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rel ated nmet hods for renoval of contam nants fromwater, and in particular,
but not exclusively, fromstormivater or runoff water. The invention also
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wat eri ng of parks an
from stormwater or runoff water. The invention also relates to methods of producing

aluminium coated granular activated carbon (GAC), which is a component of the filter: ;
media.
10
BACKGROUND OF THE INVENTION
Particularly in arid parts of the world and in view of the influence of climate change there
is an incfeasing awareness of the need to capture and use water efficiently. In Australia in
particular, the potable water supply for larger cities primarily comes from rainfall
15 catchment areas situated away from urban areas. While this approach results in high
infrastructure costs to pipe water from the catchment area to population centres where it is
required, it also ensures that water is potable and substantially uncontaminated by
pollutants. Unfortunately, however, a substantial portion of the water obtained from these
catchment areas is used in industrial applications such as in the cooling towers of power
20 generators, in agriculture, in building and large scale cleaning, in the watering of parks and
gardens and in domestic situations such as clothes washing and flushing of toilets, where . -
potable water is not necessarily required. Alterﬁative supplies of water are therefore
required, particularly for non-potable applications, in order to achieve a more sustainable
approach to water supply for cities and towns. Significant potential sources of such water
25  are the runoff from domestic and commercial roofs, from public paths and paved areas and
particularly from roadways, car parks and the like. While the use of runoff water is
advantageous because it can be collected close to areas in which the water is to be used, it
is problematic in that runoff water is prone to contamination. For example, stormwater
runoff often includes high levels of heavy metals such as from building materials (eg.
30 copper and zinc from roofing materials) and from vehicle related sources (copper, nickel,

chromium, zinc and lead from brake linings, zinc from worn tyres and platinum, lead and



gardens and in domestic situations such as clothes washing and flushing of
toilets, where potable water is not necessarily required. Alternative
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A further particular challenge with respect to harvesting of storm or runoff water is that its
timing and volume is highly variable. In one aspect, therefore, the filter media according to
the invention is engineered to cope with very High flow throughs, to maintain good
15 performance after long dry spells (to accommodate for the variability in stormwater
discharges) and to target key stormwater pollutants, such as sediment, hydrocarbons,
metals, nutrients, and pathogens. Existing treatment systems developed for other water

types (i.e. drinking water or wastewater) are unable to meet these demands.

20 The present invention provides a filter media and a filter system including the media which
is able to be adapted to particular water treatment circumstances that may be encountered. -
For example, the flow rate of water to be treated can be varied as can the nature of
contaminants that can be removed such that the quality of the treated water obtained can be
selected according to the desired use, whether that be for watering parks and gardens,

25  environmental flows into rivers and creeks, flushing of toilets and washing of clothes or for

human or animal consumption.

In developing the filter media and filter system of the present invention the inventors
determined that the water treatment efficiency, particularly in terms of removal of nitrogen
30 and phosphorus, of the granular activated carbon component of the media could be

improved significantly by coating it with aluminium. US Patent No. 2,210,966 discloses



A further particular challenge wth respect to harvesting of storm or
runoff water is that its timng and volunme is highly variable. In one
aspect, tRensineest he filter nedia according to the ingepiAd@iod1036

engi neered to cope with very high flow throughs, to maintain good 15
performance after long dry spells (to accommpdate for the variability in -
stormvat er di scharges) and to target key stormwater pollutants, such as
sedi ment, hydrocarbons, netals, nutrients, and pathogens. EXxisting
treatment systens devel oped for other wa“[jé‘r types (i.e. drinking water or
wast ewater) are unable to neet these demands. 20 The present invention
provides a filter nedia and a filter systemincluding the nedia which is
abl e to be tldaptieded carpeu treatad dan aviatidiontafeddminnim chlt< cans bansselsfor hahovahyf be

encountered. FqQr exanple, the flow rate of ter, to be treated can be
varied as g@ﬁrlg%gﬂ%%%l%wa%'n{:ﬁ%eﬁ%T@ost ?f\é\&ﬁ’ %WOBQIOP&@B’&'%JW AAROUE he
qual ity of shheoh baaleHini@hempRizhakddrtban Gabseheeish)a @09”6'1‘% ouBirked @hat

desired use, whether that be for watering parks and gardens, _

envi r onmentfllboriflesovm batrempyade fromapetableewitsr, using sietivajedicatbon| igtpsegnatgdwaihi ng
of clothes or for h n _or i pal._consunption. .ln devel oping the-filter
nedi a a%g Ff‘inflé‘}u”é)?ﬁﬁ?nab? p?ﬂgggrt%ée OVYQ\%EE? BCpREs BVl abieee rn%gr?gd
that the Wah@Rintun®aé@NErafiilbi sdteaeH cafbdhibelgl cfebtivd for rého®al @f pheyphyls and
nitrogen 30 and phosphorus, of the granul ar activated carbon conponent of

the nedia edmagnton wsioyvay rrghatithisdpppgiclarly siiertiys Woemherplwminmicaped us
Patent No. gan%%a%’atgﬁgat?de g&li)ﬁﬁ gssgrg?{%?te&g%%?ﬂéga@l%ﬁg/a Sg%g/ tg%]:é)?‘}%ei%ratb 8 to -

activated car rea umniu al f's can ‘be used for
renoval of éfd.uorides from potable water. Further, Ranps et al, "Adsorption
of fluoride from aqueous solution on alum ni uminpregnated carbon”, Carbon

37 (19955, pp 609-617 outlines that fluorides can be renoved from potable
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According to another embodiment of the present invention there is provided a method of
producing aluminium coated granular activated carbon comprising exposing granular
activated carbon to an aqueous solution comprising one or more aluminium salts which is

acidified to a pH of between about 5 and about 6.8, removing the aqueous solution and

20 washing and drying the aluminium coated granular activated carbon that is produced.

According to a further embodiment of the present invention there is provided a filter
system for removal of contaminants from water comprising:

(1) a middle zone comprising granular activated carbon and granular zeolite;

25 and

(i) a lower barrier zone comprising screening material;

2

said system allowing a flow rate of water there through of from about 0.5Lsec'm™ to

about 10Lsec'm™.



According to one enbodi nent of the present invention there is provided a
filter media for renoval of contam nants fromwater conprising alum nium
coat ed grwpuhAlo1dfkl vated carbon and granul ar zeolite. perAiBeHodonBest O
anot her enbodi ment of the present invention there is provided a nethod of
produci ng al um ni um coated granul ar activated carbon conprising exposing
granul ar activated carbon to an aqueous sol ution conprising one or nore
alum niumsalts which is acidified to a pH of between about 5 and about
6.8, renoving the aqueous sol ution and 2¢ washi ng and drying the al um nium
coated granul ar activated carbon that is produced. According to a further
enbodi nent of the present invention there is provided a filter systemfor
renoval of Awooitdary toanbthef prefervaitembodangtitisire g provided a chddd g carteniogapiiesi ng
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vater ther e, BNowgRaRt MbhamRINYLoP aRl-#RE6reth it AltkOsy@RAEondBigec-1 m 2. WO
2011/ 017768PCT/ AU2010/ 001036 -4 According to another preferred enbodi nent
there is providéd a eaniddiegenecormprismng granular lacéyated sarbpm fapd aramibarageobife;
cont am nant s froa;iwat er wherein the cartridge has a top and base that

al | ows ter f18W there t hrough and wherein the filter system conprises:
(i) a middle zogg) coapéwer higrig e kampasihi vatatng alabwial;and gr anul ar
zeolite; 5and (ii) a lower barrier zone conprising screening material,; ,
wher ei n sawhersjg saighsystemvaloasg Bow rate of yyatrdhere thiough of frogughrud - AsemMbout

0. 5Lsec-i W@aﬁo%t?@@éé%“&ngeC1m 2.

10 According to a further embodiment of the present invention there is provided a method of
removing contaminants from water comprising allowing the water to flow through a filter

system which comprises:

(1) a middle zone comprising granular activated carbon and granular zeolite;
and
15 (iii)  a lower barrier zone comprising screéning material;

wherein said water flows through said media at a rate of from about 0.5Lsec'm™ to about

10Lsec'm™.

Preferably the ratio (by volume) of granular activated carbon to granular zeolite in the
20 middle zone is between about 0.5:1 and 2:1. Preferably the middle zone further comprises
sand. If present, the sand preferably comprises between about 30% and about 60% of total

volume of the middle zone.

In a preferred embodiment the granular activated carbon comprises aluminium coated

25 granular activated carbon.

In another preferred embodiment the filter system further comprises an upper sediment

trap for removing particulate contaminants.

30 In one aspect the top of the cartridge comprises a mesh which serves as a coarse filter of

solids, sludge and/or particulates.



10 According to a further enbodi ment of the present invention there is
provi ded a nethod of renoving contam nants fromwater conprising allow ng
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10
Fig. 2A shows a schematic diagram of a general filter system according to the invention

and Fig. 2B shows a schematic diagram of a low flow filter system as referred to in

example 2. Both Figs 2A and B show an optional sediment trap.

15 DETAILED DESCRIPTION OF THE INVENTION
Throughout this specification and the claims which follow, unless the context requires
otherwise, the word "comprise", and variations such as "comprises" and "comprising", will
be understood to imply the inclusion of a stated integer or step or group of integers or steps
but not the exclusion of any other integer or step or group of integers or steps.

20
The reference in this specification to any prior publication (or information derived from it),
or to any matter which is known, is not, and should not be taken as an acknowledgment or
admission or any form of suggestion that that pripr publication (or information derived
from it) or known matter forms part of the common general knowledge in the field of

25 endeavour to which this specification relates.

In a broad aspect the present invention relates to a filter media for removal of contaminants
such as heavy metals, hydrocarbons, nutrients and pathogens from water, and particularly
from runoff or stormwater. The filter media comp}ises granular activated carbon (GAC),
30 preferably aluminium coated granular activated carbon (ACGAC), and granular zeolite and

may also comprise sand. In a low flow rate form of the filter media, which for example is
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granular in nature. While in some embodiments of the invention there is a divider inserted
15  between zones, such as a metallic, fabric or plastic mesh with mesh size small enough to
exclude the passage of material from either side, in other embodiments of the invention no
such divider or mesh is adopted. In these embodiments the granular material from one
zone is able, over time, to migrate to some extent into an adjacent zone. Nonetheless, it
will be understood that the materials within each zone will predominantly be those as

20 initially introduced into each zone.

The intention of the system overall is that as a result of its constituents it will allow an
appropriate rate of water flow there through (for example from 0.5Lsec'm™ to 10Lsec”'m’
2 from 4 — 10 Lsec'm™ (in the case of the high flow embodiment), 0.5 — 3.5 Lsec'm? (in
25 the case of the low flow embodiment), 2Lsec'm? to 8Lsec'm™ or from about 3Lsec'm™
to about 6Lsec'1m'2) to allow for processing of peak water flow rates that may be
experienced during or just after a heavy downpour, but where there is an adequate
residence time of the water within the filter media to allow sufficient removal of
contaminants. In preferred aspects of the invention the filter media is such as to allow the

30 removal of at least 80%, preferably at least 90% and more preferably at least 95%, 97%,
98% or 99% of all hydrocarbons and at least 60%, preferably at least 80%, more preferably



10 schematically depicted in Fig. 2A). It should be recogni sed, however,

t hat boundari es between the zones are not necessarily of a definite nature
and t hat wb 20h@ibwyndari es between zones there may be apogragi2og/ofozeat eri al
fromone zone into the next. This can easily be understood in the context-
that the material within each of the zones is generally granular in nature.
VWhile in some enbodi nents of the invention there is a divider inserted 15
bet ween zones, such as a netallic, fabric or plastic nesh with nmesh size
smal | enough to exclude the passage of material fromeither side, in'other
enbodi mrents of the invention no such divider or nmesh is adopted. In these
enbodi nents the granular nmaterial fromone zone is able, over tine, to
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such Conpogzrﬂgsc'an conveniently be distributed within the upper sediment trap and/or middle zone
either as one or more discrete layers or randomly through the sediment trap and/or middle
15 zone. For example, at least 70%, preferably at least 80%, 90% or 95% and most preferably
at least 96%, 97%, 98%, 99% or 99.9% of pathogens (or pathogenic indicators in
experimental models) are removed or inactivated by the filter system when it includes this
feature. Examples of suitable chlorine salts include sodium hypochlorite, chlorinated
isocyanurates such as trichloroisocyanuric acid, sodium dichloro-s-triazinetrione
20 (dihydrate or anhydrous), sometimes referred to as "dichlor", and trichloro-s-triazinetrione.

Other conventional chlorine salts used for water disinfection can equally be used.

The filter system according to the present invention may be a component of a water
harvesting system. That is, a harvesting system that allows for the capture of storm or
25  runoff water (for example on a roof or paved area)‘ and the gross filtration of the water to
remove solid or particulate matter such as leaves, twigs, rubbish, stones and pebbles and
particulates such as sand or soil components that could clog the media used for finer
filtration to remove contaminants. After removal of contaminants the water may then be
made directly available for use or may be stored in some form of tank or storage vessel for
30 subsequent use. The mention of such water harvesting systems is, however, made by way

of example only as it is equally possible for the filter media and system according to the
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arvesti ng a3 &ith gg??a\%afblsm 0? bhlﬂal*g@t&{)@n S LRI @st Al hfaggbe a{)r%a&@ @ngRRp.ure

of stormo ter (for nple on a roof "or pav ea) and the
gross filtimfduderappfopriae paieng dgpargnove solid or particulate matter such as
| eaves, tw gs, rubbish, stones and pebbles and particul ates such as sand or
soi | cdfponents that coul d clog the nedia used for finer filtration to

remove contaEiyRait Sdir¥rt @Fap! YFRA cffecGRMARIAB tpartduetdvabRhmiRYtst e the
made directly available for use or nmay be stored in sonme formof tank or

storage veswidr beng (8t bareerepriscusanul atstinetad cehonf erandir 1ealitrandaepésed ng
systens 1 mag/(rjo\lf)ﬁlégaﬁlg/ g al%e %¥1%e‘é"%}§m§fa%e§1§saéﬂ3h{%8 %F(%]rga. %hé efn%o&%ﬂl fné REHHP! €

for the fi and system a I ng
2011/ 01776 8RF TdoMp2339/d0QA8S Gayels of GAC, sand and zeolite, and the zeolite can include

15 discrete layers or a mixture of different particle sizes, such as fine (0.5 — 2mm average
particle size), medium (1.6 — 2mm average particle size), coarse (2.0 — 4.0 mm average
particle size) and very coarse (4.0 to 12mm average particle size), each of which. is

preferably of filter grade and is for example available from Zeolite Australia Pty Ltd.

20 As noted above the materials within the upper sediment trap and middle zone (filter media)
of the filter system are generally granular in nature. The materials within the sediment trap
preferably have average particle size from 0.5mm to 8mm, or in another aspect from 1mm
to 6mm or 2mm to 4mm. Similarly in the middle éone the materials will preferably have
particle size of from about 0.25mm to about 4mm or 0.25mm to 2mm and preferably about

25 0.5mm average particle size. For example, zeolite in the filter media can conveniently
have average particle size of from about 0.5mm to about 2mm, GAC can have particle size
from about Imm to about 4mm (e.g. 1.68mm to 3.35 as screened through 6x12 size mesh,
as available from Activated Carbon Technologies Pty Ltd) and sand can have average
particle size of from 0.25mm to about 0.5mm (e.g. 0.25mm to 0.42mm as screened by

30 30/60 size mesh, and available from Unimin Australia Ltd).



present invention to be used in other contexts such as in the filtration of
pi ped water or as a conponent of apparatus or nmachinery, which may

experi enowoi2opriayved operation i f contam nants can ef f ecricrsluzotwmorssoved
fromthe water stream Sonme exanples include pool, pond or fountain
filtration systens, high pressure water spray apparatus, vehicle 5 cleaning
apparatus, boilers and other industrial nachinery. Another aspect of the
invention is where the filter nmedia and system according to the present
invention is adopted in the context of rehbval of particulate matter and
ot her contam nants from bodi es of stagnant water, such as may form on
building sites. In this case the systemnay be portable and can i ncl ude
appr opr i at én phunjpiweg bapizarataithe stteeiling ruppasl isddderetherein, aphichvmayHor sxample

effective to . renmove particul ate.contam nants from.the wat i ng.treated,
can_conpri é‘g‘:\d'ﬂffeaﬁm‘easr oLt tcé‘tfhﬁ‘grr% or oy Srnfltf)g?s_’ ﬁléagl%r? @r%ﬁggya‘ﬁgmaegd%&rlrgy
optional |y Ji(sliadeuqy Mate RRQNpatiSleShigNfrasm 00t 1am tdauie saihoek ieddotlidie
sediment trap conprises discrete |layers of GAC, sand and zeolite, and the

zeol i te cammbedimené f1@n dibout 2nun |tayahoyt mm, Rickirably doulidnfar ehbe Paiceniage
Si zes, ch_as.fing (0.5 - ver Il i : ' B <
aver age partigid e Zo B YRRRGRG MR udt &Sl RG] 0 deh By T
very coar séuf b Subsenii2igneansinabe ofer hiatdrizalsinchied edtin dfe filirahedis. A water
preferably of filter grade and is. for exanple v%%Lable from.Zeolite,

I

g
Austral i a Peyngable meph for gxaaplegfonetal, mlastg & ' PRPRPIORBAG ST S1ze to
sedi nment tr, Hololl (44 HEEISer He@f | N 81 & Btain
general ly gaﬁg‘r)lvﬁtpgfi Q%I%qn‘g%%fggw'lr fgb lir;rg‘? erial Zl)d\?vi&)tathi5 rhlbgﬁl%# tglg(?iaﬁgéntzgt rap
pr ef er abl y thascecenirey mgieripaWhitd the streenifig oratdiab usnally d®asmotgakd an agivehele in
aspect fromlmmto. 6m or 2mmto 4nm Sipilarly in.the mddl e zone th
mat er i a\fos VeVl o epnipnipapg i 15 dPPegpR giaggheo&rﬁ%ﬂ% JB%}E?QOS%WEH WS ot
4mm or 0. 23PRAQn2 EVeRNSE Rart esaARhMe adatinigMtS). DHiBh *¥eldage uRadhited n®i he.
For exanple,” zeolite in the filter nmedia can conveniently have average
particle siwaerdloWingtheabtueugh. 5Snm t o about 2nm GAC can have particle size
fromabout |mMmto about 4mm (e.g. 1.68mmto 3.35 as screened through 6x12
si ze nesh, as available from Activated Carbon Technol ogies' Pty Ltd) and
sand can hayenather agbodigiehi 6f teShzantioh the appdd.s2finmant aaplo6ie Hltémsysieen gray
0.25mMmto 0.42mm as screened by 30 30/60 size nesh, and avtalLeI abl ? fro
Uni mi n Kustirdndegranglpr limgpopyenally: inzepenetianpiilh oo P 3e0rs ffiteriand/qr ne
barri er Zorlgeﬁtp.e THE TG R TR g@herhl{zf tHAGEEAIQE RS gdMaEER AHY 1fnstinap! e
i ncl ude stofies or gravel, crushed rock or river stones, that are preferably
washed, wi Ichalkdhamndrageoyeksd hameribvef thgecapanmiates) exidészand hydrpzideuof talaiwm, o

about 8mm or .in anot he nbodi nent fr abou t 0_about 6 ref erably
about 4rm 2Rfdn SRIICHAT R °H it 8¥F%rfat?'nﬂ’tnﬂ’8 %B&éf%ﬁé’r?{?%mﬁg@%aﬁﬁ%ﬁ1_Sto
al I ow wat erprbyias i 8 SrfulihfoRig s kR uskd tBBVE Uindt Be Pi0RhanNbf dihleyin Genfilddrn
the other materials included within the filter nmedia. A water perngable
mesh (f2 eysteml @nahsigeinghe rgsheisd ped/er inpatbyation o4 Pribgselspr Whhput wishwedo deze
to allow the desired ter flow.r i . . ‘
barri er zon’é’uf“g%?’ Ry e eressegflerlé/ﬁlgttﬁgs)%{n@ért@gl t%ﬁ# ﬂggstlﬂéen gict?lgszeﬁ?%utrnrglﬁeorfi al
usual | y doage Rtnti@KbetaBerdtici aliealine le@virdhnidht b€ devalpenedimaitardpnanhes more P

i nportant that the screeni%ntglﬁma_t erial does_not include si g i ficant. | evel s

of water | dsehalgirepmennpindstmiddigras coplibuigsdodeariartior of PRRCEEHIH8HME or
flowing th R [ bPYIRMNVARP phddtheUiRRETh
sedi nent t?lg}% %Pgeﬁgglaf }‘}“{t%é?r{gé?? %eir%‘ggq’fs i n%?iﬁ‘té"’g? ohar he, 5‘3‘? i onal | y
i n conj 2hctrhdlerdonh toneuterl onslighthyi dlka megritl/valniclahksathie péfeaigefmreventing l¢ashimg

"lime" refers generally to mnerals derived generally fromlimestoene or.
chal k that %r géléﬁ%%é%e ‘Ei‘l‘qqlrea?‘?r}eycﬁ?n Wé‘@%?gg}ﬁa{eég?a/&?rﬁ%esp CHYHPEST Hes
of cal Ci UMeaNf thmRRELiAIGH aildble, CRL CxdMpEATRAN Hallen! FerltRe fRANbEKT clgmitdle
present invention the linme is provided in a granular form as discussed
above, and suhpligzs.esence of line in the filter 20 systemcan assist in the
removal and/or inactivation of pathogens. Wthout w shing to be bound by
theory the present inventors understand that the transition in this
enbodi nent of the invention between the al kaline environnent of the upper
sedinment trap to the nore pH neutral environnment of the m ddle zone
contributes to deactivation of pathogenic agents. The presence of line in
t he upper zone also buffers the pH of the water passing into the



25 mddle zone to neutral or slightly al kaline pH, which has the effect of
preventing | eaching of netals fromthe mddle zone. Ganular |inme of the
desired ayenap@ipagticle diameter is readily comercial pyradabioaieae for
exanpl e from garden centres and bul k chem cal. suppliers. WO

2011/ 017768PCT/ AU2010/ 001036 - 10 - The m ddle zone or filter nedia of the
filter system conprises GAC (preferably ACGAC) and granul ar zeolite and may
optionally al so include sand. Further optjonal conponents such as
anthracite, lignite, vermculite and hydﬂééarbon renoval and antim crobi al
agents can al so be incorporated into the filter system particularly within
the mddle zone. 5 Granul ar activated carbon and granul ar zeolite are high
surface ar &he mitidlei zahe ot fifter mediarodalk filferadybtent conaptsses KA KprefegibleiAHeAC)

physical or electrostatic forces, .contanp nants, such as hydrocarbons an
honvy et aPad erlaieRliE BN T8 PGP & Ut T RS oy Gt g ormpoiis
al uni nosi | isgaf & SHRALR, JighhatverAulite AHICK RO QB3 SresiovaCing ﬁltinN@idbieﬁl'aﬁents
zeolites are formed 10 where vol canic rocks and ash |layers react wt

al kal i ne grcaualdo hainsprpocxted intatheAdesr syssemspartictharty wihingbemiddle genepr esent
inventiqn can, for exanple, be sourced fromZeolite Australia Pty Ltd (PO
Box 6 rris Creek NSW 2341, Australia). Activated carbon, which is also

referred t Grasul@chdtateddeatbar aadlgranukar deoliteedte fighmsatfasecarah dierdalsl thenlazani ¢
rock and has an exceptionally hi surface area for, 3hysical'and

h
el ectrost atf‘?aéﬂéiébl?rtﬁtaﬁ&TbO‘#“%htethfrrHWtS?akﬂcﬂc%@SWE& Yrefe M@y BER ABons
and nit rogﬁgdl%%bmoa&m%w nfewg.a'men&rrﬁ%rohgﬂsofrh@énae&v ngiseélg%b%%aﬁﬁﬂated

carbon can be activated by ‘treatment wth aci nor e y €exposure
t o hi gh t eapesiadsilieatandngrale gbatriaye faomiceocpomiue sircttitee Natwea swsoliks steetommed

activatjon. GAC can.readily be obtained co reiall 20 for exanmple from
Aot | v ko YBERD UG P G oh BB A B BISE 80 EES AN S5 E P HES
Austral i a) syiftid et @sk GRIthe E}n_@s@ﬂt Biey B8k Gafl, FeroBkanplanee Lhirced dRdthCZeolite
materials such as tinber and is often sourced fromwaste organic materials

such as ti dyesiralif Prydud P@QADXrG WerriperakNS Washbuprvtialiahd coconut husks. 25
The present inventors have determ ned that the efficiency of the filter
media in terms of renoval, in particular, of nutrients such as nitrogen and
phosphor us AcBRhRH REMInCRARABUNER. rdfegtd U 4d Maivhicy chafpoaly 8dderived fi@nGAGréml
coated with alumniumto form ACGAC. By this it is ant that ITmrﬂumis
adsor beld onnd velsanis spgkaand ks aniracentionglyy Bighsyrpemare Hhﬁ(\?‘é%t %‘ase FrAPEalf s o

determ ned.ah%?ﬁtiéeﬁc%%cccy}{t irBAGT b! %%' Neal AVRHGLAD! B & E‘B”&{fseﬁﬁcﬁtr{iﬁggénn ah&' s
of 30 the invention can be produced by exposing granular activated carbon
t o an aque@hssphorous containing nutrient compounds. Activated carbon can be activated by
treatment with acid, or more likely by exposure 10 high temperature and pressure, for
example in the process of steam activation. GAC can readily be obtained commercially,
20 for example from Activ ated Carbon Technologies Pty Ltd (PO Box 50 Eltham 3095
Victoria, Australia). Activated carbon can be sourced from a range of organic materials

such as timber and is often sourced from waste organic materials such as timber off-cuts

and rice, peanut, cashew nut and coconut husks.

25 The present inventors have determined that the efficiency of the filter media in terms of
removal, in particular, of nutrients such as nitrogen and phosphorus containing compounds
is significantly improved if the GAC is coated with aluminium to form ACGAC. By this it
is meant that aluminium is adsorbed onto the surface of the activated carbon. The inventors
have also determined that ACGAC with particularly favourable characteristics in terms of

30 the invention can be produced by exposing granular activated carbon to an aqueous

solution comprising one or more aluminium salts which is acidified to a pH of between



solution conprising one or nore alumniumsalts which is acidified to a pH
of between WO 2011/017768PCT/ AU2010/ 001036 about 4 and about 6.8, by

renovi ng wbeoadHerys' sol ution and washi ng and dryi ng t peTalu2tiotowsscoat ed
granul ar activated carbon that is produced. The inventors noted that if the

pH during the al um ni um adsorption or coating process was too | ow then
adsorption of alumniumwas |ess efficient, while if the process was
conducted at a pH that was too high 5 then the alum niumtended to
precipitate out of solution. For exanplellthe GAC can be nixed with
distilled water that is acidified (for exanple with hydrochloric acid,
nitric acid, citric acid or phosphoric acid) to a pH of fromabout 4 to
about 6. 8, ab@t&femacﬂ)lay)oﬁtr 618\ dpaeinobingothakmgutos: ®laivth amt evagltied emelbdrymgrtdam
about 6 to bout 10 6. before . the aIH g_rumsalt c}the m xture $
noubat ed APRRSH F?@tﬁfg erapyfar agtivaStcboarhen Hiehi PHOGHS<Ea The HRYPiSSHgPledabat if

al um ni um g mtdﬁnngltwm&hmlalahgﬁbs@n 81 UBkink; ‘ﬁmc@w\'&/@ﬂo@qq)wq}xé{m&b%n of
chl orohydrate or alum niumchloride. After an incubation period of, for

exanpl e, betunseivnl rapiesscBriamdvizile ifithe procesaotas aend@ted at @t @ thap wes kasuhigh 45
m nut es refe abI m r .to 2 hours the resulting
ACGAC ¢ l%“rqg @'EH Fg eﬁjr é/céﬁ’&% %L?E\Sul Sfeion. It is preferably then

washed vvlth distilled water and may be dried,, for exanple at about 40C
overnight. The sand included within the fllter systemnmay_be froma varjety

of sour ces Fonerangethp b} camprimixsdaith distildecowater tha isegidéfied(fenrragml vith s
preter abl y nIRRIRME AL HHE LRE c?tgf WRGANsBhorlCHRIAo LOHG fm! SRENERLS,
a pre t

cont am nant err e enti o he"sand I s
river sand abdiutlmﬁ rﬁréfeﬁa[bgcfraintaboaaﬁmb 66,8 asl moreeferably fromvabolablteabauom

Unimn Australia Limted, Al thoug IS not .es i al eferr d. t hat
the confbném &e g)[re theealpmipiya %Bﬁ@géli‘eem?ﬁu‘ierﬁl‘h‘éﬂg é"?ﬁl&%ﬁ“f}%f c—?xf“F?B& e

i ncl uded wi, Ld?ﬁlﬁuﬁﬁ'@alf fnb¥ @5m gH ﬁu&ﬁmﬁﬂ%ulfﬁ'ﬁéeﬂhh@rﬂuml ftrPR a1 8RRt oxde, t he
invention the ratio (by volume) of granular activated carbon to granul ar

zeolite in atdmanrmrdcuhbarzbytbauesorbetumerunamhmnd@ SAfteramnl iRcubatisucperiod Of, 6ot

0.8:1, 1:1, 1. 1. The further onp riesadand
if present eX%‘H@ei%%e‘fﬂ g? EP%‘B?Sya ‘i“éseé“ﬁbﬁébew%%*u‘? @W § r%’tl)]g{%tg 50%
of total VebuRBorefhydd Ehd@Ne 2 e thdsesdRingOG AT cdndbe ¥hved BYm 5%

55% or 60%
15 aluminium solution. It is preferably then washed with distilled water and may be dried, for

example at about 40°C overnight.

The sand included within the filter system may be from a variety of sources such as

mineral sand, beach sand or river sand, although it is preferably washed to ensure the
20 substantial removal of water leachable contaminants. In a preferred aspect of the invention

the sand is washed river sand or Unimin specialty sand 30/60, as commercially available :

from Unimin Australia Limited.

Although it is not essential it is preferred that the components of the middle zone are
25 intimately mixed before they are included within the filter media of the invention. In one
embodiment of the invention the ratio (by volume) of granular activated carbon to granular
zeolite in the middle zone is between about 0.5:1 and 2:1, such as 0.6:1, 0.8:1, 1:1, 1.4:1 or
1.8:1. The middle zone can further comprise sand and, if present, the sand preferably
comprises between about 30% and about 60% of total volume of the middle zone, such as

30 about 37.5%, 40%, 45%, 50%, 55% or 60%.



WO 2011/ 017768PCT/ AU2010/ 001036 - 12 - The present invention also includes
within its scope nethods of decontam nating water by renoval of one or nore
of parti ogbabfg17feydr ocar bons, heavy netals, nutrients apg/Aabfva@ens whi ch
i nvol ves exposing the water to a filter system as described herein,
preferably wherein the water flows through the filter systemat a rate of
fromabout 5 0.5Lsec-Im2 to about 10Lsec-| rn-2. Preferably the 'flowrate
is fromabout 1 Lsec-l1 rn-2 to about 8Lsec-im2 and nost preferably from
about 2Lsec IM2 to about 6Lsec-1 In onél%ﬁbodi ment of the invention the
filter media and/or filter systemis provided as bulk material that can be
installed in situ into a water treatnent apparatus, while in another form
10 the fil flae psysettanvérsioprateei idelddes within it scapd methgds oSdedontanuaating wafer by
defines a container for the filter.system which has.a top d base t hat

al | ow wat efe”f“l’vé"bv thape A i8R KT %?C%%ﬁ%pﬁlﬁ?o?agbqqsaﬁ’fﬁm tmeta%ﬂé’ Eﬁﬁfepfsdaléd may
i nclude reppyalil GANET BvbIREs eRBoIAS A QT tof BrfiltdiesylsRih 9 RR&ied hérain, t he
filter media is not dislodged in transit. |In another enbodi nent the

cartri dge peferpblysehereth the prigstfiavs thremghothet filiers pysitam atp e afsiewt ahowe
top of the rtridge c ri A5 a for , -2 ¢ or
fabric) 5\/\/mO' th nlljsgo é‘flg%efs(ﬁggc arg}c'o%%gezafl%t éerﬂ‘?j ?\gr %gsa%P%@k 51518%:%?1 o

sl udge andhbsutBastd 'ent aidemost PadferBhiraanbbet Aisacihy tchteanébser mepl aced i f
it becones clogged with particulate matter, solids, sludge or the like. It
is to be understood that the present invention has been described by way of
exanpl e on . i £l j [ i ;

woul d be a%%gﬁ%?g%é%gg%ﬁgﬁginghﬁﬁ%@@ﬁl t g&gra? %ggggﬂ %’E%H; ?%g%?%%%}giullﬁ es
her ei n ar e nateyial densardey mstatled besiericorpastsedeauneht appatatuss phile in anathe dope  of
the inventi.on The invention .wll nqw urther d ribed with

ref erende s iR SVSF‘F‘dWWd“#’ nwﬁ?l?lﬂiatqaﬁﬂgé%%eélﬁgﬁﬁﬁggqgﬁﬁﬁﬁE§°E§?H’r?‘bf%r the .
Filter nediggepfialets WhichhaFadby antestsa iR hBow SlR& RAy {Rfe MRGIGKSFSE example, in
anthracite, lignite, granular activated carbon, clean river sand,

ver mi cul i t &angpert] theesartpided imay iaplgdg aeerabloapisss for tapbase and/or for the top to

2011/0177 6%55%1_6/: 'tahgg 81%%1%9 ]ﬁg)e?d?a s n:l(')i3 dislodged in transit. In another embodiment the cartridge

may be sealed in plastic film for transport. In one aspect the top of the cartridge comprises
15 a mesh (for example of metal, plastic or fabric) which in use serves as a coarse filter for
example of solids, sludge and/or particulates. The mesh can be readily cleaned or replaced

if it becomes clogged with particulate matter, solids, sludge or the like.
It is to be understood that the present invention has been described by way of example only
20 and that modifications and/or alterations thereto that would be apparent to persons skilled

in the art based upon the disclosures herein are also considered to be encompassed within -

the spirit and scope of the invention.

The invention will now be further described with reference to the following non-limiting

25 examples.
EXAMPLES

Example 1 - Filter media analysis

30 FEight media were selected for analysis; anthracite, lignite, granular activated carbon, clean

river sand, vermiculite, perlite, zeolite and garden compost.



Untreated stormmater was collected at the onset O significant rainfall
events as runoff froma nodern, inpervious, nulti-storey car park. Four
st or mvat 80291 1WiheeS were prepared, both filtered (passippg safieididsgm
filter) and unfiltered, and of high and | ow 5 pollutant | oads. Conparisons
of efficacy were drawn fromresults of adsorption tests using a batch
equi l i brium net hod. Key pollutants exam ned included: total nitrogen, total
phosphorous, total suspended solids, and heavy netals (Cd, Cr, Cu, Fe, M,
Ni, Pb, Zzn). O the nedia tested, those-Wth the great est adsorptive
capacities were: granular activated carbon (G, anthracite (A), vermculite
(V), and zeolite (Z2), in decreasing order of 10 effectiveness. The second
fstage of thi s i nvestigation was conducted on el even conbi nati ons of the
our nedi a I| ed above. A si thodo o) first stage.was
usod. hs. ShSiRER gt wes ol oMo B ot SRR KRR TR
was found %Q npea &R, pfn%%bwnﬁuﬂtﬁsteifeygza@fn/ahﬂtr | Mwat@@rsbmﬂom tviere
zeolite (GZ2). This conbi nation renpved heaVé netal s tested, and up
1)

to 62% of puoipatednibotiofisered Epasairigea0.45 Rint fidier)syrst enfilbeadornshot himh andyhow | ow

50% (ol P pEP AR AR SRRt et fomr4if a8t 8P Koorp BTRRS BBRY, ©f
of sedi ment bitap GANIPRUEE REhE. ﬁ@y/@%@u&m 5%lzle@lmuaded45ma1 danbgemftotal
zeolite, 45mm depth of nedium zeolite, h of coarse zeol.ite and

45nmm dept hpb@smWSC@éal suspeaded sadyls, gl lke@wmws s eF QY diceMn A, Pb, Zn).

di si nfecti O of
259 GAC 2590 THER SR, e P R R R s TG STRE Ik R
dept h of 25%bCAGEASUnAradifet €A ), SO msauhict; (X!irmmdezpbllﬁeo(Z)zemldetce;asingn(vrddlepif h
of medium zeolite, 45mm depth of coarse zeolite and 45nm depth of very

coarse B0 £ S?ti“teB?SS Thi s enbodi nent is depicted schematically in Fig. 2B.
WO 2011/ 017768PCT/ AU2010/ 001036 - 14 -

The second stage of this investigation was conducted on eleven combinations of the four
media outlined above. A similar methodblogy as per the first stage was used. As shown in
Fig. 1 the most complete pollutant removal combination was found to be equal proportions
15  of granular activated carbon with zeolite (G2Z2). This combination removed 85% of heavy

metals tested, and up to 62% of total nitrogen.

Example 2 - Filter system components

20 High flow filter system: 50mm depth of screenings (i.e. crushed rock), 380mm depth of
50% (all percentages are by volume) GAC 50% zeolite, and then 200mm depth of
sediment trap (20mm depth of 50%GAC and 50% zeolite, 45mm depth of zeolite, 45mm
depth of medium zeolite, 45Smm depth of coarse zeolite and 45mm depth of very coarse
zeolite).

25
Low flow filter system (no disinfection): 50mm depth of screenings (i.e. crushed rock),
250mm depth of 25% GAC 25% zeolite, 50% sand, and then 200mm depth of sediment
trap (20mm depth of 25% GAC 25% zeolite, 50% sand, 45mm depth of zeolite, 45mm
depth of medium zeolite, 45mm depth of coarse zeolite and 45mm depth of very coarse

30 zeolite). This embodiment is depicted schematically in Fig. 2B.



Low flow filter system (with disinfection): 50mm depth of screenings (i.e.
crushed rock), 250mm depth of 25% GAC 25% zeolite, 50% sand, and then 200mMm
dept h of \wediRAY76kr @ap (20mMm depth of 25% GAC 25% zeol i peraBdeeamides 45m
depth of zeolite, 45mm depth of nedium zeolite, 45mm depth of coarse
zeolite and 45nm depth of very coarse 5 zeolite). Chlorine cubes are placed
in the sedinment trap conponent, within the 60mm depth of zeolite. These
cubes are of 30mm sides, and are placed in the sedinent trap at a rate of
130/ n2. In anot her enbodi nent the GA&*in each of the filter syst ens
above is replaced with 10 ACGAC. Exanple 3 - Filter nedia analysis The
follow ng water analysis results were achieved for synthetic stormater

usi ng the Hhioghfldw fflten\wystameg(with disinfegtimng:rOmmo meptharfptree@ngs6iengrui@ noglt her

Soa ot i stroeh of 23k BRE St SR e &4 Bt huit SR SseRERE,
grade Chen&@@@olﬁﬁﬂ%@g{& 0P OBYA AT 5P 208, J0YPisad, 45k esf £Hofitd, 4B mm

concentrations. 20 Table 1 shows percentage reduction of TSS = Tot al
Suspended Septhdd madum zpetitel 4Pmos gewh wdsoarppzeoliteraaf 49mm sigeth efnverysagiye

metals in the. treated water. Table 2. shows .t h rc AGE |

parti cuISar z qg?)OO‘}gjélngl% r%lg?snarte qa?erd et ng S\/?/g{rré%t R%Tgﬁéoq]%n{rg%ﬁh %6@&1%

Ni Pb Zn 948pth of zeolite. These cubes are of 30mm sides, and are placed in the sediment trap at a
rate of 130/m2. ‘

In another embodiment the GAC in each of the filter systems above is replaced with

10 ACGAC.

Example 3 - Filter media analysts

The following water analysis results were achieved for synthetic stormwater using the high
15 flow rate filter system from Example 2 (using GAC rather than ACGAC). Synthetic
stormwater was prepared by mixing stormwater pond sediment with de-chlorinated tap
water, which is topped up with laboratory grade chemicals and microorganisms to meet

typical stormwater quality concentrations.

20 Table 1 shows percentage reduction of TSS = Total Suspended Solids, TP = Total
Phosphorous, TN = Total Nitrogen and heavy metals in the treated water. Table 2 shows

the percentage reduction of particular microorganisms in the treated water.

25 Table 1
TSS TP N Cu Mn Ni Pb Zn
94% 35% 69% >85% 80% >60% 82% 90%
Table 2
E. coli f-RNA phages | C. perfringens
66.97% >99.72% 98.63%

30
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Preliminary results suggest that TP removal rates will be much higher when using ACGAG
in place of GAC. It is also expected that the low flow filter systems will result in higher
removal rates than observed for the high flow filters. Preliminary tests with ACGAC in
the low flow filter system have shown that phosphorous removal rates increased to around

S 70% (on average).

When using disinfection in the low flow filter system removal rates for microorganisms

increased to >99.99% for E. coli, >99.8% for f-RNA phages and 99.92% for Clostridium . :

perfringens.



Prelimnary results suggest that TP renoval rates will be nuch hi gher when
using ACGAG in place of GAC. It is also expected that the low flow filter

systens Wyblao{1®&S%eg | N hi gher renoval rates than observedrishofodt®idisgh fl ow
filters. Prelimnary tests with ACGAC in the low flow filter system have

shown that phosphorous renpbval rates increased to around 5 70% (on
average). Wien using disinfection in the low flow filter systemrenoval
rates for mcroorgani sns increased to >99.99%for E. coli, >99.8%for f-RNA
phages and 99.92% for C ostridiumperfrihfens. WO

2011/ 017768PCT/ AU2010/ 001036 - 1 6 - CLAIMS 1. Afilter media for renoval
of contam nants fromwater conprising alum nium coated granul ar activated
carbon and qrarMBar zeolite. 2. The filter nmedia according to claim1l
wherein the ratio (by volune) of alum nium coated granul ar activated carbon
to granular zeolite is between about 0.5:1 and 2:1. 3. The filter nedia

according {o ei tph?gtep'rﬁédﬁ Jf?p;erﬁém B 2 ohtitifflts G WattMBorifiigng afumibififin

filter media according to claim3 wherein the sand conprises between about
30% and aboodted @nolar acivatedwathomandfgrarhuarfzedliter nedi a. 5. The filter
medi a according to claim3 wherein the sand conprises about 37.5% of 15
total volune of the filter nedia. 6. A nethod of producing alum nium

coated granul ar TaetfilahRAiLABRIINE ANEhInS | ReheRNRARd REioIbAV | dtie) A tal WAin@ N
carbon to an aqueous sol ution conprising one or nore alum niumsalts which
i s aci di fi edatedgranplar a¢tivetadaeivndb granubar gerlita et werngbopePrdili g 2 he 20
aqueous solution and washing and drying the alum ni um coated granul ar
activated carbon that is produced. 7. The nethod according to claim®6
wher ei n t hg. aquabegilephigtiacircordirgad dithérathimol ar iinb2 fuvden caldaptising sad about
6.5. 25
10
4. The filter media according to claim 3 wherein the sand comprises between about

30% and about 60% of total volume of the filter media.

5. The filter media according to claim 3 wherein the sand comprises about 37.5% of

15 total volume of the filter media.

6. A method of producing aluminium coated granular activated carbon comprising
exposing granular' activated carbon to an aqueous solution comprising one or more
aluminium salts which is acidified to a pH of between about 5 and about 6.8, removing the
20 aqueous solution and washing and drying the aluminium coated granular activated carbon

that is produced.

7. The method according to claim 6 wherein the aqueous solution is acidified to a pH
between about 6 and about 6.5.

25
8. The method according to either claim 6 or claim 7 wherein the aluminium salt is

aluminium sulphate.

9. A filter system for removal of contaminants from water comprising:
30 (1) a middle zone comprising granular activated carbon and granular zeolite;

and



8. The method according to either claim6 or claim?7 wherein the al um nium
salt is alum niumsul phate. 9. Afilter systemfor renoval of contam nants
from wat eyoGeRiirasNg: WO 2011/ 017768PCT/ AU2010/ 001036 prriafizotofdoidsya | ower
barrier zone conprising screening material; said systemallowing a flow
rate of water there through of from about 0.5Lsec-1 rn-2 to about
10Lsec-Im2. 5 10.The filter systemaccording to claim9 wherein the ratio
(by volune) of granular activated carbon to granular zeolite in the mddle
zone is between about 0.5:1 and 2:1. 11-1The filter system according to
either claim9 or claim10 wherein the mddl e zone further conprises sand.
10 12. The filter system according to claim 11 wherein the sand conpri ses
bet ween about 3Q@fn)and lawenitarGe%sont compabing ctraeeng matdnal;m ddl e zone.

13. The filter system according to any one of clains to 12 rei.n the
granul ar 1524t alowimg s Hovors: Pgé‘\éteél ‘Eﬁﬁenﬁhﬁﬂﬂgbo%ft ’gﬂmg?bé’ﬁ’ﬁl SEetPva? ed
carbon.  14po4kh@rfid et system according to any one of claims 9 to 13

further conprising an upper sedinent trap for removing particulate
contam nants. 20 15.The filter systemaccording to claim 14 wherein the

sedi menty t nap Cgﬁg:{l&%ﬁp{%g& a%rcorrcrl[i)r{getooélaf?r(l: gr\!vﬁéreﬂrtﬁg Lr'elxt%)r (bayc%l\lﬂ%%?gf (é%rng%p’

gr anul ar5 zé Fit
activated carbon to granular zeolite in the middle zone is between about 0.5:1 and 2:1.

11. The filter system according to either claim 9 or claim 10 wherein the middle zone
further comprises sand.

10
12. The filter system according to claim 11 wherein the sand comprises between about

30% and about 60% of total volume of the middle zone.

13. The filter system according to any one of claims 9 to 12 wherein the granular

15 activated carbon comprises aluminium coated granular activated carbon.

14. The filter system according to any one of claims 9 to 13 further comprising an

upper sediment trap for removing particulate contaminants.

20 15, The filter system according to claim 14 whetein the sediment trap comprises one or

more of scoria, granular activated carbon, granular zeolite and sand.

16. The filter system according to any one of claims 9 to 15 further comprising
granules of a water soluble chlorine salt.

25
17. The filter system according to claim 16 wherein the granules of water soluble

chlorine salt are provided within the sediment trap and/or the middle zone.

18. A cartridge containing a filter system for removal of contaminants from water
30 wherein the cartridge has a top and base that allows water flow there through and wherein

the filter system comprises:



16. The filter system according to any one of clains 9 to 15 further
conprising granules of a water soluble chlorine salt. 25 17. The filter

system acggndimdrice cl aim 16 wherein the granul es of waper/aaghitogsgh! ori ne
salt are provided within the sedinent trap and/or the m ddl e zone. 18. A

cartridge containing a filter systemfor renoval of contam nants from water
30 wherein the cartridge has a top and base that alloms water flow there

t hrough and wherein the filter system conpri ses:

2011/ 017768PCT/ AU2010/ 001036 - 18 - (|)angTddIe zone conpri sing granul ar
activated carbon and granul ar zeolite; and (iii)a |lower barrier zone
conprising screening materi al ; wherein said systemallows a flow rate
of water there {ihr oughmuoilld r@rn anqurtsiy plagelar hetivaPedbedrbombod tgrdiiils erolite: 2.
19. The cartridge @ﬁcording to claim18 wherein a top of the cartridge
conpri ses a mesA™whi ch serves as a coarse filter of solids, sludge and/or

particul ates. 10;20. INgw&atid:d88e B6hEHThA%EeiRl fARkaE! ai m 18 or clai m 19
wherein the mddle zone further conprises sand. ~ 21. The cartrld%\lué
@Cedn

accor di ng whemiysaheysémallaives 1@y rae 26 watrsrthirp thrigugly ph framagboat O

rbon
carbo %onprh§%§1&b%ghnuun1coated granul ar activated carbon.

19. The cartridge according to claim 18 wherein a top of the cartridge comprises a

mesh which serves as a coarse filter of solids, sludge and/or particulates.

10 20. The cartridge according to either claim 18 or claim 19 wherein the middle zone

further comprises sand.

21. The cartridge according to any one of claims 18 to 20 wherein the granular
activated carbon comprises aluminium coated granular activated carbon.

15
22. The cartridge according to any one of claims 18 to 21 wherein the filter system

further comprises an upper sediment trap for removing particulate contaminants.

23. A method of removing contaminants from water comprising allowing the water to
20 flow through a filter system which comprises:
(1) a middle zone comprising granular activated carbon and granular zeolite;
and
(ili)  a lower barrier zone comprising scrqening material;
wherein said water flows through said media at a rate of from about 0.5Lsec'm™ to about

25 10Lsec’'m™.
24.  The method according to claim 23 wherein the middle zone further comprises sand.

25. The method according to either claim 23 or claim 24 wherein the granular activated

30 carbon comprises aluminium coated granular activated carbon.



15 22. The cartridge according to any one of clains 18 to 21 wherein the
filter systemfurther conprises an upper sedinment trap for renoving

parti cul ayg 26nfiafgsnant s. 23. A nethod of renovi ngceNihaitooadks from
wat er conprising allowing the water to 20 flow through a filter system

whi ch conprises: (i)a mddle zone conprising granular activated carbon and
granul ar zeolite; and (iii)a |ower barrier zone conprising screening

mat eri al ; wherein said water flows through said nedia at a rate of
from about 0.5Lsec-im2 to about 2510Lsed?im2. 24. The nethod according
to claim23 wherein the mddle zone further conprises sand. 25. The

nmet hod according to either claim23 or claim24 wherein the granul ar
activated 26. carlihenmethogpracseding| tonanryi oma ob ataads gB a2 awhacin viat Gterc sysiamn.
- 19 - 26.The nmet hod according.to an ne of clains 23 to 25 wherein the
fiiter systUier GPRRBFSADMBPFOAIE! (PpLot remar MEREr iR FOVATRIRES: ng

particul ate contam nants.



