e.g., an effluent from one or more upstream biological reactors, including, but not limited

to, aerobic biological reactors, anoxic biological reactors, continuous flow reactors,

sequencing batch reactors, or any number of other types of biological treatment systems

capable of biologically degrading organic and in certain embodiments some inorganic

compounds.
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enbodi nents, the vessel can be constructed or nodified in order to pronote
sui tabl e suspension of the adsorbent material. [64] FIG 2 schematically
depi cts twe2priowees fl ow of a wastewater treatnent systecTaBmos13ptT oduci ng
a treated effluent having reduced concentrations of biologically |abile,
biologically refractory, biologically inhibitory and/ or organic and

i norgani ¢ conpounds that are entirely resistant to bi ol ogi cal

deconposj tion. System 200 gener al i ncludes a biological reactor.202 and a
oo anelBber B A G SIGH Bl sorom o BaLebrao88 2Pt (e SHidhl et 206
for receiving wastewater and an outlet 208 for discharging effluent that
has beentyBfoPbdidagiryl repgarsedncluging (put mgt dinxed 19 @ﬁf@blcg@iﬂgglclab reagiBended
solids and/or mxed liquor, to the nmenbrane operating system 204. [65] The
bi ol ogi caloxredudlogicdORartocd, uthasrohiadibstlogibalt exctoes sconfinedsoflbenteacmrer i al
234 having pores 236, and an effective amount of one or nore

M Cr 0- Or gRAnéie BaGh réddalrs, ariekldgt Niadher egy homb&ieofeder 8ot ofbigsdiadl and
free-floating and separate fromthe adsorbentmaterial in the m xed |iquor,

for actifg B, di,QRgid ﬁéﬂwof ai%idcggc&gggie 2t ic?gQﬁ@Ln?chrP@ériaﬁ ESbSRmERLY

and/or brologically inhibitory nds | e mxed |li1quor. The adsorbent
mat eri al _adsorption sites, including the outer surface of the adsorbent

sonie inoreanic, compounds. e
granul es™or paﬁ%lclesp and the wal | “surfaces of pores 236, initially serve

as adsorption sites for the biologically |abile, biologically refractory,
bi ol ogi clPly Wwfdbta%rﬂgﬁ Rlpedl BRGIH L ABEHEY SHBHLLRICRI DB G dar o
entirely resistant to biological deconposition. In addition,
m cr o- or brapings be3d agsnizseor ahar wetdblo o shwend gdyophdand magdrtadsn ednjungsion
adsorbent material. This allows for higher digestion |evels of certain
bi ol ogi caithyhe efspasiar yysend/ Ber dxaolptgitiatdsyelindyi hdviear grossoseptoaiad areaidf hout
requiring proportionally longer hydraulic retention times and sludge
retenti oghyt JHABS, subl®s tigcdifieelipaiall RRER, KREdn@ieN oPh®) PRIgERL kNape. In some
embodiments, the vessel can be constructed or modified in order to promote suitable
suspension of the adsorbent material.
[64] FIG. 2 schematically depicts the process flow of a wastewater treatment system
200 for producing a treated effluent having reduced concentrations of biologically labile,
biologically refractory, biologically inhibitory and/or organic and inorganic compounds
that are entirely resistant to biological decomposition. System 200 generally includes a
biological reactor 202 and a membrane operating system 204. Biological reactor 202
includes an inlet 206 for receiving wastewater and an outlet 208 for discharging effluent
that has been biologically treated, including mixed liquor volatile suspended solids and/or
mixed liquor, to the membrane operating system 204.
[65] The biological reactor 202 includes a distributed mass of adsorbent material 234

having pores 236, and an effective amount of one or more micro-organisms 238, that are

both adhered to the adsorbent material and free-floating and separate from the adsorbent
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refractory and/or biologically inhibitory conpounds are retained for

ext ended periods of tinme on the adsorbent material, which are isolated or
r et ai ned wo 20hi@08920l ogi cal reactors. [66] Generally, bi ecogise@oloyi3iabil e
conpounds and certain inorganics will be digested relatively quickly and
predom nantly by the mcro-organisns that are not adhered to the adsorbent
material, i.e., the free-floating mcro-organisns in the m xed |iquor.
Certai n components includin rgani cs and i.n ni.cs that are entirely
Co51 ot ant g ToltEgTeet TubEoar iR dhdobSry” R aetiowymat SeBBielr ¥
refractory and biologically inhibitory compounds will remain adsorbed on

t he adsofeH@orraRdies glplqg#caﬁannlyblt%wman%@/ Be naipedligeer- e fadedbentoat i ng
bi ol ogical material in the reactor(s). Utimtely, these nondigestible
conpoundmsaterinl ademptent setse ioduting tdsowtbentrfaiae vhehgpadsarbeiegmntlae arenoval ,
or wasting, and replacenent of the adsorbent will be required to maintain

the qual pdriicled, Sbiftheienll] alrfaads L peies 2Bk einit@NE! servdsad hoaRarenformmeer i al
remai ns 1 n the suspended nedi a nenbrane bi ol ogi cal reactor systens,

m cr o- or &%ng%dEﬁ%%ﬁ?i‘ﬂé, %Qlogfcﬁllf GORLAblyY bEcﬁ&QEﬂlé? AihidiRey AdS R Qﬁgéniér%ﬁr i al

| ong enough“to break down~at 1east a“portion certain biologically

refract opy, and/or, bi.ohogh cal lyg I RILAr v, Gompeunds L Lhe, PAr LisHLAr

i nf | uent "REST EWATEC " Rhieh RaVE “Deen doncent Pat€d on " PRe s ot Shyen
material. While not wishing to he bound by theory, it is believed that
M cr o- or GHHP OREANEAN 2 \Petitnd @d;ﬁogwweth? AR TRRATLYES S 16 sopiephmafgaial £ i ¢
acclimation necessary to break down at |east a portion of certain

har d- t o- Thigatllewwngeuntghdrndighetiqradeviebulodr cértin Uanlogiwally ewhiaetory @ndfor
additional tine, e.g., several days to several weeks, during which
adsor benbiohgictly ainhibétsiyn gomeoimis nwithedtogiqaainy propbiti@ailby Yoreed/lodraulic
biologically inhibitory conpounds is naintained in the system the

M Cr 0- Or gadisABiAGY hitd sRdR Fhtelel BReOf dPeritd fdct Yndie cRiBinSBieRIpballl hi 1 d,
and hi gher generations, thereby increasing their efficacy to bi odegrade at
least a R?Ja&gognand/or biologically inhibitory compounds are retained for extended periods of
time on the adsorbent material, which are isolated or retained in the biological reactors.
[66] Generally, biologically labile compounds and certain inorganics will be digested
relatively quickly and predominantly by the micro-organisms that are not adhered to the
adsorbent material, i.e., the free-floating micro-organisms in the mixed liquor. Certain
components including organics and inorganics that are entirely resistant to biological
decomposition and very refractory biologically refractory and biologically inhibitory
compounds will remain adsorbed on the adsorbent material or can be adsorbed and/or
absorbed by free-floating biological material in the reactor(s). Ultimately, these non-
digestible compounds will concentrate on the adsorbent to the point where the removal,
or wasting, and replacement of the adsorbent will be required to maintain the quality of

effluent at an acceptable level. As the adsorbent material remains in the suspended media

membrane biological reactor systems, micro-organisms grow and are generally retained
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of certain of the specific biologically refractory and/ or biologically

i nhi bitory conpounds that are present in the particular influent wastewater
as the sywbemipesones acclinmated. [67] Various infl uent PaadaiSesaierss7 can be
deficient in certain nutrients beneficial to the biology that occurs in the
bi ol ogi cal reactor 202. Further, certain influent wastewaters can have pH

| evel s that are excessively acidic or caustic. Accordingly, as wll be
apparent to a person havi.ng ordinary skill in the art, phosphofus, .
RSB R % MR A S R TR DR AR el

chem cals can be added to maintain optinmal nutrient ratios and pH |l evels
for the Biokigigily agfraciqry apgigr hiviegagadly dehifideny\compoungsdn ilf PRtighley) 8 e
oxidation, in the reactor 202. [68] Effluent fromthe biol ogical reactor
202 i s i whstewater avhidhohave deparatcemmatedi bs et aivoi22@ mateaa. iWhid¢ n@Mishihgt he
menbrane operating system 204. This transferred m xed |iquor, having been
treated {onbdbohRUby dheokBAETObeI2A2d tha hieRsbaahisals|yin foverudiy adsos haot
material. In the menbrane operating system 204, the wastewater passes

through Eag O ARE SHCERE ! dRfinQforP hedbhldrPid bldak aldwiatRAR AP&Eion IdFET €DY

elimnating or mnimzing the need for clarification and/or tertiary

filtration, . rane perneate .i.e . |iquidthat sses. thyough. .the
o ance gibraRuodieat rnbaurcp il Rk bR BRER Ry SH& kbR 2 an

outlet 212. Menbrane retentate, i.e., solids fromthe bioI%chal reactor
202 ef f 1 UBRtS-2+ HOLIHIAY Rcervat weekst dung whish pditbeid iyl HAVIBE GPgYN cal
reactor 202 via a return activated sludge line 214. [69] Spent adsorbent
mat er i al biblagmatlieepaspioyghedior bidagtienly 20Ribiteryy comgeundy| iarmaigtaingdt iadthear bon
that is no longer effective in adsorbing contam nants such as certain
conpoundsyseint,ithe jicroespatiang hivdnpiadrigle dogpe st tspaificilyi dcogiecsatdnd, tigtd,act ory
conmpounds and bi ol ogi cal I'y inhibitory conpounds, can be renpved via a m xed
i quor Wast BigRérSseRafalBns, thereby increasing their efficacy to biodegrade at least a portion

of certain of the specific biologically refractory and/or biologically inhibitory compounds

that are present in the particular influent wastewater as the system becomes acclimated.

[67] Various influent wastewaters can be deficient in certain nutrients beneficial to the

biology that occurs in the biological reactor 202. Further, certain influent wastewaters

can have pH levels that are excessively acidic or caustic. Accordingly, as will be

apparent to a person having ordinary skill in the art, phosphorus, nitrogen, and pH

adjustment materials, supplemental simple carbon or chemicals can be added to maintain

optimal nutrient ratios and pH levels for the biological life and associated activity,

including biological oxidation, in the reactor 202.

[68] Effluent from the biological reactor 202 is introduced via a separation subsystem

222 to an inlet 210 of the membrane operating system 204. This transferred mixed liquor,

having been treated in biological reactor 202, is substantially free of adsorbent material.

In the membrane operating system 204, the wastewater passes through one or more
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port 216 of the biological reactor 202. A waste outlet 218 can al so be
connected to the return activated sludge line 214 to divert sone or all the
return acwowvatig®s®iiudge for di sposal, for instance, to ®omuUsed100NES17
concentration of the mxed |iquor and/or culture. Sludge is discharged from
t he apparatus wth the waste activated sludge when it increases to the
point where the m xed |iquor solids concentration is so high that it

di srupts the.operation of the particul ar nenmbrane .biol ogi.cal. react or

Syotom “FiFSARREPOR Chnd e dhe PR B thury 8 Bl ss Bhe used
to renove a portion of the adsorbent material, thereby renmoving sone
portion ©F dHHicgiieon sad/ealteriiayefiligtenr WMewhisse Meaneds. dicogicad [thati ngssesi t or y
conpounds, and/or organic and inorganic conpounds that are entirely

r esi st anthréeughbtho hwegibcales @d6.onploshariged fromathhenentirame dpepaningheystest 2idnvia
activated sludge line with the waste activated sludge, resulting in a | ower
concent r at beet of 2t sabRhokragited] 1.8/, s@ids anOEne siorpRUNESctoP 20D egat, | ¥

i nhi bitory compounds, and/or organic and inorgani c conpounds that are

ent i el Vink R ! ANtk sRlipl 901 AheARFAIRASIbLEAeddborl 2 (Ih §GBRROR.RBRaa MO €
st abl ebi omass i n the nmenbrane bi ol ogi cal reactor. An equivalent quantity of
fresh or 4t %ﬁﬂ%ﬁﬁhed adsorbent material can then be added to replace the
adsor bent us renbved. [70] A prelimnary screening and/ or separation
system 220 _can be provi ded upstream of the inlet 206 of the biological

r eact or &3&. TR agﬁoébqnﬁn%rﬁ $TOPL BN iR o8Il GRS AR £18-0%2RYI3% tIVASH

i nclude a dissolved air floatation system a coarse screen or a conbination
of thesecaibell hat it irelonperedtfagtin iy adsodnn grepntamphseych os cetppacompownds
suspended matter of the type known in the art. Optionally, the prelimnary
screeni nentaelg/ aesigepartat ibidaysaipesitidz0 wakglallel irdfracatred compomidserantypes of
prelimnary treatnent devices can be included, depending on the particular

wast evat gib]dpfiaNg ikKiBASIS Lonlpbhhdd, RaP be 8EmbRdP¥i8 \ieRtxeatliuBASlastd diRh&igbty oOf
t he adsorbent nmaterial 234 fromentering

port 216 of the biological reactor 202. A waste outlet 218 can also be connected to the
return activated sludge line 214 to divert some or all the return activated sludge for
disposal, for instance, to control the concentration of the mixed liquor and/or culture.
Sludge is discharged from the apparatus with the waste activated sludge when it increases
to the point where the mixed liquor solids concentration is so high that it disrupts the
operation of the particular membrane biological reactor system. In addition, the mixed
liquor waste discharge port 216 can be used to remove a portion of the adsorbent material,
thereby removing some portion of the biologically refractory compounds, biologically
inhibitory compounds, and/or organic and inorganic compounds that are entirely resistant
to biological decomposition, rather than from the return activated sludge line with the
waste activated sludge, resulting in a lower concentration of these biologically refractory
compounds, biologically inhibitory compounds, and/or organic and inorganic compounds

that are entirely resistant to biological decomposition in the discharge and a more stable
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t he nenbrane operating system 204 and causi ng undesirabl e abrasi on and/ or
fouling of the nenbranes 240, separation subsystem 222 is provided. As
shown, i rwBl2@1/@35920he separati on subsystem 222 is | ocat edTarsexiomatse7 t he
outl et of the biological reactor 202. However, in certain enbodi nents, the
separation subsystem 222 can be positioned in a separate vessel downstream
of the biological reactor 202. In either case, the separation subsystem 222
i ncl udes, suitabl e apparatus and/or structures for preventing nt.act

bet ween BPMsadt e pRrBPIans Biploeial AeasiFoerts s9uvalnl GHENntlr SHE5 540 i n

t he nenbrane operating system 204. Separation subsystem 222 can conpri se

one or nisgencattedadsoreahmatsriabsrarthen e adgded éq faplagg theqslsorbamidhes regronesd-

sui tabl e separation apparatus. [72] Suitable types of screens or screening
appar at ug’0f or Ayselimmagesdreanmgembideli wpmhsonbystdne 280 spe bd dovidli wpstrearbr ane

bi ol ogi cal reactor systeminclude wedge wire screens, netal or plastic

apert ur egf Heaie, 206 ofOMeNbibRIBIdaL Seactdt 20A.1 MOk GabliMInafy dtre€Ag | gdraat i ons
and arranged at various angles including vertically oriented, horizontally

orient edsepQIrati@ﬁ Ae ANHCiHRBE SPBEVEED alk rHJa‘tH’tfoHesryséHP LR SoredNofGl i Ve

screeni ng apparatus can be enpl oyed such as a rotating drum screen,
vi brating screen or, other, nmoying screening apparatus. |n neral ., far
syst ems TATGATEH PhBSS SBPEPIPSTILGEY o83t P s Ror sliilBE aBpsnstlis, c e
mesh size is smaller than the pbottom|imt _of the effective granule or
par L1 ol eMgi1gieob e FpeaHaBHb AR (et ior (QRUPHAY. the IENRYAGS SErecR P8 el or
types of separation subsystens can also be used in the separation
subsyst esppamtionsysemaLD gar be glimratddn o offtbi tyaes enprgliminary tregtmeehdayices
apparatus. For instance, as further described below, a settling zone can be
pr ovi dedgani e indiuddd, delsmtingrin thapaticelbr wedtéwasr iyingreated.y. [74] In
alternative enbodi nents, or in conjunction with previously described
[71] In order to prevent at least a majority of the adsorbent material 234 from entering
the membrane operating system 204 and causing undesirable abrasion and/or fouling of
the membranes 240, separation subsystem 222 is provided. As shown, in FIG. 2, the
separation subsystem 222 is located proximate the outlet of the biological reactor 202.
However, in certain embodiments, the separation subsystem 222 can be positioned in a
separate vessel downstream of the biological reactor 202. In either case, the separation
subsystem 222 includes suitable apparatus and/or structures for preventing contact
between at least a majority of the adsorbent 234 and the membranes 240 in the membrane
operating system 204. Separation subsystem 222 can comprise one or more of a
screening apparatus, a settling zone, and/or other suitable separation apparatus.
[72]  Suitable types of screens or screening apparatus for use in certain embodiments of
the suspended media membrane biological reactor system include wedge wire screens,

metal or plastic apertured plates, or woven fabrics, in cylindrical or flat configurations

and arranged at various angles including vertically oriented, horizontally oriented, or at
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enbodi nents, separation subsystens can include a centrifugal system (e.g.
hydr ocycl one, centrifuge, or the like), an aerated grit chanber, a

fl oat at i oMoxyst®M2(such as i nduced gas flotation or di s®crusdoigas)3l7 or

ot her known apparatus. [75] Optionally, or in conbination with the
separation subsystem 222 proxi mate the outlet of biological reactor 202, a
separati on subsystem can be provi ded between bi ol ogi cal reactor 202 and the
menbr ane operating,system 204 (not shown). This alternative or an

DGt ¢ or SRRy bR S RS Lo ESCErNaE APEHae Sy be
separation subsystem 222, in type and/or dinension. For instance, in

certai n eRPOHchBsas & refating iy sersen. wbeatiag|scresp or PhgFdNOEE | Seieaning
separator, a centrifuge, or a conbination of these can be provided as a

di st i nct appaiatusoplergneeh thesysears i volhioly ifealeparect eubs292mar?d irersbreamiag
operating system 204. [76] Note that the separation subsystem 222 is highly
ef f ect i veppa@itusp ey eidlsh ngrepRSsagRr AharaheobdIRnt 1indi of ited effectivieSgrafidlgioral

di mrension to the nmenbrane operating system Incertain preferred

enbodi rreggrgdetsﬁg of BRAGAHONR SUDSH AN Bedde Rlegvents substantially all of the
adsorbent material 234 from passage to the nenbrane operating system 204.

Fbmever,7§ ri operatj on oF the system 200, . vari,ous, causes of ,attrition of
the. adsolBbnt Ot BEap! 2PadfiohRyS¥RpErtite o Beadt mcRERERoChudiidy

circulation, or collisjons of granules within stationary or rmvinrgll
equi prents, AR G Op M 4UNBYINGV e AKESIWE PRAATEr &OF BitWARIP HEhpe
effectively retained with the separation subsystem 222. In order to
ni ni m zedeshebagebalpwensettlingtdene sembe arysdednin woish agforheryonderial sadleebyal to
wasting, certain enbodi nents include a separation subsystem 222 that is
capabl e ghvipy.eventi ng passage of substantially all of the adsorbent
material 234 within about 70 to about 80 percent of its original dinension.
The accepufbl B ReERANAIENb&EMESALOMrT M t R jRHctigh NJhith dipFRMRISBN deddtibed
embodiments, separation subsystems can include a centrifugal system (e.g., hydrocyclone,
centrifuge, or the like), an aerated grit chamber, a floatation system (such as induced gas
flotation or dissolved gas), or other known apparatus.
[75] Optionally, or in combination with the separation subsystem 222 proximate the
outlet of biological reactor 202, a separation subsystem can be provided between
biological reactor 202 and the membrane operating system 204 (not shown). This
alternative or an additional separation subsystem can be the same as or different as
separation subsystem 222, in type and/or dimension. For instance, in certain
embodiments, a settling zone, a clarifier, a hydrocyclone separator, a centrifuge, or a
combination of these can be provided as a distinct unit operation between biological
reactor 202 and membrane operating system 204.

[76] Note that the separation subsystem 222 is highly effective for preventing passage

of adsorbent material in its original dimension to the membrane operating system. In
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be determ ned by a person having ordinary skill in the art, for instance,
based on an econom c evaluation. If the reduction in the dinmension results
in an i ncweasa/im2rhe particl es passing through the screemiusgoiepstiem the
menbranes wi I | experience increased abrasion. Thus, a cost-benefit analysis
can be used to determ ne what is an acceptabl e percentage reduction of
adsorbent nmaterial based on the cost of abrasion and eventual replacenent
of the menbrane C ared to the costs assocj.ated with adsorbent

et o1 al SR PRI BOOAR i AP AU AN TG 20 Bl st PO U
associated wth a separation subsystem capabl e of preventing passage

parti cl edentdsarbspnimaserial natt droe dapgicnald BEsBleBdRNeHAPBAting S@Srt@muil‘gds
particles. In addition, in certain enbodi nents, sonme degree of

inter-gr Hnwbmrcahiririgsdmrmi,onmf tlodylsiesi 205 V@Iﬁmg;rcan&ds@ef awritibn nf ieatsobeaty or
novi ng equi pnent, is desirable to strip excess biomass fromthe outer

sur f acesm@aferibhenchan®y hedtgramiieedlnsiobs/ fheabp eanathion, GePalAS G granalks! i quor
ef fluent fromthe biol ogical reactor 202 can be punped or flow by gravity

(dependi ponONschilhafle st abvalg rB@rEtt [y 'c@dise:g}é?ﬁ&é@ 1o B rdaRR MEMRCARE

operating system204. In a sy em Ui ng an external separation subsystem

(not shown the ar,at us. | erab con ugh th adsar hent
mat eri al sgeupfara eaﬂIO ? P’el%r‘ftﬁmea V\E{hd&lf e uaéér/tloﬁlasg{s)?ﬁg 2%%ug Oréin exr{nen%rﬁle%f: fine
screen par at or subsyst emfalls by gravity back into the biological
Feactor HExe CipgRt JQy W SHOIARES e3119a oS3 LI%hadégerPbﬁEﬂtféﬂal det Mysingd Ced#Bon,

e.g., suitably pre-wetted to forma slurry of adsorbent material, can be
added t ocmbedimgsts énghndera sepasatien oubsypoin2g thai is erpableof enaveodng Easgqge ofr om a
source 229 of adsorbent material. As shown in FIG 2, adsorbent materi al
can be i subsadiidbdalhbt theedssrbammeatbidd X3Uonishiz 30ayt 7230 MmboaB8E paneht @f i230d.
For instance, adsorbent material can be added to the feedstream downstream
of the original dimension. The acceptable percentage reduction in the original dimension can
be determined by a person having ordinary skill in the art, for instance, based on an
economic evaluation. If the reduction in the dimension results in an increase in the
particles passing through the screening system, the membranes will experience increased
abrasion. Thus, a cost-benefit analysis can be used to determine what is an acceptable
percentage reduction of adsorbent material based on the cost of abrasion and eventual
replacement of the membranes as compared to the costs associated with adsorbent
material that minimizes breakage, and handling and operational costs associated with a
separation subsystem capable of preventing passage of particles much smaller than the
original adsorbent material granules or particles. In addition, in certain embodiments,
some degree of inter-granule collisions, or collisions of granules within stationary or

moving equipment, is desirable to strip excess biomass from the outer surfaces of the

adsorbent material.
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prelimnary screening system 220 (e.g., location 230a). Optionally, or in
conbi nation, adsorbent material can be added directly to the biol ogical
react or 200 20i1/@59271 ocati on 230b). In certai n enbodi menPST/UsdSI00WBMT
material can be introduced via the return activated sludge Iine 214 (e.g.,
| ocation 230c). In additional enbodinments, it can be desirable to add the
adsorbent material upstreamof the prelimnary screening system?220 (e.g.,

| ocati on Qd),, where the prelimnary screenin tem. 220 is i gned
spoci 1 Ty Bt Bl dvieh oy SEGE T <t BefBGT fonstor PR AR+ he
adsorbent material to pass through and into the biological reactor 202.

M xed | i eupmpriseidiow Ry giryityt(Hepeading oatthe desigihel the @putizphar ayfierehiatoa#sor bent
material is substantially prevented from passing into the nmenbrane

oper at i ngespsine mp2Guingi sybteinh204m ked systquonsisgispenteth] separason fubdystés t he
adsorbent material remains in the systemand is exposed to wastewater

const i t ugidt showig! te bpighrituolsqgéferlbl yedngibiRats0él thabdd3b@ghCidhtepall sapirkietior y
conpounds and/ ororgani ¢ and inorgani c conpounds that are entirely resistant

to biol pﬂbﬁ%e q{%&@&fﬁgﬁb{ F%@ingstﬂfﬂ%r%ﬁranaéﬂtelﬂgl fifre s@l’gépﬁpgébtaraﬁgtt &bl teﬂﬂ'i L

becone ineffective f eating the constituents, 1.e., 'the adsofrption

capacityﬁﬂe%reasesbadi 2higher concentration of these

: y gravit g Zo melbli lgelcs:éilrgacitonr .
constituents §ﬁie?|ng e rehbrang operating system 204, where they pass
t hr ough nbranes, and are di scharged with the nenbrane effluent 212.
In addi tiﬁ, ngé%l?%‘éﬁ‘f-at?%&l SPehads graphpedcsivater Sarbeact v SUitRbY PE-¥TEditAg wit h

bacteria, polysaccharides and/or extracellular polyneric substances. This

| ayer of focman slngy edndsasbarth nhasered] scantieer added th thgowastewrtepyrarigny peintsrid

t hereby prevents access for biologically refractory, biologically

i nhi bi t othy ImEmMo20MreganiromandoumrerZlanifcadsompotumderinhatA sashewanini FEL. )2,

resi stant to bi ol ogical deconposition, and consequently prevents adsorption

and i nhi Risbfehi RARGMPERL b thirodlclitt dhebrafBiedbeRidhs 290a, B8PEITR GRS a

menbr ane bi ol ogi cal reactor systens, this
230d. For instance, adsorbent material can be added to the feedstream downstream of the
preliminary screening system 220 (e.g., location 230a). Optionally, or in combination,
adsorbent material can be added directly to the biological reactor 202 (i.e., location 230b).
In certain embodiments, adsorbent material can be introduced via the return activated
sludge line 214 (e.g., location 230c). In additional embodiments, it can be desirable to
add the adsorbent material upstream of the preliminary screening system 220 (e.g.,
location 230d), where the preliminary screening system 220 is designed specifically for
this application by including screening that allows the adsorbent material to pass through
and into the biological reactor 202. Mixed liquor passes through the separation
subsystem 222 and the adsorbent material is substantially prevented from passing into the
membrane operating system 204 with the mixed liquor suspended solids.

[79] As the adsorbent material remains in the system and is exposed to wastewater

constituents including biologically refractory, biologically inhibitory compounds and/or

33



coating can be renoved by a shearing action produced by one or nore
mechani snms in the system such as collisions between adsorbent nateri al

gr anul es wWogpaeat7i n the m xed |iquor or shearing forcesTass@aoioatsed w t h
suspensi on and/ or novenent of the adsorbent material. [80] When adsor bent
material has lost all or a portion of its efficacy for reducing the
effluent concentration of biologically refractory, biologically inhibitory
and/ or organi c and inorganic conpounds that are entirely resistant to

bi ol ogi cHEAHEABHHEERLTDROMBOPS (ha) Aropntr rS%i%tBI?tbt8ﬁPE°1PrE¥%1r‘%§PmB%W“Hb wast ed
via waste port 216, e.g., by discharging a portion of the m xed |iquor
cont ai ni MNaRIsBr Hethe adwarbent mateginkydl becameraef&chive f@ trearipgiiheicongitugesh or
regener at ed adsorbent nmaterial can be introduced into the system as

descr i betk.athewdsorptien cgpsaitybdarreasest eFliiavill rtsnld du e thigher eprantattion E2Besand/ or
at one or nore suitable addition |ocations. The inlet wastewater and the
ef f | uent comtiuen® lcafetol) (5O ARAbItheCARERTHEI BbicBNS0ANRMAE tHehQagathréughotipound
concentrations, can be nonitored to determ ne when the adsorbent materi al

and its ACCRAMRRMMWAADIRERSSd Hich Bk SYSHEME RAYREXPET LERREG SHUGELh:
ef fectiveness. A plot of the difference between the inlet and effluent COD

di vided by, t.he inlet COD concentration wll .show gradual |oss, of the

of 11 cacy BTt L e BoMeTRRT ST b e BBydle iRt B BB ot o

pl ot can be used to nonitor the inorgani ¢ repoval capacity or the renova
%%rg%ix ab b iﬁ tr

of a spe®iirel TRCIGRLP @O n TR L4 Of SAUINRIAN A5 NEY COF Ve T el ed from
the feed stream can provide an indication of the relative anmbunt of
bi ol ogi ctikl goreefiteacangr yheaghy/ prevbirs| asgessaldry biokigidally orefragioganbielagarsunds
that are being renoved fromthe wastewater feed. As the operators of the
syst em dewidlitopy axip@rdregamieand inbrganeabinpguadsradttare entael ywasd stemad eiglogitidy Wi | |
be able to determ ne when this ratio indicates a point at which there is a
need to decomposition, and consequently prevents adsorption and inhibits biodegradation. In

certain embodiments of suspended media membrane biological reactor systems, this

coating can be removed by a shearing action produced by one or more mechanisms in the

system, such as collisions between adsorbent material granules suspended in the mixed

liquor or shearing forces associated with suspension and/or movement of the adsorbent

material.

[80] When adsorbent material has lost all or a portion of its efficacy for reducing the

effluent concentration of biologically refractory, biologically inhibitory and/or organic

and inorganic compounds that are entirely resistant to biological decomposition, a portion

of the adsorbent material can be wasted via waste port 216, e.g., by discharging a portion

of the mixed liquor containing adsorbent material dispersed therein.

[81] Additional fresh or regenerated adsorbent material can be introduced into the

system, as described above, via adsorbent material introduction apparatus 229 and/or at

one or more suitable addition locations. The inlet wastewater and the effluent wastewater
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remove a portion of the adsorbent material in the biological reactor and
replace it with fresh adsorbent material. The systemis required efficiency
wi || thuswbeoriggsdzned for the conmpounds that are bi ol ogiPcalUuSgowdir3act ory,
biologically inhibitory and/or entirely resistant to bi o-deconposition, for
i nstance, to produce an effluent that is in conpliance with regul atory
requi rements. Sanpling and analysis of the effluent for concentrations of
speci fi ccg)ﬁ)gani Cc an inor(t:;rani ¢ coly ounds can al so He used t.o deterrgi ne when
ef fi cacy {CRBPRYAG CBBTFMARL Y AAY ChABPTERYC R ANy T RGBT BIES s 4 P he

m xed |iquor has been reduced and partial replacenent should be initiated.

[ 82] Themepiorad &1 desernyng whpie Higadsqrpelit anatesiad e &s BoMpgnEiar biaseass 8t they st em
200 can begin replacing sonme of the adsorbent material when the effluent
concent r sitsteonbaaf egpeendadcredngeniftectverienor gaplot of ahg diffedencsttatweednothappr oach
the facility's permtted di scharge concentrations for these conpounds. The
al | oned gl ah@ egRIeGOOOBNdF Rl ®R Shain®dt YTOD @bhdentrbtidd @dl ow hRdhaabdsidfy’ s
permt, for instance, as determ ned by the National Pollutant D scharge

El'i m nat ih@%f@éﬁg%mﬂe'\!ﬁ%@antpﬁat@h&l iRRIRAMBA Rfor] FThe SAHL RR DY AR pbNi t ed

States Environnental Protection Agency, or other simlar regulating body in
a parti culegrt st at

. el o mBhiFer the MRELEN: ERoORCLALALS A3 SXRES iofn"se ekflicOhghAt! ng
this systemwiTh tHei’t PAFLTCUFAX Y waSPeRat 8F "% &YW 1T @ 5bie”'¢d
antici pate when to commence repl acenent of adsorbent terial. Wen the
oper at or SREECE ey SERat Tihdmarn %@5%&%@3 JOSLIE AT HEPBY F PIARES] 1 o
acconpanying biomass is approaching an inability to achieve the requi site
ef f | uent arc dpdiedtionaof dhe oelapue |amamt sof biedogiesdlynrefiggtory rapdéslr iekaganalllpi onass
that is performed by wasting return activated sludge fromline 218 can
cease anthhititerexgesis donpoasds thmdcart beingaremnpanfromghadsaserert faedt eXd tk | s
wasted fromthe biological reactor 202 via waste port 216. The ampunt of
mat eri al oy@sbRb the d9t@MNAIRR Pk pWA@Ice! With treating a particular wastewater, they

will be able to determine when this ratio indicates a point at which there is a need to

remove a portion of the adsorbent material in the biological reactor and replace it with

fresh adsorbent material. The system’s required efficiency will thus be regained for the

compounds that are biologically refractory, biologically inhibitory and/or entirely

resistant to bio-decomposition, for instance, to produce an effluent that is in compliance

with regulatory requirements. Sampling and analysis of the effluent for concentrations of

specific organic and inorganic compounds can also be used to determine when efficacy of

the adsorbent material and its accompanying biomass in the mixed liquor has been

reduced and partial replacement should be initiated.

[82] The operator of a suspended media membrane biological reactor system 200 can

begin replacing some of the adsorbent material when the effluent concentrations of

specific organic or inorganic compounds start to approach the facility’s permitted

discharge concentrations for these compounds. The allowed discharge concentrations are
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required to maintain the m xed |iquor suspended solids within the optinum
operating range for the particul ar nenbrane biol ogi cal reactor system
After repvacems2ef a portion of the adsorbent materi alPCTiuseoeffii3uent is
nonitored by the operator to determ ne whether the requisite contam nant
renmoval efficiency has been restored. Additional replacenent can be nade as
needed based on operating experience. [83] In sone enbodi nents, the system
and/ or indivjdyal. apparatus.of, the system can include.a control]er to

moni ¢or Bl RE W ERuRY sl R b Ei o R dhe Sfonly. of
the paraneters within the system dependi ng upon the desired operating

condi t i oRellutyiiRischppge Elginagionmysem &P@Egbae@ﬁt geesrm eaitiaregubded BYi ons
regardi ng effluent streans. The controller can adjust or regul ate val ves,

f eeder s the (purpsStassbeviatmetntul Photeaon Jgnentdr althefl sonldsasgdatingdrwodgmeaor nore
signals generated by sensors or tiners positioned within the system or

i ndi vi dupdrti@n@astafeUusi- naliog. CANLP@LIRS gfianexpbiséncadh Wpbrading @Byl sFhemvAithes,
feeders or punps associated with eacﬁ potential flow based upon one or nore
signal s geRepatieflaPyy SEARALS Aby LITPIR: M &0 ARIARL Gyt RECdhdfierlcb el
for exanple an upward or downward trend 1n a characteristic or property of
the system.aver a_.predeterm ne ri of tinme. For e |l e,. @ Sepnsor in an
e 11 uont <Blre e RO ORI aROET  Aichiths Reerial Tt P her B B el BTER! on o
pol lutants such as bjologically refractory . conpounds, bjologically

i nhi bi t of4POESRPFAITES! anghip %COE’@H%HHﬁgéO%ﬁ i émgm%ca&gs%nawblﬁgv to achieve

bi o- deconpositi on has reached a predeterm ned value or trend, or indicating
t hat t hethe@Buisiteetitihery qoersitietion op pedietpes.nthaaxgrall wasting of reaneks thhemaessy
triggering the controller to performsone act upstreamfrom downstream
from orthat ist prefemes dry. wahing @airn aativatett kludge &oyn tine 208 canrceasef andetiovi ng
adsorbent material fromthe biol ogical reactor, adding new or regenerated

adsor bengxcemt Bibhdls 4 thBQcBiRpRYinkaddsbBost Ahteridlddi gt MbrhftBE 8Mlogical
reactor 202 via waste port 216. The amount of material wasted is determined by what is
required to maintain the mixed liquor suspended solids within the optimum operating
range for the particular membrane biological reactor system. After replacement of a
portion of the adsorbent material, the effluent is monitored by the operator to determine
whether the requisite contaminant removal efficiency has been restored. Additional
replacement can be made as needed based on operating experience.
[83] In some embodiments, the system and/or individual apparatus of the system can
include a controller to monitor and adjust the system as desired. A controller can direct
any of the parameters within the system depending upon the desired operating conditions,
which may, for example, be based on governmental regulations regarding effluent
streams. The controller can adjust or regulate valves, feeders or pumps associated with
each potential flow based upon one or more signals generated by sensors or timers

positioned within the system or individual apparatus. The controller can also adjust or
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type of adsorbent material, adjusting flow of the wastewater at the feed
inlet or inlet to another apparatus within the system redirecting flow of
t he feed wol2et1/m8927nl et to anot her apparatus within thePsyatSeomote13ar st or age
tank, adjusting air floww thin the biological reactor, adjusting residence
time within the biological reactor or other apparatus, and adjusting
tenperature and/or pH wthin the biological reactor or other apparatus. One
nore sensors.can.b ized in o e aratus or
ot r oo BEURIRG S eers op PUOPHE ARSI Bl PoB e AP S SRR TG1oT he
state or condition of any one or nore processes being perforned in the
system QI sigids g8staser RinsEneon(oF HIMessy. Wactoidicate hnceifisifsadi iestample t he
suspended nedi a nenbrane bi ol ogi cal reactor system provide a versatile unit
havi ng nmul wpphel opdesnefard pendtin on chavhdctehstranr pegpopdoft thensyistenplogen aput s t o
increase the efficiency of the wastewater treatnent system The controller
can be i pli@sRfihe@lpefddg ke Bér oXemPR) FReHseF inSatsdfaiEnt WirbAN caidBereate hOT
exanpl e, a general -purpose conputer. Alternatively, the conputer systen1can
| nclude Speql Ao o AERLncRIALA! crPHIRASE, BRI ol obiOh PXATRAG
applicati speC|f|c |ntegrated CIrCUIt (ASIC) or controflers |ntenﬁed for
wat er treat rE%rI]lEiS 1ca1 q}%l I com C}S an %tcgl’rﬁl gl?hrh I n%relf res Qantqtr I'TDI’ €
processors Qyp|Ca y comh d)Yo nore menory deViced Wnitn®c
conpri se, for exanpl e, any one or nDre of a di sk drlve mepory
menory dRQI4CEOMBOTAN hhaighedediRidetgmiRadn g ug oy iteads f l@tl‘iﬁlpﬁdﬁﬁa@lﬁ The
menory is typically used for storing prograns and data during operation of
t he syst €D Fuel has saaghed a piedetawnined valam obwengstbdrepy triggeong thy deingpletiteal dat a
relating to the paraneters over a period of tinme, as well as operating
dat a. Sopdrtiamesorhdatudpdugapr frgmardowvngtrenddrdnadr atihleesvapdrs &hisosht mant s of
the invention, can be

include any one or more of removing adsorbent material from the biological reactor,
adding new or regenerated adsorbent material to the biological reactor, adding a different
type of adsorbent material, adjusting flow of the wastewater at the feed inlet or inlet to
another apparatus within the system, redirecting flow of the feed inlet or inlet to another
apparatus within the system to a storage tank, adjusting air flow within the biological
reactor, adjusting residence time within the biological reactor or other apparatus, and
adjusting temperature and/or pH within the biological reactor or other apparatus. One or
more sensors can be utilized in or with the one or more apparatus or streams of the
system to provide an indication or characteristic of the state or condition of any one or
more processes being performed in the system.

[84] The system and controller of one or more embodiments of the suspended media
membrane biological reactor system provide a versatile unit having multiple modes of
operation, which can respond to multiple inputs to increase the efficiency of the

wastewater treatment system. The controller can be implemented using one or more
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stored on a conputer readable and/or witeable nonvolatile recording

medi um and then typically copied into nenory wherein it can then be

execut ed W9 20ne0827nor e processors. Such progranm ng co®eTampolm4mitten in
any of a plurality of programm ng | anguages or conbi nati ons thereof. [86]
Conmponents of the conputer system can be coupled by one or nore

i nterconnecti on nechani sns, which can include one or nore busses, e.g.,

bet ween conponents that .are . infe ratglg Withiaag a sane device and/.oE

net wor k, SENRYCT PRSI LAB e Y SXTRRIE- F BLCEA PHFPOSE FAUPRYIE dMLEPRHE 362vi ces.

The interconnection nmechanismtypically enables communications, e.g., data,
i nst r uct herroMpuEST Fystesceranieldp spopdly -pioa B §p@<flaltmlép%syshaédfvvar[:egar The
conput er system can al so include one or nore input devices, for exanple, a
keyboar dexampls egn tp@chkben-bpecrficc moggnane  citcotdASSCr eeronaolterptiltendedaformachi ne
interfacedevices as well as one or nore output devices, for exanple, a

printi ngwaeyirefmel SPled). SCreen, or speaker. |n addition, the conputer
system can contain one or nore interfaces that can connect the conputer

system t@ﬁ? CORTLAhGRES %gteﬂ%éﬁpfn%ludi: DAt drO B QesdBs APicall} ebfiiciUqot 0 the

net wor k at can be forred by one or nore of the conponents of the system

[88] Apcgred(i)rnl%oteom%rrl]l%roae 1C I’Se %1ci10(gain COrI]rtl SI’IS(e)f fOtI'heeasuepgrli]dSQC or (rjnlo?‘ Ol a rane
bi ol ogi cal” reactor sy em “thé " 6ne O NET e npuf( 4BV &8s °%an" Mty Gaé
sensors for measuring anpy.one or nore paraneters of system and/ar

a

conponentigk dHEs BISMOrR & Bashaprperydevisse 2 rANOREMBYY d4véces 8hedrs deiehiss, or

ot her conponents of the system including netering valves or volunetric

f eeder s, steame Islatac orliecmenoryo i tyeatiyngedt fanstoengwpreeramatandsdapatuaingyvel y

coupled to the conputer system Any one or nore of the
operation of the system. For example, the memory can be used for storing historical data
relating to the parameters over a period of time, as well as operating data. Software,
including programming code that implements embodiments of the invention, can be
stored on a computer readable and/or writeable nonvolatile recording medium, and then
typically copied into memory wherein it can then be executed by one or more processors.
Such programming code can be written in any of a plurality of programming languages or
combinations thereof.
[86] Components of the computer system can be coupled by one or more
interconnection mechanisms, which can include one or more busses, e.g., between
components that are integrated within a same device, and/or a network, e.g., between
components that reside on separate discrete devices. The interconnection mechanism
typically enables communications, e.g., data, instructions, to be exchanged between
components of the system.

[87] The computer system can also include one or more input devices, for example, a

keyboard, mouse, trackball, microphone, touch screen, and other man-machine interface
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above can be coupled to another conputer system or conponent to communi cate
with the conputer system over one or nore communi cation networks. Such a
conf i gur avpan1p@seR7t S any sensor or signal -generating de¢iras2e10/0bs81t ocat ed
at a significant distance fromthe conputer system and/or allow any sensor
to be located at a significant distance fromany subsystem and/or the
controller, while still providing data therebetween. Such comruni cation
mechani sips.can be affected by utiljzing apy suitabl e technjque including
but not $5V560 d Wil PhESe oL 2hiRyt frvichseld SRmPEL o R PEGie VRS HBBGR ¢ he
conputer systemis described by way of exanple as one type of conputer
syst em ufsETEIwAT eiteakerr i1 3ddisiopeibie somputch 8YS$¢IB [sah derfaifelic 0T FRoms AafgEaces

bi ol ogi cal reactor system and the present invention can be practiced, it
shoul d béhaappr @nnedtable téraputthsysiemv énd icomnivgiqatdn hetworledntadditienrg as an

i npl enented in software, or on the conputer systemas exenplarily shown.

| ndeed, fladrhgivettbale hébamdat esh B foriet @xasiel &, mareganaE 3bmpufid@ser menput er
system the controller, or conponents or subsections thereof, can

alter natgyégslny. be inplenmented as a dedicated systemor as a dedicated
progra ble logic controller (PLC) or in a distributed control system
Furt her, Jot shoul d be appreciated that. ane nore features. or aspects of
the suspiiled nrisnBRa gt B8 PS8 oF tor SR e na-fPBEE
invention can be inplenmented in software, hardware or firnmware, or_an
combi nat PEIPEHbERFOT FBHCTRx MBS BnBO8T 1AM eI SdGiTefitls lwudgnseéusarérfqrh?/n
executable by a controller can be perfornmed in separate conputers, which in
turn, camepRIing seYMNs ®at meme t parguetarsomé systambr endAet wompsnert9 ofhetent. some
enbodi ments, one or nore sensors can be included at |ocations throughout

t he syst Aie@d@0yvelwhorehoramerd of temneusores giunggs, W okhed compuadntO pL (et ofstear, an
automated control systemto inplenent a suitable process nodification in a

including metering valves or volumetric feeders, can be connected to a communication
network that is operatively coupled to the computer system. Any one or more of the
above can be coupled to another computer system or component to communicate with the
computer system over one or more communication networks. Such a configuration
permits any sensor or signal-generating device to be located at a significant distance from
the computer system and/or allow any sensor to be located at a significant distance from
any subsystem and/or the controller, while still providing data therebetween. Such
communication mechanisms can be affected by utilizing any suitable technique including
but not limited to those utilizing wireless protocols.

[89] Although the computer system is described by way of example as one type of
computer system upon which various aspects of the suspended media membrane
biological reactor system and the present invention can be practiced, it should be
appreciated that the invention is not limited to being implemented in software, or on the

computer system as exemplarily shown. Indeed, rather than implemented on, for
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programuabl e | ogi c control |l ed nenbrane biol ogical reactor system In one
enbodi nent, system 200 includes a controller 205 which can be any suitable
pr ogr ammasioaniidesdcat ed conput er system PLC, or distri paras2consr3ot
system The concentration of certain organic and/or inorganic conpounds can
be neasured at the nenbrane operating systemeffluent 212 or the effluent
fromoutlet 208 of the biological reactor 202, as indicated by dotted |line
connecti ons ?etmeen the controller 205 and hoth the effluent |ine 212 and

t he int eV Gt & EFTT Ve PPN eVt &8 08Ualld: i 1 PPN Pranot her
enbodi nent, the concentration of volatile organic conpounds or other

proper t ysubsections dkareet; san @ltematiy@dy Hestpemanied as rpdedieded aysteReclofs Aore of
inlets 201, 206, or 210. Sensors known to those of ordinary skill in the
art of pdabess] popramomablpplgat aentodler | (RE Ude ihesdishéseal omtldsgsteimduced
fluorescence or any other sensor suitable for in situ real tinme nonitoring
of the cpne®n!ia3howld befapPr@RIRIICIhAr ond1OF BRI foaBREROUMPSCHs f tiResBpéddegnt or
ot her property orcharacteristic of the system Sensors that can be used

i ncl ude subARLShihS ﬁ%ﬂ%%?refa%r Eenh Qn@iﬂejﬂr&émh%ntﬁﬁ%ﬁh' LE %@Em%@eﬁh use
WV fluorescence for detéction, such as enviroFl u- HC sensors avail able from

Tri OS Optic Sensors. (A denburg, Cermany). The sensors may conprise | enses
whi oh ar® e BrOSPRGr A LR PPedt o0 FOMpPalan By BB RN o
fouling or filmthat occurs on the | enses. \Wen one or nore sensors in the
syst em gBRET HEECHISQIMAIZRHER Peuabladam boiiiclr 640 bhBeTEeg e SBRAGHAI c
and/ or inorgani c conpounds exceeds a predeterm ned concentration, the
control eympuerscahich mpluamsan ba iy easponsicateongbraugh ogeiehmars netwaiks.abl e

f eedback action or feedforward action, including but not limted to

r enovi ng[98¥ls olmbaoine nahbsdiments] anwast endte sehsorgecapobt Adladédsati lndatomked by
dotted |ine connections between the controller 205 and the waste di scharge

port 216hroafditnGe RQWeRr 200e981&1 alad ReFRIRERonBkER Binudl BpadpPant

mat eri al introduction
automated control system to implement a suitable process modification in a
programmable logic controlled membrane biological reactor system. In one embodiment,
system 200 includes a controller 205 which can be any suitable programmed or dedicated
computer system, PLC, or distributed control system. The concentration of certain
organic and/or inorganic compounds can be measured at the membrane operating system
effluent 212 or the effluent from outlet 208 of the biological reactor 202, as indicated by
dotted line connections between the controller 205 and both the effluent line 212 and the
intermediate effluent line between outlet 208 and inlet 210. In another embodiment, the
concentration of volatile organic compounds or other property or characteristic of the
system can be measured at one or more of inlets 201, 206, or 210. Sensors known to
those of ordinary skill in the art of process control apparatus can include those based on

laser-induced fluorescence or any other sensor suitable for in situ real time monitoring of

the concentration of organic or inorganic compounds in the effluent or other property or
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apparatus 229 or at one of the other locations (as indicated by dotted |ine
connections between the controller 205 and the adsorbent materi al

i nt roductworroappanat us 229); adding a different type of patdsetme/nsi3nut eri al ;
nodi fying the hydraulic retention time; nodifying the biological
characteristics such as sinple carbon food for mcro-organisns or adding
phosphorus, nitrogen and/or pH adjustnent chem cal s; and/or ot her

nodi fications as descri bed ove Qqr will be par e to thase

O df nar y RIS OF e SR (1o NGEE T s e SO RED R I SO 8nd € he
adsorbent materi al |ntroduct|on apparatus 229 are shown only with respect
to FI G D oil-in-yatef peasaapent mdich wedeV fluaraseanse fidletastionapribiservd@iiBack and
feedf orward capabilities can be incorporated in any of the systens

descr i bedChensirs avditnbidomi BmOS tOmicabiiemsotsl @1dadbrg ierimengl etha samsqal | y
connected to other conponents such as a wastewater feed punp and the

suspensi Py sysbess 13 wWdhidh Af eited bEothEXASE tréidlo Prévenesialigl tansmbuirat ed by
t he adsorbent material in the biological reactor 202, the processed m xed

l'i quor p@isﬁ)%ﬁn% R AHANhSERALAL SPheSHRRY S WEH L 8Re o@%ré SersbANAIRE k¢derh© the
menbr ane operating system 204 substantially free of adsorbent na erial. The

separation subsyst e 2% Brevent§ ?dsor ent naterla fron1 p53|n i.nto the
gen ratc S1 na ar t A)nC ration one 1{11ﬁre organil Oor 1{10 amf;
menbr ane=oper at'i NG Sys mal n alnlng 3t éh e in the

bi ol ogi cal reactor %h or othermnse UE§trean1of t he nmenbr ane peratlng
syst em 26UTPYRES ESFEhH S RiENHCHERBIANNt dPogPRE! SYEER ISP 18y
mnimzes or elimnates the |ikelihood of fouling and/or abrasion of the
menbr anercop@shEiaggons yerhean a suRbladedsibagiesction ar hecdieisardagitonnichding but[ 93]
The menbrane operating system 204 contains filtering menbranes 240 to
filter the IbhienEse@mpdingangsabéemaaial dsn wasté dachargepodt 2a6iass indictithé byrenbr ane
operating system

dotted line connections between the controller 205 and the waste discharge port 216);

adding new or regenerated adsorbent material via adsorbent material introduction

apparatus 229 or at one of the other locations (as indicated by dotted line connections

between the controller 205 and the adsorbent material introduction apparatus 229);

adding a different type of adsorbent material; modifying the hydraulic retention time;

modifying the biological characteristics such as simple carbon food for micro-organisms

or adding phosphorus, nitrogen and/or pH adjustment chemicals; and/or other

modifications as described above or that will be apparent to those of ordinary skill in the

art.

[91] Note that while the controller 205 and the adsorbent material introduction

apparatus 229 are shown only with respect to FIG. 2, it is intended that these features and

the various feedback and feedforward capabilities can be incorporated in any of the

systems described herein. In addition, the controller 205 can be electronically connected

to other components such as a wastewater feed pump and the suspension system 232.
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tank 204 fromthe effluent fromthe bioreactor 212. These menbranes 240,
which can be in the formof hollow fi ber menbranes or other suitable

conf i gur avpans/00827i s known to those of ordinary skill ipaTiUse0108131Ar €
typically very expensive and it is highly desirable to protect them from
damage in order to maximze their useful life. In the suspended nedi a

menbr ane bi ol ogi cal reactor system 200, the life of the nenbranes in the
operatin ystem tank.are.extended, since the separatipon subsystem 222
stbst ant P2 | yA g iEemigE ok har BLdeHEr Jobrs PRaDadOutBEN THETar Pal®es uch as
granul ar activated carbon, and/or any other solid granules and particles,

i nto t hebigtoginahrracopapat thapresestedmixed liquoypaseyst thequeh separatgis prsysen| | t er ed
effluent fromthe nmenbrane operating systemtank 204. Return activated

sl udge |22k 4dddist ranspedt © ther membmnacopevaingdsystend §O4 stubstantifliyofree hd

menbr ane operating systemtank 204 to the biol ogical reactor 202 for

further userbeAPHRERRE! MTheOfephafigionasiboWaine 220 eaeednt atlortione esdertd] FRGR 1S
wasted fromthe systemusing waste |line 218 as in a conventional nenbrane

bi ol ogi calsiheAeh e MUSHEME Qélin%?ﬁ‘stérﬂ%@@.”%g%aiﬁbéﬁﬁ e 3dsitbedigRSifne or

nore of ]Jet Suspension, nechanic m X1 ng, coarse bubbl e aeration, gas lift
suspensi gn

syst.enms .suc raft. tube(s) and draft trough %%. and_ ot her
Cypes. of TUE A PRRH Hitar 7o oE shntYRE Byfllte B bkl Mol E5dsPhon
material 234 in suspensigon while minjmzing attrition of the adsorbent
mat er i al 2¥340° PuBFndcH Bt AN EIRSORPIASHTS ICAGIE SYSIER MRITPIZE OpeY BRSS! ti me
in which the adsorbent material 234 is within the biological reactor 202
and somethgr Bkaliheodh rafakaudjeg ornsl{ors abrasign | ofsthee mefbrdng ppargingngston @bt r udi ng
surfaces of the adsorbent material 234 break off and becones powder, fines,
needl es memobtdnes by thelddesrbpamidtetdlat es, the adsorbent material 234
mai nt ai ned in suspension by the suspension system 232 stabilizes, whereby
littl e of9300 The membrane operating system 204 contains filtering membranes 240 to filter

the biomass and any other solids in the mixed liquor in the membrane operating system

tank 204 from the effluent from the bioreactor 212. These membranes 240, which can be

in the form of hollow fiber membranes or other suitable configurations, as is known to

those of ordinary skill in the art, are typically very expensive and it is highly desirable to

protect them from damage in order to maximize their useful life. In the suspended media

membrane biological reactor system 200, the life of the membranes in the operating

system tank are extended, since the separation subsystem 222 substantially reduces or

eliminates entry of the adsorbent material such as granular activated carbon, and/or any

other solid granules and particles, into the membrane operating system 204.

[94] Outlet 212 transports filtered effluent from the membrane operating system tank

204. Return activated sludge line 214 transports a return activated sludge stream from

the membrane operating system tank 204 to the biological reactor 202 for further use in
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further breakage or degradation in size occurs. [97] The concentration of
adsorbent material in the mxed liquor is generally determ ned based upon
t he speciwDcosly®s®em paraneters and wastewater to treat wPhe/ysasmwiocishar

conbi nation of biologically refractory and/or biologically inhibitory
organi c or inorganic conpounds to neet a facility's discharge requirenents.
Testing has indicated that operating a nenbrane biological reactor with a
typical industrial mxed |Iiquor suspended so]ids concentration (in a nornmnal
et PRI Ch R HEE BB ST I e SSE g O e GAne

enpl oyed) and an adsorbent naterial concentration, such as granul ar

act i vat effataHpoAl8 afingtsenyentiguglraempiaae piolegicahisasyr sydr suspended sol i ds
concentration) was adequate to renove the biologically refractory and/or

bi ol ogi cE¥Sly Thhsiipemsign eysgami232cwiljzesnds opmasent jensushensias neshiecal f eed

wi t hout creating foulingproblenms on the screening systemused. Hi gher
concent r aiiifg)Toise BASKIE baatiomabeliitabispeasioh sysiaiethchas AFAVivle s pimddleftt i onal
margi n of safety agai nst process upsets that could cause higher than normnal

eff| Ue”ttr&@h‘%ﬁ,maﬁ@tdtl%stgg%s BF eheahged! ¥ hef LdGRIK GRRRURASAiRAA! @@ cal Iy

i nhi bi tory conmpounds, and/or organic or iInorganic conpounds entirely

resi stant bRl Qu@AbCAl i REHRASH Wil MO Sk ATigb NP RO b ik G5 O bent
mat eri al “ W FOEGHE 10 T RCRSALRY screening an 1ot se% I“I"'Ag Fequi renents.
The | owest concentration of adsorbent material that can be utilized and

still achi®eve the required effluent quality can be enpirically determ ned,

based upon a desired nmargin of safety against process upsets that is based
on exper i%hcelnogertsith embipdiencitse piidr apprivpr peniasl potimenia whichitbeladsorbgt em and
process. [98] The suspended nedi a nenbrane bi ol ogi cal reactor systens using
adsor beninarsite234ails wipsh fediivioical reebr 20ampenat graguls pedakngd aoekirst ©.gadsor b
organi ¢ and i norganic

some of the rough and/or protruding surfaces of the adsorbent material 234 break off and

becomes powder, fines, needles or other smaller particulates, the adsorbent material 234

maintained in suspension by the suspension system 232 stabilizes, whereby little or no

further breakage or degradation in size occurs.

[97] The concentration of adsorbent material in the mixed liquor is generally

determined based upon the specific system parameters and wastewater to treat the

particular combination of biologically refractory and/or biologically inhibitory organic or

inorganic compounds to meet a facility’s discharge requirements. Testing has indicated

that operating a membrane biological reactor with a typical industrial mixed liquor

suspended solids concentration (in a normal range for the particular membrane biological

reactor configuration employed) and an adsorbent material concentration, such as

granular activated carbon, of about 20% (of the total mixed liquor suspended solids

concentration) was adequate to remove the biologically refractory and/or biologically

inhibitory organic compounds present in the wastewater feed without creating fouling
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materials (biologically refractory, biologically inhibitory or otherw se)
as well as to provide for a suspended nedi a nenbrane bi ol ogical reactor is
appl i cablwofor/msszari ety of different configurations. |rCcadsamonm3ivari ous
separation devices may also be used to maintain the adsorbent material in
the biological reactor. It will be appreciated by one of ordinary skill in
the art that different systens will have different econom c benefits based
on the individual characteristics of the wastewater and the regi.on where
the faci PPN B SECTHEE YTy Usqdo dieRer opsetgrany ‘Pﬁga[dsﬁfﬁvsntcrl}?m‘g’?%l “8d to
produce optimal treatnment conditions include the type of adsorbent

mat er i al be adsefl tRipyoyidetas adfisionalynargin ofirateinagadnst prasessfupsety that Feyld causet | | ng
rate, requisite air flow or other suspension needs for granul e suspension
in the nhigke Ithaguaormal. efflueho aracantaiions lvé gokgidadly edtactoay ecbnganubdn as a
suspended nedi a, the screen barspaci ng or opening size and hole

conf i gur Bibidally highbbse RbmpbiaR, qhd@a&QFﬁﬁ@tornﬁbegahw cbiipbibiRls enteély! i quor,

the concentration of the m xed liquor volatile suspended solids, the total

concent r atison ff bid) 1'dkgdhgéosﬁﬁpeNQf%%E»tOéhisdéddiﬁJh%l h@ohi®n® ndtdMRl REf Ur N

activated sludge flow rat vided by the flowrate of the mxed |1 quor
resulf inmlanrz:br

entering t ane operating syst.emtank., the draulic retention tinme
and t he PG4 TRReRRE SRR e L R S meh B RHRMaLConi b FlbR R o
sone portion of the biologically refractory conpounds, easy to degrade

bi ol ogi c¥lsoBEYgRACHahRAUCRRRHGY aPé@Fb@)a?glﬁYf‘thGd”F%‘aﬁdffﬁH‘Fﬂt fiuplfyycan
conpounds, organic or inorganic conpounds entirely resistant to biol ogical
deconposba ¢wpiricalhd detrimiaed dlapad eponpoilssired inargintys tsaketesgabyst prasessaeseent

mat eri al such as granul ar activated carbon suspended in the m xed |iquor.

[ 100] Anththiemabxeinef dxipeénct e othespisn deansdegpeopranbicane fartidubgisgabmragdct or
systemis that sites are provided to which the mcro-organisns in the m xed
l'iquor spigpaRded solids

[98] The suspended media membrane biological reactor systems using adsorbent
material upstream of a membrane operating system tank to adsorb organic and inorganic
materials (biologically refractory, biologically inhibitory or otherwise) as well as to
provide for a suspended media membrane biological reactor is applicable for a variety of
different configurations. In addition, various separation devices may also be used to
maintain the adsorbent material in the biological reactor. It will be appreciated by one of
ordinary skill in the art that different systems will have different economic benefits based
on the individual characteristics of the wastewater and the region where the facility is to
be installed.

[99] The factors that are controlled to produce optimal treatment conditions include the
type of adsorbent material, including its size, shape, hardness, specific gravity, settling
rate, requisite air flow or other suspension needs for granule suspension in the mixed

liquor, i.e., to maintain the granular activated carbon as a suspended media, the screen bar
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can adhere. This aspect of the process produces a mxed |liquor volatile
suspended solids streamthat is nore stable and resilient in its response
to upset wondidioss and al | ows enhanced bi odegradati on @CTtuseolo/gemi cs
present in the wastewater as conpared to a non granular activated carbon
enhanced nmenbrane biol ogi cal reactor operated with simlar hydraulic
retention tines and sludge retention tines. A source of m cro-organi sns

i nside the pore spaces, or gq th%?surfac , of the.adsgéﬁgnt mat er.i al serves
as a southeEMEr SBINNHHAT 8hq BOlp ot dipdnthe sPneaTIAiaY P Bepagiglet
resulting in the |loss of sone of the viable mcro-organisns floating free
in the nihgadxed Bgusy, the gongsatraiant the mixeddipuphyolatilespspepdedhwbidedhe fdck to
the system which would, in conventional systens, term nate certain

bact er i agorsemmtioh dfheixad diqoensgaendeds oM, Hharatioeofppbe ectspasasaed sbrigehe
surface can survive, thus only a fraction of the recovery tine is necessary
as conpafled rhecRVidenby aiallow fafeTRhavhiikellliqud eafebiapithe MembrdneidpeRging! N
systens where the bacteria is nesophilic, the adsorbent can all ow sone

bac_t eri aspfel{i thﬁ,hﬁlep(H?@raﬁlié E%tehBors Uikt VEnd Nhd hgu f¢e RlterRiont l?i‘ﬁ{er.ml T_ﬁi@OCk due
to incredsed tenperatufe. Likew se, In systens where the bacteria iIs

t her m)phci)lt} it at‘ior}le ardslgrsbe tsor"a‘Jtilr(PWSf 390E bg. 1Io(ra1r io ‘éf\l'iet B{ it ticpa% p?rf?ac%irt es to
survi ve TRTHRE BVENtY'oF eV Har" shocRMGuB®ts decreaseé)%%npéra Y1 n both
of these circunstances, the tinme required for the cultures to re-acclimte
can be gf¥ARIWdsEatcdieeradeilpeirdpryesn demandaampogndn(BYRewolagiallyt hat
termnates all or a portion of the m cro organi sm popul ation, the presence
of adsorindittitormcempeundsl pigasict@rinerganicnepsepoopey antitoly, resistaphite hidlegi¢dle,
refractory, and inhibitory contam nants can be adsorbed while the mcro

or gani smiqeopipbsitibemnd exadjceldil@dpol yihé&dd subkanvarbyats adxeneht tsitdnial eachesn shown
to result in a nore rapid acclimation of the mxed liquor to the wastewater

feed, regur@al Quivhied cBbok REspERIHANAMRSMIRA liqd®y. oved
[100] Another benefit of the suspended media membrane biological reactor system is
that sites are provided to which the micro-organisms in the mixed liquor suspended solids
can adhere. This aspect of the process produces a mixed liquor volatile suspended solids
stream that is more stable and resilient in its response to upset conditions and allows
enhanced biodegradation of the organics present in the wastewater as compared to a non-
granular activated carbon enhanced membrane biological reactor operated with similar
hydraulic retention times and sludge retention times. A source of micro-organisms inside
the pore spaces, or on the surface, of the adsorbent material serves as a source of seed
bacteria in the event of an upstream process upset resulting in the loss of some of the
viable micro-organisms floating free in the mixed liquor. In the event of a thermal or
toxic chemical shock to the system, which would, in conventional systems, terminate
certain bacteria, some of the micro-organisms within the pore spaces or on the surface

can survive, thus only a fraction of the recovery time is necessary as compared to
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tolerance to variations in feed concentrations and fl ow rat e,

produce a

sl udge that can be dewatered nore quickly with a less oily nature that is
easi er t owbandlws92and an ef fl uent having a | ower concenPCcattisenonii3aT gani c

and inorganic inpurities than can be obtained froma conventi
bi ol ogi cal reactor apparatus. [102] The use of an adsorbent s
granul ar activated carbon in place of powdered activated carb

elimnation of the nenbrape foulin d/.or abrasion that have
Cdent i 11 SVERIopa ST ROWGRIRPEY: i DHREa: RabSEm LMF Ao

reactors testing. [103] Al though the use of granular activate

onal nenbrane
uch as

on all ows the
been .

ba5tdiagi ca

d carbon in

pl ace of Mgemldice theadsprpante@n AlpPpoPMEoRAS teHBt Wit B theapqse fitesstoefufyive Bnthey on a

wei ght basi s, the suspended nedi a menbrane bi ol ogi cal reactor
separ at i ewens ab shestelnsimabsiuartt iisdrbasep teupmttstde Loeaisel, ar sptemy
fromentering the menbrane operating systemthereby mnimzin

system and a
atheat thar bon
g or

el i m nat baegertahB {hek@bghlaQ dhefadedib@si Owansbicobhdteith afithihéhaTpoilr areso The

i npact of the reduced adsorption efficiency as a result of us

acti vat ed, -k BRMnd Byddk 3¢ hGHnaPMEIRT it BCHdYALEH S RRR0RSHA

i ng granul ar

Rlof dhQuever,

significantly inpact the efficacy of the overall activated carbon-enhanced
merbr ane.;bl ol oakeald £actor, ARRar kUS40 JeStinac RS, bndiealed.d hat the

. . 11
princi pa? frechani’'sm of "renbva cer rorogrcalty 1n

ory organics

and/ or biologlcallﬁlrefractory conpo ngs is related to an increase in the

resi denc® 4de, father Y& P SpieEPRgrkst
conpounds are exposed to the mcro-organisns in the powdered
car bon eeisamsadopplatirat the praverdeoindgentirinpatenalt o wsi fredontinged
suspended sol i ds adsorbed on the adsorbent material such as g
act i vat eth which tabilbaveéraetotyo age inhjiigtorp dorafiminan® can bdiadesbed Wikide
biologically refractory and biologically inhibitory

organism population is adjusted.

firtgERigpigs ah@r BiROFGYN elalheyickhi bi t ory

activated
ppsrolieit.i | e
ranul ar

the enicai-n

[101] The various benefits have been shown to result in a more rapid acclimation of the

mixed liquor to the wastewater feed, reduce fouling of the membranes, an

improved

tolerance to variations in feed concentrations and flow rate, produce a sludge that can be

dewatered more quickly with a less oily nature that is easier to handle, and an effluent

having a lower concentration of organic and inorganic impurities than can be obtained

from a conventional membrane biological reactor apparatus.

[102] The use of an adsorbent such as granular activated carbon in place of

powdered

activated carbon allows the elimination of the membrane fouling and/or abrasion that

have been identified as a problem in powdered activated carbon membrane

reactors testing.

biological

[103] Although the use of granular activated carbon in place of powdered activated

carbon does not use carbon as efficiently on a weight basis, the suspended media

membrane biological reactor system and a separation subsystem substantially prevents
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conpounds. I ncreased residence tinme for biodegradati on has been shown to be
a mpjor factor in reducing the concentration of certain biologically

ref ract oryoand/dosaarogi cal | y i nhi bitory compounds in thePggrtdse@n®413i1dl ogi cal
reactor effluent, and the higher adsorption efficiency of the powdered
activated carbon is not required to achieve the desired results. [105]

G anul ar activated carbon in a carbon-assi sted nenbrane bi ol ogi cal reactor
performs_as wel n owder ed actjvated carbon enh nc

oy anctB: SO AEHC PO e ARRER BT HESTPUHBY SPGB BHEg

refractory conpounds, biologically inhibitory conpounds, conpounds that are

ent i r el yMiHBIAR AL clirpingiieg dgilkalihepscf besian wW, fonlne ehthe meggirangsarh

pol ymeri c conpounds by allowi ng for substantial regeneration of the
gr anul ar ingeict vfathe dedvaedbadsorppionceffiberyusea huli ofsusimg grenulsi zaivaietl ceidon
beeffectively filtered or otherw se separated fromthe m xed |iquor that

ent ers tinepresturapavapal attiviged ¥&bem dRBk{cs) howberabi ﬁi:fic@ﬂtlﬁ hi Pa&Cth!dl’S when
usi ng the povvdered activated carbon can be elim nate or significantly

reduced @ﬁcmt{wé BT ANLARY BHoh\ahaied %e'i&ﬂﬂaﬂe'h&t'&%m%f&%@& afRdi al

menbr ane bi ol"ogi cal reactor system [ 106] Whil e the Tse of the powdered

act | vat egpﬁgr estlnga}ft“ C tflch tﬁ rIaiHCelpagl (r)ne?: Incl:sa ?‘gr}loval afrs] certain
denonstr sone e e aévant ges TR dna%ove 6t Thé granul ar
activated carb stem t he observed nengr ane abrasion fromthe powdered

2cti vat obio[oRBUR HHPRITHIBRaTG T REBPEHE TS Herabi HRYETEEARRCERN o
unaccept abl e since the nmenbrane's useful life can be reduced to an
unaccept disfeasd it resedegce tigieghitfthe drelogicdlystetmetary and Biplogedally iifhabigypect ancy
of a nmenbrane. Since the cost of the menbranes represents a significant
porti on admpduadt cralexpost of tie mEoir@pailinoliogihe apowdaat actiwyst eagboan
extension of their useful life is an inportant factor in the operating cost
of the ephanced apparatus. Micro-organisms in the mixed liquor volatile suspended solids
adsorbed on the adsorbent material such as granular activated carbon have a longer
period of time to digest these certain biologically refractory and biologically inhibitory
compounds. Increased residence time for biodegradation has been shown to be a major
factor in reducing the concentration of certain biologically refractory and biologically
inhibitory compounds in the membrane biological reactor effluent, and the higher
adsorption efficiency of the powdered activated carbon is not required to achieve the
desired results.
[105] Granular activated carbon in a carbon-assisted membrane biological reactor
performs as well or better than a powdered activated carbon enhanced membrane
biological reactor in enhancing the removal of biologically refractory compounds,
biologically inhibitory compounds, compounds that are entirely resistant to biological

decomposition, and extra-cellular polymeric compounds by allowing for substantial

regeneration of the granular activated carbon. Also, because of its larger size, it can be
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menbrane operating system [107] FIGs. 3-6 depict certain enbodi nents of
the wastewater treatnent system of the present invention. As noted above,

t he wast ewater/toseat nent system of the present inventi orCras2@0pPiBy7 a
suspended nedi a nmenbrane bi ol ogi cal reactor system described with reference
to FIGs. 1 and 2 and al so described in PCT application nunber PCT/US

10/ 38644 and Publication Nunber W) 09085252. Wiile certain preferred

enbodi nent.s .are scri bed in conjuncti with treatnent of |ow

Conoent r TR bRERd: B ottenye st o et FPEnT bt B o ipst r eam
wastewater treatnment, it wll be appreciated by one having ordinary skil

in the afembrggioRgrating syderafiank(vf Theabpsiondhat Qficys| ok using the poywHered

wast ewat er treatnment system of the present invention can advantageously be
enpl oyedadtivated earbaa stre it eliminatedngr signdidastheredifcethi i egipbating granular

| abi | econmpounds as wel| as conpounds entirely resistant to

bi 0- decompiasict ic@on b Bleagigeatdd/medibl Rbhbraye GRIPALH dsactorRPlt@n. bi ol ogi cal |y
refractory conpounds, or a conbination of these. [108] Referring to FIG 3,

a treat ngQk) SWaLRMmStsd S SPCHRIdr latisRfRdh bhfdfel Y &f fbMBRhe 351

fromone or nore upstream wastewater treatnent stages, collectively

identifigd, as stewater treatnent s em 350, st ewat e reatnent system
350 typi GBI 98] FRRELT A CorI SRR 0% oaih Bre RS A% Bhed SRR ge
352 and a liquid treated effluent 351 that is referred to herein as "I ow
concent r SRNMUAT dEibREatashon yistompithe aéw%ﬁf@@fa@a a@b%t?ﬁs ?l@alﬁ? Re¥teiRdt er

treatnent”, as is conventionally known. Wile the description which follows
ref ers tartiopfed gaon pattickes ibdierngerdeans eperitingniysise onk(wbis ainggesplablgrsince
wast ewat er treatnent stages, e.g., primary and/or secondary, it will be
under st othd rhymbmaee’ofuseiutllifiacyn b&irdduced td he vatdcepfable fehd, systségmifiandymet hods
of the present
less than a typical life expectancy of a membrane. Since the cost of the membranes
represents a significant portion of the total cost of a membrane biological reactor system,
an extension of their useful life is an important factor in the operating cost of the
membrane operating system.
[107] FIGs. 3-6 depict certain embodiments of the wastewater treatment system of the
present invention. As noted above, the wastewater treatment system of the present
invention can employ a suspended media membrane biological reactor system described
with reference to FIGs. 1 and 2 and also described in PCT application number
PCT/US10/38644 and Publication Number WO/09085252. While certain preferred
embodiments are described in conjunction with treatment of low concentration
wastewater, e.g., derived from effluent subjected to upstream wastewater treatment, it
will be appreciated by one having ordinary skill in the art, having the benefit of the

present disclosure, that the wastewater treatment system of the present invention can

advantageously be employed to treat wastewater having some level of biologically labile
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invention are also effective for treating | ow concentrati on wastewater from
ot her sources, such as directly froma process having | ow | evel s of
suspendedweabildwsaend rel atively | ow | evel s of dissol vedPorgsreios413in
addition, the wastewater treatnent system of the present invention can
advant ageously be enployed to treat wastewater having sone |evel of
biologically Iabile conpounds as well as conpounds entirely resistant to

bi odeco 03| n, oglcaII i nhj.bi tor and/.or ogi.cally
et act oRTRD AR Brc SRR RALTEn I LI SO B SE OB B HENOHY o

stream 351 can be a direct influent, or subject to m ninmal upstream

pr ocessi Mgibien: Bompoundsy predery biokogigallyi IsFagigrt emPIIGhi @ha saBdInaten 41| y al |
solids have been renoved. [109] As discussed above, tertiary treatnment of
an effl uémte.from a secondary treatnent zone conmonly includes passing the
entire secondary effluent through one or noregranul ar activated carbon

col ums 8Pt Referrdfl tol BIGY 35 Yisteabmémrsyaesli 3340Rakhdh@RANERhow® f&- treafi@ki Shi ng,
in order to achieve the required water quality standards. In contrast,
treat mentg¥st §51 IR Odnet BE n%r@s trehV R Qiker ‘M‘é‘aﬁﬁbn@ as'?aq%gg HSiRdtiasya
tertiary treatnent systen1 enpl oys a conbi nat1 on of Tl ux ads%rbent
mat eri al n1359 sian I unt of c m.n and a
further systtlftle §§§N r%%?%% F@s reagfnd&gnggﬁeréﬁgonI%n%ﬁ%n ?50
contanlnants adsorbed t he adsorbent material, by biol ogical regeneratlon
and/ or rRRERILY depsHn lpﬁ?&ﬂt 4 GEFAICAPIZES FHRESS P‘H@’afefie“i‘f%én?t% AtelEss of
the present invention conprehends a high flux adsorbent naterlal t r eat nent
syst em 38&teth@fflenbwdt Ithyt depdertndnto heticar aal ldyw slongfingiation expseaatar’ o
reactor system 399. The high flux adsorbent material treatnent system 359

i ncl udes“afluenti suhjezedeto3Gstieam wastewwiengrehtresin’, amdisocomeaticiatly kdsar. bent
material, e.g., froma source 393 of adsorbent material. M xing zone 360 is

in fluidwhile the description which follows refers to effluent 351 as being derived from one or
more upstream wastewater treatment stages, e.g., primary and/or secondary, it will be
understood by one of ordinary skill in the art that the systems and methods of the present
invention are also effective for treating low concentration wastewater from other sources,
such as directly from a process having low levels of suspended solids and relatively low
levels of dissolved organics. In addition, the wastewater treatment system of the present
invention can advantageously be employed to treat wastewater having some level of
biologically labile compounds as well as compounds entirely resistant to bio-
decomposition, biologically inhibitory compounds, and/or biologically refractory
compounds, or a combination of these. In these embodiments, stream 351 can be a direct
influent, or subject to minimal upstream processing, such as a primary separation system
in which substantially all solids have been removed.
[109] As discussed above, tertiary treatment of an effluent from a secondary treatment

zone commonly includes passing the entire secondary effluent through one or more

49



conmmuni cation with a source of |ow concentration wastewater 351 such as

ef fl uent subjected to upstream wastewater treatnent or other |ow
concent r avpanivmse2ewat er. M xi ng zone 360 intimately m Pe3/ush@oadsor bent

mat eri al and wastewater, and passes the m xture of | ow concentration

wast ewat er and adsorbent material 361 to an adsorbent material settling and
| i quid separation zone 370. A nmajor portion of the overall |iquid

vol ume/flux jis decagte or thermﬁsg di scharged from the adsorbent materi al
set t | i ngZARAYaT PUAE SAPRP T BN S Yrdn g 761135y DR, £ 298 ipnal isalnerta i g -
optionally be subject to further tertiary treatnent 390. The adsorbent

mat er i al Pelshingnth@dert togehieke thedseirseny atapquatinastandards; | In goRpRpL) tregtment
separation zone 370 as an adsorbent nmaterial effluent discharge 372 which

i s passesystem 8 of dw piespnt adsotibe nwhidktcen ibaluséd o4 agentiaty regymaetr syisicon
reactor system 399, which includes a biological regeneration reactor 302, a
membr anecpieyata Bembnslie @04 hagh AdsoiREMentTMa@diadl sysiB@ABENGo ZARErH36 and
an adsorbent material /bi onass separation zone 387. In aerobic systens, the

bi ol ogi Cﬁlbs{aﬁgﬁpﬁﬁﬁfnit QR c%ﬁﬁﬁﬁﬂints?gﬁdfaufutrﬂﬂ@f ?S%lll @@gsfolabﬁ)%gi_@ﬁypgrea% gen,

and m cro-organi sms biologically oxidize organics and certain’inorganics
adsorbed, o f e Adsonant (Mt abiali b g RLA! 901 gl Ledeneratlon pgact or
302, and mXxe i quor “Tncludi hg mXxXed | Tquor - vol attl'e suspende SolPds is
passed t hrough an adsorbent solids separation apparatus 322 and di scharged
as bi ol offPtogfeat EgeMERURN B/ dertiBMIM: xed |i quor effluent 308 outlet to a
sol i ds separation apparatus to renove biomass and any other solids in the
m xed | i Jd6l . InFgmersk savpisethe itigageant aysiere F06 of tnprssant invisatipr ewapiehéngdsent i on,
the solids separation apparatus includes nenbrane operating system 304, in
whi ch t he higihofleog hdselbenhe geveiad ticamene agdtan 38D fdndentowdfl8x iadsqabeas exhtétal an
inlet 310 of the nmenbrane operating system 304 to renove bi omass and any

ot her sobiiofhidal rdddfertlie fbabiofl YPtem MODDrERENIER €@k @ds@bédtUBRtEriad keatfent

di scharged as perneate, and
system 359 includes a mixing zone 360 for receiving fresh and/or recycled adsorbent
material, e.g., from a source 393 of adsorbent material. Mixing zone 360 is in fluid
communication with a source of low concentration wastewater 351 such as effluent
subjected to upstream wastewater treatment or other low concentration wastewater.
Mixing zone 360 intimately mixes the adsorbent material and wastewater, and passes the
mixture of low concentration wastewater and adsorbent material 361 to an adsorbent
material settling and liquid separation zone 370. A major portion of the overall liquid
volume/flux is decanted or otherwise discharged from the adsorbent material settling and
liquid separation zone 370 as effluent 371, which can optionally be subject to further
tertiary treatment 390. The adsorbent material is removed from the adsorbent material
settling and liquid separation zone 370 as an adsorbent material effluent discharge 372

which is passed to the low flux adsorbent material biological regeneration reactor system

399, which includes a biological regeneration reactor 302, a membrane operating system
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activated sludge 314, as retentate, is returned to the biol ogical
regeneration reactor 302. A portion of the activated sludge can be

di schar gesiof2oomosdze systemvia a waste |ine 318. Adsor beot/usatienussi7 f r om

t he bi ol ogi cal regeneration reactor 302 is passed to the adsorbent nmateri al
shearing zone 386, in which excess biomass is sheared fromthe granul es or
particles of adsorbent material. Biomass is separated fromthe adsorbent

material ,in the adsorbent naterial/bio separation zone 387, .Separ at ed
adsor ben?O4redrb AtsrbeH amatesal sEEaee deto rRb eond 8. BHSBTRST dBHHUBIEEAL | on
reactor 302 and subsequently sheared and separated in zones 386 and 387 is
recycl edseppitippggeg 837 i Heacz@uc spsterip the Riokepicad seeeseption Fractr R durthes
returned via 388 to the biological regeneration reactor 302. Spent

adsor benincheteni slurccaot beygeamond dnicrooonghinembitoblogiceldy oxelganergabicorandact or
302, via line 316, or fromthe adsorbent material/bi omass separati on zone

387 via tdragh Hbtgarlidd hdsoltedced tthd Rdsy¥badi mewdtisl, it iR blonglidadNsgdierdidg
adsorbent material shearing zone 386 and an adsorbent naterial/bi omass

separ ati RQct%P@ﬁzé%ﬁa ey H?udr%ﬁgéiﬁé %X.&c{lli%m?!v%%!tﬁe Hﬁg&ncﬁﬁ%ﬁéé RMaseganpl es

of apparatus that can perform shearing and bi omass separation include

conti nuoys backwash filters, and/ or. wal nut sh filtern. 1 n additiaonal

emboat nefT e Bhactoi s ARl BeBani: Y ait rSaue P B eTE o

shearing zone 386 and an adsor benﬁ mé‘ﬁéi al / bi omass separation zone 387 can
flyeay

be acconfSRPAREIPT 152t A M) it & PUHGLIA 2 0Hds sFPagpon gpgRrafiidPance i f
bi ol ogi cal regeneration reactor 302 is suitably equi pped wth sufficient

t ur bul entgarave iewasst and hey wdve solidy i eamined lignon h&se csabpldi mewexaint he
bi omass can remain in the biological regeneration reactor 302, and the
r egener atrebodisbelibé thegirekeaeipac@ioadthadsidhephratiod eppasdtucmpludes pasibeae
directly to the m xi ng zone 360.
operating system 304, in which the biological regeneration reactor effluent 308 is passed
to an inlet 310 of the membrane operating system 304 to remove biomass and any other
solids in the mixed liquor. Membrane-treated effluent 312 is discharged as permeate, and
activated sludge 314, as retentate, is returned to the biological regeneration reactor 302.
A portion of the activated sludge can be discharged from the system via a waste line 318.
Adsorbent material from the biological regeneration reactor 302 is passed to the
adsorbent material shearing zone 386, in which excess biomass is sheared from the
granules or particles of adsorbent material. Biomass is separated from the adsorbent
material in the adsorbent material/biomass separation zone 387. Separated adsorbent
material that has been regenerated via biological regeneration reactor 302 and
subsequently sheared and separated in zones 386 and 387 is recycled via recycle line 389

to the mixing zone 360, and biomass is returned via 388 to the biological regeneration

reactor 302. Spent adsorbent material can be removed from the biological regeneration
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[112] In addition, adsorbent material can be introduced at various

| ocations in the system For instance, a source 393 can be used to

i nt r oducewbnesinosn27r egener at ed adsorbent material via | PoE/UB3@0/0e1397, m xed
with recycled adsorbent material that is returned to m xing zone 360. O her
suitabl e | ocations can be used for introducing adsorbent material, for
instance, as discussed in with reference to FIG 2, directly into m xing

360, th t] 370, [113] | t ai
erbo meliedor e el bBhee HPohe sl SRR i EBRER, Sl irapda bl "

sufficient nutrlents to support the biology wthin biological regeneration
react or B®2392accordingly, a portion of the raw wastewater frominfluent 301
can be introduced into the biological regeneration reactor 302, for

i nst ance[Milh h d&eypassnistdieants,308funthis dttheadsBi8ncantchel shagrgzdne 86, or
conti nuous, depending on the type of wastewater, its constituents, and

whet her gid ﬁp&dsbfnﬁnma{reﬁmlemam«sPQatlm @&&Mﬂ&@&aeqmgra&ddmﬁ a A\l b Rgitt hi s
raw wast ewat er or sone ot her si e carbon source can enhance t

devel op atfh. bﬁ%&ﬁ?fﬁgt&gggaﬂa&srﬁ%béﬁ erfQin QRLAAE! ande@badal § ra@ifon

refractor organlcs renoved fr n1|om1conc ntratlon wast ewat er

stream 351%%%{ 1nu%g§8ac%€vrz}gh &%r I 37{)%%/31_ nlelt £haYi’ fvi? ﬁ'l t10 emf)oc{ m¥ tpl’ ovi des

bact eri a that “BECoTE® AEEN Hht' raw Wast constitlent s,
and these bacteria then provide starting p0|nt f bacterl hat can
bi ol ogi c¥M§ Oﬂé‘Br‘éfd@etﬁﬁl@CtﬂQé’@P%YchﬁP BYSGERTIE Snatephg Ao ?%éﬁlil% 3Ban

evol ve over tine into species that can digest the refractory organics.

Havi ng addsarbenematedial{biomann saparasion gane £38¢ dian et dssomplished sngh¢ hidkegitaddgi cal
regeneration reactor 302 will result in a bacteria population that is
capabl e ekehrgest teagonB02 foonpitaxe of gmhogical cagrauindsn trémrort 302 bawitelyal t hat
woul d be present in a sanitary wastewater treatnent system which is

gener al | yquliflRdMRsth SANBERAt $EBLlh&D t§0hrBinofOthd 3etREdrd {HRaBnMaSIEWRLET
treat nent system
embodiments, the biomass can remain in the biological regeneration reactor 302, and the
regenerated, sheared and separated adsorbent material can be passed directly to the
mixing zone 360.
[112] In addition, adsorbent material can be introduced at various locations in the
system. For instance, a source 393 can be used to introduce fresh or regenerated
adsorbent material via line 389, e.g., mixed with recycled adsorbent material that is
returned to mixing zone 360. Other suitable locations can be used for introducing
adsorbent material, for instance, as discussed in with reference to FIG. 2, directly into
mixing zone 360, or directly into liquid separation zone 370.
[113] In certain embodiments, the adsorbent material effluent stream 372 is lacking in
sufficient nutrients to support the biology within biological regeneration reactor 302.

Accordingly, a portion of the raw wastewater from influent 301 can be introduced into

the biological regeneration reactor 302, for instance via a bypass stream 303. This stream
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Alternatively, or in conbination, seed cultures can be added to the

bi ol ogi cal regeneration reactor 302. Periodically, additional seed culture
of the sawe 20ri/@s57fferent type can be added, for instamce/useéronmsibacteria
popul ati on decreases due to an upstream event or thermal shock, or if the
wast ewat er contam nants change. [114] Influent |ow concentration

wast ewaters can be deficient in certain nutrients beneficial to the biol ogy
t hat occ in the bialogical regeneration.reactqr 302. Further, certain
01 uent SUnseui SrETHHOR: 5 SaERGy HaPRiE o s e §f SRRy Tausti c.
Accordingly, as wll be apparent to a person having ordinary skill in the
art, phoSpkbiugats, #idt wsilesy or ARk thes HyasE WA FeRPOBIHERCRAIZES e¥d thee. adddingt o

mai ntain optimal nutrient ratios and pH levels for the biological |ife and
associ at thik @t Wastdwater erclomdi atigersirople ghibeh sridatamnenhanee thhelehéloprogitadl
regeneration reactor 302. Additionally, in certain enbodi nments, a stream of
si npl e ceickon weNReEdRdTBNopEmaAdUeehdaton BE FFRSRAIY BEranRs ehafardidgteggadat i on
of the adsorbed contam nants. [115] In particular, |ow concentration

vast evat fomi ol BERAYGEH WAsERGRINER FANGy I0ad Wb diteHPPIhEda th
adsorbent material, such as granular activated carbon. The adsorbent
material _can include fres dsorbent .mat eri al. and/ or, adsor hent materi al
Fecyc ed"Foom e oy R ds SRR RBHRE RBRl B LR WA P PR Ormss
separation zone 387. The | ow concentratjon wastewater and adsorbent

mat er i al CISUTURRES ARG thessi RactErian thanx PRy PFohest BB ROMY T backEta H1abdPpi on of
t he di ssol ved organi cs and/ or inorganics which were present in effluent 351
ar e adsobibkgicaHy tdegradel sl Iadractomnoeganigs, Theeinjtiahhagthda gan evolseobeicémeon t he
pore wall surfaces, or both. [116] A m xed stream 361 fromthe m xi ng zone
360, i ncinudispgicadbhar bentigast tae i rafradtbidt ofgasicad Idavivgd amtuntreasd vaasfeowataron of
the organics and/or inorganics fromthe effluent 351, is

stream feeding the organisms in biological regeneration reactor 302 will result in a
bacteria population that is capable of digesting more complex organic compounds than
the bacterial that would be present in a sanitary wastewater treatment system, which is
generally the most common starting point for bacteria in a wastewater treatment system.
Alternatively, or in combination, seed cultures can be added to the biological
regeneration reactor 302. Periodically, additional seed culture of the same or a different
type can be added, for instance, if the bacteria population decreases due to an upstream
event or thermal shock, or if the wastewater contaminants change.

[114] Influent low concentration wastewaters can be deficient in certain nutrients
beneficial to the biology that occurs in the biological regeneration reactor 302. Further,
certain influent wastewaters have pH levels that are excessively acidic or caustic.
Accordingly, as will be apparent to a person having ordinary skill in the art, phosphorus,
nitrogen, and pH adjustment chemicals can be added to maintain optimal nutrient ratios

and pH levels for the biological life and associated activity, including biological
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t hen passed to the adsorbent material settling and |iquid separation zone
370, e.g., inthe formof a slurry. |If organics and/or inorganics remain in
t he |i quiwoportdos7of the m xture 361, adsorption can cenmiusa@oioms3the
adsorbent material settling and |iquid separation zone 370, dependi ng on
the flowrate, settling rate, adsorptive capacity of the adsorptive
material, and other factors. Preferably, a substantial anount of

contanlnan s.are. re at the remainin decanted or
ot heri SN ifdvell J8° aHIcBfat | ek sisno R rar e ol AGHRRTAN, e e 3 7S, ot
| east neets | evels nandated b e rel evant ul atory bodies, and can be
recycl edersbodimeptsag sfean of fdﬁlpé?ﬁﬁf‘fb@rﬁ?é@ﬁ%}rlﬂﬁ/c 0y heegsldley torsrrase theratsedessary,
stream 371 can be passed to a tertiary treatnment zone 390 for fina

pol i shi ngiodegradatioe op dlei wlhaticdéditaremant391 di schar ged. Advant ageously,

t heorgani cs and/or inorganics renoved fromstream 371 (i.e., as conpared to

the ef fluas] BSJarficuddn Was tewah@itionMeatdWIldr iS YiifRItdbo)thahixiagd $endssh,on t he
adsorbent material, and stream 371 represents a major portion of the |liquid

vol ume of pihe;i s%'pbh@ci WilWa SOREAD HALEAN SYGAS hEWRIHRTar SIS AN RfREANt §fet O
systen1354 e g ; strean1351 In certain enbodi ments, the flux of stream

371 is at @6 the of. st m.351; 0 t he
flux of sc% ream §L?a%er| 15 g neca% ggé/h oa’rd ?ﬁent lﬁl}?rlg anfiroéa%sggjfn iH er(ljdél tional

enbodi nents, the flux. of stream 371 is at ast 99% of the flux of stream
351; in Fgr¢ Fé frogh Bt et &ystahel &4 ffrmoth es@cdls Rit3mgterial/Bipmags, sqpatndion oy of
the flux of stream 351; and in still further enbodi nents, the flux of

st r eam 37omei3$7atThedawtcogeenagtpmvasthwatel and adsostentanaiesslis immwatglyopixedi on of
stream 371 rel ative to stream 351 can depend on various factors, including
t he | eveln wixihgzdbnaB6E antarilaat aqutidrhef degdiewlad orgxniegandioit inerganitisng zone
360, the volune, configuration and residence tine within the adsorbent

mat eri al waRhtWdrBPratsk inl ERLchiSBRAra bl EPBE 1R/ YsobRft AM&SRDtIeY &ncARaci ty

of the adsorbent material,

outer surface, on the pore wall surfaces, or both.

[116] A mixed stream 361 from the mixing zone 360, including adsorbent material that
has adsorbed at least a portion of the organics and/or inorganics from the effluent 351, is
then passed to the adsorbent material settling and liquid separation zone 370, e.g., in the
form of a slurry. If organics and/or inorganics remain in the liquid portion of the mixture
361, adsorption can continue in the adsorbent material settling and liquid separation zone
370, depending on the flow rate, settling rate, adsorptive capacity of the adsorptive
material, and other factors. Preferably, a substantial amount of contaminants are
removed so that the remaining liquid portion, decanted or otherwise removed as a high
flux adsorbent material effluent stream 371, at least meets levels mandated by the
relevant regulatory bodies, and can be recycled or discharged in an environmentally

friendly manner. If necessary, stream 371 can be passed to a tertiary treatment zone 390

for final polishing, and the polished effluent 391 discharged. Advantageously, the
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and/or other factors. [117] In one enbodi nent, the adsorbent materi al
settling and |iquid separation zone 370 includes a vessel configured with
an i nver s&oconvwad27or frusto-conical bottom portion 385PCAaiseridiomgiLy,
adsorbent material is renoved by gravity settling through a di scharge port
at the bottomof the vessel, along with a mnor portion of water fromthe
influent stream 351. In addition, in enbodinents in which organics and/or

i norganics are not sufficientl sorbed i e m xi ng zope 360,..the

htisor borB ERRERATGPT SErThgemted T o Cabar hteont S uHe59b 4k HBYSE: ¢ abi y
di mensi oned to provide additional contact tinme between the thus-treated
vast ewat &1 Bpm| Widstrwaerdreaeedygemet0) g adspied oprhe adsoshent xtssial. feAt s of

t he adsorbent material settling and Iiquid separation zone 370, this can be
acconpl i sleowiX’h epvessstel a pmajor dpergom édfouha diymehtvolime nofwdst endibledow
residence tinme of greater than about 5 mnutes, and in certain enbodi nents

havi ng acdimRenteiida ewiskdvnt@f st@a@apresentddan gheut 335 3. nwk@s 38f. gowesdan one of
ordinary skill in the art, having the benefit of the teachings herein, wll

appr eci abgpddidknds Ne B SN £A i A REARGRE O Eﬁ@ﬂ@%%@%@&% 351.0mdahi

effluent wll depend on a variety of factors, including but not limted to

t he densit f the,adsorbent mater, al he Si of th stewat er, and
the gcoretfoPoetnaR AR el FHLR o PR AT RS el it BT HRRRG Shab | Gui o
separation_ zone 370 can preferabl inclfde % segﬁéation subsystem f or

fpRst

pr event i HGIERISOPBEARIMeBS et e A H SHPRR YT g2 SHBRhtURat ¥ ¥t t1i ng
and liquid decanting zone with the high flow of liquid effluent 371. In
certai n erfbobérraertodimentis theeibar aff stgamsiyd gy st least 09R Tcontpe flye ofstepiinesTlent zone
384, e.g., forned by baffles 381 and 382. This permts a substantial anount
of the asigiimbseitit furta¢resmiaddirpees,ehé flur of Reead SOI xemtleasn®RODE ofsthe flukrng and
liquid separation zone 370 to be directed towards the inverse conical or
frust o- capiafass 1D OThOPIPSItioh OF s@8am 3V relative to stream 351 can depend on various

factors, including the level of initial contamination, the degree of mixing in the mixing

zone 360, the volume, configuration and residence time within the adsorbent material

settling and liquid separation zone 370, the adsorptive capacity of the adsorbent material,

and/or other factors.

[117] In one embodiment, the adsorbent material settling and liquid separation zone 370

includes a vessel configured with an inverse conical or frusto-conical bottom portion 385.

Accordingly, adsorbent material is removed by gravity settling through a discharge port

at the bottom of the vessel, along with a minor portion of water from the influent stream

351. In addition, in embodiments in which organics and/or inorganics are not sufficiently

adsorbed in the mixing zone 360, the adsorbent material settling and liquid separation

zone 370 can be suitably dimensioned to provide additional contact time between the

thus-treated wastewater effluent and the adsorbent material. In certain embodiments of

the adsorbent material settling and liquid separation zone 370, this can be accomplished
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addi ti onal enbodi nents, the separation subsystem can conprise a screening
apparatus 383 proximate the outlet of the adsorbent material settling and
i qui d sewperati/imm2zone 370. The screeni ng apparatus 383Pcarush@oma4stiat i onary
screen, a noving screen, a wedge wire screen, a rotary drum screen, or

ot her suitable screen type. In further enbodi nents, the separation
subsystem can conprise both the quiescent zone 384 and the screening
apparatus.383. In still further enbodi ments, the separation subsystem can
et ude Xithch e EOYgiE SR SOUGHR T RRYGY e FHBeR g B P87 1
outl et of the adsorbent material settling and liquid separation zone 370.
Not e t hatbouhe WEpWigsandAn seny) nehedises %ﬁVIP&él Easlengsetime it geatey thast t 1 i ng
and liquid decanting zone 370 can be the sane or different than the

separ at i dwus Ubsyistiem (ewbuise, biobOgidoalry skifjenehabitohavigattedrendiRomibkudi ng
one or nore of a screening system a settling zone, or a conbination

ther eof . tehéhidgdiekdiRnwill dpphdsidiiaiat SRl tirtlsrageirey &l sepiiam thbad@ibdnuedm & 1 is
required, a clarifier, #}Iter, or other separation device can be included

in flui def?lﬁ@ﬁﬂbﬁﬁl%b&ﬁﬁorﬁé’%%t&g?f’&cﬁir_s,tﬂ?&ucﬁhé bHER: li%ﬁﬂedqgttﬂee&engif%%ﬂ“%g r

adsorbent material "settling and |1 quid separation zone 370. [11

i nstance, , the separ.ati,an,_subs emw.thin the adsorben terial settling
ana 11 quidtoUEpERRHR, bR AE hER S Qe bl Er SO PRERE G S 1 2 i o

t he adsorhent material has a rel atively, hi
(g pfl

.high specific gravity (e.d.,
gr eat er h Thpadsorbeny maferial e ssitling abediguid serasytion; #png dFarPeHEegergtﬂ@at er

than about 1.40 in water at 200C, and in additional enbodi nents having a
speci fi cingludeoi a yepdratign sebsabomt f@, peveningaadsorkant 200e)al {ther ekyingi Gh
settling rates, in conmbination with suitable dinmensions and configurations
of the asiBorteanmateribleseitihg sit Liduidgecandng zopd withl@earigh flgwzdnguidl/dfluemcl udi ng
the geonetry of the bottom portion 385 and the position of the effluent 371
outlet. 47 theeQtLTERAGLIRRLE, R &pafatibh Qibsybieht @h, coprb hequiSRBAT AfnkoN

devi ce can be provided downstream of the adsorbent
384, e.g., formed by baffles 381 and 382. This permits a substantial amount of the
adsorbent material present in the adsorbent material settling and liquid separation zone
370 to be directed towards the inverse conical or frusto-conical bottom portion 385. In
additional embodiments, the separation subsystem can comprise a screening apparatus
383 proximate the outlet of the adsorbent material settling and liquid separation zone 370.
The screening apparatus 383 can be a stationary screen, a moving screen, a wedge wire
screen, a rotary drum screen, or other suitable screen type. In further embodiments, the
separation subsystem can comprise both the quiescent zone 384 and the screening
apparatus 383. In still further embodiments, the separation subsystem can include a
quiescent zone and a weir located at the liquid effluent 371 outlet of the adsorbent
material settling and liquid separation zone 370. Note that the separation subsystem used

in the adsorbent material settling and liquid decanting zone 370 can be the same or

different than the separation subsystem used in biological regeneration reactor 302

56



material settling and |iquid separation zone 370. Alternatively, a
clarifier, filter, or other separation device can also be elimnated in
enbodi nernwe 2omni/oei2¢h the effluent 371 is subjected to aPpCirnskoypokisshi ng
apparatus 390. In certain enbodinents, if the final polishing apparatus 390
is a fixed bed granul ar activated carbon adsorption colum, any excess
adsorbent material fromthe adsorbent material settling and liquid

decantin ne 370 that ass with effluent 371 will .not inppact the

(i mal ef PeGaHE 906 or ik pl s bebingpstent & st st s ahipdioa B8eSodh | 1201
Adsorbent material passes fromthe adsorbent material settling and liquid
separ at i #ilignél Brder golids eppediftom theef8rertat/il g reied.or clarifighifidtsr. or

m cro-organi sns bi ol ogi cally degrade organics and certain inorganics

adsor bedother téparaicsoddyeset camaberinaludg¢dl 24 Jfluidh comntuiicatientdboinyeedns , oft the

bi ol ogi cal regeneration reactor 302 is an aerobic system in which the

M cr o- or gank&By | dudedtRDads ot hheribi elhgd &@l lidedsiparaiohebnd 8ARt or 302 is
an aeration tank, including a source of oxygen (not shown), for instance,

one or nAR9] diff HSGRS, HeSlepRUanE E‘@dsgﬁcﬁps?@ﬁiﬁtth@ adsBfbedBRaldral sSURBERAG! ON
systens, as described in PP:T appl i1 cation nunber PCT/US 10/ 38644, “and t he

bi ol ogi cal .degradation | udes bi.ol.ogi cal oxidation. The, biol Wit hin
the. by ol BYIEaEP P agehdms f BncHERs Al PE L ehbadfionRy dfn e P8, "per
application nupber PCT/US ,1g‘?1/ 38644, and in PCT Publi c%ti on Nunber
WO' 09085285 11af 1323 rqlpfivedanien oinar e b nErit-seretife THP G108 taV ¢ eéHetat i on
reactor 302 is an anaerobic system in which the mcro-organisns are
anaer obi 20°(}, ip@jrtain smbodimgoisrgredterchadibayt didad wateyud 20l aadiih edditiepdnded
solids, is discharged, through a separation subsystem 322 in or downstream
of the bémbaiiineatds haemiar si2oiic gadtpasspdo hbam2aes autvher aBA8°@®f whbeby
bi ol ogi cal rector 302 to the nenbrane operating system
high settling rates, in combination with suitable dimensions and configurations of the
adsorbent material settling and liquid decanting zone 370, including the geometry of the
bottom portion 385 and the position of the effluent 371 outlet. In these embodiments, a
clarifier, filter, or other separation device can be provided downstream of the adsorbent
material settling and liquid separation zone 370. Alternatively, a clarifier, filter, or other
separation device can also be eliminated in embodiments in which the effluent 371 is
subjected to a final polishing apparatus 390. In certain embodiments, if the final
polishing apparatus 390 is a fixed bed granular activated carbon adsorption column, any
excess adsorbent material from the adsorbent material settling and liquid decanting zone
370 that may pass with effluent 371 will not impact the final effluent as it will be trapped
in the polishing apparatus 390.
[120] Adsorbent material passes from the adsorbent material settling and liquid

separation zone 370 to a biological regeneration reactor in which micro-organisms

biologically degrade organics and certain inorganics adsorbed on the adsorbent material.
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304 through an inlet 310. The nenbrane operating system 304 contains one or
nore nmenbranes 340. Menbrane-treated effluent 312 is discharged as

per meat e,wandiiaos2vat ed sl udge 314 as retentate is retuPoEUSE@o0NES17

bi ol ogi cal regeneration reactor 302. Optionally, activated sludge waste can
be di scharged fromthe return activated sludge line 314 via a waste |ine
318. In addition, an opti onal adsorbent material waste |line 316 (as

i ndi cate Ion h line an.renove spent . adsor be mat eri al . t hat has
ost 1t saf] i Baggf i eiacisel. «B° BurIPBEH Ry R Ve QaoBP Dot HAPRE ol | as
described in conjunction with FIG 2 and in PCT Publ i cati on Nunber

WO 0908595mh i whichrby migierereanisanaigusirbic pdTthpgiolegigdgagenetign &agisiry
renoved spent adsorbent nmaterial is replenished with equival ent anmounts of
fresh or30kpeamercaitent @olsanbledingmasamir¢eadt. olygemdabttshowa), fopinsened, embadi ment s,
all or a portion of nenbrane treated effluent 312 can be passed via

opt i onal mbid&iftadeds,( J@SSIISP@hSC@It fhahyusd ol eaglifaskpehking)systoma dsedebérded in
treatment zone 390 for final polishing. [124] The adsorbent material, such

as granup@f 1'cé(@6neﬂuﬁl%&b@@T/@§?0/§@é/44e Nnaingegiold ér?dd! Qie?&d%ﬁér?%@l@t?e% t hat

passes into the biol ogical regeneratlon reactor 3 reated in a simlar

manner a rane i cal ct.or, s ens_describ

appl i cat 18 Oglcafm%%/ D8RR RERE hioq! BRI SR AR, e hes

WO 09085252. Howev the flux of stream 372 Iat vel | ow,  For

i nst ancell R Agfa 61? P&ty mcw E%b%ﬁ“é@églpfﬁéﬁ ‘étb%’lgtml A Pydlication o 19

or even | ess than about 0.001% of the flux of stream 351. In certain
enbodi meNumber W&/P94802% t he mi ni mum fl ow t hat can be passed through the
menbrane operating system 304 w thout inpacting the activity of the
m cr o- or §20] shsadditidnhkerhbw@limgnts.ahe bt adgeodrati@achabr 3W2is aAlahssrobiti vel y,
this systemcan be operated as a sequencing batch reactor, in which the
ef f I uent gyjseendiis GRRMARI MBI AevBSE aMRE &ic.has
[123] Mixed liquor, including mixed liquor volatile suspended solids, is discharged,
through a separation subsystem 322 in or downstream of the biological rector 302, and
passed from an outlet 308 of the biological rector 302 to the membrane operating system
304 through an inlet 310. The membrane operating system 304 contains one or more
membranes 340. Membrane-treated effluent 312 is discharged as permeate, and activated
sludge 314 as retentate is returned to the biological regeneration reactor 302. Optionally,
activated sludge waste can be discharged from the return activated sludge line 314 via a
waste line 318. In addition, an optional adsorbent material waste line 316 (as indicated
by a long-dash line) can remove spent adsorbent material that has lost its efficacy, or be
used to periodically remove adsorbent material, as described in conjunction with FIG. 2
and in PCT Publication Number WO/09085252 and in PCT application number
PCT/US10/38644. Preferably, removed spent adsorbent material is replenished with

equivalent amounts of fresh or regenerated adsorbent material. In additional optional

58



been adequately treated. In addition, in certain enbodi nents, the

bi ol ogi cal regeneration reactor 302 can be an aeration tank incorporating a
conbi nat WO 20f1/go&427suspensi on or gas |ift suspension, aPqUitss@ent13zone and
a wedge wire screen as is described in PCT application nunber PCT/US

10/ 38644. The nenbrane operating system 304 in the | ow concentration

wast ewat er treatnment system 354 of the present invention operates in a

simlar ner as the nenbrane pi ol agi cal reactors cribed in PCT

Sppl | cat PORCHURDSr e TROTOMBB A fobed ST et B Koo via

WO 09085252, however, operating at a verY |l ow flow rate. As biomass builds
up in thpRfiogpktiegPl} fasdagdicpied Rast agidastalingiriaey tesiary [rgptmest gonfy Mt fsnal
menbr ane bi ol ogi cal reactor systens, e.g., through a return activated

sl udge wasdlgolismee.318. An adsorbent material waste line 316 is al so

provi ded. For instance, the adsorbent material can lose its adsorption

capaci t y[128] CORgialiPbsnt WhakRall Rechehf lop@itar Sdébjy @6l edrto, URG tah¢adhrwaRt ewat er
treatment contains inorganics or biologically inhibitory conpounds that are

not oxi dj;z&4 i URAMM kNG SHBSHAN bdldeYeal F%?ﬂﬁ%?@&h TSSbASICR thebf¥B i3I NG the

| ow concentration wastewater treatnent “syst the present i1nvention.

Adsorbent. material can be replaced.in the system, e. g, ,.US} one.or nore
of the ad3brbaR O AP ToRHl oI SR st P B BB on
Nunmber WO 09085252 r_in another suitable |location, or source 393. [125]
On & conttEs L BPSI HB8sH tdanP B licagon Namber WELHOGRT2P Ry e MR bent

material, and optionally mxed |iquor to provide a liquid carrier for the
adsor bentluxraf sirdam 32hatrelataly lavat ke instarest the flux of stream 37Aeat be lsethan
slurry), is renoved fromthe biological regeneration reactor 302 and passed
t 0 shearatogt 20%e5%86 %, I0nl % loe esdrelasd thgn z2bme 3BA % ek theStuxbofonesim 353. dhear ed
fromthe outer surfaces of the adsorbent material, such that the adsorption
capaci t yedfairt BavadisRnRente MRkeki @b hihifhhl NewZ@RE a0 8e addear thkdignagisor bent

membrane operating system 304 without impacting the activity of the micro-organisms in

the biological regeneration reactor 302. Alternatively, this system can be operated as a

sequencing batch reactor, in which the effluent is discharged when the wastewater has

been adequately treated. In addition, in certain embodiments, the biological regeneration

reactor 302 can be an aeration tank incorporating a combination of jet suspension or gas

lift suspension, a quiescent zone and a wedge wire screen as is described in PCT

application number PCT/US10/38644. The membrane operating system 304 in the low

concentration wastewater treatment system 354 of the present invention operates in a

similar manner as the membrane biological reactors described in PCT application number

PCT/US10/38644 and in PCT Publication Number WO/09085252, however, operating at

a very low flow rate. As biomass builds up in this system, it can be wasted in a manner

similar to conventional membrane biological reactor systems, e.g., through a return

activated sludge waste line 318. An adsorbent material waste line 316 is also provided.
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material settling and |iquid separation zone 370 is maxi m zed. The shearing
zone 386 can include one or nore of a punp, a jet nozzle, an aerated grit
chanber, wormeobmm2cal m xer, centrifugal devices such agCa/usgaooerset one or
centrifuge, or other apparatus that facilitates collision to effectuate
shearing and in certain enbodi nents pronote separation of biomass from
adsorbent material. The turbul ence, inter-granule collisions, and
coIIisiops W th other solid obj.ects éstati nary or anLn%) f. the shearing
zone andtI¥aPCa iy B?tn@?ﬂsé? B IP TG U REPEIN CRRAUN A Pﬁ‘gtlﬁ%%(h%fﬁd t he
bi ol ogi cal regeneration reactor 302, can result in shearing of excess

bi omass teofffiusat cubErtedutd atrstreImt HEsEWSEF bEPRtMARL ePNAINSaARPTBEEGE!f I ee
floating m xed |iquor suspended solids including mxed |liquor volatile
suspendebiobgidally . nAid&pryl nomgdairtdis othat tueenaic bxidiredfevehewith thel sobstantladlyi on,
including high velocity liquid and/or gas contacting surfaces of the

adsor beninciairiefitiert@\intgu SXE€ 8290 Wi ORBSEradon vabibWhes ttQnkhesydRsi sedie
shearing. [127] In certain enbodi ments, the adsorbent naterial shearing

zone 386, calk %R%H{i@>1§eAQ19&5oEﬂMﬁé{§riéle&ﬁﬁ§|%r1% 1,89 BYHE %gﬂt@&l%.g!ﬁ NS@Ne orhavi ng

t he conf?guration of a wal nut shell filter or other”siml uni't operation,

e.g., Wthout.the l,hut shell .nmedi,a, for instance, t he t. that is
commer o1 BT h YR PRI PRk AES 4Binblt o4 RERATIE ped Pt ¥R RS ' 2

t he adsoyben terial is passed through the continuous regenerating system
such as W@Q‘?\Qﬁ%ﬁégﬁ%a‘&%hﬁssﬁlt?t?li?ﬁ%ﬁﬂ - OF SQWFNEH>-shel | fil ter,

inter-granule collisions and collisions with other solid objects and/or
sur f acesl1i2A] t Qe aceontinerys 9 integeitfenthasinga sids seeans apdeding hdsariengmeferiekcess
bi omass fromthe granul es of adsorbent material. [128] The slurry including
shear ed adisopthmatly neiked ilighor for pevilecartigsid sdaedsrefdr ftiico aaldobeena dendraé nihat
material, and any m xed |iquor is passed to an adsorbent naterial/bionass
facilitates transfer (e.g., in the form of a slurry), is removed from the biological
regeneration reactor 302 and passed to shearing zone 386. In the shearing zone 386,
excess biomass is sheared from the outer surfaces of the adsorbent material, such that the
adsorption capacity of the adsorbent material in mixing zone 360 and/or the adsorbent
material settling and liquid separation zone 370 is maximized. The shearing zone 386
can include one or more of a pump, a jet nozzle, an aerated grit chamber, a mechanical
mixer, centrifugal devices such as a hydrocyclone or centrifuge, or other apparatus that
facilitates collision to effectuate shearing and in certain embodiments promote separation
of biomass from adsorbent material. The turbulence, inter-granule collisions, and
collisions with other solid objects (stationary or moving) of the shearing zone and in
certain embodiments, piping between the shearing zone and the biological regeneration
reactor 302, can result in shearing of excess biomass from the outer surface of the

adsorbent material and become free floating mixed liquor suspended solids including

mixed liquor volatile suspended solids.
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separation zone 387 to separate m xed |iquor suspended solids bionmass
sheared fromthe adsorbent material fromthe nore dense adsorbent material.
The adsorwenviwvms®eri al / bi omass separati on zone 387 can PATIUSA@0OMB1Dr nore
of a hydrocycl one separator, a centrifuge, a side streamoff of the
continuous regenerating system or other device suitable to separate
adsorbent naterial fromthe biomass. [129] Note that in certain enmbodi ments

i n which ica ener.ation.reactor. 302 cIu t .no s or
other apabh s S eire R e HBaf (RGuRion RebAleneholiap fius
regeneration reactor 302 as described in PCT appllcatlon nunber PCT/ US

10/ 38644andi¢fe &Rt rRgniaGHRS 3B6Magen obethe| pdfoRRENE dNYEritly haYiasdexcapfebé)ass si de
stream from t hebi ol ogi cal regeneration reactor 302 is passed directly to

t he adsocqttiitonédriooheadsirséplaaangon zone 387. [130] The separat ed adsor bent
material fromthe adsorbent material/bi omass separation zone 387 is passed

to the nMRRTNIIz&NQiIBOHMbYdimeats| tHrerdSSBentTRgeAsSHehery zomRt 390 @ln ¢optipHseed to
the m xi ng zone 360 contains a reduced concentration of m cro-organisns,

and t hus¢d g, 1920 fSatin esy%ml PY¥ 1999&&”%5@% B Do ﬁi’é(%ﬁrof GafalRg @dfor bed

and exposed to the desi blology In the xing z 360 and 1 n the
adsor ben% lt (et el;d'le?‘ sm% z}rtulmt e%%gn I qUI t ﬁr at n%tc] ne % tor ltance ?
passage | o tHhE SIS ogl ca regehegapion react §’f earef

bi omass, mhlch can include m xed |iqui haV|n nlxe | i quor suspended
sol i ds atd tHedBa lplcaﬁlarer%lﬂwaﬂléblgég%%g aﬁ MgsTe Pelmg{eﬁe Fapustapest

mat eri al / bi omass separation zone 387, is passed to the biol ogical
r egener ads ba adsaeand magoal 4 passed thrregB gbe cqQuiBRpuy iggereraingaybtoe webasianent s,
m xed |iquor fromthe adsorbent material/bi omass separation zone 387 can be
t r ansf er ceindovwisick eash filtarortahealsepaehtfilen isebgysukmoBA2omsfantivellBidisogi cal
regeneration reactor 302, for instance, conbined with effluent 308, or
with other solid objects and/or surfaces in the continuous regenerating system causes
shearing of excess biomass from the granules of adsorbent material.
[128] The slurry including sheared adsorbent material, free biomass sheared from the
adsorbent material, and any mixed liquor is passed to an adsorbent material/biomass
separation zone 387 to separate mixed liquor suspended solids biomass sheared from the
adsorbent material from the more dense adsorbent material.  The adsorbent
material/biomass separation zone 387 can include one or more of a hydrocyclone
separator, a centrifuge, a side stream off of the continuous regenerating system, or other
device suitable to separate adsorbent material from the biomass.
[129] Note that in certain embodiments in which the biological regeneration reactor 302
includes jet nozzles or other apparatus that effectuates shearing within the biological

regeneration reactor 302 as described in PCT application number PCT/US10/38644,

shearing zone 386 can be eliminated or bypassed, whereby a side stream from the
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passed directly into the nenbrane operating system Notably, the separation
requi rements of separation subsystem 322 can be reduced or obviated in this
al t er nat iwe 2entosi2zrent , as mi xed |iquor can be transferpet/useathout31t he need
for further separation. In certain enbodi nents, a source of m xed |iquor
for the nenbrane operating system 304 (or clarifier/settling tank 395
described in connection with FIG 3) can be the liquid effluent fromthe
adsorbent. mat eri al / bi omass sepa ion _zon 87.. [133] In, certain preferred
erbodi moliPRh GRS Foh S0t e oo BN Tt e HesBPORRET IR EITal | 1
the adsorbent material settling and Iiquid separation zone 370, granul ar
act i vat etfPafippAoatd’ng rel ativel y high specific gravity levels is

enpl oyed. For instance, granul ar activated carbon having a specific gravity
great er [BAh Thel &pomtedomlsudent mhterifluiroinehe eddoosinhrerategial/Gioarass sepasationvat ed
carbon having a specific gravity greater than 1.40 can be used. Since the
fl ow rat goref 387he passédiEe tiORtiAhI Adge FooMNh ar lia€ B8y at Bk aa@Jyodisumt insatér@llat i vel y
| ow, and the biological regeneration reactor 302 and nenbrane operating

system BIQf‘llrﬁ&?tJ @e%ixY@% Yo d coﬂ:tzhﬁs Qirgﬁlﬁred %Bﬁé&%aﬁ@rﬂﬂf ﬁﬁ%fﬁr%%ﬁiﬁngm! ntain

the denser adsorbent naterial in suspension for a period of ti suf'f i ci ent
to Cause@{jgt%uéjﬁ% SrEshit EMhe 5\3 %bﬁéeﬁ%&gé’}‘l %Qété‘\{v%t@?cat%f 0l ofl.Gak I WRPEA L O
react or are nor a sitgnitlcan actor 1n e overa energy requrrenents
of operating the system L 134] Certain | ow concentrati on wastewater
it 1 uent © BRACHIRI HolEY o MM RS oUREEBENT ApREIE! BRIBR] it Hegdded by
the m crqor'ggni sns. The |l evels of these inorganics nust typically be
reduced lgrigiseiarationsnuad €y prieytel passngy ite dhd bielpgivakregmmnsatiptigon 02pat eri al
can be nodified with a treatnment process and/or species thereby providing
an af fi nf13¢] t Sheaexdt Fbmash eiichadan Speadesi@ddiqoid eftied sixed liguer waptelsdt er
for instance, by inpregnating suitable conpounds, as further described in
PCT appl idtak ia08 iBPEGuor volatile suspended solids, from the adsorbent material/biomass

separation zone 387, is passed to the biological regeneration reactor 302 via a line 388.

[132] In alternative embodiments, mixed liquor from the adsorbent material/biomass

separation zone 387 can be transferred downstream from the separation subsystem 322 of

the biological regeneration reactor 302, for instance, combined with effluent 308, or

passed directly into the membrane operating system. Notably, the separation

requirements of separation subsystem 322 can be reduced or obviated in this alternative

embodiment, as mixed liquor can be transferred without the need for further separation.

In certain embodiments, a source of mixed liquor for the membrane operating system 304

(or clarifier/settling tank 395 described in connection with FIG. 3) can be the liquid

effluent from the adsorbent material/biomass separation zone 387.

[133] In certain preferred embodiments, in order to facilitate settling of the adsorbent

material in the adsorbent material settling and liquid separation zone 370, granular

activated carbon having relatively high specific gravity levels is employed. For instance,
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PCT/ US 10/ 38644. As the micro-organisns in the | ow concentration wastewater
treatnent system of the present invention cannot renove these inorganic
conpoundswaogfdfeeri vel y as they can renove organi ¢ conpolin$g)109ySIENs
usi ng adsorbent material to adsorb inorganic contam nants generally require
nore frequent replacenent of adsorbent material as conpared to systens
treating only organi c conpounds. The spent adsorbent nmaterial is renoved

fromthe systemas it rpaches the_adsor.ption limt r each ¢ ound to
e F ermovean oA DT ROGH: APROTC ey Bt Uy 1 D spSieasSeapl i ng
and anal ysis or online nonitoring can be perforned periodically or

cont i nuoﬁ@@?r eobadiments geanuhe asHyed caiben haginganiseecinh CExYity 2pH#r thaBm t he

| ow concentration wastewatertreatnent system of the present invention, as
t he adsot.pb canbeagdciSinceghe {panateat tlrchixat ednaripgrahdar adivaedsabonpounds
is inversely related to the waste concentrations in effluent 371. [135] In

an addi tisoartivelgiedi aBdithd BioVWic régchemtib@ iyactdrENEI me S opfhting
enpl oyed and includes a conventional adsorbent nmaterial filtration system

cont am naked, 308 Qf LMk IRt §hdiR!md h%‘ﬁbl_s&%itr%)mrél%gﬁﬁl@ﬂts RE haeaRehRldeHsand/ or

reactivat'ed using the adsorbent material Diological regeneration reactor

system 39 Sortit i Q‘c%iri(a:la't eS(ljls b siloin St a3 gélrio%eéf"ﬁan%] %gl(caiet trotcia?igey thE: !’d%ai%aelg;[felsyﬁ em
390 and 18" 650 oglcaw'ré%enera i‘'oh reactor . rtarn existing granul ar
activated _carbon adsorbent filter systens u staged adsorptjion, .in which
fresh gr@rRirey ave@lmilﬁgéole&?%%qngr%aaéfalCt%%S%érerri%awlgaefmgt taglenit et er
and the partially | oaded granul ar activated carbon is used in the upstream

filter (syveralhenengogiqneementypt epesatingdBesistdthvent i on i n whi ch cont ani nat ed
adsorbent material fromsystem 390 is regenerated and/or reactivated using
t he adsoflBdnt Cemiieidowalcoldcatragprcahbstewgenaflaentonan gehidorin@gsiieco@dPSyndshe
partially | oaded granul ar activated carbon is
not capable of being degraded by the microorganisms. The levels of these inorganics
must typically be reduced to within mandated regulatory requirements. The adsorbent
material can be modified with a treatment process and/or species thereby providing an
affinity to certain chemical species and/or metals in the wastewater, for instance, by
impregnating suitable compounds, as further described in PCT application number
PCT/US10/38644. As the micro-organisms in the low concentration wastewater
treatment system of the present invention cannot remove these inorganic compounds as
effectively as they can remove organic compounds, systems using adsorbent material to
adsorb inorganic contaminants generally require more frequent replacement of adsorbent
material as compared to systems treating only organic compounds. The spent adsorbent
material is removed from the system as it approaches the adsorption limit for each
compound to be removed from the low concentration wastewater. For instance, sampling

and analysis or online monitoring can be performed periodically or continuously to

determine the organic or inorganic concentration from the low concentration wastewater
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transferred to the biological regeneration reactor 302 for regeneration and
reuse as all or a portion of the adsorbent material in the m xing zone 360.
Al t hough wWOne113@d927s shown as transferring partially | oadedsadsonizent
material directly to the biological regeneration reactor 302, one of
ordinary skill in the art, having the benefit of the teachings herein, wll
appreci ate that this partially | oaded adsorbent material can be introduced
in the adsorbent mat shearing zone 386, the adsorb terial /biomss
Sopar at | B DOHOYSER o hEPESHY ob eBGa r TepdovBHAL <fHaCeY PP LSRRG Sone
360, or the liquid separation zone 370.[136] In sone enbodi nents, one or
mor e sendBPAN FoAABRUS GREINeURdS istinYesteAY TdRed fhihe rgttsLgoneensTagigRY BrafEsEnt
including within the high flux adsorbent material treatnent system 359 and
the | ow 3Tlux adsorbent material biological regeneration reactor system 399.
These sensors can be enployed with a manually control |l ed and operated
system of138N BldnodditRaCanbdddmeB)if nmaht @te'tt[@%r a8RRHenbsySiehi 391 i€ epIpSRES

nodi fication in a progranmable |ogic controll ed wastewater treatnent

system Ly QpRJ&P Qalv'gﬁp(gnal SANET ARt rfaPEiltdi®n @&Q&nf é&%arﬁﬂ%@ﬁ bafsdmt eri al

treat nent system 359 and the low flux adsorbent”material biol ogical

regenerat| on . fgact Systci ;‘g@m 3983 e ”e%er%f 28 aRy GO '%[ ué%%g 14’%8 fiét be any
sui t abl e progranne i &3t nputer “syst em drs Bt Ed

control system. The concentratlon of cerfain organic and/or |norgan|c
conpound@2Esal pglogiral fegrrdatiareAd st Ed g&%@&d o lingetréobedweedt ey d
communi cation with effluent 312 or the effluent fromoutlet 308 of the

bi ol ogi cigrtiare gemaneiti onteme 300 omd3de, bigkogiqatlireganeritioy aghr 62. | Cagain
connections between the controller 305 and both the effluent |ine 312 and
t he i nt eeximiigap@nelhf lavgwnited icadobeids@dantofittéretys8a& asd stapédtad@tprion, inanot her
enbodi ment, the concentration of volatile organic conmpounds or other
proper t ywaichGhahagh@isSidiGaRll dalfdn is added in the final downstream filter, and the
partially loaded granular activated carbon is used in the upstream filter(s). In
embodiments of the present invention in which contaminated adsorbent material from
system 390 is regenerated and/or reactivated using the adsorbent material biological
regeneration reactor system 399, the partially loaded granular activated carbon is
transferred to the biological regeneration reactor 302 for regeneration and reuse as all or a
portion of the adsorbent material in the mixing zone 360. Although line 394 is shown as
transferring partially loaded adsorbent material directly to the biological regeneration
reactor 302, one of ordinary skill in the art, having the benefit of the teachings herein,
will appreciate that this partially loaded adsorbent material can be introduced in the
adsorbent material shearing zone 386, the adsorbent material/biomass separation zone

387, the source 393 of adsorbent material, the mixing zone 360, or the liquid separation

zone 370.
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system can be neasured at one or nore of inlets 301, 351, or 310. In
addi ti onal enbodi nents, concentration of certain organic and/or inorganic
conmpoundswoaniihws9oni t ored and nmeasured by a sensor or ®emamseaoion3it ui d
communi cation with effluent 37 1 of the adsorbent material settling and
i quid separation zone 370, as indicated by dash-dot |ine connections

bet ween t he controller 305 and the effluent |line 371. Sensors known to

t hose of Skl| n the art of process cont atus can i ncl ude
those DaUhf o et el o, womRtiora oy PhancBBal ot ‘Befdths! ot or
in situ real trne nmoni toring of the concentration of organic or inorganic
conpounddreughpiethe sy steiantdOp incddieg withshdethyely flan &ﬁ&&b@ﬁrfgttpléaldfeaffh@tsyst em
Sensors that can be used include submersible sensors for use in

oi | -i n- watsem A8Asud émehtw Wk cldsarbent Uvatbtialdrielwgeal e gbmaratitet wattoonyst@uch as
envi roFl u- HC sensors available fromTri OS Optical Sensors (d denburg,

Ger many) 399TMEh&SE REBOHE @8 HeCRUIISyedOviE ATREuNY Edhtalled Ga@bpeael soithari se
treated to prevent or limt the amount of fouling or filmthat occurs on

the | ensgs., el PN@nRE] £t§m5%‘61519{ n'lé’htté‘esu%t{§1%eg?og§§§ehﬁahﬁﬁc%u§ﬁ ghal that
t he concentration of one nore organi c and/ or organic conpounds exceeds

a predeterntned the controI s stem.can

" esponsi JOLNN %bﬁef;&cﬁron?fo 1O ot BB G P B T 5 3o FPLEIRE sfiem act i on,
i ncludin t not limted to renoyving adsorbent material via ste

di schar g%op@r thealtsh @a§ a3l PR traﬁpteaaswq%%%mt@r |1‘b‘ﬁ§1u6\§g§%é‘?fltt he
controller 305 and the valve associated with the waste dlscharge port 316);
r enovi ngmetgtiak piokpgidal eagerkratiandgacter systenmd8?enlndes Badntiodlsr 3dwbishedn by
dotted |ine connections between the controller 305 and the val ve associ at ed

w t h t hebavasyt suidibichrapgennpal dor diB)atedacthpgemsstear, Pl €Yeneliativweddsardient
materi al via adsorbent material source 393 or at one of the other |ocations

(as indi gateafl Phe dBhéEalibeoCoaREst drpiic DAl emotHRiLC eBnpell®l ca30Peand t he
val ve associated with the adsorbent

monitored and measured by a sensor or sensors in fluid communication with effluent 312
or the effluent from outlet 308 of the biological regeneration reactor 302, as indicated by
dash-dot line connections between the controller 305 and both the effluent line 312 and
the intermediate effluent line between outlet 308 and inlet 310. In another embodiment,
the concentration of volatile organic compounds or other property or characteristic of the
system can be measured at one or more of inlets 301, 351, or 310. In additional
embodiments, concentration of certain organic and/or inorganic compounds can be
monitored and measured by a sensor or sensors in fluid communication with effluent 371
of the adsorbent material settling and liquid separation zone 370, as indicated by dash-dot
line connections between the controller 305 and the effluent line 371. Sensors known to
those of ordinary skill in the art of process control apparatus can include those based on
laser-induced fluorescence or any other sensor suitable for in situ real time monitoring of

the concentration of organic or inorganic compounds in the effluent or other property or
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material source 393); adding a different type of adsorbent material;

nodi fying the hydraulic retention tine; nodifying the biol ogical

char act erwet2otgosa2zch as si npl e carbon food for m cro-or gamitsasions13atddi ng
phosphorus, nitrogen and/or pH adjustment chem cals; and/or other

nodi fications as descri bed above or that will be apparent to those of

ordinary skill in the art. [137] In additional enbodi nents, the condition
of the slurry cant |n|n ad orben rial har terlze one or
S R eI A Sra bRyt %W@ﬁoragor%ﬂﬁ. cal

sensors and/or uwv fluorescence sensors For instance, one ornbre sensors

can be a¥s@binapaldr wepwrament adudy wed V dupmseeice &rfdetesHon. stelkansmme s

i ndi cated by dash-dot |ine connections between the controller 305 and the
st r eam ML, sensorreasiabée frive ToOS diyiticat barsoot (Qdenborg, Mmmacynpbhnsssom t he
stream and/or to determne the quality of the adsorbent material in the

slurry. &ardoagirise WiRePWhidRlee SRRGOSISothaVidRaraasias ipadved: 1ﬁrh1ttﬂlil£aradmr bent
material effluent streamfromthe biological regeneration reactor,

i ndi cat eg f?iﬁhﬂ%%?‘fﬂﬁtthhﬂ O&uROON Gl 1RRS. BEhUEEHR: bR ot BidsOl! 1ﬁrth§9§sté}ﬂd t he

| i ne between the bi ol ogi cal regeneratlon reactor and the adsorbe mat eri al
shear i ng, 2006, 380 a0 ,ONGOL,IBNE SeAZOrs GAN. BeAgsqgciated Wil the
adsor bent') 21eriai Fecycle | GORE"S PlaS PhaiCaled By dasRNASt TTee
connections between the controller 305 and the rec¥cle line 389. In the
event t heRMPRUIAS c¥Repds RiPFrEGlerBHCE $OBTFIIARY T FOHIH SYHEDAN dMPITIE! 8f t hese
sensors and/or other sensors or source of information, that the adsorbent
mat er i al rehpensiyeragdee serhaggorpably deashpelcaatipn caperddpmiasd actfose tishidikngout

feedf orward action can be actioned. [138] Referring nowto FIG 4, a | ow
concent r adtilonitadastremvatidp atlsebinemitersy Siewadddisshargd port 306 sassiheiontddsbyshown
in FIG 3 is schematically illustrated. In system 454, an adsorbent

gﬁte eri al dsRit line Boreetidrs BHrHe P RRI @ntidllerZ 90 aftd Ghd FalRE AMictefled WhihCIhecan be

waste discharge port 316); removing return activated sludge via a waste line 318 (as
indicated by dotted line connections between the controller 305 and the valve associated
with the waste discharge port 318); adding new or regenerated adsorbent material via
adsorbent material source 393 or at one of the other locations (as indicated by dotted line
connections between the controller 305 and the valve associated with the adsorbent
material source 393); adding a different type of adsorbent material; modifying the
hydraulic retention time; modifying the biological characteristics such as simple carbon
food for micro-organisms or adding phosphorus, nitrogen and/or pH adjustment
chemicals; and/or other modifications as described above or that will be apparent to those
of ordinary skill in the art.

[137] In additional embodiments, the condition of the slurry containing adsorbent

material can be characterized by one or more sensors (indicated in FIG. 3 with a shaded

circle), such as optical sensors and/or UV fluorescence sensors. For instance, one or
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or nore centrifuges, hydrocyclones, clarifiers, filters of various types,
or other suitable separation devices. The adsorbent material settling and

| i qui d sewparatiws2zone 470 separates the liquid from t heCEUusedodsrdgam 461,
contai ning | ow concentration wastewater and adsorbent material fromthe

m xi ng zone 460. [139] In certain enbodi nents of the system 454, flow rates
within the high flux adsorbent material system 459 are controlled to

provide sufficient residence tine tg allow the requisite |evel

P ont ar ot SO e 06 A UL T Pt RSP Bh B L St EHEM iPeal such
as granul ar activated carbon, and discharge a stream 47 1 neeti n9

mandat edédigated\py| daglridst g coaapegtipag beyess g eputroger 315 anshte stregm 372, to

contam nation sufficiently lowto be conveniently treated in a suppl enental
terti ar ymtasmad thersonsgnsitagom 490ne & here aspeaings of thehsrehmvandnee deteehinon

wast ewat er treatnent system 454 are substantially the same as those

descr i begheWuhlity! &FStRe Gl sdiBens Yist@ il 3D the Qidly.SFaith@! oh€bLMBRC SenbotIlan Sear e
used in FIG 4 to represent simlar or equival ent conmponents. [140]

Ref erri ngHA¥¥ed Qvifl e RlsoBehOaEARCERARLERL ét&%%h%ﬂ@%%lo%&ﬁ%%ﬁ@%ﬁ%ﬁsZem

554 is schematically illustrated simlar to system 454 shown
wherein a_low fl ux adsorbhent terial biological, regeneration reactor
Syt om sbaPhap dleRE R BRIRRhEFhiber G R ER o FRRFRENOSLAEIARC
operating system In particular, the |low flux adsorbent paterial ?i | ogi cal
" egener atitBRoT BECIUPEIF U GHErEtPh e RS SrREI TR BTGNS FPRn SO,
regeneration reactor 502, an adsorbent material shearing zone 586,
adsor benanditaseios nfdse onaeks cee parstorigiedzutiethg @dsorbend nateriahréceleding 881 i ng
apparatus 595 as a solids separation apparatus. The clarifier/settling
appar at uss in8katedyhiasleddtiere @nataioint betweaip gar @nusllerad(Seindl thogecagpaimat us, or
an apparatus that performs both clarification and settling. The system
oper at es3gg) f (KBRO&Tt tBdt T |safetdrifdS bARY 3adnfoRihtio FrBRUnel dtanore of these
sensors and/or other sensors or source of information, that the adsorbent material has a
reduced adsorptive capacity, appropriate feedback or feedforward action can be actioned.
[138] Referring now to FIG. 4, a low concentration wastewater treatment system 454
similar to system 354 shown in FIG. 3 is schematically illustrated. In system 454, an
adsorbent material settling and liquid separation zone 470 is provided, which can be one
or more centrifuges, hydrocyclones, clarifiers, filters of various types, or other suitable
separation devices. The adsorbent material settling and liquid separation zone 470
separates the liquid from the mixed stream 461, containing low concentration wastewater
and adsorbent material from the mixing zone 460.
[139] In certain embodiments of the system 454, flow rates within the high flux
adsorbent material system 459 are controlled to provide sufficient residence time to allow

the requisite level of contaminants from the stream 451 to adsorb onto the adsorbent

material such as granular activated carbon, and discharge a stream 471 meeting mandated
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menbrane operating system 304. Rather, to renove bi omass and any ot her
solids in the mxed liquor, a clarifier/settling apparatus 595 is used. In
parti cul awp 2011z006927er / settli ng apparatus 595 al | ows act P¢atusdoslousge t o
settle, and it is returned to the biological rector 502 via a return
activated sludge line 514. Carified liquid is passed as effluent 512. The
clarifier/settling tank 595 can be substituted in any of the systens

descri bed wi reference ta FIGs. 3, 4 and/or 6. ects of the | ow
concent 4t ES BLER B Faderner by rdnes e ani bt syl TV (RS cane. as
t hose described in connection withsystem 354, and simlar reference nunbers
are usedcqnyerpgly geated ﬂléprseméﬁme%tﬁh%/ ertigry SreaRait vATteRt498 o rPBar AtsCts 0f 41]
Referring nowto FIG 6, a |ow concentration wastewater treatnent system
654 i s sthhdowat d:mblhtyatiohlwssttﬂf\mtedtrtdtmtnﬁ sysginmidbdrar¢ culbysttialty 3bel ssheown i n
FIG 3, in which a high flux adsorbent material system 659 is an integrated
M xi ng/ sgbtd Hegribéd witpesmti ANsysted 35N SdnAnGRiilat Fef&eRdedhuimiBdFo @l nRAtia, t he
hi gh flux adsorbent nmaterial system 659 can include a continuous backwash

filter opi@ 4%8@%1;&9&&9{1%1&1%9 ?Jaﬂéﬁgaﬁﬂl Sfedld Oon systemsimlar to a
conti nuous regenerati ng wal nu shel ['ter (WIthOUt t he vval nut shel |

medi a) , (}% | ance rom
Si enens p Lrﬁel'tt Illnr‘%olil 0gl esﬁf,éfﬂé(@? {lcenltrfl té?r% (e e‘gatfzre!r%{}e F]f?%lelrslt 672,
and the effluent 671 is wastewater that_has had contam nant S adsor bed
t her ef r offNCIPAUCY t AHHTaeHh SERIE 1P %Y St DAL MR B [Pe Ge MEFERT g8y §&m al so
can performstripping functions, in conbination with, or as an alternative
to, an agtsorbsenmatert rblallt)g@hleafrg'engralz@merem, systrin axioirtstudes rmabetogitalbi ommass
separation zone 687. Note that in such enbodi nents, an adsorbent
mat er i al febétomagsers epphgrathhnra membring @recatingedyseawndi rppataudarp et ey €lart | nuous
backwash high flux adsorbent naterial system659. In an additional
enmbodi mefdsorteh@hatdriax basisQEfeREeneration reactor regeneration system 599 includes a
biological regeneration reactor 502, an adsorbent material shearing zone 586, adsorbent
material/biomass separation zone 587, and a clarifier/settling apparatus 595 as a solids
separation apparatus. The clarifier/settling apparatus 595 can be either a clarifier
apparatus, a settling apparatus, or an apparatus that performs both clarification and
settling. The system operates in a manner similar to system 354, but without the
membrane operating system 304. Rather, to remove biomass and any other solids in the
mixed liquor, a clarifier/settling apparatus 595 is used. In particular, clarifier/settling
apparatus 595 allows activated sludge to settle, and it is returned to the biological rector
502 via a return activated sludge line 514. Clarified liquid is passed as effluent 512. The
clarifier/settling tank 595 can be substituted in any of the systems described with

reference to FIGs. 3, 4 and/or 6. Other aspects of the low concentration wastewater

treatment system 554 are substantially the same as those described in connection with
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material system 659 includes an adsorbent material filtration apparatus
such as a conventional tertiary carbon filter, in which treated water is

di schar gesoastigseam 671, and the partially | oaded adsorb@gniS2emersial 672,
instead of being treated with conventional hot air or steamregeneration,
for instance, is regenerated using the system 699 for biologically treating
adsor bed contam nants, which operates in a manner simlar to that descri bed

ith t Fl .3, ted ad b terial 688 i.
it 1 oducBa o4 8 HBpef AI5HB0s DUROFR|torinth Hifka 1 el Qv F o%

adsorbent material system 659. O her aspects of the | ow concentration

wast ewat @tuitaley comaPnedNsst em 654 are substantially the sane as those
described in connection with system 354, and simlar reference nunbers are
used in HHE RBefeoimgapive sehlG. <, rildwconrenagtion ehgey atcomproment systefnl@R is| n
addi ti onal enbodi nents of the present invention, the source of wastewater

treated Qetnbeeatlyhilgliratddushaadsonbant syeker 35 sHow@ainEI, 38 16 varehi Nhigdr at ed
with a low flux adsorbent naterial biological regeneration reactor

accor di ngyf 9qdoisenP HERERH S%Qééﬂﬁrgfﬁgg é%%@te%%t drrﬂfgiﬁ’g/&)(&ihgrﬂnﬁtk@e_rattiroﬁatf%rpri mary

solids including a portio npounds by i1fradiation. In

parti cul gty And,r &GN LA ALG ol i SR SIAQ0, 2, SRV LY ks cafi ng an
i nf 1 uent WAt ewat € Lt Feam 78T "ot al'fl ng suspende organlyc sol'Tds,

di ssol ved organic solids, and o ,[i onal |y, other contam nates, such as

i nor gani ¥§ludgHe PRATARHNCIGRRT Bdll'er 08 pr ECHPYOLS ir%gepﬁrﬁlwﬁégaﬂqrht%tanpr i mary
separation system 753, such as a settling zone that allows biol ogical

sol i ds t9mdler td @ continpbny feRprarating welnty $Heﬁgfelyerf(with@rt,th@ vebah shaemmedigr.esss,
vortex separators, flotation devices, or other solids renoval systens. In

t he pri niorynssapardtthaotyps yist emonbiderciaily hdslabledr@n Sosrhéns WV akr Téhnebgiest 0

degr ade bi ol ogi cal oxygen demand conpounds (BOD5) materials are separated
from t heawassb@ahfEriatis eandvel A3 tIfedt IRC AN el TRt tg7@ 8t RRRtewas R 1 S

usual | y capabl e of reducing the BOD5
has had contaminants adsorbed therefrom. In certain embodiments, the continuous
regenerating system also can perform stripping functions, in combination with, or as an
alternative to, an adsorbent material shearing zone 686, and adsorbent material/biomass
separation zone 687. Note that in such embodiments, an adsorbent material/biomass
separation zone is provided downstream from the continuous backwash high flux
adsorbent material system 659. In an additional embodiment, high flux adsorbent
material system 659 includes an adsorbent material filtration apparatus such as a
conventional tertiary carbon filter, in which treated water is discharged as stream 671,
and the partially loaded adsorbent material 672, instead of being treated with
conventional hot air or steam regeneration, for instance, is regenerated using the system
699 for biologically treating adsorbed contaminants, which operates in a manner similar

to that described with respect to FIG. 3, and regenerated adsorbent material 688 is

introduced into the tertiary carbon filter included in the high flux adsorbent material
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concentration by about 40%to about 50% and reducing the total suspended
solids concentration by about 60%to about 70% The solids renpbved in this
step are woeurallopse2he | arger nore sl ow y bi odegradabl e sesparsded/iosshi7 ds and
the effluent is typically a mxture of the nore volatile, easier-to-treat
conpounds present in the sanitary wastewater. Additional unit operations
can al so be used to provide a greater renoval efficiency of the undissol ved

contam nants ip.t aw was ter. For i.nstanc i fuge
v cos. st bthe et fanseS o el iconetimtife s b Tgaieg] SSBI Gaf 41

i nduced air flotation)can be used. In further enbodi nents, additional unit
oper at i ofi¥s@anallynBreudaeasid fhope dewstibgdhpr sprRegtian cHEhPyHm cﬁﬂpémtaemtaé treat
to renove at |least a portion of the | ess dense solids present in the raw
wast ewat eferefict4viimbers arensediin FeGbo th mpresent semilvartoe equhase, cotmponerds.| vy

i ncl udi ng di ssolved contam nants and a mnority portion of suspended

sol i ds, pap] bm gddehan ethodinényas ttenateenteinbEMRAl RO Rt ONGvSRNRdrevel of
blologlcally | abi | e conpounds or a | ow concentration wastewater effluent

751, andydh&in{ feat I%gh @B‘ﬁ”hﬁ%&%@ﬂf‘rﬁé&ﬁal‘%ﬁ&?&@%&s&erﬁ SRk aRA Y $IGM6R A

whi ch operates for exanple, in a manner simlar to ohe or nore of systens

354, 454 5 4 f) at%r51€111 f) 1ca?re (S grz?tYo' reactXr accorc? 1n L t%nt gs%r%t 1|nsen {O%ch% ged
that is genera ]iny Sul OIg recycnl I'Ng as process Vvé) ri'gation, or

environnmental ly friendly di scharge. Untreated bi ol ogi. cal O|IdS are
t %tha%rf: 1?‘3

separ at ebf FPBd EYHF ?rtstplné%?tr)‘ré‘?ﬁ Ssluding Aspprian &f 861 BADe FPRORHIS st r eam
774, typlcalbéncontaining entrained |iquids, and are passed, e.g., using a

sewage tbwgradmilep. dn pprtsglassaidvetesang tOyFKiur?p a(systems Hwn shewin tferbireatingr
handl i ng of solid-laden Iiquids and slurries to a honpbgeni zati on zone 775,
i N whi chart in€lusittl wadsvaite shream e hicasdinhye sasgnidedibiganioBolide) dablvap@ansit us such
as one or nore grinders and/or shredders. The hompgeni zation zone 775
ensures {Jik, 4 SRR, dthéMDnRimiffRkd Gch as inorganics. The influent wastewater
stream 701 is introduced into a primary separation system 753, such as a settling zone
that allows biological solids to settle, a clarifier, a centrifuge, filter, screen, belt press,
vortex separators, flotation devices, or other solids removal systems. In the primary
separation system 753, solids and a portion of the easy to degrade biological oxygen
demand compounds (BODs) materials are separated from the wastewater stream.
[143] A typical primary treatment system is usually capable of reducing the BODs
concentration by about 40% to about 50%, and reducing the total suspended solids
concentration by about 60% to about 70%. The solids removed in this step are usually
the larger more slowly biodegradable suspended solids and the effluent is typically a
mixture of the more volatile, easier-to-treat compounds present in the sanitary wastewater.
Additional unit operations can also be used to provide a greater removal efficiency of the

undissolved contaminants in the raw wastewater. For instance, one or more centrifuge

devices, settling devices, or floatation devices (e.g., dissolved air, induced air flotation)
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are introduced into the downstreamirradiation / disinfection zone 777,

t hereby ensuring a maxi num | evel of disinfection. [145] The untreated
honogeni 2w0 280lG0627776, generally in a slurry form arePplrgsedots13an
irradiation / disinfection zone 777, in which the solids are disinfected
usi ng beta-ray, ganma-ray, x-ray or electron beamradiation, for instance,
to achieve United States Environnental Protection Agency Cass A or B

bi o-solid disinfecti.on requirenents, ormndated sl udge disinfection

P eaut  ere B B e e e o A HE Gt SRR b TR PR ERR T hus be
di sposed of in an environnentally friendly manner. [146] FIG 8 shows

anot her #eRtiae peryalcomppouadintceireat ita aemerr asieatt anperen G ithiylessy derseat i on
of primary solids that are mxed with an inert naterial to allowit to be
reused asldspoiséntsubstratvuratesvatdror ot her uses. In particular, a system 800
is simlar to system 700, with the additional operation of a m xing zone
763, in pRayphidi srfafrect@bodimkehds 4 7%addre phagd typiddlyanincinging fdissoBled
material 762, such as sand, clay, and/or another suitable filler material,

to pr Oqu&ﬁltaﬁnﬂﬁﬁg%{d Z%ino\f‘f%@ ?&rt?cﬁp o?esu : tléﬁ BHdS Oéalm b€ UTRPSE dOds a
fertilizer. The system 800 i'ncluding providing the product 764 1s

particul arl esirable for. treatin S t er_.havi sol i ds, not havi ng
Poxi o or BartedtEs Hfish G sliiniisrBbt by Bt BUT S oble s e {Rtates 1Y 2one
can be provided in the system 700 wever, in system 800, excess

or 8%%. Ho

wat er cafPIETEROBr BRI SRR 7D HEF Pk teiA (ORI XA d WA VRHE
disinfected primary solids. [148] |In certain enbodi nents, the influent
wast ewat eeatment syptemuthds whidhi aphragesntos gxampleoit ofanmer singlar ¢a pies ori meliegdni cs,
or toxic organics. Accordingly, even when disinfected to suitable levels, a
m Xt ur e ofsteniye35dl 450 f58d toe @5Hidescsibbd psevandyf iAd effluamtHRiiabistisargat thanignabl e
as a soil, conpost or fertilizer product. However, substantial capital
cost, generally suitable for recycling as process water, irrigation, or environmentally friendly

discharge. Untreated biological solids are separated from the primary treatment system

753 as a solid effluent stream 774, typically containing entrained liquids, and are passed,

e.g., using a sewage trash pump or progressive cavity pump (not shown) suitable for

handling of solid-laden liquids and slurries to a homogenization zone 775, in which the

solids are homogenized by a suitable mechanical apparatus such as one or more grinders

and/or shredders. The homogenization zone 775 ensures that no compact lumps of solids

are introduced into the downstream irradiation / disinfection zone 777, thereby ensuring a

maximum level of disinfection.

[145] The untreated homogenized solids 776, generally in a slurry form, are pumped to

an irradiation / disinfection zone 777, in which the solids are disinfected using beta-ray,

gamma-ray, x-ray or electron beam radiation, for instance, to achieve United States

Environmental Protection Agency Class A or B bio-solid disinfection requirements, or
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energy and size benefits can be attained, even in enbodi nents in which
disinfected materials are disposed of in landfills, for instance, after
dryi ng amsiDapimiozi2ng with a suitable inert material . [ 12@/USnolomut3at n
enbodi nents of the present invention, a systemis configured as a portable
system e.g., nounted on a skid, truck body, trailer, or the like.
Portability allows the tertiary treatnent systemto be manufactured and

delivered as a turnkeysyst.em A portabl.e or .skid-munted systemw.l| also
faci |1t aPOGAE PPARR CHBIFCHPD FeisP @R 2 Uy JWEICH S TBS SRIBEREH FRlidhs 1 or
instance, in situations in which other tertiary treatnent systens are in
servi ce, /Trserthysehsedippased plinrig cavhetpensalbalriergiythumer.certain faciliti es
that are processing chemcals for a short period of tine and create a

parti cul Hdby REY B slovy eathavasiEdanert ot eastewater beatfant sfstamiaclpdingabl e or
ski d- nount ed system according to the present invention. Pipe fittings can

be provi gedidtibatbf ritaadanide @hdt are iBled Rithvrt fheftradtelad do hiléw iif@SDeabkeports in
exi sting wastewater treatnent plants for ease and rapid installation of the

system ofg § O Ldv@itd @Tor bthellsed N g&fﬁ&_ﬁ&?, ands R igonds ShilPf géslt?eiﬁﬁgéq,ow

invention avoids the problens of the prior art related to tr
Comc e Jih Ih \z{\@cﬁﬁ%ep%to%q%ragg BER Shilthe Fonk 783, 28 hag.&l rsgﬁc(f';% g0
SUbj ecte 0 secondary‘treat nent, e=sd., e 1 ue roma secondar system
t hrough an adsorbent nmterial nmxing zone, wherein adsorbent nmaterial and
secondar PSR Y HeAb Mol e PREHBI 1P HdaES RBHoF AR SneBEOHUAPY I | uent
at the point of passage to the adsorbent material mxing zone, has had
subst ant inateripl, 40 [progioice dspradiert t1eds whish amajber iseful g soHecomppst.BODBtdEApONent s
renoved. Thus, the secondary effluent is not anenable to biol ogical
oxi dat i omhd swmna800 adivdimnpdovidigathewpndduet 6D maticudarbt doziralsle tthietrewaiap ewat er
is too lowin strength, contains biologically refractory conpounds,
cont ai nswhitoh 6} KAkdgYsolids not having toxic organic or inorganic compounds.
[147] Optionally, a dewatering zone can be provided in the system 700 or 800.
However, in system 800, excess water can be absorbed by sand or other inert material
mixed with the disinfected primary solids.
[148] In certain embodiments, the influent wastewater 701 includes a high
concentration of metals, other inorganics, or toxic organics. Accordingly, even when
disinfected to suitable levels, a mixture of the disinfected bio-solids and filler material is
not amenable as a soil, compost or fertilizer product. However, substantial capital cost,
energy and size benefits can be attained, even in embodiments in which disinfected
materials are disposed of in landfills, for instance, after drying and/or mixing with a
suitable inert material.
[149] In certain embodiments of the present invention, a system is configured as a

portable system, e.g., mounted on a skid, truck body, trailer, or the like. Portability

allows the tertiary treatment system to be manufactured and delivered as a turnkey
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i nhi bi tory conpounds, contains inorganic conpounds, or a conbination of

t hese, which either cannot be oxidized biologically, or requires a much

| onger rewodenaws27me than is typically avail able to bi ecogise@l/oesitat i on.
Typically a nore energy intensive tertiary system such as granul ar
activated carbon adsorption filters or another tertiary treatnent systemis
used to polish this streamthat is no |onger treatable by a nornal

bi ol ogi cal oxidation. [151] .The | ow concent.rati o st eyat er .treatnent

oyot oo oRSIRb oE eBAbie Sy ard ol SR AUl i B AR Ce GBOSREGH Pat e ont o
the carbon and provides for treatnent of |ow strength wastewater or a

wast ewat EFtiafy syt sinoyl eandededibasis.dar insiayce. rip Sttuginms durvduch pher teaiiny

bi o-i nhibitory and/or biologically refractory compounds. In addition,

i nor gani ceatmaposystenspaesianservine,t imslel oepaconic bainp atonstruciaist éwethar ceamnbe
adsorbed. [152] The | ow concentrati on wastewater treatnent system of the
present faBNges tHan aliespracejsﬁl/l% Eheifighls @bt £5Hvat peyidd lof tinfeeanariréreds paidictry | y
being used as it utilizes biological oxidation - typically tﬁe | owest cost

removal {66R0QL00Y 1 a¥@htARlEarh Van B ﬁ%ni’"%fsélcﬁ%le%r KRt YAHES sFAERON

adsorption colums are typically very expensive to operate and require a

very ener . Nt ensi ve _process..t o regeperate carbon,. typically,based on
e nor ateoit BisoRsPal SNRSE, KRR ARG Faf SedCusiy BT A lelRERY Or (e
tertiary treatnment system of the present invention as a replacenent or a

suppl eneRfitH WA SRGPratiBlet APHEAE H) BN PF BRIt BCUTEBhRAYE TabF¥Cener gy
savings. As a result, carbon credits for carbon dioxide reduction
associ at el pidrinstpldatige of esescarndthyingersumpt i on can be earned. [153]
Vol unetric capacity requirenments for the various operations within the | ow
concent r gSDpnThasisewahsd nietledtofelnd peysit émmeafion heoigy eegmdblemy efitheqpriccan be
significantly less than a conventional nenbrane biol ogical reactor used to
treat thgtsaRdVE! HBRING! low concentration wastewater by passing wastewater that has
already been subjected to secondary treatment, e.g., effluent from a secondary system,
through an adsorbent material mixing zone, wherein adsorbent material and secondary
effluent are intimately mixed. Note that the secondary effluent, at the point of passage to
the adsorbent material mixing zone, has had substantially all solids and thus the majority
of the high BODs components removed. Thus, the secondary effluent is not amenable to
biological oxidation from a traditional treatment biological system as the wastewater is
too low in strength, contains biologically refractory compounds, contains biologically
inhibitory compounds, contains inorganic compounds, or a combination of these, which
either cannot be oxidized biologically, or requires a much longer residence time than is
typically available to biological oxidation. Typically a more energy intensive tertiary
system such as granular activated carbon adsorption filters or another tertiary treatment

system is used to polish this stream that is no longer treatable by a normal biological

oxidation.
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wastewater and is significantly smaller than a conventional sewage
treatnent systemnot utilizing nenbranes. [154] The use of the | ow
concent r avpaniv@mse2ewat er treat nent system of the presentcCirusenmwioorsial | ows
for treatment of a relatively | ow strength wastewater, essentially only the
di ssol ved contam nants and a small anount of entrained solids in the
wastewater, and still results in an effluent having very | ow concentrations

of hard-ta-freat (refractoryconpounds) or sinple or i c_conpaunds. t hat
ver oo URLhI O gt SR Vst b Giemen| Sy Serholofe: HateTR dPyettion
preferred enbodi nents are described in conjunction with treatnment of |ow
concent r #avorthgaentamiasts, to garceatrate vafethe éarbes apd pravigs deEeatmerttaf dpw

wast ewat er treatnment systens." Nonetheless, as will be appreciated by one
havi ng ostchingdr yasteivhier iar 4 heastéerwaterhevith nigiotdgecalgrdéffictlt ab trémt @Emamends,

di scl osure, the wastewater treatnent system of the present invention can

advant aggieniging he-iiipikary add/oeblol@adallyast £34&k ompavhdig 16 Qo@itibeViabreaiic
biologically l'abile conpounds as well as conpounds entirely resistant to

bi OdeCOfT&ﬁﬁﬁ&anQEreQérRhlP&ieQ@xb lc¥ndeRhiddd Qi Ye cRBRAU IS ds@hE o bi ol ogi cal ly
refractory conpounds, or a conbination of these. For Instance, dissolvent

bi ol ogi cgl bil e conpounds can he adsorhed on t adsor.bent nmat.eri al
al ong ow (2 obolls SEATRBR F I8 A RES s bR BRI RS Cau 1
i nhi bitory conpounds, .and/or biol ogically refractory conpound or. a

conbi nat {981 GOt REFBAtIEN P Shts Sdhady FEnEY SRR APetat of iUailiZes Ei%@ﬁiﬁ%

regeneration reactor system described herein. The biologically labile
conpoundexidaipnseypicalisthe dowesa Fovieerapval technetonatdileblevipr teaging exnsisaiatey.
nutrient source to support the m cro-organisns. [155] Useful adsorbent
mat er i al Acfivited deebg@r aBenition Rekminsate typidaligeewsaeipensve ypeeerat acdirdgans, such
as activated carbon. In particular, granular activated carbons are very
a very energy intensive process to regenerate carbon, typically based on incineration to
regenerate the granular activated carbon. Deployment of the tertiary treatment system of
the present invention as a replacement or a supplement to an activated carbon column can
produce a considerable energy savings. As a result, carbon credits for carbon dioxide
reduction associated with the decreased energy consumption can be earned.
[153] Volumetric capacity requirements for the various operations within the low
concentration wastewater treatment system of the present invention can be significantly
less than a conventional membrane biological reactor used to treat the same volume of
wastewater and is significantly smaller than a conventional sewage treatment system not
utilizing membranes.
[154] The use of the low concentration wastewater treatment system of the present
invention allows for treatment of a relatively low strength wastewater, essentially only

the dissolved contaminants and a small amount of entrained solids in the wastewater, and

still results in an effluent having very low concentrations of hard-to-treat (refractory
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effective, since the size range and densities of the granules can be
selected to enable their retention in a predeterm ned portion of the system
and t her ew9 20ubwsanti al |y prevent them from foul i ng andPom/tskeiadirsg7 t he
menbranes. [156] In systens in which the granular activated carbon is not
subj ected to significant shearing forces and/or inter-granule collision,
the granul ar activated carbon can be produced from wood, coconut, bagasse,
sawdust, peat, pulp-mll waste, or othercellul ose-based materials. One

sui t abl ¢ %%’Bfig qr§1%8&¥/@§{%%°88)%8§%@?2 PSR NI ARG BT AP YA si zes
of 14 x 35 (based on the U S. Standard Sieve Series). [157] In additional
enbodi melitsnotedthat eqytag pigfarted sanbodingiite e slagcaibed i eppfynsHon svithrteaairaey by
turbul ence and/or inter-granule collisions in a punp and/or jet nozzle, use
of adsor bieltv omtcentralopsyadtawitery ahd gleerefdraaddivesss lval apaserdragonlesistestatee.  For

i nstance, granul ar activated carbons derived from bitunmen or coal - based

mat er i al geamentefybRals!"v MonkheRsHaAK twill WeappRead tesie hdvigy afdanuy skillaat i vat ed
carbon is derived fromlignite. [158] Carbon materials can al so be provided
wini ch_ar e BdhbyiRe il blheRt bF BRLTER BIA6ESS. AOURleyaRE Ghedinddl Q0K of
providing an affinity to certain chemcal species and/or netals in the

wast ewat gr.. For, instance, in stewaters having .a . relatively high |evel of
mer cur y, TSPTEAS VN A B R R et S hRRLhARRE PRE uges
granul ar_ activated. carbon inpregnated with potassium i odi de or sulfur.

O her t r E3elnRinbiglogirally rabiieosuppring as sedli BsCumpPUIds SREFHIEIStS! faPlst
specific netals, other inorgani c conpounds and/or organi c conpounds. [159]
| n addi t desampphitiondduelbginall amhibétory netrepduatis.orhdior t hiakngacally v acfeastarsir bon.
For instance, iron-based conpounds or synthetic resins can be used as the
adsor bentompduads,abis a @intrigation o tleserbi Fat instanvd, tdiswolvear badsgcdbniabile
materials, e.g., in conbination with granul ar

compounds can be adsorbed on the adsorbent material along with compounds entirely
resistant to bio-decomposition, biologically inhibitory compounds, and/or biologically
refractory compounds, or a combination of these, and passed to the adsorbent material
biological regeneration reactor system described herein. The biologically labile
compounds can serve as food alone or in combination with a secondary nutrient source to
support the micro-organisms.

[155] Useful adsorbent materials for the present invention include various types of
carbons, such as activated carbon. In particular, granular activated carbons are very
effective, since the size range and densities of the granules can be selected to enable their
retention in a predetermined portion of the system and thereby substantially prevent them
from fouling and/or abrading the membranes.

[156] In systems in which the granular activated carbon is not subjected to significant
shearing forces and/or inter-granule collision, the granular activated carbon can be

produced from wood, coconut, bagasse, sawdust, peat, pulp-mill waste, or other
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activated carbon. Further, treated adsorbent materials other than activated
carbon that target certain netals, other inorganic conpounds or organic
conpoundswoaniipwsaeged. For instance, in wastewaters haviPag/usediabirset y hi gh
| evel s of iron and/or nanganese, at |east a portion of the adsorbent can
conprise a granul ar manganese dioxide filtering nedia. In wastewaters
havi ng arsenic, at |least a portion of the adsorbent can conprise granul ar

i ronoxi de . ¢ sites. I.n wastewaters including | or heav s, at
oot GETE Bt Ao PHEE R APl SIARDrsy oo S NETE T Y e o
conposites. [160] In one enbodi nent, the adsorbent material can be sel ected
based up®aying gsinplagesdisazes of ¢4 griavbespd pamlel.-S. dtapdadSievs Jaieat ai n t he
adsorbent material in suspension within acceptable energy consunption/cost
ranges, HP&ti In cldgiomal ¢erybadanges, maefiaidrlyethysedh ogactt shetitnag aaiontihprowakst ewat er
are desirable. On the other hand, in enbodinents in which separation is
based atby ea@sileridd aRafot irét-gramile cslikivhd Mt Afmp hey/smitendzale, udd @hasorb@rci fic
gravities are nore suitable. In general, the specific gravity is preferably

greater &Qéﬁaﬁ@%&in&- lﬁghér haPRES veites 20 GesiaBleC &t dr qﬁﬂarﬁ@?@‘qhﬂ%nﬁéi’vafeh €

specific gravity i1s greater than about 1.10 in water at 200C. A suitable

upper limt for th e LLic gravity is, in certain.enbodinents. .about 2.65
it er Caors e o (RAF ihlea 7 Eb bl el 8 PR (DR B e

gravity range is selected which provides sufficient suspension and
t her ef or ENRYFFERG Bt HBIRACH VAl FRIPHbisWatvetdaeaigdHet i ts cont ami nants. In

addition, in certain enbodinents, the specific gravity range provides
suf fi ci el88k e€Cabpngnathrrlactaardlsa ibe sprbwvided uiiselywenm alithot treaememsor bent
material fromthe wastewater. In further enbodi ments, selection of the
speci f i cpigrapsidng/odfspédies thdsedy peonidimat ar aféihity 3o basdd chamibahkpaczatandrforof t he
energy required to nmaintain the adsorbent material in suspension.
metals in the wastewater. For instance, in wastewaters having a relatively high level of
mercury, at least a portion of the adsorbent material preferably includes granular
activated carbon impregnated with potassium iodide or sulfur. Other treatments and/or
impregnated species can be provided to target specific metals, other inorganic compounds
and/or organic compounds.
[159] In addition, the adsorbent can be a material other than activated carbon. For
instance, iron-based compounds or synthetic resins can be used as the adsorbent materials,
alone or in combination with other adsorbent materials, e.g., in combination with granular
activated carbon. Further, treated adsorbent materials other than activated carbon that
target certain metals, other inorganic compounds or organic compounds can be used. For
instance, in wastewaters having relatively high levels of iron and/or manganese, at least a

portion of the adsorbent can comprise a granular manganese dioxide filtering media. In

wastewaters having arsenic, at least a portion of the adsorbent can comprise granular iron
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[ 162] Furthernore, the desired adsorbent material, such as granul ar
activated carbon, has a hardness |l evel that mnimzes creation of fines and
ot her parwpcoliawee7due to intergranul e collisions and oPREUSPIIONESST
effects. [163] The size of the adsorbent material that the separation
subsystemis designed to retain and thereby prevent its passage into the
menbr ane operating systemis optim zedto mnim ze the anmount of adsorbent

material and fines entering the e ratln system Ther ef L€, in
embod meftes FAMBEER Pt GO PP arORT B S o Lo hamgP et
operating system abrasion and fouling caused by carbon granules or other
gr anul ar adsathent eandnelign srgnwg YmingesihenioPAMRSIFS ni ni ni zed, while still
provi di ng the operational advantages associated with the use of adsorbent
mat er i al H6Dhclnuatiengmizstimest éd clacibont. mjteG4l] caSiiet @lsceddrasarmnsi desrefior t he
adsorbent material are selected to conplenent the sel ected

screeni nglesgRatratityofinp@t Nodsler anghatnfen NREefBoMent Matepar inl Gipaisionasitianat er
being treated. In certain preferred enbodi nents, the bottomlimt of

ef 1 eCL i V. GhaRl! Gref? ol bl BAR QL ARA! )ﬁé@fﬂ%f % lit} Sarael Sob@kISudbab it can

easily be separate fromthe flow of uor enter| ng the menbr ane
operatin tem t ank Ef anes | ocat. ral,
the eff e&??éi tlglfr e (‘liﬁ‘%zﬂé@ gf’“{*ﬁ’ b M5e e 0 her X rerl aI ¢ gos 1a lPo%tﬁllcﬁm t of
about 0.3 ml|i meters wher e, great er than bout 99.5 weij %of t he
adsor bentcPRRER (104 abifad THBIbGY: B FHIME B g’lee’tq‘&l’ﬂ”??ﬁa%l?%ggpﬁmflﬁ\/\er
limt of about 0.3 mllineters to an upper limt of about 2.4 mllinmeters
( cor r esp@nditiag atomereresikabyd. z &n Bonaral, sharepskifisi grevdy ihamwéeably dupiteiethast at es
Standard Sieve Series), where greater than 99.5 wei ght % of the adsorbent
mat er i al abomt WOSHK watdreat ROURTr Tracdtaip@@bodiments,; thangedific gawitaiingeatef ehaned
enbodi nents about 0.3 mllineters to about 1.4 mllimeters (correspondi ng
to a about 1.10 in water at 20°C. A suitable upper limit for the specific gravity is, in certain

embodiments, about 2.65 in water at 20°C.

[161] Therefore, the adsorbent material having a specific gravity range is selected which

provides sufficient suspension and therefore sufficient contact with the wastewater and its

contaminants. In addition, in certain embodiments, the specific gravity range provides

sufficient settling characteristics for subsequent removal of the adsorbent material from

the wastewater. In further embodiments, selection of the specific gravity of the adsorbent

material is based on minimization of the energy required to maintain the adsorbent

material in suspension.

[162] Furthermore, the desired adsorbent material, such as granular activated carbon,

has a hardness level that minimizes creation of fines and other particulates due to inter-

granule collisions and other process effects.

[163] The size of the adsorbent material that the separation subsystem is designed to

retain and thereby prevent its passage into the membrane operating system is optimized
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mesh size 50 to a nmesh size 14, based on the United States Standard Sieve
Series) where greater than about 99.5 wei ght % of the adsorbent nmaterial is
wi t hi n t wol2omwesend upper limt. It has been denonst ratea/usha/oau3gr anul ar
activated carbon with a mnimum effective granule size of about 0.5
mllimeters to about 0.6 mllinmeters can be easily and efficiently screened
fromthe mxed liquor with a suitable separation system and sucheffective
si zes, inlﬂranulgg activa%eg car bon of sqi.able dens'ties,b al so can

econoni ¢ TPBECHRT HPATHOH 2 9 EE pEi b A fli%ssﬁ]ntefﬁlét S BCHP Y B e
material to adsorb the conpounds entirely resistant to bi odeconposition,

bi ol ogi caiste.i nhrgpiosy: yinc erpedimgsts Hln@/lhéfﬁ‘ Heo bisisc sAppiatioB f gppatagtsy is a
conpounds, or a conbi nation of these, allows the process to handl e a nuch
hi gher fimembraat eopefating Styetee, @brasivarmndoioubmng icausadl byysteors graasles loe otlregani sms
that are biologically deconposing the organic conpounds woul d not be
limted @ynilbenawdiaBlingindies od @R€ eehibineofis GORMEN, oviale s%ﬂ/ls}]hemmgme

bi ol ogi cal ly i nhibitory conmpounds and/or certain biologically refractory
corrpoundégerrﬁmﬂa&an{ag@s AIKPALL R TRE 88 GH adl@beRAXEAVARL A J@QaRE i Ne,
and thus the mcro-organi snms have many tines the hydraulic residence tine
to breakaﬁg§n1domn. This allows a significantly snmaller unit to treat the
wast ewat &f "8t ream t han woul d be required without the addition of adsorbent
material . [ 166]. The use of the | ow concentration st ewat er treatnent
system 0E16%]1e§‘b‘f;aé’§fe%rtan’illﬁ\ﬁézr‘?ﬁ il¥fnthe AdpREPeR HaRCHAl H5h JEATFD %FO@%@@%"@P a
conventional systemw th addition of powdered activated carbon elim nates
pr obl enssedessicicageaingyiepiraden teihags.ofndstbe inderdstdighe werticdlap wastewpigr eihggh 1 ow
rate conventional systemthat does not use a nmenbrane for solids separation
f rom t hetredftéd. uBntertairl préferidadeerhianlimertts.eht hatto@nimasif efattere gramde gatofsyst em
of the present invention can

the adsorbent material is selected so that it can easily be separated from the flow of mixed
liquor entering the membrane operating system tank(s) in which the membranes are
located. In general, the effective granule size of the adsorbent material has a bottom limit
of about 0.3 millimeters, where greater than about 99.5 weight % of the adsorbent
material is above the bottom limit; preferably having a lower limit of about 0.3
millimeters to an upper limit of about 2.4 millimeters (corresponding to a mesh size 50 to
a mesh size 8§, based on United States Standard Sieve Series), where greater than 99.5
weight % of the adsorbent material is within the lower and upper limit; and in certain
preferred embodiments about 0.3 millimeters to about 1.4 millimeters (corresponding to a
mesh size 50 to a mesh size 14, based on the United States Standard Sieve Series) where
greater than about 99.5 weight % of the adsorbent material is within the lower and upper
limit. It has been demonstrated that a granular activated carbon with a minimum
effective granule size of about 0.5 millimeters to about 0.6 millimeters can be easily and

efficiently screened from the mixed liquor with a suitable separation system, and such
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be nodified to treat specific contam nants that m ght be present in any
particul ar wastewater by using an adsorbent material that has been

speci al | ywoneatw®2ro sel ectively adsorb the particul ar eomttsadwant31pf
concern. For exanple, a granular activated carbon or other adsorbent
material that has been specially treated to adsorb netals can be used for
wast ewat ers that have high concentrations of netals. The dissolved netals

canprefergentially adsorb onto the treated .granul ar. activated carbon and
then be FERIVEAIZFHdmErmuI Rl v carkopaf YR PepltissetintarbreobAR e or bent

material allows the netals to be renoved fromthe systemand naintain a
desired beweintypedigspsnsnsige capacity. [168] The invention provides a | ow
cost alternative to pernmanent installations of high cost activated carbon
adsor pt i 65t oThems: of adangpent matenaimoeadsaf the kempoendsi catiyely resasttarg e bgyst ens
that are expensive to operate. In addition, the present invention provides
a simpl edecofipdhitien, fRGIbBICAIN , inhDOFy ORMiFEUNGY GAS/r WaidIRIALIST réffRalrent
systemthat can be set up and operated in a very short period of tine and

I f ”eCesécﬁﬁ[)r/ounﬁé}_rbrQeco%i‘ﬁaitﬂ)‘rlro?%@s& Qlo%%rth@?k&e%t%tlﬁﬂﬁl%%ﬁé{ H%heﬂ flogan be

depl oyed for periods of upset conditions or during events when a wastewater
treatnment _plant is required to .treat wastes that it not. nor mal
capabl o B of SbpleRgteF b POt bRy T i Blecbbri e s BRI Tkt s on
avoids the treatnment of the entire effluent streamin an expensive tertiary
L1 oat menfeceyeoae (e OsIats HNRHETE Sleintat STHER v e T fEAICEL i on
wast ewater and treats themin a high flux adsorbent material treatnent
syst em i imegtaccadentianl aydtams.f [Tk Bidwgrcobntinivhitenyi edmpyivoisghd/al certain
regeneration reactor. [170] Previously developed tertiary systens attenpt
t 0 treatbibhegiafly | rafradtofyr compotingt iragainasi ekwbeégorbaneaharerndl fol ant sxtéraledng | ow
concentrations of contamnants with an

period of time, and thus the micro-organisms have many times the hydraulic residence

time to break them down. This allows a significantly smaller unit to treat the wastewater

stream than would be required without the addition of adsorbent material.

[166] The use of the low concentration wastewater treatment system of the present

invention rather than a conventional system or a conventional system with addition of

powdered activated carbon eliminates problems associated with settling of solids that

would occur in a high flow rate conventional system that does not use a membrane for

solids separation from the effluent.

[167] The low concentration wastewater treatment system of the present invention can

be modified to treat specific contaminants that might be present in any particular

wastewater by using an adsorbent material that has been specially treated to selectively

adsorb the particular contaminant of concern. For example, a granular activated carbon or

other adsorbent material that has been specially treated to adsorb metals can be used for

wastewaters that have high concentrations of metals. The dissolved metals can
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expensi ve activated carbon adsorption system or sone other expensive
tertiary treatnent system In all of these, the entire wastewater streamis
treated wohotieseerti ary treatment method. The system ana/usedioodi3ef t he
present invention renoves pollutants fromthe full wastewater stream by
adsorption, and then treats the adsorbent material in a | ow flux biological
regeneration systemthat is relatively inexpensive to operate.[171] The

met hod and.system of the present. invention have been descri bed above and in
The at t abREa RRseb OGRS BFte BRMTAL ST aihg CarbPh anb B Jarane £ ose. of
ordinary skill in the art and the scope of protection for the invention is
to be deferpéduan. t4hpegdis peplagsrrent of thevadeprapptsmaterialpalipstshibe mespls tte &t i ng
wast ewat er conprising: mXxing wastewater with adsorbent material in a

m xi ng zen®vedfroa the mpstgufahd oiaeniinfaglesiagblovgltof adsoofptiveanpamiynant s from t he
wast ewater onto the adsorbent material; separating and renoving a major
portion {8} hehyaseeial plovideom Ibliecdit wlidrhaivef tovRahevst efstandoadsOnigant

mat eri al ; passing the adsorbent material having contam nants adsorbed

thereon anf \&;EdaQa R ddsOptiBh chitenndst @yl & nunthe? of ioﬁle?@érﬁﬁjg FBgRART ati on

reactor; retaining the adsorbent material and wastewater i n sSuspension in

t he bi ol o}gqle(r:nasl thra{agenerat i.on .react Qr fr?rad iti%er' od Ofentt'i”e tti%at s. . sufficient

to al | owhCroorgani SHE Th° tt?le()pﬁlfaoﬁ'ogll ca rggéhr?epraefl S AMYRHOR groyiges

bi ol ogi call¥ act on at | east a portion of the adsorbed contan nants;
di schar gHAg1%: SRl Eeatpynt Foay Q@S FORAS AT AR V7D Hi'eﬁsi% e
regeneration reactor; and recycling regenerated adsorbent material to the
m xi ng zephep and operated in a very short period of time and if necessary, can be configured as a

portable system/apparatus. It can be deployed for periods of upset conditions or during
events when a wastewater treatment plant is required to treat wastes that it was not
normally capable of treating.

[169] The system and method of the present invention avoids the treatment of the entire
effluent stream in an expensive tertiary treatment system. It adsorbs the contaminants
from the low concentration wastewater and treats them in a high flux adsorbent material
treatment system integrated with a low flux adsorbent material biological regeneration
reactor.

[170] Previously developed tertiary systems attempt to treat the effluent from existing
wastewater treatment plants having low concentrations of contaminants with an
expensive activated carbon adsorption system or some other expensive tertiary treatment
system. In all of these, the entire wastewater stream is treated with the tertiary treatment
method. The system and method of the present invention removes pollutants from the
full wastewater stream by adsorption, and then treats the adsorbent material in a low flux

biological regeneration system that is relatively inexpensive to operate.
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2. The nethod of claim1l1l, wherein the wastewater conprises |ow
concentration wastewater that is an effluent subjected to an upstream

wast ewat ewotzngtosent process. 3. The nethod of cl ai m 1, pamasein/osise7
wastewater is a | ow concentration wastewater that has a concentration of
contam nants that is |lower than an influent feed concentration that is
required to support biological activity in a conventional biol ogical
reactor. The met hod of cl ai , further conprisjn emyvi.ng solids from
e’ bi oi BgALarnd BlRdan sOTh B sreRat BrergrTaus et SRE A RATGR o o m
4, wherein the solids are renoved using a nenbrane operating system 6. The
nmet hod ofhe@ftaghed Alrawijnes: diopey ere mogificaony will bharpareng & hgsaokerdiiary gdlland/ or
a settler. 7. The nmethod of claim11, which further conprises shearing any
accunul atngtle bitemasls: fcoperof hetaatso fdyethe inveheoen alto ppeidefinedoby deyaddimaghdto t he
m xi ng zone. 8. The nethod of claim 7, further conprising separating the

bi omass follem t he adsorbent material prior to recycling the adsorbent
material to the m xing zone. 9. A systemfor treatnment of wastewater
conprising: a mxing zone including a wastewater inlet, an adsorbent
material inlet and a discharge outlet; an adsorbent material settling and

| iquid separation zone including a slurry inlet in comunication wth the
di scharge outlet of the m xing zone,a treated water outlet, and
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CLAIMS:
1. A method for treating wastewater comprising:

mixing wastewater comprising contaminants with adsorbent material in a mixing zone
for a time sufficient for adsorption of the contaminants from the wastewater onto the
adsorbent material to produce a mixture of treated wastewater and adsorbent material having
contaminants adsorbed thereon;

separating and removing a major portion of the treated wastewater from the mixture
of treated wastewater and adsorbent material having contaminants adsorbed thereon;

passing the adsorbent material having contaminants adsorbed thereon and a minor
portion of the treated wastewater to a biological regeneration reactor containing
microorganisms;

retaining the adsorbent material having contaminants adsorbed thereon and the minor
portion of the treated wastewater in suspension in the biological regeneration reactor for a
period of time that is sufficient to allow the microorganisms in the biological regeneration
reactor to biologically act on at least a portion of the contaminants on the adsorbent material
to produce a regenerated adsorbent material and a biologically treated water effluent;

discharging the biologically treated water effluent from the biological regeneration
reactor; and

recycling the regenerated adsorbent material to the mixing zone.

2. The method of claim 1, wherein the wastewater comprises a low concentration

wastewater that is an effluent of an upstream wastewater treatment process.
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3. The method of claim 1, wherein the wastewater is a low concentration wastewater that
has a concentration of contaminants that is lower than an influent feed concentration that is

required to support biological activity in a conventional biological reactor.

4. The method of claim 1, further comprising removing solids from the biologically

treated water effluent.

5. The method of claim 4, wherein the solids are removed using a membrane operating
system.
6. The method of claim 4, wherein the solids are removed using at least one of a clarifier

and a settler.

7. The method of claim 1, further comprising shearing an accumulated biomass from the
regenerated adsorbent material prior to recycling the regenerated adsorbent material to the

mixing zone.

8. The method of claim 7, further comprising separating the accumulated biomass from
the regenerated adsorbent material prior to recycling the regenerated adsorbent material to the

mixing zone.

9. A system for treatment of wastewater comprising:
a mixing zone including
a wastewater inlet,

an adsorbent material inlet, and

83



a discharge outlet;
an adsorbent material settling and liquid separation zone including

a slurry inlet in communication with the discharge outlet of the mixing zone,

a treated water outlet, and

a contaminated adsorbent material outlet; and
an adsorbent material biological regeneration reactor system including

a biological regeneration reactor including a contaminated adsorbent material
inlet in communication with the contaminated adsorbent material outlet of the
adsorbent material settling and liquid separation zone,

a biologically treated water outlet, and

a regenerated adsorbent material outlet in communication with the adsorbent

material inlet of the mixing zone.

10.  The system of claim 9, further comprising a solids separation apparatus in

communication with the biologically treated water outlet.

11.  The system of claim 10, wherein the solids separation apparatus is a membrane

operating system.

12.  The system of claim 10, wherein the solids separation apparatus is at least one of a

clarifier and a settler.

13.  The system of claim 9, further comprising a shearing zone including an inlet in
communication with the regenerated adsorbent material outlet and an outlet in

communication with the adsorbent material inlet of the mixing zone.
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14.  The system of claim 13, further comprising an adsorbent material/biomass separation
zone including an inlet in communication with the outlet of the shearing zone and an outlet in

communication with the adsorbent material inlet of the mixing zone.

15.  The system of claim 9, further comprising an apparatus for shearing and separating
biomass from adsorbent material including an inlet in communication with the regenerated
adsorbent material outlet and an outlet in communication with the adsorbent material inlet of

the mixing zone.

16.  The system of claim 9, wherein the biological regeneration reactor is constructed and

arranged for shearing and separating a biomass from a regenerated adsorbent material.

17.  The system of claim 9, further comprising an upstream wastewater treatment system
that discharges a low concentration wastewater, and wherein the wastewater inlet of the
mixing zone is a low concentration wastewater inlet fluidly connectable to the upstream

wastewater treatment system.

18. A wastewater treatment system comprising:
a high flux adsorption system including
an inlet for receiving wastewater comprising contaminants,
a source of adsorbent material for contacting the wastewater and adsorbing the
contaminants from the wastewater to produce an adsorbent material having
contaminants adsorbed thereon and a treated wastewater,

a liquid outlet for discharging a major portion of the treated wastewater, and
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an adsorbent material outlet for discharging the adsorbent material having
contaminants adsorbed thereon and a minor portion of the treated wastewater; and
a low flux adsorbent material biological regeneration reactor system for maintaining
the adsorbent material having contaminants adsorbed thereon in suspension for a period of
time that is sufficient to allow microorganisms to digest the contaminants adsorbed thereon,
the low flux adsorbent material biological regeneration reactor system including
a biological regeneration reactor having
an inlet for receiving adsorbent material having contaminants adsorbed
thereon from the adsorbent material outlet of the high flux adsorption system,
a mixed liquor outlet, and
an adsorbent material outlet in communication with the source of

adsorbent material of the high flux adsorption system.

19.  The system of claim 18 in which the low flux adsorbent material biological
regeneration reactor system further comprises:

a shearing apparatus for shearing an accumulated biomass from adsorbent
material to produce a mixture of a sheared adsorbent material and a free biomass, the
shearing apparatus being positioned in at least one location selected from

within the biological regeneration reactor and

separate from the biological regeneration reactor and connected to the
adsorbent material outlet for receiving a regenerated adsorbent material from
the biological regeneration reactor;

an adsorbent material/biomass separation zone for separating the free biomass
from the mixture of sheared adsorbent material and free biomass to produce a

separated sheared adsorbent material and a free biomass;
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an adsorbent material conduit for passing the separated sheared adsorbent
material from the adsorbent material/biomass separation zone to the high flux
adsorption system; and

a biomass conduit for passing free biomass from the adsorbent
material/biomass separation zone to at least one of the biological regeneration reactor

and a location downstream of the biological regeneration reactor.

20.  The system of claim 18 in which the low flux adsorbent material biological
regeneration reactor system further comprises:

a combined apparatus for shearing and separating an accumulated biomass
from a regenerated adsorbent material being positioned in at least one location
selected from

within the biological regeneration reactor and

separate from the biological regeneration reactor and connected to the
regenerated adsorbent material outlet for receiving the regenerated adsorbent
material from the biological regeneration reactor, and having an outlet for
discharging a separated sheared adsorbent material and an outlet for
discharging a free biomass;

an adsorbent material conduit in communication with the regenerated
adsorbent material outlet of the combined apparatus for returning regenerated
adsorbent material to the high flux adsorption system; and

a biomass conduit in communication with the outlet for discharging the free
biomass of the combined apparatus for passing free biomass to at least one of the
biological regeneration reactor and a location downstream of the biological

regeneration reactor.
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21.  The system of claim 18, wherein the low flux adsorbent material biological
regeneration reactor system further comprises a membrane operating system in fluid

communication with the mixed liquor outlet of the biological regeneration reactor.

22.  The system of claim 18, wherein the low flux adsorbent material biological
regeneration reactor system further comprises at least one of a clarifier and a settler in fluid

communication with the mixed liquor outlet of the biological regeneration reactor.

23.  The system of claim 18, wherein the high flux adsorption system includes a mixing

zone and a settling zone.

24.  The system of claim 18, wherein the high flux adsorption system includes an

adsorbent material filtration apparatus.

25.  The system of claim 18, wherein the high flux adsorption system includes a

continuous backwash filter.

26.  The system of claim 18, wherein the high flux adsorption system includes at least one

of a continuous regenerating filtration system and a continuous regenerating walnut shell

filter.

27.  The system of claim 18, further comprising an upstream wastewater treatment system

that discharges a low concentration wastewater, and wherein the wastewater inlet of the
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mixing zone is a low concentration wastewater inlet fluidly connectable to the upstream

wastewater treatment system.

28.  The system of claim 18, further comprising

a sensor constructed and arranged to measure a parameter of the wastewater treatment
system; and

a controller in electronic communication with the sensor programmed to instruct

performance of an act based on the measured parameter of the system.

29.  The wastewater treatment system of claim 28, wherein the measured parameter is the

concentration of at least one predetermined compound.

30.  The wastewater treatment system of claim 28, wherein the act comprises removing at

least a portion of at least one of the adsorbent material having contaminants adsorbed thereon

and regenerated adsorbent material from the biological regeneration reactor.

31.  The wastewater treatment system of claim 28, wherein the act comprises adding

adsorbent material to the biological regeneration reactor.
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32. A method for treating wastewater comprising:

mixing wastewater comprising biologically refractory and/or bio-inhibitory
compounds with adsorbent material in a mixing zone for a time sufficient for adsorption of
the biologically refractory and/or bio-inhibitory compounds from the wastewater onto the
adsorbent material to produce a mixture of adsorbent-treated wastewater and adsorbent
material having biologically refractory and/or bio-inhibitory compounds adsorbed thereon,
wherein the adsorbent material is characterized by adsorptive capacity for adsorption of
biologically refractory compounds and/or biologically inhibitory compounds, and capacity
for microorganisms adhered to the adsorbent material, wherein the combined adsorbent
material characteristics contribute to biological regeneration of the adsorbent material;

separating and removing a major portion of the adsorbent-treated wastewater from the
mixture of adsorbent-treated wastewater and adsorbent material having biologically
refractory and/or bio-inhibitory compounds adsorbed thereon;

passing the adsorbent material having biologically refractory and/or bio-inhibitory
compounds adsorbed thereon and a minor portion of the adsorbent-treated wastewater to a
biological regeneration reactor containing microorganisms;

retaining the adsorbent material having contaminants adsorbed thereon and the minor
portion of the treated wastewater in suspension in the biological regeneration reactor for a
period of time that is sufficient to allow the microorganisms in the biological regeneration
reactor to biologically act on at least a portion of the biologically refractory and/or bio-
inhibitory compounds on the adsorbent material to produce biologically regenerated
adsorbent material and a biclogically treated water effluent;

discharging the biologically treated water effluent from the biological regeneration

reactor; and
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recycling the biologically regenerated adsorbent material to the mixing zone.

33.  The method of claim 32, wherein the adsorbent material is selected from the group
consisting of granular activated carbon, granular iron-based compounds, granular manganese-
based compounds, granular alumino-silicate composites, synthetic resins, and combinations

including at least one of the foregoing adsorbent materials.

34.  The method as in claim 32, wherein the adsorbent material comprises granular

activated carbon.

35.  The method as in claim 34, wherein the granular activated carbon is treated to provide
affinity to predetermined chemical species, metals or other compounds found to be present in

the influent wastewater.

36.  The method as in claim 34, wherein the adsorbent material further includes one or
more of additional adsorbent materials selected from the group consisting of granular iron-
based compounds, granular manganese-based compounds, granular alumino-silicate

composites and synthetic resins.

37.  The method of claim 32, wherein the wastewater comprises a low concentration

wastewater that is an effluent of an upstream wastewater treatment process.

38. The method of claim 32, wherein the wastewater is a low concentration wastewater
that has a concentration of contaminants that is lower than an influent feed concentration that

is required to support biological activity in a conventional biological reactor.
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39.  The method of claim 32, further comprising removing solids from the biologically

treated water effluent.

40.  The method of claim 39, wherein the solids are removed using a membrane operating

system.

41.  The method of claim 39, wherein the solids are removed using at least one of a

clarifier and a settler.

42.  The method of claim 39, further comprising passing at least a portion of activated

sludge from the solids separation apparatus to the biological regeneration reactor.

43.  The method of claim 39, wherein the biological regeneration reactor water effluent is
passed through a separation subsystem in the biological regeneration reactor or downstream
of the biological regeneration reactor to introduce the biological regeneration reactor water

effluent that is substantially free of adsorbent material to the solids separation apparatus.

44.  The method of claim 43, wherein the adsorbent material has an effective granule size

of at least about 0.3 millimeters.

45.  The method of claim 43, wherein the adsorbent material has an effective granule size

of at least about 0.5 millimeters.
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46.  The method of claim 32, further comprising shearing an accumulated biomass from
the regenerated adsorbent material prior to recycling the regenerated adsorbent material to the

mixing zone.

47.  The method of claim 46, further comprising separating the accumulated biomass from
the regenerated adsorbent material prior to recycling the regenerated adsorbent material to the

mixing zone.

48. A system for treatment of wastewater comprising:

a source of fresh or recycled porous adsorbent material, wherein the adsorbent
material is characterized by adsorptive capacity for adsorption of biologically refractory
compounds and/or biologically inhibitory compounds, and capacity for microorganisms
adhered to the adsorbent material, wherein the combined adsorbent material characteristics
contribute to biological regeneration of the adsorbent material;

a mixing zone including

a wastewater inlet,
an adsorbent material inlet, and
a discharge outlet;
an adsorbent material settling and liquid separation zone including
a slurry inlet in communication with the discharge outlet of the mixing zone,
an adsorbent-treated water outlet, and
a contaminated adsorbent material outlet; and

an adsorbent material biological regeneration reactor system including
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a biological regeneration reactor including a contaminated adsorbent material
inlet in communication with the contaminated adsorbent material outlet of the
adsorbent material settling and liquid separation zone,

a biologically treated water outlet, and

a regenerated adsorbent material outlet in communication with the adsorbent

material inlet of the mixing zone.

49.  The system of claim 48, wherein the adsorbent material is selected from the group
consisting of granular activated carbon, granular iron-based compounds, granular manganese-
based compounds, granular alumino-silicate composites, synthetic resins, and combinations

including at least one of the foregoing adsorbent materials.

50.  The system of claim 48, wherein the adsorbent material comprises granular activated

carbon.

51.  The system of in claim 50, wherein the granular activated carbon is treated to provide
affinity to predetermined chemical species, metals or other compounds found to be present in

the influent wastewater.

51.  The system of claim 50, wherein the adsorbent material further includes one or more
of additional adsorbent materials selected from the group consisting of granular iron-based
compounds, granular manganese-based compounds, granular alumino-silicate composites and

synthetic resins.
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52.  The system of claim 48, further comprising a solids separation apparatus in

communication with the biologically treated water outlet.

53.  The system of claim 52, wherein the solids separation apparatus is a membrane

operating system.

54.  The system of claim 52, wherein the solids separation apparatus is at least one of a

clarifier and a settler.

55.  The system of claim 52, further comprising a return activated sludge line for returning
at least a portion of activated sludge from the solids separation apparatus to the biological

regeneration reactor.

56.  The system of claim 52, further comprising a separation subsystem that is

in the biological regeneration reactor or

downstream of the biological regeneration reactor and between the biological
regeneration reactor and the solids separation apparatus,
the separation subsystem constructed and arranged to introduce the biological regeneration
reactor water effluent that is substantially free of adsorbent material to the solids separation

apparatus.

57.  The system of claim 56, wherein the adsorbent material has an effective granule size

of at least about 0.3 millimeters.
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58.  The system of claim 56, wherein the adsorbent material has an effective granule size

of at least about 0.5 millimeters.

59.  The system of claim 48, further comprising a shearing zone including an inlet in
communication with the regenerated adsorbent material outlet and an outlet in

communication with the adsorbent material inlet of the mixing zone.

60.  The system of claim 59, further comprising an adsorbent material/biomass separation
zone including an inlet in communication with the outlet of the shearing zone and an outlet in

communication with the adsorbent material inlet of the mixing zone.

61.  The system of claim 48, further comprising an apparatus for shearing and separating
biomass from adsorbent material including an inlet in communication with the regenerated
adsorbent material outlet and an outlet in communication with the adsorbent material inlet of

the mixing zone.

62.  The system of claim 48, wherein the biological regeneration reactor is constructed and

arranged for shearing and separating a biomass from a regenerated adsorbent material.

63.  The system of claim 48, further comprising an upstream wastewater treatment system
that discharges a low concentration wastewater, and wherein the wastewater inlet of the
mixing zone is a low concentration wastewater inlet fluidly connectable to the upstream

wastewater treatment system.
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64.  The system of claim 48, wherein the adsorbent material settling and liquid separation
zone includes a vessel configured with an inverse conical or frusto-conical bottom portion,
the contaminated adsorbent material outlet positioned in said inverse conical or frusto-conical

bottom portion.

65.  The system of claim 48, wherein the adsorbent material settling and liquid separation
zone includes an apparatus selected from the group consisting of a centrifuge, a

hydrocyclone, and a clarifier.

66.  The system of claim 48, wherein the mixing zone, and the adsorbent material settling

and liquid separation zone, are provided as an integrated mixing/settling unit operation.

67.  The system of claim 66, wherein the integrated mixing/settling unit operation is a

continuous backwash filter or a continuous regenerating filtration system.

68. A wastewater treatment system comprising:
a high flux adsorption system including

an inlet for receiving wastewater comprising biologically refractory and/or
bio-inhibitory compounds,

a source of fresh or recycled porous adsorbent material, wherein the adsorbent
material is characterized by adsorptive capacity for adsorption of biologically
refractory compounds and/or biologically inhibitory compounds, and capacity for
microorganisms adhered to the adsorbent material, wherein the combined adsorbent
material characteristics contribute to biological regeneration of the adsorbent material,

the adsorbent material for contacting the wastewater and adsorbing the biologically
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refractory and/or bio-inhibitory compounds from the wastewater to produce an
adsorbent material having biologically refractory and/or bio-inhibitory compounds
adsorbed thereon and a treated wastewater,
a liquid outlet for discharging a major portion of the treated wastewater, and
an adsorbent material outlet for discharging the adsorbent material having
biologically refractory and/or bio-inhibitory compounds adsorbed thereon and a minor
portion of the treated wastewater; and
a low flux adsorbent material biological regeneration reactor system for maintaining
the adsorbent material having biologically refractory and/or bio-inhibitory compounds
adsorbed thereon in suspension for a period of time that is sufficient to allow microorganisms
to digest the biologically refractory and/or bio-inhibitory compounds adsorbed thereon, the
low flux adsorbent material biological regeneration reactor system including
a biological regeneration reactor having
an inlet for receiving adsorbent material having biologically refractory
and/or bio-inhibitory compounds adsorbed thereon from the adsorbent
material outlet of the high flux adsorption system,
a mixed liquor outlet, and
an adsorbent material outlet in communication with the source of

adsorbent material of the high flux adsorption system.

69.  The system of claim 68, wherein the adsorbent material is selected from the group
consisting of granular activated carbon, granular iron-based compounds, granular manganese-
based compounds, granular alumino-silicate composites, synthetic resins, and combinations

including at least one of the foregoing adsorbent materials.
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70.  The system of claim 68, wherein the adsorbent material comprises granular activated

carbon.

71.  The system of in claim 70, wherein the granular activated carbon is treated to provide
affinity to predetermined chemical species, metals or other compounds found to be present in

the influent wastewater.

72.  The system of claim 70, wherein the adsorbent material further includes one or more
of additional adsorbent materials selected from the group consisting of granular iron-based
compounds, granular manganese-based compounds, granular alumino-silicate composites and

synthetic resins.

73.  The system of claim 68, further comprising

a solids separation apparatus in communication with the mixed liquor outlet,

a return activated sludge line for returning at least a portion of activated sludge
from the solids separation apparatus to the biological regeneration reactor, and

a separation subsystem in the biological regeneration reactor or downstream of
the biological regeneration reactor or between the biological regeneration reactor and
the solids separation apparatus to introduce the biological regeneration reactor water
effluent that is substantially free of adsorbent material to the solids separation

apparatus.

74.  The system of claim 73, wherein the solids separation apparatus of the low flux

adsorbent material biological regeneration reactor is selected from the group consisting of a
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membrane operating system, a clarifier, a settler, and a combination including at least one of

a membrane operating system, a clarifier, or a settler.

75.  The system of claim 73, wherein the adsorbent material has an effective granule size

of at least about 0.3 millimeters.

76.  The system of claim 73, wherein the adsorbent material has an effective granule size

of at least about 0.5 millimeters.

77.  The system of claim 68 wherein the low flux adsorbent material biological
regeneration reactor system further comprises:

a shearing apparatus for shearing an accumulated biomass from adsorbent
material to produce a mixture of a sheared adsorbent material and a free biomass, the
shearing apparatus being positioned in at least one location selected from

within the biological regeneration reactor and

separate from the biological regeneration reactor and connected to the
adsorbent material outlet for receiving a regenerated adsorbent material from
the biological regeneration reactor;

an adsorbent material/biomass separation zone for separating the free biomass
from the mixture of sheared adsorbent material and free biomass to produce a
separated sheared adsorbent material and a free biomass;

an adsorbent material conduit for passing the separated sheared adsorbent
material from the adsorbent material/biomass separation zone to the high flux

adsorption system; and
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a biomass conduit for passing free biomass from the adsorbent
material/biomass separation zone to at least one of the biological regeneration reactor

and a location downstream of the biological regeneration reactor.

78.  The system of claim 68, wherein the low flux adsorbent material biological
regeneration reactor system further comprises:

a combined apparatus for shearing and separating an accumulated biomass
from a regenerated adsorbent material being positioned in at least one location
selected from

within the biological regeneration reactor and

separate from the biological regeneration reactor and connected to the
regenerated adsorbent material outlet for receiving the regenerated adsorbent
material from the biological regeneration reactor, and having an outlet for
discharging a separated sheared adsorbent material and an outlet for
discharging a free biomass;

an adsorbent material conduit in communication with the regenerated
adsorbent material outlet of the combined apparatus for returning regenerated
adsorbent material to the high flux adsorption system; and

a biomass conduit in communication with the outlet for discharging the free
biomass of the combined apparatus for passing free biomass to at least one of the
biological regeneration reactor and a location downstream of the biological

regeneration reactor.
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79.  The system of claim 68, wherein the low flux adsorbent material biological
regeneration reactor system further comprises a membrane operating system in fluid

communication with the mixed liquor outlet of the biological regeneration reactor.

80.  The system of claim 68, wherein the low flux adsorbent material biological
regeneration reactor system further comprises at least one of a clarifier and a settler in fluid

communication with the mixed liquor outlet of the biological regeneration reactor.

81.  The system of claim 68, wherein the high flux adsorption system includes a mixing

zone and a settling zone.

82.  The system of claim 81, wherein the settling zone includes a vessel configured with
an inverse conical or frusto-conical bottom portion, the adsorbent material outlet positioned

in said inverse conical or frusto-conical bottom portion.

83.  The system of claim 68, wherein the high flux adsorption system includes an

adsorbent material filtration apparatus.

84.  The system of claim 68, wherein the high flux adsorption system includes a

continuous backwash filter.

85.  The system of claim 68, wherein the high flux adsorption system includes at least one

of a continuous regenerating filtration system and a continuous regenerating walnut shell

filter.
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86.  The system of claim 68, further comprising an upstream wastewater treatment system
that discharges a low concentration wastewater, and wherein the wastewater inlet of the
mixing zone is a low concentration wastewater inlet fluidly connectable to the upstream

wastewater treatment system.

87.  The system of claim 68, further comprising

a sensor constructed and arranged to measure a parameter of the wastewater treatment
system; and

a controller in electronic communication with the sensor programmed to instruct

performance of an act based on the measured parameter of the system.

88.  The wastewater treatment system of claim 87, wherein the measured parameter is the

concentration of at least one predetermined compound.

89.  The wastewater treatment system of claim 87, wherein the act comprises removing at

least a portion of at least one of the adsorbent material having contaminants adsorbed thereon

and regenerated adsorbent material from the biological regeneration reactor.

90.  The wastewater treatment system of claim 87, wherein the act comprises adding

adsorbent material to the biological regeneration reactor.
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