Process for the renoval of endocrine disrupting
conpounds The present invention relates to a process

wo ooost1ims3s enoval of endocrine di srupting conpoRPODEP2008053333
the use of surface-reacted cal cium carbonate in such a
process, a conbination with activated carbon and a
conposite _of surface-reacted cal cium carbonate and
endocr i ne PP<Ess Y the repapdlpf grdogine dscntinsLempayags
onto activated carbon. Minicipal wastewater treatnent
plants are constructed in order to renbve organic
cofthopiresksnt imveanorefefdtes tentpro@eys fyy tioomguoivaltdfendegrthelslysrupting

bi ol ogi cal .degradat.i on. Conpounds such as phosphat es
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phar maceutical s and personal care products (PPCPs) is,

hoowhenate guendasnine digrgpiorg eddnpophds, loatiors lyedppbed entg activated
| ar. group of chem cal classes, many of which possess
pofen?'biological activity. One group of PPCPs in

focus are the endocrine disrupting conmpounds (EDCs).
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EDCs of whatever origin in the environnment. I|ndeed,
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reproductive success in wldlife such as in fish and
avPRAucty PG s 15, Revews ety deglseicd Therlatgicomprise a large group
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environnental |y rel evant concentrations of 0.1-20 ngdm
Thanks to the continuously decreasing detection

| i hdre & atﬁ@g%asigg BEICERY apdNAE bR 09 ERRQWT iR ver origin in the
avai lability and effect of these
environment. Indeed, the information regarding a possible role of these compounds
in a number of negative health trends in wildlife and man continues to grow,

20  including the hormonal imbalance (feminization) and altered reproductive success in
wildlife such as in fish and avian; and the increased incidence of breast, testicular
and prostate cancer as well as immunological and neurological dysfunctions in
humans. These events may occur at relative low, environmentally relevant
concentrations of 0.1-20 ngdm™. Thanks to the continuously decreasing detection

25  limit of EDCs, a better understanding about the availability and effect of these

compounds in the environment is possible.

Because, ¢.g. many of the known natural and synthetic estrogens are expected to end
up in the aquatic environment via sewage, the most likely source of EDCs in the

30  aquatic environment is the discharge of municipal and/or industrial effluents,
together with the runoff from agricultural production. Hence, it is necessary to focus
on the removal of these compounds by municipal wastewater treatment plants

(WTPs). Many of the investigations so far have focused on the removal capacity of
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sewage, the nost |ikely source of EDCs in the aquatic
envi ronnent is the discharge of nunicipal and/or

i ndustrial effluents, togeth r Mﬁth the runoff from
agricul tural production. IS necessary to

focus on the renoval of these conpounds by muni ci pa

wast ewat er treatnment plants (WIPs). Many of the

i nvestigations so far have focused on the renoval
capacity of EDCs by conventi onal WIPs and advanced
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whi ch however require a considerabl e technica
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activated carbon or bentonite have the genera

drawback that they are very difficult to separate
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subst ances |i from wat er ke muni ci pa

wast ewat er . The above obj ect has been sol ved by a

process f he renmoval of uequs
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surface-reacted cal ci um carbonate and having a pH

greater than 6.0 nmeasured at 20 OC is brought into

cop @%ov‘é"ou;éc{ 8 b%?%oglg&f l%} QH&GM aef‘r}lg\gaéof ED frorn an

sur ace-rea um car on I'hg t

I eaqicb@nmpdiany ethein asurﬁdcexredctaziaiamlrwlmamm@a@bﬁatw(SIhCC) or an
carbon di oxide and one or nore acids. The water, which
c aPUsaUY SRR NIFPIPRISINg AoiEaee-Frcten éalﬁweseﬁhonate and having a pH

' NYRAL} ‘gﬁn 6mgésﬁlreldyat h§ ~eny b%ﬁ%iﬁtralfl&)%hﬁi'c%ﬂﬂ 45 ¢ containing

an waste water, I ndust wast e wat er,
d r mnhhlung thwaduefiace-agried htuwrd @hlcivas tabwattebeing theasdotion product of

water from breweri es or, ot her Jbevera
a naturali caTcmrn carbonafe with carbon dioxide ang one or more acids.

The water, which can be treated by the process of the present invention, generally is
any water containing EDCs, e.g. urban waste water, industrial waste water, drinking
water, agricultural waste water or waste water from breweries or other beverage

industries.

The surface-reacted natural calcium carbonate to be used in the process of the present
invention is obtained by reacting a natural calcium carbonate with an acid and with
carbon dioxide, wherein the carbon dioxide is formed in situ by the acid treatment

and/or is supplied from an external source.

Preferably, the natural calcium carbonate is selected from the group comprising a
marble, a chalk, a calcite, a dolomite, limestone and mixtures thereof. In a preferred

embodiment, the natural calcium carbonate is ground prior to the treatment with an



i ndustries. The surface-reacted natural cal cium
carbonate to be used in the process of the present
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carbonate with an acid and with carbon dioxide,
wherein the carbon dioxide is fornmed in situ by the
acid treatnent and/or is supplied froman externa
source. Preferably, the natural calciumcarbonate is
selected fromthe group conprising a marble, a chalk,
a calcite, a dolomte, |inestone and m xtures thereof.
In a preferred enbodi nent, the natural calcium
carbonate is ground prior to the treatnent with anacid
angkid afidadibeh diskide. THO@ighndgdéemeansicafarta@oud evithadhtyiceflventional
out wi.th any conventlonal gri ndi ng device such as a
gr ielingd ?ﬂl‘Fq such gha gripding émkl L&npwago BerskBled persefer abl y
the surface-reacted natural cal cium carbonate to be
used in the process of the present invention is
pr Br&raldy sds aunfaacumoted nsnnsqi eakiuom cdrbonatgtocbepldedreatha pedtess of
at 200C, of greater than 6.0, preferably greater than

6. §i° EBFR! 1BY%1F18P AHPPYFeat ¢t AquONS FSpPnsiapdi Vg AgpH Mmicasured at

p r efeer %PE&aﬁf 8aher0, phatralllyRreS t}%ﬂ 6. 5 Dol p?gféﬁa%%fj reater than

bel ow, e surfacereacted natural calcium carbonafe
cai Ob@vebrrmrg referably greterdban WSIAS whik bevdiseussedbddew, the surface-

i fied d t
haaried iy SR E e BBk INE BT T i i B garer o be
aqp@eis Wﬁ%sdaﬁﬂaqﬁ"eb@r subenkiof te e WwAtON i alkH PoafI€fo modify
urifie e.g. by dilution with additiona

to b
vvgthér%FPQ!ﬁ the pgeeoRsy YSpenstaepTiny (i@ 88 sd dliaporbe vt imbppurified, e.g.
dr B)E glrlllgib(ljl \&?lgﬁcﬁﬁt{l&%‘f Salcr 2k eq'g%t%hf tl?é %qgl‘féll)&s sldgﬂensmn can be dried

car nto con
poxwiethe @mifzme%adtm fidvgraf wlmmfca@foﬁiﬁlﬂ&|be@1ghk ﬁlt@t:di’tﬁﬁct w1th the water
words, the increase of pH. to a value of greater than

6. 1 18 RRWEEIEHY of & e é%nh%srawlﬁ% Inypthgvardsnhe agr%%of pHtoa
di Qaﬁhggf %éat@ret@lgﬁ'g oL QbR 9&&‘115 trgﬁﬁe?%ftﬁﬁﬁ a dlﬁ%.ﬁ& e&hbon dioxide is

cal crum tar bonat e haVI benetf 1 ci al sorpti on
pr og@ded icemodes ¢hd ttmeﬁicdf’re&"aeied calcium carbonate having the beneficial

adsorption properties described herein.

In a preferred process for the preparation of the aqueous suspension, the natural
calcium carbonate, either finely divided, such as by grinding, or not, is suspended in
water. Preferably, the slurry has a content of natural calcium carbonate within the
range of 1 wt% to 80 wt%, more preferably 3 wt% to 60 wt%, and even more
preferably 5 wt% to 40 wt%, based on the weight of the slurry.

In a next step, an acid is added to the aqueous suspension containing the natural
calcium carbonate. Preferably, the acid has a pK, at 25°C of 2.5 or less. If the pK, at
25°C is 0 or less, the acid is preferably selected from sulphuric acid, hydrochloric
acid, or mixtures thereof. If the pK, at 25°C is from 0 to 2.5, the acid is preferably
selected from H,SOs, HSO4 -, H3POy, oxalic acid or mixtures thereof. The one or

more acids can be added to the suspension as a concentrated solution or a more



In a preferred process for the preparation of the
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suspended in water. Preferably, the slurry has a

content of natural cal cium carbonate within the range

of Iwt%to 80 w% nore pre\fl\grably 3w%to 60 W%

and even nore preferably 5 W% to 40 wt % based on the
wei ght of the slurry. In a next step, an acid is added
to the aqueous suspension containing the natural

cal cium carbonate. Preferably, the acid has a pKa at

25C of 2.5 or less. If the pKa at 250C is 0 or |ess,

t heihded sblitsorp Peffeabiyl mesledlelcﬂaad of thenickiub plwiidterabeil dum
hydrochl ori c acid, or xtures thereof. If the pl Qat
25@9@@@%6@@0% tcz45m01ferfgef§£qbév framdk bfost-abl y sel ect ed
fromH2SG3, HSO , H3PO4, oxalic acid or mxtures
thereof. The one or nore acids can be added to the
sudpenaitanatase, & i< alne podsitdd wchddahaisdid o the vatarbetode thetratiral
SO|lftI0n Pr ef er abl the nolar ratio of the acid to
th%aﬁﬁwmon@"ﬁllﬁﬁ 1eflhonate is fromo0.05 to 4, nore
preferably fromO0.1 to 2. As an alternative, it is

al so possible to add the acid to the water before the
nalnug adxt sb cthe mtueal baloamecdrbosussip dredied withrcagbamedioxide. If a
st the, natural, cal ciu arbo telstr with

oot B LR SRR R R RA R s VS SR dett reatment
ACH kO hattyd cQBUnDEdrBor€d, thd Gurbtmetlofial istdueorasticdlly formed.
treatnent of the natural cal ci um carbonate, the carbon
di Alteaetivaly auadshidanallz thy cebprrdioxids cen ba supnbisdyiragt an cxternal
adglcjutr%eonal ly, the carbon dioxide can be supplied from
an external source. Acid treatnent and treatnment with
carbon di oxi de can be carried out sinultaneously mhich

is the case when a stron]g acid is. used. It
podsidgreatment aad froatgignt Weh qarbpw diorkisfercanibe §ﬁmeé ogt Siuitncously
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treatment first, e.g. with a medium strong acid having a pK, in the range of 0 to 2.5,

followed by treatment with carbon dioxide supplied from an external source.

Preferably, the concentration of gaseous carbon dioxide in the suspension is, in terms
of volume, such that the ratio (volume of suspension):(volume of gaseous CO,) is

from 1:0.05 to 1:20, even more preferably 1:0.05 to 1:5.

In a preferred embodiment, the acid treatment step and/or the carbon dioxide

treatment step are repeated at least once, more preferably several times.

Subsequent to the acid treatment and carbon dioxide treatment, the pH of the
aqueous suspension, measured at 20°C, naturally reaches a value of greater than 6.0,
preferably greater than 6.5, more preferably greater than 7.0, even more preferably
greater than 7.5, thereby preparing the surface-reacted natural calcium carbonate as
an aqueous suspension having a pH of greater than 6.0, preferably greater than 6.5,

more preferably greater than 7.0, even more preferably greater than 7.5. If the



foll owed by treatnent with carbon di oxi de supplied
froman external source. Preferably, the concentration
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ternms of volune, such that the ratio (vol une of

suspension): (volume of gaseous CO) is from1:0.05 to

1: 20, even nore preferably 1;0.05 to 1:5. In a

preferred enbodi nent, the ac?d treat ment step and/ or

t he carbon di oxi de treatnent step are repeated at

| east once, nore preferably several tines. Subsequent

to the acid treatnent and carbon di oxi de treatnent,

the pH of the aqueous suspension, neasured at 200C,

nahdiicald JuspE@RMES aHoWéd ﬂd&ezﬁfh egne@ham tHegyH B. gieater than 7. A pH of
preferabgnéabeater t han 6. preferably
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car bonat e an aqueous suspensi on

gr katre mdrh preférably Iptoef knabl y gr eat er than 6.5, nore
preferably greater than 7.0, even nore preferably
greater than 7.5. If theaqueous suspension is allowed

t OAlERGHVAAWlor R feldEﬁlné Q(gulﬂﬂﬁllﬁrﬁ WhieRb&urd ﬂadbﬁ gre/éte? han 7, the
of greater”than 6.0 can adj usted w t hout th

adletqf tre mewsmasr@nwhe magtlicringragped o @ Meluagreetsn ﬁlat 6 by adding a
§$ i on | con% eddf oS fficient ti perigd, di
&Y e§1“?ﬂ O CIHIPHAR fGpEen OP¥FioRp) 7S] Syeh 4 sodium
hOHW@@xﬁ%bﬁﬁ@ﬁ%hﬂ@h droRidk @4n bOudedachi ng equi l i brium
whi ch occurs at a pH greater than 7, the pH of the

aqueous suspension may be increased to a val ue greater

t hWr%thhQ %Qro%%% s'?eg) %e? %gd Bt ef"éf' &0k t} trﬁg{t %Ltrﬂétﬁ@nﬂl carbon

trea nve ronal’ “bagé such as ‘so

hy diogixic dﬁd,(p"reibﬂil)ﬁ& pH Iyelemxa Slﬁfa&amed@&du&ﬁdal dAldilm tchonate
process steps described. above . _acid treatnEnt

t r Bo0tERRd Rgving @afiaéwrm%kme@eraﬁ%for B sdp R rgmoysd from an
adhﬁé%ﬂ@&% iuf surface-reacted natural cal ci um

carbonate i s obtained having good adsorption

properties for EDCs to be renoved from an

Further details about the preparation of the surface-reacted natural calcium carbonate
are disclosed in WO 00/39222 and US 2004/0020410 A1, wherein the surface-
reacted natural calcium carbonate is described as a filler for paper manufacture, the

content of these references herewith being included in the present application.

In a preferred embodiment of the preparation of the surface-reacted natural calcium
carbonate, the natural calcium carbonate is reacted with the acid and/or the carbon
dioxide in the presence of at least one compound selected from the group consisting
of silicate, silica, aluminium hydroxide, earth alkali aluminate such as sodium or
potassium aluminate, magnesium oxide, or mixtures thercof. Preferably, the at least
one silicate is selected from an aluminium silicate, a calcium silicate, or an earth
alkali metal silicate. These components can be added to an aqueous suspension
comprising the natural calcium carbonate before adding the acid and/or carbon

dioxide.
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wherei n the surfacereacted natural cal ci um carbonate

is described as a filler for paper manufacture, the
content of these references herewith being included in
the present application. In'g'preferred enbodi ment of
the preparation of the surface-reacted natural cal cium
carbonate, the natural cal cium carbonate is reacted
with the acid and/or the carbon dioxide in the

presence of at |east one conpound selected fromthe

gr aliprnaondy she Biticatt asd/bt siAtLandgirl al@Ainiuawh hﬂdhﬁkidmand/or carth
hydr oxi de, earth al kal i, alum nate such as sodi um
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natural cal cium carbonate with an acid and carbon
di oxi de has already started. Further details about the
pr Ehaswfacencastedmagira peicie cridarate gambr kapain wiapeisign, optionally

CoR PR 15, AUSASRES Al AL S SUDLSRIE

aI Kabdn cainllmu’s@d.% prifi@asdatispeshaneik podasglioasd. i n WO
2004/ 083316, the content of this reference herewith
bei ng included in the present application. The
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I N suspenst on pt1 ona
obtaining the surface-reacted natural calcium carbonate in the form of granules or a

powder.

In a preferred embodiment, the surface-reacted natural calcium carbonate has a
specific surface area of from 5 m?/g to 200 m?/g, more preferably 20 m*/g to 80 m*/g
and even more preferably 30 m*/g to 60 m*/g, measured using nitrogen and the BET

method according to ISO 9277.

Furthermore, it is preferred that the surface-reacted natural calcium carbonate has a
mean grain diameter of from 0.1 to 50 pm, more preferably from 0.5 to 25 pum, even
more preferably 1 to 10 wm, measured according to the sedimentation method. The
sedimentation method is an analysis of sedimentation behaviour in a gravimetric

h™ 5100 of Micromeritics

field. The measurement is made with a Sedigrap
Instrument Corporation. The method and the instrument are known to the skilled

person and are commonly used to determine grain size of fillers and pigments. The



further stabilised by a dispersant. Conventi onal
di spersants known to the skilled person can be used. A
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Al ternatively, the aqueous suspension described above
can be dried, thereby obtaining the surface-reacted
natural cal cium carbonate in_the formof granules or a
powder. In a preferred errbod?r‘rent, t he surface-reacted
nat ural cal cium carbonate has a specific surface area
of from5 nk2/g to 200 nR/g, nore preferably 20 n2/g to
80 n2/g and even nore preferably 30 n2/g to 60 n2/g,
nmeasured using nitrogen and the BET nmethod accordi ng

t omkSRIr@RNT is damfidh@utidaRaqucbus solipticaf &0, Bt %M, Pt The samples
surface-reacted natural cal cium carbonate has a nean

gr WFis dpsrst apingr Mghtpced §ties and SHRRTSAM-e pref er abl y
fromO0.5 to 25 nm even nore preferably 1 to 10 nm
measured according to the sedi nmentation nethod. The
sehh mfeateid@mhmdtﬂmmﬂ, ths siafucanedcysl mtwohl ebdumeatbahato has a

behavi tric fi d. . The, ur enent

mathe® CtSHr tﬁwﬁﬁ? Hes ?gg% &5 290) f@r/ 8 ﬁ%ﬁ? p{35eA grain n diameter

I NREth RO Fan BPGQQ '59 m m&e?%f@ﬁg a/aﬂfé s'b@&ﬁb Q&Tfa{c% rﬁ?éﬁtls within
are known to the s ed person and are commonly used

t othdemgemf 126 tg Balrrﬁ/gsanzleth@fneﬁm bragr diamiethr i @itieinttise range of 0.5 to
Themeasurenent is _carried out. in an aqueous .saolutio

of 2DHMm. {98 Nereppreferabiydhesng 1@§u(,§§9eeareﬁ @ﬁ@ﬂ%% the G%’il%?gOf 30 to 60
h;%'”/ésa% I?e I‘T'l%:% il Met%#ﬁ%ﬁ%‘ b tallﬂ#a(? ﬁ) %ﬁled

e sur ace-reacted na
carbonate has a specific surface area within the range
of 15 to 200 nR/g and_a nean grain dianeter within the
r aPPgt@e BrocEssioflle BoeMrinvRBaD. picetugipatrapcted patugy galcryng carbonate

S Uf Itfi hididin 51@1 %p %ot rﬁ%@ﬁi %lﬁ
3 a?rggdn% r glEn Yggl’fﬁt eré e&?@l%@dlﬁt angn goegeo . g@ Ong
25mmms labem tomiceskiplicelf peesall Vhe surfrcspecidinatisalrdahioen aadanate
'S vvlthlrg1 he range of 30 to 60
can be added as an aqugous suspension, ¢.g. the suspension described above.
Alternatively, it can be added in solid form, e.g. in the form of granules or a powder
or in the form of a cake. Within the context of the present invention, it is also
possible to provide an immobile phase comprising the surface-reacted natural
calcium carbonate, the water to be purified running through said immobile phase,
e.g. in the form of a cake or layer, comprising the surface-reacted natural calcium

carbonate, the water to be purified running through said immobile phase. This will be

discussed in further detail below.

In a preferred embodiment, the pH of the EDCs containing aqueous medium is
adjusted to a value of greater than 6.0, more preferably greater than 6.5, and even
more preferably greater than 7.0 prior to the addition of the surface-reacted natural

calcium carbonate.

The surface-reacted natural calcium carbonate preferable is suspended in the aqueous

medium, e.g. by agitation means. The mass of surface-reacted natural calcium



n2/ g and the nmean grain dianeter is within the range
of 0.7 to 7 mm In the process of the present
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carbonate is added to the EDCs contai ni ng aqueous
medi um by any conventional feeding neans known to the
skill ed person. The surface-geacted natural cal ci um
carbonate can be added as anh®aqueous suspensi on, e.(g.
t he suspensi on descri bed above. Alternatively, it can
be added in solid form e.g. in the formof granules
or a powder or in the formof a cake. Wthin the
context of the present invention, it is also possible
t ocgpbenatdéepands smibb ity JITEINEs ©M¥REME VY Pidigrably, SRCC is added in
surface-reacted natural calciumcarbonate, the water .,
t odesaggsumicighedasedhal HY to AP otiges dainpss phBRC s errpiesrddy 2 107 to
e B dnd thIe pfcLIPN 02oepKERON 1 ayer, comprising fhe
surface-reabted natural cal ci um carbonate, the water
to be purified running through said i mobile phase.
Thij 111 be discussed in further detail below. In a

3 pr Jgﬁ%ﬁ‘p&g ‘@ﬁlﬁgéﬁl hiemavisd by thapropdss Oé%éé’r%sﬁﬂttlaﬁﬂ“ﬁﬁ are
AqUEQUS! IR @%gﬁﬁﬁ?, d® AdYRhYG RIrmBh&ALEh af Mfestradiol
6.0, nore pref ra%ly reater tham 6.5, and even nor
pr Xy abbye ¢ loatsaiol t(Ban tedtoBteparican dilydtdhiestaskdionepophyod and myco
t he surface-reacted natural,cg&g'un1carb nate. The
S URPTEROBCY SR - R GO SoR ISR CPHOESISS SR OBr &gy sishes 170-
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renoved. . Preferably, S i s added in ages
(et A (‘Eﬁﬂj @zet@gr%iww ﬂ)ﬁ’i@laf%e'gfgﬁsogel’&ﬂgoc&
preferably 2 -104 to 106 and nost preferably 104 to 3

-105. The EDCs, which can be renoved by the process of
t hB hps 8gthetménnbeen found dra¢ thoatmovd df LN firdre agragqugpus medium is

ig%&éﬁﬂggﬁfﬁ%vg W enndt?lg EI?I' aycse-rggcrter(rlp cna?csiur%%%%o%g’te is used in

15 combination with activated carbon.

As outlined above, activated carbon is a well-known potent adsorbent, having
however the drawback that the adsorption very often is not very fast and that its
removal from the medium to be treated is very difficult due to its fine division in the

20  medium.

It now has been found that surface-reacted calcium carbonate not only very
efficiently and fast removes EDCs from aqueous media, but also very efficiently
adsorbs activated carbon alone as well as activated carbon which has already

25  adsorbed substances such as EDCs onto its surface.

It is therefore an especially preferred embodiment of the present invention, that

activated carbon is additionally added to the aqueous medium contain EDCs.



(E2), estrone (El), estriol (E3), testosterone or
di hydro testosterone; phyto and nyco hornones such as
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such as 17a- ethinylestradiol (EE2), nestranol (M),

di et hyl stil bestrol (DES), and industrial chem cals
such as 4-nonyl phenol (NP), 4-tert-octyl phenol (OP),
bi sphenol A (BPA), tributylt?h (TBT), nethyl nmercury,
pht hal ates, PAK or PCB. It has furthernore been found
that the renoval of EDCs from an aqueous mediumis
especially effective, when the surface-reacted cal ci um
carbonate is used in conbination with activated

c aTho#ctivAtd @utbohite daboydicd athulated e aithoftidrso ar after the

wel | - known pot ent adsorbent, having however the

dr additacotithe purfase-rersdcsh GHGTWRA CodPYatBf ten is not very

fast and that its renoval fromthe nmediumto be

treated is very difficult due to its fine division in

t h&heresti afsurfhde-reacted edcibmenrionaredogdiiadr vaitlr civeted eabbe dn the

cal cium carhonat e not l.y very effigciently and f

r em@dm&%m aefagg_ﬁegwﬁftﬁ?ﬂwfc whdnde Wq‘ as ECs by the
ef &c‘éll@rﬁ%ﬁéforﬁﬁ’cﬁ%r&ﬁmﬁ% MR I FRLAIL@HQRRI 88 thdtherdBind
activated carbon i ch has al ready adsorbed substances

s umimlaEMpmmthietr@msm’oﬂgE of a¢tivatesl qathendfydioemiag composites
T s Bl ol B B P £ S sey raning in »

t Ofifriher MEHERISTcABUAIWNEDTY @ichto BGSIRestidGhtMati®between
carbonate can be added sinultaneously with, prior to

or sufacereacted calvdim cahorte ppbadiypfcd catbpadbe easubimigcomppsites
f - d cal ci
cabaBnal By SRR foll EULIRRERLARRL >0 081 0 U e

hand provides for a very efficient adsorption of
subst ances such as t he excel lent adsorption

pr Bp@strescof 156‘6?@5%%%%@% Berict vatetheprbon 1srddet iedhe

ha&fheous medium prior to the addition of the surface-reacted natural calcium
carbonate. In this embodiment, the EDCs are essentially first adsorbed to the
activated carbon and the resulting composite is essentially subsequently adsorbed by
the surface-reacted calcium carbonate providing for an improved removability of the

activated carbon, and the EDCs attached thereto, respectively.

Any activated carbon known in the art can be used in the process of the present
invention. Examples of activated carbons useful in the present invention are e.g.
available from Fluka, such as article No. 05112 (p.a. for gc; grain size 0.3 to 0.5 mm;
bulk density 410 kg/m’), from Aldrich such as article number 484156 (glassy
spherical powder, grain size 10 — 40 pm), from Sigma-Aldrich such as article No.
242276 (Darco® G-60, powder, -100 mesh particle size); from Riedel-de Haen
(article No. 18002, purum, granulated), or Lurgi Hydrafin CC 8 x 30 (Donau Carbon
GmbH & Co. KG, Frankfurt am Main, Germany) or activated carbon available from
Fluka (article No. 05112).



additionally inproves the renovability of activated
carbon by form ng conposites therewth, also if it has

w@bkoosamgssubst ances adsorbed onto its surfacespCT/EP2008/053333
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resulting in a further inproved renoval of EDCs due to
the synergistic interaction between surface-reacted

cal ci um car bonat e and activaaid carbon, the resulting
conposites being easily separable fromthe aqueous
medium In this respect it is especially preferred

that the activated carbon is added to the aqueous
medi um prior to the addition of the surface-reacted
natural cal cium carbonate. In this enbodi nent, the

EDGsr extamphs sienictiadttd cdrbois particlsocigithvt @ driie setoif 0dtad to Smm,
carbgon and the resulting conposite is essentially
suﬁ@gﬁﬂ%ﬁﬂpWﬂhﬂ§%mﬁb@JUVn¥WgP§HF%éﬁépﬁﬁﬂgted cal ci um
carbonate providing for an inproved renovability of

the activated carbon, and the EDCs attached thereto,

r eBréaibly ehy wehy raaotaftiad eoifacardaotedloatwmn calvitrhearbonate to the
can be ysed in the process of the present invention. .
Exshied capondt froe % Gk brteorg SELTROR 1o 811 S0ehn eipecially
I ny@ntd 00 185209-19-50avaigl 8@l @rhoam Fl uka, such as

article No. 05 112 (p.a . for gc; grain size 0.3 to

0.5 mm bul k density 410 kg/nB), from Al drich such as

o1 Db ol 2o Pt G g oA BT BT cHRaES g, Phitg hien
NoincRAIZ 3g&nt{ FRHE{djust i@ Qind REMMEBEIonal FRQcUTRE N sUvArksi Cl e
size); from Ri edel -de Haen (article No. 18002, purum

gr Belbtlamanym chforidgr igen ehleirids on abanguym sulph@enau Car bon
GmH & Co. KG Frankfurt am Main, Germany) or
activated carbon available fromFluka (article No. 051
12)n Fprefepedropibedinidig, it BéabdupaakonatpariiciChas0e Béen surface-
have a grain size of 0.1 mmto 5mm preferably 10 mm
t oregctigips deseribed dbeveispdgad 2avwgll 0.3 nm  Preferably,
the weight ratio of the surface-reacted natura
cal ci um carbonate to the
After the adsorption is completed the composites of surface-treated calcium

carbonate, EDC, and, optionally activated carbon can be separated from the aqueous
medium by conventional separation means known to the skilled person such as

sedimentation and filtration.

In an alternative approach, the liquid to be purified is preferably passed through a
permeable filter comprising the surface-reacted natural calcium carbonate and being
capable of retaining, via size exclusion, the impurities on the filter surface as the
liquid is passed through by gravity and/or under vacuum and/or under pressure. This

process is called “surface filtration”.

In another preferred technique known as depth filtration, a filtering aid comprising of
a number of tortuous passages of varying diameter and configuration retains
impurities by molecular and/or electrical forces adsorbing the impurities onto the

surface-reacted natural calcium carbonate which is present within said passages,



activated carbon is from1:1 to 100:1, nore preferably
fromb5:1 to 80:1, especially 10:1 to 70:1 or 20:1 to
wG000k/1133g. 30: 1 or 40:1. Optionally, additiveBCT/aP200®053333
added to the water sanple to be treated. These m ght
i nclude agents for pH adjustnent and conventiona
floccul ants such as polyaluni ium chloride, iron
chl oride or al um ni um sul pha In a preferred
enbodi nent, a natural cal ci um carbonate which has not
been surfacereacted as described above is added as
well. After the adsorption is conpleted the conposites
of surface-treated cal ci um carbonate, EDC, and,
Ophridisrethyl s;(zeassdciu\m&lefkteﬁﬁh@m iegaribepatgas dtles dre o lhipe to pass
aqueous nedi conventional separation means known
t othroughdhe FIFtEG ﬁ;l)téfr lewer tigkpesis sedi ment ati on and
f||trat|on In an alternative approach, the liquid to
be purified is preferably passed through a perneabl e
f i Thetechogyasiogidapthtfteatsonr dndcerfaeaititretdomatiy naditioad]kyi bem
car baonat d being ca | e.of retai vi.a size
> exeqrﬁ@%ﬁ 7 e e aFeh Aok et eniben gt el 1B ¢ he
I gatrgbutRioR Praeits m&r&l‘&%agé’thgtrtﬁgéetﬁér@ﬂéy 15t HMEGtherwise block
vacuum and/ or under pressure. This process is called
" sthefsafecef filker pates are'retaingdan thendepthpfikefation et echni que
known as depth filtration, a filtering aid conprising
of a nunber of tortuous passages of varying di aneter

andng epfidroteriaddRide hefepihTHtrhtiRUbdr %o Y sHFARMULR S to suspend a
and/ or electrical forces adsorbi ng theshggurltles onto

10 t hﬂowlaﬁlag aid agbe bapid s be ﬁlteréd\,l aélpwmgc@r tt wibygejuertly decant
ﬁrﬂﬁat‘{\ﬂ @(chma?e@ Ll o ? @é par g%ﬁ% {M 1§'d%§os%§ loﬁ'? siface

|n|ng e | mpuri hey “a arge
toﬁnaﬁamkm@dm@hngﬁ&c&@ﬂiﬁﬁaﬁ@ﬂk@&rHaMagkmhMEmnﬁsshuﬁhﬁ

t egfg&t}gg g?%q?ffm (3&%211;' alntnrn%tall lca)l?leraonfc‘lches éijerpftl?%ﬁraftlloll tnga%érlla(l) nrnay be
pre-coated on the surface filter prior to commencing alluvium filtration.
15
Due to the excellent adsorption properties of the surface-reacted calcium carbonate
with respect to EDCs as defined above, its use for the removal of EDCs from an

aqueous medium is a further aspect of the present invention

20  In this respect, the use of surface-reacted calcium carbonate in combination with
activated carbon as defined above for the removal of EDCs from an aqueous medium

is an especially preferred embodiment.

A further aspect of the present invention is the combination of surface-reacted
25  natural calcium carbonate as defined above and activated carbon as defined above for

the removal of EDC s from an aqueous medium.

Finally, the composites of surface-reacted calcium carbonate as defined above and
one or more EDCs adsorbed thereto are a further aspect of the invention, optionally

30  also including the activated carbon as defined above.



conbi ned by locating the depth filtration [ayer on the
surface filter; this configuration presents the

wa@odwanimge that those particles that m ght ot heeWEB®08/053333
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bl ock the surface filter pores are retained in the
depth filtration layer. One option to introduce a
depth filtration |ayer onto e surface filter is to
suspend a flocculating aid inthe liquid to be
filtered, allowing this aid to subsequently decant
such that it flocculates all or part of the inpurities
as it is deposited on a surface filter, thereby
formng the depth filtration layer. This is known as
an alluviumfiltrati on system Cptionally, an initia
Ia er of the depth filtration materi

be BdlowinHiigyrpe cxymplges and teptp gyl bhlqsgatetﬂaﬁ Eféﬁﬁ’i‘é HEeRgon, but are
al | xcel | ent adsorption
pr%%é?%ﬁ%%tg#ﬁgngggﬁ$ a§%?$%§5$3§ cal ci um car bonat e
with respect to EDCs as defined above, its use for the
repoval .of froman aqueous nediumis a further
asSHEE 28EEnt invention In this respect, the
use of surface reacted cal ci um carbonate in
conbination with activated carbon as defined above for
t hEignmbslmwsdhe mtfomdnhariomqﬂéaqﬁtfﬁeﬂb&lmdi@ oar$RCC for
especi al | ﬁ?prﬁfer nﬁodlnent A further aspect of
the pres® Hoq Mfhe combi nation of
surface-reacted natural cal cium carbonate as defined

above and acti vated carbon as defined above for the

r ehigyd 2 grovsile sdsprriipnasetlegme dersthapdouptionmfrgpiophinylpgradiol on
conposi t f I
ot med SRGGe QAR EERER A4 REER.E! MIRERITRRR B R sdsorbed
are a f ushbait paspaeint of addoebennivent i on, optionally al so
i ncludi ng the activated carbon as defined above. The
following figures, exanples and tests will illustrate
t hplgﬁfeef? ﬁﬂ)tws thy Q&Hoh&ﬂ)n St erfts So Ak a&%‘iﬁ{b‘ﬁe& lba-étﬂiﬂ}lkstradiol on
the“i nvention in any way.

SRCC, activated carbon and manganese dioxide in terms of the adsorbed

amount per surface area of adsorbent.

Figure 4 shows the turbidity reduction by the adsorption of activated carbon by
SRCC

Figure 5 shows a SEM image of activated carbon.

EXAMPLES:

A. Materials

A suspension of approximately 25 wt.-% based on the dry weight of finely divided
natural calcium carbonate originating from Omey, France, was prepared. The slurry

thus formed was then treated by slow addition of phosphoric acid at a temperature of

approximately 55°C.



Description of the figures: Figure 1 shows the
adsor pti on behavi our of 17a-ethinylestradi ol on SRCC

wo ooosdifsBer ent equilibration tines. Figure 2 sShOWEP10h&®053333
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adsorption isotherns for the adsorption of

17a- et hinyl estradi ol on SRCC, activated carbon and
manganese dioxide in terns of_ the adsorbed anount per
anmount of adsorbent. Figure” 83 3hows the adsorption
isotherns for the adsorption of 17a-ethinylestradio
on SRCC, activated carbon and manganese di oxide in
terns of the adsorbed anount per surface area of
adsorbent. Figure 4 shows the turbidity reduction by
t he adsorption of activated carbon by SRCC Figure 5
shows a SEM inagg/of activated carbon

vat ¢ feanlsing sy e iRl specHjspusiesaies P@@@%acm&i@@é@ 40
on Ly ™
car o QYT UAL 0o WAE D AR BRGS0/, St ap
Thel () fusmMictunseritesed was then treated by sl ow

addi tion of phosphoric acid at a tenperature of

approxi mately 55C The resulting slurry had a BET
spRCMdirofUr f ace area of 60 nR/g according to I SO
standard 92777, and a dso of about 7 nmm neasured by
nmeans of the Sedigraph(tn) 5100 fromMcroneritics(tm

B AdBLNod Fi/AdS0r AL N gf 17a-ethinyl estradio

17a-ethinylestradiol (EE2) (> 98% pure) was used, which is supplied by Sigma
Aldrich (Bornem, Belgium) (article No. E4876).

a) Preparation of the test mixture

A standard experiment was performed using the following procedure:

0.4 g SRCC suspension having a solids content of 25 Gew.-% was added to 7 ml of
17a-ethinylestradiol solution having different concentrations of 50, 100, 200, 500
and 1000 ug/l and shaken for 30 min., 1 h, 2 h and 24 h at 25 °C.

b) Determination of the equilibrium concentration in the adsorption of 17a-
ethinylestradiol onto the surface of SRCC

For the determination of the equilibrium concentration of 17a-ethinylestradiol with
respect to the adsorption onto the surface of SRCC, the initial and final concentration
after the addition of SRCC was measured at certain concentrations and treatment
(shaking) times. It can be taken from figure 1 that the adsorption of 17a-
cthinylestradiol onto the surface of SRCC was very fast and no change was observed
after 30 minutes for any concentration, which indicates that the adsorption

equilibrium is reached after 30 minutes, independently from the concentration.



17a-ethinyl estradi ol (EE2) (> 98% pure) was used,
which is supplied by Sigma Al drich (Bornem Bel gium
w@ a008i1cises No. E4876). a) Preparation of the teBCT/EP2008/053333
m xture A standard experinent was perforned using the
foll ow ng procedure: 0.4 g SRCC suspension having a
solids content of 25 GEML-Wbﬁ?s added to 7 m of
17a- et hi nyl estradi ol sol ution®having different
concentrations of 50, 100, 200, 500 and 1000 ng/1 and
shaken for 30 mn., 1 h, 2 h and 24 h at 25 0C. b)
Determ nation of the equilibriumconcentration in the
adsorption of 17aethinylestradiol onto the surface of
SRCC For the determ nation of the equilibrium

concentration of 17a-ethinylestradiol wth re%%?ct to
t h&hQeSENTAton astdstarmencd by thg welbknemrmethadeo fi TG gy olumn:

an@eﬁliilﬁgl ugl? @ﬁ%‘?'@}lﬁsﬂth Q;nElﬁ&{t%: Wlélt%r %d"/ S;ilﬂﬁ‘en?%: %t%gc}nﬂﬁfe 55 %;

nmeasur e certalin concentrations and treatnen

( sBhikntiDypet Isoemtic;| Klowdmlbeint dkep. I WnDdtguioe: WVt VistAbsorption
th%}ggfor tion of 17a- ethinylestradiol onto the

su et SRCC was very fast and no change was

observed after 30 minutes for any concentration, which
indicates that the adsorption equilibriumis reached

af telPerdOnimtint @'sidsompdiep éndernd gf | foeethinmkestradiol for SRCC and
conapatalatrimm. The concentrati on was determ ned by the

wel | - known net hod of HPLC (Colum: Gemini 5 urn C18 /

10 ODBor(deBsrnihiHe fe AiciVidyedt 174ty lcfkdded1tad®rption the adsorption

Acetonitrile 55 % Eluent Type: Isocratic; Flow
| misptiicrms weigpsletepmingd; Det ection: UV-Vis Absorption @
205 nm c) Determ nation of adsorption isotherns of
17a- et hinyl estradi ol for SRCC and activated carbon For
deaéenhbicqg@ilibiemeafrhd, cheeSRYCAE schimuet v myhelquidghak by settling,
adsorption the_adsorption . .. ) )
filtration or centrifugation. The concentration in the upper liquid phase is determined
15 by the above described HPLC method, resulting in the equilibrium concentration.
The lower solid phase is isolated by decantation of the supernatant phase. The SRCC
is dissolved in a certain amount of hydrochloric acid and the concentration measured
with the above mentioned method, resulting in the adsorbed amount per amount
SRCC.
20
Based on the findings above, an equilibrium time of 1 h was used for the
determination of the adsorption isotherm of 17a-cthinylestradiol with respect to

SRCC.

25  Furthermore, the adsorption isotherm for activated carbon acting as the adsorbent
was determined. The data for the activated carbon were measured after 16 hours. The
activated carbon used was the commercially available Lurgi Hydrafin CC 8 x 30
(Donau Carbon GmbH & Co. KG, Frankfurt am Main, Germany). It has a grain size
of 0.5 to 2.5 mm and a density of 480 + 50 kg/m’.



i sotherns were determined. After the equilibriumtine,
the SRCC is separated fromthe |iquid phase by
waeedosliizsgs filtration or centrifugati on. The PCT/EP2008/053333
concentration in the upper liquid phase is determ ned
by the above descri bed HPLC nethod, resulting in the
equi | i brium concentrati on. hg | ower solid phase is
i sol ated by decantation of 1 super nat ant phase. The
SRCC is dissolved in a certain anount of hydrochloric
acid and the concentration neasured with the above
nmentioned nethod, resulting in the adsorbed anount per
anount SRCC. Based on the findings above, an
equilibriumtine of 1 h was used for the determ nation
of Fiohefig@le Q! Rich® Be takeh ARE M ©fmddRthehiomyddastiduatbPl 7o-
with respect to SRCC. Furthernore, the adsorption
i sethivefasiradip! pesampanteaf adsorben imag/entic astivad eadesyib ewperior in
wa a for the activated carbon were
negéggéﬁgg%Pgﬁohgﬂﬁ %?é The activated carbon used was
5the commercially available Lurgi Hydrafin CC 8 x 30
(Donau Carbon GrbH & Co. KG FErankfurt am
Geﬁﬁﬁ(ﬁ%r ny ternpseef agsqybed eyt of of a@ﬂsnxl%ﬂtrzd@l ﬁ?ﬁ | SFf@ocarea of
ghe]
¢ aob bl P in b Moo Rt UL SREG, shbuE it e tevel of
et biifieicneg tr Hidi-ahingkstratiolidsomptioadeochasmarkedingigher thae that of
actiyatﬁ ¢a arbon is superior in 17a-ethinylestradiol
addSBtA SR lowever, in terns of adsorbed anount of
u)17a eth|nylestrad|ol per surface area of adsorbent as

' t hat
O B e8Py ot lesn &5 RS (508 ih g LTl gount Right be
adﬁé&i@& f&'ﬁdsdﬁ@in%h 7&%&{1@&1@&9&4&01%& hef sReaNisth@t cffctive in terms

activated carbon.
of its surface area, i.e. although it has a lower specific surface area, more estrogen

per surface area is adsorbed.

15
Furthermore, it was found that the use of SRCC together with activated carbon
shows an unexpected synergy.
2. Adsorption of activated carbon

20

As mentioned in the description, activated carbon cannot be separated easily from
water. However, SRCC is able to clarify an activated carbon suspension nicely

simplifying the separation of the active carbon.

25  Activated carbon, which is commercially available from Fluka (article No. 05112
(p.a. for gc; grain size 0.3 to 0.5 mm; bulk density 410 kg/m’) and the SRCC were

subjected to the following treatment:



These findings show that | ess activated carbon in

terns of weight anount m ght be needed for adsorbing
waZasaidsssyl estradi ol , but that SRCC is nore ePdPEP100£053333

internms of its surface area, i.e. although it has a

| oner specific surface area, nore estrogen per surface

area i s adsorbed. Furthernnrf it was found that the

use of SRCC together with at $vated carbon shows an

unexpected synergy. 2. Adsorption of activated carbon

As nmentioned in the description, activated carbon

cannot be separated easily fromwater. However, SRCC

is able to clarify an activated carbon suspensi on

ni 6eLYy tivgatd Earbargwhheddee pab@givaiteroThée. ZQCSRG‘:@ was added, and

carbon. Activated carhon, which is comercia

av He et s misNE MR shqkep i ming he @@X@iﬂzwebaﬂoaved tp gttle.

gc I y 410 kg/ m)
BB L ufoct bR Sra Rl ERRRLY 0
treatment: 0. 02 g activated carbon was added to 30 g
wa Then dded,. and the resultin
5 e bt ISR draan o DA ey (B S B
tOm%%¥k&ﬁbm§&h§€QP&ﬁ&thu§89@&9B&BmRﬁQﬁﬁxMﬁ@m&%ﬁﬁ&ﬁkﬁﬁmve
ecantin From Figure 4, it can be taken that

t uiQﬁOdNTV Vdilch heheippemal ivaluk ovhithase beautadutied with this device (a

ni.fi t .. The turbidity of pure activated
calBeh2 (e Tsg Rt ﬁmegﬁ%ove 1000 NTU which is the
rraxwﬁakuMﬁ%u lie ceiPbe SRilyeaRmias oW, b filthitendevi ce
(a Hach 2100 so Turbidinmeter) The resulting
10 conposites can be easily separated, e.g. by filtration
Fi ated carbon. d ai ns
9E@Fr%g§§§ or tﬁ%%%gﬁ%%%?&d?gen 'ocrine disrupting
conpounds ( EDCs)



from an aqueous nmedi um wherein a surface-reacted
nat ural cal ci um carbonate or an aqueous suspensi on

w@oompnimesg a surface-reacted cal ci um car bonat BCEEP2008/053333
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having a pH greater than 6.0 neasured at 20 O0C, is

brought into contact with the EDC containi ng nmedi um
wherein the surface-reacted gﬁlciun1carbonate is a
reacti on product of natural”calcium carbonate with

carbon di oxi de and one or nore acids. 2. The process
according to claim1, characterised in that the
surface-reacted natural cal cium carbonate is prepared

as an aqueous suspension having a pH of greater than

6.5, preferably greater thanClaithsand nost preferably

7.5, neasured at 200C. 3. The process according to

clains 1 or 2, characterised in that the natura

cal ciumcarb ' r

conprigyng ﬁg <§§§%g?%*?%@@%ﬁ%ﬁﬁ&%%@%&o:%n??éanomum(EDCQ
| i fresitanrguend medumy eBertiner woface-deactE @afpral celsfim carbonate or an
according to any one of the. preceding claing, .

c hAFISBY LRSSy oM IR oHESd STHET SATOMEs g bavigz a pH
Or o 1c8@8 thaR 6.0 RfRCR 36 ~BCK VSN irt® c&ltat With the EDC containing
characterised in that the acids are selected fromthe

gr megiuon nheiesi thy shifeiccorshitod cdciani dybamatepharéastian prpduct of

sul phuroys. aci hydr.gsul phat.e, . phosphoric acid

oxafit G Airtbaprii e Dot iR aRa Brgor gl

according to any one of the preceding clains,

characterised in that the natural calciumcarbonate is
react ed2wi t hThdierogess gceanding o ¢lpien Ear bon di oxi de in the

pr I t Sl L / 4] -

o) ERRFAFGrSL B laP R B0% Rhlf B OHERE Blbdrifh s preparcd as an
mMagnesuddispotisida, hadgr pil of gatchear 63, preferdbly gocadaahsn 7.0 and

according to cl aim®,
most prefcrably 7.5, measured at 20°C.

3. The process according to claims 1 or 2,
characterised in that the natural calcium carbonate is selected from the group

comprising marble, calcite, chalk and dolomite, limestone and mixtures thereof.

4. The process according to any one of the preceding claims,

characterised in that the acid has a pK, at 25°C of 2.5 or less.

5. The process according to claim 4,
characterised in that the acids are selected from the group comprising hydrochloric
acid, sulphuric acid, sulphurous acid, hydrosulphate, phosphoric acid, oxalic acid and

mixtures thereof,



characterised in that the at |east one silicate is
sel ected fromthe group conprising alumniumsilicate,

wa@adositssssi |l i cate and al kali metal silicate. 8pCT/RP2008/053333
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process according to any one of the preceding clains,
characterised in that the surface-reacted natura

cal ci um carbonate has a specific surface area of from
5 nm2/g to 200 n2/g, preferabﬂ “20 n2/g to 80 n2/g and
nore preferably 30 n2/g to 60 nR/g, neasured using

ni trogen and the BET nethod according to | SO 9277. 9.
The process according to any one of the preceding
clains, characterised in that the surface-reacted

nat ur al 6.cal cThyproadshat@iding asady srReat tigy Jrictedih petBibsl
dso of fromO0.1 to 50 mm Preferably fromO0.5 to 25,
rmfhararerised inethap fhe ratusal cglopem aibopaie 1S eanteg pith the apid gnd/or
MHL%at'dh %ﬁ’ox@&ecﬁlrtgé ﬁ:%sén%e bpg: 544 bﬁfmi%{té Qﬁh/&esgf?&a‘}' alutfinium

I ng of the I ng

The process accor to any one prece

cl bydrexide rarthatkaliinsea aluminh@t mhfeesaguexids, o usigeins tbereof.
of surface-reacted natural calciumcarbonate is
stabilised with one or nore dispersants. 11. The

DrOCGSSTaPCofﬂéﬂﬁc&@a&ﬁ%&ﬁ@ﬁ)&Eﬁﬁbﬁ precedi ng cl ai ns,
characterised in that the sSurface-reacted natura
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9. The process according to any one of the preceding claims,
characterised in that the surface-reacted natural calcium carbonate has a mean grain
diameter dso of from 0.1 to 50 pm, preferably from 0.5 to 25 wm, more preferably 0.8

to 20 wm, particularly 1 to 10 um measured according to the sedimentation method.

10.  The process according to any one of the preceding claims,
characterised in that the aqueous suspension of surface-reacted natural calcium

carbonate is stabilised with one or more dispersants.

11.  The process according to any one of the preceding claims,
characterised in that the surface-reacted natural calcium carbonate is used in

powder form and/or in the form of granules.



a value of > 6, nore preferably > 6.5, nore preferably
> 7 prior to the addition of the surface-reacted

wmadoanadsscal ci um carbonate. 14. The process aceOT/EP19g8/053333

10

15

20

25

to any one of the preceding clains, characterised in
that EDCs are selected fromthe group conprising
endogenous hor nones such as % b- estradi ol (E2),
estrone (El), estriol (E3), testosterone or di hydro
test ost erone; phyto and nyco hornones such as
b-sitosterol, genistein, daidzein or zeral eon; drugs
such as 1l7a-ethinyl estradi ol (EE2), nestranol (M),
di et hyl stil bestrol (DES), and industrial chemnicals
such as12- nonhd prpb@satcordRy to Atyesric-ofaled precdalivenehin(sOP) ,
bi sphenol, A (BPA), tributyltin (TBT), nethylnmercury
phfWa&eé@ed m@%?heﬁeéacq@actm éa ﬁlﬂlsb@é'go%aeclé @@qlq@gntdesages

%ﬁvé}%ﬁ-el%ge(g I?)g 167 BCrRA (ltjlg%t ?l%eﬁgﬁé of € ﬁfe%rhlﬂgq A8 hN9¢ and

on s a aqueous
nEdDMQne&ﬁmbﬂhbthoﬁiss accordlng to clalns 15,
characterised in that activated carbon is added to the
aqueous medium prior to the addition of

surf acery eactiROppadss| 'aéUBr&iﬁg ROMBL Sre oF he JRE N LASER,
according to any one of claims 15 or 16, characteri sed

i ncharacterised icthat tiegdd efthb prtcipeorntiivingsiqhenpe needgumaiisadjusted to

si ze .of er abl

i 186 05 fnfoois erRErly oS SNl L i g fighiog of he
anyurfie r&dctcdl mkursl chiid® cdrbongtbar acteri sed in that the

wei ght ratio of the surface-reacted natural cal cium

carbonate to the activated carbon is from1:1 to

10:1 10 70r 1B PBbRT egr LBl ioiry G 3haqprsfRREGIY

Us ehavhctehiged it fhac ED(Bagé edicdnal ﬁﬂdslﬁlthe:gloqp Jompasibe s@dogenous

ashodr(relf{olnre]se Suclhra]ls c1)7[5 estradiol (E2), estrone (E1), estriol (E3), testosterone or
dihydro testosterone; phyto and myco hormones such as B-sitosterol, genistein,
daidzein or zeraleon; drugs such as 17a-cthinylestradiol (EE2), mestranol (ME),
diethylstilbestrol (DES), and industrial chemicals such as 4-nonyl phenol (NP), 4-
tert-octyl phenol (OP), bisphenol A (BPA), tributyltin (TBT), methylmercury,

phthalates, PAK or PCB.

15.  The process according to any one of the preceding claims,

characterised in that activated carbon is additionally added to the aqueous medium.

16.  The process according to claims 15,
characterised in that activated carbon is added to the aqueous medium prior to the

addition of surface-reacted calcium carbonate.

17.  The process according to any one of claims 15 or 16,
characterised in that the activated carbon particles have a grain size of 0.1 um to

5mm, preferably 10 um to 2 mm, 0.1 mm to 0.5 mm, e.g. 0.3 mm.
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activated carbon as defined in one of the clains 15 to
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cal ci um carbonate as defined“Y¥n any one of the clains
1 to 14 and activated carbon as defined in any one of
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carbonate to the activated carbon is from 1:1 to 100:1, more preferably from 5:1 to

80:1, especially 10:1 to 70:1 or 20:1 to 50:1, e.g. 30:1 or 40:1.

19. Use of the surface-reacted natural calcium carbonate as defined in one

of the claims 1 to 14 for the removal of EDCs from an aqueous medium.

20.  The use according to claim 19,
characterised in that the surface-reacted natural calcium carbonate is used in

combination with activated carbon as defined in one of the claims 15 to 18.

21. A combination of surface-reacted natural calcium carbonate as defined
in any one of the claims 1 to 14 and activated carbon as defined in any one of the

claims 15 to 18 for the removal of EDCs from an aqueous medium.

22. A composite of surface-reacted natural calcium carbonate as defined
in any one of the claims 1 to 14 and one or more EDCs removed from an aqueous

medium.

23.  The composite according to claim 22 further comprising activated

carbon as defined in any one of the claims 15 to 18.



